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Convener: Dr. H J Pant, BARC, Mumbai
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ITEM 1 OPENING OF THE MEETING
1.1 Welcome of the Convener and Members by Bureau of Indian Standards 

1.2 Opening Remarks by Convener, CHD 30 : WP 4

ITEM 2 SCOPE AND COMPOSITION OF CHD 30 : WP 4
[bookmark: Back_to_top_1][bookmark: _Hlk71204618]The BIS Secretariat has received fresh nominations from AERB, Mumbai for WP 4 and its working groups. The received nominations from AERB along with the scope and composition of panel are given below. 
As discussed, and decided in the last panel meeting the nominations from CDSCO, New Delhi have received. The same are incorporated in the composition of the panel. 


[bookmark: _MON_1776240571]    
The WP may REVIEW. 

ITEM 3 PROGRESS OF WORK IN WORKING GROUPS OF CHD 30: P04

	Sl. No.
	Working group
	Convener
	Progress report

	1
	WG1-Hydrology
	Dr. K. Tirumalesh
	 Report yet to be received 

	2
	WG2-Industrial Radiotracer
	Dr. Jayashree Biswal
	Report yet to be received

	3
	WG3-Sealed Source Applications
	Dr. D.K. Sahoo
	Report yet to be received

	4
	WG4-Healthcare Applications
	Shri V.V.Murhekar
	Report yet to be received

	5
	WG5-Radioisotope and radiation technology for food security
	Dr. Bhaskar Sanyal
	Report yet to be received



ITEM 3 DRAFT STANDARDS FOR APPROVAL FOR WIDE CIRCULATION (WC) 
3.1 Practice for Radiometry of Metallic Components and Structures using Sealed Radioactive Sources
The revised draft submitted by Dr. H J Pant, the Convener of SC 4 on "Practice for Industrial Radiometry of Metallic Components and Structures using Sealed Radioactive Sources" was circulated among the other working panels and sectional committee members to seek their feedback on 12 December 2023. The comments received from members were put up before the last sectional committee meeting held on 28 December 2023. Whereby it was decided that the conveners of WP 1, 2, & 3 will be given an additional week to review the draft and submit their comments, if any.
Following this, the convener of WP 4, in collaboration with working panel members, will address the received comments including already received comments from Dr. Man Mohan, Shriram Institute, Dr. Vibha Hari and Dr. Venkataramana from NPCIL and make necessary revisions to the draft. The revised version will then be sent for wide circulation for a period of two months for public comments. Top of Form
Accordingly, the period of commenting has been covered. However, there is no additional comment has been received from members. The already received comments along with comments are given below for panel consideration and discussion. 


[bookmark: _MON_1776151444][bookmark: _MON_1776241742]      
The WP may DISCUSS
3.2 Measurement of environmental tritium in natural water for hydrological studies 
The revised draft submitted by Dr. H J Pant, the Convener of SC 4 on "Measurement of environmental tritium in natural water for hydrological studies" was circulated among the other working panels and sectional committee members to seek their feedback on 12 December 2023. The comments received from members were put up before the last sectional committee meeting held on 28 December 2023. Whereby it was decided that the conveners of WP 1, 2, & 3 will be given an additional week to review the draft and submit their comments, if any.
Following this, the convener of WP 4, in collaboration with working panel members, will address the received comments including already received comments from Dr. Rosaline form BARC and Dr. Vibha Hari from NPCIL and make necessary revisions to the draft. The revised version will then be sent for wide circulation for a period of two months for public comments. Top of Form
Accordingly, the period of commenting has been covered. However, there is no additional comment has been received from members. The already received comments along with comments are given below for panel consideration and discussion. 



[bookmark: _MON_1776087614]         
The WP may DISCUSS
ITEM 4 REVIEWS OF INDIAN STANDARD
4.1 IS 16880 : 2018 ISO/ASTM 51431 Practice for dosimetry in electron beam and x – Ray (Bremsstrahlung) irradiation facilities for food processing
BIS has adopted ISO/ASTM 51431: 2005 in 2018. However, it was observed that ISO has withdrawn the standard, which consequently questions the validity of IS 16880. The matter was discussed in the last sectional committee meeting, where it was decided that the working panel WP 4 should discuss among the panel members to see whether there is need for having Indian Standard on the subject. If deemed necessary, a revision may be prepared for developing Indigenously. Otherwise, the standard will be withdrawn without a replacement. 


The WP may REVIEW
ITEM 5 NEW WORK ITEM 
5.1 New Subjects received from Standardization cell constituted at Department of Atomic Energy (DAE)
The BIS Secretariat has established a Standardization Cell within the Department of Atomic Energy (DAE). This initiative aims to enhance coordination and synergy with ministries and associated departments in the development, promotion, and implementation of Indian Standards (IS). This aligns with the objectives outlined in the Indian National Strategy for Standardization (INSS) to foster a robust quality ecosystem in the country. The Standardization Cell has been tasked with identifying priority areas where Indian Standards are needed and facilitating the development of need-based standards within BIS committees. 
The received list of subjects has been given below. The panel is requested to review the list and identify the subjects falling within the scope of this panel. Additionally, members are assigned the task of preparing an initial draft on those subjects.


The WP may REVIEW.
ITEM 6 DATE AND PLACE OF NEXT MEETING
ITEM 7 ANY OTHER BUSINESS

Noninations CHD 30 - final_01-01-23.docx
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		Official Name
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		Office email id

		office phone

		Mobile

		Field of Expertise



		1

		Shri. N. Khandelwal

(Primary)

		SO/F

		CHD 30

		Radiation Protection (RP)



		nkhandelwal

@aerb.gov.in

		022-25990308

		7588210893
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		Radiation Protection 
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		Radiation Protection



		4.

		Shri D.M. Rane

(Primary)

		SO/F

		CHD30/SC-1/

WG-20

		Illicit Trafficking in radioactive Material

		dmrane

@aerb.gov.in

		022-25990671

		9869255441
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[bookmark: _Hlk79578475]Nuclear Energy for Peaceful Application Sectional Committee, CHD 30

FOREWORD

(Formal clause shall be added later)

Radiometric testing is an indirect measurement technique used for troubleshooting and flaw detection in industrial structures and processes. Sealed source based gamma radiometry is often employed in many fields such as nuclear and its allied industries for detection of flaws present in the large and thick shielding components and assemblies. The flaws can be in the form of voids, cracks, foreign material or even design faults. Flaw detection in such manufactured components and assemblies is necessary for the purpose of reducing transmitted dose rate to an acceptable limit as permitted by the regulatory body.  

Challenges in industrial radiometry include:

a) Development of a better manipulation system for source and detector positioning for efficient use of manpower and resources 

b) Challenges with the time consumed to complete the job as in industry time is money

c) Finding faults in material with thickness higher than 1000 mm of concrete or equivalent thickness

d) Obtaining regulatory clearance for use of radioisotope sources



This standard deals with equipment for radiometric testing, radiometry measuring technique, specimen preparation for radiometric measurements, data recording method and radiation protection in radiometry while using sealed radioactive sources.

In reporting the result of a test or analysis made in accordance with this standard, if the final value, observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 2022 ‘Rules for rounding off numerical values ( second revision ).
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Draft Indian Standard

Radiometry of Metallic Components and Structures using Sealed Radioactive Sources-Code of Practice



1 Scope 

This standard covers the recommended practice for sealed source based radiometry of metallic components and assemblies. The practice outlined in this document is intended to provide the basis for good working practices for producing desired radiometric results. This standard deals with equipment for radiometric testing, radiometry measuring technique, specimen preparation for radiometric measurements, data recording method and radiation protection in radiometry while using sealed radioactive sources.

2 REFERENCES

The standards listed below contain provisions which, through reference in this text, constitute provisions of this standard. At the time of publication, the editions indicated were valid. All standards are subject to revisions, and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards listed below:

		IS No.

		Title



		

		



		

		





3 TERMINOLOGY	Comment by CHD: VH: The word terminology may be replaced with definition/abbreviation and the content may be placed under clause no. 2.0 

For the purpose of this standard, the definitions given below shall apply.

3.1 Source — That which causes radiation exposure either by emitting ionizing radiation or by releasing radioactive substances or materials.

3.2 Sealed Source — Sealed source means radioactive material that is –

a) permanently sealed in a capsule; or in a solid form which is closely bounded and

b) Is designed to meet the safety standards prescribed by the competent authority

3.3 Radiometric Source — A source sealed in one or more capsules or an X-ray tube, or an accelerator, or a neutron source which is used for radiometry work

3.4 Qualified Person — A person who, having complied with specific requirements and having met certain conditions, has been approved by the Regulatory body, where necessary, to discharge specified duties and responsibilities

3.5 Radiation Work — Radiation work means work involving exposure

3.6 Worker — worker means radiation worker

3.7 Controlled Areas —  Areas which are occupied only by radiation workers and are under direct supervision of Radiological Safety Officer (RSO) are called controlled areas and the radiation levels in these areas shall not exceed the specified whole body dose limits for radiation workers.

4 EQUIPMENT FOR RADIOMETRIC TESTING USING SEALED GAMMA RADIOISOTOPE SOURCES
4.1 Typical radiometric measurement system consists of two components:

a) a   sealed radioactive source that emits gamma radiation e.g., 60Co or 192Ir nuclide;	Comment by CHD: KV: A sealed Radioactive sources that emits radiation 
e.g 60Co and 192Ir.

A sealed Radioactive source that emits radiation e.g 60Co and 137CS.

Reason:
192Ir is mostly used in radiography, the energy range varies from 206-612 keV so in steel, it can travel only                  10 - 90 mm. Which may contradicts with section 2.2, where it’s mentioned “Finding faults in material thickness higher than 1000 mm concrete.
It may be noted that Concrete density is 2.35 g/m 3 and Steel Density is 7.8 g/m 3.
 Difference

b) a nucleonic detector and data acquisition system.

4.2 In most cases, these two components are placed on the opposite side of an industrial component or assembly under investigation. The detector converts incident radiation into an electrical signal. The signal can be processed further to derive required information with the use of appropriate calibration. In industrial scenario, a wide variety of measurement geometries and requirements are encountered. Thus customized solution for each measurement task is designed through a combination of different sources and detectors. 

Depending upon application, 

a) Source and its activity, 

b) Type of exposure – collimated or panoramic, 

c) Detector type and 

d) Data communication interfaces are selected.

4.3 A radioisotope to be useful in industrial radiometry should have;

a) suitable radiation energies to penetrate through component or assembly under examination, 

b) higher radiation output, 

c) reasonably long-half life and 

d) possibility of economic production at higher specific activity. 

4.3.1 To estimate radiation levels, activity of the source need to be determined on the day of testing by using supplier’s data and applying decay correction. Present activity of a sealed source is calculated by





Where, 

Ao is an initial activity at time;

T= 0 and;

 A is activity after time T. 

[image: IGRED schematic diagram]4.4 Iridium-192 and Cobalt-60 are two commonly employed gamma-emitting sealed radioisotope sources in industrial radiometry. The two sources together can cover an inspection range of thickness 10 mm to 200 mm steel equivalent. They are used by housing in a shielded container or device such as Industrial Gamma Radiography Exposure Device (IGRED) or gamma camera or radiography device. IGREDs are used to store, transport and make radiation exposure. For remote operation, radiography device is connected to cranking unit and guide tube to facilitate the movement of the source to the required position. This ensures minimum exposure to the operator and others. Fig. 1(a) depicts a typical gamma exposure device with cranking unit and guide tube. Fig. 1(b) shows source in metallic and disc form, source capsules well as pigtail. In India, many types of manual and remote operated radiography device are in use. The commonly used radiography devices are: ROLI models (ROLI-2/ROLI-3) and COCAM-120. In India, Board of Radiation and Isotope Technology (BRIT) supplies these devices incorporating Ir-192 and Co-60. They are designed as per various national and international standards and are approved by Atomic Energy Regulatory Board (AERB) for use in India and abroad. ROLI-2 is designed for Ir-192 source with a maximum capacity of 2.4 TBq (65 Ci). It is approved as a Type B (U) transportation package. ROLI-3 is a portable one. It is designed to carry 0.74T Bq (20 Ci) of Ir-192 source and approved as a Type A transportation package. COCAM-120 is a Type B (U) and is designed for a maximum capacity of 4.44 TBq (120 Ci) Co-60. Shielding material for there radiography devices is lead and heavy alloy. In these devices, source is housed in a small metal capsule at one end of a short flexible cable called a "pig tail". At the other end of the pig tail is a connector that is used to attach the source to a long "crank-out" cable. The crank-out cable allows the operator to operate the source from a safe distance. 	Comment by CHD: KV: Iridum-192 and Co-60 are two commonly employed gamma emitting sealed radioisotope in industrial radiometry.

Ceasium-137 and Co-60 are two commonly employed gamma emitting sealed radioisotopes in industrial radiometry.

Iridium-192 commonly used for radiography.







FIG. 1 (a) SCHEMATIC DIAGRAM OF A TYPICAL RADIATION EXPOSURE DEVICE WITH CRANKING UNIT AND GUIDE TUBE	Comment by CHD: MM: Symbols (a) and (b) must be there at appropriate place in Figure 1.
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FIG. 1 (b) SOURCE IN METALLIC AND DISC FORM, SOURCE CAPSULE AND PIGTAIL.



4.5 The most commonly used detectors for industrial radiometric work are teletector with GM (Geiger-Muller) tubes and scintillation detectors. Teletector (see Fig. 2) is a portable detector very similar to radiation survey meter. But it employs two GM tubes to cover wide range from background upto 1 000 R/hr (10 Sv/hr) in five different scales starting from 0.5 mR/hr upto 0 to 1 000 R/hr (10 Sv/hr). As the name indicates, the detector can be moved telescopically away from the unit for measurement at a distance upto about 5 meters and the detector can be retrieved manually by telescopic arrangement. Another detector commonly employed for a wide range of detection applications is a scintillation detector (e.g., NaI(Tl)). By suitable choice of scintillator diameter (or shape) and thickness, from low background to high counting rates can be achieved. Detector should be calibrated before put in use.

[image: DSCN3325]











FIG.  2 COMMONLY USED DETECTOR (TELETECTOR) IN INDUSTRIAL RADIOMETRY



5 GENERAL PROCEDURE FOR INDUSTRIAL RADIOMETRIC TESTING OF METALLIC COMPONENTS AND STRUCTURES

5.1 Fundamental Principles of Radiometric Testing

5.1.1 Gamma radiometric investigation relies on the principal of nucleonic measurement based on a simple yet sophisticated concept – the principle of attenuation. Type of exposure can be collimated narrow-beam or panoramic depending upon application. Fig. 3 represents a schematic diagram of a typical radiometry setup with parallel geometry. A beam of radiation emanating from the source container and directed towards the test specimen undergoes preferential absorption as it travels through the object. The extent of attenuation depends on composition and geometry of the test object as well as energy and type of radiation. The transmitted intensity undergoes little or no attenuation if there is very less attenuation in the beam path either due to very low density or very less thickness of the material in between the detector probe and the source. The amount of radiation detected by the detector is converted into an electrical signal which is processed further to derive relevant value such as dose rate by measuring system. It can be used to detect faults and to estimate loss of equivalent material thickness in relation to expected degree of attenuation through a standard configuration of the test specimen. 



