	Submitted by VIAQ IWG
	Informal document No. VIAQ-06-03
(25-26 October 2016, agenda item 4)




[bookmark: _Toc451724645]		Proposal for a new Mutual Resolution (M.R.x) on Vehicle Interior Air Quality
This document contains a proposal to develop a new Mutual Resolution (M.R.x) 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 for Mutual Resolution No. x (M.R.x)










	Version
	Date
	Changes
	Author

	V1
	5.1.16
	Initial draft
	Wehrmeier

	V2
	26.5.16
	Revision initial draft
	Jongsoon LIM

	V3
	7.6.16
	Drafters copy
	Drafting group

	
	
	
	



[bookmark: _Toc387405099][bookmark: _Toc387405284][bookmark: _Toc451724646]
 
Contents 


I.	Statement of technical rationale and justification	3
A.	Introduction	3
B.	Procedural background	3
C.	Existing regulations and standards	4
D.	Technical rationale and justification,	4
II.	Text of the Mutual Resolution on Vehicle Interior Air Quality	5
1. 	 Purpose	5
2.	 Scope and application	5
3.	 Definitions	5
4.	 Abbreviations	6
5.	 General Provisions	6
6.	 Special Provisions	7
Annex 1 Test Procedure for the measurement of VIAQ	8
	Appendix 1 Whole vehicle chamber	15
	Appendix 2 Temperature measuring points for parking mode	16
	Appendix 3 Test report	17
	Appendix 4 Volatile organic compounds	18
	Appendix 5 Overview of the number of samples to be taken	19

[bookmark: _Toc452710505]
	I.	Statement of technical rationale and justification
[bookmark: _Toc451724647][bookmark: _Toc452710506]	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) or 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.	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.  	Comment by JSLIM: Editorial correction
4.	 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.
5.	 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 synthetic materials, and chemicals that can be harmful to humans. It also encourages the increased use of emission-friendly materials, improving the air quality inside the passenger cabin. 	Comment by Polster, Mark (M.A.): See original terms of reference and General Provisions and Special Provisions
7.	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.
8.	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: _Toc451724648][bookmark: _Toc452710507]	B.	Procedural background 
9.	At its 164th session, the World Forum for Harmonization of Vehicle Regulations (WP.29) 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). 
10.	The VIAQ Informal working group, the responsibility of 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.
11.	 The new mutual recommendation resolution(M.R.X) is providing the provisions and harmonized test procedure for the measurement of interior air emissions, taking into account existing standards. There are three test modes.	Comment by JSLIM: Not a procedural background and move to other section
 (a)	Ambient mode:
Simulating cars parked in the garage overnight using ambient conditions
(b)	Parking mode 
Simulating cars parked outside in the sunlight. 
(c)	Driving mode 
Simulating driving after the vehicle has been parked in the sun.
[bookmark: _Toc451724649][bookmark: _Toc452710508]	C.	Existing regulations and standards
13. 	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.
14. 	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.
1315.	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 Korea, China, and the International Organization for Standardization (ISO).  
1516.	Examples of existing regulations and standards
(a) Korea
(i) Automobile Management Act Article 33_3, 18 December 2012 "IndoorInterior air quality management for  newly produced vehicles"	Comment by JSLIM: Correction
(ii) Ministry of Land, Infrastructure and Transport Announcement No. 2007_539, 5 June 2007 “Indoor  air quality management guideline for newly produced vehicles The management standards of the interior  air quality of new manufactured vehicles”	Comment by JSLIM: Correction
(iii) Korea was one of the first countries to establish whole vehicle VIAQ requirements with the 2007 publication of its “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.	Comment by JSLIM: Description
(b) China
(i) HJ/T 400_07 December 2007 "Determination of Volatile Organic 
Compounds and Carbonyl Com-pounds in Cabins of Vehicles"

(ii) GB/T 27630-2011 01 March 2012 “Guideline for air quality assessment of 
Passenger car” 
(iii) 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.	Comment by JSLIM: Description

(c) Russia	Comment by JSLIM: Russia standards inserted

(i) 	GOST R 51206 “Interior air of road vehicles –Pollution content in the interior of driver cab and passenger compartment Technical requirements and test methods”
(ii) In Russia, test methods and regulations have focused on VOC emissions from interior materials and also vehicle exhaust gases that can be found in vehicle interior air during driving. The national standard GOST R 51206 was developed in 2004 to set limits for combustion gases and certain VOCs.
(iii) 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 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-WP29-GRPE-71e)


