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FOREWORD 

 
Radioactive materials and radiation-producing equipment are highly 
regulated.  Many aspects of acquisition, use, storage and disposal of these 
materials are subject to government regulation and inspection.  The ability 
of Syracuse University to provide its researchers access to these materials 
is dependent upon satisfying the requirements of Federal, State and local  
regulatory agencies.  

 
This Radiation Protection Program Handbook contains Syracuse University 
policies and procedures as well as applicable New York State Department 
of Health (NYSDOH) and New York State Department of Environmental 
Conservation (NYSDEC) regulations. This Handbook is an integral part of 
the Radiation Protection Program  and provides guidance to ensure the 
safety of University personnel while allowing flexibility in the conduct of 
research. All work involving radioisotopes and radiation producing 
equipment must be done in accordance with the policies and procedures 
established in this Handbook, unless a written waiver has been obtained 
from the University’s Radiation Safety Committee (RSC). 

 
Suggestions for improving the Radiation Protection Handbook should be 
directed to the Radiation Safety Officer (RSO). Detailed information on 
regulatory requirements and additional reference materials dealing with 
radiation protection, radiation measurement and radiation biology are 
available on loan from the Environmental Health and Safety Service Office 
(EHSS).  A list of the references available from the RSO is provided in Part 
Ten of this Handbook.  A copy of the NYS Sanitary Code Chapter 1 Part 16 
is included in Part Eight this Handbook. 
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STATEMENT OF POLICY 
 
 
 

It is the policy of Syracuse University that all activities 
involving ionizing radiation shall be conducted in such a 
manner so as to keep exposure as low as reasonably 
achievable. Persons involved in such activities must comply 
with the New York State regulations and all rules and 
guidelines issued by Syracuse University.  
 
A Radiation Safety Committee has been established following 
guidelines issued by the New York State Department of 
Health. The Radiation Safety Committee has the 
responsibility to provide direction to the Radiation Safety 
Program, to assure that proper documentation is maintained, 
to review the program's effectiveness and to determine any 
changes which should be made. The Radiation Safety 
Committee is also responsible for resolving questions and 
issues pertaining to the Radiation Protection Program. 
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ALARA STATEMENT 
 
Syracuse University is committed to the program described in this 
Handbook for keeping radiation exposures ALARA (as low as is reasonably 
achievable). In accordance with this commitment, we hereby describe an 
administrative organization for radiation safety that will develop the 
necessary written policies, procedures and instructions to foster the ALARA 
concept at Syracuse University. The organization will include a Radiation 
Safety Committee (RSC) and a Radiation Safety Officer (RSO). 
 
To ensure our ALARA commitment, a formal annual review of the Radiation 
Protection Program will be made. This review shall include reviews of 
operating procedures, radiation exposure records, inspections and 
consultations with the Radiation Safety staff and Radiation Safety 
consultants. 
 
Modifications to operating and maintenance procedures will be made where 
possible. Improvements and modifications to equipment and facilities will 
be made where they will reduce radiation exposures at reasonable costs 
per risk evaluation. 
 
Doses to individuals will be maintained as far below the limits as 
reasonably achievable and the sum of the doses received by all exposed 
individuals will also be maintained at the lowest practicable level. However, 
it would not be desirable, for example, to hold the highest doses to 
individuals to some fraction of the applicable limit if this involved exposing 
additional people and significantly increasing the sum of the radiation 
doses by all involved individuals.   
 
In addition, discharges of radioactive materials to the environment will also 
be kept as far below the effluent release limits as reasonably possible.  
Whenever possible, engineering or process controls will be employed to 
minimize the release of radioactive materials to the environment and  
radiation exposures due to these releases. 
 
The Radiation Safety Committee will be delegated the authority to 
thoroughly review the qualifications of each radiation supervisor with 
respect to the types and quantities of materials and equipment and uses for 
which he or she has applied to ensure that the applicant will be able to take 
appropriate measures to maintain exposures ALARA. When considering a 
new use of radioactive material, the Radiation Safety Committee will review 
the efforts of the applicant to maintain exposures ALARA. The user should 
have systematized procedures to ensure the ALARA concept and shall 
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have incorporated the use of special equipment where appropriate in 
his/her proposed use. 
 
The RSC will also ensure that the user justifies his/her procedures and that 
doses will be ALARA, both individually and collectively. The Radiation 
Safety Committee will delegate authority to the Radiation Safety Officer for 
enforcement of the ALARA concept. The RSC will support the RSO in 
those instances where it is necessary for the RSO to assert his authority. 
The Radiation Safety Committee will also encourage all users to review 
current procedures and policies and develop new procedures as 
appropriate to implement the ALARA concept.   
 
It will be the duty of the Radiation Safety Committee to evaluate Syracuse 
University's overall efforts to maintain exposures ALARA on an annual 
basis. This review will include the efforts of the RSO, authorized users, 
approved workers and the management of Syracuse University. 
 
Syracuse University stands ready to support and defend the ALARA 
concept. It is our commitment to provide a safe working environment in 
regard to the use of radioactive materials and radiation-producing 
equipment. 
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1.1 RADIATION SAFETY COMMITTEE 
 
The Radiation Safety Committee (RSC) consists of the following: the Radiation 
Safety Officer (RSO), Sr. Vice President of Business, Finance, and Administrative 
Services, Vice President of Research and Computing, faculty and staff 
representatives from laboratories and departments using radioactive material or 
radiation sources, the Director of Risk Management and the Director of the 
Environmental Health Office.  Prospective members of the RSC are approved by 
NYSDOH as required in 10 NYCRR Part 16 prior to confirmation. 
 
Responsibilities 

 
The Committee is responsible for: 
 
1.  Ensuring that all individuals who work with or who may receive a workplace  

exposure to ionizing radiation  have sufficient training and/or experience to 
enable them to perform their duties safely and in accordance with 
NYSDOH regulations and the conditions of the University’s License. 

 
2.  Ensuring that all use of radioactive materials and radiation-producing 

equipment is conducted in a safe manner and in accordance with 
NYSDOH regulations and the conditions of the License. 

 
Duties 
 
The Committee shall: 
 
1.  Be familiar with New York State regulations (10 NYCRR Part 16, 6 NYCRR 

Parts 380 and 381), the terms of the University’s radioactive materials 
License and any information submitted in support of request for the 
License and its amendments. 

 
2.  Review the training and experience of all individuals who use radioactive 

materials or radiation-producing equipment and determine that their 
qualifications are sufficient to enable them to perform their duties safely 
and in accordance with applicable regulations and the conditions of the 
License. 

 
3.  Review and approve all requests for use of radioactive materials and 

radiation-producing equipment within the University. 
 
4.  Be responsible for monitoring the University's program to maintain 

individual and collective doses as low as reasonably achievable. 
 
 
5.  Establish a table of investigational levels for occupational radiation 

exposure, which when exceeded, will initiate an investigation and 
consideration of action by the RSO. 
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6.  Review semi-annually, with the assistance of the RSO, occupational 
radiation exposure records of all monitored personnel. 

 

7.  Establish a program to ensure that all individuals whose duties may require 
them to work in the vicinity of radioactive material or radiation producing 
equipment  (i.e. security and housekeeping personnel) are properly 
instructed as required by Section 16.13 of 10 NYCRR Part 16. 

 

8.  Prescribe special conditions that will be required during a proposed use of 
radioactive material such as requirements for bioassays, physical 
examinations of users, special monitoring procedures, etc. 

 

9.  Review the entire Radiation Protection Program at least annually to 
determine that activities are being conducted safely and in accordance with 
NYS regulations and the conditions of the License. The review shall 
include an examination of records, reports from the RSO, results of NYS 
inspections, written safety procedures and the adequacy of the University's 
management control system. 

 

10.  Recommend remedial action to correct any deficiencies identified in the 
Radiation Protection Program. 

 

11.  Maintain written records of all Committee meetings, actions, decisions and 
recommendations. 

 

12.  Ensure that the radioactive materials license is amended, when necessary, 
prior to any changes in facilities, equipment, policies, procedures, personnel, 
radioactive material and possession limits, as specified in the License. 

 

13. Oversee or delegate a sub-committee to oversee the administration of the 
University’s Diagnostic X-ray Quality Assurance Program. 

 

14.  Be responsible for monitoring the University’s program to maintain releases 
of radioactive materials to the environment as low as reasonable 
achievable and inaccordance with 6 NYCRR Part 380. 

 
Meetings 
 

1.  The Radiation Safety Committee shall meet as often as necessary to 
conduct its business, but not less than once in each calendar year. 

 

2.  A quorum shall consist of at least one-half of the Committee's membership, 
including the RSO and the management representative consisting of either 
the V.P. for Research and Computing or the Sr. V.P. for Business, 
Finance, and Administrative Services. 

 

3.  All issues requiring Committee action, with the exception of applications for 
use of radiation sources, will be approved or disapproved based on the 
majority opinion of all members of the Committee.  Applications for use of 
radiation sources will be approved or disapproved based on the majority 
opinion of the technical members of the Committee only. 
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1.2  RADIATION SAFETY OFFICER 
 

The University's Radiation Safety Officer (RSO) receives his/her authority from 
the Radiation Safety Committee (RSC).  The RSO is authorized to initiate 
remedial action or to temporarily halt or immediately terminate a project that is 
found to be a threat to health, safety or property or otherwise in violation of 
Federal, State or local regulations. 
 
Responsibilities include: 
 
1.  Coordinating the Radiation Safety Committee (RSC) review of the safety 

evaluations of proposed uses of radioactive material and radiation-
producing equipment. 

 
2.  Overseeing activities involving radioactive material and radiation-

producing equipment  including monitoring users through routine lab 
inspections performed at least twice per year and special surveys 
conducted at the request of the RSC or at the discretion of the RSO. 

 
3. Determining compliance with rules and regulations, License conditions 

and the conditions of project approval as specified by the RSC. 
 
4.  Overseeing the receiving, opening and delivering of all shipments of 

radioactive material arriving at the University. 
 
5.  Assuring that University guidelines and applicable regulations are adhered 

to in the shipping of all radioactive material leaving the University. 
 
6.  Maintaining an inventory of radionuclides at the University and limiting 

when necessary, the quantities of radionuclides to the amounts authorized 
by the Licensee. 

 
7.  Supervising, coordinating and maintaining  accurate recordkeeping of the 

radioactive waste storage and disposal program. 
 
8.  Directing the proper storage of radioactive materials. 
 
9.  Distributing personnel monitoring devices and arranging for their 

processing. 
 
10. Determining the need for and evaluating bioassays and keeping records 

of personnel exposures. 
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11. Performing or arranging for calibration of radiation safety-related 

instruments. 
 
12. Assuring the performance of leak tests on sealed sources. 
 
13. Conducting training programs and instruction of personnel in the rules, 

guidelines and regulations regarding the use of radioactive materials and 
radiation-producing equipment. 

 
14. Consulting on aspects of radiation safety to personnel at all levels of 

responsibility, including laboratory design, shielding and other radiation 
exposure controls. 

 
15. Supervising decontamination when necessary and appropriate. 
 
16. Maintaining appropriate records. 
 
17.  Assuring that efforts are made to maintain discharges of radioative 

materials to the environment as low as reasonably achievable and 
monitoring these releases as applicable. 

 
18.  Reviewing the quality control activities performed with regard to the 

University’s Diagnostic X-ray Quality Assurance Program. 
 
19.  Investigating personnel exposures in excess of the investigational limits 

established by the RSC. 
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1.3  RADIATION SUPERVISORS 
 

All operations involving the use of radioactive materials or radiation-producing 
equipment at Syracuse University must be carried out under the direction of a 
Radioactive Materials Supervisor (RMS) or a Radiation Equipment Supervisor 
(RES), respectively. Designation as a RMS or RES is granted by the Radiation 
Safety Committee (RSC) to individuals who demonstrate that they are sufficiently 
knowledgeable of radiation protection principles, related compliance issues, 
proper procedures for the safe use of radiation and  associated hazards. 
 
The responsibilities of a Radiation Supervisor include, but are not limited to: 
 
1. Providing adequate facilities, equipment, instruments, supervision and 

instructions to control radiation hazards and to comply with the  requirements 
of this Handbook and/or the RSC. 

 
2. Submitting requests for approval of all procedures involving the use of 

ionizing radiation to the RSC.  This is accomplished by completing and 
submitting  an “Application For Use of Radiation”. 

 
3. Maintaining with the RSO an up-to-date listing of areas in which ionizing 

radiation is stored, used or handled. 
 
