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Plume AQI: An Air Quality Index aligned
with health recommendations
Abstract
Air pollution is a multifactorial and complex phenomenon spanning across multiple
pollutants, each one with speciﬁc impacts on health and speciﬁc concentration and
exposure thresholds. As a consequence, air pollution readings for the greater public are
usually expressed with Air Quality Indices (AQIs) rather than concentrations. Though this
should help boost understanding, we ﬁnd that existing AQIs are not coherent with the
latest World Health Organisation (WHO) health recommendations. We therefore propose
a new AQI, the Plume Air Quality Index, covering 5 pollutants in line with WHO annual,
daily and hourly exposure guidelines.

1. Introduction
In the past few years, concern has been growing on air pollution. Air pollution is now
blamed for several phenomena, such as facial dark spots [1], premature births [2] and
asthma [3]. Governments and local authorities have responded by setting up monitoring
networks and making measurements available to the general public. Nowadays, most
countries in Europe and North America and several Asian countries do publish pollution
data but do not use the same scale when providing AQI readings. First, we detail why an
Air Quality Index is needed and review the existing ones. Then, we present the structure
of our proposed Air Quality Index, called the Plume Air Quality Index. We base the
thresholds on recommendations of the World Health Organisation (WHO). Finally, we
show how the Plume Index compares with other existing AQIs.

2. Air quality indices and how Plume uses them
2.1 Why an Air Quality Index (AQI) ?
All pollutants do not have the same impacts on human health at the same
concentrations. As will be described below, some pollutants, such as benzene, are
carcinogenic even at very low concentrations (less than 1 µg/m3), while others, such as
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ozone only have strong eﬀects at concentrations around 100 µg/m3. It would thus be
deceptive to compare concentrations of two diﬀerent pollutants: what matters is their
eﬀects on human health. That is why we need an Air Quality Index, based on health
recommendations.

2.2 Why not use existing indices?
Several countries have developed and published their own air quality indices. Each
country uses its own index, and each index has its own thresholds. That is why it is
diﬃcult, when changing country, to compare the pollution levels. Below are the main
diﬀerences between some indices from the United States [4], Canada [5], China [6], India
[7], the United Kingdom [8] and Europe [9] :
-

-

-

-

The number of pollutants taken into account : 3 for the Canadian AQI (Ozone,
Nitrogen and PM2.5) 5 for the British AQI (adding PM10 and sulfur dioxide), 6 for the
European, Chinese and American AQIs (adding CO) and even 8 pollutants in India
(with Ammonia and Lead);
The number of categories : there are 6 categories for AQIs from India, China and
the United States, 5 categories for the European common AQI, and 4 categories
divided in 10 sublevels for the British and Canadian AQIs;
The Averaging period : whereas monitoring stations provide continuous data, the
AQIs are computed based on averages. For instance, for nitrogen dioxide, the
Indian AQI averages value on 24 hours, the Canadian AQI on 3 hours, the British,
American and Chinese AQIs on 1 hour, The European Index gives hourly, daily and
annual values;
The values of thresholds : as shown by Figure 1, for a given pollutant, even when
data is averaged on the same period, each index has its own scale to assess the
contribution of the pollutant to the index.
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Figure 1: Concentration of O3 corresponding to the value of the index for various AQIs

There are two reasons why a new AQI is needed, on top of the existing ones. First, most
existing AQIs are not based on generally-admitted health recommendations: it is not clear
how their thresholds were chosen. Second, the levels (whatever their number may be) do
not have any explicit meaning for the citizen.

3. The Plume Index
To create the Plume Index and its levels, we proceed in the following way. To make it easy
for citizens to understand the levels, each of them corresponds to a time period for which
exposure is safe: a year (PI<20), a day (PI<50), an hour (PI<100). Beyond these levels, there
are some recommendations dealing with shorter periods: a few minutes (which would
correspond to PI<150) and a minute (PI<200) (Table 1). The last threshold (PI=300) would
correspond to a few seconds. To determine what concentrations correspond to each
threshold, we rely on health recommendations.

Level

<20

<50

<100

<150

<200

<300

Longest
harmless
exposure

1 year

1 day

1 hour

A few
minutes

1 minute

A few
seconds

Table 1 : Levels and time periods
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3.1 The principle
The Plume Index is a positive number ; a Plume Index equal to 0 would mean the
absence of any pollutant, whereas a high Plume Index is synonymous of a high pollution.
The Plume Index is based on 7 levels of pollution, for which recommendations are
detailed in Table 2.