[image: Capture]







































FIG. 3 SCHEMATIC BLOCK DIAGRAM OF A TYPICAL RADIOMETRY SETUP.	Comment by CHD: MM:  Schematic block diagram of a typical radiometry setup.

5.1.2 In narrow-beam geometry as shown in the Fig. 3, contribution of scattered components is eliminated (build up factor, B = 1). In many industrial field radiometry applications, panoramic exposure is employed. In such situations, scattered component has to be taken into account (build up factor, B > 1). The scattered radiation adds to the output intensity. This condition is known as ‘broad-beam geometry’. For broad-beam geometry, transmitted intensity can be given by the following exponential relationship: 	Comment by CHD: KV: For Broad beam geometry transmitted intensity can be given by 
I=BI0Exp(-μx)

It may be noted that for build-up factor calculation, there are so many methodologies exists, like
Taylor Correction for build-up factor
Berger Correction for Build-up factor
The outcome of the results will be different in either case. 

Hence, clarity may be given, which methodology to be used and under what conditions.

I = Io B e - µ X



Where,

Io and I are radiation intensities at a point before and after introduction of a shield of thickness x, µ is the linear attenuation coefficient, and  B is called ‘build up factor’. It is the ratio of (Primary component + Scattered component) /primary component i.e, (P + S)/P. It depends on the thickness of shield, material (atomic number and density) of the shield and its attenuation characteristics µ. 

5.1.3 For practical purposes, Half Value Thickness (HVT=0.693/µ) and Tenth Value Thickness (TVT=2.303/µ) would be great advantage for calculations to determine the quantity of transmitted radiations. Table 1 gives the different HVT and TVT values in various materials for different radioisotope sources.

Table 1 HVT and TVT Values in Various Materials for Different Radioisotope Sources

		Sl. No. 

		Isotope Source

		Concrete

cm           

		Steel

cm

		Lead

cm

		Uranium

cm



		

		

		HVT

		TVT

		HVT

		TVT

		HVT

		TVT

		HVT

		TVT



		(1)

		(2)

		(3)

		(4)

		(5)

		(6)

		(7)

		(8)

		(9)

		(10)



		i) 

		Ir – 192

		4.1

		13.5

		1.25

		4.2

		0.5

		1.65

		0.31

		1.0



		ii) 

		Co – 60

		6.1

		20.25

		2.0

		6.6

		1.2

		4.0

		0.7

		2.2





 (Clause 5.1.3)



5.2 Industrial Radiometry Procedure (Including Safety Precautions)

5.2.1 Before commencing radiometry operations at a site, preparatory work need to be carried out which includes cordoning and shielding, grid marking and labelling on the test object, etc. The sequence of steps involved in radiometry is given below.

5.2.2 In order to keep dose levels within limit for the radiation workers as well as public, cordoning is required for the area where radiometry is being done. If adequate distances are not available one may need additional shielding and use of collimator. The prescribed radiation limit along the cordon off may change according to the local/international rules and regulations. Please ensure the cordon-off distance calculation process by consulting with the regulatory body where the radiometry testing is to take place. While cordoning it will be always considered that the members of public will be at the cordon fence and not the radiation worker. Cordon off required area with fencing rope and warning symbols. Placards shall be displayed at the boundary to warn against unauthorized presence inside or near the radiometry site. Make reflective signs during night time operation. The actual dose rates at the boundary shall be measured during trial exposure using a calibrated survey meter and the location of the boundary shall be rectified as necessary before subsequent exposures. The cordon off distance shall be determined on the basis of source activity, RHM of that source, weekly workload (no of exposures x duration of each exposure), occupancy factor outside the boundary and limitation of annual dose specified for public by the Competent Authority. The equation to evaluate cordon off distance is derived from the following equation.	Comment by Pushpendra Kumar: VH: Industrial safety aspects e.g. industrial safety precautions for working at height/handling lead block etc. may be included in the document.	Comment by Pushpendra Kumar: VH: During the period of radiometry, Cordon off the working areas and display radiation sign caution board   with expected radiation level at cordon off/entrance with the message “ KEEP AWAY, RADIOMETRY IN PROGRESS”.



Cordon-Off distance in the direction of primary beam: 

Where

d = Cordon off distance in meters

W = Working hours in a week

A = Source present activity

T = Occupancy factor around the site (see Table 2)

RHM = Roentgen per hour per curie at 1 meter from given radioisotope source (see Table 3)

P = Public dose limit or prescribed radiation level along the cordon off 



Table 2 Values for T May be Used as a Guide for Planning Radiometric Work

(Clause 5.2.2)

		Sl. No.

		Values for occupancy factor (T)



		

		Nature of human occupancy

		Occupancy Factor (T)



		(1) 

		(2)

		(3)



		i) 

		Full

		1



		ii) 

		Partial

		1/4



		iii) 

		Occasional

		1/16







Table 3 Radiation Output for Commonly Used Radiometry Sealed Radioactive Isotopes

(Clause 5.2.2)

		Sl. No.

		Source

		Half life

		Radiation Output (RHM)

R/hr/Ci at 1 meter



		(1)

		(2)

		(3)

		(4)



		i) 

		Ir-192

		74.4 days

		0.48



		ii) 

		Co-60

		5.27 Years

		1.30







Exercise: Iridium-192 of 20 Curie is used in radiometry of Occasional Occupancy for a period of 5 hours per week. Calculate the cardon off distance. Assume prescribed radiation level along the cordon-off area is 2 mR/week(20 μSv/Week) and RHM of Ir-192 is 0.5 R/hr (5 mSv/hr).

Solution:	Comment by CHD: Industrial safety aspects e.g. industrial safety precautions for working at height/handling lead block etc. may be included in the document.

Prescribed radiation level along the cordon-off area, P = 2 mR/week = 0.002R/week (20 μSv/week)

Cordon-Off distance in the direction of primary beam:         d = √(AX RHMX WXT /P) 

  = √(20X 0.5X 5X(1/16)/0.002) 

  = 39.5 meter

a) Prepare the specimen for radiometry testing by making different segments on the surface and label the grid points for taking measurements. Each measurement is averaged over a typical area of 10 square cm. Fig. 4 shows schematic representation of grid marking and labeling on high thickness specimen. Fig. 5 shows preparatory work for carrying out radiometry testing of high thickness specimens (Lead block and cask) in actual field setup.

b) Position the source and detector in the required exposure geometry for carrying out radiometry. Ensure proper connection of guide tube and cranking unit of the source.

c) By scanning the surface of the test specimen, measure radiation level (exposure rate typically in mR/hr or μSv/hr) at each of the grid points and note down the readings. Record all readings in a tabular form. Table 4 indicates a data recording format. 

d) Construct a line profile by plotting exposure rate v/s detector position on the circumference for flaw analysis. Results (that is, observation and acceptance/rejection decision) obtained from data analysis can be recorded. Based on the results correction action can be taken if faults such as misalignment of parts or welding defects are observed.

e) If hot spot is found, the grid point area can be further subdivided to identify more accurate location depending on application requirements.

Table 4 A Data Recording Form for Radiometry Work

		Segment/

grid point

		1

		2

		3

		4

		5

		6

		7

		8

		9

		…



		A

		

		

		

		

		

		

		

		

		

		



		B

		

		

		

		

		

		

		

		

		

		



		C

		

		

		

		

		

		

		

		

		

		



		D

		

		

		

		

		

		

		

		

		

		



		E

		

		

		

		

		

		

		

		

		

		



		F

		

		

		

		

		

		

		

		

		

		



		…
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FIG. 4 SCHEMATIC REPRESENTATION OF GRID MARKING AND LABELING ON HIGH THICKNESS SPECIMENS (FOR EXAMPLE, LEAD BLOCK AND CASK) FOR CARRYING OUT RADIOMETRY TESTING.



































FIG. 5 FIGURE ILLUSTRATING PREPARATORY WORK FOR CARRYING OUT RADIOMETRY TESTING OF A LEAD BLOCK (LEFT) AND A CASK (RIGHT) IN ACTUAL FIELD SETUP.

6 RADIATION PROTECTION IN RADIOMETRIC TESTING	Comment by Pushpendra Kumar: VH: Industrial safety aspects e.g. industrial safety precautions for working at height/handling lead block etc. may be included in the document.

Before undertaking any radiometry work, appropriate standard operating procedure shall be established by the licensee (designated Radiological Safety Officer) as follows:

a) Wear personal monitoring TLD/film badge, Pocket dosimeter (charged)

b) Take a survey meter and check for its proper working condition such as battery check, calibration etc. and put it on before going near the source.

c) Check the radiation levels on the source container/exposure device and ensure safe position of the source in the device. Conduct visual inspection of exposure device locks, drive cable condition, coupling, guide tube etc.

d) Carry the source along with its accessories such as remote handling tongs, lead pot, lead shots, fencing ropes, warning symbols etc. to the site.

e) Ensure protection requirements during exposure of source i.e connection of guide tube, cranking unit etc. 

7 PERSONAL QUALIFICATION

Personnel designated to carry out radiometry shall be trained, qualified and/or certified on the sealed radioisotope equipment. They should work safely in compliance with all relevant regulations and safety standards. They shall be familiar with operation of the equipment and shall have a good working knowledge of the equipment. Radiometry inspection shall be carried out by designated Radiological Safety Officer (RSO) approved by competent authority. 



Relevant References	Comment by CHD: The word ‘relevant’ may be deleted
 
Relevant references may be replaced as ‘references’



· IAEA Report of the 1st RCM of the CRP F2.20.60, “Radiometric methods for measuring and modeling multiphase systems”, October 15-19, 2012.



· BARC Publication, “Non-power applications of nuclear technologies”, Page 133-152, 2021. https://barc.gov.in/ebooks/9788195473328/paper09.pdf



· A S Tapase, et al. “Gamma Radiometry Testing – an effective technique for shielding thickness qualification of large components and assemblies”, NAARRI Newsletter Vol. 2, No.1, Page 21-24, January – March 2023.



· BRIT website: https://www.britatom.gov.in/product/radiation-technology-equipment



· ICRP PUBLICATION 3 APPENDIX

· https://www.slideshare.net/JithuJohn3/radiography-37286876



· AERB Standard Syllabi: AERB/RF/Training-Syllabi/2012 

· BSC/SG/2022/10, Rev.~0: Regulatory consenting process for radiation facilities, February 2023
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FOREWORD

(Formal clause shall be added later)

Tritium is one of the naturally occurring isotopes of hydrogen and is radioactive. There are 18 isotopologues of water one of which is HTO. Thus, making tritium an integral part of water molecule. Tritium is produced in stratosphere by spallation reaction of nitrogen with cosmic ray neutrons. The steady state inventory of tritium is about 11g/day. The produced tritium is oxidised and leads to formation of tritiated water which reaches troposphere through the mixing layer between stratosphere and troposphere. This process is specially enhanced during the spring season and is known as spring leak. The time taken by the tritium from its production to enter the hydrological cycle is about 30 days. The environmental input of tritium is very low, hence, for measurement of tritium in natural waters preconcentration of tritium is essential. Environmental tritium plays an important role in estimating the residence time of water and evaluating the groundwater dynamics. The half-life of tritium is 12.43 years and with the available measurement techniques groundwater ages up to 50 years can be estimated. The residence time estimation provides a helpful insight into the aquifer longevity, thus helping in managing the aquifers sustainably.	Comment by CHD: VH: Correction of  half-life of tritium

The half-life of tritium to be changed as  12.3 y

In reporting the result of a test or analysis made in accordance with this standard, if the final value, observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 2022 ‘Rules for rounding off numerical values ( second revision ).











Draft Indian Standard

MEASUREMENT OF ENVIRONMENTAL TRITIUM IN NATURAL WATER FOR HYDROLOGICAL STUDIES

1 Scope

This standard prescribes the method of measurement of environmental tritium in natural water for hydrological studies.  this document helps in understanding the key aspects like sampling for tritium, its preconcentration, measurement and calculating its content in a given sample.

2 REFERENCES

The standards listed below contain provisions which, through reference in this text, constitute provisions of this standard. At the time of publication, the editions indicated were valid. All standards are subject to revisions, and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards listed below:

		IS No.

		Title



		

		



		

		







3 TERMINOLOGY

For the purpose of this standard, the definitions given below shall apply.

3.1 Isotopologues — Isotopologues are molecules that differ only in their isotopic composition. For example, water, whose hydrogen-related isotopologues are: “light water” (H2O), “semi-heavy water” with the deuterium isotope in equal proportion to protium (HDO), “heavy water” with two deuterium isotopes of hydrogen per molecule (D2O) and “super-heavy water” or tritiated water (T2O as well as HTO and DTO).

3.2 Spallation Reaction — Spallation is a violent reaction in which a target is bombarded by very high-energy particles. The incident particle, such as a proton, disintegrates the nucleus through inelastic nuclear reactions. The result is the emission of protons, neutrons, α-particles, and other particles.

3.3 Half-Life — Time required for a quantity of radioactive substance to reduce to half of its initial value.

3.4 Aquifer — An aquifer is a body of rock and/or sediment that holds groundwater.

3.5 Distillation — It is a process involving the conversion of a liquid into vapour that is subsequently condensed back to liquid form.

3.6 Isotopic Fractionation — Isotopic fractionation is defined as the relative partitioning of the heavier and lighter isotopes between two coexisting phases in a natural system

3.7 Electrical Conductivity — It is a measure of a material's ability to carry an electrical current. The SI unit of electrical conductivity is siemens per metre (S/m).

3.8 Electrolysis — Electrolysis is the process of using electricity to split water into hydrogen and oxygen.	Comment by CHD: VH: Definition / terminology for electrolysis may be generalised.

3.9 Stainless Steel 304 — The most common stainless steel. The steel contains both chromium (between 18% and 20%) and nickel (between 8% and 10.5%) combined with a maximum of 0.08% carbon.	Comment by CHD: VH: Definition / terminology for Stainless steel 304  may be modified  as per  ASTM A276/A276M

3.10 Cathode — It is the metallic electrode on which reduction takes place.

3.11 Anode — It is the metallic electrode where oxidation takes place.

3.12 Scintillator — It is a substance that emit fluorescence when exposed to radiation. It can be liquid 	Comment by CHD: VH: Definition / terminology for Scintillator  may be modified  

Scintillator: it is a substance that emit fluorescence when exposed to ionising radiation. It can be solid, liquid or gaseous.

3.13 Tritium Unit — Tritium activities are commonly described in terms of tritium units (TU), where 1 TU = 1 atom of tritium per 1018 atoms of hydrogen or 1 TU = 7.19 DPML−1 of water = 0.118 Bq L−1 of water.	Comment by CHD: VH: Considered value of 1 TU as 7.19 DPML−1 will give 0.1198 Bq/L whereas reported value is 0.118 Bq/L.

