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AIr Pollution and Cardiovascular Health

3arpAsHeHue BO34yXa U cepgevyHo-cocyauctole 3aboseBaHuA
* Air pollution may d

ivegrowth
/ development of ~—

atherosclerosis 3arpasHeHue |
BO34YXa MOXKET BbI3BATb

aTepocknepos ... (Kunzli,
Environ Health Perspect. 2005)...

...and plaque rupture and myocardial
infarction ... u paspbiB apTepuanbHOM
62AWKM U MHDapPKT MUOKapaa (Peters et
al, Circulation, 2001)
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Particulate Matter

TBepable 4HacTUlbl B BO3AayXe

\

“Dust” ranges in size greatly; respirable particles are generally less
than 10 microns "Mbl/b» MOXET 3HAYMTE/IbHO PA3/MYATLCA MO Pa3mMepy;
BAblXa€Mble€ HaCTULbIl, KaK NpaBn/10, M€HbLLE 10 MWKPOH

Size, shape, density and COMPOSITION determine the deposition and
toxicity of PM Pasmep, dopma, N/1I0THOCTb M COCTaB ONpeae/IAoT OT/IOKEHME
M TOKCMYHOCTb TBEPADbIX HaCTUL,

MeTan/bl, OpraHnvyeckmne

COeAVHEHUA <2,5 UM
BO/IOC 50-70 UM

Mbl/Ib, MbI/bLA,
n/eceHb <10 Um

N/IAKHBINA MECOK 90 UM
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Residual Oil Fly Ash Effects Largely Driven by Transition Metals
Bo3gencTeue netyyemn 30/1bl C HePTAHBIMU HacTMLLAMUM BObLLEN

4aCTbHO OCYLLLECTB/IAETCA NEpEXO4HbIMU META/1/1aMU

ats inhaled various concentrations o
per day x 4 days KpbICbl BAbIXa/IM PA3/IMYHbIE KOHL,
OT/Ae/IbHbIX METa/I/I0B 6 4 B A€Hb X 4 AHA
(ROFA inhalation induced immediate and delayed

bradycardia BpgbixaHue neTyyeli 30/1bl BbI3Ba/0
HeMeA/IeHHYIO U 3aMe//1IeHHYI0 bpaanKapAuto

Inhaled Nickel mimicked the delayed bradycardia; no effect
of Vanadium BgbixaHue HUKe A BbI3BA/10 3aMe//IEHHYHO
bpagurkapauto; oTcyTCcTBME 3P deKTa OT BaHaauMA

' YacToTa cepaeyHbIX yaapoB Bpems gHa >



Interactive Extrapulmonary Effects of Inhaled Ni and V in Rodents

MIHTepaKTMBHbIE /1eroYvHble 3P PEKTbl MHMANIALMOHHDIX/BAbIXaeMbIX
Ni 1 V B opraHmsme rpbi3yHOB

-

Rats (n = 4 per group) inhaled various concentrations of individual metals 6 h per day x 4 days

KpblCbl BAbIXa/IM pa3/IMiHble KOHLEHTPALMK OTAE/IbHBIX METa//10B 6 4 B AeHb X 4 AHA (Campen, 2001)
Nickel independently caused pulmonary and systemic effects

HuWKe/Ib He3aBUCMMO BbI3Ba/l /IErOYHbIE U CUCTEMHbIE BO34eACTBUA

Vanadium potentiated Ni toxicity, especially in terms of arrhythmogenesis

BaHaguit noTeHuMpoBan/ycmama gencTeme ToKCMYHOCTU Ni, 0COBeHHO B apuTmMum
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PM Compositional Studies in Larger Populations

3y4yeHre COCTAaBOB TBEPAbIX YaCTUL, B 60/1bLUMX NOMNY/IALMAX

\

# Lippman et al (EHP, 2006) examined PM components
relative to mortality in 2 population studies

*J/lunnmad u gp (2006) Ucceg0BaM TBEPAbIE HACTULbI
OTHOCUTE/IbHO CMEPTHOCTU B 2
Mnony/ALMOHHbIX/AeMorpadpuiecknx Ucc1e40BaHMAX

* National Mortality and Morbidity Air Pollution Study

* 1) HaumoHazbHOe ncceg0BaHne CMEPTHOCTU U
3a60/1€BaeMOCTU 1 3arpA3HeHMe BO34yXa
* Hong Kong 2) UccnegoBaHue B TOHKOHre
* Nickel and Vanadium trended significantly with
cardiovascular morbidity in both cohorts

* HuWKe/b M BaHAAUM CyLL,eCTBEHHO Obl/IM CBA3AHbI C
CepAedYHO-coCyancTomn 3a601eBaeMoCTbio B 06emnx
rpynnax