4. Maintaining with the RSO an up-to-date listing of the names of individuals 

who may be handling radioactive material or operating radiation-producing 
equipment, or who may be occupationally exposed to ionizing radiation in 
his/her laboratory. 

 
5. Keeping an inventory of the quantity of radioactive materials and/or the type 

of radiation-producing equipment possessed. 
 
6. Keeping records of disposal of all radioactive material. 
 
7. Making periodic radiation surveys of each area in which ionizing radiation is 

used as required by the RSC. 
 
8. Controlling the entry to rooms which are specified as controlled areas, for 

reasons of radiation protection. 
 
9. Informing the RSO of changes in existing work which may increase the 

radiation exposure or the potential for radiation exposure. 
 
10. Providing security against unauthorized removal or use of radioactive 

materials and/or radiation-producing equipment. 
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11. Ensuring that radiation workers under their supervision wear radiation 

exposure monitors during periods of possible exposure and that these 
monitors are stored in an appropriate location. 

 
12. Ensuring that radiation workers under their supervision are properly instructed 

and that this instruction is documented prior to performing any procedure 
which may involve possible exposure to ionizing radiation. 

 
13. Ensuring that all ionizing radiation procedures are conducted in a manner 

consistent with the University’s policy of maintaining exposures as low as 
reasonably achievable. 

 
14. Properly storing, handling, labeling and tracking radioactive wastes generated 

and stored in their laboratory and emphasizing the importance of waste 
minimization. 

 
15. Responding within the specified time frame to all requests for remediation or 

corrective action. 
 
16. Providing, in writing to the RSO, 60 days advanced notice of the intent to 

vacate a controlled area. 
 
17. Ensuring that only approved procedures involving the use of radioactive 

materials or radiation-producing equipment are performed and that these 
procedures conform to the terms of his/her “Application for Use”, State and 
Federal regulations and this Handbook.  

 
18. Notifying Radiation Safety Staff prior to the performance of procedure(s) 

which could result in a release of radioactive material to the environment. 
 
19. Ensuring that all exposures to radiation sources for which the Supervisor is 

responsible, are maintained within or below regulatory limits. 
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1.4  RADIATION WORKERS 

 
Radiation workers are individuals authorized by the RSO to work with radioactive 
materials or operate radiation-producing equipment. An individual must obtain 
Radiation Worker status prior to independently performing any procedure 
involving ionizing radiation.   Radiation workers are required to have a basic 
understanding of radiation protection practices and the hazards associated with 
the use of ionizing radiation.  Each must act in accordance with the guidelines 
established in this Handbook, rules established by the RSC and their supervisor 
and all applicable laws and regulations.   Workers must also make every effort to 
maintain their exposure to ionizing radiation as low as reasonably achievable. An 
overview of the University’s Radiation Worker training requirements are provided 
in Section 1.6 of this Handbook 
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1.5 NON-RADIATION WORKERS REQUIRED TO ENTER OR WORK 
IN  RADIATION USE AREAS 

 
1.5.1 "Non-Radiation Use" Laboratory Employees 
Laboratory employees who will not actively handle radiation sources (i.e. open 
sources of radioactive material, sealed radioactive sources or x-ray equipment) but 
may perform assigned duties in or in the immediate vicinity of a controlled radiation 
area(s) must be informed of the radiation hazard present.  The extent of training the 
individual must receive depends on the nature of the hazard present in the 
laboratory, the duties the individual will perform and the anticipated radiation dose to 
the "non-radiation use" employee.   This individual's radiation related duties must be 
clearly defined and submitted to the RSO for determination of the extent of training 
the individual must receive prior to performing the duties.  Radiation exposure 
monitoring may be provided to an occupationally exposed, "non-radiation use" 
laboratory employee at the discretion of the RSO based on the exposure potential 
present in the laboratory and/or the individual's assigned duties.  
 
Upon completion of the required training, "non-radiation use" laboratory employees 
may only access controlled radiation areas to perform those duties specifically 
approved by the RSO.  At all other times, these employees must not enter or work in 
controlled radiation areas to help ensure that their exposures are as low as 
reasonably achievable.  
 
Information regarding the training required for "non-radiation use" laboratory 
employees prior to entry into controlled radiation areas is provided in Section 1.6.4 of 
this Handbook. 

 
 
1.5.2 "Non-Radiation User" Non-Laboratory Employees 
Non-laboratory employees (custodians, maintenance, public safety, etc.) who, during 
their normal course of employment, are required to perform assigned duties in or in 
the immediate vicinity of controlled radiation areas must be informed of the radiation 
hazard present.  These individuals must never enter these areas when not attended 
by an authorized radioactive material user and must be directly supervised by an 
approved radiation worker while in a controlled area.  If a "non-radiation use" non-
laboratory employee will be performing duties in or in the immediate vicinity of a 
controlled area, Radiation Safety staff must be notified prior to the performance of 
such duties so that an appropriate exposure evaluation may be performed.  
 
Information regarding the training required for "non-radiation use" non-laboratory 
employees prior to entry into controlled radiation areas is provided in Section 1.6.5 of 
this Handbook. 
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1.6 TRAINING 
 

1.6.1 Radiation Worker Training 
 
Syracuse University is obligated by 10 NYCRR Part 16 to ensure that individuals who 
work with ionizing radiation at the University are supervised and instructed in the 
hazards of radiation and related regulations and are competent to safely use 
radioactive materials and/or radiation producing equipment.  Each individual who 
wishes to work with ionizing radiation at Syracuse University, therefore, must 
complete the Radiation Worker Training Program.  This training provides an 
overview of principles and practices of radiation protection, monitoring techniques, 
biological effects, regulations and job specific instruction.   Once individuals have 
completed the required training, they receive Approved Radiation Worker status.  
This status requires the completion of required annual refresher training.  
 
The Radiation Worker Training Program consists of two stages. This Section 
provides a general  overview of the training provided in each stage of the training 
program. Specific details for becoming either a Radioactive Material Worker, a 
Sealed Source User or a Radiation Equipment Operator are provided in Sections 
2.3, 2.12.4 and 4.2.4 respectively.   
 
Stage One: Documented and directed by Radiation Safety staff 
 
Training in the following areas: 

• Applicable regulations and license conditions (Radiation Protection 
Program Handbook, RSO lectures and regulatory review) 

• Radiation hazards, biological effects  and risk assessment (videotapes, 
Supervisor instruction and RSO lecture) 

• Radiation safety procedures including work rules,  exposure monitoring, 
survey instrument use and contamination monitoring (Supervisor, RSO 
lecture, and Handbook) 

• Obligation to report unsafe working conditions 
• Emergency procedures 
• Right to be informed of radiation exposure and bioassay  results 
• Posting and License location 

 
An examination will be given at the completion of the Stage One training 
requirements (with the exception of sealed source user) to evaluate the individual’s 
knowledge of the University’s Radiation Protection Program, biological effects, 
associated hazards, related rules and regulations, radiation terminology, etc. 
 
Stage One requirements must be completed and documented prior to working with 
radiation (see details on exception for radioactive material users with adequate 
previous experience provided in Section 2.3). Following the successful completion of 
Stage One, conditional approval to work in radiation areas is granted.  After receiving 
conditional approval, Stage Two training begins. Stage Two training should  be 
completed and documented within four months of obtaining conditional approval. 
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1.6.1 Radiation Worker Training (cont.) 
 
Stage Two: Documented and directed by Radiation  Supervisor (RMS/RES) 
 
Training in the following areas: 
 

• Training specific to the type of radiation work that will be performed: 
 

a. Radioactive Material:  areas where radioactive materials are 
stored, used and disposed; location and 
use of radioactive material; inventory 
and disposal records 

 

b. Radiation Equipment: theory of operation; start up and shut 
down procedures; interlocks and safety 
devices 

c. Sealed Source Users: areas where sources are stored and 
used, source use log, source security, 
leak tests and inventory 

 
• RSC approved “Application for use...” conditions including approved 

procedures, restrictions, possession limits, etc. 
 
• Locations of personnel exposure monitors, lab coats, gloves and 

monitoring equipment 
 

• Location of radiation safety related documents, postings and manuals 
 

• Location of eye wash, safety shower and emergency contact list 
 

• Hazards of radiation and safety precautions  specific to the laboratory 
 

• Radioactive material workers using open sources must document 40 
hours of direct supervision and instruction in related techniques and 
use  of equipment (some or all may this requirement be waived if 
adequate previous experience using radioactive materials in 
applications similar to those anticipated to be performed at Syracuse 
University can be documented) 

 

• Radiation equipment operators must document procedural training specific 
to the equipment that will be used, conducted by the appropriate RES 

 
FinaI approval of radiation worker status is obtained upon the satisfactory completion 
and documentation of Stage One and Stage Two.  This status is maintained by 
completing  annual refresher training requirements.   
 

Training records will be retained by EHSS for a minimum period of three (3) years 
after an individual has left the University. 
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1.6.2  Radiation Worker Training - Radioactive Materials Supervisors 
Responsibilities 

 
Radioactive Material Supervisors (RMSs) shall ensure that each new radioactive 
material worker under their supervision completes a "Laboratory Orientation" form, 
has it signed by the RMS and returns it to the RSO prior to commencing any work 
with radioactive materials in the laboratory. Each worker must also document forty 
(40) hours of direct supervision and instruction on radiation related techniques and 
equipment specific to the laboratory. This instruction can be provided by the RMS or 
another approved radiation worker in the laboratory and must be documented on a 
“Supervised Training” form. Completed training forms must be submitted to the RSO 
for review and approval.  Each worker should complete this process within four 
months of obtaining conditional approval to obtain final approval. Requests for 
additional time to complete this process must be made to the Radiation Safety staff. 
 
 
1.6.3  Radiation Worker Training - Radioactive Equipment  Supervisors 

Responsibilities 
 
Radiation Equipment Supervisors (RESs) shall ensure that each new radiation 
equipment operator under their supervision completes a "Laboratory Orientation" 
form, has it signed by the RES and returns it to the RSO prior to commencing any 
work with radiation equipment. RESs must also provide each new radiation 
equipment operator with training on procedures specific to the radiation equipment to 
be used prior to allowing them to operate the equipment independently.  This training 
must be documented on an “Analytical X-ray Procedural Training” form.  The 
completed form must be signed by the RES and returned to the RSO for review and 
approval. Each operator should complete this process within four months of 
obtaining conditional approval to obtain final approval. Requests for additional time to 
complete this process must be made to Radiation Safety staff. 
 
1.6.4 Instructions to "Non-Radiation Use" Laboratory Employees 
 
Laboratory employees whose duties may require them to work in the vicinity of 
radioactive materials or radiation producing equipment must be informed of the 
radiation hazard present in the laboratory.  These individuals will be informed of 
the radiation hazard through the University's Hazard Communication Program, the 
Chemical Hygiene Program and/or the Radiation Protection Program, depending 
on the exposure potential in the laboratory and the type of work to be performed.  
 
If a "non-radiation use" laboratory employee is to perform duties in the laboratory 
which may present a potential for occupational radiation exposure (dish washing, 
wipe testing, surveying, etc.), the individual must complete Phase I of the 
Radiation Protection Program's Radiation Worker Training.  This training includes 
attending a lecture provided by Radiation Safety staff, viewing videos and passing 
an examination.  
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The required laboratory specific, Phase II training for a "non-radiation use" 
laboratory employee will be based on the RMS's completion and submittal of a  
"Hazard Assessment" form.  The "Hazard Assessment" form must detail 
anticipated duties that may present a potential for radiation exposure and the 
proposed supervised Phase II training to be provided. The Phase II supervised 
training must be sufficient to ensure the individual is competent in performing the 
duties safely.  The "Hazard Assessment" form must be submitted to and reviewed 
by the RSO. Notification of approval of the proposed Phase II training and any 
additional requirements will be provided by the RSO to the supervisor and the 
individual.  All supervised training received by the individual must be documented.  
Following completion of the RSO approved supervised training, documentation of 
the training must be submitted to and approved by the RSO prior to allowing the 
individual to perform the radiation duties unsupervised.  Upon receiving RSO 
approval, the individual may independently perform only those duties for which 
training was provided and competency was demonstrated and specifically 
approved by the RSO.  "Non-radiation use" laboratory employees may not at any 
time perform decontamination procedures (i.e. contamination clean up) or other 
procedures that present a greater exposure or unexpected contamination 
potential.  
 
The laboratory’s Radioactive Material/Radiation Equipment Supervisor must 
ensure that all individuals with the potential for personal exposure in excess of the 
public dose limits are properly trained prior to working in a controlled area or 
performing radiation-related duties. 
 
