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A methodological basis for providing chemical safety for population is obtained via fixing safe concentrations of haz-

ardous substances, including those in ambient air, as it allows absence of unacceptable risks for people’s life and health. In 
the Russian Federation average daily maximum permissible concentrations (MPC av.d.) are applied to prevent chronic ef-
fects on human health produced by hazardous substances that are present in ambient air. But in world practice it is conven-
tional to apply average annual concentrations when assessing chronic exposure to hazardous substances as it allows apply-
ing existing acceptable health risks as assessment criteria. We propose an algorithm for substantiating average annual MPC 
of chemicals in ambient air as per health risks criteria; the algorithm is harmonized with international approaches and takes 
into accounts research results taken from previous research works that have been published in relevant scientific sources. 
The algorithm also involves accomplishing toxicological and/or epidemiologic examinations solely aimed at obtaining miss-
ing data. The proposed algorithm envisages selecting starting points for substantiating a hygienic standard and uncer-
tainty factors. Proposed methodical approaches have a distinctive feature that is verification of obtained standards as per 
acceptable (permissible) carcinogenic risk criteria and assessment of safety under exposure equal to MPC av.an. during 
the whole life span. Development and implementation of average annual maximum permissible concentrations of hazard-
ous substances in ambient air will promote harmonization of the domestic regulatory base with hygienic standards and 
norms accepted in world practice. 
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 Providing sanitary-epidemiologic well-

being of the population is a basic condition 
for fulfilling citizens’ constitutional rights 
to health protection and favorable environ-
ment1, 2, 3. Given that, it is important to eli-
minate ambient air contamination as a most 

significant ecological risk for human health; 
the necessity to do it is fixed within basic 
programs developed for achieving goals 
stated by the WHO agenda in the sustain-
able development sphere over a period up 
to 2030 [1, 2]. 
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Significance of the issue in the Russian 
Federation is also confirmed by the RF Presi-
dent Order issued on May 07, 2018 No. 204 
«On national goals and strategic tasks in the 
Russian Federation development for a period 
up to 2024»4, in particular, as implementation 
of «Clean air» Federal project which is a part 
of «Ecology» National project.  

A methodological basis for providing 
chemical safety for the population is research 
on hygienic standardization that involves fix-
ing such safe concentrations of hazardous 
substances including those occurring in ambi-
ent air that secure absence of unacceptable 
risks for people’s life and health [3–6]. 

In the Russian Federation hygienic stan-
dards calculated as average daily ones (MPC 
average daily) are applied to prevent chronic 
effects produced on human health under ex-
posure to chemicals contained in ambient air. 
These standards are fixed according to hygi-
enic standardization principles basing on a 
document entitled «The temporary methodi-
cal guidelines for substantiating maximum 
permissible concentrations (MPC) of con-
taminants in ambient air in settlements»5; 
they are established as adverse chemicals 
concentrations in ambient air in settlements 
that should not exert direct or indirect im-
pacts on people under unlimited long-term 
inhalation (years). 

But still in world practice average daily 
values are used to prevent consequences 
caused by exposure to chemicals within 24 
hours after an incident that can become ap-
parent within a 2-week period, not longer. 
They are substantiated and accepted from this 

point of view by all experts and decision-
makers in the sphere related to regulating 
health risks caused by ambient air contamina-
tion [7]. When chronic exposure to adverse 
substances is assessed, average annual con-
centrations are usually applied. According to 
data provided by the WHO, an interest in av-
erage annual parameters calculation is related 
to an opportunity to determine whether pro-
grams aimed at eliminating ambient air con-
tamination are efficient and (or) to obtain cri-
teria showing the environment deterioration  
caused by industrial development and in-
crease in overall well-being6. 

In the European Union air quality stan-
dardization is performed via fixing quality 
standards based on certain limits or target val-
ues that are usually fixed at such levels that 
prevent or reduce hazardous impacts on human 
health and/or the environment; these levels 
should be reached anywhere where it is possi-
ble during a certain period of time7. Target 
values serve as a criterion for assessing to 
what extent proper quality of environmental 
objects has been achieved [8]. And ambient air 
quality standards can be considered analogues 
to Russian MPC as per their principles and 
ways to substantiate them. Standards are aver-
aged according to their average annual values 
for most substances, and as for PM2.5 particu-
late matter the averaging period is as long as 3 
years [9]. 