PM Compositional Studies in Larger Populations

3y4yeHre COCTAaBOB TBEPAbIX YaCTUL, B 60/1bLUMX NOMNY/IALMAX

o

# Michelle Bell (HEI Reports, #161, 2012) examined the %
change in the PM total mass health effect estimates per

PM, 5 and Cardiovascular
Hospitalization

IQR increase in the component fraction of PM2.5 total n =106
mass Al —5.4 (—14.9 to 4.1)
#  Muwenb Bean (2012) ncciegoBana NpoLEHTHOE NHL* “1o E—gg to ig}
M3MeHeHue B obLL el macce TBepAbIX HacTuL, U ero . 11'[ " :2]
CpaBHMBa/a C NOC/IRACTBUAMM A/1A 340POBbA NPU o 13 (—11 o 26)
yBe/IM4EeHNN KOMMOHEHTA PppaKkLum 2,5 obLyeit Mmacchl Cu 4.4 (—20to 29)
H : EC 26 (4.4 10 47)
*
20 Compositional metrics 20 KOMNO3MLMOHHbBIX METPUK Fe 72 (-27 10 12)
* 6 years of health and PM data from 187 US counties Pb 2.6 (—20 to 25)
Mg —18 (—41to 4.3)
6 /1€T A2HHBIX O 34,0POBbE U TBEPAbIX 4aCTHLAX B 187 i 19 (9.9 to 28)
panvioHax CLUA NO,~ 16 (—11 to 42)
* Related to Cardiovascular Hospitalization EC'M —13‘[-"" (;535 t; 3171
- - 0 o,
* CBA3aHO C CepAe4vHO-CoCyAUCTbIMU np06/1e:v|a:vw| 7 Si —11 (—26 to (4.5)
rocnuTaznmMsaumen Na+ 8.2 (—12 to 28)
. . . ) S0,~ —15 (—38 to 8.0)
* Nickel and Vanadium emerged as likely drivers T 22 (~44 t0 0.3)
*  HuWKesb U BaHaAUM CHUTAIMCb BEPOATHBIMU MPUHUHAMMU v 28 (11 to 44)

BO3/4eNCTBUA Zn 7.9 (-8.0 to 24)



Influence of Metal Components on
Circulating Biomarkers
BavAHME meTann4yeCcKux KOMMNOHEHTOB

Ha cepAe4YHO-CoCyAUCTble bBMomMapKepbl

#  Two cities (Jinchang & Zhangye) with
comparable populations and overall PM levels B Mot W eAw  vowwr o
NccnepgoBaHme A4BYX KUTAMCKUX TOPO/A0B : 3 3 |
(L3MHbYaH & YsKkaHbe)— COMOCTaBUMbIE FPYMbl i 3 3 3
Hace/sieHnA 1 OOLLUIM YPOBEHb TBEPAbIX HaCTuL, M A= | BRSNS o ||

* Jinchang had substantial elevations in metal
composition B LU3nHbYaHe nmenuncb * i 5 3 5
3HaYMTe/IbHble NMOBbILLEHWA B CTPYKTYpe e B s
MeTa//10B : ’ ‘ ‘ ‘

$3°RPEFFORIBFFORTEFHORTEFRORTE
* Cohort from Jinchang had lower endothelial
progenitor cells and higher circulating CRP and
VEGF B rpynne u3 L3nHb4aHa bbi1n
obHapy:keHbl 60/1ee HU3KKE K/IETKU SHAOTEUA-
npeALeCcTBEeHHUKOB U BbICOKUIM ypoBeHb C-
peakTUBHOrO H6e/1Ka M poCTa 3HAOTE/INA COCYA0B

Liberda et al, PLoS ONE, 2013



Cardiovascular Mortality Outcomes Associated with Other PM Metals

Cepge4yHo-cocyanucTaa CMepPTHOCTb, U CBA3U C
APYrMMU MeTa/I/laMu B TBEPAbIX YacTULax

Ostro et al., Occ Environ Med, 2008 “

6 California Counties B 6 paioHax B California

Table 3 Summary of statistically significant positive associations between cardiovascular mortality, by
effect modifier and single-lag days for pollutantsy

Vedal, Campen et al., Health

Gender Race Education
High school Non-high school i

Pollutant All Male Female White Hispanic graduate graduate EffeCtS InStItUte Reports’ 2013
PM2.5 3 - 2%, 3¢ 3* 14, 3t - 0+, 3+ MESA Cohort

Elemental 21 2% 3* 2% - 2* 3+

carbon

- _ _ § CIMT  CAC
carbon H

Nitrates 3* - 3* - 1%, 31 - 0f, 3* NI + +
Sulphates 37 0* - 3 1% - 07, 2+

Calcium - - 2% - — _ _ V (0] 0]
Chlorine - - - - 2} - - ++ +
Copper - - - - 1%, 3* - 17 C.U

Iron 2r - 24, 3* 2% - 2 3t NOX +
Potassium  2* - 2t 2+ 14 - 14, 2* O 0 O/
Sulphur 30t 2f 0* 3* - 07, 2+ SO2 + / ++ 0
Silicon - - - - - - 37
Titanium 2* - 2 2% 1 - 14 NO2 o 0
Zinc 3 0f,2¢ 3 3 - - 3t

