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[Mpobnema Problem Statement

CornacHo 3anpocy PocnoTtpebHagsopa Pecnybnukn bypsatns Heobxoguma paspaboTka
nporpamMmmsbl MO OLEHKE MEAULIMHCKUX N couuanbHbIX NOCNeacTBUMA NPOLLIOro 9Komnoru-
Yyeckoro yuwepba oT HeraTMBHOIO BO34EeUCTBUSA TOKCUYHBIX 0TXo4oB [xunanHckoro BMK

In response to a request from the Federal Consumer Rights Board in Buryatia a

program was developed to assess the public health and social consequences from
negative environmental impacts around the Dzhidinski Mining Complex

Npepnaraemoe HaMmeHoBaHMe NMUSTOTHOIO
nccriegoBaTenbCKOro npoeKkTa
A proposed name for our pilot research project:

«BbigBrneHune, kKonM4yecTBeHHas! OLIEHKA U JOKa3aTellbCTBO CBA3M HApYyLLEHUN 300P0BbS
HaceneHud, npoxueatoLwlero B . 3akameHck (Pecnybnuka bypaTtus), ¢ dpaktopamu cpeqpbl
obutaHus, obycrnosrneHHbIMN BO30ENCTBMEM OTX0A0B [)KMOMHCKOro BoSfibopamMoBO-
MOnNMbaeHoBOro KomouHaTa»

“ldentification, quantification, and confirmation of a connection between problems of
human health in Zakamensk, Buryatia, with environmental factors associated with public

exposure to wastes from the Dzhidinsky Tungsten-Molybdenum Complex”
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McxoaHble NonoXeHus
(NnpeonocbINKKN nccnenoBaHnA)

Initial Assumptions
(background research)



AktyanbHocTb padoTbl The Relevance of our Work

Mpu nukemngaumn ABMK He 6binu cobntogeHbl CaHUTapHble N 9KONOrMYeckne
TpeboBaHUs, NpeabaABnsAeMble K 3aKpbiBaeMbiM NPEANPUATUSAM:
"  rOpHble BbIpabOTKN He NMUKBUAUPOBAHLI;
" He npoBeAeHa peKyrnbTUBaLUA HapyLEHHbIX 3eMerlb;
" He npekKpaweH copoc 3arpA3HEHHbIX LWAaXTHbIX BOO B €CTECTBEHHbIE
BOOOEMbI;
" He NPUHATbLI MePONPUATUSA MO OXPaHEe OKpYyXatowen cpeabl B . 3aKkaMeHCcKe
N NpuUnerarLLmnx TeppUToOpUSsIX.

During the time that the Dzhidinski Mining Complex (DMC) was being shut
down the officially required procedures for safeguarding both the environment and
public health were not observed, i.e.,:
= The mine works were not removed or properly disposed of;
= |mpacted landscapes were not reclaimed nor recultivated,;
= Qutflows of contaminated mine water were not sealed off from going into
nearby natural water systems;
= No other measures were taken to protect the environment in and around the
town of Zakamensk

Matepwuanbl canta http://www.minpriroda-rb.ru/activity/index.php?SECTION _|ID=1113&ELEMENT 1D=41388
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3a nepuop pabotsl [IBMK obpasoBanock 44,5 MIIH.TOHH OTXOA0B ODOralleHus, cknaanpoBaHHbIX B ABa
XBOCTOXPaHUNULLA.

BbiBeaeHHoe 13 akcnnyaTtauun B 1958 rogy nepsoe xBoctoxpaHunuuie ( 9,5 MNH.T 0TX040B) Ha
NPOTSXKEHUU MHOTUX NET SABNSIETCA UCTOYHUKOM 3arpsisHeHUsI r.3akaMeHcKa:

=Jlexxarnible XBOCTbl CMbIBalOTCA B Ja4HYI0 30HY M B PANOH XWUIblX JOMOB BOCTOMHOM YacT 3aKkaMeHCKa,
aanee - B peky MogoHkynb, KoTopasi Bnagaet B [bxnay.

"B panoHe XxpaHeHMs HOBbIX XBOCTOB HabM04aeTCcsl MHOXECTBO MECT YCUNEHHOMo npoLecca apo3uu, rae
obpasyloTca pacnagku, Yepes KOTopble XBOCTbI MEPEHOCATCS NPSIMO B ropoa.

"B otBanax [>KMguHCKoro KomMomnHaTta Ha 3eMnAX, NPUroaHbIX Ans UCMNOoSib30BaHMA B CeribCKOM
X03AINCTBe, cknaampoBaHo bonee 50 MnH. M3 ckanbHbIX BCKPbILUHBIX Y BMELLaoLWuX nopos.

=B oTBanax XpaHsTcs nopodbl ¢ 60MbLLIMMN KOHUEHTpauMamMn cynbhunaos.

During the operation of the of the DMC some 44.5 million tons of tailings were stockpiled in 2 piles.

Decommissioned in 1958, the first tailings pond (with 9.5 million tons of waste) has ever since been
a source of pollution for Zakamensk:

Old tailings were washed away into urban areas, reaching residential buildings in east Zakamensk,
and then washing further into the Modonkul River, which flows into the larger Dzhida Rlver.

In the area around the newer tailings there are many places showing advanced levels of erosion,
where gullies have formed through which the tailings are transported directly into the city.

Other areas around the Dzhidinsky Plant that would be suitable for agricultural use have been
buried by more than 50 million cubic meters (1.75 billion cubic feet) of overburden rock.

In these waste piles, rocks with high concentrations of sulfide are now stored.



NMaHopama gonuHbl p. MogoHKynb U r. 3akameHcK. Bug ¢ nesoro 6epera p. [xuabl
Bbiwe ycTbs p. MoagoHkynb (Poto: OTuer ..., 2005)

Panorama of the Modonkul River Valley near the town of Zakamensk, taken from the left

bank of the Dzhida River where it meets the Modonkul (2005)
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TexHoOreHHble obpa3zoBaHua «Jlexanble MNeckn»

How the tailing piles were constructed
SlCHO BUAHLI Py4YeUKOBbIe MPOMOUHbLI U BeTpoBasi pAbb Ha NOBEPXHOCTU U CNOUCTOCTb MO npodunto

What is plainly evident here in profile are the gullying, rivulets, and small dunes formed by wind

Mo paHHbIM ®I'OY BINO «BypsaTckas rocyaapcTtBeHHas cerlbCKOX03iMCTBEHHaA akagemus um. B.P.dununnosa» (OtyeT 2008)

From a report made by the Buryat State Agriculture Academy in 2008 .