Range

Title

Headline

Description

0-20

Fresh air

No risk

The air is pure, ideal for outdoor activities !

20-50

Moderate
pollution

Impact
risk
if
chronic exposure

The air is moderately polluted. Greater than
the maximum limit established for one year
by WHO. A long-term exposure constitutes a
health risk.

50-100

High pollution

Impact if
exposure

chronic

The air has reached a high level of pollution.
Higher than the maximum limit for 24 hours
established by WHO.

100-150

Very
high
pollution

Immediate
on health

impact

The air has reached a very high level of
pollution. Eﬀects can be immediately felt by
individuals at risk. Everybody feels the eﬀects
of a prolonged exposure.

150-200

Excessive
pollution

Immediate eﬀects
for individuals at risk

The pollution level has reached a critical level.
Individuals at risk feel immediate eﬀects. Even
healthy people may show symptoms for short
exposures.

200-300

Extreme
pollution

Immediate eﬀects
for everybody

The pollution has reached extreme levels.
Immediate eﬀects on health.

>300

Airpocalypse

Major
eﬀects

Airpocalyse ! Immediate and heavy eﬀects on
everybody.

immediate

Table 2 : The seven categories of the Plume Index
To compute the Plume Index, ﬁve pollutants are taken into account : O3, NO2, SO2 and
particles under 10 µm diameter (PM10) and under 2.5 µm diameter (PM2.5). These are the
ﬁve common outdoor pollutants which are harmful and frequently measured by
monitoring stations.
The Plume Index does not include, among others :
-

Carbon monoxide (CO), since its outdoor concentration is very unlikely to reach
harmful levels ;
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-

Benzene (C6H6), for which most cities do not have any data ;
Ammonia (NH3) and Lead (Pb) are also rarely measured by urban monitoring
stations.

The calculus formula is the following :
-

-

For each pollutant, a Plume Index is computed. To compute the pollutant-speciﬁc
Plume Index : 6 concentration thresholds are determined as described below, to
match the boundaries between our categories. Between these thresholds, the
function is a piecewise linear function.
The Plume Index value is the maximum of all pollutant-speciﬁc Plume Indices.

Thresholds are determined following health recommendations from the World Health
Organisation (WHO). The WHO publishes guidelines for most pollutants [10]. There are
four diﬀerent guidelines :
-

-

An annual average : this is the annual limit that should not be breached on
average on a year. When this value is given by the WHO, the Plume Index takes it
as the ﬁrst threshold, between “fresh air” and “moderate pollution” (PI=20) ;
A daily average : when it exists, the Plume Index takes it as the upper limit of
“moderate pollution” (PI=50) ;
An hourly average : when it exists, the Plume Index takes it as the upper limit of
“high pollution” (PI=100) ;
Recommendation for a shorter period (typically a few minutes) : the Plume Index
takes it as the upper limit of “very high pollution” (PI=150).

To deal with cases where the WHO does not give one or several of these values for a
given pollutant, we also take into account subsidiary sources :
-

The European Commission [11] ;
The American Environmental Protection Agency (EPA) [12] ;
The Chinese Air Quality Standards [13] ;
The French legislation regarding Air Quality [14].

The aim is, when no health recommendation is available from the WHO, to stick (by
default) to national regulations and existing AQIs.

3.2 The thresholds
Threshold #1 : PI=20
This threshold corresponds to the limit between “fresh air” and “moderate pollution”.
Sanitarily speaking, if the annual average is beyond this threshold, this pollutant becomes
dangerous.
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-

-

Ozone : no threshold is proposed neither by the WHO nor by the subsidiary
sources. Thus, the threshold is proposed to be 20 µg/m3 , which is half the next
threshold ;
Nitrogen dioxide : 40 µg/m3 , annual threshold from the WHO ;
Sulfur dioxide : 20 µg/m3 , annual threshold from the WHO ;
PM10 : 20 µg/m3 , annual threshold from the WHO ;
PM2.5 : 10 µg/m3 , annual threshold from the WHO.

Threshold #2 : PI=50
This threshold corresponds to the limit between “moderate pollution” and “high pollution”.
Sanitarily speaking, if the daily average is beyond this threshold, this pollutant becomes
dangerous.

