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[lpaBOBasA oCHOBa OLeHKU pucka B PP
Legal Bases for Assessing Risk in Russia

NaBHbIN FOCYyAAPCTBEHHbIN
CaHWTapHbIM BpaY
Poccuinckon ®epepaumu
N 25 o1 10.11.97
NaBHbIN rocyAapCTBEHHbIN
nHcnekTop Poccuinckon depepaums
Nno oxXpaHe Npupoabl
N 03-19/24-3483 ot 10.11.97

MOCTAHOBJIEHUE
"OB NCMOJIb30BAHUN METOA0O/I0MMN OLEHKW PUCKA ONS YNPABIEHUS
KAYECTBOM OKPYXXAIOLLEN CPEAbI M 340POBbA HACEJIEHUSA B
POCCUWCKOWN ©EOEPALINUN>»

B cootBetrctBMM C 3akoHamu Poccurickon @epepaumm "O caHUTaApHO-
anunaeMunonornyeckoMm bnarononyummn Hacenenmsa", "O6 oxpaHe OKpy>KaroLemn
npupoaHon cpeapl" B Poccunckon depepaummn nposoamtcsa bonbwasa paboTta
No aHanmn3y M NpeaynpexaeHnto BpeaAHOro BAnsSHUS akToOpoB OKpyXKatoLen

cpeabl Ha 310pOBbE HACENEHUs.
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To: The Head Federal Physician
for Russian Public Health
N 25, dated: Nov. 10, 1997
From: The Chief State Environmental
Inspector for the Russian Federation
N 03-19/24-3483, dated: Nov. 10, 1997

DECISION TAKEN ON "“THE PROPER USE OF METHODOLOGIES FOR
ASSESSING RISKS TO THE ENVIRONMENT AND PUBLIC HEALTH IN RUSSIA”

In accordance with the Russian laws entitled: “On the Health and Well-being
of the Population” and “On Protecting the Environment” there should be
large-scale work performed to analyze and prevent negative impacts both
on the general environment and on the health of Russian citizens.
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AnropuTtm KonmMyectBEeHHOU OLIEHKU HEKaHLIepOreHHOro pMcKka 34opoBbI0 HaceneHus
Algorithms for quantifying non-carcinogenic health risks

UpeHntucdpmkauma onacHoctu ldentifying Hazards OueHka akcno3uuumn Assessing Exposure JOueHka 3aBucumoctu «aosa-otset» Assessing Dose-Response
S S g
B~ NS
OueHKa HeKaHLepOreHHOro pucka (MonyKkonuyecTBeHHbIM aHanu3)

Assessment of carcinogenic risks
(semi-quantitative analysis)

MpoBeaeHne annaeMMonorn4eckux nccregoBaHumn
Epidemiological and Health Research

O6ocHOoBaHMe pernepHbIX YPOBHEN 3KCNO3ULIUM NO KPUTEPULOD
dTCYTCTBMUS CBAI3N C OTBETOM (MaTemMaTuiyeckoe MoAerMpoBaHM
3aBUCUMOCTM «IKCMO3ULIUSA — OTHOLLEHME LAHCOB OTBETa»)
Establishing reference levels for exposure based on criteria
that there has been no response (mathematical modeling
for finding possible ties between exposure
and response)

epuduKkaumna peepeHTHbIX YPOBHEN IKCMO3ULUM MO KPUTEPUIO
OTCYTCTBUA CBA3M C OTBETOM (MaTemaTuyeckoe mogenmpoBaHue
3aBUCUMOCTU «KO3(p(PMLIMEHTbI ONAaCHOCTU —OTHOLLEHWE LIAHCOB
otBeTa») Verification of reference levels for exposure based on
the criteria that there is no response (mathematical modeling
of ties between hazard co-efficients and the probability
of response)

