COCIR/Eucomed/Eurom


Overview and rationale on the use of substances in Medical Devices as controlled by
Directive 2002/95/EC on the restriction of the use of certain hazardous substances in electrical and electronic equipment (RoHS)

Explanation of each column

Modality

The generic name of the Medical device.

Substance

Usage of any restricted substance(s) listed in the RoHS directive.

Typical Application and Approximate amount per product

Function or part of a medical device in which the substance is applied and the amount of each Substance used.

Total Weight put on the EU market in kg/Year

Information in this column is derived from approximate units of Modalities marketed in the EU per year supplied by all manufacturers worldwide and the amount of Substance used by each Modality. 

Benefit

Benefits, including medical, for using the Substance(s) in a Modality.

Replace

Lists any viable alternative to the restricted Substance. When considering this both technical alternatives and their associated financial implications are considered.

Rationale

This column gives the rationale for the continued use of a Substance (a) as listed in the RoHS directive by a Modality.

Colour coding in the table

	
	Lead

	
	Cadmium

	
	Hexavalent Chromium

	
	Mercury

	
	PBB, PBDE

	
	To be completed weights

	Text
	To be discussed or corrected

	Text
	Added from member information


	Modality
	Sub-stance
	Typical Application

[Approx amount per product]
	Total

Weight put on the EU market in Kg
	Benefit
	Replace
	Rationale

	General Comment: The rationales given below can only take into account technology known to exist at the moment. Future technological developments may render some of the arguments obsolete, and this will need to be addressed at future reviews. For instance for some of the substance applications the industry proposes a review in 2012.

	Radiology

	Convent-ional X-Ray


	Lead
	Shielding

X-Ray Tube/ Collimator

[25kg]
	150000
	Reduction in unwanted X-Ray exposure
	N
	The effectiveness of x-ray shielding is a function of the density of the material. Any very dense material (e.g. Uranium) will shield against x-ray but may have other limitations. Lead offers the only realistic compromise between mass and volume.



	
	
	Shielding

Collimator, Raster

[5-10kg]
	65000
	X-Ray dose reduction for patient/image quality
	N
	Thin strips of lead are used in x-ray beam path to reduce the amount of x-ray scatter. This enables lower x-ray doses to be given to the patient and also reduces film fogging enhancing image quality. 



	
	
	Electrical connections (eg PCB, connectors, wiring looms)

[1kg]
	6500
	Product reliability (Patient safety, esp where the device controls the administration of energy and/or drugs to a patient)
	Y,

To be reviewed in 2012
	Lead solder is a well understood technology and consequently process reliability issues are to a large extent solved. Lead free solder is a relatively unknown process and so process reliability is still being developed. Other electrical Industries are converting to lead free and when the technology has stabilized, medical devices can make the change. 

	
	
	X-Ray tube rotating anode bearings

[g]
	1
	Bearing life
	N
	X-ray tubes use rotating anodes to handle the large amount of heat generated during an x-ray exposure. Anode bearings are therefore subjected to high temperatures beyond the range of normal lubricants, also they are sealed for life within the tube evacuated glass envelope. Routine lubrication is therefore difficult.

	
	
	Shielding

Radiation shield
X-Ray Image    Intensifier

[5-10kg]

Radiation shields of other image detectors

[7..17kg]
	47000
	Reduction in unwanted X-Ray exposure
	N
	Heavy metal such as tungsten alloy is difficult to machine work, difficult to recycle, expensive (approximately 10 times higher cost). In case of iron there is a disadvantage that the size and weight of equipment also becomes large.(see special issue on the replacement of lead)
In general, the X-ray shielding can be achieved by adding the heavy metal in the glass component, but it must be achieved along with the optical capacity so that the use of Pb becomes essential.

	
	
	Shielding

 (Well Type) Ionization Chambers

[1-5kg]
	1000
	Improvement of precision by shielding from unwanted external irradiation
	N
	The effectiveness of x-ray shielding is a function of the density of the material. Any very dense material (e.g. Uranium) will shield against x-ray but may have other limitations. Lead offers the only realistic compromise between mass and volume. See special issue on the replacement of lead.