 
1.6.5 Instructions to "Non-Radiation Use" Non-Laboratory Employees 
 
"Non-radiation use" non-laboratory employees (i.e. custodians, maintenance, 
public safety, etc.) whose duties may require them to occasionally access or work 
in the vicinity of controlled radiation areas are informed of radiation hazards 
through the University's Hazard Communication Program.  Radiation Safety staff 
provides additional training, specific to individual job requirements, to those 
individuals/groups whose duties may present a potential for occupational 
exposure.  It laboratory’s Radioactive Material/Radiation Equipment Supervisor's 
responsibility to ensure that all individuals who enter or work in or in the 
immediate vicinity of controlled radiation areas are properly trained and 
supervised, as necessary, prior to working in or in the immediate vicinity of the 
Supervisor's controlled radiation area(s).   Only authorized personnel are allowed 
contact with containers, work areas, etc. identified with radiation hazard labels, 
symbols or tape.   
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2.1  GENERAL 
 

Radioactive material use at Syracuse University is bound by the limits and 
requirements established in the University’s New York State Department of Health 
issued Broad Scope Radioactive Materials License.  This License imposes limits 
on the quantities, types and forms  of radioactive materials that can be possessed 
at the University and outlines specific requirements that must be encompassed in 
the University’s Radiation Protection Program.  All aspects of the purchasing, use 
and disposal of radioactive materials at the University must comply with the terms 
of the University’s Radioactive Material License and New York State  regulations. 
 
This Section of the Radiation Protection Program Handbook outlines the 
requirements and procedures for purchasing and using radioactive materials at 
Syracuse University.  It also provides detailed information on the requirements for 
becoming an approved Radioactive Material Supervisor and a Radioactive 
Material Worker.    
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2.2   RADIOACTIVE MATERIAL SUPERVISOR - APPLICATION FOR 
 USE OF RADIOACTIVE MATERIAL 

 

Radioactive Material Supervisors (RMSs) are members of the University faculty or 
staff who are authorization to perform specific procedures involving radioactive 
materials from the University’s Radiation Safety Committee (RSC).  Prior to 
commencing work with radioisotopes, these individuals must complete and submit 
an “Application for Use of Radioactive Material”  (Application) to the RSC for 
review and approval.  The RSC will grant approval, conditional approval, or 
disapprove of the Application based on the information provided, the applicant’s 
experience with radioisotopes, and the effect the proposed use will have on 
University property and the safety and health of the University community.  This  
Handbook Section describes the application process used at Syracuse University 
to evaluate prospective RMSs and proposed uses of radioactive materials. 
 
2.2.1 Completing and Submitting an Application  
 

Prospective Radioactive Material Supervisors may obtain an Application from 
science department offices or from the Environmental Health and Safety Service 
Office. The Application must be completed in full and typed to ensure legibility. 
The following information must be provided in or as an attachment to the 
Application: 
 
• A list of all individuals who will be working with radioactive materials under the 

applicant’s supervision 
  

• A justification of the need to use radioactive materials 
  

• Procedures for proposed operations which involve the use of radioactive 
materials sufficiently detailed for evaluation of the associated hazards 

  

• A copy of the applicant’s current Curriculum Vitae 
  

• A description of applicant’s previous training and experience with radioactive 
materials including dates, locations, isotopes, processes, etc. 

  

• A floor plan of the radiation use areas, including major pieces of equipment to 
be used (i.e. refrigerators, freezers, fume hoods, centrifuges)  

  

• A description of the equipment that will be available to survey, control and/or 
minimize the radiation hazard 

  

• Estimates of types and quantities of radioactive waste that will be generated 
 

Detailed instructions for completion of an Application are provided with the 
Application. Radiation Safety staff will provide further assistance and answer 
questions related to the Application upon request. 
 
Once the Application is complete, the applicant must submit it along with any 
attachments to the Radiation Safety Committee (RSC) via the Radiation Safety 
Officer (RSO).  The RSO will complete a radiological safety evaluation of the 



 
Revised 8/04 
g:\rad\manuals\radman 

-3-  

Application consisting of a review of the Application, an interview with the 
applicant, and a visit to the applicant’s laboratory (as necessary). Upon  
2.2.1 Completing and Submitting An Application (cont.) 
 

completion, the RSO will summarize the evaluation in writing.  This evaluation 
summary will consist of an item-by-item analysis of the Application and the RSO’s 
recommendation(s). 
 
The Application, attachments, and RSO evaluation are then forwarded to each 
member of the Radiation Safety Committee for comment and action. Questions 
from members of the RSC will be addressed appropriately by either the RSO or 
the applicant.  Approval, disapproval or conditional approval will be by majority 
opinion of the technical members of the Radiation Safety Committee. Records of 
applications, evaluations and RSC actions will be kept for review by EHSS. 
 
Following approval by the RSC, the RMS becomes responsible for all radiation 
related activities performed or required to be performed in accordance with the 
conditions of approval. Responsibilities include, but are not limited to, the 
purchase, use and storage or all radioactive sources; the handling and tracking of 
radioactive waste; the performance and documentation of required surveys; etc.  
The RMS is responsible for ensuring that  individuals in their laboratory who work 
with ionizing radiation or who are exposed to ionizing radiation as a result of 
activities conducted under their supervision, are properly trained and aware of the 
related hazards. The RMS must also ensure that only approved radioactive 
material procedures are performed in the laboratory and that the RSO is notified of 
any changes in use areas, individuals or procedures. A summary of the 
responsibilities of a RMS are provided in Section 1.3 of this Handbook. 
 
Any additions or modifications to approved procedures or radioactive material use 
in the laboratory that could potentially increase or modify the radiation hazard 
previously evaluated or introduce a new hazard, must be approved by the RSC 
prior to commencement.   Amendment requests including a revised “Application 
for Use of Radioactive Material” should be submitted to the RSC via the RSO.    

 
2.2.2  Evaluation of an Application  
 
Applications for use of radioactive material are evaluated in terms of the 
qualifications of the applicant and the use(s) of radioactive material proposed.  A 
Prospective Radioactive Material Supervisor is evaluated based on the isotopes 
and activities proposed for use and his/her past experience with radioactive 
materials in terms of time, toxicity, activity and type used.  In general, a RMS must: 
 

• Be a permanent or contract member of the University faculty or staff.   
 

• Be the senior researcher of the project and directly responsible for radioactive 
material use in the laboratory.  

 

• Be the senior occupant of a facility(s) suitable for the proposed work or be 
authorized to use a suitable facility by the facility’s senior occupant and the 
RSO. 
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• Be knowledgeable of the University’s Radiation Protection Program 
requirements and related regulations. 

2.2.2  Evaluation of An Application (cont.) 
 
The following table is a guideline for evaluating a prospective user’s training and 
experience, however, this table is not the sole method used to judge an applicant’s 
authorization: 

AUTHORIZATION GUIDELINES TABLE 
 

Authorized Radioactive 
Inventory (Requested) 

Individual’s Training & Experience 
(documentation required) 

I. 0-10 control units* of any 
nuclide for which the 
University is licensed 

Successful completion of academic courses 
pertaining to or satisfactorily demonstrating 
competency and knowledge of the: 1)Principle and 
practices of radiation protection, 2) Radiation 
instrumentation and monitoring, 3)Radiation 
related biological affects, 4)Basic radiation 
calculations and physics, and 5)Sufficient 
radioisotope experience to assure safe handling 
and appropriate exposure control.  

II. 10 – 500 control units* 
of any nuclide for which 
the University is licensed 

Same as I. above plus 1 year experience using 
radioisotopes of similar form, activity, toxicity, etc. 
as requested for authorized possession. 

III. 10 – 500 control units* of 
any nuclide for which the 
University is licensed 

Same as I. above plus 3 years or more  
experience using radioisotopes of similar form, 
activity, toxicity, etc. as requested for authorized 
possession. 

 
*Control units any radioisotope correspond directly to the quantities listed in Section 10.4 of this Handbook. 

 
Proposed uses of radioactive material and associated operations are generally 
evaluated based on the following items.  However, other items or concerns specific 
to particular applications may also be taken into consideration in the evaluation. 
 

• The isotopes requested for use, their requested possession limits and their 
associated  classification of toxicity 

  

• The applicant’s justification of the need to use radioactive materials 
  

• The potential for exposure to personnel, the methods that will be employed for 
personnel monitoring and the steps that will be taken to insure that the 
potential exposures are kept “as low as reasonably achievable” (ALARA)  

  

• The facility and equipment available to the applicant, including personnel 
protective equipment, shielding, survey instruments, fume hoods, etc. 

  

• The types and quantities of wastes expected to be generated   
  

• The types of containment that will be used with radioactive materials, including 
primary and secondary containment when working with liquids 
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• The ability of the Applicant to complete and implement a decommissioning plan 
for all affected facilities and equipment. 

 
2.3  PROCEDURE TO BECOME AN APPROVED RADIOACTIVE 

MATERIALS WORKER 
 
Syracuse University requires that anyone who wishes to work with radioactive 
materials has a thorough understanding of regulations and hazards associated 
with the use of ionizing radiation. This is accomplished through a two stage 
radiation worker training program.  Stage One of this program involves a series of 
videotapes, a class room lecture and an examination. Stage Two is completed in 
the laboratory under the direct supervision of an approved radioactive material 
worker.  Individuals who do not have adequate, previous experience in using 
radioactive material must complete Stage One requirements prior to commencing 
work with radioactive materials.  Adequately experienced individuals may complete 
Stage One and Stage Two requirements concurrently.  The following lists the 
steps for completing both stages of the required radiation worker training program: 
 

Stage One  
 

1.  Notify the Radiation Safety Officer (RSO) of your intention to become a 
radioactive material worker by completing a "Radiation Worker Sign-Up” form. 
This form may be obtained from the Environmental Health Office at  029 
Lyman Hall, ext. 4132. 

 

2.  If you have ever been monitored for radiation exposure or are currently being 
monitored for radiation exposure at another institution, complete a “Radiation 
Exposure History Request” form. This signed form will allow the University to 
request and receive your exposure history from the other institution. 

 
3.  Sign out a copy of the University's Radiation Protection Program Handbook 

and read it to familiarize yourself with the terms and concepts of radiation 
protection. Particular emphasis should be placed on understanding rules and 
regulations for using radioactive materials at Syracuse University. 

 
4.  Schedule a time with the Radiation Safety staff, ext. 9130, to view videotapes 

on the safe use and handling of radioactive materials, radiation hazards and 
associated risks, and emergency procedures.  These tapes may be viewed at 
EHSS during normal working hours. 
 

5. If you have previously used radioactive materials in applications similar to 
those anticipated to be used at Syracuse University: 
 

• Summarize your experience in writing and submit it to the RSO for 
review, including dates, locations, isotopes, activities, and an 
explanation of related experimentation. 

  

• Take a preliminary examination which will evaluate your knowledge with 
respect to radiation safety, associated hazards and the use of 
radioactive materials. 
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5. Continued.. 

• Upon satisfactory completion of the examination and authorization from 
the RSO, you will be granted a conditional approval to work with 
radioactive materials in the laboratory under direct supervision and may 
begin completing the Stage Two training requirements.  Dosimetry will 
be issued to monitor your external radiation exposure (as applicable). 

 
• The retention of  the conditional approval is contingent  upon  your 

attendance at the next radiation worker training class and the  
completion of  the remaining Stage One requirements.  If these 
requirements are not met with in 3 months of obtaining conditional 
approval, your conditional approval will be revoked until the 
requirements are completed. 

 

• If you do not satisfactorily complete the examination or if the RSO 
determines that your previous experience is insufficient for your intended 
radioactive material use at Syracuse University, conditional approval will 
not be granted until completion of all Stage One training requirements. 

 
6. Attend the next Radioactive Material Worker Training Session (offered as 

needed, approximately 4 times a year). This session covers rules, regulations, 
and procedures as well as proper surveying methods and monitoring devices. 
This session generally lasts for three hours and is mandatory for every new 
open source, radioactive materials worker. 
 

7. Take an examination which evaluates your knowledge of the elements of the 
University’s Radiation Protection Program, general radioactive materials use, 
biological effects, associated hazards, related rules and regulations, and 
radiation terminology. 
 

8.  Schedule a meeting with the RSO to review your test results and go over any 
questions you may have. 
 

9.  Upon the successful completion of these requirements you will be conditionally 
approved as a radioactive material worker. Work with radioactive material may 
be performed only under direct supervision by an approved radiation worker. 
Dosimetry will be issued to monitor your external radiation exposure (as 
applicable). 

