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E-beam Technology Industrial Deployment-

Regulatory Framework and Quality Control Measures for Food 
Irradiation and Medical Device Sterilization

“Commited to take DAE technologies to commons for wellbeing”

V.C. Petwal, 
Industrial Accelerators Division, RRCAT, Indore 

vikash@rrcat.gov.in

 Indian E- beam technology (10 MeV Linac based) and its industrial deployment
 Overview of E-beam facility and E-beam processing
 Regulatory framework for E-beam processing (food & medical devices)
 Licensing requirements and procedures
 License for safe operation

AERB “Type Approval” qualification (IQ, OQ)

AERB License for operation

 License for commercial irradiation
Quality management system (QMS) : MDR-2017

ISO 9001 & ISO 13485
CDSCO/SLA license for MD sterilization

 E-beam sterilization & quality control: ISO 11137
Process qualification and validation
Product/ process specification
Process control and integrity
Product release and customer feedback

 Conclusion

Outline
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E-beam Technology: 
Emerging radiation processing service in India

Linac-1 and Linac-2 (10 MeV,6 kW) deployed at ARPF

Industrial deployment of RRCAT E-linacs

Endurance testing of Linac-3 at 10 MeV, 10 kW RRCAT

10 MeV, 10 kW Linac deployed at M/s MSSPL Bangalore Linac-4 on test bench at RRCAT, 10 MeV, 15 kW

KIRTI-1010
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E-Beam Facility  at RRCAT, Indore
The firs E-beam facility (ARPF) in the country: providing commercial sterilization service
to regulated medical devices

Designed , developed and operated by RRCAT

Radiation 
source

10 MeV, 6 kW RRCAT electron 
Linac

Regulatory
licenses

Plant operation: AERB,
MD sterilization: CDSCO-FDA

QMS MDR 2017

QMS
accreditation

ISO 9001 and ISO 13485 for e-beam
sterilization as per ISO 11137-1

QMS surveillance
audit

CDSCO Notified body
CE auditing

Processing
capacity

200 kg per hour
(for a minimum dose of 25
kGy)

Box dimension 590 x 430 x 340 mm (Typical)

Beam availability 100%

Salient features
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Product density 
(g/cc)

Single  
side

Double side

1 3.5 cm 8 cm

0.5 7 cm 16 cm

0.4 9 cm 20 cm

0.3 12 cm 26 cm

0.2 18 cm 42 cm

0.15 23 cm 55 cm

Useful  penetration depth

Single sided Irradiation

PDD profile of 10 MeV E-beam  (product density 0.12 g/cc)

Double sided Irradiation

E-beam Technology

An overview of E-beam processing for medical device sterilization
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 Regulation ensures the safety, reliability, and quality of the process/service
 Regulation together with Quality Control ensures that product/service comply the

requirement of standards and thus create public acceptance and trust.

Regulatory framework for radiation processing of food 

1. Radiation processing of food items under Atomic Energy (Radiation Processing of Food & Allied Products)
Rules, 2012 - Class wise

2. Food Safety and Standards (Packaging and Labeling)Amendment Regulations, 2016
3. AERB Safety Code No. AERB/RF-RPF/SC-1 (Rev.1) Radiation Processing Facilities

Type of the radiation sources permitted
a) Gamma radiation;
b) Electron beams from a machine operated at or below 

ten million electron volts;
c) #X-rays generated from a machine operated at or 

below seven and half million electron volts;
# with Tantalum or Gold as X-ray target material (USFDA)

Plant operation
By competent qualified personnel for operation , quality control 

and safety
Training as recognizes by Atomic Energy regulatory board

Labeling
Mandatory to label the product processed by radiation with 

RADURA symbol

Salient features

Draft
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Class Food Purpose

Dose Limit 
(kGray)

Min. Max.