	
	
	Shielding

(Pediatric) X-ray Filters

[5-100g]
	1000
	Reduction of radiation load especially to children
	N
	The effectiveness of x-ray shielding is a function of the density of the material. Lead oxide offers the possibility to provide transparent radiation filters.

	
	
	X-ray test objects

[1-10g]
	100
	Improve quality assurance 
	N

cost
	Difficult to replace by any other material at appropriate cost

	
	
	Lead Acid Batteries

[1-10 kg]

AV to check lead acid directive
	15000
	· Mobile equipment moving power.

· Power backup in case of power failure.
· Examinations can be performed at sites where no power facility is available.
	Y,

But costly
	To provide drive electric power of sufficiently large capacity and to keep safe and steady movement. Replacement is very costly.



	
	
	Counterweights

[50-100kg]
	80.000
	Counterbalance to movable heavy components to enable precise equipment positioning without patient involvement.
	Y,

In the future design
	Some parts of an X-Ray set are heavy but have to move in order to take optimum pictures, as it may be impossible/undesirable to move the patient. Conventionally counterbalances consisted of lead to be effective with the lowest volume. Revised design solutions, and alternative approaches means lead counterweights can be eliminated over the coming years.



	
	Lead+Cadmium

(PbO,PbI2,  CdTe,CdZn)
	Radiation detectors
[10-100g]
	(100kg)
	Reduction in unwanted X-Ray exposure

Improvement to image quality

What is used for shielding and what is used for detection?

(BvdE)
	N
	FPI(Flat Panel Imager) is regarded as the device taking over existing X-ray Image Intensifier electron tube used for medical imaging or none-destructive inspection, because of its characteristic having less distortion of output image .One of the types of commercially available FPI is called indirect conversion type FPI, in which crystal film of cesium iodide with thallium additives or gadolinium oxide with terbium additives converts incident X-ray into visible light, and then photo diode array optically connected to the crystal film convert the visible light into electric charge to be read out by external electronic circuit.  Because of the intrinsic property of visible light, it is inevitable that the light is scattered in the crystal film and that may result in blurred image of view.

On the other hand Lead+ Cadmium type of FPI is called direct conversion type FPI, in which X-ray is directly converted into electric charge by photoconductive material film.
There is no substitute for Lead+ Cadmium such high resolution &high conversion efficiency. 

	
	Cadmium
	High Efficiency Phosphors

[mg] and radiation detectors [mg]
	3
	Reduction in unwanted X-Ray exposure

Improvement to image quality (BvdE)

Used in Image Intensifier input and output screens

	N, 

in future designs it is replaceable
	It is impracticable to replace current method of producing  the fluorescent substance. Disadvantage in health is expected due to the failure in reducing X-ray exposure to patient and manipulator.

Input screen - Need for high X-ray absorption and high conversation efficiency  

Output screen – high contrast for small details



	
	Cadmium(CdTe,CZT)
	Radiation Semiconductor detector
	
	
	
	

	
	Hexavalent chromium
	Alkali dispensers of Photo cathode tubes
	3
	(BvdE)
	N
	To take them out of the tube would necessitate a major redesign of the production process and the product.



	
	Mercury
	Position Switches

[g]
	1
	
	Y
	

	
	
	Passive Safety Circuitry

[g]
	?
	
	
	

	Computed Tomography (CT)
	Lead
	Shielding

X-Ray Tube/ Collimator

[15kg]
	23000
	Reduction in unwanted X-Ray exposure
	N
	The effectiveness of x-ray shielding is a function of the density of the material. Any very dense material (e.g. Uranium) will shield against x-ray but may have other limitations. Lead offers the only realistic compromise between mass and volume.