3.14 Figure of Merit — A numerical expression taken as representing the performance or efficiency of a given device

4 SAMPLING

There are very few geochemical processes in nature that can alter the tritium content hence the sampling of environmental tritium is quite simple. In the field, samples are collected from water bodies like river, lakes and pond, dug wells, borewells, handpumps etc. For obtaining the representative water sample the wells are purged for 30 minutes or till a constant temperature is obtained. Then, water is collected in a 1 L bottle preferably having inner cap and brought to the laboratory for measurement. The sample need not be prefiltered nor any preservative need to be added for sampling water for tritium analysis

5 PROCEDURE

5.1 Sample preparation for tritium counting involves four main steps. The first step is distillation of the collected water sample. About 500 ml of the sample is poured in a double neck with 24/29 and 26/19 joint, glass round bottom flask (borosil make). Small glass and ceramic beads are added into the flask to avoid bumping. The 26/19 joint of the round bottom is blocked with glass cork and the 24/29 joint is connected to the glass (borosil make) condenser. The other end is of the condenser is connected to the 500 ml glass reagent bottle (borosil make). The small opening in condenser is connected to silicon trap to release any excess pressure developed during distillation through a pin hole in silicon trap. This setup (Fig. 1) ensures close system distillation making the losses due to fractionation minimum and ensures less chances of pressure bursting of the glassware.



[image: ]

FIG. 1 DISTILLATION SETUP

5.2 The distillate is collected in a separate bottle and electrical conductivity (EC) is measured using pre-calibrated EC meter. EC of 10 µS/cm or below is ensured by repeating the distillation if needed. This step ensures that all the inorganic impurities are removed from the water samples so that the electrolytic cell does not corrode during electrolysis. 

5.3 The next step is the addition of sodium peroxide (90 % purity) to make the water conducting. Sodium peroxide (0.5 g) is added to 250 ml of distilled water samples. This addition leads to the release of oxygen gas and the resultant solution becomes alkaline. The reaction involved is given in equation below



5.4 250 g by weight of this solution is added to electrolytic cells. A typical electrolytic cell consists of a perforated mild steel cathode of developed surfaces and a stainless-steel anode (SS-304). It is concentric in type and tubular in shape. The outer anode holds the sample while the perforated cathode is placed inside it and the two are electrically insulated from each other with a PTFE spacer at the bottom. At the top, the two cells are sealed together with a rubber O-ring which is smeared with a little silicon oil. The cathode is fitted with an outlet at the top for venting the hydrogen and oxygen gases generated during electrolysis. An actual image of a cell is given in Fig. 2. The difference in the cathode surface before and after development is shown in Fig. 3.

5.5 The selective enrichment of tritium is defined by separation factor given as
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FIG. 2 ANODE AND DEVELOPED CATHODE ELECTROLYTIC CELL
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FIG. 3 CATHODE WITH AND WITHOUT DEVELOPMENT

5.6 Enrichment is done in the batch of twenty cells (see Fig. 4) out of these three are the standard spiked solution of known concentration, three are local water samples and fourteen are the sample cells. The cells are placed in Polystat Cole Parmer make chiller and are connected in series to a DC regulated power supply. The chillier unit is to keep the temperature of the system maintained to ~1-4 ˚C so the evaporation losses due to heat generation can be minimized. The constant current of ~5 A is applied at the beginning of electrolysis and the voltage of the system being ~76 V. As the volume reduces the current is reduced to avoid overheating. During the processes of electrolysis 250 ml of the solution is reduced to 13ml, the enrichment factor of ~19 is achieved. As, 2.975 45 AH is required to reduce 1 ml of water, a total of 705 AH are required for the complete process and this is achieved in approximately 7 days.

The reactions of electrolytic enrichment process are given in

Anode (+):   2OH-  H2O+1/2 O2 + 2e-	Comment by CHD: MM: Both Anode and Cathode reactions must be numbered.

Cathode (-):  2H+ + 2e-  H2	

[image: J:\ppts\tritium\new system.jpg]

Fig. 1 Electrolysis setup for tritium enrichment

5.7 During the process of electrolysis, there is generation of gases like hydrogen and oxygen which are explosive. Hence, they need to be removed safely from the system. So, the generated gas is passed through the bubbler setup containing silicon oil and released into the environment. Secondly, the two electrodes are fitted with O-ring so if the pressure increases the joint pop-out and releases the pressure. As solution reduces hence the concentration of alkali increases. So before counting the alkali needs to be neutralized as it causes quenching of the scintillator. The sample is transferred into a 50 ml glass round bottom flask. To this ~2 g lead chloride (99% purity) is added to neutralise the increased alkalinity. The governing equation is:

2NaOH + PbCl2  2NaCl + Pb(OH)2	Comment by CHD: The chemical equation must be numbered.

[image: ]

FIG. 5 NEUTRALISATION SETUP FOR SAMPLES POST ELECTROLYSIS

5.8 This solution is heated at ~150 ˚C and the condensate is collected through closed system setup (Fig. 5). 14 ml of Optiphase Hisafe scintillator (Perkin Elmer make) is added to the 8 g of the enriched sample in high-density polythene scintillation vials and counted in Quantallus 1 220 liquid scintillator (Fig. 6). 

[image: ]



FIG. 6 LKB QUANTALLUS 1 220



5.9 The sample is counted for 500 min. each (50 min each sample for 10 cycles). After counting, the cpm values are obtained by selecting the channel that has the best figure of merits (square of efficiency /background).

5.10 For quality assurance of the lab generated data in every batch spiked samples and distilled water samples are added to keep the check on the consistency of measurement. The tritium values are reported in terms of tritium Units (TU) where 1 TU is equal to 0.118 Bq/Kg or 3.19 pCi/Kg	Comment by CHD: Correction of unit representation

Bq/kg in place of Bq/Kg  and pCi/kg in place of pci/Kg

6 CALCULATION

The spikes cells are used to calculate the enrichment parameter EP using the formula given by





Where, 



We = wt. of electrolyzed sample, W0 = wt. of initial sample = 250 g 



W = wt. of final sample = net wt. of electrolyzed sample - 0.4gm



Z s = enrichment factor which is calculated using the following equation









D.F. = dilution factor (total volume/std added, for spike preparation)



N s = W0 / W = mass reduction factor 



cpmspike = background corrected counts for spike solution.



Enrichment Factor of an individual cell can be calculated using EP 







							

Tritium value in terms of TU (tritium unit) can be calculated by using the following formula 











7 ERROR ESTIMATION

7.1 Errors in tritium measurement can be of three types 

a) Counting Error, 

b) Error due to enrichment,

c) Error due to pipetting and weighing etc. this is generally taken as 1%. 

For example, if for a sample of net count rate, A  a. the corresponding errors would be as follows

Counting error (a1) = a/A * 100% 



Enrichment error (a2) = EP x ln Z



 EP = percentage standard deviation in enrichment parameter from the standard.

 

a3 = 1%. 



Therefore, total error =  (a12 + a22 + a32) ½



For tritium when reported in terms of TU the error will be given as 







Relevant References

1. IAEA technical document 246

2. Tritium enrichment of environmental water by electrolysis: development of cathode exhibiting high isotopic separation and precise measurement of tritium enrichment factors by C.B. Taylor, IAEA Vienna



image1.png







image2.jpeg







image3.jpeg

WAL LArr AL R AR
N g, il :







image4.jpeg







image5.png







image6.png

NARRERSARNAN)  nnnand

T e
1

JUEtinge|







image7.wmf

s


s


o


e


P


N


Z


W


W


E


W


E


ln


ln


)


(


´


-


=


´


=




oleObject1.bin



image8.wmf

.


.


F


D


cpm


cpm


Z


std


spike


s


´


=




oleObject2.bin



image9.wmf

ú


û


ù


ê


ë


é


-


´


=


)


(


)


ln


(


exp


W


W


N


Z


o


P


E




oleObject3.bin



image10.wmf

std


std


sample


sample


cpm


Z


TU


cpm


TU


´


´


=




oleObject4.bin



image11.wmf

std


std


sample


error


cpm


Z


TU


Error


TU


´


´


´


=


100


%




oleObject5.bin





Doc.: CHD 30 (



25257



)WC



 



April



 



2024



 



IS xxxx : XXXX



 



BUREAU OF INDIAN STANDARDS



 



DRAFT FOR COMMENT ONLY



 



(Not to be reproduced without permission of BIS or used as an Indian Standard)



 



 



Draft Indian Standard



 



 



MEASUREMENT OF ENVIRONMENTAL TRITIUM IN 



NATURAL WATER FOR HYDROLOGICAL 



STUDIES



 



 



ICS 13.280



 



Nuclear Energy for Peaceful Application                   Last date of comments: 



 



Sectional Committee, CHD 30



 



 



Nuclear Energy for Peaceful Application Sectional Committee, CHD 30



 



FOREWORD



 



(



Formal clause shall be added later



)



 



Tritium is one of the naturally occurring isotopes of hydrogen and is radioactive. There are 18 



isotopologues of water one of which is HTO. Thus, making tritium an integral part of water 



molecule. Tritium is produced in stratosphere by spallation reaction of nitrogen with cosmic 



ray neutrons. The steady state inventory of tritium is about 11g/day. The produced tritium is 



oxidised and leads to formation of tritiated water which reaches troposphere through the 



mixing layer between stratosphere and troposphere. This process is specially enhanced during 



the spring season and is known as spring leak. The time taken by the tritium from its 



production to enter the hydrological cycle is about 30 days. The environmental input of 



tritium is very low, hence, for measurement of tritium in natural 



waters



 



preconcentration of 



tritium is essential. Environmental tritium plays an important role in estimating the residence 



time of water and evaluating the groundwater dynamics. The half



-



life of tritium is 12.43 



years



 



and with the available measurement techniques groundwater ages up to 50 years can be 



estimated. The residence time estimation provides a helpful insight into the aquifer longevity, 



thus helping in managing the aquifers sustainably.



 



In reporting the result of a test or analysis made in accordance with this standard, if the final 



value, observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 



2022 ‘Rules for rounding off numerical values ( 



second revision



 



).



 



 



 



 



 






Doc.: CHD 30 ( 25257 )WC   April   2024   IS xxxx : XXXX   BUREAU OF INDIAN STANDARDS   DRAFT FOR COMMENT ONLY   (Not to be reproduced without permission of BIS or used as an Indian Standard)     Draft Indian Standard     MEASUREMENT OF ENVIRONMENTAL TRITIUM IN  NATURAL WATER FOR HYDROLOGICAL  STUDIES     ICS 13.280   Nuclear Energy for Peaceful Application                   Last date of comments:    Sectional Committee, CHD 30     Nuclear Energy for Peaceful Application Sectional Committee, CHD 30   FOREWORD   ( Formal clause shall be added later )   Tritium is one of the naturally occurring isotopes of hydrogen and is radioactive. There are 18  isotopologues of water one of which is HTO. Thus, making tritium an integral part of water  molecule. Tritium is produced in stratosphere by spallation reaction of nitrogen with cosmic  ray neutrons. The steady state inventory of tritium is about 11g/day. The produced tritium is  oxidised and leads to formation of tritiated water which reaches troposphere through the  mixing layer between stratosphere and troposphere. This process is specially enhanced during  the spring season and is known as spring leak. The time taken by the tritium from its  production to enter the hydrological cycle is about 30 days. The environmental input of  tritium is very low, hence, for measurement of tritium in natural  waters   preconcentration of  tritium is essential. Environmental tritium plays an important role in estimating the residence  time of water and evaluating the groundwater dynamics. The half - life of tritium is 12.43  years   and with the available measurement techniques groundwater ages up to 50 years can be  estimated. The residence time estimation provides a helpful insight into the aquifer longevity,  thus helping in managing the aquifers sustainably.   In reporting the result of a test or analysis made in accordance with this standard, if the final  value, observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 :  2022 ‘Rules for rounding off numerical values (  second revision   ).          



image6.emf
Comments on  Tritium measuremnt (1).docx


Comments on Tritium measuremnt (1).docx
		Template for comments and secretariat observations

		Date: 

		Document: ISO/







		1

		2

		3

		4

		5

		6

		7



		MB1


		Clause/
Subclause/
Annex/Figure/Table
(e.g. 3.1, Table 2)

		Paragraph/
List item/
Note/
(e.g. Note 2)

		Type of com-ment2

		Comment (justification for change)

		Proposed change

		Secretariat observations
on each comment submitted









		Template for comments and secretariat observations

		Date: 

		Document: 

		Project:







		MB/NC1

		Line number

(e.g. 17)

		Clause/ Subclause

(e.g. 3.1)

		Paragraph/ Figure/ Table/

(e.g. Table 1)

		Type of comment2

		Comments

		Proposed change

		Working Panel CHD 30: WP 4 recommendations 









		SC 4

		

		

		

		ed

		Minor editorial corrections are required



		Specific company name / model name of the equipment needs to avoided in standard documents.

In calculation part, all equations should be numbered and various terms used in equation should be explained.

(Corrections marked in the draft document and attached)



		



		Ms. Vibha Hari

		11

		1.

		Scope

		te

		Correction of  half-life of tritium 

		The half-life of tritium to be changed as  12.3 y



		



		Ms. Vibha Hari

		17

		2.

		Normative reference

		ge

		The paragraph under normative reference may be shifted to end of the document, after error estimation.

		Reference may be included at the end of the whole text

		



		Ms. Vibha Hari

		Page-3 line number - 5

		3.

		Terminology

		te

		Definition / terminology for electrolysis may be generalised.

		-



		



		Ms. Vibha Hari

		Page-3 line number - 7

		3.

		Terminology

		te

		Definition / terminology for Stainless steel 304  may be modified  as per  ASTM A276/A276M

		Stainless steel 304: The most common stainless steel. The steel contains both chromium (between 18% to 20%) and nickel (between 8% to 11%) combined with  a maximum of (0.08% carbon (C ), 1%Silicon (Si), 2% Manganese (Mn), 0.045% Phosphorus (P), 0.03% Sulphur (S)



		



		Ms. Vibha Hari

		Page-3 line number - 12

		3.

		Terminology

		te

		Definition / terminology for Scintillator  may be modified  

		Scintillator: it is a substance that emit fluorescence when exposed to ionising radiation. It can be solid, liquid or gaseous.

		



		Ms. Vibha Hari

		Page-3 line number - 14

		3.

		Terminology

		te

		Considered value of 1 TU as 7.19 DPML−1 will give 0.1198 Bq/L whereas reported value is 0.118 Bq/L. 

		-

		



		Ms. Vibha Hari

		Page no.7

Line no.6

		5.

		Procedure

		ed

		Correction of unit representation

		Bq/kg in place of Bq/Kg  and pCi/kg in place of pci/Kg

		



		Manmohan Kumar

		

		

		Page 4:

		

		The chemical equation and the formula must be numbered.

		

		



		Manmohan Kumar

		

		

		Page 5

		

		Both Anode and Cathode reactions must be numbered.

		

		



		Manmohan Kumar

		

		

		Page 6

		

		The chemical equation must be numbered.

		

		



		Manmohan Kumar

		

		

		Page 7:

		

		The formula for Ep and Zs must be numbered.

		

		



		Manmohan Kumar

		

		

		Page 8:

		

		The 3 formulas must be numbered.

