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1. Introduction 

 



50-year anniversary:  

Government Decree on 09.09.1963 No. 944 “On Measures on Enhancement 

of Hydrometeorological Service of the USSR” 

  “…To organize systematic observations of chemical composition of 

ambient air, precipitation…” 

 

Prof. М.Е. Berlyand 

(1919 - 2006)  

 

Dissemination of any information on air pollution was  strictly restricted 

to up to 1992 

  



01.12.2012: 683 stations in 252 cities and towns 
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2. Observations 
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Station category: 

 

•  Urban background (housing),  

•  Industrial ,  

•  Traffic   

•  Suburban 
 

Distribution of station category 
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 About 40 pollutants are systematically 

 observed 

 

 From 1–5  to 10–16  stations  in a city 

 depending on population  

 

 Total samples amount: 4.4 M in 2011, 

  incl. Roshydromet - 4.1 M samples  
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Air Quality Criteria 
 

Two-function  by  Ministry of Health established air   quality  criteria which are both: 

 - hygienic   criteria and 

 - regulatory  ones, i.e. these criteria carry two different functions 

No  target  values  are  used 

 

Short-term criteria (20-30 min.) - ПДКмр 

 

Long-term criteria (1 year) – ПДКсс 

 

Criteria  are  established  for  more  than  600  pollutants, no priority 

 

For systematic observations, target pollutants should be selected 



    Network  Planning 
 
Step 1a - basic pollutants:    SO2 (235 cities),  

            NO (140), 
                 NO2 (237),  
                 CO (210), 
                 TSP (225) 

       
Step 1b -  major pollutants:  benz(a)pirene (171) 
                                                   formaldehyde (151) 
 
Step 2 - pollutants selecting by ranking values of an index: 
  
    CACi = Mi / ПДКi, 
 

CACi – CLEAN  AIR  CONSUMPTION (air volume required to dilute 

emission of i-th pollutant to i-th limit value concentration ) 

M – city total emission for i-th pollutant 

ПДК – hygienic limit value for i-th pollutant 

 
 

 



Monitoring Programmes (scope of data) 
 

 
 

 
Pollutant Number 

of cities 

Number 
of stations 

Pollutant Num
ber 
of 
cities 

Number 
of stations 

TSP 225 601 B(a)P 171 305 

NO2 237 670 BTX 40 89 

NO 140 211 Soot 37 93 

SO2 235 540 Formaldehyde 151 394 

CO 210 618 Phenol 99 258 



Monitoring Programmes (scope of data) 
 

(heavy metals) 
 

 
 

 
Fe 121 cities 

Cd 70 

Mn 125 

Cu 125 

Ni 121 

Pb 125 

Cr 114 

Zn 114 



Monitoring methodology 

Manual / automated short-term samples 4 times / day  

 on 01, 07 a.m., 01, 07 p.m. 

Laboratory analysis (150 accredited laboratories with QA/QC system)  

Sampling 3 times / day is permitted (no night samples) 

Sampling 2 times / day (07a.m. and 07 p.m.) as an exception  

  

 4 samples / day – 135 stations (21%) 

 3 samples / day – 449 stations (71%) 

 2 samples / day – 39 stations (6%) 

 1 sample / day (moving time sampling) – 11 stations (2%) 



Monitoring methodology 

One of QA/QC procedures –  

 remote checking laboratories: test samples 

 

 

 

 

 

           

                   Distribution (%) of lab analysis errors  

  

  



3. Air  Quality  Assessment 
 

 

 

 



 

Main air quality indices: 
 

(1) Short-term - Standard index SI (СИ):  

        MAX of  STConc. (i, j) / STLimit Value (i, j) 

STConc – Short-term concentration of i-th pollutant at j-th station 

 

(2) Long-term - Air pollution index API (ИЗА): 

API(n)= Σ APIi =Σ AMAConc. (i) /(ПДКcci)ª,  i= 1 to n,  n=5  

  a = 0.85; 1; 1.3; 1.5 for different pollutant toxicity(a=1 for SO2)  

AMAConc. (i) – annual mean concentration of i-th major pollutant 

averaged over all city’s stations 

 

 

 



Air pollution grades 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Grade 

 
 

API 

 
 

SI 

HF  
(highest frequency 
above limit value) 

Low 5 < 1≤ 1≤ 

Higher 5  to 6 5 < 20% < 

High 7 to 13 5  to 10 20 to 50% 

Very high ≥14 > 10 > 50% 
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4. Urban Air Pollution  in 2011 

(see: www.voeikovmgo.ru) 
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Ratio of short-term max concentrations averaged over cities to short-term limit value: 

 

1 – TSP      5 – Nitrogen oxide    9 – Hydrogen fluoride 13 – BaP 

2 – Sulphur dioxide       6 – Hydrogen sulphide  10 – Hydrogen chloride  14 – Ethilbenzine 

3 – Carbon monoxide    7 – Carbon sulphide 11 – Ammonia 

4 – Nitrogen dioxide      8 – Phenol                               12 - Formaldehyde 
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Ratio of long-term concentrations averaged over cities to long-term limit value: 

 

1 – TSP (225 cites)               5 – Nitrogen oxide (140)   9 – Hydrogen chloride (35)   

2 – Sulphur dioxide (235)       6 – Carbon sulphide (7)                  10 – Ammonia (69)  

3 – Carbon monoxide (210)    7 – Phenol (99)                   11 – Formaldehyde (151) 

4 – Nitrogen dioxide (237)       8 – Hydrogen fluoride (32)            12 – BaP (171) 



119 cities (58%) in 42 Regions are in grades  “High” or “Very High”.  