-

Ozone : 40 µg/m3 corresponds to the threshold proposed by the WHO for the
average over 8 hours. Recommendations are always made for 8-hour, since ozone
is produced by sunrays and, consequently, disappears during the night ;
Nitrogen dioxide : only the Chinese source provides a threshold : 80 µg/m3 ;

-

Sulfur dioxide :

-

no recommendation from the WHO. We follow the European

Commission : 125 µg/m3 ;
-

PM10 : no recommendation either from the WHO. We follow the guidelines issued
by the European Commission and Chinese standards : 50 µg/m3 ;

-

PM2.5 : 25 µg/m3 , as recommended by the WHO.

Threshold #3 : PI=100
This threshold corresponds to the limit between “high pollution” and “very high pollution”.
Sanitarily speaking, if the hourly average is beyond this threshold, this pollutant becomes
dangerous.
-

Ozone : only the Chinese source gives a threshold : 160 µg/m3 ;
Nitrogen dioxide : we follow the hourly recommendation from the WHO : 200
µg/m3 ;
Sulfur dioxide : no recommendation from the WHO. We follow the European
Commission : 350 µg/m3 ;

-

PM10 : no recommendation from any source, except the French legislation which
triggers an alert at 80 µg/m3 ;

-

PM2.5 : we double the previous threshold to 50 µg/m3 following the results of a
study which highlights the linear health response to PM2.5 exposure increase [15].

Threshold #4 : PI=150
This threshold corresponds to the limit between “very high pollution” and “excessive
pollution”. Sanitarily speaking, it corresponds to a concentration so high that it can prove
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harmful even at very short exposures. Recommendations for these thresholds are more
diﬃcult to ﬁnd.
-

Ozone : we use the alert threshold from the French legislation : 240 µg/m3 ;
Nitrogen dioxide : we also use the alert threshold : 400 µg/m3 ;

-

Sulfur dioxide : we follow the recommendation for a 10-minute-long exposure
from the WHO : 500 µg/m3 ;

-

PM10 and PM2.5 : no recommendation is available for short exposures. We thus
only double the previous thresholds, at 160 µg/m3 (PM10) and 100 µg/m3 (PM2.5),
to take into account the above-mentioned linearity [15].

Threshold #5 (PI=200) and #6 (PI=300)
To deal with superior levels of pollution, it appeared that the former Plume Index upper
category was too coarse : city-dwellers from highly polluted areas needed to be able to
discriminate between diﬀerent degrees of extreme pollution. The new Plume Index thus
adds two new categories, for which the scale is simply linearly prolonged. This is
consistent with the above mentioned study [15], as well as with the other AQI’s
construction.

4. Results : how the Plume Index compares with
other AQIs
To synthesize the previously deﬁned thresholds and computation method, the following
charts show how the Plume Index situates with respect to other similar existing AQIs, that
is to say those from China, India and United States. The British and Canadian AQIs are not
shown since they use a diﬀerent scale, from 1 to 10 ; the European AQI is not displayed
either : its scale varies from 1 to 100, which would make it deceptive to plot it against
scales varying from 1 to more than 300.
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Figure 2:: How the Plume Index compares with other AQIs for O3

Figure 3: How the Plume Index compares with other AQIs for NO2

Figure 4: How the Plume Index compares with other AQIs for SO2
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Figure 5: How the Plume Index compares with other AQIs for PM10

Figure 6: How the Plume Index compares with other AQIs for PM2.5

5. Conclusion
To overcome the variability of Air Quality Indices, regarding both the structure of those
indices and their levels, this article proposes an Air Quality Index called the Plume Index,
with 7 diﬀerents levels : fresh air, moderate pollution, high pollution, very high pollution,
excessive pollution, extreme pollution, airpocalypse. Five pollutants are taken into
accounts : ozone, nitrogen dioxide, sulfur dioxide, PM10 and PM2.5 ; these are the
pollutants which are measured in most cities and can reach harmful levels. As often as
possible, the thresholds (summarised in Table 3) are based on health recommendations.
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Polluant
Ozone
NO2
SO2
PM10
PM2.5

PI = 20
50
40
20
20
10

PI = 50
100
80
125
50
25

PI = 100
160
200
350
80
50

PI = 150
240
400
500
160
100

PI=200
320
600
650
240
150

PI=300
480
1000
950
400
250

Table 3: Thresholds of the Plume Index for each pollutant.