TexHoreHHoe obpa3oBaHue «'uapooTBan»

How the “Hydro-” Waste Pile was constructed
BuaHo, 4TO NOBEepPXHOCTb OrofyieHa U NoABepraeTcAa NMOCKOCTHOMY CMbIBY C OOpa3oBaHUEM
py4eMKoBbIX MPOMOMUH — OyayLnMX oBparos
Here it is evident that the surface is stripped bare, exposed with crevices, ravines, and gullying

Mo paHHbIM PIOY BINO «BypsATckas rocyaapcTBeHHas cerlbCKOX03AMCTBEHHas akagemus um. B.P.dununnosa» (OtyeT 2008)
From a report made by the Buryat State Agriculture Academy in 2008



AnropuTtm AokasbiBaHUS BpeAa 340pOBbI0 B CBA3M € Bo3aencTBueM hpakTtopoB cpeabl obutaHus B
cooTBeTCcTBUM C gaeucteyrowmmmn MY 2.1.10.3165-14 «lMopagok npumeHeHUA pe3ynbTaToB MegUuKo-
Guonornyecknx uccrniefqoBaHMK ANsA AgoKasaTesibCTBa NPUYUHEHUA BpeAa 340pPOBbLI0 HaceneHus
HeraTUBHbIM BO3AeUCTBMEM XUMUYECKUX PaKTOPOB cpeabl OOUTaHUA»)

An algorithm showing harm to human health from environmental impacts, as based on an existing MOU
2.1.10. 3165-14 entitled: "Applying the results of biomedical research that shows evidence of harm to public
health from the negative impacts of chemicals in the environment")

__________________________________________________________________________________________________________________

U2 F1. OueHka 06beKTMBHOCTU cuTyaumun NaeHTudukaumsa MCTOHYHUKOB Bosp,eMCTva
1—1 F1. Evaluation of the objective situation. lIdentifying sources of exposure

F3. Characterizing the risks to human health

U_ F2. OueHka ycnosuun akcnosuumm F2. Evaluating the conditions of exposure  F———:
U2 L .............................................................................................. : |
. F3. XapakrepucTuka pucka ans 3fopoBbs HaceneHus 2| U4 i

u+s F4 M3mepeHune xmummnyeckoro BewecTsa (Mapkepa 3KCno3muymm) B opraHusme nauymeHTa (rpynnbi nauweHTOB)
F4. Measuring chemical substances (the markers of exposure) in (groups of} patients’ bodies

: F5. AHanu3 Kkomnnekca KnMHU4eckKux, nabopaTtopHbIX, PyHKUMOHANbHbIX,
> WHCTpPYMeHTanbHbIX NOKa3aTenen, afeKkBaTHbIX Harpy3ke (MapKepoB OTBEeTa) i ¢

organs and bodily systems, as established during risk assessments

. F5. Analysis of a series of laboratory, clinical, functional, and :
56 : .. instrumental indicators of substantial doses (markers of response)
— F6. OuarHocTuka 3aboneBaHUi U oLeHKa (hyHKLMOHaNbHbIX ! =q [T |
> HapyleHNI KPUTMUYECKNX OPFraHOB U CUCTEM, YCTAHOBMIEHHbIX Ha JTane T i Bpep‘ |
U3-6 o OLIeHKM pUCKa —> 3
F6. Health diagnostics + evaluation of functional impacts on critical i | Harm iS 3



F1. OueHka 06BEeKTUBHOCTN CUTyauumn
UoeHTUPMKaumMa NCTOYHUKOB BO3OEUCTBUSA

F1. Evaluation of the objective situation.
ldentifying sources of exposure

U2 : F1. OueHKa 06 beKTUBHOCTH CUTYaLIMK
1_: MaeHTUhHMKALMA UCTOYHMKOB BO3AENCTEBUA :
U6 N e el I U2-s
H F2. OueHKa yCcnoBMiA 3KCNO3MLMMK —
e — T,
F3. XapakTepucTUKa pUCKa ONA 340POEBA HaceneHUA U
: F4. MsMmepeHWe XMMMYECKOro BellecTEa (MapKepa SKCNosuLMK) B OpraHusme
—_—

H nayyeHTa (rpynnbil NauMeHToB)

F5. AHaNM3 KOMNNEeKCa KNMHKMHYeCKUX, NaBbopaTopHbIX,

*  hYHKUMOHANbHbIX, MHCTPYMEHTANBHBIX MOKa3aTenel, afeKBaTHbIX —

Harpyske (MapKepoB oTEeTa)

uss "
: F6. OnarnocTvka sabonesaHni M oleHKa hyHKUMOHANbHbIX Y=g T
e——" " —
H HapyLWeHWA KPUTMHECKMX OPraHoB M CUCTeM, YCTAaHOBMNEeHHbIX Ha !
- Bpes

—
136 : aTane oUeHKU pUcKa '

k |




Ha Tepputopum 3akameHcka no CyMMapHOMY nokasaTento 3arpa3HeHus
xummyecknmm anemeHtamu (Cu, Zn, As, Pb, Mo, W, Cd, Sb) BbigenstoTcs:
ol 1) nnowapgb akonornyeckoro 6eacrteusa 281,3 ra unu 39,6% Tepputopun;
2)  2)nnowagb 30HblI Ype3BblYaUHOWU 3Konormyeckon cutyaumm 205,8 ra unm
29% oOT TeppuTOpUMN ropoaa.
O6wan nnowaab 30H 3KONornyeckoro 6eacTems N YpesBblHanHOM
aKonormyeckom cutyaumnmn pasHsetcs 487 ra, yto coctaBnseT 68,63% ot
TeppuTopun ropoaa.

Summary indicators of chemical pollution in Zakamensk (Cu, Zn, As, Pb, Mo,
W, Cd, Sb) show that: 1) Some 700 acres, or 39.6% of the town can be deemed
an area of ecological disaster, and 2) Some 510 acres, or 29% of the town
would comprise a zone of ecological emergency. So the overall area with severe
environmental impacts would be over 1,200 acres in size, or over 68% of the total

areas —aidlbcdonsuc
YCcnoBHbIN MNHTeHcuBHOCTL OLeHKa 3Konorn4eckomn
3HaK 3arpsi3HeHus 7c* cuTyaumm
COLOUR CONTAMINATION c LEVEL OF ENVIRONMENTAL
SCHEME LEVEL IMPACT

Cnaboe 3arpsa3HeHne <16 OTHoCcKTENbHO yooBneT-
LOW contamination BOpUTENbHaA CUTyauna

- CpeaHee MEDIUM 16-32 Relatively satisfactory
|

CunbHoe STRONG 32-64 | YpesBblyaiHasi cuTyaums
EXTREME SITUATION

OueHb cunbHoe
VERY STRONG

64-128

MakcumarnbHoe >128 3Jkonornyeckoe dbeacrene
MAX ECOLOGICAL DISASTER

yeptaropoga CITY LIMITS

* ZC - cyMMapHbIr nokasatenb 3arpssHeHna noys (Kputepum 1992), no anemeHtam: Cu, Zn, As, Pb, Mo, W, Cd, Sb
| * Zc = sum of indicators of soil contamination (1992 criteria) for: Cu, Zn, Pb, Mo, W, Cd, and Sb)

MaTtepuanbl canTta http://www.minpriroda-rb.ru/activity/index.php?SECTION_ID=1113&ELEMENT 1D=41388
63
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NMpobGnema: cnUWKOM OonbLUON NepeYeHb XUMNYECKNX 3fIeMEeHTOB,
HeobxoaAuUMO 060CHOBaHHOE COKpalleHue ¢ BbiaesrieHneM npuopmuTeToB

The Problem: the number of chemical elements is too large, and we need to
find a reasonable way to reduce their number by setting priorities

Hannune BO3MOXHOCTU onpeneneHua B cpeae ooutaHma n bmocpenax HacerneHus
Possible ways in which we can make a determination from the environment
Buocpeabl NMuweBblie |ATmocdepHbl| lNuTbeBas NMouBa Cymma
Xumnueckunn BocTtouHo- NPOAYKTbI W BO3AyX BOAa PecnybnvkaHcku | N1FOCOB
anemeHT CunBupcKuii L3 B Pb (bHL CO LIrm3 B PB | aHanuTuueckuit
HayYHbIN LLEHTP In food PAH) In Water LeHTp n LIMm3d
C;T:::g;? In bio-environment | .. conter Airborne Frmor In Soil TOTAL
for Public From the Public Health | From the State
_Data from the Health & |Buryat Science & Analytical Ctr
East Siberia Epidemiology Centre Epidemiology | and the CPH&E
Science Ctr
ArieMeHmMbI, 110 co0epxKaHU KOMOPbIX yCmaHo8eHb! 30HbI 3Kkomoauyeckoao bedcmeus Elements used as indicator of Eco-disaster
Meapb (Cu) + + + + + 5
LInHk (Zn) + + + + + 5
Mbiwbsk (As) + - + + + 4
CsuHel (Pb) + + + + + 5
Monnbaen (Mo) + - - + + 3
Bonbdpam (W) + - - + + 3
Kagmun (Cd) + + + + + 5
CypbMma (Sb) - - - - - 0
[pouyue snemeHmbI, Komopbie 803MOXHO sKkmo4umsb 6 uccriedosaHue Other elements that could be included in study
Kob6anst (Co) + - - + + 3
MapraHeu, (Mn) + - - - + 2
PtyTtb (HQ) + + + - + 4
Xpowm (Cr) + + + + + 5
Hurenk (Ni) + - + + + yal