(d) ISO Standards

(i) ISO 12219_1:2012 "Interior air of road vehicles - Part 1: Whole vehicle test chamber –Specification and method for the determination of volatile organic compounds in cabin interiors. 
(ii) (Reserved)	Comment by JSLIM: Need to description
[bookmark: _Toc451724650][bookmark: _Toc452710509]	D.	Technical rationale and justification, 
16.	This Mutual Resolution includes a comprehensive Technical Report (VIAQ-05-08).  The technical 	report includes the technical rationale used to harmonize existing regulations and standards.	Comment by Polster, Mark (M.A.): Create summary of report and include that here.
17.	Since VIAQ testing samples the vehicle cabin air, and analyzes the air, it can easily be different depending on temperature, humidity, pressure, sunlight, vehicle storage conditions, vehicle age, etc. Therefore, it is important to standardize the test procedures to ensure valid results.
18.	This section introduces the working items discussed and the technical rationale for   developing a harmonized test procedure for the measurement of interior air emissions emitted from interior materials.
Key point in developing test procedures
19.	Four main principles were considered when developing the test procedure: 
(a) Repeatability
	If the test is repeated under the same conditions and in the same laboratory, the test result should be similar.
(b) Reproducibility
	If the test is repeated under the same conditions in a different laboratory, the test result should be similar.
(c) Cost-efficiency
	A test procedure needs to be executable in a cost-effective way, without requiring unrealistic budgeting from the testing facility and/or the test equipment.
(d) Practicability
	A test procedure needs to be executable in a practical way, without asking unrealistic efforts from the testing personnel and/or the test equipment.
Vehicle category
20.	Vehicle category was discussed very intensively as to what to cover and the extent of coverage. After analyzing the existing standards, application on vehicle category is different for each country, and varies from test mode. 
21.	It was generally agreed to include passenger cars. Vehicle category 1-1 would be used as defined in the Special Resolution No.1. Although Vehicle category 1-1 is primarily passenger cars, 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.
New vehicle
22.	The testing car is intended to be a new car from serial production. Used cars, prototypes, or developed test cars are not included, because these cars are likely to be contaminated by materials, users, and other conditions. Test results of used cars, etc. are difficult to distinguish whether the interior air emissions came from new interior materials. So, the new car is only used for the test vehicles that are moving from the production line within less than 80 km.
Vehicle test age
23.	The ideal condition for the test car 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 concentration of substances gradually decreases 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 car on the production date, the concentration rapidly decreases during that time, and it will cause a big deviation of test results.
24.	The new production car is stored in the factory motor pool, and waits for transportation to the customer or dealer. Due to the transportation process from the factory to the consumer, the test age of the vehicles should be 28 ± 5 days after the vehicle has the left production line. This reflects the worldwide conditions and practices. With respect to the starting point, the production date means the sign off date of the production line. The mileage definition for a new car should be less than 80 km. 
Test mode
25.	There are several test methods available for assessing vehicle interior air quality taking into account existing standards. The harmonized test procedures include the ambient, parking, and driving modes. These test procedures were developed through state of the art, detailed test conditions, and practical tests. There are three test modes, each with their own testing method. Typical methods used today to measure interior air quality are the following:
(a)	Ambient mode:
Simulating cars parked in the garage overnight using ambient conditions 
(b)	Parking mode 
Simulating cars parked outside in the sunlight
(c)	Driving mode 
Simulating driving after the vehicle has been parked in the sun 
Ambient mode
26.	Ambient mode simulates cars parked in the garage overnight using ambient conditions at standard ambient conditions of 2x °C with no air exchange.
27.	Soak time is generally agreed to be 16 ± 1h. A longer soak time would give lower deviation than a short soak time. At 16 hours, there is a smaller deviation between the chemicals measured. An 8-hour shift is the average working hours on the operator (usually 9 to 6 or 8 to 5), so a 16 hour soak time is the most suitable for an 8-hour shift. For workers doing the testing who need flexibility, a range of 16 ± 1 hour is acceptable.
Parking mode
28.	Parking mode simulates cars parked outside in the sunlight at elevated temperatures using a fixed radiation heat.
29.	Heating the vehicle to a constant temperature was not applicable, so applying a constant solar load of 400 ± 50 W/m2 represented a nationalized, annualized and realistic level.
Driving mode
30.	Driving mode simulates driving after the vehicle has been parked in the sun starting at elevated temperatures (right after the parking mode) the with air-conditioning in the HVAC system on.
Substances to be measured
31.	There are multiple substances emitted from the new car interior materials. Since it is very difficult to measure all substances, the most relevant substances based on the current standards were considered. These substances are Formaldehyde, Acetaldehyde, Benzene, Toluene, Xylene, Ethylbenzene, Styrene, and Acrolein.
 (a)		Formaldehyde is used in the production of adhesives used in fibreboard and particle board, and is also found in foam insulation and textile finishing treatments. 
(b)	Acetaldehyde is used in fuel compositions and as a solvent for rubber and leather tanning. It is also used in the production of polyester resins and basic dyes.
(c)		Benzene is produced as a by-product of combustion, such as that generated by vehicle engines. It is also used in the manufacture of other chemicals such as plastics and solvents.
(d)	Toluene is used as an additive in vehicle fuels, in paints, varnishes and glues, and in the production of other chemicals.
(e)		Xylene serves as a solvent in paints and inks, and is also used in the production of plastics, leather and rubber. 
(f)		Ethyl benzene is primarily used in the production of styrene. 
(g)		Styrene is produced from a combination of benzene and ethylene and is used to manufacture plastics, resins and synthetic rubbers. 
(h)		Acrolein is used as a biocide, aquatic herbicide, fumigant, micro biocide, molluscide, component of tobacco smoke.		 
32.	However, due to the different levels of development, different regional cultures, and the costs associated with interior emission control technology, the regulatory stringency is expected to be different from region to region for the foreseeable future. The setting of interior emission 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.
Transportation and storage conditions
33.	The VIAQ test is easily affected by test environment, such as transportation conditions, storage conditions, temperature, humidity, and cabin ventilation. The concentration of substances is gradually decreased over time. So, it is important to set the conditions to reduce the flexibilities in the test procedures.
34.	The base condition of the vehicle should be, closed doors and windows, and HVAC system in recirculation mode to avoid contamination from outside pollutants. So test cars 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 the test cars inside the building.
35.	Storage conditions in the plant or factory site before transportation cannot be controlled by test operators. So storage conditions in the plant were not included in this test procedure.
Protection covers 
36.	Protection covers should remain in the vehicle and be taken off one day before the measurement. 
Preconditioning 
37.	Storage 1 day before measurement nearby the test facility, storage temperature as close as possible to soak temperature (recommended to be 20 °C – 30 °C). 
Test repeat 
38.	Duplicate measurements of a single car are not necessary. It will lead to more stable results because test results with an extended soak time from two hours (Korea) to sixteen hours (China). From a cost-reducing perspective it is therefore decided to only have one measurement per vehicle. 
Vehicle family concept 
(Reserved)