O6ocHoBaHUe haKTOPOB HaKMoOHa 3aBUCUMOCTM «3KCNO3ULMS O6ocHoBaHMe (paKTOPOB HaKMOHA 3aBUCMMOCTU «KO3hPULIMEHTDI
—BEepPOATHOCTb OTBETa» MPU YPOBHSIX IKCNO3ULUN BbiLle ONMacHOCTU — BEPOATHOCTb OTBETa» NMpPpU YPOBHSAX IKCNO3nLUU
pedepeHTHbIX(MaTemMaTUyeckoe MoaenupoBaHue BbiWwe pechepeHTHLIX (MaTemaTuyeckoe MoaenmpoBaHue
3aBMCUMOCTM «3KCNO3ULUA — BEPOSATHOCTbL OTBETa») 3aBMCMMOCTU «KO3(hpMLIMeHTbI ONAaCHOCTU — BEPOATHOCTb OTBETa»)
Factors for determining ties between “exposure and the Factors for determining the gradient co-relation between “hazard
likelihood of response” at exposure levels > reference levels co-efficients and the probability of response” where exposure is
(mathematical modeling for finding probable ties proven to be higher than reference (mathematical modeling of

ies between hazard and probability of response

between exposure and response)

KonunyecTtBeHHas oueHKa MHOAUBUAYarlbHOro HeKaHLLepPOreHHOro pucka Quantitative evaluation of individual non-carcinogenic risk

|

KonnuecTeBeHHas oLeHKa NONyNALMOHHOIo KonunuecTso HaceneHus, _ _ (1 i  TAe P — BEPOATHOCTb OTBETa
PP . — — X— X, =
HeKaHUeporeHHoro pucka  Quantitative analysis noasepraroLerocs pUcKy 1+e ™ © /l//owhere p= response probability
of non-carcinogenic health risks Number of citizens w =—P_ WaHCbl M3MeHeHMs nokasaTerei 300poBbA (OTBET) NpU BO3-

exposed to risk 1=P peitctBum akcnosmumn chances of response from exposure
OKoHOMMYecKasn oLeHKa KonuyecTBeHHbIX Noka3aTtenen

pucka 3gopoBbio Economic assessment of quantitative v = P wakcel namerenms 3noposbA bes BoszencTBNA
indicators of risk to public health 1 — I, chances of health changes if there was no impact



MeToabl CUCTEMHOro MOAENMPOBAHUA U ONTUMU3ALIUN YNIPaBIEHUA PUCKaMK
3a0poBbLI0 (pacwmpeHue 6aszoBon mogenn) Methods for systems simulation & the
optimal management of risk to public health (an extension of the base model)

MeToabl cMCTEMHOIro MoaenMpoBaHUsA

Methods of Systems Modeling

ﬁ(OHMHeCTBeHHaﬂ oueHka HGKGHLI,GpOI’GHHOFO\
pucka no pesynsratam 3nMaeMmornormyeckmnx
nccnegoBaHuin

Quantitative evaluations of carcinogenic
risks based on results of
k epidemiological studies J

( BeposATHOCTHbIN CTaTUCTUYECKUIA aHanms )

no gaHHbim CI'M

Probability and statistical analysis based
. on data from public health monitoring )

( A
MHoromepHoe NpPoCTPaHCTBEHHOE

mMogenupoBaHve
Multi-dimensional spatial modeling

é )
MMuTaumoHHoOe cTaTtuctTuyeckoe
MogenupoBaHue
Statistical simulation modeling

J
[ MartemaTtuyeckoe MogernMpoBaHve )
3BOMOUMM pUCKa
Mathematical modeling on how
\ the risk developed over time y

OueHkKa pucka
Risk Assessment

YnpaBneHue
Puckom
Risk Management

UHcdopmupoBaHue
O puUcke
Risk Disclosure

AHanus pucka 3gopoBbH
(F.I'. OHunLeHKoO,
C.B. HoBukos,

10.A. PaxmaHuH n gp., 2002)
From the Analysis of
Public Health Risks, by
Onitsenko, Novikov, Rachmanin

Et al, 2002

MeToabl onTMU3aUuumn
Methods of optimal management

N

(I'IapalvleTpmsau,Mﬂ OpraHn3aumnoHHO-
®PyHKUMOHaNbHON Mogenu

TeppuTOpUanbHbIX OpraHoB
Parametrics of organizational
\ models for state agencies )

\

MeToabl HENMMHENHOTO MaTPUYHOIO
MporHo3npoBaHus
Methods of nonlinear matrix
forecasting y

lMocTaHoBKa U pelleHne )
ONTUMM3ALMOHHbIX 3a4a4
yrnpaBneHnsa puckom
Formulations and solutions for the
optimalization of risk management