F2. OueHka ycnoBum aKkcnosnuum

F2. Evaluating the conditions of exposure

F1. OueHKa 06 bEKTUBHOCTH CUTYALIMK i
MaeHTUb MKALMA MCTOUHWKOE BO3AEACTENA :

F2. OueHKa yCnoBWIA 3KCNO3MUMK

e i F4. MisMepeHWe XMMUYECKOrD BellecTBa (MapKepa 3KCNo3MUMK) B OpraHusme
nauyeHTa (rpynnbl NauMeHToB)

F5. AHaNK3 KOMMMeKca KNMHUY e CKWX, NaBopaTopHbIX,
thYHKLMOHANbHBIX, MHCTPYMEHTANbHbIX NoOKa3aTenen, ageKBaTHbIX !
Harpyske (MapKepoB oTBeTa)

; F6. OQuarHocTuka 3a60MeBaHMii M OLleHKA hyHKLIMOHANbHBIX U= j

HapyLWeHWA KPMTUHECKMX OPraHoE M CMCTEM, YCTAHOBNeHHbIX Ha
[F =g H JTane oUeHKH pHCcKa |




NpepnoxeHun B [porpamMmmy Nno MOHUTOPUHIY coAepXXaHUA
XUMMNYECKNX 3NIeMEeHTOB B Nno4yse

Program proposal for monitoring chemical contents of the soil

UcnonuuTens: M1 «PecnyGnnkaHckuin aHannTUYeckuin LLeHTp» Implementing Agent: the State Analytical Centre
Onpepensemblie XxuMmuyeckue anemeHTbl: kagmun (Cd), ceuHey, (Pb), xpom (Cr), Hukenb (Ni), monubaeH (Mo)
Elements to be identified: Cadmium (Cd) Lead (Pb) Chromium (Cr) Nickel (Ni) & Molybdenum (Mo)
O6wee konuyecTBo Npo6: 40 nNpob. Overall sample size: 40 samples
O6wee konuuecTBo uccrnegosanumii: 200=40 npo6 x 5 anemeHtos Overall # of tests: 200 (40 samples x 5 elements)

No HanmeHoBaHMe 1opmManyeckoro O6bekT / npeanpustue / dakTnyecknin agpec B r. 3akamMeHckK
B nmuya SITE NAME npomnnowagka® CATEGORY ADDRESS IN ZAKAMENSK

1 [OY Ne2 Yebypawka School #2 aetckui cag School grounds yn. JleHuHa, a. 9 9 Lenin Street

2 OOY Ne3 ConHbiwko Sch. #3 aetckun cag School grounds yn. KoHctutyumn, 7 7 Constitution St.

3 A0Y Ne10 [iorimoBoyka Sch. #10 | getckun cag School grounds yn. MarapwuHa, Gagarin Street

4 A0Y Ne12 Arogka School #12 Aetckun cag School grounds yn. Kpynckas, 3 3 Krupskaya St.

5 A0OY Ne15 Tyana School #15 Aetckuin cag School grounds yrnMopoHkyrnbckas18a 18a Modonkul St

6 YacTHble oropoapl yn. JlyyesapHas,7 (Hanpotue 7 Luchezar St
Private Garden oboratutenbHon pabpukmn) near the mill

7 YacTHble oropogbl Garden yn.HaropHasa 1 3oHa neckoB near tailings

8 YacTHble oropogbl Garden yn HaropHas 2 3oHa neckoB near tailings

9 YacTtHble oropoabl Garden yn. ®abpuyHas 3oHa neckoB near tailings

10 doHoBas Touka Control test 23 :Tirgin“egizopg]u_t:iggjl(l:ZHgity At a relatively uncontaminated site

MeTtoguka otbopa npob no4ys u ux nogrotoska: NOCT 17.4.4.02-84 «Metogbl oT6opa 1 nogroToBkM Npob Anst XMMUYECKOro,

BGaKkTepmonormyeckoro, refibMMHTONOMMYECKOro aHann3ay. Use proven methods to test soil for chemicals, bacteria, etc.
Pasmep npo6GHon nnowaaku: 25 m x 25 m. Size of each sampling site: 25m x 25m
KonuyecTBO Npo6HbIX nnowaaok: 10 wr. Number of sampling sites: 10

KonuyecTtBo npo6 ¢ 1 npo6Hon nnowaaku: 4 npobbl NOYBbI. Number of samples taken at each site: 4 samples. 14



NpepnoxeHusa B [porpamMmmy no MOHUTOPUHIY COoAepPXaHUSA
XUMUYECKUX INIEMEHTOB B NUTbLEBOU BoAe
Program proposal for monitoring chemical contents of drinking water

UcnonuuTens: M1 «PecnyGnnkaHckuin aHanmnTUYeckuin LLeHTp» Implementing Agent: the State Analytical Centre
Onpepensiemble xummnyeckue anemeHTbl: kKagmun (Cd), cauney, (Pb), xpom (Cr), Hukens (Ni), monnbaeH (Mo)

Elements to be identified: Cadmium (Cd) Lead (Pb) Chromium (Cr) Nickel (Ni) & Molybdenum (Mo)
O6wee KonuuyecTso Npo6: 40 npob. Overall sample size: 40 samples
O6wee konuyecTBo nccnegosanuin: 200=40 npob x 5 aneMeHToB Overall # of tests: 200 (40 samples x 5 elements)

Ne HanmeHoBaHue topmngundeckoro nuua SITE NAME Appec B 1. 3akameHck ADDRESS
ApTe3naHckasa CKBaXkMHa — LieHTpann3oBaHHbIN UCTOYHUK Artisan

! Well—Central Source of Drinking Water Y- CEERmEER), 52 S TEERIR] SR

2 OtaenbHo cTosdwasa ckBaxkuHa Separate Standing Well Yn.3eneHas Green Street

3 OTaenbHo cTodwaga ckBaxkuHa Separate Standing Well Yn.CnoptuBHas Sport Street

4 Konopeu obuwiectBeHHbin  Public Draw Well Yn.MNaptnsaHckas Partizsan Street

5 Konopeu obuiecteeHHbIn  Public Draw Well Yn.XonTtoHckas Holton Street

6 Konogey obuwecteeHHbii  Public Draw Well Yn.lopHsaukas Gor nyatskaya Street

7 Konopeu obuwiectBeHHbin  Public Draw Well Yn.MNMogkupnuyHas Brick Lane

8 Konopeu obuwiectBeHHbin  Public Draw Well Yn.3aropoagHas Zagorod Street

9 YacTHbIl konogel Private Draw Well R e o L (.p.-H recKos,

ceBepHad YacTtb ropoga) Near Tailings in north

10 UaCTHBIN Korone Private Draw Well ¥Yn. JlyyesapHas,7 (HanpoTnB oboraTMTenbHON

R habpukn) Near the old Metal Refinery

MeTtoguka ot6opa npob Boabl u ux nogrotoeka: NOCT «Boga nutbeBasi. Ot6op npob». Use proven methods to test water
NMepmnogmnyHocTb oTb6opa Npob Boabl: 1 pa3 B ce3oH (4 pazaBron). Preferred frequency of water testing: once per season (4 per year)
Konu4yectBo Touek otbopa npo6: 10 wt. Number of sampling sites: 10 sites 15



