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LPEduyh wpphwlwinipnil. punupnp vupnnt phwljnipjut mipuhwnndy nkjutn-
gkl Eynhwdwlwupg b, nph Eyninghwljwut Jhdwlp hwinhuwinud k uplnp gop-
ontt’ wbdhpwljut wgpkgnipnit niubwny dwpnnt Yjutph npulh b wennent-
pjutt ypu: Ukp opkpnid wpwq wénn nippwithquughntt gnpdpupwugutpp, npuing
wuydwbwynpywé wpynibwpbpmpjut, wjnnunpwbuynpnh wép, htyybu tub
punupltph uwhdwbubpnd pupwgnn hunbuuhy shttwpwpnipniip, wnpuyguy-
phph mmwpwspubph plyujunidp hwighgumd o nwpwnbuwl wnunnunhsubpnyg
punupuwjhtt mwpwsptiph wnunnundwip: 20-pp puphg ujuwé punupwjhtt juynit
wnunupsiibiphg hwnjuybu wpwhdtwgynud tu swip dknwnubpp, npnup hwb-
nhuwtmd i juhunn Juubquynp, wnpuhl] wwppbip dwppnt wenpompjut b
opowjw vhowuyph hwdwp: Ldwh wuwydwubbpnd b wdbkh £ juplnpynud pw-
nup-tynhwdwlunpgh Eyninqubtpipuphthwljut wpwtdtwhwnynipniuutph hw-
dwhp quwhwwnnidp, nph hhdtwlwb wpyniupubtpt tu dhpwduyph mwpptp pw-
nuphsutph wnunundwt puguhwynnidp b dwjuppuljubkph quuwhwwnnudp, nk-
nuijut wnunnundwt wnpmniputph puguwhwynnudp, Eyninghwybu ghuljnddnpun qn-
twbph nipJugdnudp, tynnghwljwi b wennowlwt nhuljh quwhwwnnudp: Ldwt
htwnwgnuunipniuttinh mkuwtlyniuthg hwnjuybu nppwunpnipyut b wpdwih wyi
pwiqupttpp, npnup pugh dwpnusht wqptgnipinithg tupwuplyt) tu twb puub
wnbwnubph wopkigmpjuin: Ujnyhuh punupttphg t nudphi, npp mbnujuyus
E ubjudhl wunhy gnuunud: 1988p.-h phljnbdpkph 7-ht mbnh niukgws wnbwnwh
tpypwpwipdh wpymupnud gpbpt wipnnemjhtt wtpyk E punwpp: Gpljpupwundhg
htunn Jhpujuwiqdwi b Jipujurnigdwt wouwwnwupubpp ghntu skt wjupun-
Yy, b tnyithuly wyuop punuph wwpwspnid wnljw i kpljpupwpdh htwnbwbpbpp'
wdpnnonyht b dwuttwlh wdbpqué shunipniukp, puquuphy pug wnpuduypkp:
Lunquph nwpwspnid wnlw i gpnibnnughtt fwbwwwphutp, qnpénn wnnidh,
Juyh b wjwugh pwgwhwipbkp, Ypdwndbt] Eu pwnuph Juwbwy wnwpwspubpp:
Uwpnwsht b phwljub gopéntubph tdwb pupy hwdwnpmpiniip punuph nw-
pwdpnid unkbindty b jnipuwhwwnnily Eyninqubtipjpuphdhujut hpuyhduwly: dnidnph
pwnuph twpwépnid n's kpljpuowipdhg wnwe, n's htkinn hwdwhp Eyninquitpypu-
phUtpwljut htnwgnuumpiniubp skt ppwljubwugyl], quuwhwndus st opowlju
vhowjuyph wwppbp pununphsutph wpunundwt dwuppuljutpp b gpu hkn
Juuyyws wenpowljw nhuljtipp: Ldw hbnwgqnuinipnibbph wpyniupttpp Yu-
pnn Lku hhdp hwighuwtw) punuph qupqugdut puqUuupnipjut dowldwul,
nwpwspuhtt Wubwynpdwi b jupwdupdw, wpynibwybn dntthpnphuquyght
nhunwluyuiitph wbquppdwi wubh, plwywhywiwwt dhgngunnidubph
owljuwtt hwdwp: Ujunbnhg plunud b hwbpwybunmpjut btplipnpg punup
Qnudphnid hppuljubugws hbnwgnuunipniaubph wpphwlwingegniip:
Uojuuwnnuibiph unnwlp b jubghpakpp. tyyunwlja t Fnudph punuph lmwpusph
Eyninghwbpypuphihwlul wowbdiwhwnlnpibibph puguhwyndwdp onughl
wjuquih b hnqwdwdyh swip dbknwnubpnd wnunundwt dwliwppulubph
quwhwwnnudp, mwpwsdph Eyninqubpypuphvhwljwi b vwthwnwpwhhghbiuhly pup-
nkqugpnudp, wnunnndwb Fyninghwlwi b wnnnewlwi nhuljh qiwhwwnnudp:
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Lyuwnwlhtt hwutbine hwdwp wnwewnpyty b (nsyby Eu hbwnlbywy pughpibpp

V" Qynudph punuph onuyhtt wjwquinid thnpnt wupnibwlnipnititph b thnpne
dwupnuljubph ghwhwnnud b pupnbqugpnud:

v Onont swtpupkpifwsnipjut b thnpnud yupnibwlyny swip dkinwnitph Byn-
Inqutpypuphthwluwb ni vwbhnwpwhhghthy qhwhwnnd vwppuynpmidubph
b $hunindnuhpnpubph (wypunpuipuyhtt dkpnn) jhpundwdp:

v Qynudph punuph mmwpwsph hngtpnud swp dknwunubph qupntbwnipnibt-
ph mwpwswpuwodwt wpwtdbwhwnlmpnitubph pugwhwjnnud, wynnundwb
Eyninqutpypuphdhwuljut b vmthnwpwhhghkthly quwhwwnnud:

v Punuph nwpudph opowbmgnid’ pun wnunnudwb, Eyninghwljub, wonnow-
Jwt nhujh wmwppkp dwjwuppulutph b ptwlsnipjut pppwunid nhulh pudpkpp
wnwbdbwugnu:

Nuwownywiynn hhdbwlwh npnypttpp.

1. Uwppwynpnidughit b wyjpiinpuipuyht (phinndnthpnptpn) hbnwgnundwb Uk-
pnnubph hwdwnpnipniup pny] kg hwdwhp ghwhwnt] Ynudph punuph
Upltninpuiuyhtt onh thnony wnunudwt dwljwupnuljubpp, puojudut wpwbdbw-
hwnlnipynitpp pugwhwjnbtiny np thnphtt hwbnghuwimd E Qynudph punuph
Uplunnpuught onh wlniw) wnunnunhy:

2. Qnuiph pwnwph thnpnt Swup dbwwnubkph  Eynpnqubpypuphdhwlul,
uwbhinnupwhhghtth b wonpowlwt phuljh quwhwwnnmdp gnyg wdkg, np
Epypuphdhuljut nwkuwtlniuhg pugpwhwpnyg tu Cr, Pb-p, uwtthnnwpwhhght-
tthYy whuwblyniithg Pb-p, hul wnnnowlwt nhuljh wkuwblnitihg Cr-p:

3. Qnuiph pwnwuph hnnkph Swbp Ukwnwnubpny whpunudwt  Eyninqubp-
Ypwphdhuwt, uwwuhwnwpwhhghbupl, Eynnghwljwt b wpnpowluit nhuljh
quwhwwnnudp gnyg nykg, np tpjpuphdhwjui nkuwtlyniihg pugpuwhwpnyg tu
Cd, Pb, Zn-p, uwbhwwpwhhghthly wbuwblmbhg Pb-p, wnwnkbghw
Eyninghwljutt nhujh mbkuwulnithg' Cd, Pb-p, hull wnnnowljwti nhuljh mbkuwt-
nithg', Cu b Pb-p (ny pungljbnushi nhuly):

4. Qmnuiph punuwph wwpwspnid, puwn nkplhubph thnpnd b honkpnud Swbip
dbnwnubph gnudwpughtt wnunudwt  gmiguwhoubph (UQQ, Y28) punuph
wnwpwdpp puntpugpynid £ wnuinundwt gudp b poyjunpbjh dwjwpnuljubpny,
uwuy wpwbdht nluwy YEnught gpubnpnidutpny punuph nwpwspnid wnju
kb hinkbuhy puquwnupp Jupquobnnudibp URY ghpuquibigniditkpn:
Uolwuwnwtiph ghnnwljuits inpnigpep.

1. Unwyeht wuqud ¥mnudph punuph nmwupwspnid hpujutwgyt) £ hnnkph, dpun-
puuwght onh EYnnqubtipypuphdhulju b uvwthunwpwhhghtuhy quuwhwnnd b
pupwnbkquqgpnid:

2. Unwght wbquu @nudph punuph wnwpwdph dptnnpuughtt onh wpunnundwi
htnwgnuinipjutt hwdwp swetph wkpbubpp Yhpwunyt) o npybu $hunndnithpnp-
ubp:

3. Unwght wuquu hpwlwbwgyt] t @mnudph punuph wwpwsph hnnph dwup
Ubkwnwnukpny wnunnundwb yninkughw) tyninghwljwi nhuljh quuhwwnnid:

4. Unwoht wbuquu ppwljubmugyt] t Fnudpp punuph dpunnpuwghtt thnpnid b
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hnnnud Swp dbwnwnibphg wennowlwb nhuljh qhwhwwnnd® Epkjuwubph b
Ukbwhwuwlubnh hwdwp:

Ugluunwtiph gnpsiuljub tpwwljmpiniip. hinwgnunipiniiibph wpnyniupubpp
Py junwb.

