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Introduction

The implementation of  the Basic Safety Standards  (BSS) Directive 96/29 on the protection of workers and general population against the danger arising from ionizing radiation [1] and the Directive 97/43 on health protection of individuals against  dangers of ionizing radiation in relation to medical exposure, known as the Medical Exposure Directive (MED) [2], they started in Poland some years ago with the Polish Atomic Law [3] and executive orders published by the Polish Government and Polish Health Minister [4]. Poland’s Government has applied for several years transitory period to complete implementation of the Directive 97/43/Euratom because of the technical, organizing and economical problems related with this procedure.

The most important task has arisen to prepare procedures according  with the current state of knowledge in the area of Quality Assurance (QA) and Quality Control (QC) of medical equipment using ionizing radiation in diagnosis. QA and QC in X-ray diagnosis equipment started to be  introduced since several years ago and nowadays they are put in common practice in almost every X-ray laboratory in Poland.

As result, the nuclear medicine departments must follow the new legislation which has imposed also obligatory necessity of regular Quality Assurance and Quality Control of equipment and procedures for preparing and  using  radiopharmaceuticals. In this paper the QA and QC procedure elaborated for the nuclear medicine department has been presented.

Material and Methods

The procedure of QA and QC consisted of  preparing a new documentation for this system in nuclear medicine in accordance with the rules in current legislation. Among others, creation of a quality book, control of equipment and procedures for preparing and  using  radiopharmaceuticals, control of the physical parameters of equipment (gamma camera , SPECT) e.g. resolution, background. The following radioisotopes are used : 99mTc, 131I and 90Y.  They have to undergo the basic tests and  some special ones. The basic tests are carried out  by staff of the nuclear medicine department. Units with accreditation perform special tests  annually. 

Equipment

The radioisotope generator 99Mo/99mTc with a certificate delivered by producer is controlled for the eluated quantity of  99mTc to 99Mo with use of ATOMLABTM 100 dose calibrator produced by BIODEX MEDICAL SYSTEM. The following gamma cameras produced by MEDISO (Hungary) are used: planar one, SPECT X-RING, 2-Heads SPIRIT and Cardio Desk. Its control is performed with use of the phantoms. The radiometers RK-100-2 produced by POLON-ALFA (Poland) and Contamination monitor EKO-C produced by POLON EKOLAB (Poland) are used for superficial contamination measurement. The staff doses are measured with film and thermoluminescent (TL) dosemeters. The staff is obliged to wear gowns made of lead.

In table 1 all used equipments are collected. 

Table 1. Equipment

	No.
	Type
	Name of equipment
	Producer / Country

	1
	The radioisotope generator  
	99Mo/99mTc
	Polatom Otwock-Świerk / Poland

	2
	Dose calibrator
	ATOMLABTM 100
	BIODEX MEDICAL SYSTEM/USA

	3
	Gamma camera
	Planar
	MEDISO / Hungary

	4
	Gamma camera
	X-Ring (SPECT)
	MEDISO / Hungary

	5
	Gamma camera
	Nucline TM  SPIRIT DH-V
	MEDISO / Hungary

	6
	Gamma camera
	Nucline TM  CardioDesk
	MEDISO / Hungary

	7
	The radiometer
	RK-100-2
	POLON-ALFA / Poland

	8
	The radiometer
	Contamination monitor EKO-C
	Polon EKOLAB / Poland

	9
	Film dosemeters
	Film dosemeters
	Lodz / Poland

	10
	TL dosemeters
	TLD
	TLD POLAND / Poland

	11
	Lead gowns
	Bata anti-X HcPb0,25/0,5/120MV
	BHU “BETA” Warsaw / Poland

	12
	Lead gowns
	Bata anti-X HcPb0,5/0,5/120MV
	BHU “BETA” Warsaw / Poland

	13
	Lead gowns
	Bata anti-X HcPb0,5/120MV
	BHU “BETA” Warsaw / Poland


Results

Equipment (from table 1) have to undergo the basic tests and  some special ones. The basic tests are carried out  by staff of the nuclear medicine department. For all gamma cameras there are following testing procedures:

1. Background measurement

Before start work, background for using radioisotope (for example 99mTc) is measured. The referring level is about 20 counts per second (cps)  for 99mTc (with collimator)

2. Peak calibration

This procedure is perform without collimator. 4 – 5 MBq activity of 99mTc is used. The distance between source and detector’s surface is about 1.5m .
3.Center of rotation
This procedure is perform with collimator. 99mTc is situated on table for SPECT diagnostic in a place responded the center of detector. Energetic window  (20% width) is arrange exactly on 99mTc’s peak. The referring level is not more than 2mm. If value of these parameters are  higher correction matrix is  set up.

4.Uniformity
This procedure is perform with collimator. The 99mTc activity is placed in a special container situated in the distance more then 5 long of the sustained side useful field of gamma camera’s view. Energetic window  (20% width) is arrange exactly on 99mTc’s peak. The rate of counting in energetic window and activity of 99mTc about 42 MBq, should be not more than 20000-25000cps. In table 2. references level for SPECT and planar diagnostic are collected. 

Table 2. References level for SPECT and planar diagnostic

	UNIFORMITY
	SPECT diagnostic
	Planar diagnostic

	Uniformity in full field

	Differential
	≤3.0%
	≤4.5%

	Integral
	≤3.5%
	≤5.0%

	Uniformity in central field

	Differential
	≤2.5%
	≤4.0%

	Integral
	≤3.0%
	≤4.5%


If value of these parameters are higher correction matrix is  set up.

In table 3 selected results of uniformity tests for planar, X-Ring and SPIRIT gamma camera  are presented.

Table 3. Selected results of uniformity tests for planar, X-Ring and SPIRIT gamma camera

	Date
	Uniformity in full field
	Uniformity in central field

	
	Differential [%]
	Integral [%]
	Differential [%]
	Integral [%]