NpepnoxeHusa B [NporpamMmmy No MOHUTOPUHIY CcoAepPKaHUSA
XUMUYECKUX 3IeMeHTOB B aTMOC(epHOM BO3ayXe

Program proposal for monitoring atmospheric chemical contents

UcnonHutens: JTabopaTtopus MoHUTOpMHra atmocdgepHoro sosayxa bHLL CO PAH
Implementing Agent: The Buryat Science Centre’s Atmospheric Monitoring Laboratory
Onpepgensiemble xumMunyeckme anemeHTbl: kKagmui (Cd), ceuHel (Pb), xpom (Cr), Hukenb (Ni), MonnbaeH (Mo)
Elements to be identified: Cadmium (Cd) Lead (Pb) Chromium (Cr) Nickel (Ni) & Molybdenum (Mo)
O6wee konuyecTBo npo6: 200 Npob B 0AHON TOYKE.
Overall sample size: 200 samples per site.
Yucno aHen otbopa: 50 gHen B rogy, pacnpeaeneHHblxX No ce3oHaM roga: suma—12 gHen, secHa—13 gHen, neto — 13 gHen, oceHb—12 aHen
Number of days sampling: 50 spread over each season: winter-12, Spring-13, Summer-13, Fall -12
O6uwee konuyectTBo uccneposaHun B 3 Toykax: 600 nccnea.= 200 npob x 3 ToUkM
Overall number of tests at each of 3 sites: 600 sampling tests = 200 tests x 3 sites

Ne HanmeHoBaHue topugudeckoro nuua SITE NAME agpec B . 3akameHck ADDRESS
1 [etckun can At a select school or pre-school

2 [letckun cag At a select school or pre-school

3 YacTHble oropogbl B 30He neckoB In private gardens (near to the tailings zone)

MeTtoguka otbopa npob Bo3ayxa u ux noaroroeka: P 52.04.186-89 «PykoBoacTBO MO KOHTPOMO 3arpAa3HeHns
aTMocepbl». Use proven methods to test
Mporpamma ot6opa npo6 Bo3gyxa: nonHagd, 4 pasa B cyTku: 1 vac, 7 yacos, 13 yacos, 19 4acos.

Program for taking samples of air: 4 times a day, at 1AM, 7AM, 1PM, and 7PM
Konu4yecTtBo TO4yek oTbopa npob: MUHUMYM 3 LUT.

Number of sampling sites: Minimum of 3 sites

16



NpepnoxeHun B [porpamMmmy N0 MOHUTOPUHIY coAepXXaHUA
XUMUYECKUX INIEMEHTOB B MNuLle
Program proposal for monitoring chemical content of foodstuffs

UcnonHutens: «LeHTtp rurvensl n anugemuonorvn 8 PB» Implementing Agent: Buryat Centre for Health and Epidemiology

Onpepensemble xummnyeckue anemeHTbl: kKagmun (Cd), ceuney, (Pb), xpom (Cr), Hukenb (Ni), monnubaeH (Mo)

Elements to be identified: Cadmium (Cd) Lead (Pb) Chromium (Cr) Nickel (Ni) & Molybdenum (Mo)

O6wee kKonnyecTBo npo6: 10 npob.

Overall sample size: 10 samples

O6wee kKonunyecTBo uccnepgosaHun: 50 nccnegosaHum = 10 Npob x 5 anemeHTOB
Overall number of tests: 50 sampling tests = 10 samples sites x 3 different elements

HanmeHoBaHue .
No NPOAYKTa NUATaHMS Ob6bekT dakTnyeckmnn ap,piec B. r. 3akaMeHckK

Name of Food Source of Food Address or location in Zakamensk
1 OBow Vegetables Oropoabl From gardens | JHT lNopHsk (p-H neckos, ceBepHas YacTb ropoaa) Near North Tailings
2 Osowm Vegetables Oropogpbl From gardens | Yn. JlyuesapHas,7 (Hanpotus oboratutensHon pabpukm) Opposite Mill
3 Osowmn Vegetables Oropogpbl From gardens | Yn. HaropHas 1-a (B 3oHe neckoB) Near Tailings
4 OBowmn Vegetables Oropogpbl From gardens | Yn. HaropHas 2-a (B 3oHe neckoB) Near Tailings
5 Osoww Vegetables Oropogpbl From gardens | Yn. ®abpuyHas (B 30He neckos) Near Tailings
6 Osowu Vegetables doHoBasi Touka Control | 3a YepTom ropoaa-B ycroBHO Ynctom mecte Outside town in clean area
7 Monoko Milk Oropogabl Local farm OHT TopHsk (p-H neckos, ceBepHada YacTb ropoga) Near North Tailings
8 Monoko Milk Oropogp! Local farm Yn. JlyyesapHas,7 (HanpoTme oboratutensHon pabpukn) Opposite Mill
9 Msco Meat Oropoabl Local farm OHT TopHsk (p-H neckos, ceBepHad YacTb ropoga) Near North Tailings
10 Msaco Meat Oropogabl Local farm ¥Yn. JlydesapHas,7 (HanpoTtus oboratutensHon babpukn) Opposite Mill

MeToauka ot6opa npob nuwm u nx nogrotoska: NOCT P NCO 707-2010 «MOMNOKO 1 MOMOYHbIE NPOAYKTHI.
Pykosogcteo no otéopy npob», FTOCT P 51447-99 «Msico n macHble npoayktel. MeTtoabl oTbopa npoby», gpyrme
cTaHgapTbl, HeobxogMMble A5 TPUMEHEHUS U UCNONHeHUs TpeboBaHu TexHn4Yeckoro pernameHTa «O 6esonacHoOCTU
nuweson npoaykumm» (TP TC 021/2011).

MepuogunyHocTbL oTGOpPa NPo6: oaMH pas B rof.

KonuyecTtBo TOouyek ot6opa npo6: 10 wrT.

Use proven federal standards and methods to test
Frequency of tests: one time in a year
Number of sites: 10 17




NMPUNOXEHUA

Ucnonb3yemble B P® rurmneHn4Yeckne HoOpmMaTuBblI:
npeaenbHo gonyctumblie KoHUueHTpauun (MAOK) n
OPUEHTUPOBOYHO Oe3onacHble ypoBHU (OBYB)
copepXaHus B nouBe, Boae, Bo3ayxe, nuiye

POSSIBLE APPROACHES

We will adhere to national standards for public health in our
measurements, and will also cite maximum permissible
loads or limits (MPL) and estimated safe levels (ESL) of

concentration in the soil, water, air, food
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Poccuunckmne rurmeHn4yeckue HoOpmMaTuBbI
coaepKaHNA XMMUYECKUX 3NIEMEHTOB B MNoYBe
Russian Norms for Public Health and the
Concentration of Chemical Elements in the Soil

Xnmuuyeckunm
anemeHT Element

Knacc onacHoctun
Class of Hazard

CAS
Reg no.