		

		



















1	MB = Member body (enter the ISO 3166 two-letter country code, e.g. CN for China)	** = ISO/CS editing unit

2	Type of comment:	ge = general	te = technical 	ed = editorial 

NB	Columns 1, 2, 4, 5 are compulsory.

page 1 of 1

FORM 13B (ISO) version 2001-09

1	MB = Member body / NC = National Committee (enter the ISO 3166 two-letter country code, e.g. CN for China; comments from the ISO/CS editing unit are identified by **)

2	Type of comment:	ge = general	te = technical 	ed = editorial 

page 1 of 2

ISO/IEC/CEN/CENELEC  electronic balloting commenting template/version 2012-03



Template for comments and secretariat observations



 



Date: 



 



Document:



 



 



Project



:



 



 



MB



/



N



C



1



 



Line 



number



 



(e.g. 17)



 



Clause/



 



Subclause



 



(e.g. 3.1)



 



Paragraph/



 



Figure/



 



Table/



 



(e.g. Table 1)



 



Type of 



comment



2



 



Comment



s



 



Proposed change



 



Working Panel CHD 30: WP 4 



recommendations 



 



 



 



1



 



MB



 



= Member body 



/ 



NC



 



= National Committee 



(enter the ISO 3166 two



-



letter country code, e.g. CN for China; comments from the ISO/CS editing unit are identified by 



**



)



 



2



 



Type of comment:



 



ge



 



= general



 



te



 



= technical 



 



ed



 



= editorial 



 



page 



1



 



of 



2



 



ISO



/IEC



/CEN/CENELEC



 



 



electronic balloting



 



commenting template/version 20



1



2



-



0



3



 



SC 4



 



 



 



 



ed



 



Minor editorial corrections are required



 



 



Specific company name / model name of the equipment 



needs to avoided in standard documents.



 



In calculation part, all equations should be numbered 



and various terms used in 



equation should be explained.



 



(Corrections marked in the draft document and 



attached)



 



 



 



Ms. 



Vibha 



Hari



 



11



 



1.



 



Scope



 



te



 



Correction of  half



-



life of tritium 



 



The half



-



life of tritium to be changed as  12.3 y



 



 



 



Ms. 



Vibha 



Hari



 



17



 



2.



 



Normative 



reference



 



ge



 



The paragraph under normative reference may be 



shifted to end of the document, after error estimation.



 



Reference may be included at the end of the whole text



 



 



Ms. 



Vibha 



Hari



 



Page



-



3 



line 



number 



-



 



5



 



3.



 



Terminology



 



te



 



Definition / 



terminology for electrolysis may be 



generalised.



 



-



 



 



 



Ms. 



Vibha 



Hari



 



Page



-



3 



line 



number 



-



 



7



 



3.



 



Terminology



 



te



 



Definition / terminology for



 



Stainless steel 304  may 



be modified  as per  ASTM A276/A276M



 



Stainless steel 304: The most common stainless 



steel. 



The steel contains both chromium (between 18% to 



20%) and nickel (between 8% to 11%) combined with  



a maximum of (0.08% carbon (C ), 1%Silicon (Si), 2% 



Manganese (Mn), 0.045% Phosphorus (P), 0.03% 



Sulphur (S)



 



 



 



Ms. 



Vibha 



Hari



 



Page



-



3 



line 



number 



-



 



12



 



3.



 



Terminology



 



te



 



Definition / terminology for Scintillator  may be 



modified  



 



Scintillator: it is a substance that emit fluorescence 



when exposed to ionising radiation. It can be solid, 



liquid or gaseous.



 



 



Ms. 



Vibha 



Hari



 



Page



-



3 



line 



number 



-



 



14



 



3.



 



Terminology



 



te



 



Considered value of 1 TU as 7.19 DPML



-



1 will give 



0.1198 Bq/L whereas reported value is 0.118 Bq/L. 



 



-



 



 



Ms. 



Vibha 



Hari



 



Page 



no.7



 



Line 



5.



 



Procedure



 



ed



 



Correction of unit representation



 



Bq/kg in place of Bq



/Kg  and pCi/kg in place of pci/Kg



 



 






Template for comments and secretariat observations  Date:   Document:    Project :  


 


MB / N C 1  Line  number   (e.g. 17)  Clause/   Subclause   (e.g. 3.1)  Paragraph/   Figure/   Table/   (e.g. Table 1)  Type of  comment 2  Comment s  Proposed change  Working Panel CHD 30: WP 4  recommendations   


    1   MB   = Member body  /  NC   = National Committee  (enter the ISO 3166 two - letter country code, e.g. CN for China; comments from the ISO/CS editing unit are identified by  ** )   2   Type of comment:   ge   = general   te   = technical    ed   = editorial    page  1   of  2   ISO /IEC /CEN/CENELEC     electronic balloting   commenting template/version 20 1 2 - 0 3  


SC 4     ed  Minor editorial corrections are required    Specific company name / model name of the equipment  needs to avoided in standard documents.   In calculation part, all equations should be numbered  and various terms used in  equation should be explained.   (Corrections marked in the draft document and  attached)     


Ms.  Vibha  Hari  11  1.  Scope  te  Correction of  half - life of tritium   The half - life of tritium to be changed as  12.3 y     


Ms.  Vibha  Hari  17  2.  Normative  reference  ge  The paragraph under normative reference may be  shifted to end of the document, after error estimation.  Reference may be included at the end of the whole text   


Ms.  Vibha  Hari  Page - 3  line  number  -   5  3.  Terminology  te  Definition /  terminology for electrolysis may be  generalised.  -     


Ms.  Vibha  Hari  Page - 3  line  number  -   7  3.  Terminology  te  Definition / terminology for   Stainless steel 304  may  be modified  as per  ASTM A276/A276M  Stainless steel 304: The most common stainless  steel.  The steel contains both chromium (between 18% to  20%) and nickel (between 8% to 11%) combined with   a maximum of (0.08% carbon (C ), 1%Silicon (Si), 2%  Manganese (Mn), 0.045% Phosphorus (P), 0.03%  Sulphur (S)     


Ms.  Vibha  Hari  Page - 3  line  number  -   12  3.  Terminology  te  Definition / terminology for Scintillator  may be  modified    Scintillator: it is a substance that emit fluorescence  when exposed to ionising radiation. It can be solid,  liquid or gaseous.   


Ms.  Vibha  Hari  Page - 3  line  number  -   14  3.  Terminology  te  Considered value of 1 TU as 7.19 DPML - 1 will give  0.1198 Bq/L whereas reported value is 0.118 Bq/L.   -   


Ms.  Vibha  Hari  Page  no.7   Line 5.  Procedure  ed  Correction of unit representation  Bq/kg in place of Bq /Kg  and pCi/kg in place of pci/Kg   



image7.emf
IS 16880.pdf


IS 16880.pdf


Hkkjrh; ekud
Indian Standard


Hkkjrh;  ekud  C;wjks
B U R E A U  O F  I N D I A N  S T A N D A R D S


ekud Hkou] 9 cgknqj'kkg T+kiQj ekxZ] ubZ fnYyh&110002
MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARG


NEW DELHI-110002
www.bis.gov.in    www.standardsbis.in


Price Group 7November 2018


©  BIS  2018


IS 16880 : 2018
ISO/ASTM 51431 : 2005


[kk| çlaLdj.k esa bysDVªkWu che vkSj ,Dl&js
(czsElL=kkgyqax) fofdj.k }kjk çfnIr djus


dh lqfoèkkvksa esa ek=kkekih çfØ;k


Practice for Dosimetry in Electron Beam
and X-Ray (Bremsstrahlung) Irradiation


Facilities for Food Processing


ICS17.240, 67.020











Contents Page


1 Scope ..................................................................................................................................... 1
2 Referenced documents ........................................................................................................... 1
3 Terminology ............................................................................................................................ 2
4 Significance and use ............................................................................................................... 5
5 Radiation source characteristics .............................................................................................. 5
6 Irradiation facilities .................................................................................................................. 5
7 Dosimetry systems .................................................................................................................. 6
8 Process parameters ................................................................................................................ 7
9 Installation qualification ........................................................................................................... 7
10 Operational qualification ........................................................................................................ 7
11 Performance qualification ....................................................................................................... 9
12 Routine product processing ................................................................................................... 11
13 Measurement uncertainty ...................................................................................................... 12
14 Certification ........................................................................................................................... 12
15 Keywords .............................................................................................................................. 13
Bibliography ............................................................................................................................. 13
Figure 1 Diagram showing beam length and width for a scanned beam using a conveyor
system ....................................................................................................................................... 2
Figure 2 Example of measured electron-beam dose distribution along the beam width, where the
beam width is noted at some defined fractional level f of the average maximum dose Dmax ........... 3
Figure 3 Typical (idealised) depth-dose distribution for an electron beam in a homogeneous
material composed of elements of low atomic number .................................................................. 3
Figure 4 Regions of Dmax and Dmin (indicated by hatching) for a rectangular process load after
one-sided irradiation using an electron beam ............................................................................... 10
Figure 5 Regions of Dmax and Dmin (indicated by hatching) for a rectangular process load after
two-sided irradiation using an electron beam ............................................................................... 11


iii


ISO/ASTM 51431 : 2005
IS 16880 : 2018







Nuclear Energy for Peaceful Applications Sectional Committee, CHD 30


NATIONAL FOREWORD


This Indian Standard which is identical with ISO/ASTM 51431 : 2005 ‘Practice for dosimetry in electron beam
and X-ray (bremsstrahlung) irradiation facilities for food processing’ issued by the International Organization
for Standardization (ISO) was adopted by the Bureau of Indian Standards on the recommendation of the
Nuclear Energy for Peaceful Applications Sectional Committee and approval of the Chemical Division Council.


The text of ISO Standard has been approved as suitable for publication as an Indian Standard without
deviations. Certain conventions and terminologies are, however, not identical to those used in Indian
Standards. Attention is particularly drawn to the following:


a) Wherever the words ‘International Standard’ appear referring to this standard, they should be read
as ‘Indian Standard’.


b) Comma (,) has been used as a decimal marker in the International Standard, while in Indian Standards,
the current practice is to use a point (.) as the decimal marker.


In this adopted standard, reference appears to the following International Standard for which Indian Standard
also exist. The corresponding Indian Standards, which is to be substituted in its place is listed below along
with its degree of equivalence for the editions indicated:


          International Standard  Corresponding Indian Standard Degree of Equivalence


ISO/ASTM 51261 : 2013 Guide for
selection and calibration of dosimetry
systems for radiation processing


IS 16986 : 2018/ISO/ASTM 51261 : 2013
Guide for selection and calibration of
dosimetry systems for radiation
processing


Identical


The technical committee responsible for the formulation of this standard has reviewed the provisions of the
following mentioned International Standards and has decided that these are acceptable for use in conjunction
with this standard:


International Standard    Title
ASTM E170 Terminology Relating to Radiation Measurements and Dosimetry
ASTME666 Practice for Calculating Absorbed Dose from Gamma or X Radiation
ASTME1026 Practice for Using the Fricke Reference Standard Dosimetry System
ASTME2232 Guide for Selection and Use of Mathematical Models for Calculating Absorbed


Dose in Radiation Processing Applications
ASTME2303 Guide for Absorbed-dose Mapping in Radiation Processing Facilities
ASTME2304 Practice for Use of a LiF Photo-Fluorescent Film Dosimetry System
ASTMF1355 Guide for Irradiation of Fresh Fruits as a Phytosanitary Treatment
ASTMF1356 Guide for Irradiation of Fresh and Frozen Red Meat and Poultry to Control


Pathogens and Other Microorganisms
ASTMF1736 Guide for Irradiation of  Finfish and Shellfish to Control Pathogens and Spoilage


Microorganisms
ASTMF1885 Guide for Irradiation of Dried Spices, Herbs, and Vegetable Seasonings to


Control Pathogens and Other Microorganisms
ISO/ASTM51204 Practice for Dosimetry in Gamma Irradiation Facilities for Food Processing


(Continued on third cover)







1. Scope


1.1 This practice outlines the installation qualification pro-
gram for an irradiator and the dosimetric procedures to be
followed during operational qualification, performance quali-
fication and routine processing in facilities that process food
with high-energy electrons and X-rays (bremsstrahlung) to
ensure that product has been treated within a predetermined
range of absorbed dose. Other procedures related to operational
qualification, performance qualification and routine processing
that may influence absorbed dose in the product are also
discussed. Information about effective or regulatory dose limits
for food products, and appropriate energy limits for electron
beams used directly or to generate X-rays is not within the
scope of this practice (see ASTM Guides F 1355, F 1356,
F 1736, and F 1885).


NOTE 1—Dosimetry is only one component of a total quality assurance
program for adherence to good manufacturing practices used in the
production of safe and wholesome food.


NOTE 2—ISO/ASTM Practice 51204 describes dosimetric procedures
for gamma irradiation facilities for food processing.


1.2 For guidance in the selection and calibration of dosim-
etry systems, and interpretation of measured absorbed dose in
the product, see ISO/ASTM Guide 51261 and ASTM Practice
E 666. For the use of specific dosimetry systems, see ASTM
Practices E 1026 and E 2304, and ISO/ASTM Practices 51205,
51275, 51276, 51310, 51401, 51538, 51540, 51607, 51650 and
51956. For discussion of radiation dosimetry for electrons and
X-rays also see ICRU Reports 35 and 14. For discussion of
radiation dosimetry for pulsed radiation, see ICRU Report 34.


1.3 While gamma radiation from radioactive nuclides has
discrete energies, X-rays (bremsstrahlung) from machine
sources cover a wide range of energies, from low values (about
35 keV) to the energy of the incident electron beam. For
information concerning electron beam irradiation technology
and dosimetry, see ISO/ASTM Practice 51649. For information
concerning X-ray irradiation technology and dosimetry, see
ISO/ASTM Practice 51608.


1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced documents


2.1 ASTM Standards: 2


E 170 Terminology Relating to Radiation Measurements
and Dosimetry


E 666 Practice for Calculating Absorbed Dose from Gamma
or X Radiation


E 1026 Practice for Using the Fricke Reference Standard
Dosimetry System


E 2232 Guide for Selection and Use of Mathematical Mod-
els for Calculating Absorbed Dose in Radiation Processing
Applications


E 2303 Guide for Absorbed-dose Mapping in Radiation
Processing Facilities


E 2304 Practice for Use of a LiF Photo-Fluorescent Film
Dosimetry System


F 1355 Guide for Irradiation of Fresh Fruits as a Phytosani-
tary Treatment


F 1356 Guide for Irradiation of Fresh and Frozen Red Meat
and Poultry to Control Pathogens and Other Microorgan-
isms


F 1736 Guide for Irradiation of Finfish and Shellfish to
Control Pathogens and Spoilage Microorganisms


F 1885 Guide for Irradiation of Dried Spices, Herbs, and
Vegetable Seasonings to Control Pathogens and Other
Microorganisms


2.2 ISO/ASTM Standards:2


51204 Practice for Dosimetry in Gamma Irradiation Facili-
ties for Food Processing


51205 Practice for Use of a Ceric-Cerous Sulfate Dosimetry
System


51261 Guide for Selection and Calibration of Dosimetry
Systems for Radiation Processing


51275 Practice for Use of a Radiochromic Film Dosimetry
System


51276 Practice for Use of a Polymethylmethacrylate Do-
simetry System


1 This practice is under the jurisdiction of ASTM Committee E10 on Nuclear
Technology and Applications and is the direct responsibility of Subcommittee
E10.01 on Dosimetry for Radiation Processing, and is also under the jurisdiction of
ISO/TC 85/WG 3.