	E.	Technical feasibility, anticipated costs and benefits

Technical and economic feasibility,
39.	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.
40.	Since this Mutual Resolution is based on existing standards, Contracting Parties are invited to adopt the test procedure for the measurement of interior emissions. Ambient mode, parking mode, and driving mode would be subject to optional acceptance by contracting parties depending on their situations. So 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.

Anticipated benefits
41.	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.
42.	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.
43.	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 for the vehicle industry might be rationalized with the harmonized test requirements.
44.	Safety benefits resulting from this Mutual Resolution depend on the permissible substance limit level in the national standards.

Potential cost effectiveness
45.	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.
46.	Safety benefits are anticipated, but it is not yet possible to assess them in terms of the overall effect on human health.


[bookmark: _Toc452710510]
	II.	Text of the Mutual Resolution on Vehicle Interior Air Quality
[bookmark: _Toc451724654][bookmark: _Toc452710511]		1. 		Purpose
	This Mutual Resolution contains the provisions and harmonized test procedure for the measurement of interior air emission from interior materials, concerning the protection of passengers from VOCs and harmful substances emitted by interior materials used for the construction of vehicles.
[bookmark: _Toc387405106][bookmark: _Toc451724655][bookmark: _Toc452710512]		2.		Scope and application
[bookmark: _Ref329938422]This Mutual Resolution applies to passenger vehicles and is validated for vehicles in category (1-1) vehicle, as defined in the Special Resolution No. 1.[footnoteRef:2]  Category 1-1 vehicles are designed and constructed primarily for the carriage of (a) person(s) and comprising not more than eight seating positions in addition to the driver’s seating position.  [2: 		Document ECE/TRANS/WP.29/1045, as amended.] 


[bookmark: _Toc451724656][bookmark: _Toc452710513]		3.		Definitions
For the purpose of this recommendation the following definitions apply:
3.1		“Test vehicle” means the new vehicle to be tested. The test age of the vehicles has to be 28d ± 5 day after the production date;
3.2	“Production date” is the sign off date from the production line is the date in which final tests are finished in the production;
3.3		“Test substances” mean substances to be measured, these are 8 substances, Formaldehyde, Acetaldehyde, Benzene, Toluene, Xylene, Ethylbenzene, Styrene, and Acrolein;
3.4.		“Background concentration” means the analyte concentration in the whole-vehicle test chamber when the test vehicle is inside;
3.5		“Ambient mode” refer to the test mode in which sampling of test substances in the cabin of a test vehicle under standardized ambient temperature conditions is performed, defined by 2x °C;
3.6		“Parking mode” refer to the test mode in which sampling of test substances in the cabin of a test vehicle under standardized elevated temperatures using fixed radiant heat is performed	
3.7		“Driving mode” refer to the test mode in which sampling of test substances in the cabin of a test vehicle, under standardized conditions starting at elevated temperatures and using air conditioning, is performed, simulating a vehicle driven after being parked in the sun
3.8		“Sampling train” means the apparatus to collect the sample gas inside the test vehicle cabin (indoor) and in the whole vehicle test chamber, trapping the test substances in sorbent tubes under standardized conditions
3.9	"Category 1 vehicle" means a power driven vehicle with four or more wheels designed and constructed primarily for the carriage of (a) person(s).
3.10	"Category 1-1 vehicle" means a category 1 vehicle comprising not more than eight seating positions in addition to the driver’s seating position.  A category 1-1 vehicle cannot have standing passengers.
[bookmark: _Toc387405109][bookmark: _Toc451724657][bookmark: _Toc452710514]		4.		Abbreviations
[bookmark: _Toc284586948][bookmark: _Toc284587066][bookmark: _Toc284587317][bookmark: _Toc289686189]4.1	General abbreviations
	VIAQ
	Vehicle Interior Air Quality