Benuuyuna NOK (mr/kr)c yyetom choHa (knapka)*
Maximum Permissible Load (mg/kg)*

BanoBoe copepxaHue
Total Metal Content

NMoaBwxHasa hopma
Mobile or extractable

dnemeHmMbl, No cooepxxaHUKO KOMopbIX YyCcmaHoe8J1eHbl 30HbI 9KoJs102u4ecko20 6edcmeusi Elements to determine eco-disasters

Megb (Cu) [l 7440-50-8 2—132** 3.0

LinHk (Zn) I 7440-66-6 110 — 220™** 23.0
Mblwbsik (As) I 7440-32-2 5—20** -

CsuHel, (Pb) I 7439-92-1 55 - 130* 6.0
Monn6aeH (Mo) [l 7439-98-7 - -
Bonbdpam (W) 11 7440-33-7 - -
Kagmun (Cd) I 7440-43-9 1.0 —33* -
CypbMma (Sb) Il 7440-36-0 4.5 -

[poyue anemeHmbIl, Komopbie 803MOXHO 8K/10YUMb 8 uccriedosaHue Other elements possibly worth study.

Kobanst (Co) Il 7440-48-4 - 5.0
MapraHen (Mn) I 7439-96-5 1500 80 - 700
Pty (HQ) I 7439-97-6 2.1 -
Xpom (Cr) 1 18540-29-9 0.05 -
Hukenb (Ni) Il 7440-02-0 32 - 80** 4.0

lpumeyvaHue: * BenuyuHa MNAK (me/ke)c ydemom ¢poHa (Krnapka) rpusedeHa ro ausueHU4ecKkum
Hopmamueam ['H 2.1.7.2041-06 «[lpedernbHo Oornycmumbie kKoHueHmpauuu (MN4K) xumuyeckux sewjecmea
8 rno4yse» ** Bernu4uHa ripusedeHa ro susueHu4yeckum Hopmamueam H 2.1.7.2511-09 « OpueHmMupo8o4HO
donycmumbie koHUeHmpauyuu (OLK) xumuyeckux sewjecme 6 rnoyse». NOTE: These norms set by law.




Poccuinckue rurmeHmn4yeckume HOPpMaTuBbl coaepXXaHna XmMmnyeCcKux anemMeHToB B Boe

Russian Norms for Public Health and the
Concentration of Chemical Elements in the Water

K MNMpepnenbHo ponyctumble KoHUueHTpauum (MAK) xummnyecknx
Xumunyeckumn nace BewlecTB B Boge, mr/n  MPL (in mg per liter)
OnacHocTu CAS ’ =
3nemMeHT BOAHbLIX OOBLEKTOB XO3AUCTBEHHO- <ok
. Class of | Reg. No. NUTHEBOW
Chemical Element NMUTHLEBOIO U KYNbTYPHO-ObITOBOIO .
Hazard x . Drinking Water
Bogononb3oBaHua* All water for public use
AnemeHmMbI, No codep)xaHUrO KOMophbIX ycmaHoeJ1eHbl 30HbI 3Kos102u4ecko20 6edcmeusi Elements to determine eco-disasters
Megb (Cu) [l 7440-50-8 1.0 1.0
LinHk (Zn) I 7440-66-6 1.0 1.0
Mbiwbsik (As) I 7440-32-2 0.01 0.01
CsuHel (Pb) I 7439-92-1 0.01 0.01
MonnbaeH (Mo) [l 7439-98-7 0.07 0.07
Bonbdpam (W) 11 7440-33-7 0.05 0.05
Kagmuin (Cd) I 7440-43-9 0.001 0.001
Cypbma (Sb) [l 7440-36-0 0.005 0.005
[po4ue anemeHmMbl, KoOmopble B03MOXHO B8KMoYUMb 8 uccriedosaHue Other elements possibly worth study.
Kob6anbt (Co) [l 7440-48-4 0.1 0.1
Mapraneu, (Mn) 11 7439-96-5 0.1 0.1
Ptytb (Hg) I 7439-97-6 0.0005 0.0005
Xpowm (Cr) [l 18540-29-9 0.05 0.05
Hukenb (Ni) [l 7440-02-0 0.02 0.02

lMpumeyaHue: * 'H 2.2.5.1315-03 «[lpederibHo donycmumbie koHueHmpauuu (IN4K) xumuyeckux sewiecmes 8 800e 800HbIX 06BLEKIMO8
X0351iICMBEeHHO-NMUMbEe8020 U KyrbmypHO-6bimoso2o sodorosib3osaHusi» ** CarlluH 2.1.4.1074-01 «[lumbesgasi soda. [ueueHuyYeckue
mpebosaHusi K Kadecmay 800bl UeHmpanu308aHHbIX cucmeM rnumeego2o 8000cHabxeHusi. KoHmporb kayecmsa. [u2ueHuyeckue
mpeboesaHusi kK obecriedeHuUr0 be3ornacHocmu cucmem 2opsiye2o so0ocHabxxeHusi ». NOTE: These norms set by law
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Poccumnckue rurmneHM4Yeckue HopmMmaTuBbI coaepXXaHUA XMMUYECKUX
3MIeMeHTOB B aTMOc(epHOM BO34yXe HaceNeHHbIX MecT*

Russian Norms for Public Health and the Concentration of
Chemical Elements in the Ambient Air over Cities and Towns

XuMunyeckui Knacc CAS Benunuuna NAK (mr/m®) MPL (mg/m3)
3NeMeHT OnacHocTtuH Reg No MaKcuMarnbHasa pa3oBas CpeaoHecyTo4Has
Element Hazard CI. Maximum 1-time measurement Max. daily average
JnemMeHmMbI, Mo coodepxxaHUrO KOmMopbIX ycmaHoeJsIeHbl 30HbI 3KoJ1o2u4ecko20 6edcmeusi Elements to determine eco-disasters
Meab (Cu) Il 7440-50-8 0.003 0.001
LInHk (Zn) I 7440-66-6 - 0.003
Mbiwbsk (As) I 7440-32-2 - 0.0003
CsuHel, (Pb) I 7439-92-1 0.001 0.0003
MonubaeH (Mo) [l 7439-98-7 - 0.02
Bonbdpam (W) 11 7440-33-7 - 0.15
Kagmun (Cd) I 7440-43-9 - 0.0003
CypbMma (Sb) [l 7440-36-0 0.01**
[lpoyue anemeHmbl, Komopble 803MOXHO 8KIr04UMBb 8 uccriedosaHue Other elements possibly worth study
Kob6anst (Co) [l 7440-48-4 - 0.0004
Mapraneu, (Mn) Il 7439-96-5 0.01 0.001
Ptytb (Hg) I 7439-97-6 - 0.0003
Xpowm (Cr) I 18540-29-9 - 0.0015
Hukenb (Ni) Il 7440-02-0 - 0.001

lNMpumevaHue: *TH 2.1.6.1338-03 «[pedenbHo dornycmumbie kKoHueHmpauyuu (MOK) 3aspsasHsaowux sewecms
8 ammocghepHoM 8030yxe HacerneHHbIx mecmy; ** H 2.1.6.2309-07 « OpueHmupo8oyHbIe be3onacHble ypo8HU 8030elicmeausi
(OBYB) 3acpsasHsowux seuecms 8 ammocgepHom 8030yxe HacerneHHbix mecm» NOTE: These norms set by law




Poccuunckune rurmneHm4yeckue HOpPpMaTUBbLI coaepXaHna XMMn4eCKunux
SNIeMeHTOB B lNMuuulieBbIX npop,yKTax*

Russian Norms for Public Health and the Concentration of
Chemical Elements in Foodstuffs