The US Environmental Protection Agen-
cy determines and fixes National Ambient Air 
Quality Standards (NAAQS) according to 
The Clean Air Act. These standards provide 
public health protection, including that pro-

__________________________ 
 
4 On national goals and strategic tasks in the Russian Federation development for a period up to 2024: The RF 

President Order issued on May 07, 2018 No. 204. Available at: http://kremlin.ru/acts/bank/43027 (25.06.2020) 
(in Russian). 

5 The temporary methodical guidelines for substantiating maximum permissible concentrations (MPC) of contaminants in 
ambient air in settlements. Approved by the Deputy to the RF Chief Sanitary Inspector on July 15, 1988 No. 4681-88. Moscow, 
1989, 110 p. (in Russian). 

6 WHO Air Quality Guidelines. The World Health Organization, 1980. Available at: https://apps.who.int/iris/bitstream/
handle/10665/276929/9290202017-rus.pdf.pdf?sequence=5&isAllowed=y (25.06.2020). 

7 Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on ambient air quality and 
cleaner air for Europe. EUR Lex. Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008L0050 
(08.07.2020). 
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vided for the most sensitive population 
groups, as well as public well-being protec-
tion including that provided for animals, ag-
ricultural plants, flora, and buildings [10]. 
Chronic effects are taken into account due to 
these standards with averaging periods equal 
to 1 year. 

Apart from national ambient air quality 
standards fixed in foreign countries (Canada, 
the USA), and international organizations 
(the WHO, EU Commission, the Organiza-
tion on economic cooperation and develop-
ment, etc.), there are reference exposure 
doses differentiated depending on exposure 
duration and severity of probable changes in 
health of sensitive population groups [11]. 

The US Environmental Protection Agency 
(US EPA) fixes reference concentrations 
(RfC) that are used to assess risks including 
those occurring under chronic inhalation expo-
sure to adverse chemicals. It is assumed that 
daily introduction of a chemical in a concen-
tration equal to RfC during the whole life span 
that is established taking into account all the 
latest available scientific data probably does 
not result in unacceptable health risks for sen-
sitive population groups8  [12]. 

The Agency on Toxic Substances and 
Diseases Registration (ATSDR) also fixes 
reference values for chemicals concentra-
tions in ambient air that are called minimum 
risk levels (MRL). They are such chemicals 
concentrations that will probably not result 
in unacceptable risks of unfavorable effects 
on health under everyday exposure [13].  
A period of chronic exposure is usually  
365 days or longer, that is, an averaging pe-
riod is 1 year. 

These parameters allow assessing ex-
posure to chemicals accoridng to principles 
fixed in risk assessment mehtodology that is 
an up-to-date set of instruments necessary to 
assess and predict negative changes in health 

on individual and population levels as well 
as to establish basic hazard factors, to select 
priority measures aimed at preventing health 
disorders, and to create conditions necessary 
for preserving population health [14–17]. 

Despite the use of this methodology is 
fixed in the RF sanitary legislation, the regu-
latory base is not sufficient for its wide im-
plementation into everyday practice. Among 
other things, there are no annual average hy-
gienic standards, and acceptable risks for 
people’s life or health are not fixed as crite-
ria for estimating whether environmental 
factors are safe or not [14]. These aspects are 
extremely important as risk criteria inclusion 
into a system for hygienic standardization is 
a strategic issue since it allows preventing 
adverse effects occurrence under exposure to 
chemical contamination during the whole 
life span. 

Therefore, foreign norms and standards 
of ambient air quality are oriented at using 
average annual period for averaging and it 
allows preventing chronic negative effects 
on health during the whole life span more 
efficiently. Given that, it is advisable to sup-
plement a list of hygienic standards for am-
bient air quality with average annual MPC 
substantiated as per criteria of permissible 
(acceptable) health risks. It will allow 
achieving greater harmonization of the RF 
legislative base with its foreign analogues 
and applying average annual MPC as criteria 
for health risk assessment under chronic in-
halation exposure. 

Our research goal was to develop meth-
odic approaches to fixing average annual MPC 
of adverse substances in ambient air as per 
health risk criteria. 

 Tasks. 
1. To analyze domestic and foreign 

methodical approaches to developing norms 
and standards for ambient air quality. 