Current edition approved by ASTM Oct. 1, 2004. Published May 15, 2005.
Originally published as E 1431–91. Last previous ASTM edition E 1431–98e1.
ASTM E 1431–91 was adopted by ISO in 1998 with the intermediate designation
ISO 15562:1998(E). The present International Standard ISO/ASTM 51431:2005(E)
is a major revision of the last previous edition ISO/ASTM 51431:2002(E), which
replaced ISO 15562.


2 For referenced ASTM and ISO/ASTM standards, visit the ASTM website,
www.astm.org, or contact ASTM Customer Service at service@astm.org. For
Annual Book of ASTM Standards volume information, refer to the standard’s
Document Summary page on the ASTM website.
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51310 Practice for Use of a Radiochromic Optical
Waveguide Dosimetry System


51400 Practice for Characterization and Performance of a
High-Dose Radiation Dosimetry Calibration Laboratory


51401 Practice for Use of a Dichromate Dosimetry System
51538 Practice for Use of the Ethanol-Chlorobenzene Do-


simetry System
51539 Guide for Use of Radiation-Sensitive Indicators
51540 Practice for Use of a Radiochromic Liquid Dosim-


etry System
51607 Practice for Use of the Alanine-EPR Dosimetry


System
51608 Practice for Dosimetry in an X-ray (Bremsstrahlung)


Facility for Radiation Processing
51631 Practice for Use of Calorimetric Dosimetry Systems


for Electron Beam Dose Measurements and Dosimeter
Calibrations


51649 Practice for Dosimetry in an Electron Beam Facility
for Radiation Processing at Energies Between 300 keV
and 25 MeV


51650 Practice for Use of a Cellulose Triacetate Dosimetry
System


51707 Guide for Estimating Uncertainties in Dosimetry for
Radiation Processing


51956 Practice for Thermoluminescence Dosimetry (TLD)
Systems for Radiation Processing


2.3 International Commission on Radiation Units and
Measurements (ICRU) Reports:3


ICRU Report 14 Radiation Dosimetry: X Rays and Gamma
Rays with Maximum Photon Energies Between 0.6 and 50
MeV


ICRU Report 34 The Dosimetry of Pulsed Radiation
ICRU Report 35 Radiation Dosimetry: Electron Beams


with Energies Between 1 and 50 MeV
ICRU Report 37 Stopping Powers for Electrons and


Positrons
ICRU Report 60 Fundamental Quantities and Units for


Ionizing Radiation


3. Terminology


3.1 Definitions:
3.1.1 absorbed dose, D—quantity of ionizing radiation


energy imparted per unit mass of a specified material. The SI
unit of absorbed dose is the gray (Gy), where 1 gray is
equivalent to the absorption of 1 joule per kilogram of the
specified material (1 Gy = 1 J/kg). The mathematical relation-
ship is the quotient of dē by dm, where dē is the mean
incremental energy imparted by ionizing radiation to matter of
incremental mass dm (see ICRU 60).


D 5 dē/dm (1)


3.1.1.1 Discussion—The discontinued unit for absorbed
dose is the rad (1 rad = 100 erg/g = 0.01 Gy). Absorbed dose is
sometimes referred to simply as dose. Water is frequently


selected as the specified material for defining absorbed dose. In
practice, dosimeters are most often calibrated in terms of dose
to water. That is, the dosimeter measures the dose that water
would absorb if it were placed at the location of the dosimeter.
Water is a convenient medium to use because it is universally
available and understood, and its radiation absorption and
scattering properties are close to those of tissue. The require-
ment of tissue-equivalency historically originates from
radiation-therapy applications. However, to determine the tem-
perature increase in an irradiated material, it is necessary to
know the absorbed dose in that material. This may be deter-
mined by applying conversion factors in accordance with
ISO/ASTM Guide 51261.


3.1.2 absorbed-dose mapping (for a process load)—
measurement of absorbed dose within a process load using
dosimeters placed at specified locations to produce a one-, two-
or three-dimensional distribution of absorbed dose, thus ren-
dering a map of absorbed-dose values.


3.1.3 average beam current—time-averaged electron beam
current.


3.1.3.1 Discussion—For a pulsed machine, the averaging
shall be done over a large number of pulses.


3.1.4 beam length—dimension of the irradiation zone along
the direction of product movement, at a specified distance from
the accelerator window (see Fig. 1).


3.1.4.1 Discussion—(1) This term usually applies to elec-
tron irradiation. (2) Beam length is therefore perpendicular to
beam width and to the electron beam axis. (3) In case of a
low-energy, single-gap electron accelerator, beam length is
equal to the active length of the cathode assembly in vacuum.
(4) In case of product that is stationary during irradiation,
‘beam length’ and ‘beam width’ may be interchangeable.


3.1.5 beam width—dimension of the irradiation zone per-
pendicular to the direction of product movement, at a specified
distance from the accelerator window (see Fig. 1).


3.1.5.1 Discussion—(1) This term usually applies to elec-
tron irradiation. (2) Beam width is therefore perpendicular to


3 Available from the International Commission on Radiation Units and Measure-
ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814, U.S.A.


FIG. 1 Diagram showing beam length and width for a scanned
beam using a conveyor system
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beam length and to the electron beam axis. (3) In case of
product that is stationary during irradiation, ‘beam width’ and
‘beam length’ may be interchangeable. (4) Beam width may be
quantified as the distance between two points along the dose
profile, which are at a defined fraction of the maximum dose
value in the profile (see Fig. 2). (5) Various techniques may be
employed to produce an electron beam width adequate to cover
the processing zone, for example, use of electromagnetic
scanning of pencil beam (in which case beam width is also
referred to as scan width), defocusing elements, and scattering
foils.


3.1.6 bremsstrahlung—broad-spectrum electromagnetic ra-
diation emitted when an energetic charged particle is influ-
enced by a strong electric or magnetic field, such as that in the
vicinity of an atomic nucleus.


3.1.6.1 Discussion—In radiation processing, bremsstrahl-
ung photons with sufficient energy to cause ionization are
generated by the deceleration or deflection of energetic elec-
trons in a target material. When an electron passes close to an
atomic nucleus, the strong coulomb field causes the electron to
deviate from its original motion. This interaction results in a
loss of kinetic energy by the emission of electromagnetic
radiation. Since such encounters are uncontrolled, they produce
a continuous photon energy distribution that extends up to the
maximum kinetic energy of the incident electron. The
bremsstrahlung spectrum depends on the electron energy, the
composition and thickness of the target, and the angle of
emission with respect to the incident electron. Even though
bremsstrahlung has broad energy spectrum, the energy of the
incident electron beam is referred to as the nominal
bremsstrahlung energy.


3.1.7 compensating dummy—See simulated product
(3.1.35).


3.1.8 continuous-slowing-down-approximation range
(CSDA range), r0—average path length traveled by a charged
particle as it slows down to rest, calculated under the
continuous-slowing-down approximation (see ICRU Report
35).


3.1.8.1 Discussion—Values of r0 for a wide range of elec-
tron energies and for several materials are tabulated in ICRU
Report 37.


3.1.9 depth-dose distribution—variation of absorbed dose
with depth from the incident surface of a material exposed to
a given radiation (see Fig. 3 for a typical distribution).


3.1.9.1 Discussion—Depth-dose distributions for several
homogeneous materials produced by electron beams of differ-
ent energies are shown in ISO/ASTM Practice 51649.


3.1.10 dose uniformity ratio (for a process load)—ratio of
the maximum to the minimum absorbed dose within the
process load. The concept is also referred to as the max/min
dose ratio.


3.1.11 dosimeter set—one or more dosimeters used to
measure absorbed dose at a location and whose average
response is used to determine absorbed dose at that location.


3.1.12 dosimetry system—system used for determining ab-
sorbed dose, consisting of dosimeters, measurement instru-
ments and their associated reference standards, and procedures
for the system’s use.


3.1.13 electron beam energy—average kinetic energy of the
accelerated electrons in the beam. Unit: J


3.1.13.1 Discussion—Electron volt (eV) or its multiples is
often used as the unit for electron (beam) energy, where 1 eV
= 1.602 3 10-19 J (approximately).


3.1.14 electron beam range—penetration distance of an
electron beam along its axis in a specific, totally absorbing
material.


3.1.14.1 Discussion—This quantity may be defined and
evaluated in several ways. For example, ‘extrapolated electron
beam range, Rex’ (see 3.1.16), ‘practical electron beam range,


FIG. 2 Example of measured electron-beam dose distribution
along the beam width, where the beam width is noted at some
defined fractional level f of the average maximum dose Dmax


NOTE—The peak-to-surface dose ratio depends on the energy of the
incident electron beam (ICRU Report 35). The distribution shown here is
typically for about 10 MeV electrons. For this case, Rp= Rex, since X-ray
background is negligible. For the case where Rp is not equal to Rex, see
ISO/ASTM Practice 51649, Annex A1.
FIG. 3 Typical (idealised) depth-dose distribution for an electron
beam in a homogeneous material composed of elements of low


atomic number
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Rp’ (see 3.1.23), and ‘continuous-slowing-down-
approximation range, r0’ (see 3.1.8). Rp and Rex can be
determined from measured depth-dose distributions in a refer-
ence material (see Fig. 3). Electron range is usually expressed
in terms of mass per unit area (kg·m-2), but sometimes in terms
of thickness (m) of a specific material.


3.1.15 electron energy spectrum—particle fluence distribu-
tion of electrons as a function of energy.


3.1.16 extrapolated electron beam range, Rex—depth from
the incident surface of a reference material where the electron
beam enters to the point where the tangent at the steepest point
(the inflection point) on the almost straight descending portion
of the depth-dose distribution curve meets the depth axis.


3.1.16.1 Discussion—Under certain conditions, Rex= Rp,
which is shown in Fig. 3. These conditions generally apply to
foodstuff irradiated at electron energy equal to or less than 10
MeV. Also see 3.1.23.


3.1.17 half-entrance depth, (R50e)—depth in homogeneous
material at which the absorbed dose has decreased to 50 % of
the absorbed dose at the entrance surface of the material (see
Fig. 3).


3.1.18 half-value depth (R50)—depth in homogeneous ma-
terial at which the absorbed dose has decreased 50 % of its
maximum value (see Fig. 3).


3.1.19 installation qualification (IQ)—obtaining and docu-
menting evidence that the irradiator, with all its associated
equipment and instrumentation, has been provided and in-
stalled in accordance with specification.


3.1.20 operational qualification (OQ)—obtaining and docu-
menting evidence that installed equipment and instrumentation
operate within predetermined limits when used in accordance
with operational procedures.


3.1.21 optimum thickness (Ropt)—depth in homogeneous
material at which the absorbed dose equals the absorbed dose
at the surface where the electron beam enters (see Fig. 3).


3.1.22 performance qualification (PQ)—obtaining and
documenting evidence that the equipment and instrumentation,
as installed and operated in accordance with operational
procedures, consistently perform according to predetermined
criteria and thereby yield product that meets specifications.


3.1.23 practical electron beam range (Rp)—depth from the
incident surface of a reference material where the electron
beam enters to the point where the tangent at the steepest point
(the inflection point) on the almost straight descending portion
of the depth-dose distribution curve meets the extrapolated
X-ray background (see Fig. 3). See ISO/ASTM 51649 for more
details.


3.1.23.1 Discussion—For energies below about 10 MeV, the
X-ray background created by the incident electrons is insig-
nificant for materials composed of elements with low atomic
numbers (such as foodstuff). For this case, Rp= Rex(see 3.1.16).


3.1.24 primary-standard dosimeter—dosimeter of the high-
est metrological quality, established and maintained as an
absorbed-dose standard by a national or international standards
organization (see ISO/ASTM Guide 51261).


3.1.25 process load—volume of material with a specified
product loading configuration irradiated as a single entity.


3.1.26 production run (for continuous-flow and shuffle-
dwell irradiations)—series of process loads consisting of
materials or products having similar radiation-absorption char-
acteristics, that are irradiated sequentially to a specified range
of absorbed dose.


3.1.27 pulse rate—pulse repetition frequency in hertz (Hz).
3.1.27.1 Discussion—(1) This is relevant to a pulsed accel-


erator. (2) It is also referred to as pulses per second or
repetition (rep) rate.


3.1.28 pulse width—time interval between two points on the
leading and trailing edges of the pulse beam current waveform
where the current is 50 % of its peak value.


3.1.28.1 Discussion—This is relevant to a pulsed accelera-
tor.


3.1.29 reference material—material with one or more prop-
erties, which are sufficiently well established to be used for
calibration of an apparatus, the assessment of a measurement
method, or for assigning values to materials.


3.1.30 reference plane—selected plane in the radiation zone
that is perpendicular to the electron beam axis.


3.1.31 reference-standard dosimeter—dosimeter of high
metrological quality used as a standard to provide measure-
ments traceable to measurements made using primary-standard
dosimeters (see ISO/ASTM Guide 51261).


3.1.32 routine dosimeter—dosimeter calibrated against a
primary-, reference-, or transfer-standard dosimeter and used
for routine absorbed-dose measurements (see ISO/ASTM
Guide 51261).


3.1.33 scanned beam—electron beam that is swept back and
forth with a varying magnetic field.


3.1.33.1 Discussion—This is most commonly done along
one dimension (beam width); although two-dimensional scan-
ning (beam width and length) may be used with high-current
electron beams to avoid overheating the beam exit window, or
the X-ray target.


3.1.34 scan frequency—number of complete scanning
cycles per second expressed in Hz.


3.1.35 simulated product—material with radiation attenua-
tion and scattering properties similar to those of the product,
material, or substance to be irradiated.


3.1.35.1 Discussion—Simulated product is used during ir-
radiator characterization as a substitute for the actual product,
material or substance to be irradiated. When used in routine
production runs in order to compensate for the absence of
product, simulated product is sometimes referred to as com-
pensating dummy. When used for absorbed-dose mapping,
simulated product is sometimes referred to as phantom mate-
rial.


3.1.36 transfer-standard dosimeter—dosimeter, often a
reference-standard dosimeter, suitable for transport between
different locations, used to compare absorbed-dose measure-
ments (see ISO/ASTM Guide 51261).


3.1.37 X-radiation—ionizing electromagnetic radiation,
which includes both bremsstrahlung and the characteristic
radiation emitted when atomic electrons make transitions to
more tightly bound states. See 3.1.6.


3.1.38 X-ray—see X-radiation.
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3.1.38.1 Discussion—In radiation processing applications,
the principal X-radiation source is bremsstrahlung. The term
X-radiation may be used to refer to X-ray.