	GC-MS
	Gas chromatograph – mass spectrometry

	HPLC
	High performance liquid chromatograph

	DNPH
	Dinitrophenylhydrazine

	VOCs
	Volatile organic compounds


[bookmark: _Toc284586949][bookmark: _Toc284587067][bookmark: _Toc284587318][bookmark: _Toc289686190][bookmark: _Toc284586950][bookmark: _Toc284587068][bookmark: _Toc284587319][bookmark: _Toc289686191][bookmark: _Toc284586947][bookmark: _Toc284587065][bookmark: _Toc284587316][bookmark: _Toc289686188]4.2	Chemical symbols and abbreviations
	CH2O
	Formaldehyde

	C6H6
	Benzene

	C2H4O
	Acetaldehyde

	C8H10
	Ethyl benzene

	C8H8
	Styrene

	C3H4O
	Acrolein, Acrylic Aldehyde

	C7H8
	Toluene

	C8H10
	Xylene


[bookmark: _Toc451724658][bookmark: _Toc452710515]		5.		General Provisions
5.1		When instructed to include this test procedure in national standards, Contracting Parties are invited to adopt this Mutual Resolution for the measurement of interior air emissions from interior materials. 
5.12		This Mutual Resolution does not hold regulatory status within Contracting Parties. Contracting Parties 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.
5.23		There are several test methods available for assessing vehicle interior air quality taking into account existing standards. There are three test modes, each with their own testing method. These test modes would be subject to optional acceptance by contraction parties depending on their situations. Contracting Parties may optionally decide to the test mode:
 (a)	Ambient mode:
Simulating cars parked in the garage overnight using ambient conditions at standard conditions of 2x °C with no air exchange.
(b)	Parking mode 
Simulating cars parked outside in the sunlight at elevated temperatures using a fixed radiation heat with on air exchange. 
(c)	Driving mode 
Simulating driving after the vehicle has been parked in the sun starting at elevated temperatures (right after the parking mode) with air-conditioning of HVAC system on.

[bookmark: _Toc452710516]		6.		Special Provisions
6.1	This Mutual Resolution will encourage the reduced use of synthetic materials, and chemicals that can be harmful to humans. It also encourages the increased use of environmentally-friendly materials, improving the environmental air quality inside the passenger cabin. 
6.2.	Substances to be measured
[bookmark: _Toc284595023]Test Substances are Formaldehyde, Acetaldehyde, Benzene, Toluene, Xylene, Ethylbenzene, Styrene, and Acrolein.
6.3		Substances limit values
Due to the different levels of development, different regional cultures, and the costs associated with interior emission control technology, the regulatory stringency is expected to be different from region to region for the foreseeable future. The setting of interior emission limit values, therefore, is not part of this recommendation for the time being.
6.4	Testing should be performed according to:
(a)		The test procedures and test conditions for the measurement of interior air emissions from interior materials as described in Annex 1;
[bookmark: _Toc452679440][bookmark: _Toc452710517][bookmark: _Toc387405210][bookmark: _Toc451724659]
Annex 1
[bookmark: _Toc452710518]		Test Procedure for the measurement of VIAQ