__________________________ 
 
8 G 2.1.10.1920-04. Guide on assessing population health risks under exposure to chemicals that pollute the environment. 

Moscow, The Federal Center for State Sanitary and Epidemiologic Surveillance of the RF Public Healthcare Ministry, 2004, 
143 p. (in Russian). 
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2. To develop a harmonyzed algorithm 
for fixing average annual MPC of adverse 
substances in ambient air  as per criteria of 
permissible (acceptable) health risk. 

3. To update methodical approaches to 
determining and selecting points of departure 
and establishing uncertainty factors for  
substantiating average annual hygienic stan-
dards. 

4. To work out methodical approaches 
to verifying average annual MPC of adverse 
substances in ambient air using health risk 
criteria. 

Data and methods. The research was ac-
complished basing on results obtained via 
analysis, synthesis, comparison, and generali-
zation of approaches to fixing norms and stan-
dards for ambient air quality that exist in the 
RF regulatory and methodical documents as 
well as in foreign ones. 

Domestic approaches to fixing MPC of 
adverse substances in ambient air were identi-
fied basing on «The temporary methodical 
guidelines for substantiating maximum per-
missible concentrations (MPC) of contami-
nants in ambient air in settlements No. 4681-
88 issued on July 15, 1988» and principles 
stated within the hygienic standardization 
paradigm. 

To analyze foreign methodical ap-
proaches to fixing standards for ambient air 
quality, we took regulatory documents issued 
by the World Health Organization (WHO), 
European Union (EU), US Environmental 
Protection Agency (US EPA), and US 
Agency on Toxic Substances and Diseases 
Registration (ATSDR). Given that there was a 
task in the research to establish approaches 
that allowed fixing hygienic standards with 
the use of permissible risk criteria, we also 
took into account the existing procedures for 
substantiating reference concentrations (RfC) 
in case of  inhalation introduction. 

Uncertainty factors for calculating aver-
age annual MPC were established according 
to the documents issued within the WHO In-
ternational Program on Chemical Safety 
(IPCS) [18–20]. 

Average annual MPC of chemicals in am-
bient air were verified as per carcinogenic and 
non-carcinogenic risk criteria according to the 
Guide R 2.1.10.1920-04 «Guide on assessing 
health risks under exposure to chemicals that 
pollute the environment»8; verification via a 
procedure for health risk prediction with the 
use of evolution models was accomplished ac-
cording to the Methodical guidelines «Quanti-
tative assessment of non-carcinogenic risks 
under exposure to chemicals basing on evolu-
tion models creation»9. 

Results and discussion. Having ana-
lyzed domestic methodical approaches to de-
velopment of hygienic standards for adverse 
chemicals contents in ambient air within an 
averaging period, we established that average 
daily maximum permissible concentrations 
(MPCav.d.) were, as a rule, substantiated bas-
ing on maximum non-effective concentrations 
taking into account general toxic effects and 
specific ones obtained via a chronic toxico-
logical experiment. A transfer from a thresh-
old value to a calculated non-effective con-
centration was assumed to be performed with 
an assurance factor; this factor allowed taking 
into account a few uncertainties related to 
conditions and factors that could influence 
precision of threshold values substantiated in 
an experiment as well as extrapolation of data 
obtained for a limited number of experimental 
animals onto population5. 

MPC were experimentally substantiated 
during a long period of time and it was effi-
cient when it came to standards for short-
term and daily exposure periods; however, 
the process is labor- and time-consuming and 
rather expensive. A procedure for establish-

__________________________ 
 
9 Quantitative assessment of non-carcinogenic risks under exposure to chemicals basing on evolution models crea-

tion: Methodical guidelines. Moscow, Rospotrebnadzor’s federal Center for Hygiene and Epidemiology Publ., 2012, 36 
p. (in Russian). 
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ing reference concentrations (RfC) [21, 22] 
involves determining NOAEL/LOAEL for 
adverse effects in accordance with exposure 
levels established via toxicological experi-
ments or epidemiologic studies. Therefore, 
RfC is a value based on NOAEL[HEC] for a 
critical effect using uncertainty factors (UFs) 
[23]. When it comes to the necessity to sub-
stantiate hygienic standards for adverse 
chemicals contents in ambient air as per 
health risk criteria, it is advisable to harmo-
nize the existing approaches with those ap-
plied for establishing risk assessment pa-
rameters, including results obtained in previ-
ous research works [24, 25]. 