—  hpwluiugut) dhpwnupjuyuljub ntuntdtwuhpmipiniiubp’ pdouklninghwljui,
JEuwhtnhljughnt, gkubwnpy b wyt® mnnlws gpgwlu dhgunjuyph Jhdwhh b
wqqupluljsnpjutt wnnnempjut uutph puguhwudwn,

— Uowljl Untthpnphuquyht nhunwlbntph tkplujugnigsuljut, wpynitwdtn b h-
$opuunnp] guitg,

— uwnbndl) dmulhghntuy Jubwsmuuindwi ghnuljuinptt hhdtwdnpqus twpaw-
qhd,

- Upuljlyy oppwlju UhpwJuypnud swip dkwnwnubph wupniiwympmniatbph wjwg-
dwt mnus vhgngunnudubp:

—  Upgynibpubpp hhdp jhwinhuwbiut punuph nwwpwspughtt yjutuwynpdwi b ju-
nujupdwi hwdwp:

Upjuwinmtph thwuwnugh ympep. Usjuwnwpt hpuwbwgyt) k22 @UU Eyningu-
unnubbtpuyht hblnwgnumpiniitph jEunpninud: Unktwnumpjut ke ukpun-
Jwd L 2013 p.-hu hpujwihwgdus «Fnudpp punuph Hyninqubpypuphdhufui
wnwldtwhwwnynipniuutph pugwhwjnndp» phdwnhl bwjuwgsh (13-1E220)
njuutipp: Zbinhtwlp dwutwlgl) £ honh, oph, dpunnpuh b mbphutph tunipwn-
Ul wimbtwynpdwl, nuownuyhtt hbmwgnunipnitubpht, tdnpubph twptuub
uljdwtt b wnuppuwnisdwt twpwywnpuundwy, Eynnqubpypuphdhulut
ujuutinh htuph unbnddwt, wfjuiutph Ybpnsmpui b puinhwipugdwut b
dwuttmghwnwugyué pupnkqutph juquudwt wojuwnwbpubpht:
OnpAwhunjwimpniup. Zknwqnuinnipjut wpnyniupubpp tbphuyugyty ku. 1. Uh-
owqqujhll ghthwdnnny «Upunnpuughtt thnph» (Prnwjhw, Ywunbjuitnw Uw-
phuw, 2014 p.)" unbinuiht qiynyg, 2. Uhewqquihtt ghnufui bt nkthjuljwb 4-
pn ghvnwdnnny «2npbph jupwqupdwb, sppwlju vhowduyph wywhwywinipjul,
Swupunuwpuybnnipjull b ohttwpwpnipjut dudwiwlwlhg junhpubppy (dpwu-
wwl, @phihup 2015) pwbwynp qtynyg, 3. Uhewqquyhtt ghnwlub ghunwdnnny
«@pouljw Uhowyuyph wijnwbgmppui pbnghpbbps (Cwpuunwb, Gphwb 2016 p.)
unkunuht qklnyg:

Zpwunuwpwljws wolwwnwbphbpp.  Zhnhtwyh 11 hpwwwpwyndutphg 9-p
ubkpwunnid Eu wmnbkiwjunumpjut ynipbpp:

Uolmuwnwtiph jupnigjuspp b swjuyp. Unbiwjununipniip swpunpdus k131
Eoh vwhdwtttpnud, juquws L ukpwdnipiniiihg, 4 ginijuikphg, kqpuljugnipniu-
ubkphg, gpuljwinipjut guilhg (192) b hwkwshg: Unktwpinunipniup, ply-
qpymud k23 wpmuwl, 36 tjwp 22 dwubwghnwlub pupnbqubp: Zugkpusp
Juqunud £ 9 kg, ubpwnnid £ 9 wnniuwly:



QLNP 1. LUNULC NCIEU EUNZUUTYU S, LUNULLECR
EUNLNYUG U ULPURPUYUL Z6SUNSNRE3NRPULLENT (M UYULARE3UL
U4quury)

Upjuwtnwiiph wnwghtt ginipup ykpupkpynud k punuptbphty, npnup dwpnm gnp-
Sntutnipjult wpnynitipmd Ybpwsyl) i mpubwnnly Eynhwdwlupgbph, b uydd
wnuppbpuljynud B npybu «punup-tynhudwjupgbp»: Funid pttwpyynud Ea swup
Ukwnunbpp (wyunthtn' OU), npuybu punqup-tynhwdwljwpgbph nwppbp pununphs-
kph hnn, Uplngnpun, onip, wpunjl) Juubqujnp wpunnunhsibp, b npuig Bynnqutply-
pwphdhujut  hEknwgnuumpnittbph  hwdwpowphught - thopdp: Pusybu  tul
puttwplynud & OU-h htn juyqws Eyninghujub b wennowljutt nhuljpp: Ud-
tnjnud | 22 nupuspnid OU-ny wnunundw hbnmwgnunnipymutitpp b pttwpygnud
hwbquiwtiputpp, npnug htnbwtpny jupunpynud t, np Snudph punupmd bu yhnp
E hpujuwtwgdtt Hynnqubpipuphdhuljut hblnugnuumpnititp, pugwhuyntnt
punuph nwupwsph OU-ny wnununjubdnipjut dujupnujutpp, b quwhwnk] gputg
htn Juyws Hyninghwljui b wnnnowljub nhuljtpp:

ALNPRW 2. 26SULNSNPE3UL OLSEUSE, LBNREEC &Y UGENYILE D

Zhmwgnuinipjut opjklnt £ Chpulh dwpqybkunpnt $nudpht’ 22 dkdnipyudp
II punupp: Swpwspp' 44.41 Yu?, puwsnipiniup’ 120.7 hwgq. ywpy (2013 p.):

Zhnmwgnunujul  wpltwwnwiptbpp  juwwnwpdl ot 3 npudwpwbulub
thnykpny.
Unwohll hwpiuwil Judbpuy thnynid hpuwtwgyt) b dwutwghnwljub gpulju-
umpjut nuunidtwuppnipm: ¥nuiph punuph wwpuwsph OU-nd ni thnony wn-
unundwt  wnpmpitph b wbbhpwdbon wy] wbptjunynipjutt  hwjwpwgpnid,
Yt nusnud, nyurjubph htph uinbindnud: Fwpwnughtt wpwnwipiph Juquwljtipy-
dwl wuuh, pwpunbqubph, ujubdwitph juqunud, tdnpwundwt uwnpunbghugh,
wphuwnwiiptibiph twpttwut spugph dpwlynd, wuhpudtyn wwpwuquubph twpw-
wuwnpuuinnud: fnpnp dhpwjuyptiph tdnvwndwt b iwjubuwt dowljdw hwdwp, 22
QUU Elnytkunpnup Cpowlju dhowduyph bpYypuwphvhugh pudind dowldl; G
Unwbngupun Owkpughnt Chpugulunpgtp (UOC-ukp): UOC-tph dowldwt hwdwp
hhup Lt dwnuyl) 22 Upnnpwujuhmput twpiupuph Ne 01-U hpudwp (2010),
huguljul vnwbnupnttpp, punupuyhtt mupwspubpmy Hynnqutpypuphdhuljut
htinnwgnunmpyniuutph Ubpnpujut gnugnudutpp (lepensman AWM. u gp., 1999, Caer u
Ip., 1982, Caer u zip., 1990, Auuu EIL., 1999), Uhgwqquyhtt ISO unnwinupunibtpp (Pomux
I'.C. 2001, ISO 10381-1:2002, ISO 10381-2:2002, ISO 10381-4:2003, ISO 10381-5:2005, ISO
12141:2002), US EPA uhowqquyhtt unnwtnupunitpp (US EPA RAGS 1989, US EPA
Method 6200, 2007, US EPA (2000) Region VIIL., US EPA Specifications and
guidance...1992, US EPA Supplemental guidance for developing soil screening... 2002),
unpwndwt wojuwwiputph npuljh JEpuwhunnnipjut hwdwojuwphwihtt thopdp
(Demetries A., 2011, Johnson C.C., 2011), hulj ABA-1-120-02A wbknuihnhiynn wuugh-
puwnnph fhpundwb hwdwp tdntpywhwduph UOC-h hwdwp 2Z-nmd punmfus dbpn-
np (22 Puuywhywinipjub twjuwpuph Zpudwp Ne 143-U 2007p.) b uwpph gwhw-

gnpsuwt unpgp:



Epgpnpy ' puownuyhl b jupnpunnnp thng. 2013p.-ht hpuwiwgyt) o Ynudph p.-
h wwpwspmd hnnp, dwekph wkplbubph, oph b thnont wdnipwnnud: Znnkph
tuntpwnnidt hpuwwbwgyt) k 1:25 000 dwupwniwph hwjuuwpuwswth guigny, Ao
hnphqnuhg (0-5 ud), sdwignuinn wnquuuk puhnyd: Znnh dhwubwlwib tdnipp (0.8-
1549 Yuquyl) E 3-5 Gupwbunipubphg: Znnp wjwuwnhy wnnwypulibpng wnbk-
nuthnpuyl) L jupnpuunnphu: fwpwnwihtt wotwwnwupubph npulh YEpwhuldwt
bywwnwlny tdnpownyt) i Yplhrophtiwl uniputp:

Swppwnisdwb wojuwwnwbpubptt hpuwjuwbwgyt] b Eynyktnnpnuh Cpowlju
vhowduyph Epypuphihugh pwdinid b Ghtwpnuwlwbt wiwhnhly jwpnpunn-
phuynid: Swppuynisnidt hpwljubugyty £ Innov X-5000 nhuwngkiwdininplugki-
nwjht uyknpuswthh ogunipjudp, hwdwdwyt US EPA 6200 dkpnnh, npnpyky Eu
Ag, As, Cd, Co, Cu, Fe, Hg, Mn, Mo, Pb, Ti, Zn-h wupnitwynipjniubbipp: Swppuynis-
dwb wopwwnwipttnh npuh wywhnynud hpwljuwtwugyt) t hwdwdwyn US EPA
6200 Ukpnnh" qpoyuljub tinph (Blank' SiO2), uinwbnupn nkdbpkin yniph (SRM)
Yhpundwdp, hiywhu bwl wpunwupnpuunnp Ykpwhulnnmipyui hhdwt Jpu:
Punupuwht hnntph tdnwputph 1.1% (5 tdniptkp) nwppunidyt) B Tktnpniw-
Jui whwihnhly jupnpuwnnphwynid’ PerkinElmer Aanalist 800 wnnuwpunppghni
uybunpuwswithh  Yphpwndwdp, npnpdkp o hbwnbjw)  wwppbph  wwupni-
twlnipnitutpp. Hg, Cd, Pb, Co, Ag, Sn, Mo:

Luinupuyht thnont tdntpwnnidp hpwljubimgyty k 1:100 000 dwupnwph swju-
dwwnwdl hwjuuwpuwswth guugny: Uhudwudwbwlju b nmwpwswljuinpkiu ju-
wulgdws tunipwpynudp hpujuwbwgyty  Eplynt wwppbp tnuwbwyubpny’ uvwppw-
Unpnuuiny (wuwyhpwghnt® 22 uudniy) b wypunnpubpuyhtt (nkphukp' 21 wdnw)
2013p. ognuwinnuh 25-31-hl:

Owntph nkuwljubpt pnpydl] e Gukng gpuig ingtljjuthy hwnlnipniuutphg
b punupmu, hunjuybu wnpwndut nfu fhinnd nupusdusnipju wunh-
fuuhg Mumdtwuppdl) Bu' pluh  hwgkwwnbpl  (Acer negundo L), phnh
dwipuwntpll (Ulmus mono Maxim.), plnh hwpp (Ulmus laevis Pall), pulyniqkup
hnttwjuitt (Juglans regia L.), nnphthw Ytndwijuughw (Robinia pseudoacacia), puipnh ult
(Populus nigra L.): Uptwnhupth Ynnuhg (Kretinin V., 2006) winwgwplqus thnokljjutdlwi
uwlnnulh, wpdus swnwnbuwlubphg plnh hughtwnbplip yunwund I, huly
wupujulwl piljniqiuthtt b pnphihw YEnswljughwt IV nuubphi:

®nont Swupwpknujuénipniip npnpyt) L gpuyhdbwnphl tnuiwlny: Ownw-
pnyubkph wmbplubpp snpugyl] Bu ubkiyuljuyhtt obkplwunhgdmih wuydwbubpnud,
wjunthtwnb (Jugyk] Eu pnpws opny: Unwgdws htnnilyp dhpnpdty E unwbinupn
Unjupuqniply pnpk Phpnptpny («cunas zexra»): dhjpnpkpn snpugyty Eu kpuhljunn-
powd Uptigh hwuthwnni Yonh quip, wyinthknb $hynpgus tdnipp Yondby k:

Shynpliph Jpu tunws thnohtt nnwppumsdyl) L Perkin Elmer Aanalist 800
wwnndwwpunppghntt uykljnpuswthh Yhpuedwdp, npnpdty Eu Ni, Pb, Cd, Cr, Cu,
Zn, Mo OU-h wupnitwlnipnibuubpp:

®nont widhpujut nwpwswluinpit hwdwlgus wdnipwhwdupp punlu-
gus Lt tnk hbnlywy puyptphg' thnpont hwjupnid Shpupkph Jpu wuwyhpuwwnnph
Upgngny npnpwlh dwyjwih onh ubkppwpnul: Lunipwplws qngny  phpinpkpp
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wuwhbunwynpyl) ki tpupuunpnid, wjinithbnb tnphg Yondb) G Fwownwgh
wpluwnwbipitph npulh Jipwhunnmput hwdwp Jhpuedl] b qpouljub
uwnnighy tuniy (Blank):

Gppnpny Quidbpuy thny. Znnkph Gphpuphdhwlwt qhwhwndwd  tywnwlng
Quuiph p.-h hogipmd OU-h hwdwp hwoquply; b bpypuphihwlub $nb’
$ntughtt wwpmbwlnpmibibph npnodwb  hudwhgluws  Jhdwlugpuljui b
Edwhphl Enutwlutph hwdwnpdwdp (Cicchella D. et all, 2005, Gatuszka A. et all,
2011, Matschullat J. et all, 2000): Npwhu $nt pugniudl) b nphnwplyny wwppkph
Uhohtt pwpwtmljut dkdnmipjnitubtpp:

zopbpnwd b whplikph thnpmd phdhwlwt wwppph wupnibwlnenibbpp
hudbdwwnyt] tu Ynudphh honbph Eppuphdhwuljut $nuh htw, hwrqupldl tu
yninuljdwb gnpswyhgubnp (Kc) (Ilepensman A.M., 1999, Pesuu B.A., 1982, Caer
I0.E., 1982, Caer IO. E.): Cuwn Kc gnpsuiljgh Junnigyty ki Epjpuphvhwljut ijugnn
ouipplin: OU-ny puquuuupp wpnnudwt puwbtujujut tjupugpdui hwdwp
hwoyuplyyl) k wpunnndwb gnudwpughtt gnpswlhgp U (Mepersman A.U., 1999,
Pesuu B.A., 1982, Caer IO.E., 1982, Caer 1O. E.):

Swpwéph uwithnwpuwhhghthl] hpwyhdwlh tyupugpnipjuit hwdwp hnnk-
pnud b wbkplubph thnond mwppbph hwunwgh wupnibwynipniaubpp hwdk-
dwwnyl) ko 22-nud pungniijws honh UEY-ukph htwn (22 UL hpudwup Ne 01-1,
2010 p., 22 Yunwupnipjut Ne 92-Lrm ipnonid, 2005 .): OU-h puquunwpp wn-
unnndwl  uwbhnwpwhhghtuhl] quwhwndwt  twwuwlng hwodupldt; b
Unlgkunmpughwibph hwbipugnidwpughtt gniguthop (428) (22 Ywnwupnipjuh
Ne 92-uman, 2005 p.): Ywquyl) ki honbkpnd b wkplubph thnond OU-h uwthwnw-
pwhhghtuhl pupptp:

znntpnud b wnkpliubph thnpnud OU-h wupnittwynipnitubph hhdwb ypu hpw-
Jwlugyky t Eyninghwljwi phuljh ghwhwinnid Mnnkughuwy Bynnghwlwi (thuljh
bPunbkpuh (Potential ecological risk index - PERI) hwpqupluwt tnutwlny (Sun Y. et
all, 2009, Yuan G. L. et all, 2014, Zhao W. et all, 2015 ), Hg, As, Pb, Cu b Zn-h
wuwpniuwlnipniuubph hhdwt ypu: PERI hwpgupydt) B hwdwduyu hbnbjwy pu-
twdlbph' €} = Clpaen/Ch Ef = T = €, R = XL, EL, npunkin’ RI htunbgpuy PERI-U b
b phpkuhg ubkpjujugunud b wwupplp JEluwpwbwluwt adpbiph qquyniunipiniup
pontuwynp mwppbph tundudp, b wpiwugnind L ynnkughw) tyninghwljwb nhu-
yh dwywpnulp, Ef dhwwnwpp PERI-U E, Tp-tt hbnwgnundnn wwwpph hwdwp «@nnp-
uhY wqnkgnipnibi-wwnwuhiwb» gnpswiljhgp (Hg=40, As=10, Pb=Cu=5 u Zn=1), C;-u
wnunudwb  gnpswiljhgp, Cti:rpgnil‘]} hnnh  Wwdnipnd  hbwnwgqnuignn  wwupph
wupnbwlmpynip, Ch-tt bnwyntwghtl wpnbwlnpeyniip, wju ghypnid htnw-
gnuynn wwpph $ntiwghtt yupnitwnipinip: PERI-h quuwhwwndwb wunhfwtw-
Unpnudp hpuwbwugybky L hudwdwyt Zwljwiunth (Hakanson L., 1980):

Stplubph dwybpbuht Yninwldus thnpnt quiiqudn (mutptubph gingh) npnpynud £
hwlwdwl puttwdih’ mubpip gngh = (M1-mo)-35/100, npnkn mi* wkplubkphg [Jug-
Jwsd thnpnt quigdust k, mo* soquuugnpdyws dhpuniph quiqusp (Uunupbjju b
wy|np, 2008):

Onont Swipuphkniwsnipniip (Pn) hwojuplyl; b hbnljw] pubwdbng
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Pun = Mutputkph hnoh/(Synpntitp - t), npnkn Sympetitp uapnbiiiph gnudwpuyhtt dwlbpbup,
t' Yipohtt mknuunwpwih wbhdplhg htwnn wigws opkph phyp: Unwhdht nnwuppkph
Swipupkniwsnipymip Puws, npnoyly b hwdwdwyl Pawpp= P - Cowpn pulimdlih,
nputn’ Cowpp nkipllikph thngnid wiwpph wupmbwnipymh k (Caer u ap., 1982):
®nont Swhipwpknijwbnipyui, thnpnt b honkph U2 wpdbpubiph, mnunnnqu-
Snipjutt bt Jurnutiquynpnipjul dwjupnpulubph quuhwndwt hwdwp Yhpundty E
U.U. Yuuhunyh wnwewuplué nwunnulp (Ilepensman A.H., Kacumos H.C., 1999):

Zupyuplyty Eu thnonid b hnnpnud wnluw OU-nd wuwydwiwnpdus tpkjuw-
ukph b Ukdwhwuwlubkph wnnnowljwt rhuljpp ptwlkih quypkph hnnbkph wpnn-
owlju nhuljh Unpbht hwdwywwnwupuwb (US EPA RAGS, 1989, RAIS): ZupJupl-
ubpp hpwwtwgyt) i hwoyh wntknyg thnonid knués OU-h dwpnnt opquthqunid
hwjnuytnt htnbju) tpbp hhdtwwh muphubpp' Judwb, hthwjughnt b nhp-
Uy (Lu X. et al. 2014):

Ns pungybnusht nhuljp hwoquplyk) £ pnnp hwynbwpkpywé OU-h hwdwp.
Pb, Cr, Ni, Zn, Cu t Mo" thnpnt niwgpnid, V, Mn, Co, Cu, Zn, As, Mo, Hg, Pb, Agl cd
hnnh phwpnud: S8mipwpwilynip dbkwnwnh hwdwp hwoquplyl] E pnnp Epu-
wnqphghntt ninhutiph ghwpnd ppnuhl opwljut Yuunwdp, htwnbyw putwdlbph
db?ngnq‘ - S— o

oo, ()= s S0 ) -

cErEz maara s
AT a3

P— P o

=, Ol )
nputn CDI - Jjutdwé hnnh pmhuﬂlmp]m_h C hnnnud mmupph ululpmhuﬂlmp]m'u
IngR - Juwudwt wpwgnipnil, EF - wqpigmpjut hwdwhiwljwinipniy, ED - wqg-
nhgnipjul mbnnmpenil, AT - wqpbgnipjut dhphtt dwdwtiuly, BW - dwpduh dhohtt
quiuqyus, InhR - sswnwljul wpugnipniy, PEF - dwuthyubkph wpnwibndw
gnpduiljhg, SA - Uqnbigmpjuup Eupulju dwplh dwljtiptu, AF - dwplhh hin juydwb
qnpduiljhg, AB Sq - dwpluyht Juidwt qnpdwljhg (US EPA RAGS, 1989, RAIS):

Ny punglhtnushu Juuubgh gnpswlijhgp mipwpwbginip inwpph hwdwp hwp-
Juplby E htnljw) putwating HQ = % (US EPA RAGS, 1989, RAIS):

Zudwduwyu punmitws  dbkpnnubph ny pungytnusht phuljh quwhwwnnidp
punipugpynid k Juuutigh huinkpuny (HI), ukpljujugubing HQ-h wnhwinpy gnidwpp
(US EPA RAGS, 1989, RAIS): HI<1 gnyg L wwhu ny pungytnushtt wonnowlju
nhuljh htwpunpnipjut puguljuynipnitp, vhtinygt dudwbwly HI>1 towbwlnid
E wpnpomipjut Jpu wpupkiiyuun wqpkgnipyut htwpwynpmpinit (Lu X. et al.
2014):

quglﬂ:qmbbh nhul] hnnhg hu1211111p11111:l t As wmupph hwdwp dhuyh Jubdwb
niqnig, b thnpnig Cr b Ni-h hwiwp' hthwjwghnt (Cr b Ni), b jjutnid (winwdnpu-
wnhpuyht) (Cr) ninhukphg: Untu wwppbpph hwdwp pungybinushu nhuly sh hwo-
Juplyt] yuwyywg npny whpwdbon gnpswljhgubinh puguluynipjun htw: Up-
unppgdwd nnquitkpp hwoquplyl) kit wpwudht jpipupwignip nignt hwdwp hw-
dwdwyt hbnlywy putwdlikph:

Py EmETmin TV Ioowdeies Bptd | 03 Saduie S50 Kies Sudin, S mET w1t
Lo (2 - x + , LaaD, -
= I_',p-_-;_l ATmeT N TWeetd Trmahin d |'.|'.