XumMmuyeckum
3N1eMeHT
Element

Knacc
OnacHoctTHn
Hazard CI

CAS
Reg. No

HdonycTumble ypoBHMU, Mr/Kr, He bonee
Permissible levels (mg/kg)—not to exceed

B nnopgooBoLwHOMN
npoayKuum
In fruits/veggies

B mornoke u MONO4YHbIX
npoAaykKrax
In dairy products

B msace n
MSACOMNpPOoAYKTax
In meat products

dnemeHmMbI, Mo cooepxaHUrO KOMOPbIX ycmaHoe8J1eHbl 30HbI 3KoJs102u4ecko20 6edcmeuss Elements to determine eco-disasters

Megb (Cu) Il 7440-50-8 5.0 0.4 -
LinHk (Zn) I 7440-66-6 10.0 - -
Mbiwbsk (As) I 7440-32-2 0.2 0.05 0.1
CsuHel, (Pb) I 7439-92-1 0.5 0.1 0.5
Monu6aeH (Mo) |l 7439-98-7 - - -
Bonbdpam (W) [ 7440-33-7 - - -
Kagmun (Cd) I 7440-43-9 0.03 0.03 0.05
CypbMma (Sb) 1 7440-36-0 - - -

[lpo4ue anemeHmbI, Komopble 803MOXKHO 8K/rYUMb 8 uccriedoeaHue Other elements possibly worth study

Kob6anst (Co) [l 7440-48-4 - - -

MapraneL, (Mn) 11 7439-96-5 - - -
PtyTtb (HQ) I 7439-97-6 0.02 0.005 0.03
Xpom (Cr) I 18540-29-9 0.5 0.5 0.5

Hukenb (Ni) 1 7440-02-0 - 0.7 -

lMpumeyaHue: * TexHu4eckul peanameHm TamoxeHHo20 coro3a TP TC 021/2011 «O 6e3onacHocmu nuwesou npodykuyuu»
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XuMunueckume aneMeHTbl, KpuTU4eCKkne opraHbl U CUCTEMbI, pethepeHTHbIe YPOBHMU

Chemical elements, critical organs and bodily systems, and reference levels

BeuwectBo
Substance

CAS

RfC, mr/m3

Reference
Concentration

KpuTtnyeckme opraHbl U CUCTEMBI
Critical Organs and Bodily Systems

RfD,
MI/Kr

Ref
Dose

Kputuyeckne opraHbl 1 CUCTEMbI

Critical Organs & Bodily
Systems

Sfi

AnemMeHmbI, No coodep)xaH

U0 KOMOPbIX yCMaHOB8J1eHbl 30HbI 3KOJ1I02U4Y€eCKO2

o 6edcmeusi Elements to determine eco-disasters

e i . XKen.-KuL. TpakT, nedeHb Gastro- 3
Megpb (Cu) 7440-50-8 2.00E-05 [ opraHbl abixaHusi, Respiratory System [ 0.019 el S, e
A opraHbl AbIXaHus, UMMYH., KPOBb KpoBb, Guoxum. (cynepokcma- 3
P (e, lRaEse JHOLE Respiratory, blood, immune systems U ancmytasa) Blood, Bio-chemical
Pas3BuTune, HepBHas CuUCT., cepAa.-Ccoc. Koxa, HepBHas cucCT., cepAa.-coc.
Mbiwbsk (As) | 7440-38-2| 3.00E-05 | cucrt., opraHbl gbixaHus, pak Nervous, | 0.0003 | uMmyH, ropMoH. (gmnaber), xen.-kuw | 15
Cardio, Respiratory Systs. + Cancer skin, diabetes, nerves, cardio, horm
LUHC, kpoBb, pa3ssutune, penpog. CUCT., HEepPBHas CUCT., KPOBb, B1OXMM.,
CeuHel (Pb) [7439-92-1| 0.0005 |ropmoH., nouku Nervous, Reproductive, | 0.0035 | passutue, penpog, ropMoH. Blood, [0.042
Hormonal Systems + Kidneys nerves, reproductive & hormone sys
MonnbaeH (Mo) | 7439-98-7 0.012 - 0.005 Moykn Kidneys -
Bonbdpam (W) | 7440-33-7 0.1 opraHbl gbixaHna Respiratory System | 0.0025 - -
. MOYKW, OpraHbl AblXaHWs, TOPMOH., pak MOYKN, FOPMOH.
Ka Cd) |[7440-43-9| 2.00E-05 0.0005 6.3
Amnn (Cd) Kidneys, Resp./Hormone Syst. Cancer Kidneys and Hormonal System
. XonecTepuH rnoKo3a B KPOBH,
Cypbma (Sb) | 7440-36-0 0.0004 opraHbl gbixaHus Respiratory System | 0.0004 Cholesteroliglucose probs in blood
[po4ue anemMeHmMbI, KOMopble 803MOXHO 8KTFO4YUMb 8 uccriedosaHue Other elements possibly worth study
Kobanet (Co) | 7440-48-4| 2.00E-05 opraHbl gbixaHus Respiratory Syst 0.02 Kpoeb Blood problems 9.8
Maprarew; (Mn) | 7439-96-5|  5.00E-05 LIHC, HepBHasa cuctema, opraHbl 0.14 LUHC, kpoBb Central Nervous and 3
abixaHus Nervous and Resp. Syst. Blood systems
LIHC, ropmoH., noukn Hormonal and nMmyH noyku, LIHC, penpog ropmoH
P H 7439-97-6 0.0003 . . 0.0003 -
TyTe (Hg) Respiratory Systems, Kidneys Immune, Nerve, Reproduct Systems
NeYeHb NOYKK, XKEeN.-KULL.
Xpom (Cr) |7440-47-3|  0.0001 ABIXAHIAR, DEHISHE, MO, TMVYH. | 0.005 Crmancreie 42

Xen.-kmw. Resp, Immune Syst etc

Mucous Kidnevs | iver Diaestive Tr




F2. OueHka ycnoBum aKkcnosnuum
MemoObI oueHKu 3akcno3uuyuu

F2. Evaluating the conditions of exposure
Methods to be used in measuring exposure
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FT'MC-TexHONOrnmn n BbisiBfieHME 30H NMOBbLILLEHHOro pUckKa ans coopa
AoKa3aTtenbHoOu 6a3bl Bpeaa 340pOBbIO

GIS Technologies and identifying zones of Heightened Risk as a means to
collect information that confirms impacts on public health

30HbI NOBbLIWEHHOro pUcka Ha Tepputopum r. Nepmu m
pacnonoxeHHble B HuX (OAY) ®akmopbi pucka: ¢heHor
kpe3onbl  Zones of increased risks in Perm and

location of schools. Risk factors: phenol and cresols

—nAg1, me nagt  thenonenr

XpomaTtorpammbl KpOBM AeTen, NPOXUBaKLWMX 1
nocewarowux Y B BbiAENEHHON 30HE 3arpsA3HeHn
[AOKa3aHHble B3aUMOCBA3M «KKOHTAMUHAHT B KPOBU —
HapyweHusi nokasartens sgopoBbsa» Chromatograms
of blood in children who live in polluted areas show
correlation between contaminant & health issues

MeTtoabl: pacyemHoe modenupoeaHue, KinnacmepHbilu aHanu3 Methods: Design Modeling and Cluster Analysis
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Presenter
Presentation Notes
Особенно важным является сбор доказательной базы негативного влияния источников негативного воздействия на среду обитания.
Здесь ГИС-технологии помогают выявить зоны повышенного риска, в которых необходимо проводить исследования.
Это позволяет минимизировать количество необходимых инструментальных исследований среды обитания и биосред населения для доказательства наличия взаимосвязи «среда - здоровье».
Кроме того, адресная профилактическая помощь направляется именно тем, кто находится в зоне повышенного риска здоровью, и остро нуждается в такой помощи.