3.1.39 X-ray converter—device for generating X-rays
(bremsstrahlung) from an electron beam, consisting of a target,
means for cooling the target, and a supporting structure.


3.1.40 X-ray target—that component of the X-ray converter
that is struck by the electron beam.


3.1.40.1 Discussion—It is usually made of metal with high
atomic number, high melting temperature, and high thermal
conductivity.


3.2 Definitions of other terms used in this standard that
pertain to radiation measurement and dosimetry may be found
in ASTM Terminology E 170. Definitions in E 170 are com-
patible with ICRU 60; therefore, ICRU 60 may be used as an
alternative reference.


4. Significance and use


4.1 Food products may be treated with accelerator-
generated radiation (electrons and X-rays) for numerous pur-
poses, including control of parasites and pathogenic microor-
ganisms, insect disinfestation, growth and maturation
inhibition, and shelf-life extension. Food irradiation specifica-
tions almost always include a minimum or a maximum limit of
absorbed dose, sometimes both: a minimum limit may be set to
ensure that the intended beneficial effect is achieved and a
maximum limit may be set for the purpose of avoiding product
or packaging degradation. For a given application, one or both
of these values may be prescribed by government regulations
that have been established on the basis of scientific data.
Therefore, prior to the irradiation of the food product, it is
necessary to determine the capability of an irradiation facility
to consistently deliver the absorbed dose within any prescribed
limits. Also, it is necessary to monitor and document the
absorbed dose during each production run to verify compliance
with the process specifications at a predetermined level of
confidence.


NOTE 3—The Codex Alimentarius Commission has developed an
international General Standard and a Code of Practice that address the
application of ionizing radiation to the treatment of foods and that strongly
emphasize the role of dosimetry for ensuring that irradiation will be
properly performed (1).4


4.2 For more detailed discussions of radiation processing of
various foods, see Guides F 1355, F 1356, F 1736, and F 1885
and Refs (2-15).


4.3 Accelerator-generated radiation can be in the form of
electrons or X-rays produced by the electrons. Penetration of
radiation into the product required to accomplish the intended
effect is one of the factors affecting the decision to use
electrons or X-rays.


4.4 To ensure that products are irradiated within a specified
dose range, routine process control requires routine product
dosimetry, documented product handling procedures (before,
during and after the irradiation), consistent orientation of the


products during irradiation, monitoring of critical operating
parameters, and documentation of all relevant activities and
functions.


5. Radiation source characteristics


5.1 Electron Facilities—Radiation sources for electrons
with energies greater than 300 keV considered in this practice
are either direct-action (potential-drop) or indirect-action
(microwave-powered or radiofrequency-powered) accelera-
tors. The radiation fields depend on the characteristics and the
design of the accelerators. Beam characteristics include the
electron beam parameters, such as, electron energy spectrum,
average electron beam current, pulse duration, beam cross
section, and beam current distribution on the product surface.
For a more complete discussion refer to ISO/ASTM Practice
51649.


5.2 X-ray Facilities:
5.2.1 A high-energy X-ray generator emits short-


wavelength electromagnetic radiation (photons), whose effects
on irradiated materials are generally similar to those of gamma
radiation from radioactive nuclides. However, these kinds of
radiation differ in their energy spectra, angular distribution and
dose rates.


5.2.2 The characteristics of the X-rays depend on the design
of the X-ray converter and the parameters of the electron beam
striking the target, that is, electron energy spectrum, average
beam current, and beam current distribution on the target.


5.2.3 The physical characteristics of an X-ray source and its
suitability for radiation processing are further discussed in
ISO/ASTM Practice 51608.


5.3 Codex Alimentarius Commission (1) as well as regula-
tions in some countries currently limit the maximum electron
energy and X-ray energy for the purpose of food irradiation.


6. Irradiation facilities


6.1 The design of an irradiation facility affects the delivery
of absorbed dose to a product. Therefore, the facility design
should be considered when performing the absorbed-dose
measurements required in Sections 10-12.


6.2 Facility Components—Electron and X-ray irradiation
facilities include the electron beam accelerator system; product
handling system; a radiation shield with personnel safety
system; product loading, unloading and storage areas as
required by regulations; auxiliary equipment for power, cool-
ing, ventilation, etc.; equipment control room; a laboratory for
dosimetry; and personnel offices. An X-ray facility also in-
cludes an X-ray converter (see ISO/ASTM Practice 51608).


6.3 Electron Accelerator—The electron beam accelerator
system consists of the radiation source, equipment to disperse
the beam on product, and associated equipment. These aspects
are further discussed in ISO/ASTM Practice 51649.


6.4 Product Handling System:
6.4.1 The absorbed-dose distribution within the food prod-


uct being irradiated may be affected by the configuration of the
product handling system.


6.4.2 X-ray Facilities—The penetrating quality of high-
energy photons permits the treatment of large containers or full
pallet loads of food products. For optimum photon power


4 The boldface numbers in parentheses refer to the Bibliography at the end of this
standard.
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utilization and dose uniformity, the container size depends on
the maximum energy and product density. The narrow angular
distribution of the radiation favors the use of continuously
moving conveyors rather than shuffle-dwell systems to enhance
dose uniformity.


6.4.3 Electron Facilities—For optimum beam power utili-
zation and dose uniformity, the process load size depends on
the beam energy and product density. Two different configu-
rations are commonly used.


6.4.3.1 Conveyors or Carriers—Process loads containing
food products are placed upon carriers or conveyors for
passage through the electron beam. The speed of the conveyor
or carriers is controlled so that the required dose is delivered.
Also see Note 13.


6.4.3.2 Bulk-flow System—For irradiation of liquids or par-
ticulate foodstuff like grain, bulk-flow transport through the
irradiation zone may be used.


7. Dosimetry systems


7.1 Dosimetry systems are used to measure absorbed dose.
They consist of dosimeters, measurement instruments and their
associated reference standards, and procedures for the system’s
use (see ASTM Practices E 1026 and E 2304, ISO/ASTM
Practices 51205, 51275, 51276, 51310, 51401, 51538, 51540,
51607, 51650, 51956 and ISO/ASTM Guide 51261).


NOTE 4—For a comprehensive discussion of various dosimetry meth-
ods applicable to the radiation types and energies discussed in this
practice, see ICRU Reports 14, 34 and 35, and Ref (16).


7.2 Description of Dosimeter Classes—Dosimeters may be
divided into four basic classes according to their relative
quality and areas of application: primary-standard, reference-
standard, transfer-standard, and routine dosimeters. ISO/
ASTM Guide 51261 provides information about the selection
of dosimetry systems for different applications. All classes of
dosimeters, except the primary standards, require calibration
before their use.


7.2.1 Primary-Standard Dosimeters—Primary-standard do-
simeters are established and maintained by national standards
laboratories for calibration of radiation environments (fields)
and other classes of dosimeters. The two most commonly used
primary-standard dosimeters are ionization chambers and calo-
rimeters.


7.2.2 Reference-Standard Dosimeters—Reference-standard
dosimeters are used to calibrate radiation environments and
routine dosimeters. Reference-standard dosimeters may also be
used as routine dosimeters. Examples of reference-standard
dosimeters, along with their useful absorbed-dose ranges, are
given in ISO/ASTM Guide 51261.


7.2.3 Transfer-Standard Dosimeters—Transfer-standard do-
simeters are specially selected dosimeters used for transferring
absorbed-dose information from an accredited or national
standards laboratory to an irradiation facility in order to
establish traceability for that facility. These dosimeters should
be carefully used under conditions that are specified by the
issuing laboratory. Transfer-standard dosimeters may be se-
lected from either reference-standard dosimeters or routine


dosimeters, taking into consideration the criteria listed in
ISO/ASTM Guide 51261.


7.2.4 Routine Dosimeters—Routine dosimeters may be
used for radiation process quality control, absorbed-dose moni-
toring, and absorbed-dose mapping. Proper dosimetric tech-
niques, including calibration, shall be employed to ensure that
measurements are reliable and accurate. Examples of routine
dosimeters, along with their useful absorbed-dose ranges, are
given in ISO/ASTM Guide 51261.


7.3 Selection of Dosimetry Systems—Select dosimetry sys-
tems suitable for the expected radiation processing applications
at the facility using the selection criteria listed in ISO/ASTM
Guide 51261. During the selection process, for each dosimetry
system, take into consideration its performance behavior with
respect to relevant influence quantities and the uncertainty
associated with it. For accelerator applications, it is also
essential to consider the influences of absorbed-dose rate
(average and peak dose rate for pulsed accelerators), pulse rate
and pulse width (if applicable) on dosimeter performance.
Some of the dosimetry systems that are suitable for gamma
radiation from radioactive nuclides (such as those from 60Co)
may also be suitable for X-rays (17).


NOTE 5—Dosimeters consisting mainly of water or hydrocarbon mate-
rials are generally suitable for both gamma radiation from radioactive
nuclides and X-rays. Some exceptions are dosimeters containing substan-
tial amounts of material with elements of high atomic numbers which are
highly sensitive to the low-energy photons in the X-ray spectrum. Also,
the X-ray dose rate may be higher than that for an isotopic gamma-ray
source used for radiation processing, especially in products passing near
the converter. The dose-rate dependence of the dosimeters should be
considered in their calibration procedure (18,19).


7.4 Calibration of Dosimetry Systems:
7.4.1 A dosimetry system shall be calibrated prior to use and


at intervals thereafter, in accordance with the user’s docu-
mented procedure that specifies details of the calibration
process and quality assurance requirements. Calibration re-
quirements are given in ISO/ASTM Guide 51261.


7.4.2 Calibration Irradiation—Irradiation is a critical com-
ponent of the calibration of the dosimetry system. Acceptable
ways of performing the calibration irradiation depend on
whether the dosimeter is used as a reference-standard, transfer-
standard or routine dosimeter.


7.4.2.1 Reference- or Transfer-Standard Dosimeters—
Calibration irradiations shall be performed at a national or
accredited laboratory using criteria specified in ISO/ASTM
Practice 51400.


7.4.2.2 Routine Dosimeters—The calibration irradiation
may be performed by irradiating the dosimeters at (a) a
national or accredited laboratory using criteria specified in
ISO/ASTM Practice 51400, (b) an in-house calibration facility
that provides an absorbed dose (or an absorbed-dose rate)
having measurement traceability to nationally or internation-
ally recognized standards, or (c) a production irradiator under
actual production irradiation conditions, together with
reference- or transfer-standard dosimeters that have measure-
ment traceability to nationally or internationally recognized
standards. In case of option (a) or (b), the resulting calibration
curve shall be verified for the actual conditions of use.
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7.4.3 Measurement Instrument Calibration and Perfor-
mance Verification—For the calibration of the instruments, and
for the verification of instrument performance between calibra-
tions, see ISO/ASTM Guide 51261, the corresponding ISO/
ASTM or ASTM standard for the dosimetry system, and/or
instrument-specific operating manuals.


8. Process parameters


8.1 Parameters characterizing the components of the irra-
diation facility, the process load and the irradiation conditions
are referred to as process parameters. The establishment and
control of these parameters will determine the absorbed dose
received by a product.


8.2 For irradiation facilities with accelerator-generated ra-
diation (electrons and X-rays) process parameters include:


8.2.1 Beam characteristics (for example, electron beam
energy, beam current, pulse frequency, pulse duration, beam
cross section, X-ray converter design),


8.2.2 Beam dispersion (for example, scan width, scan fre-
quency, collimator aperture),


8.2.3 Product handling characteristics (for example, con-
veyor speed),


8.2.4 Product loading characteristics (for example, size of
the process load, bulk density, orientation of product), and


8.2.5 Irradiation geometry (for example, 1- or 2-sided irra-
diation, multiple passes, reflectors).


8.3 The first three sets of parameters (8.2.1, 8.2.2 and 8.2.3)
are used to characterize the irradiation facility without refer-
ence to the product or the process. These parameters are
referred to as operating parameters.


NOTE 6—Procedures during operational qualification (OQ) deal with
operating parameters. The objective of performance qualification (PQ) is
to establish the values of all process parameters (including operating
parameter) for the radiation process under consideration. During routine
product processing, operating parameters are continuously controlled and
monitored for process control.


9. Installation qualification


9.1 Objective—The purpose of an installation qualification
program is to demonstrate that the irradiator and its associated
processing equipment and measurement instruments have been
delivered and installed in accordance with their specifications.
Installation qualification includes documentation of the irradia-
tor and the associated processing equipment and measurement
instruments, establishment of the testing, operation and cali-
bration procedures for their use, and verification that they
operate according to specifications. An effective installation
qualification program will help ensure correct operation of the
irradiator.


9.2 Equipment Documentation—Document descriptions of
the irradiator and the associated processing equipment and
measurement instruments installed at the facility. This docu-
mentation shall be retained for the life of the facility. At a
minimum, it shall include:


9.2.1 Description of the location of the irradiator (accelera-
tor) within the operator’s premises in relation to the areas
assigned and the means established for ensuring the segrega-
tion of un-irradiated products from irradiated products,


9.2.2 Accelerator specifications and characteristics,
9.2.3 Description of the operating procedure of the irradia-


tor,
9.2.4 Description of the construction and operation of the


product handling equipment,
9.2.5 Description of the materials and construction of any


containers used to hold food products during irradiation,
9.2.6 Description of the process control system, and
9.2.7 Description of any modifications made during and


after the irradiator installation.
9.3 Testing, Operation and Calibration Procedures—


Establish and implement standard operating procedures for the
testing, operation and calibration (if necessary) of the installed
irradiator and its associated processing equipment and mea-
surement instruments.


9.3.1 Testing Procedures—These procedures describe the
testing methods used to ensure that the installed irradiator and
its associated processing equipment and measurement instru-
ments operate according to specification.


9.3.2 Operation Procedures—These procedures describe
how to operate the irradiator and its associated processing
equipment and measurement instruments during routine opera-
tion.


9.3.3 Calibration Procedures—These procedures describe
periodic calibration and verification methods that ensure that
the installed processing equipment and measurement instru-
ments continue to operate within specifications. The frequency
of calibration for some equipment and instruments might be
specified by a regulatory authority. Calibration of some equip-
ment and instruments might be required to be traceable to a
national or other accredited standards laboratory.


9.4 Testing of Processing Equipment and Measurement
Instruments—Verify that the installed processing equipment
and measurement instruments operate within their design
specifications by following the testing procedures noted in
9.3.1. If necessary, ensure that the equipment and instruments
have been calibrated according to the calibration procedures
noted in 9.3.3.


9.4.1 Test all processing equipment to verify satisfactory
operation of the irradiator within the design specifications.
Document all testing results.


9.4.2 Test the performance of the measurement instruments
to ensure that they are functioning according to performance
specifications. Document all testing results.


9.4.3 If any modification or change is made to the process-
ing equipment or measurement instruments during installation
qualification, they shall be re-tested.


