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Revision 2 of the Mutual Resolution (M.R.3) on Vehicle Interior Air Quality
This document contains a proposal to develop Revision 2 of the Mutual Resolution (M.R.3) on Vehicle Interior Air Quality (VIAQ) and the outcome of the VIAQ Informal Working Group under GRPE. It is submitted to GRPE for consideration as a draft proposal Revision 2 of the Mutual Resolution No. 3 (M.R.3)
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[bookmark: _Toc528835400]	I.	Statement of technical rationale and justification
[bookmark: _Toc528835401]	A.	Introduction
1.	A variety of materials are being used for the construction of the interiors of vehicles. The materials used in the manufacturing of the vehicle include plastics, adhesives, cleaning products, plasticizers, paint, sealers, lubrication compounds, and many others.
2.	Various kinds of chemical substances may be emitted from the interior materials inside the vehicle cabin. Some of the chemical substances may contain components, such as Volatile Organic Compounds (VOCs) including carbonyls like the aldehydes, some of them are not harmful to the human body, but some of them are known to cause various health issues. The amount of chemical substances emitted from interior materials may be particularly high, especially during the early stages of vehicle life.
3.	The another sources of harmfull substances coming into the cabin include vehicle exhaust gases, fuel vapors, and the outside air pollution. The list of chemical substances includes CO, NO, NO2, SO2, volatile organic compounds (VOC), formaldehyde (СН2О), aromatic and aliphatic hydrocarbons, particulate matter (PM).
43.	Health effects vary depending on the individual driver and passenger’s health and physical condition as well as exposure time and concentration of chemical substances. This Mutual Resolution supports the effort to insure that levels of these chemical substances are measured under real exposure conditions.
54.	Many countries throughout the world have already introduced standards concerning vehicle interior air quality. Several countries have established regulations or guidelines regarding emissions from interior materials, exhaust gases and fuel vapors. Although these test procedures are very similar, there are many differences in test conditions.
65.	This Mutual Resolution outlines the provisions and harmonized test procedure for the measurement of interior emissions, taking into account existing standards. It will encourage the reduced use of materials, and chemicals that can be harmful to humans, improving of cabin sealing and air ventilation system. It also encourages the increased use of emission-friendly materials, improving the air quality inside the passenger cabin.
76.	Experts also have an interest in global harmonization since it offers more efficient development, adaptation to technical progress, and potential collaboration. It also facilitates the exchange of information between interested parties.
87.	The regulatory stringency of legislation is expected to be different from region to region for the foreseeable future, due to the different levels of development, different regional cultures, and the costs associated with interior emission control technology. Therefore, the setting of interior emission limit values is not part of this recommendation.
[bookmark: _Toc528835402]	B.	Procedural background
98.	At their November 2014 sessions, the World Forum for Harmonization of Vehicle Regulations (WP.29) and the Executive Committee of the 1998 Agreement (AC.3) endorsed the proposed action plan to, in a first stage, collect information, review existing standards and develop recommendations. AC.3 noted the several aspects linked to VIAQ including safety matters (ECE/TRANS/WP.29/1112, para. 133).
109.	The Informal Working Group (IWG) on VIAQ under the Working Party on Pollution and Energy (GRPE) reported the new recommendation of vehicle interior air quality that focuses on the interior air emissions generated from interior materials, in a first stage and on exhaust gases and fuel vapors entering to a vehicle cabin in the second stage of work.
1110.	The new Mutual Resolution (M.R.3) is providing the provisions and harmonized test procedure for the measurement of interior air emissions, taking into account existing standards.
[bookmark: _Toc528835403]	C.	Existing regulations and standards
1211.	Many countries throughout the world have already introduced standards concerning vehicle interior air quality. Several countries have established regulations or guidelines regarding emissions from interior materials. Although these test procedures are very similar, there are many differences in test conditions.
1312.	Experts also have an interest in global harmonization since it offers more efficient development, adaptation to technical progress, and potential collaboration. It also facilitates the exchange of information between interested parties.
1413.	The VIAQ IWG conducted comprehensive studies for the existing individual contents regarding management of the interior air quality of vehicles. The bases of this harmonized set of recommendations are national standards from Republic of Korea, China, and the International Organization for Standardization (ISO), as well as Original Equipment Manufacturers (OEM) voluntary standards like Japan Automobile Manufacturers Association (JAMA) (JAMA Report No. 98).
1514.	Examples of existing regulations and standards:
(a)	Republic of Korea (probably need update)
Automobile Management Act Article 33_3, 18 December 2012 "Interior air quality management for newly produced vehicles".
Ministry of Land, Infrastructure and Transport Announcement No. 2007_539, 5 June 2007 "The management standards of the interior air quality of new manufactured vehicles".