L TUC-TexHONornum u BbisiBreHNe NMPUYNHHO-CNieACTBEeHHbIX cBA3en MeXxay coaepxaHuem

TOKCUKaAHTOB B cpege OGMTaHMﬂ, 6v|ocpe.qax N NOoKa3aTtesnisMn COCToAHUA 300PO0BbA

GIS technology and the identification of causal relationships between the content of
toxic substances in the environment, biological media and indicators of health

BeposTHOCTb NOBbILWEHNA 3a60N1€BaeMOCTU «XPOHUYECKUM PUHUTOM,
Ha3odapuHrMToM u hapuHruTom» aeten 5-9 neT npu MaMeHeHUn

KoHueHTpauusa Kpe3ona B KpOBU AeTen KOHLeHTpauumn chopmanbaernga 8 atmoccpepHom sosayxe (p<0,001)
Concentration of cresol in children’s blood Probability of increased incidence of "chronic rhinitis, naso-
pharyngitis and pharyngitis in children 5-9 years old when
@ Bblille pernoHanbHoro ¢poHOBOro ypoBHSi; concentration of formaldehyde changes in ambient air (p <0.001)
Higher than typical regional llevels 5 J31, 59 ner -
O B npepenax pernoHanbHoro poHoBOro - . A Y= R E sy
ypoBHA Within range of regional levels. Soaf - s e
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() oo r=0,72 p=0 @Dopmarnsgerung KoruyeHT pauyms, Mr/m3
@
MoBbIlweHue aHTVIOKCVIAaHTHOﬁ aAKTUBHOCTU
o Increasing anti-oxidizing activity
%o
o °e°
e L 700
w 600
g
ﬂOKa3aHHble B3anMMOCBA3UN coaepKaHnd TOKCUKaHTO §§ &00
@ 4,00
C NnokasaTenifiMu COCTOSIHMA 340POBbA (UMMyHHas 1 T3 a0
AHTUOKCUAaHTHAasA CUcteMma, KpoBetBopeHue, §E 200
ceHcubunusaumsa) Proven relationship between toxicants T
& indicators of health (immune and antioxidizing system,
blood, over-sensitization)

MeToabl: oyeHka codepKaHUsi MOKCUKaHmMoe8 8 o6bekmax cpedbl obumaHusi u’'6uosio2u4eckux cpedax 4yesioeekKa,
mMamemamu4eckoe modenupoeaHue Methodology: Evaluation of the content of toxicants in the environment and mathematical modeling26


Presenter
Presentation Notes
При подготовке аналитических материалов для лиц, принимающих решения также используются ГИС-технологии.
По данным специальных исследований для 75% населения Земли визуальное восприятие является приоритетным источником информации. Следовательно и для большинство лиц, принимающих решения, быстрее и эффективнее воспринимают информацию, которая представлена в виде карт, рисунков, диаграмм и пр.
ГИС позволяют максимально доступно представить множество разнородной пространственно-распределенной информации, полученной при оценке санитарно-гигиенической ситуации на территории.
Эта информация подкрепляется результатами моделирования взаимосвязей между показателями состояния здоровья и содержанием токсикантов в биосредах, а также между вероятностью повышения заболеваемости и изменением концентрации загрязняющих веществ в среде обитания и др. 



PacnpepgeneHue To4yeK oL EeHKU 3KCNOo3nLunm
Location of points of exposure under study

30Ha oTablixa
L County Park

paHunLa caH30HbI
Border of Public
Health Zone
[Mpomnnowanka
/ Industrial Area
L PacueTtHas

TOYKa

Mapping
coordinate

x CenutebHas

TepputTopus
Residential
Area
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Presenter
Presentation Notes
Для картографирования результатов оценки риска на первом этапе работы карту выбранной территории мы покрываем регулярной сеткой расчетных точек.
Оптимальной является регулярная сетка точек с высокой их плотностью. При выборе шага расчетной сетки принимаем во внимание, что расчетная сетка должна охватывать всю изучаемую территорию (город, район, участок и пр.). 
В каждой точке расчетной сетки проводим расчет:
 максимальных разовых концентраций загрязняющих веществ;
 среднегодовых концентраций загрязняющих веществ.
Затем рассчитываем в каждой расчетной точке коэффициенты опасности каждого загрязняющего вещества.
Картографирование распределения коэффициентов опасности загрязняющих веществ позволяет получить зоны воздействия по каждому веществу.


KauectBO aTmocepHoro Bosayxa
Air Quality

MeToa annpokcumMmauumn gaHHbIX
Methods for approximating data
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OueHka akcno3nuumn Assessing Exposure Events

Ha ocHOBe pacyeTHbIX AaHHbIX
On the basis of calculations

HocTouHcTBa: onepaTtMBHOCTb, NPOCTOTA,
NPoO3pavyHOCTb U NPOBEPAEMOCTb PpaCYeTHOMN YacTu,
aBToMaTu3auua pacyeToB, YyHU(pUKaLMA noaxoaos,
HeBbICOKasi CTOUMOCTb

Advantages: efficiency, simplicity, transparency and
verifiability of the calculations, unification of
approaches, low cost

HepocTtaTku: HEeBO3MOXHOCTb y4eCTb OCOGEHHOCTHU
TEXHONOrMN KOHKPETHOro Npou3BOACTBA, CbipbA,
ucnosb3yemMbiX MaTepuanosB, 4acTo — BbiCOKasi
HeonpeaeneHHOCTb Npu 3agaHUM napameTpoB
pacyeTa, OTCYyTCTBME METOAMK ANS psaaa
Nnpou3BOACTB

Disadvantages: inability to take into account specific
features of technologies of production, or the raw
materials used, and often a high uncertainty when
setting parameters for calculations, and a lack of
methodologies to cover a wide range of industries

Ha ocHOBe gaHHbIX UHCTPYMEHTanNbHbIX
U3mMepeHun
On the basis of measurements with
instruments

[locTOMHCTBA: BbICOKUMA YPOBEHb HAAEXHOCTHU
pe3ynsLTaTtoB, KOHTPONIMPYEMOCTb,
npoBepsieMOCTb

Advantages: high reliability of results,
accountability, verifiability

HepocTtaTku: BbICOKasi CTOMMOCTb, CINTIOXXHOCTb
MCNOJIHEHUA, HEOOXOAMMOCTb B aKKpeauTauum
Wnu atrectauyum naboparopumn, oTCyTCTBUE B
psge cnyyaeB MeToAoB onpeerneHuns
Disadvantages: high cost, complexity of
performance, the need for accreditation or
certification of laboratories, and in some cases, a
lack of proven methodology for making final
determinations
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[ns peweHna 3agadn conpa>xeHnd pes3ysibtatoB MOoAdeSIbHbIX U UHCTPYMEHTAJIbHbIX nccriegoBaHuin
Heo6xoaAnMo Mcnonb3oBaTh AaHHbIE HaTYPHbIX 3aMepoB Ka4veCTBa aTMOCC*)epHOFO BO34yXa BO BCEX
ToYKax HabnaeHus n pe3ysibTaTbl pac4eToB paccenBaHu4A, nosy4yeHHble Ha OCHOBE CBOAHON a3kl
AaHHbIX O CTauMOHapHbIX U nepegBmM>XHbiX NCTOYHNKOB Bbl6pOCOB.

To solve the problem of interfacing results from modeling (calculations) with instrumental
measurements we should use in-situ data of air quality at all points of observation alongside the results
of our dispersion calculations (as derived from a consolidated database of stationary and mobile
sources of emissions).