npntn’ LAAD - wipnng Yywiiph dhohli opkwt swihwpwdhil k (US EPA RAGS,
1989, RAIS):
Lungnusht nhuljp qwhuwnyby t hbnbjuy putwdlitph dhongm] Oral Risk =
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LAAD, x SF, Inhalation Risk = LAADyuwtms IUR, nputy SF - wjjuy wwpph
punglnushu gnpswljhgu k, IUR - siswnwljuts vhwynp nhuljp (RAIS):

Pnyjunnpkih phuljh vwhdwbbpp vwhdwignud Eu npuytu 10-6-hg dhigh 104 (Lu
X. et all, 2014): [*huyh dwjupnulubpp vwinnuiuynpyt) ko hbnbyuw) YEpy. <10-6
owwn gudp. 106-10- gwsdp, 10°5-10* vhohli, 104103 pupdp b >10-3 swwn pwpdp
(Rapant et al., 2011):

Unwugus wpynibpubpp  Jhdwugpujutn  JEpnsnipjut Gu Gupwplyty
STATISTICA 10 épwgpuyyhtt thwpkph Yhpundwdp, hadwdwgt tppuphthwljui nyg-
juukph yhdwjugpujut yhpnidnipjut Ukpnnutph (Reimann C. et all 2008, 2011):

Ququyb] Eu nudph punuph hnpbpnid wwwpptph b dpunnpunid yupnibw-
ymipjniuiph mwpwdwpwphudwt Epjpuphthwljut b vwihinwpwhhghtuhl pt-
dwwnhl] pupuntqutp’ Arc GIS épugpuyhtt hwptph Yhpundwdp: Yhpwnyt) Eu hu-
wnbkpynjughnt hqngduyht, YEnwght phwgpudwghtt Ukpngubkp® IDW b wy) pupunk-
quqpuui tnubwlutpny: Uwinnuynpnudp junwupyl) E ipwunhfwt gupdwbw-
Jut wunhfuwbwynpdudp' $nth bjuwndwdp (Pesua b.A. u gp., 1982): OU-h
Enypwphtpwuwt b uwwbhwnmwpwhhghbuhly pwpunbqubiph juqddwt dudwiul
wupnibwlnipnitubph dwjuppuijubph vwinnuynpynidt hpujuwugyt) E pun
1nYuy $nuh b 22-nid vwhdwbjws URY-h dkdnipnibubph (22 Ywnw]wpnipjui Ne
92-Uran, 2005 .):

QLNR 3. OUNGLE SELEILEME NMMGU RUNULUSEL SUMUOLLEMNRT
O7USPL U4UQULE oNTNE &9 OULL UGSUNLE P ShSNUNLRENLED
(3NRUTP LUNULP OrhLUUNY)

Upnunpuljut dkntwpynipniuutph hbn hwdwwnbn @nudph p.-h onh wn-
nnunjwdnipjul junonp wnpmiptbphg £ wjunnupubuynpup: Uwljuy gputg wp-
nwbbnmdubph Jhpuwpkpu) wdjujubpp puguljuynud B 2kt npnoynid pwipdhs-
utph owhwgnpsdwt wpyniupnd  wnweowgus wnunung  Wynpkppt OU-p
(Zuytynunuhpnphtg. http://www.armmonitoring.am/):

Onujhtt wjuquith thnpny wnuunudw Juplnp gnpént Et hwinhuwinud twb
Jhuwpwiy b Jpwpuyhtt oupkph nt phinipnitutph, shtwpuwpuwlui b jrugunu-
jht wnpwlnyunbph weliwnipniup, hywbu twb pwnupwihtt wnph wypnudp:
Qjnudph p.-nwd Epypnppujut tywtwlnmpjut hngngubpp npybu Juint wudwi-
nwyuinyus sk, jud tpphiduh swslynypt wdpnnonipjudp pwundws t, npp thnpnt
Juplbnpugnyt wnpmipubphg dkht £ hwinhuwind® hwmnjuybu snp tnubwy-
ubpht (fwbhbput 4., 2009): Umnitu Ynndhg dnudpht ninuljuyjws b gnquhng-
unid b niuh snp Yhdwywuwb wuydwitbp, nknh jwunpudnt weph L pufuncd
hwqunby pniuwfwinipjudp, wwpwspht punpny ki b nidkn puwdhubpp, npp
unyiytiu (pugnighy phwjui byywunng gnpént b dpunnpuh wnunnundwt hwdwp
(Sahakyan L. et all, 2016):

Ujuyhuny, @nudph punuph nwpwspnid welju k dptninpuughtt onh wnunnn-
dwb dwpnushu b puwljub gnpéntiubph pupy hwdwhp:

Uplninpunh thnony b OU-ng wnunnuindwi dwjuwpnuljutpp guwhwwnbihu Junpt-
Unp £ Uh pwtth dkpnnutph dhwdwdwiwlju Jhpwenidp b hwdwgpnudp, npp poy
Junw htnmwgnunipniihg uvnwbw] wdpnnewlwt nknkjuwnynipmni: 1988 p.-h
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http://www.armmonitoring.am/

wykphs Epypwowpdhg httnnn wpwehtt wiqud, 2013 p.-ht hpwwbwgyl) t Fnud-
phh onwjhtt wjwquih thnony b OU-nY wnununjudnipjul guwhwinnd® ukpunt-
Y wnunundwi dwljupguljh quwhwnndp, thnont b wungugyws OU-h wnnwpu-
Suljwil puphuijudnipjutt puuguwhwjnnidp, ptwlsnipjut wnnnowljwt nhuljh quw-
hwunnudp' punupuwjht Swinkph mbpbukpp Yhpwneking npuytu thnont b OU-h $h-
wnnunuhpnpbp (Sahakyan L. et all, 2016):

Qynuipnt nmwupwspnd htbwlnbph Uks dwunud (16 tniy® 76%) qpuigyl) L
thnont swipwpkntjwénipjut gusn dwjupnul (<250 Yg/Yu? opwljuly), idnipuknh
Unwn 14%-nud Swhpwpkniyubmpjut dvhohi (273.9-446.1 Yu/q? opmuljutr) b 10%-
nud (2 tiniy) thnont swipwpkni]uwdnipput pupdp dwlupnul (473-482.6 Yu/ljq?
opwlwi): ®nont Uhoht swbipwpbknujwdnipniup juquky L 188.9 g/hu? opwljul,
npp hwdwywunwuppwind £ wnunnndwb gudp dwjupnuljht: Owbpwpknudu-
dnipjutt wdktwpwpdp dwupnulp nhndt) b punuph hjniuhu wpbdnunpnud,
juqugniyiip’ punuph Jktnpniwlub hundusnud:

Uplunnpuuuyghtt onh wtdhpwlw tdntpwhwyjwph wpyniupnid winugdwsé thn-
ont yupmbwnipymbbpp nunwin]l) ba 0.035-hg Uhish 0.962, Uhghtnid’ 0.224
Ug/U3: Ljuqugnyh wupnibwlnipniup URY-u sh ghipuquigl): Uhehtt wwpnibiw-
Ynipjniup thulqulhgnuf E opwljul dhghh UpY 1.5 muqud, wnwykjugnyh ww-
pmhuﬂlmp]mhp opwljwl Uhohtt URY-1' 6.4 mbiquud, hul wpukjugnijh dhwigug
URY-u' 1.9 whquul: 12 tdmptbpmu thnont wupnibwlynipynitkpp (0.16-hg dhish
0.96 Ug/®) ghpuquugnid ki vhohti opwljut UGY-1, It 2-nud (0.52-0.96 Ugq/u®)" w-
nuybjugnyt dhwtjugq URY-u:

Ownbph wkplibkph thnpnid npnpdty &' Mo, Cd, Pb, Ni, Cr, Cu, Zn-p: Cd-hg
pugh nhuiwplynn wwppbpp hwynbwpbpyl] & ponp tdnptbpnud: Stphukph
thnonud OU-h wupnitwynipniuitbpny juqujws tpjpuphdhwuljut puppbpp ylu-
mud ki, np wpwgbwght wunnnhsiitp b hwinhuwbnd Cr b Pb-p (wg. 1) dhght b
wnwybjugnyb yupnibwlnipnibtiph hwdwp: Cughwinip wndwdp punupuyght
thnphti punipugnyl) E poiyy hnkuuhynipyudp Epypuphuhwljub guppny:

Qnudphh mkphubph thnond hbnwgnuunipnitubnh wpyniipubph hwdwdwg
htinwgnunws jnp OU-hg URY tljuwndwdp ghpuquiigniuttp ki gqpuiigyt) Pb, Zn,
Cu, Cr b Ni-h hwdwp: Cunn uwwihnwpwhhghbihy pwppkph’ Qmuph punwph
wnwpuwsph thnpnt wnwetuyhtt wnuinunhy L hwinhuwnid Pb-p (wy. 2):

Owntinh wkplutph thnpnd OU-h hunbqpuy quuwhwndwi hwdwp hwpdupy-
Jud USRS wpdbpubipp nunwignud Eu 1.9-46.4 vwhdwubpnid: USRS thohtt wpdk-
pp Juqunud £ 10.8, npp hwdwwywwnwupwinud £ wnunnndwt gusp duljupnuyhic
UQ%-h hwdbdwwnwpwp pupdp wpdhputp gqpuingyt) bt punuph JEbnpntwljui b
hjntuhu-wpbdnyuwt  hwndusubtpnud, hpup dnn nmbnujuwus wdnipwpldwh
Ytwnbpnud (uy. 1): U2 pojnp wpdpubpp hwdwywwnwupwinwd i thnpnt OU-ng
wnununjudnipjutt gusp duljupnulht (UFA<64):

Qynuiph punuph thnpnt puquuwnwpp wnnnndwh vwithnwpuwhhghbuhl qw-
hwunwlwip npdl) B hudwdwy W28 wpdtputph' puwn hnntph hwdwp 22 Bupw-
opkunpuljut wlinn] twhwwnbujws hhiquunhdwt vwigquih (22 Ywow-
Jupnipjui Ne 92-Uran, 2005 p.), pwtth np thnonid mwppbph wwpnibwlnipmnib-
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ukph quwhwwndwit hudwp wWlwbwnhy vwinnuly dywlqus sk: ©28 wpdbpp nw-
nwi]nd £ 0.6-12.15 wwhdwilbpnd, dhohtmu Juqutinyg 3.55, npp hwdwww-
nwuppwind Eopogpuunpbih dwwpnqulht: Skpbubph thnont 19 tdnipubipnid
gpuigyl] k wnunnudwt I dwjuppul’ poygjunpbh, nph vwhdwbbbpnud W28-h
wpdtipp sh ghipuquugnid 8 vhwynp (uly. 1): Bpynt wdnipubipnid’® GQ-24 b GL-28
quigyt) L puquuinupp wnunnundwt gusp dwljupnuly (928" 8-16 dhwynp):

mLuwl 1

Stplibph thngmu dwip Ubnwnubph wpu]bjugmja b dhoht kpypuphdhwljui zmppl:w”pn !