Korea established whole vehicle VIAQ requirements with the 2007 publication of "The management standards of the interior air quality of new manufactured vehicles". This notification outlines test procedures and emissions limits for specific VOCs, consideration of motor vehicle manufactures and sellers, and the release of VIAQ test results.
(b)	China (probably need update)
HJ/T 400_07 December 2007 "Determination of Volatile Organic Compounds and Carbonyl Com-pounds in Cabins of Vehicles".
GB/T 27630-2011 01 March 2012 "Guideline for air quality assessment of Passenger car".
In China’s standard, the Ministry of Environmental Protection and State Administration of Quality Supervision, Inspection and Quarantine, prescribed different concentration limits for eight VOCs, and is currently under revision to become a mandatory national standard.
(c)	Russian Federation
GOST 33554-2015R 51206 "Interior air of road Motor vehicles –Pollutantion content in the interior of driver’s cab and passenger compartment. Technical requirements and test methods".
In the Russian Federation, test methods and regulations have focused on carbon monoxide, nitrogen oxides, formaldehyde, saturated hydrocarbons and methane VOC  emissions from vehicle exhaust gases that can enter the vehicle interior air during driving. The national standard GOST 33554-2015 R 51206 was developed in 201504 to set limits for concentration of combustion productsgases and certain hydrocarbons in vehicle interior airVOCs.
The expert from the Russian Federation stated that the work should not only focus on the interior air emissions generated from interior materials but also on the air pollutants entering the vehicle together with the intake air and through nontightnesses from outside. GRPE considered the inclusion in the scope of interior air pollutants from the outside air as a possible extension of the mandate at a later stage (ECE/TRANS/WP.29/GRPE/71).
(d)	ISO Standards (probably need update)
ISO 12219_1:2011 "Interior air of road vehicles - Part 1: Whole vehicle test chamber – Specification and method for the determination of volatile organic compounds in cabin interiors".
The ISO Group TC22/TC146 SC6 JWG13 harmonized the vehicle interior air test method based on existing Korean, German Association of the Automotive Industry (VDA) and JAMA testing methods. The ISO 12219-1 testing method is adjusted VOC exposure in common user conditions: when sitting in a vehicle, ambient mode, when entering the vehicle after parking in the sun, parking mode and during driving, driving mode.
The JAMA voluntary standard was adopted to ISO 12219-1 standard in 2013.
(e)	UN Regulations
Regulation 122 "Uniform technical prescriptions concerning the approval of vehicles of categories m, n and o with regard to their heating systems".
Annex 4 consits of "Test procedure for air quality" wich describes tests in the case of a combustion heater using in a vehicle, while the engine is switched off. The requirement of this regulation is that CO concentration in the air from the heated air outlet shall be less than 20 ppm higher than from heater air inlet outside the vehicle.

SAE - ???
[bookmark: _Toc528835404]	D.	Technical rationale and justification
1615.	This section introduces the main working items discussed and the technical rationale for developing a harmonized test procedure for the measurement of interior air emissions emitted from interior materials and entering to the cabin with exhaust gases.
1716.	The concentration of VOC in the vehicle cabin air can easily be different depending on temperature, humidity, pressure, sunlight, vehicle storage conditions, vehicle age, etc. The concentration of CO, NO, NO2, CH2O, PM and other harmfull substances in the vehicle interior air depends on fuel type, heating, ventilation and air conditioning system mode, vehicle speed, wind direction and velocity, etc. Therefore, it is important to standardize the test procedures to ensure valid results.
	1.	Vehicle category
1817.	Vehicle category was discussed very intensively. The review of existing standards showed differences. Some only covered small passenger vehicles, other even included buses and heavy duty vehicles.
1918.	It was generally agreed to include passenger vehicles. However, light duty trucks, which are used as passenger vehicles should be included. It was furthermore agreed to exclude busses used for public transport and trucks used only for transport of goods. Vehicle category 1-1 of UNECE (1998 Agreement) TRANS/WP.29/1045 would be used as defined in the Special Resolution No. 1. Although Vehicle category 1-1 is primarily passenger vehicles, it can be extended to other vehicle categories in order to align with their domestic classification due to the different classifications of vehicle categories from region to region.
	2.	New vehicle
2019.	For the purpose of measurement of interior air emissions from interior materials Tthe vehicle tested is intended to be a new vehicle from serial production. A new vehicle is directly transported from the production line to the testing lab. The test vehicle shall be driven less than 80 km of driving, i.e. less than 80 km on the vehicle odometer. Shipping the vehicle is allowed. 
21.	For the purpose of measurement of interior air emissions entering into the cabin with exhaust gases the vehicle tested is intended to be a new vehicle from serial production. The tested vehicle shall be runned-in during not less than 3000 km.