1. 		Scope 
This annex describes the test procedure for the measurement of interior air emissions from interior materials including and includes test conditions, test instruments, whole vehicle chamber requirements, sampling method, and test mode.
2.  		Normative references
ISO 16000-3, Indoor air — Part 3: Determination of formaldehyde and other carbonyl compounds in indoor air and test chamber air — Active sampling method
ISO 16000-6:2011, Indoor air — Part 6: Determination of volatile organic compounds in indoor and test chamber air by active sampling on Tenax TA® sorbent, thermal desorption and gas chromatography using MS or MS–FID
3.	Requirements for the test vehicle
3.1	A test vehicle is a new vehicle. Used vehicles do not apply. Test vehicles are  should only be  new vehicles that are  from serial  production. Used vehicles are not included.
3.2	A The new vehicle (i.e. one not driven more than 80 km and within 28 d ± 5 d after the sign-off date in the production/assembly line) to be tested shall have been manufactured by the normal production process.
3.3	Transportation conditions from plant to storing place and to test facility
3.3.1		Transportation of the vehicle should follow the normal transportation process
3.3.2		All windows and doors closed. HVAC outlets closed, if possible, to prevent avoid contamination. Vehicles shall be transported as described in the normal transportation process. 
3.3.3		Ensure that no emittive materials will be transported in the same cargo area. Minimize high solar load during all transportations. Documentation of all deviations from the normal transportation process in the test protocol is needed.
3.3.4		Influence of the driver shall be as low as possible (no smoking, eating, goods transportation, no perfume...., inside the vehicle)
3.3.5		Protection covers used shall be the protection that will be used normally for transportation. Absorbers are only allowed if used in the normal transportation process.
3.4		Storing conditions for the vehicle 
3.4.1		Test vehicle should be stored inside the building and aAll windows, doors, and HVAC outlets keep closed to prevent avoid from contamination and avoid direct sunlight at least 24 h before measurement.

