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C02 as an indicator of indoor air quality

The concentration of CO2 (carbon dioxide) inside occupied premises is commonly used as an indicator of indoor 

air quality because of its relationship with the accumulation of air exhaled by the occupants. In this way, it is 

possible to relate this concentration with the accumulation of various contaminants in enclosed indoor spaces, as 

well as with the ability of ventilation to dilute the air, especially for premises with high occupancy densities - such 

as classrooms.

Because of this relationship, the measurement of the level of CO2 in indoor spaces is a useful indicator to assess 

the risk of transmission of COVID-19, given that the occupants emit CO2 along with the exhalation of aerosols that 

can transmit this disease. 

As stated below, the recommended CO2 concentration limits may show the level of risk to which occupants will be 

exposed, as well as the dwell time. This document proposes limits for reducing the risk of exposure to COVID-19 

in shared indoor spaces. 



As a general preventive measure of COVID-19 transmission in classrooms, it is recommended to maintain a CO2

concentration below 700 ppm. 

Below this value, a sufficient dilution of the aerosols exhaled by the people present in the classroom is achieved. 

Thus, it is possible to maintain a low risk of airborne transmission during the activities that involve occupancy for 

long periods in an indoor environment1, especially if combined with other layers of protection such as masks, etc. 

The risk of transmission increases in direct relation to the increase in the level of CO2 (see below) – higher levels 

of occupancy in an indoor environment leads to higher rates of expelled air.  If the levels of CO2 frequently 

remains above a value of 700 ppm during the development of the activity, corrective measures must be adopted 

to minimise the risk of transmission. 

In general, it has been found that, in most classrooms, it is feasible to maintain a level of 700 ppm or below, 

potentially exceeding 800 ppm for brief periods, through the use of natural and / or mechanical ventilation (if 

available). In most cases, a controlled opening of the gaps – in a distributed cross ventilation configuration2 – is 

sufficient if they are kept open constantly during the use of the classroom.  Where the configuration of the space 

does not allow these levels to be maintained, other measures should be applied to improve ventilation or use 

means complementary to the renewal of air (e.g. filtering, reduction of ratio or use of other spaces of greater 

volume), so that it is possible to reduce the risk of transmission.

In corridors and common areas that communicate with the classrooms, it is recommended to adopt a limit of 550 

ppm. This facilitates the correct ventilation of some classrooms, as air enters through the door and reduces the 

exchange of air between them.  Small or very small openings of cross ventilation allow not to exceed these limits 

because the presence of students – therefore, contribution of breathed air – is not maintained for a long time in 

the common areas.

Recommended C02 limits for classrooms



Difference with respect to other 
recommendations from others

There are other references and regulations that recommend thresholds in the concentration of CO2 for the 

assessment of indoor air quality. For example: 

• The WHO3 recommends a limit of 1000 ppm to consider an environment healthy.

• The RITE4 establishes a limit equivalent to 900 ppm (expressed as an increase of 500 ppm over the outside 

level) for IDA2 spaces, which include the case of classrooms. 

It should be clarified that there is no contradiction in these terms. These thresholds are established against risks 

of a very different nature, related to the presence of different types of pollutants and toxics in the environment, as 

well as the effects of medium and long-term exposure to environments. 

The particular case of COVID-19 requires additional effort to keep the CO2

concentration below the indicated limits due to airborne transmission and the 

shorter exposure time required for contagion versus the health effects of 

pollutants typical of enclosed spaces – which can have a huge social and 

economic impact,  including the collapse of the healthcare system. It has also 

been proven that these levels are viable in most cases through an adequate 

and controlled use of ventilation.

WHO

(Note: HVAC regulations in Spain)



Relationship between C02 concentration and 
risk of transmission

The concentration of CO2 is directly related to the amount of air that has already been breathed by the occupants 

of the room and, therefore, is directly related to the amount of aerosols, which could contain viruses if there is an 

infected person in the premises. This is an indicator of the risk of transmission, as it increases with the amount of 

aerosols inhaled. 

With this simple reasoning, the relationship between CO2 levels and the risk of airborne transmission of COVID-

19 can be estimated. 

Assuming a typical concentration of CO2 in the outside air of 420 ppm: 

• If 700 ppm is measured in the classroom, this means that 0.7% of the air we inhale has already been breathed 

by other people. 

• If it increases to 800 ppm, the amount of air already breathed grows to 0.95%. Consequently, the risk of 

contagion would be of the order of 36% higher compared to an environment with 700 ppm. While it does not 

seem an alarming level, these numbers would already justify the adoption of corrective measures, considering 

the capacity of persistence in the virus in the air5.

• And so on...6 E.g., in case the level reaches 3000 ppm (often reached in classrooms with poor or no 

ventilation), 6.5% of the air has already been breathed. The risk of contagion is multiplied by 9.3 with respect to 

the reference case of 700 ppm. It is therefore clear that this situation should always be avoided, at all costs, 

during prolonged uses of space.

(Note: Translation pending)



Places with higher level outside air C02

In some places, the concentration of CO2 in the outside air is significantly higher than the average value in the 

atmosphere of 420 ppm. This can be the case of industrial areas or urban centres with high traffic, where it can be 

usual to find levels above 500 ppm.

In this case, the limits should be increased according to the difference between the ambient concentration and the 

value of 420 ppm. E.g. if in an area there is a concentration of 550 ppm in the outside air, the indicated limits of 

700/800 ppm should be increased by 130 ppm, up to 830/930 ppm.



Use of Filtration Systems

In some cases, portable air filtration 

equipment is used, with the ability to 

effectively retain aerosols, which helps to 

control the risk of transmission. In these 

cases, its use does not translate into lower 

concentrations of CO2 inside the premises, 

so if the equipment is well sized, the 

concentration limits indicated here could be 

exceeded without increasing the risk of 

contagion.

In any case, the CO2 concentration should 

never exceed 1000 ppm on a regular basis. 

This is because, on the one hand, it is 

necessary to ensure that no excessive risk 

is incurred in case of improper functioning 

of the filtering equipment7, and, on the other 

hand, it is desirable to maintain the overall 

indoor air quality at acceptable values for a 

classroom, as defined above (e.g. by the 

WHO) given the risk of exposure to other 

chemical pollutants and the impact on the 

performance of cognitive processes.

CO2 LIMIT AS AN INDIRECT INDICATOR OF INFECTION RISK

The risk of infection (aerosols) is proportional to the concentration of CO2:

• It is evaluated by the CO2 difference between indoor and outdoor (∆CO2).

• If ∆CO2 >0, there is already a risk.

CO2 Levels (Assuming an outdoor air CO2 value of 420 ppm)

WHO limit for healthy environments (1.47% air already breathed)

RITE limit equivalent to an IDA 2 space (classrooms)

0.96% of the inhaled air has already been breathed in that room

0.71% of the inhaled air has already been breathed in that room

“Acceptable" risk (Harvard and IDAEA-CSIC-LIFTEC recommendation guidelines)

Corridors and common areas ("spillway" spaces)

(Note: Translation pending)



Use of Filtration Systems