Overall, analysis of methodical ap-
proaches to establishing safety criteria within 
hygienic standardization and safety in health 

risk assessment revealed that they all were 
quite similar and involved using threshold, 
non-effective, or reference exposure levels 
with adjustment via use of assurance factors 
in hygienic standardization and uncertainty 
factors in health risk assessment. 

Basing on the results obtained via analyz-
ing domestic and foreign methodical ap-
proaches to fixing hygienic standards for che-
micals contents in ambient air, we proposed an 
algorithm for substantiating average annual 
MPC of chemicals in ambient air as per health 
risk criteria (Figure 1); the algorithm included 
the following stages as its key elements: 

1. Establishing points of departure;  
2. Establishing uncertainty factors; 
3. Substantiating and verifying MPC.  

 

 

 

Figure 1. Algorithm for substantiating average annual MPC of chemicals 
 in ambient air as per health risk criteria 
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The 1st stage in the algorithm involves 
establishing points of departure that are ex-
posure levels proposed to be used as initial 
ones for substantiating average annual 
maximum permissible concentrations of ad-
verse chemicals.  

To establish points of departure (POD), it 
is necessary to analyze data obtained in pre-
vious research works and published in avail-
able literature in order to assess whether they 
are sufficient. Preference is to be given to 
data contained in domestic and foreign re-
viewed scientific editions and databases, for 
example, ATSDR Toxicological Profiles, 
IRIS (Integrated Risk Information System), 
HSDB (Hazardous Substances Data Ваnк), 
IPCS-INCHEM, National Toxicology Pro-
gram, IARC databases, etc.  

When data obtained in previous research 
works are being analyzed, it is necessary to 
perform qualitative assessment of selected 
relevant research works. 

Essential data from each toxicological 
and epidemiologic research work that was 
selected as per results of qualitative assess-
ment are generalized in a unified toxicity pro-
file; this profile is to be quantitatively as-
sessed. The assessment involves analyzing 
quantitative data in previously selected key 
research works in order to determine whether 
it is possible to select certain values that can 
be used as points of departure for substantiat-
ing MPC and model parameters for «exposure 
– effect (response)» dependence. All the 
above mentioned is necessary for establishing 
maximum exposure levels that secure absence 
of unacceptable health risks.  

Analysis of quantitative data obtained via 
toxicological and epidemiological research 
can yield three types of initial data: points of 
departure that can be used for calculating 
MPC (NOAEL (non-effective level), LOAEL 
(threshold level), BMС/BMСL); models for 
relationship between changes in probability 
of gravity of a negative response and expo-
sure level; as well as data that can be used for 
building up models. 

It is advisable to use research results that 
allow quantitative assessment of impacts ex-
erted by adverse chemicals on health as crite-
ria showing whether there are sufficient data 
for establishing average annual MPC basing 
on them. They can be data on negative re-
sponses probability under different exposure 
levels; data on threshold, non-effective, or 
reference exposure levels for different types 
of responses. 

Should the analysis of results obtained 
in previous research works reveal that avail-
able data are not sufficient, than, according 
to the proposed algorithm, there is a neces-
sity to accomplish experimental toxicologi-
cal and/or epidemiologic studies in order to 
establish the missing parameters. Such stud-
ies are accomplished according to conven-
tional procedures; however, their results are 
interpreted in such a way so that they be-
come applicable in risk assessment. Thus, 
results obtained via toxicological experi-
ments allow detecting points of departure 
(NOAEL/LOAEL), determining critical or-
gans and systems, and establishing parame-
ters for models that characterize «exposure – 
effect (response)» dependence. Results ob-
tained via epidemiologic studies allow calcu-
lating points of departure (BMC/BMCL), 
determining critical organs and systems, and 
establishing parameters for models that char-
acterize «exposure – effect» dependence. 