22.	Used vehicles, prototypes, or developed test vehicles are not included, because these vehicles are likely to be constructed with non-reprehensive materials and components or contaminated during their use phase by non-original materials, users, and use conditions. 
	3.	Vehicle test age for the measurement of emissions from interior materials
2320.	The ideal condition for the test vehicle would be to measure on the production date, since the amount of chemical substances is particularly high in the early stage of vehicle life. The material emission rate and interior concentrations of substances decrease over time. The sooner the measurement is taken, the higher the concentration results. However, it is very difficult for the customer, or laboratory person to get the new vehicle on the production date, the concentration rapidly decreases during that time, and it will cause a big deviation of test results.
2421.	The test age of a vehicle should be close to the age of the vehicle at hand over to the customer. Existing standards therefore define an average time of approximately one month. Variations can be high, to create reproducible results it was decided to adapt to existing definitions, taking 28 ± 5 days as the vehicle test age range.
	4.	Test vehicle mileage for the measurement of emissions entering into the cabin with exhaust gases
25.	The test mileage of a vehicle should in the range from 3000 till 15000 km to ensure running-in the engine and other vehicle components.
	54.	Test modes for the purpose of measurement of interior air emissions from interior materials
2622.	In order to get reproducible and comparable results it was decided to create a test method, which is done in a highly defined environment. This can only be achieved inside a laboratory. Thus, real driving test in varying outside conditions is not possible. Typical laboratory methods used today to measure interior air quality are Ambient, Parking and Driving modes.
	5.	Ambient mode
2723.	Ambient mode simulates vehicles parked in the garage overnight using ambient conditions at standard ambient conditions of 21 °C to 27 °C with no air exchange. There were different opinions on test temperature for ambient mode. The expert of Korea presented the test results between 23 °C and 25 °C, which were no significant deviation between these temperatures. Test temperature of the ambient mode was set up "23.0 °C -25.0 °C as close as possible to 25.0 °C" taking into account the technical point. 
24.	It was shown that a soak time of 16 ± 1h is sufficient to bring all vehicle parts to the temperature of the ambient mode. Shorter soak times would give deviation in measurement results, long soak times would lead to longer working hours and less test capacity in the laboratory and therefore higher costs.
	6.	Parking mode
2825.	Parking mode simulates vehicles parked outside in the sunlight at elevated temperatures using a fixed radiation heat. 
26.	Heating the vehicle to a constant temperature would not consider the difference between good and bad insulated vehicles. Therefore applying a constant solar load better represents a real parking situation. It was analysed that a solar load of 400 ± 50 W/m2 reflects best a worldwide average. A soak time of 4 h has been shown to be sufficient to reach a constant interior air temperature. The emissions of Formaldehyde are measured in parking mode as a marker for emissions at elevated temperatures.
	7.	Driving mode
2927.	Driving mode simulates driving under a parked idling condition after the vehicle has been parked in the sun. The mode starts at an elevated temperature with climate control system on. The concentrations measured in the driving mode are close to the concentration customers are facing when driving in a vehicle. Of all test modes these concentration are best suited to be taken for toxicological exposure evaluation.
	5.	Test modes for the purpose of measurement of interior air emissions entering into the cabin with exhaust gases
30.	In order to measure emissions entering into the cabin with exhaust gases the tests should be provided in outside to reproduce real drive conditions in Idle, Constant speed and Acceleration/deceleration modes. 
31.	Idle mode simulates vehicle parked outside back side against the wind direction. In ths case it is possible entering exhaust gases into the vehicle cabin through untigtnesses of vehicle body and ventilation system. The worst conditions was obserwed when recirculation of air in the vehicle cabin is ON and the wind speed was in a range from 1 to 3 m/s.
32.	Constant speed movement mode simulates real driving conditions in the city and on highway.  (Nedd to discuss of inclusion of this test mode to the document).
33.	Acceleration/deceleration mode simulates real driving conditions at movement on highway with high traffic and jams when a driver have to accelerate and decelerate a vehicle. At described mode engine at fast acceleration could emit relatively high amount of harmful substances wich can enter into the vehicle cabin through untigtnesses and because of underpressure in the beck side of a vehicle in the zone of ventilation hatches.

	68.	Substances to be measured
3428.	There are multiple substances emitted from the new vehicle interior materials. The most relevant substances based on the groups knowledge and the current standards were considered Formaldehyde, Acetaldehyde, Benzene, Toluene, Xylene, Ethylbenzene, Styrene, and Acrolein.
35.	The most harmfull substances, contained in exhaust gases wich could enter into the vehicle cabin are Nitric oxide, Nitrogen dioxide, Formaldehide, Carbon monoxide and Particles.