	PLANAR

	16.10.2006
	2.0
	4.2
	2.2
	3.7

	23.10.2006
	2.2
	3.2
	2.2
	3.0

	31.10.2006
	2.2
	3.9
	1.9
	3.2

	06.11.2006
	2.2
	3.6
	2.2
	3.3

	13.11.2006
	2.0
	2.7
	1.6
	2.6

	20.11.2006
	2.0
	3.5
	1.7
	2.6

	27.11.2006
	1.8
	3.2
	1.8
	3.0

	04.12.2006
	2.2
	4.1
	1.9
	3.9

	11.12.2006
	2.2
	4.4
	2.2
	4.1

	18.12.2006
	1.8
	3.2
	1.8
	2.7

	X-RING

	07.12.2006
	11.5
	14.1
	2.5
	3.1

	07.12.06 cor.
	1.7
	1.9
	1.4
	1.9

	08.12.2006
	1.9
	2.7
	1.6
	2.1

	11.12.2006
	1.7
	2.4
	1.7
	1.9

	12.12.2006
	2.1
	2.7
	2.0
	2.2

	13.12.2006
	1.9
	2.7
	1.6
	2.0

	14.12.2006
	4.2
	5.5
	2.8
	3.8

	14.12.06 II
	3.3
	4.4
	2.7
	3.3

	14.12.06 III
	1.7
	2.3
	1.7
	2.1

	15.12.2006
	2.2
	2.8
	1.8
	2.4

	SPIRIT

	
	Head 1
	Head 2
	Head 1
	Head 2
	Head 1
	Head 2
	Head 1
	Head 2

	11.12.2006
	1.7
	1.9
	2.2
	2.9
	1.7
	1.9
	2.2
	2.6

	01.12.2006
	18
	18
	2.6
	3.0
	1.8
	1.8
	2.3
	3.0

	27.11.2006
	1.7
	1.9
	2.2
	2.4
	1.7
	1.9
	2.2
	2.3

	20.11.2006
	1.6
	1.8
	2.1
	2.6
	1.6
	1.8
	2.1
	2.1

	13.11.2006
	1.9
	1.8
	2.0
	2.7
	1.8
	1.5
	2.0
	2.7

	06.11.2006
	15
	1.9
	2.1
	2.3
	1.5
	1.7
	2.0
	2.2

	23.10.2006
	1.7
	1.8
	2.9
	2.6
	1.7
	1.6
	2.7
	2.5

	16.10.2006
	2.0
	1.9
	2.3
	2.9
	2.0
	1.9
	2.2
	2.6

	09.10.2006
	1.7
	1.8
	2.5
	2.8
	1.5
	1.8
	2.2
	2.4

	02.10.2006
	1.6
	1.6
	2.0
	2.2
	1.5
	1.6
	2.0
	2.1


* cor. – correction matrix

Table 4 represents selected results of center of rotation tests for X-Ring gamma camera.

Table 4. Selected results of center of rotation tests for X-Ring gamma camera

	Date
	x off set [mm]
	dx max [mm]
	dx min [mm]
	dy max [mm]
	dy min[mm]

	13.11.2006
	2.6052
	0.6136
	-0.5837
	0.4532
	-0.6298

	25.09.2006
	2.9968
	0.7337
	-0.6826
	0.5140
	-0.7276

	19.06.2006
	3.0647
	0.6205
	-0.5796
	0.4832
	-0.6373

	15.05.2006
	2.7890
	0.6045
	-0.6090
	0.4074
	-0.8268

	18.04.2006
	2.9562
	0.6750
	-0.6512
	0.4217
	-0.7479

	21.03.2006
	2.9564
	0.6750
	-0.6514
	0.4219
	-0.7473

	20.02.2006
	2.9445
	0.6534
	-0.6436
	0.4548
	-0.6383

	09.01.2006
	3.1451
	0.6018
	-0.5497
	0.4803
	-0.6725


The radioisotope generator 99Mo/99mTc with a certificate delivered by producer is controlled for the eluated quantity of  99mTc to 99Mo with use of ATOMLABTM 100 dose calibrator produced by BIODEX MEDICAL SYSTEM. In table 5. selected results of 99Mo and 99mTc activity and volume measurements are shown.

Table 5. Selected results of 99Mo and 99mTc activity and volume measurements

	Date
	Eluat’s volume [cm3]
	99mTc activity [GBq]
	99Mo activity [GBq]

	15.12.2006
	5
	3.89
	20.9

	14.12.2006
	6
	5.3
	28.4

	14.12.2006 II
	1
	1.2
	6.47

	13.12.2006
	2
	4.46
	23.9

	12.12.2006
	6
	8.5
	30.2

	12.12.2006 II
	5
	2.2
	8.45

	11.12.2006
	4
	11.2
	62.8

	7.12.2006
	4
	3.54
	18.17

	6.12.2006
	5
	7.2
	38.66


The staff doses are measured with film and thermoluminescent (TL) dosemeters. Average dose is 0.4 mSv / 3 months. The referring level is 5mSv/year for employee, and 1mSv/year for others.

      The radioisotope diagnosis of brain, heart, thyroid, stomach, liver, kidney and bones as well as lymphoscyntygraphy are performed. Every procedure implicate patient’s and staff's dose optimization.

The procedure used for patient and staff's dose optimisation consists of:

1) control dose measurement performed with dosemeter on the tissue-like phantom including selected radiopharmaceutical of the same radioactivity as the one which will be applied to patient,

2) calculation of the patient dose rate (depend on patient’s weight, age),

3) calculation of the staff  dose based on the results of personnal dosemeters (films or TLD), preparation of the Quality Assurance instruction for the staff resposible for patient's safety

Discussion

The nuclear medicine departments must follow the new legislation which has imposed also obligatory necessity of regular Quality Assurance and Quality Control of equipment and procedures for preparing and  using  radiopharmaceuticals. The physical parameters of equipment (gamma camera , SPECT) undergo the basic tests and  some special ones. The basic tests are carried out  by staff of the nuclear medicine department. Units with accreditation perform special tests  annually. Every measurement is recorded in quality book. In addition, special lectures and courses for  staff are organized several times per year to ensure a Continuous Professional Development (CPD) in the field of Quality Assurance and Quality Control.
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