 

Stage Two 
 

10.  Prior to using any radioactive materials in the laboratory, complete a 
radioactive material laboratory orientation with your radioactive material 
supervisor or an approved radiation worker. Document this training on the 
“Laboratory Orientation” form and return the completed form to the RSO, 029 
Lyman Hall. 
 

11. Complete 40 hours of supervised on-the-job training as related to radioactive 
materials and/or processes and document this training on the “Supervised 
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Training” form.  This training should be completed within 4 months of obtaining 
conditional approval. If additional time is necessary, a written request must be 
submitted to the RSO.  Return the completed form  to the RSO. 

 
 If you have documented adequate, previous experience using radioactive 

materials in applications similar to those anticipated to be used at Syracuse 
University, some or all of the required 40 hours of supervised training may be 
waived at the discretion of the RSO. 
 
 

12. Once you have satisfactorily completed the above process, you will be granted 
approved radioactive material worker status. The status may be continued 
perpetually by completing the required annual refresher training. 
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2.4   RADIOACTIVE MATERIAL INVENTORY CONTROL 
 
Syracuse University’s Radioactive Material License requires that an active 
inventory of all of its non-exempt radioactive sources, including open sources, 
sealed sources and sources enclosed in equipment (i.e. gas chromatograph), be 
maintained.  To ensure compliance with this requirement, Radiation Safety staff 
must be notified prior to the purchase or receipt of any radioactive material.  All 
requests for purchase of radioactive materials must be reviewed by Radiation 
Safety staff to ensure that possession limits will not be exceeded. Radioactive 
material purchases will not be authorized if the additional activity will cause the 
RMS to exceed maximum possession limits.  All radioactive material deliveries 
must be received at the Radiation Safety Laboratory, room 034 Lyman Hall, so 
that the necessary inventory information can be recorded.   
 
A database of active radioactive material sources possessed at the University is 
maintained by Radiation Safety staff to track the sources from purchase to 
disposal.  Each radioactive material source received is assigned an inventory 
number and recorded in the database. When Radiation Safety staff deliver the 
radioactive material source to the RMS, it is accompanied by an inventory sheet 
indicating the isotope and activity of the source and the assigned inventory 
number.  All use and disposal of the radioactive material must be entered onto this 
sheet, as indicated.   The sheet must be kept up to date and may be stored in 
Section 12 of this Handbook for easy reference.  The RSO will review the sheet(s) 
periodically to ensure that inventory records are being properly maintained.  When 
all of the material has been used or when the remaining material is surrendered to 
Radiation Safety staff, the inventory sheet must be returned to the EHSS. Upon its 
return, the material referenced on the sheet will be deleted from the RMS’s 
possession and an out of inventory date will be entered into the database.  
Returned inventory sheets will be maintained by EHSS for a period of 7 years. 
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2.5  PROCEDURES FOR ORDERING RADIOACTIVE MATERIAL 
 
2.5.1 General  Purchase Requisitions 
 
All purchase requests for radioactive material must be approved by the Radiation 
Safety staff. It is the obligation of the Radiation Safety staff to assure that all 
purchases of radioactive materials are for authorized radioactive materials and 
within the possession limits of the University’s License. To ensure this 
requirement, the following procedure must be followed: (specific details for 
requisitions for standing orders of radioactive material are provided in Section 
2.5.2): 

 
1.  All purchase requests for radioactive materials must identify the purchase 

as “Radioactive Materials" by noting this in capital letters on the purchase 
requisition. 

 
2.  The purchase requisition must be sent to the Environmental Health and 

Safety Service Office, 029 Lyman Hall, Attention: Radiation Safety Officer. 
The purchase request must contain: 

a. Isotope identity 
b. Compound/chemical form 
c. Activity requested 
d. Vendor 
e. Signature of the Radioactive Materials Supervisor 

 
3.  The purchase requisition is reviewed and then processed in the following 

manner by Radiation Safety staff: 
 

a. The requesting supervisor’s authorization and possession limits 
are checked to ensure that the supervisor is approved to possess 
the type and quantity of material requested for purchase. 

 

b. If the request is not within the authorization limits, it is returned to 
the RMS. 

 

c. If the request is within the authorization limits: 
 

(1)  The requisition is stamped to indicate to Purchasing 
 personnel that the request is allowed for purchase. 
 

(2) The purchase requisition is checked to ensure all of the 
 appropriate information has been provided and that it 
 indicates that packages should be delivered to: 
 

Environmental Health and Safety Service Office 
029 Lyman Hall 
100 College Place 
Syracuse, NY 13244 
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2.5.1 General Purchase Requisitions (cont.) 
 
(3) RSO or his delegate then signs and dates the requisition 

and forwards it to Pre-Audit for approval 
 

(4) Pre-Audit forwards the requisition to Purchasing for 
processing 

 

Note: Purchasing personnel will not process any request for 
radioactive materials without prior approval from the RSO or 
designee. 

 
d. Approved purchase requests are assigned an inventory number 

at the time of approval for purchase. The inventory number, RMS 
and specific information regarding the purchase are then logged 
into the “Receiving Log Book”. 

  
The following information must be recorded:  

(1) Inventory number 
(2) Isotope 
(3) Activity and calibration date 
(4) Form 
(5) Vendor 
(6) Radiation Materials Supervisor's name 
(7) Storage location 
(8) P.O. number 

 
e.   Once the requisition is processed by Purchasing, Purchasing 

contacts EHSS with the purchase order number and any pertinent 
delivery information.  A copy of the purchase requisition is 
returned to the Environmental Health Office with the assigned 
purchase order number. 

 
f.  Upon delivery of the purchase to EHSS, the package is surveyed 

appropriately by Radiation Safety staff.  The results of the survey 
and the receiving information are logged in the “Receiving Log 
Book”. 

 
Note: Deliveries are accepted only during normal working 
hours. 

 
g. The package is delivered to the laboratory by Radiation Safety 

staff. 
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2.5.2 Standing Order Purchase Requisitions 
 
All purchase requests for standing orders of radioactive material must be approved 
by the RSO. It is the obligation of the Radiation Safety Officer to assure that all 
purchases of radioactive material are for authorized radioactive materials and 
within the possession limits of the License. To ensure this requirement, the 
following procedure must be followed when establishing a Standing Purchase 
Order for radioactive materials: 
 

1.  Standing order purchase requisitions for radioactive materials must 
identify the purchase as “Radioactive Materials Standing Order” by noting 
this in capital letters on the purchase requisition. 

 
2.  The purchase requisitions must be sent to the Environmental Health and 

Safety Service Office, 029 Lyman Hall, Attention: Radiation Safety Officer. 
The purchase request must contain: 

 

            a. Isotope(s) identity 
            b. Compound(s) 
            c. Activity(s) requested 
            d. Supplier 
            e. Signature of the Radiation Materials Supervisor 
   f. “Orders to be telephoned in as needed” 

 
3.  The purchase requisition is reviewed and then processed in the following 

manner by the RSO or his  delegate: 
 

a. The supervisor’s authorization and possession limit are checked 
to ensure that the supervisor is approved to possess the type of 
material and quantity of each item listed on the order. 

 
b. If the request is not within the authorization limits, it is returned to 

the RMS. 
 
c. If the request is within the authorization limits: 
 

(1)  The requisition is stamped to indicate to Purchasing  
 personnel that the request is allowed for purchase. 
 

(2) The purchase requisition is checked to ensure all of the 
 appropriate information has been provided and that it 
 indicates that packages should be delivered to : 
 

Environmental Health and Safety Service Office 
029 Lyman Hall 

      100 College Place   
      Syracuse, NY 13244 
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2.5.2 Standing Order Purchase Requisitions (cont.) 
 

(3)  RSO or his delegate then signs and dates the request 
 and sends it to Pre-Audit for account approval. 
 

4)  Pre-Audit forwards the requisition to Purchasing for 
processing 

 

Note: Purchasing personnel will not process any request for 
radioactive materials without prior approval from the RSO or 
designee. 

 

d. No information is entered into the receiving log and no inventory 
numbers are assigned until a telephone order is placed by the 
requesting laboratory.  

 
e. Upon processing by Purchasing, a copy of the purchase 

requisition is returned to EHSS with the assigned purchase order 
number. 

 
f. Telephone request sheets are then filled out by Radiation Safety 

staff (one sheet for each item/quantity ordered).   These request 
sheets are sent to the labs for completion at the time the actual 
order is placed. 

 
g. Laboratory personnel must contact the Radiation Safety staff 

prior to placing each telephone order. Radiation Safety staff will 
verify that the order will be within the RMS’s possession limit and 
enter the specific information regarding the purchase in the 
Receiving Log.  An order that will cause a possession limit to be 
exceeded will not be approved for purchase. 
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2.6  ACTIVE USE STORAGE 
 

Radioactive materials may be stored only in areas which have been approved by 
the Radiation Safety Officer.  The RSO must be kept informed of all changes in 
storage or use areas and will provide assistance in the selection of these areas as 
necessary to ensure compliance with NYSDOH regulations. Food, drink, tobacco, 
and/or cosmetics must not be stored or used in the same area as radioactive 
material. 
 
Radioactive material storage/use areas must be chosen to minimize the probability 
of the radioactive material being involved in an explosion, fire, or flood.  These 
areas must be shielded, as necessary, to ensure that the sources do not cause the 
dose in any unrestricted area to exceed 2 mrem in any one hour and do not result 
in a total effective dose equivalent to any non-occupationally exposed individual in 
excess of the 100 mrem in a year. 
 
In addition, radioactive material use and storage areas must be labeled in 
accordance with 10 NYCRR Part 16.12 and Section 6 of this Handbook.  All 
storage and use areas must be kept secured at all times when not in direct 
attendance by an authorized radioactive material user, to prevent the 
unauthorized removal of radioactive material. Radioactive liquids must be stored in 
non-breakable, sealable containers and be provided with secondary containment 
capable of  holding the contents of the primary vessel. Volatile radioisotopes must 
be stored in fume hoods or other exhausted locations or in frozen solutions. 
 
The RSO must be notified immediately upon discovery of a lost, missing or stolen 
source so that appropriate steps can be taken. 
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2.7  TRANSPORTING/SHIPPING RADIOACTIVE MATERIALS 
 

2.7.1 Transporting Radioactive Materials on Campus 
 
Laboratories may occasionally need to move radioactive materials outside of 
approved use areas through non-controlled areas (i.e. hallways, campus 
sidewalk).  This type of transport may only be performed when authorized by the 
RSO or RSC.  Authorization may be obtained by indicating the need to perform 
such transport in the supervisor’s “Application for Use of Radioactive Material” or 
by submitting a request in writing to the RSO/RSC for approval.  All requests for 
transport outside of controlled areas must be accompanied by a transport protocol 
specific to the  situation.  The following is provided as a guide to aid in developing 
transport protocols: 
 

• Containers should be chosen to ensure no loss of material even in 
unusual circumstances. Three layers of containment (tertiary 
containment) are required for non-sealed radioactive material (primary 
vessel plus two other non-breakable vessels). One containment vessel 
may be sufficient for some sealed sources. 

  

• The dose at the surface of the outer container must be limited to a 
maximum of 2 mrem in any one hour and must not result in a total 
effective dose equivalent in excess of 0.5 mrem to any non-
occupationally exposed individual.  These limits may be met by 
increasing the size of the container and/or adding additional shielding. 

  

• The outer container must be labeled as specified in Part 6 of this 
Handbook. 

  

• The outer container must be wipe tested to demonstrate surface 
contamination levels below the limits listed in Section 2.9.4 of this 
Handbook. 

  

• The move must be accomplished safely and only by approved radiation 
workers. 

  

• The container must not be left unattended while it is outside of a 
controlled area. 

  
Radiation Safety staff will provide assistance with any transportation questions or 
concerns. 
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2.7.2 Transporting/Shipping Radioactive Materials Off Campus 

 
The US Department of Transportation (DOT) has specific packaging and shipping 
requirements for DOT Class 7 radioactive materials.  The US DOT mandates training 
for individuals who directly affect the shipment of hazardous materials including 
individuals who prepare shipments, complete (sign) shipping documents and/or 
shippers of class 7 radioactive materials. The transport of radioactive materials over 
private and public streets and highways must be done in accordance with State and 
Federal regulations (this includes transportation by the US mail, common carriers, or 
an individual).  In certain circumstances, the US DOT also requires that a Transport 
Security Plan be developed and implemented. 
 