3.4.2		Remove all protecting covers/- foils/-papers, stickers, absorbers etc.  at least 24 h before measurement. Do not use any cleaning agent to remove any residues. Dust wiping, vacuuming and cleaning with clear water is possible. Clear water cleaning form outside is possible.
3.4.3	No extra fuelling, only the first fuel at production shall be within the fuelling system
3.4.4	Workers should carefully deal with the vehicle to prevent contamination
3.5		Storing conditions for the vehicle (1day before measurement)
3.5.1	Storage 1 day before measurement (soak time) nearby the test facility, soak temperature as close as possible to test room temperature (20-30°C).
3.5.2	Protection covers should stay in the vehicle and be taken off one day before the measurement.
4.	 Requirements for the test apparatus/instrument/equipment
4.1 		Vehicle test chamber	Comment by JSLIM: Duplicate
4.1.1	The whole vehicle test chamber is big enough to house the test vehicle completely. An air-conditioning system is installed to allow standardized air conditions for a temperature of 2x °C ± 2 °C (Temperature has to be as close as possible to 2x °C. Deviations have to be documented), humidity of 50 % RH ± 10 % RH. 
4.1.2		If the driving mode is, a solar radiator system is installed to heat the test vehicle cabin with a fixed irradiation.
4.1.3		If the driving mode is, purge fan is installed to purge the exhaust gas from vehicle tailpipe.
4.2	Requirements for the whole Whole vehicle test chamber
4.2.1		The whole vehicle test chamber shall be large enough to accommodate the complete test vehicle.
4.2.2		The whole vehicle test chamber shall be capable of maintaining a temperature of 23 or 252x °C ± 2 °C. A heating and ventilation system (including the adjustment of the humidity) and, if necessary, a cooling system is necessary. 
4.2.3		Relative humidity (RH) during the ambient mode in the whole vehicle test chamber shall be 50 % RH ± 10 % RH.
4.2.4		Relative humidity RH during the parking and driving mode in the whole vehicle test chamber shall be documented.
4.2.5		The maximum background concentration for each analyte shall not exceed 20 μg/m3 for each single component, or a maximum of 10 % of the respective measured values (whichever is greater). If this is not met, the source of the contamination shall be identified and removed or covered to exclude it from the test.
4.2.6		The air exchange rate of the whole vehicle test chamber should be a minimum of twice per hour.
4.3 		Heating radiator. 
4.3.1		Infrared radiator, halogen radiator or other radiators (simulating sunlight) (wavelengths <300 nm shall be filtered out). The heating radiators used shall be powered to create a radiation density at the reference measurement point in the middle of the roof surface of the test vehicle of 350 W/m2 to 450 W/m2 (400 W/m2 ± 50 W/m2).
4.3.2	The heating area shall cover at least the area of the test vehicle cabin and an additional 0,5 m more to each side of the lower part of the glazing (footprint) (see Figure 1). Position the heating radiators on the roof with a shining angle of 90° to the heating area. There shall be no heating radiators shining from the side. The heating area shall be calibrated in squares of 25 cm × 25 cm with a radiation density of 400 W/m2 ± 50 W/m2. The required radiation density shall be available directly after the lamps are switched on (within a few minutes). The irradiation shall be measured in accordance with ISO 9060.
4.3.3	Take care not to have too short a distance between radiator and surface in order to avoid hot spots.
4.4		Sampling trains.
4.4.1		Sampling in the test vehicle. Four sampling trains are employed: two for the VOC measurements in parallel and two for the carbonyl compound measurements in parallel in the test vehicle (to check the repeatability) (see ISO 16000-3 for carbonyl compounds and ISO 16000-6 or ISO 16017-1 for VOCs). There is one sampling line with a manifold for the division of the sampling flow outside the test vehicle (see 4.3.3). It consists of the probe, the sampling line (heated, if necessary), the sorbent tube for VOC or the DNPH cartridge for carbonyl compound sampling respectively, the gas meters and the pumps (see 4.5).	All sampling trains shall be checked for leaks and shall have a maximum vacuum decay rate of 30 kPa for an average time of 10 s. For the leak check, the nozzle shall be plugged. Other equivalent leak checks can be employed.
4.4.2		Sampling in the whole vehicle test chamber. Four sampling trains are used to determine the background concentration in the whole vehicle test chamber. The sampling trains are identical to those of 4.3.1, apart from the sampling line, which is much shorter and not heated. All sampling trains shall have a maximum vacuum decay rate of 30 kPa for an average of 10 s. The nozzle is plugged for the leak check. Other equivalent leak checks can be employed.
4.4.3	Sampling line. Tubing, between the sampling points (probe) inside the test vehicle, via the manifold outside the test vehicle to the VOC sorbent tubes or DNPH cartridges respectively (see Figure 1). 
4.4.4	The sampling line shall be constructed so as to be
a) as short as possible (maximum 5 m) with an internal diameter of 4 mm or more;
b) of inert, non-emitting and non-absorbing/non-adsorbing material [e.g. stainless steel or polytetrafluoroethylene (PTFE) or glass/quartz (deactivated)];
c) proven that there are no contaminations or sink effects in the sampling line;
d) with heating device, if necessary, to prevent condensation/deposition on the inner walls (best practice: temperature controlled to about 20 °C above air temperature inside the test vehicle).
4.4.5		The tubing should be inserted between the door and the door frame or between the door frame and the glazing and should be sufficiently non-compressible to ensure an unimpeded flow of air.
4.4.6		The second sampling line [tubing, between the sampling point (probe) in the whole vehicle test chamber in the vicinity of the test vehicle [see 6.1 b)] and the manifold and to the VOC sorbent tubes or DNPH cartridges, respectively] is identical to that described in the preceding, but no heating is necessary. This second sampling line is needed to monitor the background analyte concentration of the whole vehicle test chamber.