Unun]kjugniyu Crass) — Pba29) > Mow2) — Zne.1) — Cueo) — Niwy 489
Uhghla Cri.0 — Pbis) — Moes — Znas — Cuas — Niay 9.8
Owilmgnid, huljugstpnud phpdus i wwppbph wpwbjugnyt b dhohtt wupmbwlnipymbbtph ghpuquignudkpp
Inth whundundp:

Unyniuwmy 2
Stplibph thngmd duip dbwnunubkph dheoh b wpun]bjuqniyyt uwthnwpwhhghbuhly gunpphpp

Unuikjugnuyh Pb6)-Zne2)-Cre2-Cua s)-Nid.e 13.5

Uhght Pbaoy 3.5
Ouwlimgnid. thuwljugstipnd phpfws kb wyupnibwlnipiniiubph gipuquitgnudubpp URY (22 Unnnguwuhnipyjui
twppwpuph hpudwp Ne 01-U, 2010 p.) Guundundp:

bPuhwjwughnt hiyybu twb Juidwt mnhubph nhypnid thnpnt dwutthljukph
htwn juyws poittwynp nwwppbpp Jupnn b hwdwidwt wpnnowwb juunhpik-
ph wnwowgdwt yundwn hwtinhuwtwy (US EPA RAGS, 1989): (FQSU-nud pugw-
Junud E phipdwy RfD wpdbpubpp, thnpowpklp, poinp wwppbph nhypnd, dkup
oquuugnpsdky  kip opwy  ppnupl]  RfDig  wpdbplbpp  puqUuuunlbim]
hudwywwnwupwt uvnwunpu-wnhpuyhtt ninnne gnpdulgny (RAIS Risk Exposure
Models for Chemicals User’s Guide, US EPA RAGS,1989):

on e
" a1 cu; ;““ ”
g ¥ O
/) .GLJ' A GAA_30
+ +
‘Lljwp 1. Qgnudph p.-h thogm W28 (Awfu) b UQQ-h (w9) hlwnught wpdhpubph nupusmpwpjuluh
pwpwnbqubp

Uwnwugws ns pungyinush nhuljh ghwhwwndwh wpyniuputpp gnyg wnygkght,
np ph' Ukdwhwuwlubpp, pt' Epkuwibpp skt gunugnid ny pungyinusht wnnn-
owljwl nhulh wqpkgnipyut mwy (HI>1), husybu puquuwunwpp b wbwbu B w-
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nwtdhtt OU-h puquninh wqpkgnipjut nhupnud:

Luinginuéht nhull welw k dhuyb Cr-h nhypnud Judwl ninnig 15 budnionud
(68 %), npp wuwwnlwunid £ gusp dwljupnulyhie (>10):

Udthnthtiny, nudpp p.-h dpunnpuiughtt onh thnpny b OU-nd wnunnundwi’
wnwppkp dbkpnnutpny hpujubwgdws hnwgnunnipiniuubph wpyniupubpp® wh-
pwdtow k ok, np vwppwynpniduyht b $huindnhpopibph hknwgqnundw dbpnn-
utph hwdwnpmipiniup poy; kg pugwhwjnt] Fnudpph tupwuspmd thnpnt b
wungugus OU-h pupliuwénipjut wrwbudtwhwnlnmpnibttpp b quwhwwnty
wnbnh phwlsnipjutt wenpouwljwt phulp: ZEnwgnunipjut wpynibpubpp gnyg
wnykghli, np thnomt wupnitwlnipnitibpp 12 wdnpnd (57%) qhpuquiugnid L
Uhohtt opwljut ULYT-1 b 2 wdnipnid mnwykjugnyu dhwiuduq UBY-u:

16 unionud qpuiigyt] b thnont Swpwpbntjwdnipjut gudn (53.49 — 234.6
/Y2 opmfwmir), 3-nid Uvhohti (273.9- 446.1 Jg/Yu? opmljwr) b 2-nd pupdp (473-
482.6 41g/4u? opwlwil) dwjwupnul: Unljuw k thnont sSwbipupkntijubnipjut b thnont
wupniiwlnipjul (nqguputudnplugus wpdbputph puguuwlut Ynnkjughu,
npp hwunwuynid  bwb thnpnt Swpwpbknujwénipjut b thngnt ywpniuwlynipe-
jut nmupuswlut pupjusnipjudp: Unwbjugnyt dpuninpuiught thnpnt wu-
pnitbwlmipiniutitinp qpugyt] ki punudwubpnud, npnup qguniynid Eu wpbbjpnid
b hwpwy-wpbbpnwd, dhsptn thnont swbpwpbknijuédnipjut pupdp wpdtputph
puphujudnipinip pungplnid £ punuph wpbudwnyui hwndwsp:

Pb, Zn, Cu, Cr, Ni U Mo-h dhohtt wupnitwlnipniuubpp ghpuquugt) tu Lpl-
pwuphyhwljut $nup: Cnonid wnwetuyghtt wnununhsutpt ku Cr, Mo b Pb-p: Uhohtt
wupnitwynipniiubph phypnud URY-u qghipwquigl) E Jhuytt Pbn (1.2 whqud):
dtpohtiu vwthnnwpwhhghbuhly 7 ouppkpnid (63 %) hwunhuwinid L wnwetuwghe
wnunuhy: Ukjuljut swppnid npujtiu wnwgtiughtt wnunnunhs hwinbu tu Byl Cu-p
l Zn-p, hulj 2 wdnipmd” Cr:

Cunn UQQY wipdtputiph pnnp tunipubpp hwdwywwnwuppwunid Eu thnpnt OU-
nJ wnunnunjudnipjutt gudp dujupnuljhtt (UF2A<64): Gnontd OU-h gnidwpuyhe
swbipupknijubsnipjub qquih dwubwpwdhip wuwwnljwiniwd £ Zn b Pb-hi:

®nont wnpnip hwinhuwgnn gnpénn, (pdws wpynibwpkpuljub dkntwpynip-
miuttph b wnpbph Ynynbph pdwtjupuyght pupuqusnipniip wdpnne punuph
wnwpwépnid pnyp sh imwhu inybhwwhwgul) dptninpn wpnwibinnng OU-h wb-
ownd wnpniptin:

Qynudph (Sahakyan L. et all, 2016) b Gpliwt (Saghatelyan A.K. at all, 2013, Caakan
JILB. u gp., 2013) pwnupubph dpunnpunmd thnont Swipwpkntdwdnipjut
dwupnuljutph hwdtdwnnidhg Yupbih £ wnbkubb], np Epk Gnudphnud ghpulju-
mud b thnpnt Swipuplni]wsnipjutl gusp dwfuppulp tdmpubph 76%, wuyw
Bphwiunud ghpuuynid b dhohtt b pupdp dwljuppuljubpp’ hwdwywnwujuw-
twpwp uniolbph’ 32 b 48 %-ukpnud: bhswybu twl hwpl E ok, np b wwp-
phEpnipinit Gnudpni, Gplwtth nwpwspnid Uk hktwlknnud gpuiigyty E hwh thn-
ont Swiipwphnuudnipjul swhwquig pupdp dujupguy:

Ulnpunurtwny tpnt punupbbph dptnnpuughtt thnpnd OU-h wjupnitu-
ympjnitiutph URY U dnuh tjundudp ghipuqubignudubphii (Saghatelyan A.K. at all,
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2013, Sahakyan L. et all, 2016, Caaksn JLB. u ap., 2013) whuwnp k k), np Gplwh p.-h
thnphtt wsph b puljinud wdbijh punbkiuhy wnununuénipudp: Suppkp o twb
ghipwju U wpweuyhtt  wnunupsikpp: Bpk Gplwth  tnond  dhohtnd
Epypuphdhwljub mbuwblynithg gipulju wnunnhsttpt Bu Mo, Cd b Hg-p, wmwyu
Qynudphmd’ Cr, Pb-p: Uwthunupwhhghbthly wkuwilymhg Gplwbh thnpnid dhehtmy
npujku wnwgbwghtt wynmnhs ko hwtimbu bk Cd, Mo-p, hulj Qnuiphh tngmd’ Pb-p:
Utthpwdton E tly, np ipdws hudbdwnnipniunp jhwupdtp (hutnt hwuwp juphp nith
wykih funpp nuumdtwuhpdwte

Unnnowljut nhuljh guwhwwnnudp gnyg kg, np hilnwgnundws mwppkpp sk
wnwowgimd ny pungtnushtt wennowlwi nhull: LPunghtnusht qudp dw-
Jwpnulh (>10%) nhulj welw k dhuyt Cr-h ghygpnid Juubdwb nigmg' 15 Gdnpmd:

QLNkv 4. A3NPUCP LUNULP Z0N6CNRU OULC UGSUNLECE
EUNLNAUErYrULPURUYUL B9 UULPSUNUZPARELRY
UNAUL2LUZUSUNPEBNPLLE C BY, hUYE T

Pusytu Epunud E wnyniuwly 3-hg, wnwybjugnyb wwpnitbwlnipjniuutph tply-
puwphdhwlut swppp tkpjuyugus t 12 mwuppny: Unwetuyhtt wnunwnhsubtp G
hwunhuwtunid Pb b Cd-p, npnug hwenpymud tu Ag b Zn-p: Uwgws wwppkph
wnwykjugnyb wupnibwlnipnitubph gbpuquugnidubpp $nth tjundwdp (Kc)
UkYy Yupgny wybih gusp Gu: Uju nuppbph punhwingp dwubwpwdhut wnwygbju-
gnyu owpph gnidwpuyhtt htwnkuuhynipjub Uke Juqunud £ 85.2%: Uhoht kplpw-
phupwjut pwppp (wy. 3) Juqunid ku 7 wmwppkp, wyju ghypnid wpunwhuwjngus
wnwoluht t nuntnid Cd-p, npp dwutwpwdhup swpph gnidwpuyhtt htnkuuh-
Ynipjut kg 32.8 % k: Cd-ht L htwnlnd & Pb, Zn—:

Unymiuwl 3
Qynudph p.-h honpmud swip dknwnibkph wewtjugny b theht yupmbwym pymbutpny juqujus
Epypwphuhwlwb swpplpp b npwig gnidwpughtt hinkiupynipiniip

Pb#z.9-Cd09—Agur.—Znus>Cug.a—Hgs.o—Ase.—

Unw kjuignij 249.2

Tie7—-Coaz—Moau.e—Fea.y—Mnas)
Uhghtu Cds9—Pbes—Znen—-Agis—Cuas—Hg, Asay 17

Ombmgand, {puljugdtpnud phpfws bb nwnphph womnbwgnyb b dhoht wwpnimympnibbkph ghpuqubgnuiubpp
$niih tljumfundp:

Munidtwuhpyty b twb Ynudph p.-h dwlkpbnipwhtt opipnid OU-hg Hg, Cd,
Pb, Ni, Mo, Cu b Zn-p: Luntpunyk] kit punuph vnupwépny hnuny snpu hhdtwljw
ghinbpp. Unwlwyph, Qnpenip, Tnpnph, b Quonip oph udniputp, 2013p.-h ognu-
wnnuhi: Pb-h b Cd-h phypnid punuph nwpwspnid npuitg wnunundwb wnpmnip-
ubph wnlwynipjut dwuht ko inund twb $nudph p.-h ghknbph hbnwgnunnipyut
wpmnitplbpp, putth np npubg ywwpnibwlmpniuitpp punuph twpwspnd b
punuph gnipu quint hwnqusutphg Yipgyus wdnpubpnid qquijhnpkn gipuqui-
gnud L «pnupr: G uw wy nhypnud Epp npuiig wupnitwynipinitubpp punwph
wnuwpwsdp dntbnt hwnqusutphg yipgdus tdniputipnid jud puguluynud i ud
hwinbu Eu Byl dnuh Wjuwundwdp wdkh thnpp ghipuquignidubpny: Uwljuyi
Uhlinyt dwdwtwly hwpl E gk, np ginbph opbpnid hknwgnungws b ny th OU-h
wupnibwlnipnibubpp skt gipuqugl) UBY-ubpp:
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Zonbpmu wnwtdhtt mwppbph nuunidbwuphpdwt hwdwp juquyt) B dnih djun-
dwidp ghpuquugnudubph  wwpwdwpwphidwt  pupnbqubp: Ungh  Gupwgunud
putiwpyynud  E nuunudbwuhpdws  wiwppbph  mmwpuswpuwjudwts wnwdiwhun-
Ympnitubpp: Chpmdnipiniithg nmpu ki duwgk) Co, Mo, Mn, Fe b Ti-p, pwth np
ytpohtiitipu ubpfuyuinud o hhdtwluind I b I dwwupnulubph, ny hinkuhyg
nuipntnny: Hg, As i Cu-h nhupnid punuph tmwupwspnid wnfw i 3 dwljuppuljutph
nuownbp, uwluyt pnnp wwpptph ghypod gipujuynud B I b I dwlwppulh
nuiontinp, I dwljupnuljh quownh nhypnd niukup YEnughtt ngpulinpmudutp: buly Cd,
Pb, Zn b Agn hwlgtu tu kYt yupquotnnudutph 5 dwjupnpuyjubnyg, vwjuyg pojnp
wnwppbkph phupnd nupuswpwphibut ks twup pudht E puljund -1 dwljuppulh
nuontphtt IV b V dwwpnuiubph nuowntpp hhdtwuwinud niukh YEwnught
Ahuljunniggusp, Jud qpuntginid G owwn thnpp dwljtintu: Gy dhuytt Cd-h nliypnud
E np IV dwjupnuyh guownp qpunbgund | punuph imupwsph dnn 15%:

Lhuhwlwl mwupptph wpwyl) pupdp wupnibwlmpniuubpp gpugyty Eu pu-
nuph JEunpnuwul, wpbbput b hwpuduyhtt dwubpnud:

Cuwn wnunundwt gnidwpuyht gnpswljgh (UY) wpdtph §nudph p.-h tnwpws-
ph hnntipp Uhphund punipugpynid ki wnunnundw gusp dwjupnulny:

Qnuiph pwnuph wnwpwsph hnntph 85,1%-p punipugpynid L wnunnundwb
gusp dwljuppulyng (UF3<16): Ununnindwb pupdp dwljupgulh guownp hhdtw-
Juunud nith niu] mbnuppmipmit b jEhnpniwind ' punuph YEunpnunwd,
wpllpnd b hupudmd (punuph wwpusph’ 2%): Uju quonkpp hhdbwlubmd
Jhuunpntwgws tu twplhht b tkpju wpynibwpkpuluwt dknttwpynipnittpht
Jhg nmupwspubpnid mupwswwunpt: Uhohtt wnunundwb dwjwupnuljh nuownp
hhdtwljutnud oppwwyunnmd £ pupdp wnunnudwt quonp b nwpwswjubnpku
Ygws E wplibpub, jhnpniwfwi b hwpwjught dwubphil (punuph nwpusph’
12,9 %): zupY L uoky np dhohtt b pupdp dwjupnuljh wnnnndwi ngupontpp hwd-

444444

D

Mottt

‘Uljup 2. Yynudph p.-h tnwpwudph hngph puquunupp wpnondwi USRS (Awfu) b Y28 (wg) wpdbputph
nupusmpmohdul pupnkqubp
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Unjniuwl) 4-nud phipqus ki @nudph p.-h hnpbpnud OU-h yupnibwlnipinibk-
ph hhdwl Jpu juquyws vmthnwpwhhghbuhy tqugqnn pwpptpp: Unwykjugnyu
wupnibwlnipnibubpny junnigyws uvwthunwpuwhhghbhl owppnp giluwdnpnid G
Pb b Zn-p, npnug hwdwp URY tjuwndwlp qpubgdué ghpuquiugnidubpp bl
Jupgny wykih pwpdp kb, pmb pwppp Juqunny dbwgws wwppbphup: Pb b Zn-h
vhwubwlwb dwubwpwdhup supph gnidwpujhtt htnkuuhynipyub vk juqunmd k
74.5%: Cuwppmd wju wwppbippt hwenpynud Eu Cd b Cu-p: Uhgpt
uwthinnwpuwhhghkuhl suppp juquniud k Pb-p:

URY tjundwdp ghpuquugnmdubp sk npubinpk] Hg, As b Cu-p: ULYT tjuwn-
dudp ghpuquignidubp skt gqpugyty twl pnnp nhnwplynn mwuppbph tjuqu-
gnyt wwpnibwlmpinitubph phypnud: Unwybkjugnyt wupnibwynipniuubph
nypnd uwithnwpwhhghkihy swppp juqunid ka hknbyug wappkpp' Pb, Zn, Cd,
Cu: Cwppnud npytiu wnwetiwghtt wnuinnps hwintu £ quihu Pb-p, tphpnpy nk-
nnud quuynud £ Zn-p, npnig ghipuquugnidutpp URY ujuwndwdp Ukl Jupgny
pupdp ki Uniu mwppbph ghbpuquugnidutph hudbdwwn: Uhohtt uwthtnupuwhh-
qhkuply swppmud Uhuygl Pb-t £ Uhohtt wyuipniiaympyniiip unn E URY-hb:

mLuwl 4
ynudph p.-h hoppmd dwiip dknwnukph weowdbjugnyi b dhght wwpnihwlnipniaitkpny llulllllm]ngllulz
uwuhwwpwhhghbuhl swpplpn b npug gnidwpught hinbuupynipiniiip

Unui]kjuignuyh Pbes4-Znass)>Cdes)-Cuea) 50.6
Uhght Pba 1.2
Ouwlimgnid. thuwljugstipnd phpfws kb wyupnibwlnipiniiubph gipuquitgnudiubpp URY (22 Unnngwuwhnipjui
twppwpuph hpudwp Ne 01-1, 2010 p.) tuundundp:

Pb I Zn-p punuph nwpuspnid bkl judwblwpughtt pushjusnipmnit’ dlw-
Unpmud ki wpunnundwl hhig dwlwppulubp, Cd-p b Cup hhudtwlwimy pouy-
wnnpkh dwuppul: fPupdp dujuwpnpulnyg nuonkpp hhdtwlwinud tmwpwsw-
Juunpku Yhg Lu ubpuynidu sqnpédnn «Fwjuindbnpy, hiswihjubph gnpdwupwb-
ukpht b ukpluynidu dwutwlhnpbu qnpénn dbjuh gqnpdwpwtht, npnup wmbnu-
Yupjws ki punuph wplkpnid, twplht «EjEjnpnts gnpswpwhl hniuhuntd,
hiybu twb Ynidphh «Unpnddwyhbiws gnpswpuitht’ hupwynod:

Znnbph puquuwunwpp wpunnunudp guwhwnydt) E hudwdwyt 22-md vwhdwb-
Jwd Jupgh' Ynughunmpughwitph hwipugnidwpuyhtt gniguwhoh (428) hhdwb
Ypu: Puyytiu Epbinwd £ uup 2-nd pipdws pupunkqhg, @nudph p.-h mupuspnid
Alwynpynud Eu hnntiph wpununjuwsnipjut 3 dwjupguljubph nuowntp: Uwluyh
punuph nwpwdph 98.7%-n pumipwgpynid k I' poyjuwnpkh dwjwupnulny: Un-
nnnjuénipjui I b III dwjwuppuljutph nuownbpp niuktu jniwy ppubinpoudubp,
hudwywinwupiwbiwpwp punuph tnwpusph’ 1.05 b 0.5%: Bppnpn dwljupulh
nuonnid URY ajundwudp ghipuquugnidubtp gpuiigyl) Eu Pb, Zn b Cd, huly III
dwluwpnuljh nguownnid Pb b Zn wwwppbph phwpnud: I b I dwwpnuljh nupwnt-
pnud Pb-p hwuintu £ quijhu:

Qynuipnt hnntph hwdwp quuhuwwngby |k il Mnnkughw) Eyninghwljut huljh
bunkpup (PERI): Unwtdhtt nuppbph hwdwp PERI-h gwwn pupdp dwljuppuljutp
qpuigyt] tu Cd b Pb-h wupnitwynipjniuubph ghypnud: busybu tpypuphdhw-
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Jub nkuwblyniuhg, wjiyku § Eyninghwljut nhuljh guuwhwndwit mkuwlniihg,
Cd b Pb-p hwinhuwtnid bt wnwgtiughtt mnunnnhsubin:

Qnudwpuyhtt PERI-h nuipwnbiph nnwpuswljub pupfujusnipiniip pipdus k uljup 3-
nul: Ynudph p.-h vwhdwtbpnud hhdwwinud ghpuyopnid Eu gnudwpuyhtt PERI-h
gudp b swihwynp dwjuppuljubpp b hadwywnwupwitupup qpunbkgunmd Gu
pumuph wnwpwdph 23.6% b 52.7%-n: Snudwpuyghtt PERI-h sunhwynp dwljupruljh
hwuibtdwwnwpup Uk nuowntp wnknuijugws tu punuph hwpuynd b hniupu-
wpbbpnd b opowthulmd Eu gnidwpuyhtt PERI-h nfuw) punyp Ypnn owwn pupdp
nuontphtt @nudwpuyghtt PERI-h tpywbwljujh b own pupdp dwjuppuyh quownbkpp
qpuntgunid ku punuph imwupusph hudwyuinuwujuwtimapun 21.8% b 1.8%:

Unytu kupwugiunid @nidpnt hnnipnud wniju OU-hg dwppljuig wpnpowljui
nhuljh quuwhwwndwb dudwbwl nhunwpldt b dhugb jlutdwi ninht: Unnnpowljui
nhul] hwoqupyyt) b hywbu Epklowbbph, wyjiybu b dedwhwuljubph hwdwnp:
Ppuljutiugyty £ ' ny punghinush b’ punglnush nhuljh qguuwhwwnnid:

Ny pungltnusht nhul dkbwhwuwlutph dnwin ny dh mwpphg sh phunygb: Inudw-
pught (RI) jud puquunupnp rhuljh wpdtpp didwhwuwlutph dnin gnymd k pny-
(unplijh nwhdwiubpmu (<1)° HI-htt nunwinfnud E 0.16-0.79 vwhdwtinlipnud:

b wwppbpmpmt dkdwhwulwibph’ bpkjuwbtph dnn wpwidht nuppbpny
Pb, Cu, nhunly k ns pungyqushi nhuly dkjulub tdmoukpmu’ juqubiny hwdw-
yuunwupwbwpwn 1.3 b 6.3: Fuquuunwupp phuljh phypnid nhull welu k buniy-
utiph 99%-nwd, pmuquuunupp HI muwnwtdwt vwhdwip Juqunud E 0.85-7.42: {Fhuly
wuwpniuwlnn tdnpubph hhdbwlwt dwund HI-u gnidnud £ yujdwbtwjubnpli
wnwbdbwgws 2-py  dwuwpnuynd  (2<HI<4): [*hujught quownbpp  nlwg
npubnpnidutipny gpdws Eu punuph nwwpwspny dky (uy. 3):

pamr—— -
bwbibkn e P N

‘Uljup 3. Snudwpught PERI-h dwjupnulitph (dwhi) b Gpkjuwbbph wennenipymt
n3 pundliinusht nhuhh vwiwpyujubphp (wg) wwpwbuljui puslujuwdnmpjmi pupwnkqubp
NMuydwbwluwinplt  wnwbdtwgquws 4-pp  dwuwpnulh  guonp  (HI>4),
qpunbgunud £0.11 §u2 (punhwiniph 0.25%), 3-pn dwljwpnulh nuownp 1.5 Yu? (3.38
%), 2-pr Uwljwpnulh nugwn’ 42.75 Yu2 (96.3 %), 1-ht dwjupnulh quownp 0.03 Yu?
(punhwuniph 0.07 %) (uly. 3): Punglitnushu nhujh quwhwwnnudp gnyg k wykg, np
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nhunwpydus As-h Jjwbdwb ninnig punghtnush rhul sh gpuigyl): Lungyk-
nusht nhuljh wpdtpp mwwnwinmd L 4.71E-08-hg 7.63E-06 uwhdwbubpnu:
‘Ldniputph 66%-nid qpuiigyl) k >10° wpdtp, npp hwdwywunwupiwunid k nhuljh
gudp Umjupnulhi:

Udthnthtiny Jupnn Eup wub), np hnpbpmd wwwppbpp tdwb yupnitwlnie-
jnittpp rhul tbpuyugund bu vhuwyb Epkjuwttph hwdwp:

BoruqusnNhE3NkLLEN
1. Qnuiph punuwph wwpwséph wnbplhubph thnome dhohtt Swipwpknjwdnipiniup
(188.9 Yg/yu? opwljut)) hwlwyunmuwuppuind £ wnunundwb gusp dwljupnulhb,
nwwnwind t gudphg (0.17 Yg/{4l? opwljuir) dhtish pupdp (482.6 4g/Yu? opwiljuiy)
dwlupnuijubpnud: ®nont wpupm wlmpymip nunwiynid £ 0.035-0.962, dhghtmy!
0.224 Ug/l ghpuquibighing Uhohtt opwlwl URYU-U' 1.5, huy wpwytjugmyup 1.9
wbqud: ‘Luniputph 52%-md thnont wwpnibwlnipiniitipp gipuquigl) Eu dheht
opwjut UL Unljuw E thnont swupwpbknujuénipjut b thnont wupnibwlnipjut
rguputiupnplugyus wpdtputiph puguuwlwui Ynenkjjughw, npp hwunwngnud
nupuswul puphijusnipjudp: @nont pupdp wupnibwynipinibitipp qpuiigyt) ku
punuph wpbbjppmu b hwpwd-wpbbpowd, dhiynbn thnpm hwudbdwwnwpup pupép
Swipupbnt]wsmpnth gpuiigt) E wpldmunpnud:
2. Skplitkiph thnonud Pb, Zn, Cu, Cr, Ni b Mo-h thohti wywpnibwlnipniutpp qbp-
wquitigh) b bpypuphihwlwt $nbip, wnwebwghtt wnnnnhsibph kb Cr b Pb-p’ gh-
puquughiny $nup hwdwywunmwupwbwpwnp 5.0, 3.3 wuqud: Pb-h wwupniuwlynipe-
bkpp ghpuquiigh) kb twb URY dhghtimd 1.2, wowbjugnyip 4.6 whquud:
URY ghpuquiugnidutpn qpuigdt) ki twlb Zn (3.2), Cr (2.2), Cu (1.8), Ni-h (1.6
wbquu) wowykjugny wupnitwlnipnitubph hwdwp: Skpbitkph thnpnud Swp
Ubkwnwnutph Ununnundwb gnudwpught gnpswljgh (UQAQ) wpdtiputipp nmunwgnid
Ll 1.0-46.4 uwhdwbubpnud, dhohtip' 10.8, npnlip hwdwyuinwuuwbnd kb wny-
nnundwd gudp dwjupnuljht: YUnughtnpughwyh hwipugnidwpuyght gniguthph
(U28) wpdtpp nunwifmd t 0.6-12.15 uwhdwbubpnud, dhehti wpdtpp’ 3.55.
gquniynud E pnyjuinphh dwjupnulnid:
3. Qynudph p.-h hnpipnd swbip Ukwnwnutph dhohtt Epjpuphdhwljub swppp hwuntu
E quihu bhbunlyju wjwgnn  owppny.  Cds9-Pbes—Znen—-Agas—Cuas—Hg,Aswy:
Unwglujht wnuuinunhy Cd b Pb-p punquph wwpwdpmud hwunku i qujhu 5
dwjupnqujh  ygupnibwnipinibibph quowntpny, wpwyl] hunbuuhy  Jup-
quptnnudtph nupntpp hwbinbu b quhu nljuy YEnughtt dtwjunnigquspny: Cun
Ununudwt gnudwpuyghtt gnpsuljgh (UQ2) punuiph hnntpp dhghtmd punipugpynud
Eu wpunindwt gwsp dwwpnuynyg: Ununundwb pupdp b dhoht dwljupnulh
nuownbkpp  njuy  gpubnpnudubpny hwigku  Bi quihu punuph  wplibjub,
JEunpnuwui b hwpujuihtt wew by juhn ptuljigdus hwndusubpnud:
4. Qunuiph p.-h hnpbpnud swiip UEnwnubkph yupnibwlnipmniiiiph vwthnwpw-
hhqhtuhly quwhwwnudp gnyg wngbkg, np dhohtt wupnibwlmpniuttph ghypnid
URY ujuwnuwdp gipuquiignid wnlw E dhuyt Pb-h hwdwp (1.2 wmbqud), wnwyk-
1ugniyt gipuquignudp hwutnwd £ Jhtgh 26.4 wbqud: QEpuqubgnidubp gpuig-
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b ku bwl Zn, Cd, Cu-h hwdwp: Cun UZ8-h punuph mwpwsdph 98.7%-p punt-
pugpyniud b ponyjuwnpkih dwjuppulny: Ununnnjubsmpjub I b II duljwppul-
tkph quownbpp nikl (nlwy gpubinpmdubp’ Pb-p wyuwnbn hwinbu k quihu, npubu
wnweliuyhlti wnnnunhy:

5. Skplukph thnont b honkph puqUunupp wnunnudwt dwjuppuljutpp (U,
4z8) hhduwlwunid hwdpulunud B, vwluy thnonid swip dbnwuniubph Jupquk-
nnulubipt wykjh htnktuhy G, puh hnnbpnud:

6. Qnudph punuwph wwpwsdph hnpbpnid Mnnkughw) Eyninghwju nhuljh hi-
ntpuh (PERI) own pupdp dwupnuljukp gpuigyl) Eu Cd b Pb-h wwpniawynipe-
jnibiikph nhypnud: Zwdwdugt gnudwpuyghtt PERI-h, Qynudph punuph tnupuspnid
hhdtwljutnud ghpuljuynud t swthwynp dwljupnulp:

7. Unnnowljut nhuljh quwhwwndwb wpnyniupubpp gnyg Eu kg, np ny pungyk-
nushu nhull thnonud dwup Ukwnwnubphg sh qpuiugyby: Znntpnud Epkjowtbph
wnnnonipjul hwdwp ny punghtnushu nhulj qpugyl) L wuwydwiwdnpjus Cu b
Pb-ny: Lunglinusht guén nhull thnonid wnlw k dhuyu Cr-h nlwpnud:

8. Owlp dkwnwnubpny wpunudwt tdwbwnhy yguuibpp mbh yundwlub
punyp, pwuh np wpwyk] wnununyws hnntpp nknujuynd . hhdtwuwinad
twpijhunud wnhy gqnpénn wpynitwpkpului opjkjnutinhtt Yhg nmwpwspnul.
hjniuhumd b wpldninpmd «BjEnpnis gnpswpui, wpbbpmd’ hswhdubph,
Ukjup b «Qupuiundbnp» gnpswpwibtibp, hwpudnd® ubpuynidu dwutwhnpku
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KA®IH MXUTAP OBUKOBUY
DKOJIOT'O-TEOXMMMNYECKHNE OCOBEHHOCTHU 'OPOJIA TIOMPU
PE3IOME

CoBpeMeHHBIe MHTEHCHBHBIE IIPOLIECCHl ypOAaHM3ALUM U OOYCIOBIEHHBIH €10 POCT
ITPOMBINIIEHHOCTH ¥ aBTOTPAHCIOPTA, a TaKXKe MHTeHCHBHAA 3aCTpOMKa B TOPOACKOI depre,
pacupeHye TeppUTOPHil MyCOPHBIX CBAJIOK IIPUBOJAT K 3aTrPASHEHMIO TOPOACKUX SKOCHCTEM
PpasmyHEIME 3arpa3HuTeaMy. Haunnaa ¢ 20-ro Beka U3 4YMCIa yCTONYMBBIX 3aTpA3HUTENIEH
OKDY’KAIomell cpempl 0CO00 BBINENAIOTCA TKeNble METAJIIBI, KOTOPBIe —SABJIAIOTCA
YPe3BBIYAITHO OMACHBIMH, TOKCHYHBIMHU I OKPY>Kaloled Cpefibl M 37OPOBbsA deoBeKa. B
HOJOOHBIX YCJIOBUAX OCOOO BaKHA KOMIUIEKCHAfd OIIEHKA 3KOJIOTO-TeOXMMHYECKHX
0COBEHHOCTe} SKOCHCTEMEI TOPOJA.