All transport or shipment of radioactive materials must be approved by the RSO or 
delegate prior to commencement to help ensure compliance with applicable 
regulations, including training, packaging and security requirements.  Individual’s 
proposing to ship/transport radioactive material off-campus or requesting radioactive 
material be shipped to them, must review the proposed shipment with the RSO before 
any shipment is arranged. These individuals must also follow the procedure for the 
transfer of radioactive materials to/from an off campus location provided in Section 
2.8.2 of this Handbook.  This procedure will to help ensure accuracy in inventory 
records and compliance with the University’s licensed possession limits. 
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2.8  THE TRANSFER OF RADIOACTIVE MATERIALS 
 
Syracuse University Approved RMSs may transfer radioactive material to/from 
another approved institution or another Syracuse University supervisor only with 
approval of the RSO.  Procedures for transferring radioactive material between 
Syracuse University RMSs or to/from another institution are provided in this 
Section.  These procedures must be followed to ensure that the University is 
aware of those individuals who have radioactive material for which the University is 
responsible and that the proper documentation has been maintained.  Once a 
transfer has been approved, the actual movement or shipment of the radioactive 
material must be done in accordance with applicable regulations and Section 2.7 
of this Handbook. 
 
 
2.8.1 Transfers Between Syracuse University Approved Radiation Supervisors 
 
The following procedure must be followed when transferring radioactive materials 
between approved RMSs at Syracuse University: 
 

1. The RMS releasing the material must complete the “Transfer of 
Radioactive Material Form" including:  

 

a) All of the "Materials Transferred Section”  
b) Releasing RMS information  
c) Receiving RMS information 
 

2. Send or deliver the transfer form to the RSO. 
 
3. Radiation Safety staff will verify that the receiving RMS is authorized to 

possess the material to be transferred. 
 
4. If the receiving RMS is not authorized to possess the transfer material, 

Radiation Safety staff will notify both labs that the transfer cannot occur. 
 
5. If the receiving RMS is authorized, the releasing RMS is responsible for 

the proper packaging and transfer of the material. 
 
6. The releasing RMS must indicate on the material's original inventory 

sheet, the amount and date of transferred material. 
 
7. Radiation Safety staff will assign the transferred material a new 

inventory number and inventory sheet.  This inventory sheet must be 
maintained by the receiving RMS. 
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2.8.2  Transfers To/From Another Institution 
 
The institution receiving/shipping the radioactive material must provide proof of 
their authorization to receive the material.  This proof must be in the form of a 
radioactive material license or certificate of registration.  The following procedure 
must be followed when transferring radioactive material between an approved 
radioactive material supervisor at Syracuse University and another institution: 

 
1. Supervisor releasing/receiving the material must complete the "Transfer 

of  Radioactive Materials Form”  including: 
a) All of the 'Materials Transferred Section”  
b) Releasing RMS/Institute information  
c) Receiving RMS/ Institute information 

 
2.  The transfer form must be delivered or sent to the RSO. 
 
3.  Radiation Safety staff will verify that the receiving institute or RMS is 

licensed to receive the transfer material and notify the Releasing 
RMS/Institute  accordingly. 

 
4. The material to be transferred must meet all appropriate packaging, 

training, shipping, and transport regulations as specified by the US 
Department of Transportation in  49 CFR Part 173. The Syracuse 
University RMS involved in the transfer is responsible for the costs 
associated with the actual transfer of the material.   

 
5. All material transferred onto campus must be delivered directly to the 

Radiation Safety Laboratory. Radiation Safety staff will perform the 
required surveys and assign the material an inventory number and 
inventory sheet. The inventory sheet must be maintained by the 
Syracuse University RMS receiving the material.
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2.9  SURVEYS AND INSPECTIONS OF RADIOACTIVE MATERIAL 
 USE AREAS AND EQUIPMENT 

 

Radioactive contamination is the presence of radioactive material in undesirable 
locations. Radioactive contamination is a potential health hazard since it can be a 
source of internal and/or external exposures.  It may be easily spread through out 
a facility, jeopardizing the success and accuracy of experiments.   Although the 
use of good laboratory organization and operating procedures can help to 
minimize radioactive contamination, the potential for contamination still exists. 
Radiation area surveys are an effective way of locating radioactive contamination 
and confirming that contaminated areas are effectively remediated. 
 
Laboratories which use or store radioactive materials must implement 
contamination control and ambient radiation exposure monitoring surveys. The 
purpose of these surveys is to identify and limit the spread of radioactive 
contamination and to ensure that radiation levels in the laboratory are kept as low 
as reasonably achievable. In addition, Radiation Safety staff will periodically 
perform air monitoring in laboratories where there is a reasonable expectation for 
airborne contaminants. 
 
Records of all radiation surveys must be maintained for a minimum of three years. 

 
2.9.1 Removable Contamination Surveys 

 

Removable contamination is radioactive contamination that can be removed from 
the contaminated surface.  A wipe test is the accepted method for removable 
surface contamination monitoring.  A wipe test (a.k.a. swipe or smear) is 
performed by rubbing a cloth filter paper or similar material over the surface (100 
cm2) of the object/area being tested.  The “wipe” is then analyzed to determine if 
removable radioactive contamination is present on the object/area wiped.   
 
Laboratories containing unsealed radioactive materials are required to monitor for 
removable surface contamination.  

 
Monthly Comprehensive Survey  
All laboratories which use and/or store unsealed radioactive materials must 
perform a monthly removable contamination survey. The monthly survey is a 
comprehensive survey of the laboratory encompassing all areas and equipment 
that come in contact or have the potential to become contaminated with 
radioactive materials.  The monthly survey sites are generally pre-characterized by 
Radiation Safety staff and must include: 
 

• All radioactive use and storage areas (benches, equipment, sinks, etc.) 
• All radioactive waste storage locations 
• Adjacent non-controlled areas (floors, benches) 
 

Monthly surveys must be submitted to Radiation Safety staff on or about the last 
day of each month for analysis. 
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Limited Weekly Survey 
A weekly removable contamination survey must be performed in laboratories for 
each week in which a single use of open source radioactive material exceeds 250 
uCi (exclusive of stock container extractions of less than 250 uCi).   The 
performance of weekly wipe tests may be limited to those sites where quantities in 
excess of the threshold level (250 uCi) are used.  The sites may include all or a 
portion of the sites tested in the comprehensive monthly survey and may change 
from week to week depending on usage in the laboratory.  Weekly surveys must 
be submitted to Radiation Safety staff on or about the last working day of the week 
for each week in which they are required.  If only one use of 250 uCi or more is 
anticipated during any one working week, it is recommended that the weekly wipe 
survey be performed immediately following that use.  
 
For all removable contamination surveys, the analysis of the wipe tests must be, at 
a minimum, sensitive enough to detect the removable contamination action level 
indicated in Section 2.9.4. for contaminant(s) involved.  The preferable method  for 
counting the wipe tests is liquid scintillation counting (for beta and low energy 
gamma emitters).  All other counting methods used for analysis of the wipe tests 
must be approved by Radiation Safety staff prior to use.  It is recommended that 
the analysis of the wipe tests be performed by Radiation Safety staff as part of the 
Removable Contamination Survey Analysis Program (see Section 2.9.2). 
 
A permanent record of each contamination survey, including negative results as 
numerical values, must be maintained and must include:   

 

• A cover sheet indicating the time period for the survey (i.e. month of), 
the name of person conducting the survey and the date conducted.  

• A drawing of the area surveyed indicating relevant features of the area, 
including all radioactive use areas and equipment, and identifying and 
coordinating all survey site locations and survey results. 

• Information on the analysis method used including equipment 
manufacturer, model number, etc. and pertinent counting efficiencies. 

• Analysis results in dpm/100 cm2 
• Remediation actions and post remediation results  

 
2.9.2  Removable Contamination Survey Analysis Program 
 

The Environmental Health and Safety Service Office offers a program for the 
analysis of removable contamination wipe tests.  Laboratories are encouraged to 
take part in this program to ensure appropriate analysis of the wipe tests.  In the 
program, wipe tests of pre-characterized sites are performed by  laboratory 
personnel and sent to Radiation Safety staff for analysis. Monthly surveys must be 
performed and sent on or about the last day of each month and weekly surveys 
must be performed and sent on or about the last working day of the week for each 
week in which they are required.  Radiation Safety staff perform the analysis of the 
wipes and generate a result sheet with corresponding wipe site locations.  The 
results are returned to the laboratory along with a request for remediation of areas 
in excess of the removable contamination limits (Section 2.9.4).  
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2.9.3 Area Surveys 
 

Radioactive use areas must be surveyed for contamination after each use of 
radioactive material.  All work areas and equipment used in conjunction with 
radioactive material must be surveyed with a meter appropriate to detect the type 
of radiation used. Survey results in excess of limits established in Section 2.9.4 
should be immediately remediated. 

 
2.9.4 Surface Contamination Remediation Action Levels 

  
Action must be taken to eliminate surface contamination when the levels of 
contamination exceed the limits listed on the “Surface Contamination Limits” Table 
below. Total activity refers to all detectable emissions from a surface.  Removable 
contamination is defined in Section 2.9.1 of this Handbook. 
 

SURFACE CONTAMINATION LIMITS 
*adapted from 10 NYCRR Part 16 appendix 16A, Table 7 

 

 Alpha  Beta/Gamma3 Radioiodines4 
Application Total 

dpm 
100cm2 

Removable 
dpm 

100cm2 

Total1 
mR/hr 

Removable 
dpm 

100cm2 

Total 
mR/hr 

Removable 
dpm 

100cm2 
Controlled 

areas 
      

• Work area 1000 200 0.5 1000 0.1 200 

• Clean area 
  

500 100 0.1 500 0.02 20 

Non-
controlled 

areas 

      

• Skin and  
personal 
objects 

ND2 ND2 ND2 ND2 ND2 ND2 

• Object 
removed 
from 
controlled 
area 

200 50 0.1 500 
 

0.02 20 

• Release of 
facilities 

200 50 0.1 500 0.02 20 

 

1 Measured at 1cm from surface 
2 ND= Non-detectable 
3 Except special nuclear material, transuranics, natural uranium 
4 Radioiodines include all radioactive Iodine isotopes ( i.e. I124, I131, I129, etc.)  
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2.9.5 Ambient Radiation Monitoring   
 

Ambient radiation monitoring is the measurement of radiation exposure at various 
locations in the laboratory. Monthly monitoring  is required to be  performed in all 
laboratories or areas containing 200 uCi or more of radioactive materials (not 
including H3, S35, Tc99 and C14). The measurements must be performed with a 
survey meter sensitive enough  to detect 0.1 mR/hr.   

 
Ambient exposure measurements must be taken at locations which are 
representative of areas where exposures are likely to occur. The survey locations 
must be indicated on a site map, repeated from Month to Month and include the 
following:  

 

• Active source storage locations 
• All radioactive use areas 
• Radioactive waste storage locations 

  
Exposure measurements, in mR/hr, should be logged onto the “Ambient 
Exposure” form with corresponding site locations.  Permanent records of ambient 
exposure surveys must maintained in the laboratory.  The survey records, which 
will be reviewed periodically by the RSO, must include: 
 

• Location, date performed, identification of equipment used, 
(manufacturer, model number, detector model number, etc.) and 
pertinent counting efficiencies 

• Name of person conducting the survey 
• Drawing of area surveyed, identifying and coordinating survey site 

locations and survey results 
• Background radiation measurement 
• Net results in mR/hr 
• Remediation actions and post remediation results 
 

An action level of 0.5 mR/hr has been established for ambient exposures. 
Measurements at any site greater than 0.5 mR/hr require remediation. 
Remediation actions may include: 

 

•  Returning unshielded source(s) to shielded storage area  
•  Adding shielding around a radiation source 
•  Removing contamination causing radiation exposure, etc. 

 
Post remediation survey measurements and the method(s) of remediation must be 
documented in the  permanent ambient radiation monitoring record. 
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2.9.6 Laboratory Air Sampling 
 
Periodic air sampling will be performed in the laboratories pursuant to NYSDEC 
and NYSDOH regulations and as deemed necessary by the RSO. The air 
sampling will be performed by Radiation Safety staff and will be appropriate for the 
type and form of potential airborne contamination in the area and/or effluent.  In 
addition, if personnel have a potential for exposure to airborne radioactivity, an 
evaluation may be performed. 
 
2.9.7 Miscellaneous Surveys 
 
Protective devices such as fume hoods, filters, lead lined aprons and gloves, and 
interlocks must be maintained in good repair and proper operating condition.  
These devices must be inspected at intervals specified in the regulations and/or as 
directed by the RSO. 
 