OKOHOMUYECKME METObI )
yrnpaBneHnsa puckom
Economic methods for
Risk management y

Mepaunko-npodunaktmyeckue )
MeTOoAbl U TEXHONOMNN
Medical methods and

technologies for protecting

public health y




Quantitative assessments of non-carcinogenic risks
KonuyecTtBeHHasi oLeHKa HeKaHLepoOreHHOro pmcka

Moaenb 3aBUCUMMOCTU«IKCNO3ULIUA — BEPOATHOCTb OTBETA»

Modeling correlation between exposure and the
“probability of response”

@opmanbgerng - bonesHn opranos gbixaHns
Formaldehyde and respiratory diseases

Probability

y=1/(1+exp(0,072-150,565x)
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JKCNo3numsa — KOHUEeHTpauums
dopmanbagernaa B atMmocepHom
BO3ayxe, Mr/m3

BepoaTHocTb oTBETa — pUCK bonesHem
OpraHoB AbIXaHus

Exposure from concentrations of
formaldehyde in the atmosphere (mg/m3)

The probability of response—the risks of
occurrence of respiratory disease

Pe3ynbTaTt: KOnuM4yecTBeHHas OLleHKa
pucka 6onesHen opraHoB AblXaHUA
NnpuY N3BeCTHOMN 3KCNO3MLUMU

Result: a quantitative assessment of the
risks of respiratory disease given a
known level of exposure 6




OLIEHKA PUCKA 3[10POBbIO NMPU BO3AENCTBUUN XUMUYECKUNX
BELLECTB

Assessing Public Health Risks from the Impacts of Chemical Substances

B cooTtBetctBMM ¢ P 2.1.10.1920-04 «PykoBOACTBO NO OLEHKe puUCKa AN 340pOBbSA HaceneHus npu BO34eNCTBUU
XUMUYECKNX BELLECTB, 3arpAa3HSAOLWLMX OKPYXalLWy cpeay» OCYLEeCTB/AEeTCA KOJIMnYeCTBeHHaA OLeHKa

KaHLEepOreHHoro pmcka According to the law “On assessing public health risks from chemicals polluting the
environment” there should be a quantitative assessment conducted for carcinogenic risks......

CR=D-SF CR=C:-UR
roe CR — puck Bo3HukHoBeHus paka; (CR=risk of cancer) UR - eANHWYHBIN pUCK; (UR=risk to the individual)
SF — hakTop HaK/OHa; (SF=factor of declination) C — KoHUeHTpaunsa gaktopa pucka (C=distribution or concentration
D - nosa cdaktopa pucka. (D=dose as a factor of risk) of risk factors)

M MONYKOJINYECTBEHHAaA OLieHKa HEKaHLUEPOreHHOro pMcka 340p0OBbl C MCNOJIb30BaHMEM KO3 DULIMEHTOB M MHAEKCOB
onacHoctu There should also be a semi-quantitative assessment of non-carcinogenic risk by using co-

efficients of risk-indices.

HQ = C/RfC HI => HQ

HQ = D/RfD
roe HQ — koad@UUMEHT ONMacHOCTU (HQ=hazard co-efficient) HI — nHpekc onacHocTu (HI=Hazard Index)
C - KOHUEeHTpauusa dakTtopa pucka; (C=concentration of risk) D - no3a daktopa pucka; (D=dose as factor of risk)
RfC — pedepeHTHasa KOHLEHTpauus; (RfC=referent concentration) RfD - pedepenTHasa posa. (RfD=reference dose)




OLIEHKA PUCKA 3[0POBbIO NP BO3AENCTBUMN XUMUYECKUX BELLLECTB

ASSESSING RISK TO PUBLIC HEALTH FROM IMPACTS OF CHEMICAL SUBSTANCES

l lpI/IMepBI IMapHBbIX MOACIN «OKCITO3ULHUA - BEBEBCKT» Ipu BO3I[€I>'ICTBHH XUMHUYCCKHUX I10

OHy6JII/IKOBaHHBIM JAHHBIM (KOJIHIIGCTBGHHEI}I OOCHKA HCKAHICPOTCHHOI'O pHUCKa
Examples of paired models for “exposure — effect” due to impacts from chemicals
As cited from published data (on quantitative analysis of non-carcinogenic risks)