4.5.		 Analytical equipment and materials. 
4.5.1		The analytical equipment used for the determination of VOCs and carbonyl compounds or formaldehyde alone shall be in accordance with ISO 16000-6 (VOCs) or ISO 16000-3 (carbonyl compounds), respectively.
4.5.2		It shall be proven for the VOC sorbent tubes and the DNPH cartridges that there is no breakthrough. This can be identified by a back-up sorbent tube which is analysed separately (see ISO 16017-1).
4.5.3		If necessary, an ozone scrubber filled with high purity Potassium Iodide (KI) shall be used series-connected in front of the DNPH cartridge, to minimize interference by ozone.
4.5.4 		Requirements for VOC and carbonyl compound air sampling and measurement methods for VOC and carbonyl compound sampling and measurement of the air in the cabin of the test vehicle and in the whole vehicle test chamber, the following procedures shall be followed.
4.5.4.1		Carbonyl compounds including formaldehyde: ISO 16000-3; Substances to be measured are Formaldehyde, Acetaldehyde and Acrolein.
4.5.4.2		VOCs: ISO 16000-6; Substances to be measured are Benzene, Toluene, Xylene, Ethylbenzene and Styrene.
4.6		Blank measurements
4.6.1 		Field blanks
4.6.1.1		The sorbent tubes used as field blanks (for VOC and carbonyl compounds) shall be from the same batch and treated in the same way as those used for sampling and analysis (including all devices and handlings), except that no gas is drawn through the sampling trains (see 7.2.4).
4.6.1.2		A field blank procedure shall be performed at least before each measurement series (series of consecutive measurements of several vehicles). 
4.6.1.3	The field blank shall not be deducted from the measured value.
4.6.1.4		All field blanks shall be reported with the corresponding measured values.
Substances to be measure are Formaldehyde, Acetaldehyde, Benzene, Toluene, Xylene, Ethylbenzene, Styrene, and Acrolein.
4.6.1.5		The requirements for analytical and GC–MS blanks are specified in ISO 16000-3 and ISO 16000-6.
5.	Test procedure, test mode, and test conditions
5.1 		The test procedure is divided into three parts:
(a)	 Conditioning of the whole vehicle test chamber,
(b)	 Conditioning of the test vehicle,
(c)	 Performing sampling and analytical measurement.
5.2 		Pre-arrangements and preconditioning of the whole vehicle test chamber and the vehicle and performing the field blanks
5.2.1 		Pre-arrangements
(a)	Connect the test apparatus with the test vehicle. Attach the cables and sampling lines to the door frame so that, when the doors are closed, there is a (nearly) airtight sealing. Furthermore, the sampling line for VOC and carbonyl compound sampling shall be installed in the test vehicle. The probe is positioned as specified in 6.2.5.
(b)	Connect the sampling line with the manifold and the manifold with the sampling trains for VOC and carbonyl compound measurements outside the test vehicle.
(c)	Connect the test apparatus within the whole vehicle test chamber.
(d)	Install the heating radiators and the other installations listed in 6.1.
5.2.2 		Preconditioning of the whole vehicle test chamber
5.2.2.1		Adjust the temperature of the whole vehicle test chamber to 2x °C ± 2 °C during the ambient mode test. There may be the need for a heating or cooling device. The humidity shall be 50 % RH ± 10 % RH in the ambient mode. 
5.2.2.2	The whole vehicle test chamber should be under good ventilation, and the air exchange rate should be twice per hour or higher. The interior materials of the whole vehicle test chamber shall have no appreciable emissions regarding the indoor air inside the test vehicle (see 6.1 and 6.4 background concentrations). 
5.2.2.3	The heating of the interior of the cabin and the surfaces of the test vehicle is performed by heating radiators from outside the test vehicle during the driving mode
5.2.3		Preconditioning of the test vehicle
5.2.3.1		The essential conditions for the surroundings are as follows. The temperature during the ambient mode is adjusted to 2x °C ± 2 °C via the whole test chamber conditioning system (see Figure 3). The preconditioning is started by opening the door for 30 min. After this, the door is closed for 16h ± 1h soak time (see Figure 3).
5.2.4 		Field blanks
5.2.4.1		Prepare the field blanks before the measurements are started (see 6.4.1). Install one Tenax TA®1) sorbent tube for VOCs and one DNPH cartridge for carbonyl compounds in the sampling trains to measure the background concentration of the whole vehicle test chamber as well as one Tenax TA®1) sorbent tube and one DNPH cartridge in the sampling trains to measure the background concentration of the test vehicle. The field blank samplers shall be handled in the same way as those used for VOC or carbonyl compound measurements, but without drawing air through the sampling trains. As soon as the samplers have been connected into the sample train, they shall be removed, sealed and retained for analysis with the real samples.
5.2.4.2		Perform at least one field blank for each measurement series. Analytical GC–MS or HPLC blanks shall be performed according to 6.4.
5.3	Overview of test mode conditions
5.3.1	Ambient mode
Vehicle parking period at the specified temperature (2x oC ± 2 oC) within 16 ± 1 h at the end of which the sampling of VOC’s and carbonyl compounds in the interior air to be preformed
5.3.2 		Parking mode
Vehicle parking period at the specified elevated temperature within 4 h at the end of which the sampling of carbonyl compounds in the interior air to be performed
5.3.3		Driving mode
This test mode that simulates the operation of the test vehicle after it’s parking at elevated temperature within 30 min during which the sampling of VOC’s and carbonyl compounds in the interior air to be performed
5.4 		Test procedure
5.4.1 		Ambient mode,
5.4.1.1		Time: 0:00 h
		After the conditions of the whole test chamber have been set at 23 °C or 252x °C ± 2 °C and 50 % RH ± 10 % RH and the air exchange rate in the test chamber has been adjusted to a recommended value of at least twice per hour, the test procedure is started. Start the conditioning of the test vehicle by opening all doors for 0.5 ~ 1 h. Install the sampling train including the two VOC sorbent tubes and the two DNPH cartridges, and leak-check the sampling train (see 4.3.1). An overview of the number of samples to be taken is given in Annex E.