	
	
	Shielding

Collimator

[5kg]
	8000
	X-Ray dose reduction for patient and improvement of image quality
	N
	The collimator restricts the x-ray beam to the minimum necessary and thus enables lower x-ray doses to be given to the patient. It also reduces detector ‘noise’ enhancing image quality.

	
	
	Shielding

Shielding of the detector environment

Raster collimator at the detector side

[…FS]
	
	No radiation should escape from the CT scanner to the outside world
	
	

	
	
	Counterweights

In the rotating gantry

[30 kg]
	12000
	Counterbalance to movable heavy components to enable precise equipment positioning without patient involvement.
	Y,

Future design
	Some parts of an X-Ray set are heavy but have to move in order to take optimum pictures, as it may be impossible/undesirable to move the patient. Conventionally counterbalances have been lead to be effective with the lowest volume. Revised design solutions, and alternative approaches means lead counterweights can be eliminated over the next few years.

	
	Cadmium
	Collimators

[kg] (PL)
	0
	
	
	

	
	
	High Efficiency Phosphors

[5-15mg] (PL) 
	0
	
	
	

	
	
	X-Ray detector crystals

[400g]


	500
	Efficient and fast decay detector, reduction of radiation to the patients, improvement to image quality
	N


	It is impracticable to replace current detector material with the same benefits under the current state of knowledge.   



	
	Cadmium(CdTe,CZT)
	Radiation Semiconductor detector
	
	
	
	

	
	Mercury
	X-Ray detector Crystals

[g]
	0
	More efficient than Cd based detectors
	
	Current research for future products

Flexibility for innovations!

	
	PBBE
	Printed Circuit Boards
	
	Reduction in flammability of PCBs?
	Y,


	The Medical Device industry uses PCB’s from the electronic industry which has to comply to the RoHS

	Magnetic Resonance Imaging (MRI)
	Lead
	Supercooled magnet electrical contacts

[7kg]
	2000
	To ensure the  contact and improve magnet reliability
	Y,

To be reviewed in 2012
	Once the magnetic field is established, the magnet is effectively ‘shorted’ out and the established current flows in a supercooled environment (-196°C). The shorting contacts must therefore operate with lowest resistance at this temperature. The material (Wood’s Material) uses lead as one of its components. 

	
	
	Magnetic cooling materials 
[500g] (BvdE)
	50kg
	Cooling for maintaining superconductivity
	N
	Difficult to cooling for maintaining superconductivity

	
	
	Lead Acid Batteries[1-10 kg]
	
	· Power backup in case of power failure.
· Examinations can be performed at sites where no power facility is available.
	Y,

But costly
	To provide drive electric power of sufficiently large capacity and to keep safe and steady movement. Replacement is very costly.



	
	Cadmium
	Supercooled magnet electrical contacts

[2.5kg]
	(7)
	To ensure the  contact and improve magnet reliability
	Y,

To be reviewed in 2012
	Once the magnetic field is established, the magnet is effectively ‘shorted’ out and the established current flows in a supercooled environment (-196°C). The shorting contacts must therefore operate with lowest resistance at this temperature. The material (Wood’s Material) uses cadmium as one of its components.

	
	Hexavalent Chromium


	Alloy material
	
	Improve material properties
	Y, in future design
	E.g. in steel alloys. Used to improve strength properties.

	
	
	Cooling system

(FS, GD, PL)
	0
	Corrosion resistance
	
	

	Convent-ional Nuclear Medicine,  Single Photon

Emission Computed Tomography (SPECT)and/or Positron Emission Tomography (PET)
	Lead
	
	
	
	
	

	
	
	Shielding

Raster (collimator

[15..300kg of lead]  (FS, PL)
	100000
	Improved image quality, decrease of dose to the patient
	N
	Lead honeycomb or thin strips of lead and sometimes cadmium are used in photon path to reduce the amount of scatter. This enables lower doses to be given to the patient and also enhancing image quality.