2.9.8 Semi-Annual Laboratory Inspections 
 
Radiation Safety staff will perform a complete inspection of all radioactive 
material use laboratories twice a year.  Each laboratory will be notified 
approximately one  month in advance of the impending inspection and provided 
with a pre-inspection checklist. The inspection will include removable 
contamination wipe testing, gross contamination surveys, a laboratory 
operations review, a review of required radiation records, etc.  A summary of 
the results of the inspection will be provided in writing to the laboratory 
supervisor.  The inspection summary will inform the supervisor of the inspection 
results including cited infractions and the associated classification and severity 
level of each. Remedial action(s) to correct an infraction(s) must be taken as 
soon as practicable and submitted in writing, as indicated in the summary, to 
the RSO.  Enforcement action(s) imposed for cited infractions will be 
determined by the RSO/RSC, based on the University’s Radiation Infraction 
Enforcement Policy (Section 2.15). 
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2.10  RADIOISOTOPE LABORATORY GUIDELINES--RULES FOR 
THE  SAFE USE OF RADIOACTIVE MATERIAL IN LABORATORIES 

 
Contamination control is an essential part of working with radioactive material. 
External and internal radiation exposure can be minimized by careful planning and 
good judgment. The following is a list of “Rules for the Safe Use of Radioactive 
Materials in Laboratories”.  These rules must be posted conspicuously in each 
laboratory where radioactive materials are used and each radiation supervisor and 
radiation worker must be familiar with them. 
 
1. Wear laboratory coats or other protective clothing at all times in areas where 

radioactive materials are used. 
 
2.  Wear appropriate, disposable gloves at all times while handling radioactive 

material. 
 
3.  Properly monitor hands and clothing and all areas after each use of 

radioactive materials or before leaving the controlled area. 
 
4. a. Do not eat, drink, smoke, or apply cosmetics in any area where radioactive 

materials are used or in areas where radioactive materials are stored. 
 
    b. Do not store food, drink, or personal effects with radioactive material or in 

areas where radioactive materials are used. 
 

5. a. Wear appropriate personnel monitoring devices at all times while in areas 
where radioactive materials are used or stored. These devices should be 
worn appropriately. (Whole body monitors at the chest level; extremity 
monitors where highest exposure is likely to occur.) 

 
    b. Personnel monitoring devices, when not being used to monitor occupational 

exposures, must be stored in a central designated low background area. 
 
6.  Dispose of radioactive waste only in specially designated and properly 

shielded receptacles. 
 
7.  Never pipette by mouth; never cross contaminate pipettes. Pipettes used for 

radioactive materials should not be used with non-radioactive materials. 
 
8.  Confine radioactive solutions in covered containers plainly labeled with the 

name of the compound, radionuclide, date, activity, and radiation level, if 
applicable. 

 
9. Work should be planned ahead whenever possible. A dry run using non-

radioactive materials should be made to test the procedure. 
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10. The laboratory should be kept neat and clean. Equipment or material not 
being used should be stored in a place away from the work area. 

 
11. Radioactive materials must be labeled as indicated in Section 6 of this 

Handbook. 
 
12. Caution and other warning signs must be posted as described in Section 6 of 

this Handbook and must not be removed without proper authority. Articles 
labeled with a radioactive warning sign cannot be disposed of without the 
consent of the RSO. 

 
13. Radioactive material in liquid form must be transported in sealable tertiary  

containment (3 containers) which will retain their integrity when dropped. 
 
14. All injuries and contaminations in areas containing radioactive materials, no 

matter how minor, must be reported to the lab’s RMS as soon as possible. 
 
15. An Emergency Procedure relating to the work performed in the laboratory 

must be posted and its contents made known to all individuals in the 
laboratory. The procedure must include the names and telephone numbers of 
all personnel to be contacted in case of an emergency. 

 
16. The location and operation of emergency equipment  (i.e. fire extinguishers, 

safety showers) must be familiar to all laboratory employees. 
 
17. All equipment intended to provide features of safety must be evaluated 

periodically to ensure that they are providing the safety features intended. 
 
18. Flammable liquids such as ether, benzene, or acetone must be segregated 

as much as possible away from stored radioactive materials. 
 
19. Pressure bottles or tanks containing gas must be secured to the wall, bench, 

floor, or other rigid objects. 
 
20.  All items coming into contact with unsealed radioactive material must be 

checked,  and cleaned as necessary, to ensure levels of contamination are 
below those listed in Section 2.9.4, before the items are used in other work. 

 
21. Floors, benches and other surfaces in unsealed radioisotope work areas 

must be smooth, non-porous, and easily decontaminated.  Manipulations of 
unsealed radioactive material must be carried out on a double layer  of 
absorbent paper backed by plastic. The use of edged trays is encouraged. 

 
22. All work involving volatile radioisotopes or which may generate airborne 

radioactive particles or vapors should be done in a fume hood which as been 
approved for radioisotope use. 

 
23. Re-capping needles used in conjunction with radioactive materials without the  

use of a capping block or other approved method, is strictly prohibited. 
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2.11  EQUIPMENT CALIBRATIONS 
 

2.11.1 Survey Instrument Calibration  
 
Monitoring equipment must be routinely calibrated against standard radiation fields 
to determine the equipment's detection efficiency. Survey instruments will be 
calibrated annually by Radiation Safety staff. Survey instruments with scales in 
mR/hr and CPM will be calibrated for count rate (CPM) only.  A calibration sticker 
will be placed on each instrument following the calibration indicating: 

 

• Calibration date  
• Calibration source 
• Battery and speaker  check results 
• Calibration angle 
• Instrument’s efficiency for various isotopes  
• Correction factor for each scale calibrated (for converting the CPM  to 

mR/hr)   
 

New survey meters must be registered with and calibrated by the Radiation Safety 
staff prior to use.  Standard sources of various radioisotopes are available from the 
RSO for calibration of other detection systems.  
 
2.11.3 Survey Instrument Calibration Documentation 
 
Documentation of all radiation instrumentation calibrations must be maintained for 
a minimum of 5 years and must include: 
 

• The owner/user of the equipment   
• A description of the equipment (i.e. manufacturer, model, serial number) 
• A description of the calibration source(s) 
• The calculated and actual exposure rate at each calibration point 
• Battery check  reading (if applicable) 
• The angle between the radiation flux field and the detector (parallel or 

perpendicular for external detectors and the angle for internal detectors) 
• Calibration results, correction factors, efficiencies 
• The name of the person who performed the calibration and the date the 

calibration was performed 
 
2.11.2 Quantitative Measuring Equipment Calibration 
 
Instruments used for quantitative measurement must be calibrated at least every 
six (6) months.  This includes liquid scintillation counters and other equipment 
used to quantify radioactive material.  All calibrations must be performed with 
sources appropriate to the material to be quantified (i.e. sources with similar 
energy and type of radiation).  
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2.12  RADIOACTIVE SEALED SOURCES 
 
A sealed source is a source of radioactive material that is permanently bonded or 
fixed in a capsule or matrix. The capsule or matrix must be designed to prevent 
the release and dispersion of the radioactive material during conditions which are 
likely to be encountered in normal use and handling. Sealed sources are generally 
used for didactic purposes, as reference standards and in devices such as gas 
chromatographs, ionizing chambers, and sample irradiators.   

 
2.12.1 Use, Possession, and Control of Sealed Sources  
 
The use of and possession of sealed sources is governed by the Radiation Safety 
Committee. Individuals wishing to be authorized to possess and use or direct the 
use of a radioactive sealed source(s) must submit an “Application to Use 
Radioactive Material” with the RSC via the RSO.  Individuals working with sealed 
sources under the direction of a Radioactive Materials Supervisor must complete 
the radiation worker training program. 
 
Sealed sources must be properly labeled, shielded, and secured from 
unauthorized removal at all times.  A sealed source(s) may be assigned to an 
single authorized Radioactive Materials Supervisor.   This RMS is responsible for 
this source and its use.  If  a source or sources are shared by two or more 
authorized RMS or if they are collectively stored in a central location, a Sealed 
Source Custodian must be assigned to the sources.  This individual is responsible 
for properly securing and shielding the source(s) when in storage. Individual uses 
of the source(s), however, are always the responsibility of the RMS and must be 
done in accordance with RSC approval. 
 
The Sealed Source Custodian/RMS must log the date and time of the removal and 
return of all sources used in the sealed source log assigned to the particular area. 
Also included in this log should be the name of the authorized individual removing 
the source and the location of use of the source.  The Sealed Source 
Custodian/RMS may release a source only to an authorized RMS or an authorized 
Radioactive Materials Worker.  All sources should be returned to storage on the 
same day they are removed. If sources are to be removed from storage for longer 
periods of time, the Radioactive Materials Supervisor is responsible for properly 
shielding and securing the source from ANY AND ALL unauthorized removal. 
Sources unexpectedly not returned to the Sealed Source Custodian/RMS must be 
immediately reported to the RSO as missing. 
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2.12.2 Handling Sealed Sources  
 
All sealed sources greater than 100 mR/hr at the surface must be handled with 
remote handling devices. All other sealed sources should be handled with remote 
handling devices whenever possible to reduce individual exposure. Sealed 
sources must be shielded when not in active use to 2 mR/hr or less at the outside 
surface of the shield.  This shielding must also be sufficient to ensure that the 
exposure in any unrestricted area  does not exceed 2 mrem in any one hour and 
does not result in a total effective dose equivalent  to any non-occupationally 
exposed individual in excess of the 100 mrem in a year. 
 

Sealed sources cannot be opened or altered in any way. Care must be taken not 
to rupture thin windows covering some types of source material. If a sealed source 
is found to be dented, ripped, altered or compromised in any fashion, the RSO 
must be notified immediately. 

 
2.12.3 Leak Testing of Sealed Sources 
 
Periodic leak tests are required on sealed sources containing radioisotopes other 
than tritium, with a half life of more than thirty days, in a form other than gas. Beta 
and/or gamma emitting sources containing less than 100 microcuries of activity are 
also exempt from this leak testing requirement.   The testing interval for all other 
sources in use must not exceed three months for alpha emitting sources and six 
months for beta/gamma emitting sources. Leak testing of sealed sources will be 
performed on a regular basis by Radiation Safety staff. 
 

All sources, including those exempt from the leak testing requirements, must be 
inventoried every three months.  The Sealed Source Custodian/RMS is 
responsible for performing and documenting the inventory of all sources in his/her 
custody at least quarterly. This inventory should indicate the source, the date, the 
location of the source and the name of the person conducting the inventory. 
 
2.12.4  Sealed Source User Training 
 
Syracuse University requires that anyone who wishes to use radioactive sealed 
sources have a thorough understanding of regulations and hazards associated 
with the use of ionizing radiation. This is accomplished through a sealed source 
user training program which includes a series of videotapes and a class room 
lecture.   The training program, which is provided by Radiation Safety staff, must 
be completed prior to handling any radioactive sealed sources. Upon the 
successful completion of the training requirements an individual will be approved 
to use radioactive sealed sources under the direction of a sealed source 
supervisor.  A sealed source laboratory orientation form must be completed with 
the sealed source supervisor and returned to the RSO for review prior to 
commencing unsupervised source use. Dosimetry will be issued to monitor 
external radiation exposure (as applicable). For more information regarding the 
sealed source training or to sign up to the next sealed source user lecture, contact 
Radiation Safety staff at x-9130. 
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2.13 USE OF RADIOACTIVE MATERIALS IN VERTEBRATE ANIMALS 
 

The handling, housing, and care of vertebrate animals used in conjunction with 
radioactive materials requires special consideration. Any procedure involving the 
use of radioactive materials in vertebrate animals must be approved, prior to 
commencement, by the RSC and the Institutional Animal Care and Use 
Committee. 
 
2.13.1 Housing and Care of Radioactive Animals* 
 (*Vertebrate animals only) 
 
Radiation exposure to animal handlers and other individuals who may frequent the 
area can occur from direct radiation exposure, exposure to airborne radioactive 
contaminants from the exhalation of metabolized radioactive compounds or from 
exposure to contaminated animal wastes, bedding or cages. To reduce this 
exposure to humans, the following guidelines have been established: 

 
1.  All radioactive animals and associated caging or housing must be 

segregated from the housing of other animals. 
 
2.  All caging or housing containing radioactive animals must be labeled with 

a "Caution Radioactive Animals" or "Caution Radioactive Materials" sign. 
The housing must also be labeled with the following information: 

 
• Radioisotope used 
• Amount of radioactive material used per animal 
• Date of administration 
• Exposure rate at  outside surface of  cage (if applicable) 
• Number of animals occupying the cage 
• Principle Investigator's name and emergency phone 

number(s) 
 
3. If contamination from excretion or exhalation from the animal is likely to be 

encountered, the use of metabolic-type cages or other appropriate 
housing may be required. 