 

More than 53% of urban population (55 million) live in these cities. 

 

In 9 Regions more than 75% of urban population live  

 under “High” or “Very High” pollution: 

•    Astrakhanskaya oblast 

•   Chuvashskaya respublika 

•   Khabarovsky kray 

•   Orenburgskaya oblast 

•   Moscow 

•   Respublika Khakassia 

•   Samarskaya oblast 

•   St. Petersburg 

•   Taimyrsky AO (Norilsk) 



Top List - 2011 (cities in the grade “Very High”): 27 cities, 16.3 

million citizens 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Major pollutants in Top List cities (as contribute to API index): 

 

- formaldehyde (26 cities of 27)  

- benz(a)pirene (21) 

- particulate matter (15) 

- nitrogen dioxide (15) 

- phenol (8) 

- ammonia (4) 

- carbon monoxide (1) 

-sulphur dioxide (1) 

- soot (1) 

- carbon bisulphide (1) 
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Satellite data on NO2 5-year-average NO2 concentration,  

AQ monitoring network data 

St. Petersburg 

 

Moscow 
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Contribution of different pollutants to population risk in Moscow 

during forest fires in summer 2010 (Е.Л. Генихович и др. К анализу последствий 

высокого загрязнения воздушного бассейна Москвы летом 2010 г. Труды ГГО, вып. 565, 

Спб, 2012, с. 79-88) 

  
 

Pollutant Contribution to 

short-term risk 

Pollutant Contribution to 

long-term risk 

РМ10 58.7 Formaldehyde 38.2 

NO2    9.4 B(a)P 11.8 

CO   8.5 PM2.5 10.7 

O3   7.7 O3    8.2 

NH3    6.6 NO2    7.4 

Formaldehyde    6.6 PM10    6.7 
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 Continuous PM-10 measurement in St. Petersburg,  

Summer 2010 (forest fires in Russia)  
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   4. Dissemination of Information on Air Quality 



•Publishing MGO reports, scientific and 
popular books  on air pollution: 



•Publishing information  on air 
pollution in Russian regions: 
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         5. Air Pollution Modeling 
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сМ (мг/м3) - максимальная разовая концентрация, достигающаяся при 

ННМУ (в том числе при опасной скорости ветра uм) на расстоянии  

xM (м) от источника;  

А – коэффициент, учитывающий неблагоприятность региональных 

условий рассеивания атмосферных примесей;  

H (м), М (г/с) - высота и мощность источника; 

V1 (м
3/c),        (°С)  - объем и перегрев газовоздушной смеси (ГВС); 

F1; 1 - безразмерные коэффициенты, учитывающие оседание 

пылевых частиц и рельеф местности;  

т, п - безразмерные поправочные коэффициенты: т=Ф3(f ), п=Ф4(vм ); 
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D (м), w0 (м/с) - диаметр       

устья источника и скорость   

выхода ГВС; 

uM   =   Ф2(vм, f)  

хМ=d.H;    d= Ф1(vм, f);      



Calculated max. short-term NO2 concentrations in St. Petersburg 

(ОНД-86) 





Calculated vs measured long-term (left) and 

max. short-term (right) СО concentration 

in St. Petersburg 
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Calculated vs measured long-term (left) and max. short-term 

(right) NOx concentrations in St. Petersburg 

 

Сравнение расчетных и измеренных 

среднегодовых концентраций
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Max emission rates are likely overestimated NOx, annual emissions are 

acceptable  

NOx = NO2+1.53NO 
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Station Coordinates Сmeas, 

mkg/m
3 

Сcalc, 

mkg/m
3 

Х, м У, м     

1 1860 2860 11,6 10,2 

2 4140 5540 13 13,1 

Blind comparison 



Calculated vs measured concentrations,  

US field experiments“Kinkaid” and “Indianapolis” 
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Air Pollution Modeling (MGO regional model)  

.  

18.04.2011, 10:00 (left),  20.04.2011, 00:00 (right) 

Fukushima 

 

  

22.05.2011, 15:00 (top),  23.05.2011, 22:00 (below) 

Grimsvotn, hight - 8000m 
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          6. Health  aspects 

 

 

 



Волгоград, дети от 7 до 14
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Улан-Удэ, дети  3-6 лет
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Хабаровск,  взрослые
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      Южно-Сахалинск, дети 0-2 года
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Contacts: 

Voeikov Main Geophysical Observatory 

Karbyshev str., 7 

194021, St. Petersburg 

Russia 

Tel:  +7 (812) 297 4390 

Fax: +7 (812) 297 8661 

E-mail: (chichern@main.mgo.rssi.ru) 

web: (www.voeikovmgo.ru) 
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Thank you 

for your attention 