3629.	However, due to the different levels of development, different regional cultures, and the costs associated with interior emission air quality control technology, the regulatory stringency is expected to be different from region to region for the foreseeable future. The setting of interior emission concentration limit values, therefore, is not part of this recommendation for the time being. These substances limit values will be set by Contracting Parties depending on their situation.
	79.	Transportation and storage conditions for the purpose of emissions from interior materials
3730.	The VIAQ test is easily affected by test environment, such as transportation conditions, storage conditions, temperature, humidity, and cabin ventilation. In new vehicles, the concentration of substances is gradually decreased over time. Therefore, it is important to set the conditions to reduce the flexibilities in the test procedures. The vehicle has to be taken out of transportation mode and needs to be switched into customer mode prior to testing.
3831.	The base condition of the vehicle should be, closed doors and windows, and Heating, Ventilation and Air Conditioning (HVAC) system in recirculation mode to avoid contamination from outside pollutants. Therefore, test vehicles should be kept in the original status as close as possible. In addition, due to weather conditions, especially during the summer and winter, it will be recommended to keep exposure to sun limited and follow the normal production storage process.
3932.	Storage conditions in the plant or factory site before transportation are difficult to control. Therefore, storage conditions in the plant were not included in this test procedure, but should follow the normal production process.
40. For the purpose of emissions entering into the cabin with exhaust gases there is no special requirements.
	810.	Repeated measurements
[bookmark: _GoBack]4133.	To establish quality control it is recommended to measure several vehicles and take multiple air samples of one vehicle for one result. It could be shown that vehicle measures according to this method do not differ much. Therefore, it was decided because of cost reasons that measuring one vehicle and taking just one sample of VOC and one sample of Aldehydes are sufficient for one result in case of emissions measurement from interior materials. In case of emissions measurement from exhaust gases with gas analisers it is recommened to carry out from 5 to 7 measurements during approximately 15 minutes and than use averaged value as a result. (Another concept is: to wait for stabializing of the gas analizer reading and use the last one as a result.) If for measuring of substances concentration is using saimpling method, than one sample is sufficient for one result. However, general quality measures must not be neglected and should be periodically assessed.
	911.	Vehicle families
[bookmark: _Hlk2775487]4234.	Out of cost perspective it is recommended to group vehicles with similar vehicle interiors in vehicle families and measure only the worst case vehicle. For the purpose of emissions from interior materials Tthe vehicles with dark exterior and interior colour should have the highest heat impact and therefore the highest emissions. Furthermore, worst case vehicles should be equipped with highest amount of interior extras like sunroof, active seats, climate system, etc. Outside compartment parts like engines, tyres, batteries etc. will not have an impact on indoor air emissions and can be neglected in worst vehicle concepts. For the purpose of emissions entering into the cabin with exhaust gases worst case vehicles should be not equipped with any kind of active air purifying devices (by example, carbon filters, air ionizator e.t.c.) and has a manual control of heating, ventilation and air conditioning system.
[bookmark: _Toc528835405]	E.	Technical feasibility, anticipated costs and benefits
4335.	This Mutual Resolution has been developed by drawing on the experience of many stakeholders, including regulatory authorities, vehicle manufacturers and technical consultants. This Mutual Resolution has been designed to update and improve upon existing standards. The requirements are based on existing concepts in different contracting parties' present standards.
4436.	Since this Mutual Resolution is based on existing standards, Contracting Parties are invited to adopt the test procedure for the measurement of interior emissions. Particular test modes Ambient mode, parking mode, and driving mode would be subject to optional acceptance by Contracting Parties depending on their situations. Therefore, no economic or technical feasibility study was deemed necessary. When transposing this VIAQ recommendation into national standards, Contracting Parties are invited to consider the economic feasibility of the VIAQ recommendation within the context of their own country.
4537.	This Mutual Resolution does not hold regulatory status within Contracting Parties. Contracting Parties and manufactures refer to the VIAQ recommendation when used for the assessment on vehicle interior air quality with the technical prescriptions of their own standards or regulations.
4638.	The principal economic benefit of the VIAQ recommendation will be a reduction in the variety of tests for the same, or substantially similar, test requirements.
4739.	Depending on how different Contracting Parties implement this Mutual Resolution, there may be benefits to facilitate the trade of VIAQ management, with harmonized test requirements among the respective Contracting Parties. Encouraging the use of environmentally-friendly materials and improvement of air ventilation and filtration systems for the vehicle industry might be rationalized with the harmonized test requirements.
4840.	Safety benefits resulting from this Mutual Resolution depend on the permissible substance limit level in the national standards.
4941.	It is not possible to assess, at this moment, the total costs linked to this Mutual Resolution. However, the harmonization of the test procedure will reduce the global cost of VIAQ management in the countries which will apply the VIAQ recommendation through an administrative procedure.
5042.	Safety benefits are anticipated, but it is not yet possible to assess them in terms of the overall effect on human health.
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