PM, particulate matter. TO/ILMHA CTEHKM Kanbuuii B

*p<<0.10 and +p<<0.05 for difference from null effect. onu o cre KOpOHapHOﬁ

+Numbers in the table indicate which lags (of 0 to 3 days) were statistically significant. Bold indicates that the lag also produced a COHHOMU apTepun

significantly greater effect estimate (p<0.10) in this group versus the corresponding demographic subgroup. apTepuu

The regression model includes time (4 df/year), 1-day lags of temperature and humidity, day of week and pollutant.
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Chronic Road Dust Studies Related to Near-Roadway Pollution
NccnepoBaHUA XpPOHUYECKOM AOPOXKHOM Mbl/1M, CBA3AHHOM C

3arpA3HeHuem pA40M C 4OpOramm

S

# Metal-containing road dust inhalation (6 h/d x 50d) drove vascular oxidative
stress in ApoE-/- mice BgbixaHve A4OPOKHOM Mbl/K, COAepIKalller MeTas10B
(6 4/a, 504) BbI3BA/IO COCYANCTO-OKUC/INTE/IbHBINA CTPECC Y MbILLEV 20,

# Secondary PM (sulfate and nitrate) did not have effects

2o30f
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Vedal, Campen et al., Health Effects Institute Reports, 2013



Generation of Serum Bioactivity By Inhalation Exposures

[loBblLLEHNE BMOAOrM4eCKOM aKTUBHOCTHM B CbIBOPOTKE KPOBMY,

BblI3BAHHOE€ BAblIXdHNEM
\

Endothelial Cell
Response to Serum

* Serum from ApoE’ mice exposed to Filtered Air or Road 10-
Dust for 6 h/d x 50 days

*  CbIBOPOTKa OT MblLLeN, MOABEPrHYTbIX BO34,EUCTBUIO
bUAbTPOBAHHOIO BO34yXa UKW AOPOXKHOM Mbl/IM B TEYEHUE
6 4/a, 50 AgHeM

* Cultured primary mouse cerebrovascular endothelial cells
were incubated with 5% mixture of serum in media for 4h

*  Llepebpo-BacKy/ApHble 3HAOTE/IMA/IbHbIE K/AETKU [/1aBHOM
MbILIM UHKYOUPOBa/U C 5% -HbIM PaCTBOPOM CbIBOPOTKM B
TeYeHMe 4 4YacoB

# Chemokine mRNA responses (CCL2/MCP1; CCL5/RANTES) in
treated endothelial cells indicate presence of pro-
inflammatory factor(s) XemokuH PHK otBeTbl (CCL2 / xS
MCP1; CCL5 / RANTES) B 06paboTaHHbIX K/1eTKaxX 3HA0TenA Y
YKa3bIBalOT HA Ha/M4Me BOCMNAMTE/IbHbIX GAaKTOPOB

*

[

Fold Induction
©O N b O @
CCL2




Concerns Related to Regional Abandoned Uranium Mines

[Ipo6aembl, CBA3aHHbIE C 3ab6pOLLEeHHbIMW YPAaHOBbIMU PYyAHUKAMM

Percent Total Mass




Key Information Gaps Related to the Health Impacts of PM Metals

OCHOBHble MHPOPMALMOHHbIE NPObebl, OTHOCALLMECHA K 340POBbIO
M K BO34EUCTBUAM METa/I/I0B B TBEPAbIX YacTULLaX

——

* Most research has been on soluble metals — principally related to burning of residual oil in the
power and shipping industries BonbLINMHCTBO NccrnegoBaHnii 6bINO N0 PACTBOPUMBIM
MeTansiam - B OCHOBHOM, CBAA3aHHbIX C CXXUraHUEM MasyTa Npu aNekTpocHabxeHun u rpys-
TpaHcnopTa

« Paucity of information of more stable, insoluble metals delivered via inhalation

+ HepocTtaTo4HOCTb MHAOPMaLMK 0 Goree cTabunbHbIX, HEPaCcTBOPUMbIX MeTannax,
MPOHMKLUNX B OpraHn3m B NpoLecce AblXxaHus

+ Most research has focused on acute outcomes
*  BonbWMHCTBO MccrneaoBaHnin 610 COCPEAOTOYEHO Ha OCTPbIX NOCNEACTBUAX

* Most important public health impacts will be related to chronic vascular and metabolic
diseases

+ Hawnbonee BaXkHble NOCNEeACTBUSA 30paBOOXpaHEHNs ByayT cBsi3aHbl C XPOHUYECKNMMU
coCcyaucTbiMm U Mmetabonnyeckummn 60ne3HsaIMu

* How does toxic effect transfer systemically?
Kak Tokcuyeckoe BO3QeENCTBME MPOUCXOANT CUCTEMHO?
*  Mixtures! CoeaonHeHuna metannos!
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