Class 1
Bulbs, stem and root tubers
and rhizomes

Inhibit sprouting 0.02 0.2

Class 2
Fresh fruits and vegetables
(other than Class I)

Delay ripening 0.2 1.0

Insect disinfestation 0.2 1.0

Shelf-life extension 1.0 2.5

Quarantine application 0.1 1.0

Class 3

Cercal and their milled
products, pulses and their
milled products, nuts, oil
seeds, dried fruits and their
products

Insect disinfestation 0.25 1.0

Reduction of microbial 
load

1.5 5.0

Class 4
Fish, aquaculture, seafood
and their products (fresh or
frozen) and crustaceans

Elimination of 
pathogenic 
microorganisms

1.0 7.0

Shelf-life extension 1.0 3.0

Control of human 
parasites 

0.3 2.0

Classes of Food Products and Dose Limits: GoI Atomic Energy Rules 2012

Class Food Purpose

Dose Limit 
(kGray)

Min. Max.

Class 5
Meat and meat products
including poultry (fresh
and frozen) and eggs

Elimination of 
pathogenic 
microorganisms

1.0 7.0

Shelf-life extension 1.0 3.0

Control of human 
parasites

0.3 2.0

Class 6

Dry vegetables, seasonings,
spices, condiments, dry
herbs and their products,
tea and plant products

Microbial 
decontamination

6.0 14.0

Insect disinfestation 0.3 1.0

Class 7 
Dried foods of animal
origin and their products

Insect disinfestation 0.3 1.0

Control of molds 1.0 3.0

Elimination of 
pathogenic 
microorganisms

2.0 7.0

Class 8

Ethnic foods, military
rations, space foods, ready-
tocat, ready-to-
cook/minimally processed
foods

Quarantine 
application

0.25 1

Reduction of 
microorganisms

2 10

Sterilization 5 25

1.    ISO-11137: 2010

Sterilization of health care products Radiation —
Part 1: Requirements for development, validation
and routine control of a sterilization process for
medical devices.

2.   Medical Devices Rules (MDR-2017) GoI

3.   Indian Pharmacopeia, Volume-1, 2018

4.   ISO 13485: 2016

Medical devices — Quality management systems
— Requirements for regulatory purposes

5. AERB Guide No.        AERB/SG/IS-5    and     
AERB/RF/SG/G-3

IAEA RTS No. 4
Guidelines for the Development, Validation and
Routine Control of Industrial radiation processing

IAEA Report
Trends in Radiation sterilization of health care 
products

Regulatory Framework for E-beam Sterilization of Medical Devices

MDR 2017
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AERB License for plant 
operation

Regulatory Licenses and ISO Certifications

FDA (M P. State)  License for 
sterilization of Risk Class-A & 

B Medical devices

Medical devices covered under the license  
1) Surgical dressing
2) Catheters (Gastroenterological)
3) Catheters (Urological procedures)
4) Catheters (Cardio-vascular use)
5) Catheters (Respiratory procedures)
6) Catheters (Gynecological procedures)
7) Catheters (Neurological procedures)
8) Catheters (ENT & ophthalmological)
9) Catheters (Orthodontic procedures)

ISO 13485:2016

10) Transfusion set
11) Syringes 
12) Needles
13) Cannula
14) Scalp Vein Set
15) Dermatological devices

ISO 9001:2015

FDA LicenceAERB Licence

Regulatory Licensing  for E-Beam  Sterilization of Medical Devices

Regulatory licensing for MD 
sterilization

Atomic Energy Regulatory 
Board (AERB)

License for plant operation

Application through eLora
portal

Personnel safety

Machine safety

Type approval/operation 
licence

State Licensing Authority (SLA)

License for sterilization of Risk 
Class –A & B MDs

Application through SUGAM 
portal for manufacturer license

Implementation of MDR 
20217 QMS

Audit by CDSCO notified 
body

Grant of License in MD-5

Central Drug Standard & Control 
Organization (CDSCO)

License for sterilization of Risk 
Class –C & D MDs

Application through SUGAM 
portal for manufacturer license

Implementation of MDR 2017 
QMS

Joint audit by CDSCO and SLA 
auditors

Grant of License in MD-9
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Operation Licence