IKkcno3nymsi
Exposure

S¢pcekr

Effect or Response

Afébé+ada= f(X)-pop

Mooens 3a6ucumocmu Model of Inter-dependence

Ccbinika
Citation

B3BelleHHble BellecTBa
B aTMOC(EpPHOM BO34yXe
(PM;,.5 5) Particulate

Matter in Ambient Air

PUCK HapyLlleHuni
cepAe4YHO-CcoCyancTon
cuctembl  Risk of
damaging Cardio-
Vascular System

= |_3,81E == (efo,oo7o4-AP|\/|2,5,10 = I)J

Burnett et al., 1997

B3BelleHHble BellecTBa
B aTMOC(hepHOM BO34yXe
(PM,,., 5) Particulate

Matter in Ambient Air

Puck HapylleHus
AblXaTeNbHON CUCTEMbI
Risk of damaging

respiratory system

. |_2,58E — (e—0,00147~APM2,5,10 _ I)J

Burnett et al., 1997

Kaamuin B Boae (Cd)

Cadmium in Water

Puck HapyLueHnn
MOYenon0BON CUCTEMDI

Risk of damaging

N3MeHeHne ypoBHSA 3aboneBaeMoCcTu
noyek Ha 1% BbI3bIBAET A03a KaaMuUs
0,018 MKIF/Kr-aeHb
A cadmium dose of 0.018 micro-

Nagawa et al., 1993

reproductive and

urinary systems

grams per kg in 24 hours will bring
on a 1% increase in the level of
kidney morbidity




OLIEHKA PUCKA 3[10POBbIO NPU BO3AENCTBMUN XUMUYECKUX BELLLECTB

ASSESSING RISK TO PUBLIC HEALTH FROM IMPACTS OF CHEMICAL SUBSTANCES

1. OnpeneneHve penepHoOro ypoBHS

2. YcTtaHoBneHue pedepeHTHOro yposHs Establishing Reference Levels
Determining Framework Levels (BMD/BMC) pedep ¥P g

BMD/BMC
MF, - MF, - MF,

3. ®opMmumpoBaHmMe MoAeNN 3aBUCUMOCTU «IKCNO3ULINS —
apdekT (0TBET)» AN YpOBHEN Bblle pedepeHTHOro

Modeling the inter-dependence between exposure and
effect (or response) at levels above the reference level

m74
o

RfD/RfC =

12 1

70 1

8,

0 - Q
~ U
§o,oas'
~ 0,007
®
Q
0,006 -
Npn aHanu3e 3aBUCUMOCTU «3IKCMO3ULUUA - OTBET» ]
nocnegoBaTeNbHO npoussoaunTcs onpeneneHue 0,005 -
penepHoro u pedepeHTHOro YypoBHenW, a 3aTeM 0,004 -
dopmumpoBaHme Mogenu 3aBUCMMOCTU «3KCNO3ULUA — 0,003 -
3 dekT» aAnsg ypoBHeEN Bblille pedepeHTHOro. 0002 -
When analyzing the inter-dependence of "exposure and 0007
response”, a determination must be consequentially '
0

made for both the framework & reference levels, and then
modeling can be completed that shows the inter- r=0,91
dependence between "exposure-effect” at levels above

the reference level.




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




CtaTuctnyeckme metoabl aHanm3a AaHHbIX

Statistical methods for analyzing data

11



KapTtorpacdmpoBaHue nokasarernien 3aboneBaemMocTu

Mapplng out |nd|cators for the frequency of disease

ESRI ArcGIS 9.3
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ESRI ArcMap



UccnepoBaHne ocobeHHOCTEN MeanKo-aeMorpaduyeckmx
npoueccoB Ha NOoNynsALUOHHOM YPOBHe
Looking into medical demographics at a level of local populations