PacueTbl BbINOMHAKT ANs 3a4aHHbIX METEOPONOrMYeckmx ycrnosuii. NpusemMHble KOHLEeHTpaumm
onpenensiioT B TOYKaxX PerynsipHOM CeTKM, NOKPbIBAOLLEN BCH TEPPUTOPUIO MOCENEHNS, U B TOYKaX
MOCTOB MHCTPYMEHTAIbHbIX N3MEPEHN. 3HaYeHUs KoahdnLneHTa COOTBETCTBUSA B TOYKAX HATYPHbIX
HabnogeHun paccunTbiBaoT No opmyne:

Calculations should be performed for a given set of meteorological conditions. Particular
concentrations in the air near the ground can be set forth in a regular grid covering the entire study
area, with monitoring positions set out for instrumental measurements. The coefficient values at points
of field observations can be calculated by the formula:

C’

K. =—
i Cl-p

i = Homep nocTa (the identifying number for the monitoring station)

(O = pacdeTHble KOHLEHTPaunn 3arpAasHsAoLLEro BeLIeCTBa Ha I-M NOCTYy HabnogeHWI;
i (the calculated or modeled concentration of contaminant from the 1st
observation)

p . y
Cl. = ¢pakTU4eCKMe KOHLEHTPALMM 3arpsA3HSIOLLIErO BELLECTBA Ha i-M NOCTYy HabnogeHuin
(the actual concentration of contaminant from the 1t observation)
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cnonb3ys gaHHoOW popmyrion, nonyvarT 3Ha4YeHns KoadpduLmeHTa COOTBETCTBUS B TOYKaAX
pacnonoXeHnst HaTypHbIX HabngeHun. [Ansa nHrepnonaumm kKoadouumeHTa Ha OCHOBaHMN AaHHbIX B
TOYKax NOCTOB HABMOOAEHUS Ha NEPBOM 3Tare BbINOMHAKT Npoueaypy TPUaHrynaumm pacHeTHbIX TOYEK,
paBHOMEPHO pacnpenesieHHbIX No nccregyemMmon TeppuTopun.

By using this formula, we receive values of the coefficient of agreement for the actual locations of the
field observations. Interpolation is then based on data points at observation posts for the first stage of the
procedure, allowing us to perform a triangulation of calculation points, evenly distributed over the study area.

3agava TpnaHrynauum Ha6opa TOYeK Ha MMOCKOCTN COCTONUT B COEAUHEHUN BCEX TOHEK HATYPHbIX
HabnaeHnn HenepecekarnwnMnca oTpe3kamMmm Tak, YTOObI HOBLIN OTPE3OK YyXKe HEJ1b3A Obino nobaeutb 6€3
nepecevyeHnda ¢ MMerwnMncA. B kauyecTBe mMeToaa TpnaHrynaunm Obina Bbl6paHa TpnaHrynauuna [lenoHe.

The task of triangulation of a set of points on a plane is to connect all the dots of our field observations
with non-intersecting segments so that the new segment could not be added without interfering with the
existing segments. For our triangulation method we chose the one set forth by Delaunay.

TpunaHrynsauus Toyek HaTypHbIX HabnaeHuin
Triangulations of points from field observations 31



COHpFl)KEHVIe MHCTPYMEHTAJIbHbIX U PACYHYEeTHbLIX AadHHbIX — NYTb

K CHNXeHN HeonpeaerneHHoOCTU npu oueHkKe 3KCrnosmumnmn

- The pairing of both calculated
OYKN MOHUTOPUHTIA

<« Monitoring Point and field data can be used to
y decrease the inaccuracies in
Toukn namepeHuu

ansa Bepudmkaumm measuring exposure events from

Point of Measurement the atmosphere
For Verification

PacueT paccenBaHus
Calculation of Dispersion

B To4Kke pa3melleHUs nocrta
v & At the point of placement of the
1) ~= c? monitoring station

2) K(x.1v)=a, +ax+a,y B rpaHuuax TpeyronbHUKa,
Nosyly4eHHOro MeToaom
3) ke, =K(x,.y,) =ay +ax; +a,y; OenoHe
Using the triangulation
4) € (x))=K(x1)-C7(x2) method of Delaunay

06paTHbIX pacCTOAHUMN
Con psXXeHue AaHHbIX Data from monitoring stations,
using inter-extrapolation and
inverse distances

[aHHble nocToB HabnAeHUA,
MHTEpP-9KCTPanonsAunsa MeToaomM

Mau U.B., Kneun C.B., YuzeuHuee B.M., banawoe C.FO.
IRINA MAI et al

Memoduyeckue nodxo0bl K M06bIWEHUD MOYHOCMU OUEHKU
3KCno3uyuu HacesleHUsi Ha OCHO8e COMPSKeHUs1 pacYemHbIX U
HamypHbIx 0aHHbIX O Ka4yecmee ammocgepHo20 so3dyxa

// AHanu3 pucka 30opoebto. Ne 4, 2013

Pairing of Data
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MorpelwHOCTU NporHo3a Npu3eMHbIX KOHUEHTPauun AMoKcuaa asorta B aTMoccepHoMm

Bozayxe r. NMepmu (WTunb, ckopoctb BeTpa 0-0,5 m/c, TemnepaTtypa Bo3gyxa 25-26°C )

Error in prediction of surface concentrations of nitrogen dioxide in ambient air at
Perm (calm, wind speed of 0-0.5 m/s, and temperature 25-26C)

e |/|3M€peH HOe A (abcontotHas owwubka nporHosa), MAK,, ..
PA 3Ha4veHune, Annpokcnmauns co-
HOMep TOYKHN TOYKHN il MAK PacyeTHbIN Annpokcumauunsa gaHHbIX SR (SN TS
o METO NOCTOB METOAOM OBpPaTHbIX VFI)H N Hb& HHBLX
Field point # | Geo-coordinates o B ﬂ| gLl A ; rg(imaﬂin b
of field point v, 56 ): re|gltj' ol Approximation of data by p:irr)ing calculatez
MPL calculation inverse distances :
and field data
TOYKa 1 2572 888 1.1000 0.6629 -0.175 0.160
TOYKa 2 3854 1641 1.3200 1.1085 0.511 0.418
TOYKa 3 4395 2285 2.4000 1.1200 1.003 -0.242
TOYKa 4 4884 2883 1.9200 1.0300 0.520 0.200
TOYKa 5 -1086 -305 2.1500 0.8800 0.510 0.290
TOYKa 6 -1926 -547 2.1440 1.56559 0.282 -0.225
TOYKa 7 1671 -1835 0.9500 1.1928 0.710 0.360
TOYKa 8 1915 -1529 1.4500 0.7800 -0.240 0.400
TOYKa 9 -3475 -9303 1.2700 0.9868 -0.429 0.240
Toyka 10 -7050 -7700 1.4200 1.3041 -0.054 -0.180
ToYka 11 -6275 -7825 1.9100 1.4654 -0.680 -0.192
TOYKa 12 -7007 | -13389 1.3500 1.0912 0.450 0.150
ToyKa 13 -3779 | -12804 2.1500 1.3200 -0.590 0.294
Toyka 14 -11580 2690 1.1000 0.1100 -0.365 -0.240
CpepnHsis abcontotHas ownbka Average Absolute Error 1.043 0.465 0.255
CpenHee kBagpaTuyHoe otknoHere Standard Deviation 1.101 0.521 0.2681 33




[Tona pacnpeneneHus
MaKCcuUMaribHbIX N3
pPa30BbIX
KOHLEHTpauun
aMmMunaka

Distribution of the
maximum single-time
concentration of
ammonia

[Tona pacnpeneneHus
MaKcUMarbHbIX N3
pPa30BbIX
KOHLEHTpauun
aKponeunHa
Distribution of the
maximum single-time
concentration of
acrolein

[1o annpokcnmaummn
Before Approximation

[NMocne annpokcumauum

After Approximation
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