Personnel Safety Machine Safety
Installation Qualification

Operation Qualification

Two category of interlocks implemented for Fail Safe operation

Machine safety & interlock system

1. Accelerating structure vacuum interlock

2. Cooling water flow interlocks

3. Cooling water temperature interlocks

4. Microwave system interlocks

5. Waveguide pressure interlock

6. Klystron vacuum ion pump interlock

7. Scanning magnet minimum current

8. Interlock for over voltage/current in power

supplies

9. Beam dump temperature interlock

10.Collimator ON/OFF interlock

11.Product jam interlock

1. Accelerating structure vacuum interlock

2. Cooling water flow interlocks

3. Cooling water temperature interlocks

4. Microwave system interlocks

5. Waveguide pressure interlock

6. Klystron vacuum ion pump interlock

7. Scanning magnet minimum current

8. Interlock for over voltage/current in power

supplies

9. Beam dump temperature interlock

10.Collimator ON/OFF interlock

11.Product jam interlock

Working personnel safety and  interlock system

1. Search & secure systems

2. Emergency switches and pull rope

3. Door interlock, Door delay Interlock

4. Exhaust blower ON interlock

5. Air flow interlock

6. Beam dump at designated place

7. Machine ON status interlock

8. High radiation in accelerator vault

9. Surveillance and PA System

10.Audio visual warning system

11.Ozone extraction system

12.Fire detection, alarm and fighting system

13.Emergency plan, Mock drill, health check-up

1. Search & secure systems

2. Emergency switches and pull rope

3. Door interlock, Door delay Interlock

4. Exhaust blower ON interlock

5. Air flow interlock

6. Beam dump at designated place

7. Machine ON status interlock

8. High radiation in accelerator vault

9. Surveillance and PA System

10.Audio visual warning system

11.Ozone extraction system

12.Fire detection, alarm and fighting system

13.Emergency plan, Mock drill, health check-up

Safety & Interlock System
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Installation, Operation Qualification and Type Approval

 IQ is carried out to obtain documented evidence that the irradiation equipment and any ancillary items have
been supplied and installed in accordance with their specifications (Testing of Safety Interlock systems, beam
parameters)

 OQ is carried out in dummy products before machine is used for processing of actual products, Its
characterization with respect to the range of operating parameters and operational stability is determined

Beam energy determination Scan uniformity measurement Conveyor speed Vs Dose

14:30 15:00 15:30 16:00 16:30 17:00 17:30 18:00
0

50

100

150

200

250

300

350

400

450

500

A
C

C
T
 c

u
rr

en
t 
(m

A
)

Time duration (HH:MM)

3% 5%

-35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35
0

5

10

15

20

25

30

35

± 5 %

Distance along beam scanning direction (cm)

D
o

s
e 

(k
G

y)

Surface Uniformity Exp- 1

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
0

5

10

15

20

25

1.02.03.04.05.0

S
u
rf

a
ce

 d
o
s
e
 p

e
r 

p
as

s 
(k

G
y
)

1/speed (m/min)-1

Equation y = a + b*x

Adj. R-Square 0.99974

Value Standard Erro

Per pass dose Intercept -0.35177 0.0972

Per pass dose Slope 22.07249 0.17966

Speed (m/min)-1

Beam current measurement

Type approval testing

Type Approval certification (KIRTI-1010) with license for operation

Type approval certificate –KIRTI-1010 License for Operation  of KIRTI-1010 at MSSPL, Bangalore
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Sterilization Process Qualification, 
Validation and Quality Control

AERB License ISO AccreditationFDA LicensePCB consent Stage-1 Regulatory Approvals
Establish QMS as per MDR-2017 and ISO
Regulatory Audits 
Regulatory Licences and accreditations

Stage-4 commercial irradiation   and 
acceptance

Irradiation service agreement
Customer feedback, 
Public acceptance, service continued

Stage-3 Process Qualification and 
validation

3-D dose mapping study, 
Process integrity analysis, 
Process validation by sterility testing

Stage-2 Process Design

Vendor audit, Dose establishment,  MAD
Process load optimization, 
process parameter optimization

Medical Device Sterilization Protocol  being Followed at ARPF
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E-beam Facility QMS System