	
	
	Shielding

NM-Detectors side and back shielding 

[150 kg]
	20000
	Detectors side and back shielding

Reduction in image noise by natural radiation levels gives better image quality
	N
	The effectiveness of Gamma Rays shielding is a function of the density of the material. Any very dense material (eg Uranium) will shield against x-ray but may have other limitations. Lead offers the only realistic compromise between mass and volume. 

Detectors are sensitive to extraneous naturally occurring signals and need to be shielded from these signals to ensure only information from the region of interest are captured.

	
	
	NM-Counterweights

[50-100kg]  
	
	Counterbalance to movable heavy components to enable precise equipment positioning without patient involvement.
	N
	Some parts of gamma cameras are heavy but have to move in order to take optimum pictures, as it may be impossible/undesirable to move the patient. Conventionally counterbalances have been lead to be effective with the lowest volume. 

	
	Cadmium


	NM

Atomic ingredient of CdZnTe semiconductor radiation detector
	
	600 gm per 20cm x 20cm detector
	N
	Free cadmium is not used. It is bound in a stable (melting point = 1000º C) crystal Cd(Zn)Te. Similar to the Mercury in tooth fillings.

Recommend recovery and return of discard.

Small size of CdZnTe is necessary for advanced applications .

	
	Cadmium(CdTe,CZT)
	Radiation Semiconductor detector
	
	
	
	

	
	
	measurement of radiation
[3-15kg]

(BvdE)
	300kg
	X-Ray dose reduction for patient/image quality
	N
	Increase in the radiation s(th?)ickness subject. Reduction in performance (resolution,　test time etc.)

	Radiotherapy & Radiosurgery

	Linear Accelerators
	Lead
	Shielding

Shielding

[200kg]
	*3 (HS) 
	Reduction in unwanted ionizing radiation exposure
	N
	The effectiveness of shielding is a function of the density of the material. Any very dense material (e.g. Uranium) will shield against ionizing radiation but may have other limitations. Lead offers the only realistic compromise between mass and volume.

	
	
	Counterweights

[1-2 tons] (HS) 
	
	Counterbalance to enable equipment positioning to precisely target treatment point 
	N,

Future design might make decreases
	Linear Accelerators are heavy but have to move in order to provide optimum treatment. It is usually impossible/undesirable to move the patient. Conventionally counterbalances have been lead to be effective with the lowest volume. 

Counterweights are in principle re-used in next generation products without any effect on the environment

	
	Mercury
	Check source thermometers
	
	Measurement of air density for ionization chamber control
	N
	No adequate precision replacement available.



	Multi-Source Stereotactic Radiosurgery (GammaKnife)
	Lead
	804 kg
	
	Reduction in unwanted ionizing radiation exposure
	N
	Multi-Source Stereotactic Radiosurgery (GammaKnife)

	Brachytherapy Afterloader and Seedloader
	Lead
	Lead acid batteries
	
	power backup to preserve treatment history when mains power fails 
	Y

2012?
	other technology is feasible, but requires mechanical and electronic design changes

	Radiotherapy simulation

	Simulators
	Lead
	Lead acid batteries
	
	portability of system components (patient couch)
	Y

2012?
	other technology is feasible, but requires mechanical and electronic design changes

	Ultrasound

	All
	Lead
	Ultrasonic transducer crystals

(0.5-3 g)
	(80)

(2)
	Product reliability 

Improvement to image quality
	N


	No substitute substances due to the characteristics of ultrasound transmission/reception

	
	
	Ultrasonic transducer crystal soldering
	
	Product reliability and low cost 
	N
	The lead-free solders require higher reflow temperatures which  cause problems for performance of crystal

	
	
	Probe/console

Electrical connectors(e.g. PCB, connectors, wiring looms) 
	
	Product Reliability
	Y,

To be reviewed in 2012
	Lead solder is a well understood technology and consequently process reliability issues are to a large extent solved. Lead free solder is a relatively unknown process and so process reliability is still being developed. Other electrical Industries are converting to lead free and when the technology has stabilized, medical devices can make the change. 