5.4.1.2		Time: 1:00 h
Continue by conditioning the whole-vehicle test chamber and close all doors of the test vehicle for 16 h ± 1 h (e.g. overnight) at 2x °C ± 2 °C and 50 % RH ± 10 % RH and keep the air exchange rate in the whole vehicle test chamber at a minimum of twice per hour (recommended value). There is no dynamic ventilation of the test vehicle.
5.4.1.3		Time: 17:00 h
There is no dynamic ventilation of the test vehicle. Before the sampling starts, purge the dead volume of the sampling line. Switch on the pumps of the four sampling trains (two for VOC and two for carbonyl compounds, each in parallel). Perform the sampling of gaseous organic compounds in the test vehicle cabin in the ambient mode at room temperature (23 °C ± 2 °C) for 30 min. Adjust the flow rate to maximum 0,10.2 l/min for VOC and 1 l/min for carbonyl compound measurements. The measurement procedures specified in ISO 16000-6 (VOCs) and ISO 16000-3 (carbonyl compounds) shall be followed.
At the same time, switch on the four sampling trains in the whole vehicle test chamber to determine the VOC and carbonyl compound background concentrations (two sampling trains for VOCs and two for carbonyl compounds). The probe is positioned 1 m in front of the cabin air intake. The relative humidity and the temperature are measured in the same position.
5.4.2		Parking mode
5.4.2.1		Time: 17:30 h
Switch off the pumps for the VOC and carbonyl compound measurements, read and register the measurement volumes and take the VOC sorbent tubes and DNPH cartridges, which are placed outside the vehicle cabin, out of the sampling train. Seal the sorbent tubes or cartridges and analyse according to ISO 16000-6 and ISO 16000-3.
Furthermore, start the parking mode with the heating-up procedure (see Figure 3).
The following tasks shall be performed.
Start heating with the heating radiators (see 4.2). The irradiation is adjusted to 400 W/m2 ± 50 W/m2 and maintained at that level for 4,5 h.
Adjust the air exchange rate to twice per hour or higher (recommended value) in the whole vehicle test chamber.
5.4.2.2		 Time: 20:30 h
Install the two DNPH cartridges in the two sampling trains for the test vehicle measurement and two for the whole vehicle test chamber. Before the sampling begins, check the sampling train for leaks (see 4.3.1) and purge the dead volume. Switch the pumps of the four sampling trains on. Perform formaldehyde sampling in the test vehicle cabin at elevated temperatures for 30 min. The flow rate is adjusted to maximum 1 l/min for carbonyl compound measurements. The measurement procedure specified in ISO 16000-3 (carbonyl compounds) shall be followed.
5.4.2.3 	Switch off the pumps for the formaldehyde measurements and take the DNPH cartridges out of the sampling train to be analysed according to ISO 16000-3. Read and register the measurement volumes.
5.4.3	Driving mode
5.4.3.1 	Before the sampling in the driving mode begins, install the two VOC sorbent tubes and the two DNPH cartridges, and purge the dead volume.
5.4.3.2		Open the driver’s door, start the engine, and turn on the air conditioning in less than 60 s (at 23 °C in case of automatic conditioning or lowest operation for semi-automatic and manual conditioning systems; for test vehicles without automatic air-conditioning systems, the fan is in highest performance mode with fresh-air ventilation) (see Table 1).
5.4.3.3		At the same time, switch on the pumps of the four sampling trains (two for VOCs and two for carbonyl compounds, each in parallel). The sampling of gaseous organic compounds in the test vehicle cabin is performed at elevated temperature for 30 min. The flow rate is adjusted to maximum 0,10.2 l/min for VOCs and 1 l/min for carbonyl compound measurements. The measurement procedures specified in ISO 16000-6 (VOCs) and ISO 16000-3 (carbonyl compounds) shall be followed.
5.4.3.4		At the same time, switch on the four sampling trains in the whole vehicle test chamber to determine the VOC and carbonyl compound background concentrations (two sampling trains for VOCs and two for carbonyl compounds).
5.4.3.5		Time: 21:30 h
Stop the pumps of the sampling trains and switch off the engine and the heating radiators. The sampling volumes are read and registered. The VOC sorbent tubes and DNPH cartridges are taken out of the sampling train for the analysis as specified in ISO 16000-6 and ISO 16000-3.
Stop the continuous measurements for temperature and humidity.
This is the end of the test cycle.
6. 		Calculation, presentation of results, and precision and uncertainty
6.1		Calculation and presentation of results are performed according to ISO 16000-6 and ISO 16000-3. The precision and uncertainty shall also be followed as specified in ISO 16000-6 and ISO 16000-3. There is an informative test report (see Annex C) which should be agreed on between the client and the laboratory.
7.	 	Performance characteristics
7.1		The detection limits and standard deviations for VOCs given in ISO 16000-6 and for carbonyl compounds in ISO 16000-3 are met in this measurement procedure. The condition to meet these performance characteristics is that there are no contaminations or sink effects in the sampling lines. This shall be proven before the measurements and shall be documented.
8. 		Quality assurance/quality control
An appropriate level of quality control shall be employed following ISO 16000-3 and ISO 16000-6, namely:
(a)	Field blanks are prepared according to 6.4;
(a)	The field blank level is acceptable if artefact peaks are no greater than 10 % of the typical areas of the analytes of interest;
(c)	Desorption efficiency of VOCs and carbonyl compounds should be checked according to ISO 16000-3 and ISO 16000-6;
(d)	The collection efficiency can be assessed by using back-up tubes or taking samples of different sampling volumes less than the safe sampling volume;
(e)	Repeatability of the measuring method shall be determined, e.g. using collection and analysis of duplicate samples — a coefficient of variation ≤15 % (ISO 16000-3 and ISO 16000-6) from the duplicate measurements should be reached;
(f)	The recovery of C6 to C16 hydrocarbons shall be 95 % mass fraction (ISO 16000-6);
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