Quality 
Manual

ISO  
9001:2015 

Manual

ISO 
13485:2016 

Manual

Site Master 
File

Standard 
Operating 

Procedures

System SOPs
Operational 

SOPs

Forms & 
Formats

IQ, OQ & PQ
Periodic 
Auditing

Total 33 Nos.
 Role & responsibility
 Control of documents
 Control of records
 CAPA system
 Change management
 Internal Audit
 Management Review
 Handling of deviation
 Risk analysis & 

control
 Data analysis

Total 63 Nos.
 Process flow chart
 Client registration
 Order registration
 Irradiation batch 

preparation
 Irradiation 

processing
 Various system 

calibrations
 Various system 

maintenance

Total 85 Nos.
 QC observation
 Dosimetry
 Calibration
 Maintenance
 Audit & MRM
 Plant software 

validation
 AERB quarterly 

reporting
 Change & deviation
 Order processing

 AERB auditing
 CDSCO 

notified body 
audit

 CE audit
 Vendor audit
 Internal audit 

& review

Facility 
layout & 
description

Facility 
qualification 
procedure & 
documentation

Quality Management System

Sterilization process development (PQ dosimetry)

 Identify Dmin and Dmax position
 Establish relation between reference position dose and Dmin & Dmax dose
 Set operating parameters to deliver the required dose with 95% confidence level
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Sterilization process validation

Third Party Sterility Testing at NABL Certified Labs

QA measures to ensure that the irradiation process is in state of control to meet customer
requirement

Critical Components of Quality 
Assurance

Plant operation by 
trained and qualified 

personals

Electronic 
monitoring of 

irradiator system

In process batch 
dosimetric

measurements

Customer product 
specifications, labeling 

& tracking

Quality Assurance at ARPF: Regular operation
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Monitoring of critical 
process parameters of 
100 Batches processed  

Indicates that the 
irradiation process is in 

state of control.

Process Control: Online Electronic Monitoring of Irradiator System

Dosimetry data monitoring after processing of each batch of medical devices indicates that the Irradiation
Process is in the state of control.

Dosimetry data of 100 batches processed

Process Control: Dosimetry

Radiochromic Film 
Dosimetry System 

EPR
Dosimetry System 
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 Customer registration, order
registration

 Generation of unique dose
mapping number for a product

 QC checks: for incoming
material, Batch preparation

 Product tracking during
irradiation and after irradiation

 Generation of unique bar-code
for each irradiated box.

 Product processing IN and OUT
time logging.

 Dosimetry data recording and
logging

 Generation of “Product
Irradiation Certificate” and
product release related
documents

Process Control: Customer product specification

Certificate of Irradiation to release product

Becton Dickinson, Haryana Triveni Polymers, Haryana

PP vials

Product box labelling

IV Cannula

Irradiation Agreement for commercial sterilization service
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Medical device sterilization (Progressive Growth)

Conclusion

 RRCAT has developed 10 MeV E-Beam Linac technology for industrial applications

 10 MeV, 10 kW Linac technology is “Type Approved” by AERB.

 Three Linacs are operational in industry and providing e-beam irradiation service.

 The facility at Indore is operating under the regulatory framework of AERB and FDA

and providing sterilization services for medical devices

 Implemented QMS comply the requirements of MDR-2017 and has accreditation for

ISO 9001:2015 and ISO 13485:2016

 The facility is being used by medical device manufacturers from across the country for

sterilization of their products on regular basis.
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“Electrons in the Service of Nation”
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Initiation of CAPA

Assessing potential 
impact and risk level

Correction

Root cause analysis

Corrective action

Preventive action

Non conformance due to-
• Process interruption
• Audits (CDSCO/CE/Vendor/Internal audit)
• Deviation from defined procedures
• Customer complaints related to process

Define the severity & priority based on their effect on 
impact on safety & sterilization process integrity

“An immediate action”

“Action after root cause analysis to prevent recurrence”

“Global action to prevent recurrence”

“Analyzing the problem and identifying its cause”

Not effective

Implementation of control
measures & their review &
effectiveness evaluation

Cause
Effect

Effective

Closure of CAPA with the due approval
Ref: SOP for corrective & preventive action 
(ARPF/SOP/05, Ver:01, Rev:01, 14-04-2022)