Therefore, the 1st stage in the algorithm 
involves selecting points of departure for sub-
stantiating average annual standards for ad-
verse chemicals contents in ambient air. 
Should there be data on several points of de-
parture then preference is to be given to those 
that in future will demand the least adjust-
ment with uncertainty factors. In case there 
are points of departure that characterize dif-
ferent types of critical effects (responses), it 
is advisable to use a principle of a limiting 
hazard parameter, that is, the lowest exposure 
level is to be taken as a point of departure as 
it secures safety regarding all types of nega-
tive impacts exerted by toxicants. 
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After all the points of departure have been 
selected, the next stage in the algorithm for 
fixing average annual MPC of chemicals in 
ambient air as per health risk criteria involves 
establishing uncertainty factors values. To do 
that, it is necessary to analyze results and con-
ditions of toxicological experiments and/or 
epidemiologic studies that allowed establish-
ing these uncertainty factors. The analysis re-
sults in establishing their values (from 1 to 
10). After all the points of departure and rele-
vant uncertainty factors have been established, 
it is possible to calculate and verify average 
annual MPC values. 

To establish average annual MPC of ad-
verse chemicals in ambient air as per non-
carcinogenic risk criteria, the following for-
mula (1) is to be applied: 

 . .
non carc

av anMPC POD UF    (1) 

where MPCav.an. is an average annual maxi-
mum permissible concentration of an adverse 
chemical in ambient air; POD is a point-of-
departure value (concentration), mg/m3; UF is 
uncertainty factor value. 

To establish average annual MPC of ad-
verse chemicals in ambient air for chemicals 
that produce carcinogenic effects, the fol-
lowing formula (2) is to be applied as it al-
lows calculating such a concentration of a 
chemical in ambient air that secures accept-
able carcinogenic risk level which is equal to 
1∙10–4 (СRacc.): 

 . .

( )
( )

прcarc
av an

CR
MPC

UR
  (2) 

where UR is a unit risk, (mg/m3)–1 (is calculated 
according to the Guide R 2.1.10.1920-04)8. 

Acceptable carcinogenic risk value 1∙10–4 

is used as a safety criterion since it is this 
level that is used in most hygienic standards 
for ambient air quality that are valid in for-
eign countries or recommended by interna-
tional organizations. Uncertainty factors for 

establishing MPC of adverse chemicals in 
ambient air are not applied when they are 
established as per carcinogenic health risk 
criterion as in this case such factors are 
taken into account when carcinogenic poten-
tial is determined. 

A minimum concentrations consisting of 
. .

carc
av anMPC  and . .

non carc
av anMPC   is recommended as 

average annual MPC.  
The next stage involves verifying ob-

tained average annual MPC as per health risk 
criteria. Risks of non-carcinogenic effects are 
assessed basing on hazard quotients (HQ) 
calculation where HQ ≤ 1 value means risk is 
acceptable. 

It is also necessary to assess whether 
health risks occurring under exposure to 
chemicals in concentrations not higher than 
average annual MPC during the whole life 
span are acceptable. To do that, it is advis-
able to apply health risk prediction using 
evolution models. A criterion that indicates 
risk is acceptable under life-long exposure 
to MPC being considered is a value of re-
duced risk index at the moment which is 
equal to life expectancy. This value should 
not exceed 0.05 as it means that risks are 
negligible.  

The proposed algorithm was tested in a 
practical situation for establishing average 
annual MPC of manganese and nickel which 
were harmonized with international stan-
dards [26, 27]. When those standards were 
being substantiated, all the published data on 
effects produced by these metals were ana-
lyzed; apart from that, reference exposure 
levels were determined basing on the results 
obtained in epidemiologic studies, and rele-
vant uncertainty factors were substantiated 
as well. Obtained average annual MPC were 
verified as per carcinogenic risk criteria us-
ing evolution models. 

Conclusions. Safety (absence of unac-
ceptable risks for people’s life and health) un-
der chronic exposure to contaminants in ambi-
ent air can be provided via developing and 
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conforming to average annual hygienic stan-
dards substantiated as per acceptable health 
risk criteria.  

The proposed algorithm for substantiat-
ing average annual MPC of chemicals in 
ambient air as per health risk criteria is to a 
great extent harmonized with world practice 
for establishing not only hygienic standards 
but also reference levels of inhalation expo-
sure to chemicals. 

When substantiating average annual hygi-
enic standards for adverse chemicals contents 
in ambient air it is advisable to use results ob-
tained in previous research works published in 

relevant scientific literature and accomplish 
toxicological and/or epidemiologic studies with 
the only goal being to obtain missing data. 

A distinctive feature of the proposed me-
thodical approaches is that obtained standards 
are verified as per carcinogenic risk criterion 
and safety is assessed under exposure equal to 
MPCav.an. with its duration equal to the whole 
life span. 
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