10. Operational qualification


10.1 Objective—The purpose of dosimetry in the opera-
tional qualification (OQ) is to establish baseline data for
evaluating facility predictability, and reproducibility over the
expected range of conditions of operation for the key operating
parameters that affect absorbed dose in the product (20). Thus,
dosimetry is used:


10.1.1 To measure absorbed-dose distributions in reference
material(s) – this process is sometimes referred to as ‘dose
mapping’ (see 10.3),
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10.1.2 To measure absorbed-dose characteristics over the
expected operational range of the operating parameters for
reference conditions (see 10.4),


10.1.3 To characterize absorbed-dose variations when oper-
ating parameters fluctuate statistically during normal opera-
tions (see 10.5), and


10.1.4 To establish the effect of a process interruption/
restart (see 10.6).


10.2 Dosimetry Systems—Calibrate the dosimetry systems
to be used at the facility as discussed in Section 7.


10.3 Dose Mapping:
10.3.1 Map the absorbed-dose distribution by a three-


dimensional placement of dosimeter sets in a process load
containing homogeneous reference material (such as grains,
cardboard or sheets of plastics) as discussed in ASTM Guide
E 2303 (also see Refs 16,21). The amount of material in this
process load should be the amount expected during typical
production runs or should be the maximum design volume for
the process load.


NOTE 7—Dosimeter strips or sheets may be used to increase spatial
resolution of the absorbed-dose map (especially for electron beam
irradiations), if the use of individual dosimeters is inadequate.


10.3.2 The procedure for absorbed-dose mapping outlined
in 10.3.1 may not be feasible for some types of bulk-flow
irradiators. In such cases, minimum and maximum absorbed
doses should be estimated by using an appropriate number of
dosimeters mixed randomly with and carried by the product
through the irradiation zone. Enough dosimeters should be
used to obtain statistically significant results.


NOTE 8—Theoretical calculations may be performed using the Monte
Carlo methods (22), and applied to industrial radiation processing (23).
The use of the point-kernel method is not recommended for electron beam
but can be considered for X-ray facilities (24). Both these methods require
accurate radiation interaction cross-sections for all materials between and
surrounding the source point and dose point. General-purpose software
packages are available for these types of calculations (see ASTM Guide
E 2232). Models built using these codes should be validated against
dosimetry data for their predictions to be meaningful. Empirically derived
models built directly from dosimetry data may be satisfactory but should
be applied within the boundaries of experiments at a specific facility.


10.3.3 For electron facilities, establishment of the depth-
dose distribution in a homogeneous reference material is a
special type of 1-dimensional dose mapping. This can be
achieved with either a stack geometry or a wedge; both in
conjunction with a film dosimetry system (see ISO/ASTM
Practice 51649). The exact shape of the dose distribution will
be different for different facilities since it depends on the
energy spectrum of the electron beam and the irradiation
geometry (25). The depth of penetration depends on electron
energy.


NOTE 9—For electron beam, Fig. 3 illustrates a typical depth-dose
distribution in a homogeneous material. The range parameters, Ropt, R50,
and R50e may be used for designing a suitable process load. For an X-ray
facility, the depth-dose distribution in a homogeneous material with low
atomic number is approximately exponential, and penetration for 5 MeV
X-rays is slightly greater than that for cobalt-60 gamma radiation (see
ISO/ASTM Practice 51608, Fig. A1.7).


10.4 Absorbed Dose and Operating Parameters:


10.4.1 Objective—The dose in the product depends on
several operating parameters (such as, conveyor speed, beam
current, beam energy, scan width). Over the expected range of
these parameters, establish the absorbed-dose characteristics in
a reference material using appropriate dosimetry.


10.4.1.1 The depth-dose distribution depends on beam en-
ergy and the reference material characteristics.


10.4.1.2 Surface dose and its uniformity depend on con-
veyor speed, beam characteristics and beam dispersion.


10.4.2 Depth-dose Distribution—For electron beam facili-
ties, establish depth-dose distributions for the expected ranges
of beam energy and the reference material bulk density, for
1-sided and 2-sided irradiation.


NOTE 10—For X-ray irradiators, photon energy spectrum and angular
distribution depend on the design and composition of the X-ray converter
and on the electron energy spectrum (see ISO/ASTM Practice 51608).
Higher energy electrons will increase forward focus of the photon
distribution and therefore improve penetration in the product (26).


10.4.3 Surface Dose—Establish the relationships between
surface dose (or dose in a reference plane) and conveyor speed,
beam characteristics and beam dispersion parameters over the
expected range of operation (see ISO/ASTM Practice 51649).


10.4.3.1 Establish the range of uniform surface dose that
can be delivered to reference material. This will set the range
of operation for the conveyor speed, pulse rate and scan
frequency.


NOTE 11—Electron beam and X-ray irradiators generally utilize con-
tinuously moving conveyors. Dose uniformity in a reference plane is
strongly influenced by the coordination of the beam spot dimensions,
conveyor speed and scan frequency (for those irradiators that employ
beam scanning). For a pulsed-beam accelerator, all these parameters must
also be coordinated with the pulse width and pulse rate. Improper
coordination of these parameters can cause unacceptable dose variation in
the reference plane.


NOTE 12—Indirect-action accelerators may deliver higher dose rates
during the pulse compared to direct-action accelerators with the same
average beam current. Also, scanning of a small-diameter beam can
produce dose pulses at points along the beam width. This can influence the
dosimeters’ performance if they are sensitive to dose rate.


10.4.3.2 Establish relationship between surface dose and
conveyor speed, where all other operating parameters are held
constant. Generally, surface dose should be inversely propor-
tional to the conveyor speed.


NOTE 13—The conveyor speed and the beam current may be linked
during routine product processing so that a variation in one causes a
corresponding change in the other to maintain a constant value of the
surface (or reference plane) dose.


10.4.3.3 For X-ray irradiators, absorbed dose rate also
depends on the incident electron energy spectrum and the
design of the X-ray converter.


10.5 Dose Variability:
10.5.1 Establish the capability of the facility to deliver a


reproducible dose in a reference geometry. Measure the fluc-
tuations in the operating parameter values that may cause
variation in absorbed dose. Estimate the magnitude of the
corresponding dose variations in a reference material, for
example, by passing dosimeters in the reference geometry
through the irradiation zone on the product conveyor at time
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intervals appropriate to the frequency of the parameter fluc-
tuations. The irradiation geometry for the reference material
should be selected so that the placement of the dosimeters on
and within the material will not affect the reproducibility of the
measurements.


10.5.2 Following the procedure of 10.3, map a sufficient
number of nominally identical process loads containing refer-
ence material to allow the estimation of the variability of the
magnitude and distribution of the absorbed dose. Dosimetry
data from previously qualified irradiators of the same design
may provide useful information for determining the number of
process loads for this qualification.


10.6 Process Interruption/Restart:
10.6.1 In the event of a process interruption, for example


stoppage of the conveyor system due to power failure, the
implication of a restart on the process (for example, uniformity
of dose in a reference plane) shall be investigated.


10.6.1.1 Expose an array of dosimeters or a strip of dosim-
eter film in a reference plane through a stop/start sequence of
the conveyor system.


10.6.1.2 The delivery of dose within specifications through
the stop/start sequence would suggest that the conveyor could
be restarted after the failure to continue the process. The effect
of the process interruption (for example, time delay) on the
product itself is discussed in 12.6.


10.6.1.3 If the dose is found to be significantly non-uniform
through the stop/start sequence, the subsequent impact on the
process shall be evaluated.


10.6.2 The procedure described in 10.6.1.1-10.6.1.3 should
be conducted for the extremes of the operating parameters.


10.7 Documentation and Maintenance of OQ—The base-
line data collected during the procedures described in 10.2-10.6
shall be documented. These procedures shall be repeated
periodically as specified in the quality assurance program to
update the baseline data from the previous operational quali-
fication.


10.8 Facility Changes—If changes that could affect the
magnitudes or locations of the absorbed-dose extremes are
made to the facility (for example, accelerator, X-ray converter,
conveyor) or its mode of operation, repeat the operational
qualification procedures to the extent necessary to establish the
effects.


11. Performance qualification


11.1 Objective—Minimum and maximum absorbed-dose
limits are almost always associated with food-irradiation ap-
plications. For a given application, one or both of these limits
may be prescribed by government regulations. Dosimetry is
used in performance qualification to determine the appropriate
values of process parameters for ensuring that the absorbed-
dose requirements for a particular product can be satisfied. This
is accomplished by absorbed-dose mapping (see 11.3) of
process loads with specific product and product loading con-
figurations using dosimetry procedures described in this sec-
tion.


11.2 Product Loading Configuration:


11.2.1 A loading configuration of product within the process
load shall be established for each product type. The specifica-
tion for this loading pattern shall document the following:


11.2.2 Product type, product size, product density and bulk
density of the process load, and if applicable, description of the
orientation of the product within its package.


11.2.3 Orientation of the product or its package with respect
to the beam axis.


11.3 Product Absorbed-Dose Mapping:
11.3.1 The purpose of product dose mapping is to determine


the magnitudes and locations of the regions of minimum and
maximum absorbed dose for the selected product loading
configuration. This is accomplished by placing dosimeter sets
throughout the volume of interest for one or more process loads
(see ASTM Guide E 2303). Select placement patterns to
identify the locations of the absorbed-dose extremes, using
data obtained from the absorbed-dose mapping studies during
operational qualification (see 10.3) or from theoretical calcu-
lations (see ASTM Guide E 2232). Concentrate dosimeter sets
in the expected regions of minimum and maximum absorbed
dose with fewer dosimeter sets placed in areas likely to receive
intermediate absorbed dose.


11.3.1.1 In a process load containing voids or non-uniform
product, include dosimeter sets at locations where discontinui-
ties in composition or density may affect the regions of
maximum or minimum absorbed dose.


11.3.1.2 Dosimeters used for dose mapping must be capable
of responding to doses and dose gradients likely to occur
within irradiated products. For electron irradiation, dosimeter
films in sheets or strips may be useful for obtaining this
information. The dosimeters used for this dose mapping
procedure and for routine dose monitoring (12.4) need not be
of the same type.


11.3.1.3 End Process Loads—For a production run with
contiguous process loads, the first and last process loads may
experience dose distributions different from the other units.
Perform dose mapping for process loads for this geometry to
verify that the dose distribution is acceptable. If it is not,
compensating dummies will need to be placed adjacent to these
end units, during routine product processing (see 12.1.3).


11.3.1.4 Partial Loading—For partially-loaded process
loads, follow the same performance qualification requirements
as for fully-loaded process loads. Perform the dose mapping
procedure of 11.3.1 to ensure that the absorbed-dose distribu-
tions are adequately characterized and are acceptable. Varia-
tions to the dose distribution from a partial loading may in
some cases be minimized by the use of compensating dummy
material placed at appropriate locations within the process
load.


11.3.2 Chilled or Frozen Food Products:
11.3.2.1 The response of nearly all dosimeters is


temperature-dependent, and this dependence often varies with
absorbed dose. Thus, for chilled and frozen food applications,
dosimetry may be performed following one of two methods:


11.3.2.2 Absorbed-dose mapping may be performed with
the actual product or simulated product at room temperature.
This requires that there be no change in any parameter that may
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affect the absorbed dose during processing of the chilled or
frozen food. Dose mapping at room temperature includes
placement of one or more dosimeters at a reference dose
location (11.3.4) that would be isolated from temperature
gradients in the actual product during routine processing.
Routine dosimeters should be placed at this reference dose
location during routine processing of the chilled or frozen
product.


11.3.2.3 Absorbed-dose mapping may be performed at the
temperature to which the food will be chilled or frozen during
actual product processing, using a dosimetry system that can be
characterized at the intended processing temperature or whose
response is not significantly affected by temperature. The
temperature of the food and the dosimeter during irradiation
must be maintained relatively constant (for example, by using
insulated totes).


11.3.3 Bulk-Flow Irradiators—Absorbed-dose mapping as
described in 11.3.1 may not be feasible for products flowing
through the irradiation zone in bulk. In this case, minimum and
maximum absorbed doses should be estimated by using an
appropriate number of dosimeters mixed randomly with and
carried by the product through the irradiation zone (5). Enough
dosimeters should be used to obtain statistically significant
results.


11.3.4 Reference Dose Locations—If the locations of ab-
sorbed dose extremes identified during the dose mapping
procedure of 11.3.1 are not readily accessible during produc-
tion runs, alternative locations (external or internal to the
process load) may be used for routine product processing
dosimetry. The relationships between the absorbed doses at
these alternative reference dose locations and the absorbed-
dose extremes shall be established, shown to be reproducible,
and documented.


11.4 Dose Variability:
11.4.1 When dose mapping a specific product loading con-


figuration, consideration should be given to possible variations
in the absorbed doses measured at similar locations in different
process loads.


11.4.2 To evaluate the extent of this dose variability, place
dosimeter sets in the expected regions of the minimum and
maximum absorbed doses in several process loads and irradiate
them under the same conditions. The measured variations in
the absorbed-dose values reflect, for example, variations in
product loading configuration (due to shifts in the contents of
the process load during its movement through the irradiator),
small differences in bulk density of the process loads, fluctua-
tions in operating parameter values, and the uncertainty in the
routine dosimetry system.


11.4.3 Target Dose Values—Because of this statistical na-
ture of the absorbed-dose measurement and the inherent
variations in the radiation process, select the operating param-
eters to deliver an absorbed dose to product greater than any
prescribed minimum dose and smaller than any prescribed
maximum dose (8,27). This requirement in effect modifies the
process dose limits; these modified dose limits may be referred
to as ‘target dose values.’ Select these target dose values so that
there is an acceptably low probability of irradiating the product


or part of the product with doses lower than the required
minimum or higher than the allowed maximum, and that this
probability is known and documented. For further discussion
on determination of the target dose values, see Refs (3,28).


11.5 Unacceptable Dose Uniformity Ratio:
11.5.1 If the dose mapping procedure of 11.3 reveals that


the measured dose uniformity ratio is unacceptably large, for
example, larger than the ratio between the modified values of
the maximum and minimum absorbed-dose limits (such as
target dose values), change the process parameters (operating
parameters, process load characteristics or irradiation condi-
tions) to reduce the ratio to an acceptable level.


11.5.1.1 Operating Parameters—Changing the beam char-
acteristics, for example, by optimizing the electron energy, can
reduce the dose uniformity ratio. Other means to reduce the
dose uniformity ratio may be employed, such as the use of
attenuators, scatterers, and reflectors (29,30).


11.5.1.2 Irradiation Conditions—Depending on the bulk
density, thickness, and heterogeneity of a process load, some
processes may require a double-sided irradiation to achieve an
acceptable dose uniformity ratio (3), also see ISO/ASTM
Practice 51649. For double-sided irradiation, the regions of
maximum and minimum dose may be quite different from
those for single-sided irradiation (see Figs. 4 and 5 for electron
beam irradiation). For electron irradiation therefore, caution is
necessary for a double- (or multiple-) sided irradiation because
slight variation in the thickness or bulk density of the process
load or in the electron energy can lead to an unacceptable dose
near the middle of the process load. In the case of bulk-flow
irradiators, absorbed-dose uniformity can be improved by
arranging baffles to control product flow through the irradiation
zone.


11.5.1.3 Process Load Characteristics—For some cases, a
redesign of the process load may be needed to achieve an
acceptable dose uniformity ratio.