 
4. If airborne radioactive contaminants are likely to be produced by the 

animal, a mechanism to capture and exhaust these contaminants should 
be available. The housing should contain a label indicating this hazard. 
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2.13.1 Housing and Care of Radioactive Animals* (cont.) 
 
5. Animal excretion from radioactive animals must be collected and properly 

disposed of as radioactive waste. Excretion mixed with sawdust, wood 
shavings or other bedding may be collected in plastic bags, sealed, and 
placed in appropriate containers supplied by the Radiation Safety Office. 
Activity levels must be properly tallied and maintained. Liquid wastes may 
be disposed via the sanitary sewer system, but appropriate records must 
be maintained if this disposal method is used (see Sewer Disposal 
Requirements Section 3.4.1). 

 
6.  Animal handlers must be instructed by the responsible investigator as to 

the handling and care requirements of the radioactive animals and animal 
wastes in each and every case. The Principal investigator is also 
responsible for maintaining all required documentation. 

 
7.  When housing has been vacated by the radioactive animal, a proper 

survey and/or wipe test(s) must be performed and documented to 
demonstrate that the cage is free of radioactivity. Once free of radioactive 
contamination, the labels must be removed and properly defaced. 

 
8.  The rules, guidelines, and general provisions for work with unsealed 

radioactive sources should be followed where applicable. 
 
 

2.13.2 Inspection and Dissection of Vertebrate Animals 
 
The injection of radioactive materials into vertebrate animals and dissection of 
such animals must be performed in trays lined with absorbent material. Where 
trays are inappropriate, surfaces should be lined with plastic backed absorbent 
paper. Protective gloves and clothing must be worn by all associated personnel 
during these procedures. Individuals and the use area should be appropriately 
monitored after each procedure. If materials are found to be contaminated, they 
must be decontaminated or dealt with as radioactive waste. 

 
 

2.13.3 Disposal of Radioactive Carcasses and Wastes 
 
Radioactive animal carcasses, excretion, and bedding must be properly labeled 
and handled as radioactive wastes. The labeling and handling requirements and 
procedures are outlined in Section 3.2.5 of this Handbook. 
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2.14  DECOMMISSIONING AND VACATING CONTROLLED AREAS  
 

Once an area has been designated as a controlled area for the use of radioactive 
material by the RSC, it shall remain so until it has been found suitable for non-
radioactive uses and released by Radiation Safety staff.  Radiation Safety staff will 
direct the close-out procedure performed by the vacating RMS and will also 
independently verify the results. Signs identifying  radioactive material storage and 
work areas must not be removed until authorized by Radiation Safety staff. 
Equipment which was designated and labeled for use in conjunction with 
radioactive materials must also remain labeled until surveyed and released by 
Radiation Safety staff. The limits for radioactive surface contamination for the 
release of facilities are provided in Section 2.9.4 of this Handbook. 
 
It is the obligation of the Radioactive Materials Supervisor to notify the RSO, 
in writing, 60 days in advance of the intended date to vacate.   

 
Radiation Safety staff will retain site maps of all current and previous controlled 
radiation areas and records of all decommissioning activities until disposal is 
authorized by NYSDOH. 
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2.15  ENFORCEMENT POLICY FOR RADIATION SAFETY  

INFRACTIONS 
 

The Radiation Protection Program Enforcement Policy is designed to inform 
University radiation supervisors of the sanctions that may be imposed for various 
radiation safety infractions cited during radiation laboratory inspections (i.e. semi-
annual inspections, laboratory visits, informal investigations, etc.). The Policy will 
assist Radiation Safety staff in uniformly assigning enforcement actions to the 
infractions identified.  The Policy was is based on Nuclear Regulatory Commission 
guidance. 

 
2.15.1  Identification of Infractions 
 
When a radiation safety infraction is identified by Radiation Safety staff during a 
laboratory inspection the infraction is noted on the inspection form.  If the infraction 
poses an immediate risk to health, safety or the environment or a potentially 
imminent health hazard, appropriate action(s) will be taken immediately to control 
or eliminate the hazard/risk.  These actions may include cessation of radioactive 
material activities, restricting access to the laboratory, locking out the power supply 
to radiation producing equipment, etc.  Examples of imminent hazards/risks 
include, but are not limited to: a lost or missing radioactive source, extensive 
amounts of contamination, excessive exposures, and malfunctioning radiation 
producing equipment.   

 
If no imminent hazard/risk is posed, the infraction will be discussed with the 
laboratory supervisor and/or other laboratory personnel, as appropriate, at the 
completion of the inspection. Formal notification of  the inspection findings will be 
provided to the laboratory’s supervisor in the inspection summary sent by 
Radiation Safety staff. 

 
2.15.2 Infraction Notification 
 
Following each laboratory’s radiation safety inspection, an inspection summary will 
be sent to the laboratory’s supervisor.  The inspection summary will indicate the 
infraction(s) found during the inspection and the associated enforcement 
classification and severity level(s), as well as recommendations regarding radiation 
use in the laboratory. The inspection summary will request the supervisor to 
remediate the infraction(s) and notify the RSO in writing, when applicable, of the 
corrective action(s) taken.  Corrective actions taken at the time of the inspection 
will be noted on the inspection summary and no further action will generally be 
required.  Supervisors will be notified during the inspection of situations found 
which require immediate action.  If required, laboratory operations will be 
interrupted until the infraction(s) is corrected. 
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2.15.3  Types of Infractions 
 
For the purpose of this enforcement policy, infractions are classified into two 
groups: violations and deviations.  The infraction’s classification will be noted on 
the inspection form and on the supervisor’s inspection summary. 

 
• Violation A violation is a failure to comply with a regulatory 

requirement such as a rule, regulation or license 
condition. 
 

• Deviation A deviation is a failure to satisfy a written commitment 
(i.e. the supervisor’s “Application for use of Radiation”), 
a program requirement, or a Radiation Safety staff 
directive. 

 
2.15.4 Severity Levels 
 
Once the infraction has been classified as a deviation or violation, its level of 
severity is determined.  The severity level will be assigned, at the discretion of 
Radiation Safety staff, based on the safety significance of the infraction.  Six 
severity levels have been established in this Enforcement Policy, with Level I being 
the most serious, and Level VI being the least serious. 

 
• Level I The highest level of severity.  Results from a violation that 

is reportable to a regulatory agency having jurisdiction 
(i.e. NYSDOH, NYSDEC, USEPA, etc.) and causes an 
immediate/high risk to safety, health or the environment, 
and/or a potential action against the University’s 
Radioactive Material License. 

• Level II A serious infraction that presents immediate/high risk to 
safety, health or the environment, and/or a potential 
action against the University’s Radioactive Material 
License, but is not reportable to a regulatory agency 
having jurisdiction. 
 
 
 
 
 

• Level III A serious infraction that presents a significant risk to 
health, safety and/or the environment. 

• Level IV A less serious infraction, that presents a minimal to 
moderate risk to health, safety and/or the environment. 

• Level V A minor infraction, typically a record keeping issue, that 
presents a minimal risk to health, safety and/or the 
environment. 

• Level VI Generally not a regulatory related issue, but one to which 
a modification is recommended and/or required. 
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2.15.5  Enforcement Actions 
 
The imposed enforcement action(s) will be determined based on the classification 
of infraction (i.e. violation or deviation) and its assigned level of severity.  The 
Enforcement Table will be used as a guide for determining the appropriate 
enforcement action(s).  The Enforcement Table provides typical actions which may 
be imposed, at the discretion of the Radiation Safety Officer and/or the Radiation 
Safety Committee, for cited infractions. This Table is not meant to be all inclusive 
and other actions may be imposed as necessary and/or appropriate.   

 
Supervisors will be advised of the imposed enforcement action(s) in writing.  
Concerns, grievances, etc., regarding the inspection findings or imposed 
enforcement actions, will first be discussed with the Radiation Safety Officer.  
Unresolved issues will be submitted to and addressed by the Radiation Safety 
Committee. 
 
2.15.6 Repetitive Infractions 
 
A repetitive infraction is when the same infraction is noted during two consecutive 
inspections or when a similar infraction re-occurs because a previous infraction 
was not properly remediated.  The enforcement action(s) for a repetitive infraction 
will be based on the next higher severity level than used for the previously cited 
infraction.
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2.15.7 Enforcement Action Table 
 

This table lists only typical enforcement actions and is not meant to be an all inclusive list.  The actual 
enforcement action(s) imposed will not be limited to this table. 
 
Severity Violation Deviation 

I • Immediate suspension of laboratory 
operations 

 
 
 

 
 
 
 

II • Suspension of Activities 
• Increased surveillance 
• Supervisor appears before RSC  
• Additional training 
• Department Head/Dean notified 

• Suspension of activities 
• Increased surveillance  
• Supervisor appears before RSC 
• Additional training 
• Department Head notified 
 

III • Suspension of activities  
• Increased surveillance 
• Formal meeting with supervisor 
• Additional training 
• Department Head notified 
 

• Increased surveillance 
• Formal meeting with supervisor 
• Additional training 
• Department Head notified 
 

IV • Increased surveillance 
• Formal meeting with supervisor 
• Additional training 
• Department Head notified 
 

• Increased surveillance 
• Discussion with supervisor 
• Additional training 
 
 

V • Increased surveillance 
• Discussion with supervisor 
• Additional training 
 
 
 

• Discussion with supervisor 
• Additional training 
 
 
 

VI  
 
 
 
 
 

• Recommendation - generally no 
further action taken 

 
 
 

 
    = Indicates written notification shall be provided to the RSO as to the corrective 

actions taken and/or planned. 
 

Note: There cannot be a Level I Deviation since any infraction requiring notification to 
NYSDOH would be a violation.  There also cannot be a Level VI Violation, since a 
violation, by definition, is a regulatory issue. 
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3.1  GENERAL 
 
The generation, storage, transport and disposal of radioactive waste is governed by 
various Federal, State and Local agencies.  Due to the complicated nature of these 
wastes, the regulations imposed by these agencies are frequently reviewed and 
revised. In addition, disposal options for radioactive waste are limited and costly.  
These issues compel the University to emphasize the need to minimize waste 
generation whenever possible. 
 
The generator of the radioactive waste is assumed to be the most knowledgeable 
of its contents.  In the laboratories, Radioactive Material Supervisors are 
considered to be the generators. They are responsible for monitoring all waste 
generated by individuals under their supervision to ensure that the waste complies 
with related regulations. This Section of the Handbook should be used as a  guide 
by  generators to ensure proper management of radioactive waste and compliance 
with related regulations. 
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3.2  RADIOACTIVE WASTE MANAGEMENT IN LABORATORIES 
 

All radioactive waste generated at the University  must: 
 

• be stored in a “Controlled Area” 
• be properly stored/packaged 
• be properly shielded (as necessary) 
• be properly documented 
• be properly labeled 
• be appropriately segregated 

 
Radioactive waste containers must be stored within controlled radiation areas and 
shielded as necessary to ensure that the exposure in any unrestricted area does 
not exceed 2 mrem in any one hour and does not result in a total effective dose 
equivalent to any non-occupationally exposed individual in excess of the 100 mrem 
in a year. The containers must be labeled with isotope, activity, date and “Caution 
Radioactive Materials”. Bench-top waste receptacles must also be provided at each 
work area and shielded as necessary.  
 
Radioactive wastes must be segregated according to isotope and waste form. The 
waste must be tallied to ensure proper disposal and reporting.  All labels depicting 
“Radioactive" or radioactive symbols must be obliterated prior to disposal.  
Wastes that are found to be improperly labeled, packaged, etc.  will be returned to 
the laboratory for necessary remediation. 

 
3.2.1 Dry, Solid Waste 
 
Dry, solid radioactive wastes are waste materials such as paper, plastic, gloves, 
etc., that are contaminated with radioactive materials. Any liquids present in the 
waste must be strictly incidental (i.e. a drop at the end of a pipette tip, a microliter at 
the bottom of a vial or moisture on the sides of a beaker). Animal carcasses, 
scintillation vials, containers of liquids, syringes and sharps are not considered dry, 
solid radioactive waste. Also, dry wastes may not contain any materials which are 
pathogenic or infectious. 
 
In the laboratories, dry wastes are generally accumulated in 12 gallon fiber waste 
drums or in 5 gallon metal pails.  These waste receptacles must be segregated by 
isotope, shielded appropriately and located within a controlled area. All receptacles 
must also be lined with a 4 mil plastic bag and labeled with: 
 

• Isotope 
• Total Activity 
• “Caution Radioactive Material”  
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3.2.1 Dry, Solid Waste (cont.) 
 