Ha rteppuropun ropoza I'toMpu HM [0, HM TIOCIe 3eMJIETPACEHHA He IIPOBOAMIIOCH
9KOJIOTO-TEOXMMUYECKUX HCCTeOBAHUM, He OBUIM OLIEHEHBI YPOBHH 3arps3HeHIsI
PAa3IMIHBIX KOMIIOHEHTOB OKPY>KalOlllell CpeZibl ¥ CBA3aHHBIE C HUMU pUCK. 1lenbio maHHO#M
paGoThl SABIAETCS OLIEHKA YPOBHeH 3arpsAsHEHUs TOKEIBIMHA MeTaIAMH BO3ZYLIHOTO
GacceffHa M TIOYBEHHOTO NOKPOBA C BBHIABJIEHHMEM SKOJIOTO-TEOXMMUYECKHX OCOOeHHOCTei
TeppuUTOpUM Topoja [ToMpH, SKOJIOrO-TeOXMMHYECKOe ¥ CaHHUTapHO-THUTHEHNYecKoe
KapTHpOBaHNWEe TEePPUTODPHH, OIleHKa SKOJOTMYeCKOTO DHCKA 3arpASHEHMSA U PHCKa ML
370pOBbs yesnoBeKa. JIia JOCTIDKeHMSA IIeTM ITIOCTAaBIEeHBI M PelleHbl CIeAyIouue 3aJad:
OLlEHKA M KapTHPOBaHWE COJEPXKaHWI IbLIM W YPOBHEW IIbUIEBOM HArpy3KH B BO3LYLIHOM
Gacceiite ropoga ['ToMpH; 5KOJIOro-TeOXMMMYeCKas M CAHUTAPHO-TUTHEHMYECKasd OIleHKa
TIBLJIEBOM HATPY3KM U TSDKEJIBIX METa/UIOB B IIBIIH, C COYeTaHMeM HCIIOIb30BaHKA aNlapaTyphl
u (UTOMOHHUTOPOB (QIbTEPHATUBHBIN METO[); BbIABIEHHE OCOOEHHOCTeH paclpefeleHus
KOHIIEHTpAMi TXKeIbIX MEeTA/UIOB B IIOYBaX ropoza [IoMpu, 5KOJIOTo-TeoXMMHYecKas U
CaHUTapHO-TUTHeHNYecKas OIleHKa 3arpA3HeHNs; OKOHTypHBaHME TeppUTOPHM Topoja IIo
YPOBHAM 3aTrpPA3HEHHsA, SKOJOTMYECKOTO PUCKA M PUCKA UL 3M0POBbSA W BbIJEJIEHHE TPYIIT
PHICKa CpeJiyi HaCeJIeHH.
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CoueraHne MHCTPYMEHTAJIBHOTO M aJIbTEPHATHBHOTO ((UTOMOHHMTOPHI) METOZOB
TI03BOJIMJIO KOMILIEKCHO OLIEHWTh YPOBHH 3arpsA3HEHMS IIBLIBIO aTMOCHEPHOTO BO3ZyXa M
0COGEHHOCTH ee paclpeieleHHA. BbIABIeHO, YTO LI ABIAETCA aKTYaIbHBIM 3aTPASHUTEIEM
arMocdepHOro Bo3myxa ropoga I'tompu. IIsureBas Harpyska JIMCTheB Ha TEPPUTOPHU TOpOZa
KOJIe6JIeTCA OT HU3KOTO [0 BRICOKOTO YPOBHS, a CPeJHSIA COOTBETCTBYET HU3KOMY YPOBHIO
sarpsasHeHus. Y 52% 1po6 cozepxxaHye IbLIX HpeBbIlaeT cpegrecyTounyo ITJTK. Bercokue
COZep)XaHWA TBUIM 3aQUKCHPOBAHBI Ha BOCTOKE M IOTO-BOCTOKE TOpOZA, TOIZa Kak
OTHOCHTEJIBHO BBICOKAf IIbLJIeBas Harpyska 3aUKCUpOBaHa Ha 3amase.

DKOJIOTO-TEOXHMHUYECKasA, CAHUTAPHO-TUTMEHWYeCKas OIeHKa TDKENBIX MeTaLIOB B
IIBUTM U OIleHKAa IIOTEHIMAIBHOTO SKOJIOTHYECKOrO PHCKA IIOKAa3aja, YTO C TeOXMMUIECKOH
TOYKU 3peHHs npobaeMaruyHbiMu apysaorcsa Cr u Pb, ¢ canuTapHO-rurnenuygeckoii — Pb. B
CIydae TIOYB B CAHUTAPHO-TUTHEHUYECKOM OTHOLIEHWH IpobieMarirdeH Pb, B oTHoOureHuHN
HOTeHIIMAIBHOTO sKosormdeckoro pucka - Cd u Pb. Takum o6pasoM, Kak ¢ TeOXMMUIECKOH
TOYKH 3pEHHdA, TAK ¥ B OTHOLIEHWU IOTEHIMAJIBHOTO JKOJIOTMYECKOTO PUCKA, IJIA IIOYB T.
T'ompu Cd u Pb AB/IAIOTCS IPUOPUTETHBIMY 3aTPASHUTEIIAMU.

Pe3ybTaThl OLEHKH PUCKA IJIA 3/0POBbS MOKA3alId, YTO OT TSKEJIBIX METAJIOB B IIBLIH
He 3aMKCHPOBAHO HEKAHIIEPOTEHHOTO PHUCKA. 3aUKCHPOBAH PUCK AJIA 3IOPOBbS IeTel,
obycnosinennsii Cu u Pb B mousax. Huskuil kaHIeporeHHsI#f puck 3adHKCHPOBAaH B
oTHOUIeHNH cofiep>kaHus Cr B IBLIH.

VpoBHU IOIHAIeMeHTHOrO 3arpsasHenus b arctbe U 1mouB (CIIK, CII3) B ocHoBHOM
COBIIAZIAIOT, OFHAKO AHOMAJMM TAKENBIX METAIOB B IBUIM 0OJiee WHTEHCHBHBI, YeM B
mouBax. B meom, mo nokasaresam cymmapaoro sarpsasHenus (CIIK, CII3) Tsxesbx MeTaLIoB
B IIBUIN JINCTBEB U IIOUBAX, TEPPUTOPHUI TOPOJA XapaKTEPU3YeTCS HHU3KHM M JOITYCTUMBIM
YPOBHAMH 3arps3HEHHd, OJHAKO Ha TEPPUTOPHM IOpOJa IIPUCYTCTBYIOT HHTEHCHBHbIE
JIOKa/IbHbIE IIOJIMDIEMEHTHbIe aHOMAIMY TOYEYHON KOHOUIYpAIUK C IPeBBIIEHUAMI Haf,
IIK.

INomo6Has KapTHHa 3arpsA3HEHU TsOKEIBIMU MeTa/UIaMK MMeeT UCTOPUYECKUI XapaKTep,
TaK KaK Haubojee 3arpsA3HEHHBIE IIOYBBI JIOKAIM3YIOTCS B OCHOBHOM OJIM3 aKTHBHO
JeHCTBYIOIINX paHee IIPOMBIIUIEHHBIX OOBEKTOB: HAa CeBepe U 3allaZie IOpoJa 3aBOf,
“OmexTpon”, Ha BocTOKe — 3aBof, ‘T'aspBaHOMETp”, @ TAK)KE IIPOM3BOACTBO BEJIOCHUIENOB M
TBO3[Ieii, Ha IoTe YaCTUYHO JeHCTByomuii 3aBog, “CrpoMmariiza”.

MKHITAR H. KAFYAN
ECOLOGO-GEOCHEMICAL PECULIARITIES OF CITY OF GYUMRI
RESUME

Nowadays, rapid urbanization and consequent development of industries and increasing
vehicle load, intense urban construction, extension of waste disposal sites provoke pollution of
urban ecosystems with diverse pollutants. Since the 20th century persistent pollutants to cities
have been heavy metals recognized as toxic elements causing extremely harmful
environmental and health effects. These facts suggest that under such conditions a special
emphasis must be placed on a complex assessment of ecologo-geochemical peculiarities of
urban ecosystems.
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No ecogeochemical investigations of the area of city of Gyumri were done before either
after the devastating earthquake of 1988, no assessment of pollution level of environmental
compartments and associated health effects provided.

So, the goal of this research is revealing ecologo-geochemical peculiarities of the area of
city of Gyumri, assessing the level of heavy metal pollution of its air, basin and soil,
ecogeochemical and sanitary-hygienic mapping of the site, assessing ecological and health
risks from pollution. To achieve the goal, the following objectives were set and implemented:
Assessing and mapping dust contents and dust levels in the air basin of Gyumri; Providing
ecogeochemical and sanitary-hygienic assessment of dust load and dust heavy metals by
instrumental method and phytomonitoring (an alternative method); Revealing peculiarities
of distribution of heavy metals contents throughout Gyumri, providing an ecogeochemical
and sanitary-hygienic assessment of pollution; Identification of risk groups in the population
throughout the city by different pollution, ecological and health risk levels.

Collation between instrumental and alternative (phytomonitoring) methods of research
helped implement a complex assessment of atmospheric air pollution levels in Gyumri,
peculiarities of distribution, and conclude that dust is a priority pollutant to the atmospheric
air of city of Gyumri.

Mean leaf dust load throughout the city corresponds to low pollution level and varies
from low to high levels. In 52% of samples dust contents exceeded mean daily MAC. High
contents of dust were detected in the east and southeast, whereas relatively high contents of
dust were detected in the west of the city.

Ecogeochemical, sanitary-hygienic and potential ecological assessment data for heavy
metals in Gyumri dust have indicated that from geochemical positions problematic are Cr and
Pb, from sanitary-hygienic positions — Pb. In respect of soils: from geochemical positions — Cd,
Pb and Zn, from sanitary-hygienic positions — Pb, from positions of potential ecological risk —
Cd, Pb. Hence, from geochemical as well as ecological standpoints, Cd and Pb are priority
pollutants to Gyumri soils.

The health risk assessment results have indicated that no noncarcinogenic risk from heavy
metals is identified in dust. In soils, the identified noncarcinogenic health risk to children is
determined by Cu and Pb, while in dust low carcinogenic risk is determined by Cr alone.

Levels of multi-elemental pollution of leaf dust and soils calculated by geochemical
background and MAGCs are almost similar, anomalies of heavy metals being more intense in
dust versus soil. Wholly, according to summary pollution indices of heavy metals in leaf dust
and soils the city area is characterized by low and allowable levels of pollution, however
within the city area intense multi-elemental isolated point-shaped anomalies in which exceed
MAC s are found.

Such a picture of heavy metal pollution has a historical character as in most cases the most
polluted soils are found on sites attached to former industrial enterprises: in the north and
west- “Electron” plant, in the east — bicycle and nail manufacturing plants, “Galvanometr”
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factory, in the south — a half-capacity plant “Strommashina”.
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