11.5.2 If any process parameter that affects the magnitudes
or locations of maximum and minimum absorbed dose is
changed (for example, for the purpose of improving the dose
uniformity ratio), repeat the dose mapping to the extent
necessary to establish the effects. The information gathered


FIG. 4 Regions of Dmax and Dmin (indicated by hatching) for a
rectangular process load after one-sided irradiation using an


electron beam
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during operational qualification (Section 10) should serve as a
guide in determining the extent of these absorbed-dose map-
ping studies.


11.6 The procedures described above should yield the
appropriate values of all process parameters (namely, all key
operating parameters, process load characteristics and irradia-
tion conditions) that would satisfy the dose requirements for all
types of process loads that have been mapped. Document these
values for future use.


12. Routine product processing


12.1 Routine Procedure:
12.1.1 Before commencing routine product processing, set


all process parameters as established during performance
qualification to ensure that the product in each process load
will be processed within specifications (see 11.6).


NOTE 14—The average beam current I and the conveyor speed v may
be set in such a way that the quotient I/v has the same value in
performance qualification and in routine product processing. For example,
if the beam current is lowered by 20 %, the conveyor speed should be
decreased by the same percentage for the same absorbed dose to be
delivered.


12.1.2 Ensure that product loading configuration remains
the same for all process loads, and constant for the bulk-flow
irradiation.


12.1.3 End Process Loads—For a production run with
contiguous process loads, the first and last process loads may
experience dose distributions different from the other units. As
determined during performance qualification (see 11.3.1.3), it
may be necessary to place compensating dummies adjacent to
these units so as to make their dose distributions acceptable.


12.1.4 Partial Loading—For partially-loaded process loads,
ensure that the product loading configuration conforms to that
established during performance qualification (see 11.3.1.4).


12.2 Process Control—Demonstrate that the irradiation pro-
cess is continuously under control through these process
control elements: (1) continuously controlling and monitoring
during product processing all operating parameters that affect
dose (see 12.3), and (2) use of routine production dosimetry


(see 12.4). Additionally, the application of radiation-sensitive
indicators to process loads or product packages may be a
convenient means to show that they have been irradiated and to
assist in inventory control (see 12.5).


12.3 Operating Parameters:
12.3.1 Control, monitor and document the relevant operat-


ing parameters as evidence to show the continuity of the
process, and thus to ensure that each process load is processed
in accordance with specifications.


12.3.2 If these parameters deviate outside the tolerance
limits prescribed during performance qualification, take appro-
priate actions. For example, immediately interrupt the process
to evaluate and correct the cause of the deviations.


12.4 Routine Production Dosimetry:
12.4.1 Ensure that the product receives the required ab-


sorbed dose by employing proper dosimetric procedures with
appropriate statistical controls and documentation. These pro-
cedures involve the use of routine in-plant dosimetry per-
formed as described below.


NOTE 15—Dosimeters used for routine dosimetry need not be of the
same type as those used for the absorbed-dose mapping procedure.


12.4.2 Dosimeter Location—Place dosimeter sets either in
or on the selected process loads at predetermined locations of
the maximum or minimum absorbed dose (see 11.3), or
alternatively, at the reference dose locations discussed in
11.3.4.


12.4.3 Placement Frequency—It is not necessary to have
routine dosimeters on every process load. Select a sufficient
number of process loads on which to place dosimeter sets at the
locations described in 12.4.2 in order to verify that the
absorbed doses for the entire production run fall within
specified limits. Always place dosimeter sets at the start of the
run. For long production runs, place dosimeter sets at other
intervals as appropriate. Available dosimetry data may be
useful in determining this.


NOTE 16—More frequent (than suggested in 12.4.3) placement of
dosimeters during the production run will provide more dosimetry
information that could result in less product rejection if some operational
uncertainty or failure arises (such as malfunction of the conveyor speed
measurement equipment).


12.4.4 Bulk-flow—For some types of bulk-flow irradiators
(for example, where fluids or grains continuously flow during
irradiation), it may not be feasible during routine production to
place dosimeters at the locations of minimum and maximum
absorbed dose. In this case, add several dosimeters mixed
randomly with and carried by the product through the irradia-
tion zone at the beginning of the production run. For a long
irradiation run, also add dosimeters at the middle and near the
end of the production run or as required by regulations. Each
set of absorbed-dose measurements requires several dosimeters
to ensure, at a specified level of confidence that the minimum
and maximum absorbed doses are known. This procedure
requires that the dosimeters flow in the same path through the
irradiation zone and at the same rate as the product (5,10).


NOTE 17—In case it is not feasible to measure dose during the routine
processing of bulk materials, it may be acceptable to rely on operating


FIG. 5 Regions of Dmax and Dmin (indicated by hatching) for a
rectangular process load after two-sided irradiation using an


electron beam
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parameter control. For some processes, it may be sufficient to determine
the average dose and the maximum and minimum doses in process
experiments using samples of food to be irradiated or simulated products.
Calculation of dose extremes may also be acceptable (ASTM Guide
E 2232). The consistency of the dose distribution can be ensured by
monitoring all of the critical operating parameters and by repeating the
performance qualification procedure at appropriate intervals.


12.4.5 Chilled or Frozen Food Products—Use a dosimetry
system that is characterized at the processing temperature, or
that has insignificant temperature dependence. If a dosimetry
system is used that is significantly temperature dependent,
place the dosimeter(s) at a reference dose location(s) that is
isolated from the temperature gradient (see 11.3.2). See ISO/
ASTM Guide 51261 and practices for individual dosimetry
systems listed in 2.1 and 2.2.


12.4.6 Environmental Effects—A change in the environment
(for example, temperature, humidity) of a dosimeter during the
irradiation process may affect its response. If required, apply a
correction factor to the measured value of the dosimeter
response to account for any such effect. Care must also be
taken in handling and storage of dosimeters before and after
irradiation. (See ISO/ASTM Guide 51261 and practices for
individual dosimetry systems listed in 2.1 and 2.2.)


12.5 Radiation-sensitive Indicators:
12.5.1 In some applications, radiation-sensitive indicators


(sometimes known as “go/no go” indicators) may be used to
visually confirm that product packages or process loads have
been exposed to a radiation source (see ISO/ASTM Guide
51539). These indicators provide only a qualitative indication
of radiation exposure.


12.5.2 The color change of radiation-sensitive indicators is
not always stable and may be affected by, for example, light or
heat. Thus, they are useful only within the irradiation facility
where these conditions are controlled.


12.5.3 For multiple irradiations, one indicator may be af-
fixed before each pass on the side facing the radiation beam to
give visual evidence of the number of passes the process load
has traversed.


12.5.4 Their use is not a substitute for the dosimetry
procedures described in 12.4.


12.5.5 While radiation-sensitive indicators can be used
conveniently to assist in product inventory control, they shall
not be used to replace other administrative inventory control
procedures.


12.6 Process Interruption—If there is a process failure, for
example due to power loss, its implication on the process (for
example, dose uniformity) and the product (for example,
impact of time delay) shall be evaluated before re-starting the
process.


12.6.1 Based on the data collected during operational quali-
fication (see 10.6), determine if the dose when the process is
re-started would be adequately uniform for the process under
consideration. If not, it may be necessary to discard those
process loads affected by the process interruption.


12.6.2 Generally in food irradiation, the radiation-induced
effect is additive as in the case of elimination/reduction of
microorganisms and insect pests, and the process can be
re-started from where it was interrupted.


12.6.3 However for some processes, such as delay of
ripening/maturation, the effect of prolonged process interrup-
tion should be critically evaluated before re-starting the pro-
cess.


12.6.4 If the product is irradiated at low temperatures or
under frozen state, care should be taken to maintain those
conditions throughout the interruption.


13. Measurement uncertainty


13.1 To be meaningful, a measurement of absorbed dose
shall be accompanied by an estimate of uncertainty.


13.2 Components of uncertainty shall be identified as be-
longing to one of two categories:


13.2.1 Type A—Those evaluated by statistical methods, or
13.2.2 Type B—Those evaluated by other means.
13.3 Other ways of categorizing uncertainty have been


widely used and may be useful for reporting uncertainty. For
example, the terms precision and bias or random and system-
atic (non-random) are used to describe different categories of
uncertainty.


NOTE 18—The identification of Type A and Type B uncertainties is
based on the methodology for estimating uncertainties published in 1995
by the International Organization for Standardization (ISO) in the Guide
to the Expression of Uncertainty in Measurement (31). The purpose of
using this type of characterization is to promote an understanding of how
statements of uncertainty are developed and to provide a basis for the
international comparison of measurement results.


NOTE 19—ISO/ASTM Guide 51707 defines possible sources of uncer-
tainty in dosimetry performed in radiation processing facilities and offers
procedures for estimating the magnitude of the resulting uncertainties in
the measurement of absorbed dose using dosimetry. The document defines
and discusses basic concepts of measurement, including estimation of the
measured value of a quantity, “true” value, error, and uncertainty.
Components of uncertainty are discussed and methods are provided for
estimating their values. Methods are also provided for calculating the
combined standard uncertainty and estimating expanded (overall) uncer-
tainty.


13.4 The level of uncertainty in the absorbed-dose measure-
ment that is acceptable should take into account both regula-
tory and commercial requirements pertaining to the specific
product being irradiated.


14. Certification


14.1 Documentation Accumulation:
14.1.1 Equipment Documentation—Record or reference the


calibration and maintenance of equipment and instrumentation
used to control or measure the absorbed doses delivered to the
product (see ISO/ASTM Guide 51261).


14.1.2 Operating Parameters—Record the values of the
operating parameters (see 12.3) affecting absorbed dose to-
gether with sufficient information identifying these parameters
with specific product lots or production runs.


14.1.3 Dosimetry—Record and document all dosimetry data
for performance qualification (Section 11) and routine product
processing (see 12.4). Include name of the operator, date, time,
product type, loading diagrams, and absorbed doses for all
product processed. Record the time of dosimeter analysis if the
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post-irradiation stability of the dosimeters under the conditions
of use requires time-dependent corrections to the dosimeter
response.


14.1.4 Dosimetry Uncertainty—Include estimates of the
measurement uncertainty in absorbed dose (Section 13) in
records and reports, as appropriate.


14.1.5 Facility Log—Record the date the product is pro-
cessed and the starting and ending times of the irradiation.
Record the name of the operator, as well as any special
conditions of the irradiator or the facility that could affect the
absorbed dose to the product.


14.1.6 Product Identification—Ensure that each lot of prod-
uct that is processed bears an identification that distinguishes it
from all other lots in the facility. This identification shall be
used on all documents related to that lot.


14.2 Review and Certification:
14.2.1 Prior to release of product for use, review dosimetry


results and recorded values of the operating parameters to
verify compliance with specifications.


14.2.2 Approve and certify the absorbed dose to the product
for each production run, in accordance with an established


facility quality assurance program. Certification shall be per-
formed by authorized personnel, as documented in the quality
assurance program.


14.2.3 Audit all documentation at time intervals specified in
the quality assurance program to ensure that records are
accurate and complete. If deficiencies are found, ensure that
corrective actions are taken.


14.3 Retention of Records—File all information pertaining
to each production run together (for example, copies of the
shipping document, certificates of irradiation, and the irradia-
tion control record (see 14.1.1-14.1.6). Retain the records for
the period of time specified in the quality assurance program
and have them available for inspection as needed.


15. Keywords


15.1 absorbed dose; bremsstrahlung; dose mapping; dosim-
eter; dosimetry; electron beam; food irradiation; food process-
ing; ionizing radiation; irradiated food; irradiation; installation
qualification; operational qualification; performance qualifica-
tion; radiation; X-rays
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TERMS OF REFERENCE CHD 30 : WP 4



To formulate Indian Standards on applications of radioisotopes and radiation technology in industry, hydrology, healthcare, food and agriculture. The topics for formulation of standards with regards to industry include radiotracer technique, radiography, radiometry, tomography, nucleonic gauges and radiation processing. In isotope hydrology, the topics include application of various environmental isotope techniques for hydrological applications. In case of healthcare, the scope includes production of various cyclotron as well as reactor produces radioisotopes and radiopharmaceuticals, and application of radioisotope and radiation-based techniques for diagnosis and treatment. Other topics include radiation processing techniques for development of new and noble materials and application of radioisotope and radiation technology for food security.
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    ANNEX I - E   (ITEM  2.3 )   TERMS OF REFERENCE CHD 30 :  WP   4     To formulate Indian Standards on applications of radioisotopes and radiation technology in industry,  hydrology, healthcare, food and agriculture. The topics for formulation of standards with  regards to industry  include radiotracer technique, radiography, radiometry, tomography, nucleonic gauges and radiation  processing. In isotope hydrology, the topics include application of various environmental isotope  techniques for hydrological application s. In case of healthcare, the scope includes production of various  cyclotron as well as reactor produces radioisotopes and radiopharmaceuticals, and application of  radioisotope and radiation - based techniques for diagnosis and treatment. Other topics includ e radiation  processing techniques for development of new and noble materials and application of radioisotope and  radiation technology for food security.     Members of CHD 30 Sub - committee  WP  4     


Sr.  No  Name  Address  Email /Phone  


1.  Dr. H.J.Pant, BARC   (Convener)       Dr. Y.K.Bhardwaj,  BARC   ( M ember)  Head, isotope and Radiation Applications  Division, BARC, Trombay, Mumbai  400085       Head, Radiation Technology  Development Division, BARC, Trombay,  Mumbai 400085    hjpant@barc.gov.in   hjpant02@gmail.com    Ph. 022 - 25593735/6     ykbhard@barc.gov.in     Ph. 022 - 25590178  


2.  Dr. D.K.Sahoo, BRIT   (Member)           Shri V.V.Murhekar,  BRIT   (Alternative Member)  Deputy General Manager   Radiation  Technology development  (RTD), Board of Radiation & Isotope  Technology BRIT/BARC Vashi  Complex, Sector 20 Vashi, Navi  Mumbai - 400 703     Senior Manager, Radiopharmaceuticals  (QA&QC), Board of Radiation & Isotope  Technology BRIT/BARC Vashi  Complex, Sector 20 Vashi, Navi  Mumbai - 400 703,   dksahoo@britatom.gov.in   Ph. (022)27887304           murhekar@britatom.gov.in     Ph. 022 - 27887213/56  


3.  Shri   D.M.Rane,  AERB   (Member)       Dr. Pankaj Tandon   ( Member )       Shri. Basuki Baral   (Alternative)      SO/ ? F,   Radiological Safety  Division,   Atomic Energy Regulatory  Board, Anushaktinagar, Mumbai 400094,  Phone:   25990671   SO/H ,  Atomic Energy Regulatory Board,  Anushaktinagar, Mumbai 400094,        SO/E,    Atomic Energy Regulatory Board,  Anushaktinagar, Mumbai 400094,       dmrane@aerb.gov.in       drpankaj@aerb.gov.in   Phone:  022 - 25990659   Mobile:  9870098779       basuki@aerb.gov.in   Phone:  022 - 25990383   Mobile:  7588210893      


4.  Prof. Rajesh  Upadhyay  Professor, Department of Chemical  Engineering and Technology  rku.che@iitbhu.ac.in  
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