	Electro-Medicine

	Patient Monitoring
	Lead
	Solder on board
	
	Reliability of product
	Y

To be reviewed in 2012
	In current condition, it is thought that it would take 3 to 5 years to secure reliability that solder excluding lead can be used for medical equipment.  

	
	Mercury
	Display screens backlight
	
	
	Possible, dependant on suppliers
	Suppliers will have to deliver RoHS compliant screens

	Life Support Systems
	Lead
	Solder on board
	
	Reliability of product
	Y

To be reviewed in 2012
	In current condition, it is thought that it would take 3 to 5 years to secure reliability that solder excluding lead can be used for medical equipment.  

	ECG/EEG
	Lead
	Solder on board
	
	Reliability of product
	Y

To be reviewed in 2012
	In current condition, it is thought that it would take 3 to 5 years to secure reliability that solder excluding lead can be used for medical equipment.  

	MCG (magnetoencephalography)/MEG (magnetocardiography)


	Lead
	Superconducting connections in superconducting SQUID sensors

[< 1 g]
	20 g/year
	Product reliability
	Y?
	Low-temperature lead-tin alloy bonding adheres reliably and has suitable mechanical properties to withstand mechanical stresses due to thermal contraction due to cooling to cryogenic temperatures. A very high reliability required for a multichannel instruments: hundreds of SQUIDs have to work simultaneously, repairing difficult and very costly. Only possibility for flip-chip connections. Alternative niobium wire bonding suffers from easy oxidization of surfaces and unfavourable mechanical properties, moreover requires heat treatment. All lead to reduced reliability.

Marginal volume, yearly worldwide sales on the order of tens of systems.

	Hearing Aids
	Lead
	Electrical connections (eg PCB, connectors, wiring looms)
	
	Product reliability 
	Y

To be reviewed in 2012
	Lead solder is a well understood technology and consequently process reliability issues are to a large extent solved. Lead free solder is a relatively unknown process and so process reliability is still being developed. Other electrical Industries are converting to lead free and when the technology has stabilized, medical devices can make the change. 

	General (for most Medical Devices)

	
	Lead
	Lenses

[mg]
	
	Optical Quality Colour Rendition

X-ray reduction to safeguard image sensor
	N
	Lead in glass is essential for top optical performance, this is especially important for devices that use very small lenses like endoscopes.

Suppliers will have to deliver RoHS compliant components

	
	
	optical glasses for  lenses and filters

[mg]
	
	refraction index, optical Quality Color Rendition

X-ray reduction to safeguard image sensor
	N
	Lead in glass is essential for top optical performance, this is especially important for devices that use very small lenses like endoscopes.

Suppliers will have to deliver RoHS compliant components

	
	
	Electrical connections (eg PCB, connectors, wiring looms)

[mg-3kg]
	
	Product reliability (Patient safety, esp where the device controls the administration of energy and/or drugs to a patient)
	Y,

To be reviewed in 2012
	Lead solder is a well understood technology and consequently process reliability issues are to a large extent solved. Lead free solder is a relatively unknown process and so process reliability is still being developed. Other electrical Industries are converting to lead free and when the technology has stabilized, medical devices can make the change. (not before 2012) 

	
	Cadmium
	optical glasses for  lenses and filters

[mg]
	
	refraction index, optical Quality Color 
	N
	Cadmium in glass is essential for top optical performance, this is especially important for devices that use very small lenses like endoscopes.

Suppliers will have to deliver RoHS compliant components

	
	Hexavalent Chromium


	inorganic surfaces

(FS)
	
	image quality and reliability
	N

2012
	Used to improve properties of surfaces e.g. media resistance in a clinical environment, sliding properties, corrosion, electromagnetic properties.

	
	Alloy material lead
	
	
	Improve material properties
	N
	E.g. in aluminium alloys. Used to improve cutting properties.

	Other new technologies (e.g. molecular imaging)
	Unknown
	Tracers,,new technologies
	
	Enabling gthe new technology
	
	An exemption should be demanded if necessary. Flexibility for innovation for better healthcare should be maintained. 
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