Future works could study the impacts of pollutants on health at high urban levels, to
provide a background for the highest thresholds of the index.

References
Health eﬀects
1. Anke Hüls, Andrea Vierkötter, Wenshan Gao, Ursula Krämer, Yajun Yang, Anan Ding,
Sabine Stolz, Mary Matsui, Haidong Kan, Sijia Wang, Li Jin, Jean Krutmann, Tamara
Schikowski (2016). Traﬃc related air pollution contributes to development of facial
lentigines: Further epidemiological evidence from Caucasians and Asians. Journal of
Investigative Dermatology 136, 1053-1056
2. Emily DeFranco, William Moravec, Fan Xu, Eric Hall, Monir Hossain, Erin N. Haynes,
Louis Muglia and Aimin Chen (2016).. Exposure to airborne particulate matter during
pregnancy is associated with preterm birth: a population-based cohort study.
Environmental Health 15:6.
3. Hind Sbihi, Lillian Tamburic, Mieke Koehoorn and Michael Brauer (2016). Perinatal air
pollution exposure and development of asthma from birth to age 10 years. European
Respiratory Journal.

Sources of existing indices
4. AQI Calculator : From AQI To Concentration. AirNow, retrieved 3 May 2015, available at :
https://airnow.gov/index.cfm?action=resources.aqi_conc_calc
5. David M. Stieb, Richard T. Burnett, Marc Smith-Doiron, Orly Brion, Hwashin Hyun Shin &
Vanita Economou (2008) A New Multipollutant, No-Threshold Air Quality Health Index
Based on Short-Term Associations Observed in Daily Time-Series Analyses, Journal of the
Air & Waste Management Association, 58:3, 435-450

https://docs.google.com/document/d/12hWS0BOqPBZaom56eDXZRH4nQ7S-d-MY-lsELEdRYrs/edit#heading=h.i4r1c0nfvznt

10/11

23/04/2019

Article Plume Index - Google Docs

6. Technical Regulation on Ambient Air Quality Index. Department of Science, Technology
and Standard, Ministry of Environmental Protection of the People’s Republic of China. 29
February 2012, updated 1 January 2016. Retrieved 3 May 2016. Available at
http://kjs.mep.gov.cn/hjbhbz/bzwb/dqhjbh/jcgﬀfbz/201203/W02012041033272521954
1.pdf
7. National Air Quality Index. Central Pollution Control, Ministry of Environment, Forests
and Climate Change, India. Retrieved 3 May 2016. Available at :
http://www.indiaenvironmentportal.org.in/ﬁles/ﬁle/Air%20Quality%20Index.pdf
8. What is the Daily Air Quality Index ? Department for Environment, Food and Rural
Aﬀairs. Retrieved 3 May 2016. Available at :
https://uk-air.defra.gov.uk/air-pollution/daqi?view=more-info
9. Indices deﬁnition. CITEAIR. Retrieved 3 May 2016. Available at :
http://www.airqualitynow.eu/about_indices_deﬁnition.php

Sources of proposed thresholds
10. Air Quality Guidelines for Europe, Second Edition, World Health Organisation, 2010.
WHO Regional Publications, European Series, No. 91
11. Air Quality Standards. European Commission, retrieved 4 May 2016, available at :
http://ec.europa.eu/environment/air/quality/standards.htm
12. NAAQS Table. United States Environmental Protection Agency, retrieved 4 May 2016,
available at : https://www.epa.gov/criteria-air-pollutants/naaqs-table
13. China : Air Quality Standards. Transport Policy, retrieved 4 May 2016, available at :
http://transportpolicy.net/index.php?title=China:_Air_Quality_Standards
14. Décret no 2010-1250 du 21 octobre 2010 relatif à la qualité de l’air. Journal Oﬃciel de la
République Française, 4 décembre 2011.
15. Chardon B, Lefranc A, Granados D, Grémy I. Air pollution and doctors’ house calls for
respiratory diseases in the Greater Paris area (2000–3). Occupational and Environmental
Medicine. 2007;64(5):320-324. doi:10.1136/oem.2005.026187.

https://docs.google.com/document/d/12hWS0BOqPBZaom56eDXZRH4nQ7S-d-MY-lsELEdRYrs/edit#heading=h.i4r1c0nfvznt

11/11