: ' 5 \ <
e R R Y Sam L AHann3 nonoBo3pacTHOro coctaBa HacesrieHMs U NPorHo3 aemMorpaduyeckon
1;3 | Harpy3ku Analysis of age and gender compositions of a population and
vamom|  mm— ' - 1 predicting demographic thrusts
g o] swm— .
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s LA TR R AT = = Time series analyses
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L o= = Basic laws of demographics
2 I VIR e " TOYeuHble U MHTepBanbHble OLEHKN NoKa3aTenen
0 L {11 RSV VA VU 1y = Single point and interval assessment of indicator/outcomes
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OxmngaeMasi IPOJOIKNT €IbHOCT b KU3HMY,

Oxungaemas nposJosIKNT elbHOCT b

ner

XH3HH, J11eT
AIFIIJIIIJIJIN

UccnegoBaHue cucteMbl 3aBUCUMOCTEN MeXAY NoKa3aTensamMmu

Looking into systems of inter-dependence between indicators

\y = 0,9409x + 62,375 |
R? =0,1862

65

7777777777777777777777777777777 R? =0,1306

lMoaywessie pacxogsl Ha [l T, py6.

6500

PaKTOPHbIE, IMHENHbIE U HEeNIUHEeWHbIe
perpeccuoHHble MoAenun OLeHKH
BHYTPUCUCTEMHbIX U MEXXCUCTEMHbIX CBA3eNn
MeXAay napameTpamMu OeATeNIbHOCTU U
nokasaTesniiMu 340pPOBbsl HacerneHus

Factor, linear, and nonlinear regression models for
assessing both the intra- and inter-connections between
the parameters of real events and health outcomes



Ba3bl AaHHbIX Data Bases

Microsoft’

—SQLServer2005s—

MeaunKo-aemMorpadmyeckme xapakTepucTukm cyobektos PO;
CepBepHoe nporpaMmMHoe obecneyeHue Medical-demographic data for Russian citizens

009
o
Server Software 9% AenepcoHnduunpoBaHHbIe cBeaeHUs o6
* o <%Spau.wemom'vn HacesieHus 3a MegULUHCKOMN
oogonomou.u:ro; de-personalized information
naHHbIe 06 S n actual medical treatments of population
nccnenoBaHUsAX
nauyneHToOB LeHTpa
c 3K°3aB"C"MblM"OO o 0o, AaHHble ouonornyeckoro
natonorusimu; 50 oOgg MOHWUTOPUHTa;
dataonthe ©% 0® biological data and

monitoring

studies of patients
with
environmentally
related diseases

os
889e
cBeAeHus o
CTaLMOHAaPHbIX U 1)
nepeaBUXHbIX OOOOOOO

MCTOYHMKaX 3arpsi3HeHusi 0°
aTmocdepHoro Bosayxa. AaHHble O 3arpA3HeHUm
information on stationary 06BEKTOB OKpyXKatoLlen cpeabl;
and mobile sources of air pollution data on various DA3PAOOTKN F

pollution environmental sites and media

. & @
——Delphi 2010 — —p/sQL Developer'—

Architect




MeTtoabl BeaeHus 6a3 n oo6paboTKN AaHHbIX

S

= HaBuraums no 6a3e AaHHbIX.
= Navigating through your data-base
= PopMMpoOBaHUe HanpaBfieHHbIX CIUCKOB.
= Creating your guiding lists
" ¢opMMpOBaHMe Bbl6°pqublx ﬂunamukaznﬁo.ﬂenaemuc‘ruIlace.r[emm =
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Conditional sample-aggregate design B e
= PopMMpoBaHUe AaHHbIX ANA Y4€eTHO- ———

- I~ NoaGop onTumansHob Mo,
OT4eTHOU AOKYyMEHTaLumu. oL o gl
B v el iame oie) |

" Formatting of data for reporting purposes Hoom e e e S0 e e
" BoinonHenve ananusa pacnpeaenenma | E B i i O

4aCcTOTHbIe XapaKTepuCTMKM. {2 me= goe e oo R
= Analyzing characteristics of frequency and SR s awe s | [

distribution L L Loon
= PacyeT abCONOTHLIX U OTHOCUTESNbHbIX

4acTOT OTKJIOHEHUS NnoKa3aTenen ot

HOpPMaTUBOB.
|

Calculation of absolute & relative frequency
deviations from the standard norms

= OueHKa nokasaTtenen pucka.
" The assessment of risk outcomes
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