All labels depicting “Radioactive" or radioactive symbols must be obliterated prior to 
disposal.  Lead or leaded receptacles are not acceptable in this type of  waste. 
Containers with these items will be returned to the generating laboratory for 
remediation. 
 
A tally sheet is recommended for each container to aid in keeping an accurate 
record of the total activity of the radioactive waste in the container. Dry solid 
radioactive waste containers will be picked up for disposal by Radiation Safety staff  
(Section 3.3 provides  details on radioactive waste pick-ups).  Prior to pick-up the 
liner must be securely closed with a twist tie or tape, the container lid must be 
closed with a locking ring and the container must be wipe tested for removable 
contamination.  Any removable contamination detected greater than twice 
background (2xbkg/100 cm2) must be remediated to acceptable levels.  The results 
of the wipe tests must be written on the back of the waste container tag. 
 
3.2.2 Aqueous Liquid Waste 
 
Aqueous liquid wastes containing radioactive materials must be accumulated in 
unbreakable containers not exceeding one gallon in capacity unless specifically 
approved by the RSO prior to use. The liquid waste containers must prohibit the 
release of volatile radionuclides and must be in a secondary containment vessel 
capable of holding the maximum volume of the primary container. The primary 
liquid waste container must have a “Caution Radioactive” label affixed to it  and it 
must be labeled with: 

• Volume 
• Isotope 
• Activity 
• Chemical components 

 
Radioactive aqueous liquid wastes and the first rinse of containers must be 
retained and accumulated for proper disposal. Subsequent rinses may be disposed 
to the sanitary sewer as long as the limits for disposal and other related 
requirements, as defined in Section 3.4.1, are complied with.  Radioactive aqueous 
liquid wastes may not contain any hazardous components and must be 
accumulated separate from non-aqueous wastes. 
 
A tally sheet is recommended for each container to aid in keeping an accurate 
record of the total activity of the radioactive waste in the container. Liquid waste 
containers will be picked up for disposal by Radiation Safety staff (Section 3.3 
provides details on radioactive waste pick-ups).  Prior to pick-up the container must 
be sealed, wipe tested for removable contamination, placed in a 4 mil plastic bag 
and securely closed with a twist tie or tape.  Any removable contamination detected 
greater than twice background (2xbkg/100 cm2) must be remediated to acceptable 
levels.



 

Revised 8/04 
g:\rad\manual\radman - 4 - 

3.2.3 Non-Aqueous/Organic/Hazardous Chemical Liquid Waste 
 
The generation of non-aqueous, organic, or hazardous chemical radioactive liquid 
waste is prohibited unless specifically authorized by the RSC. (Section 3.6 provides 
details on determining if a liquid radioactive waste that will be generated will contain 
hazardous properties/chemicals). If generation of this type of radioactive liquid 
waste is authorized, it must be accumulated separate from the aqueous radioactive 
wastes and in a non-breakable container not exceeding one gallon in capacity.  The 
waste container must prohibit the release of volatile radionuclides/chemicals, be 
properly shielded and be contained by a secondary containment vessel capable of 
holding the maximum volume of the primary container. The primary liquid waste 
container must have a “Caution Radioactive” label affixed to it  and it must be 
labeled as to: 

 

• Volume  
• Isotope 
• Activity  
• Chemical components ( all components of mixture with no      

abbreviations or chemical formula) 
• pH  

 

Generators must ensure that incompatible compounds are not mixed together and  
that mixtures which may cause the release of volatile radioactive materials or gases 
are not created. 
 
A tally sheet is recommended for each container to aid in keeping an accurate 
record of the total activity of the radioactive waste in the container. This type of 
waste must never be disposed of through the sanitary sewer system.  Liquid waste 
containers will be picked up by Radiation Safety staff (Section 3.3 provides details 
on radioactive waste pick-ups). Prior to pick-up the container must be sealed, wipe 
tested for removable contamination, placed in a 4 mil plastic bag and securely 
closed with a twist tie or tape.  Any removable contamination detected greater than 
twice background (2xbkg/100 cm2) must be remediated to acceptable levels. 

 
3.2.4 Liquid Scintillation Waste 
 
Radioactive scintillation wastes must be stored in the vials in which they are 
counted and placed in 4mil-lined waste containers (generally, in approved 5 gallon 
pails).  Biodegradable, non-hazardous, high flash point liquid scintillation cocktails 
must be used unless specific authorization to use alternative cocktail is received 
from the RSO/RSC.   Liquid scintillation wastes must be separated by isotope and 
by flash point (i.e. low flash point, <180oF,  from high flash point,  > 180oF). 
 
Liquid scintillation wastes containing 0.05 uCi/ml or less of C14 or H3 are considered 
de-regulated and must be segregated from radioactive vials. Scintillation wastes 
that cannot be differentiated from background (<2 x bkg) are considered to be 
non-radioactive and must be separated from radioactive scintillation waste.  
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3.2.4 Liquid Scintillation Waste (cont.) 
 
Tally sheets must be provided for each scintillation vial waste container and the 
container must be labeled with: 

 

• Flashpoint (>180oF or < 180oF)    
• Cocktail Name and Manufacturer 
• Total volume in milliliters 
• Isotope or “non-radioactive” 
• Total Activity 

 

Radioactive, de-regulated and non-radioactive scintillation vial waste will all be 
picked up by Radiation Safety staff (Section 3.3 provides details on radioactive 
waste pick-ups).  All scintillation vial waste containers must be securely closed prior 
to pick-up and wipe tested for removable contamination.  Any removable 
contamination detected greater than twice background (2xbkg/100 cm2) must be 
remediated to acceptable levels. 

 
3.2.5 Vertebrate Animal Carcasses  
 
Vertebrate animal carcasses and tissue containing radioisotopes must be 
separated by isotope. Any carcasses containing pathogens must undergo 
procedures necessary to neutralize the pathogen prior to disposal. Each carcass 
must be wrapped in absorbent materials and placed in individual plastic bags. 
Individually wrapped carcasses may be placed in large, 4 mil, transparent plastic 
bags, not to exceed 2 kg of total weight. Each bag must be labeled with: 

   

• Isotope      
• Total activity   
• Total weight of the carcass or tissue 
• Date 
• Supervisor’s name 

 

Animal carcasses and/or tissue must be kept frozen at all times prior to disposal.  
Since the University’s Radioactive Waste Storage Facility has a limited amount of 
freezer space,  radioactive animal carcass and tissue waste pick-ups will be 
scheduled with the generator as space allows. It is the responsibility of the 
generator to properly label, package and store carcasses until a disposal option or 
storage space is available. 
 
Animal carcass waste pick-ups will be completed by Radiation Safety staff.  Prior to 
pick-up, the waste containers/bags must be securely closed and wipe tested for 
removable contamination. Any removable contamination detected greater than 
twice background (2xbkg/100 cm2) must be remediated to acceptable levels. 
 
Animal carcasses containing 0.05 uCi/gm or less of C14 or H3 may be disposed of 
as non-radioactive. Records of the disposal indicating the assay of the carcass and 
the date and method of disposal  must be maintained indefinitely. 
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3.2.6 Radioactive Sharps  
 
All “Sharps” materials such as razor blades, needles, broken glass, syringes (with 
or without needle attached), etc., that are contaminated with radioactive material 
must be accumulated in a puncture proof container designated and labeled for 
radioactive waste only.  The sharps containers must be segregated by isotope, 
marked radioactive and labeled with the isotope, the activity and the date. 
Radioactive sharps waste containers will be picked up for disposal by Radiation 
Safety staff (Section 3.3 provides details on radioactive waste pick-ups). The waste 
containers must be wipe tested for removable contamination prior to pick-up.  Any 
removable contamination detected greater than twice background (2xbkg/100 cm2) 
must be remediated to acceptable levels.  If the sharps waste contains any 
biological, pathogenic, or infectious material it must undergo procedures necessary 
to neutralize the biological hazard prior to pick-up for disposal. 
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3.3 LABORATORY WASTE PICK-UPS  
 
Laboratories may request a radioactive waste pick-up by phone (X-9130) or by 
completing a “Waste Pick-up" form and sending it to the Environmental Health and 
Safety Service Office. A “Waste Pick-up” form may also be completed on-line 
through the Environmental Health and Safety Service Office’s web pages 
(bfasweb.syr.edu/env_hlth). Radioactive waste pick-ups will be scheduled and 
completed by Radiation Safety staff. 
 
Radiation Safety staff will perform the transfer of the radioactive wastes to the 
University’s Radioactive Waste Storage Facility. All radioactive waste must be 
tallied,  packaged and labeled in accordance with Section 3.2 of this Handbook, 
prior to arrival of Radiation Safety staff. All liners must be intact and securely closed 
with twist ties or tape.  Waste which requires special packaging or which does not 
fall into a specific category outlined in Section 3.2, must be packaged under the 
direction of Radiation Safety staff. 
 
The generating laboratory must wipe test the radioactive waste container for 
removable contamination prior to pick-up and indicate the results of the survey 
on the reverse side of the waste container tag.  Any removable contamination  
detected greater than  twice background (>2x bkg/100 cm2) must be remediated to 
acceptable levels prior to pick-up.  Waste container tallies and removable 
contamination survey results must be retained by the generating laboratory for a 
minimum of one (1) year. 
 
At the time of pick-up, Radiation Safety staff will inspect the waste for radioactive 
labels, sharps, syringes, lead, etc.  Wastes containing any of these materials will be 
refused for pick-up until properly removed by the generating laboratory.  
Radioactive waste tags will be completed for wastes which are found to be suitable 
for pick-up.  These tags will indicate the contents of the waste container including 
isotope, activity, volume, waste form and generator.  The generating laboratory will 
be requested to sign the waste tag to authorize that the waste information provided 
is accurate. 
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3.4  RADIOACTIVE WASTE DISPOSAL 
 
The disposal of radioactive waste generated at Syracuse University will be 
accomplished by means of sewer disposal, decay in house or transfer to an 
authorized recipient. With the exception of sewer disposal, only Radiation Safety 
staff may dispose of radioactive waste. 
 
Laboratories which generate radioactive waste must provide accurate information 
regarding the waste (i.e. activity, volume, contents) to Radiation Safety staff at the 
time of pick-up.  This information will be used to ensure proper storage and  
disposal, for calculating decay dates, for manifesting, etc.  Generating labs must 
prepare radioactive waste for pick-up in accordance with Section 3.2 of this 
Handbook. Details on requesting radioactive waste pick-ups are provided in Section 
3.3 of this Handbook. No radioactive waste may be transported outside of a 
controlled area without the approval of the RSO. 
 
All radioactive waste must be disposed of in accordance with this Section of the 
Handbook unless a written waiver is obtained from the RSO. Accidental releases of 
radioactive materials to the environment must be reported to the RSO immediately. 

 
3.4.1 Sewer Disposal  
 
All releases of liquid radioactive waste to the sanitary sewer must comply with the 
following requirements: 

 

• Sewer disposal must be limited to one sink per laboratory and all sinks 
used for disposing of radioactive materials must be clearly labeled 
"Caution Radioactive Material Disposal Sink". 

  

• Waste must be readily soluble in water. 
  

• Solutions may not contain any “hazardous” waste 
  

• Radioactivity concentrations must be diluted to one microcurie or less 
per liter during disposal. 

  

• The total annual release by any individual supervisor is limited to 25 mCi. 
  

• The total daily activity released by an RMS must be less than or equal to 
the limits listed below (contact Radiation Safety staff for assistance with 
disposing of isotopes not listed below):  

 
Isotope Activity(mCi)  Isotope  Activity(mCi) 
C14 0.015 Na22 0.025 
P32 0.010 P33 0.010 
H3 0.020 Rb86 0.015 
I125 0.005 S35 0.010 
Tc99 0.005   
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3.4.2 Decay-In-House (DIH)  
 
Decay-In-House is the disposal method used for wastes containing short lived 
radioactive materials.  Short-lived radioactive materials are defined as isotopes with 
a physical half-life of less than 90 days. Short-lived radioactive waste must be 
separated by isotope and waste type. All radioactive markings must be properly 
defaced or removed from all containers and associated trash prior to 
placement in disposal containers. DIH waste will be stored in the University’s 
Radioactive Waste Storage Facility for a minimum of 10 half lives. Once the waste 
has decayed to background levels, as determined by appropriate surveying 
methods, the material will be disposed via non-radioactive waste disposal methods. 
DIH disposal requires proper analysis and documentation and is limited to 
Radiation Safety staff only. 

 
3.4.3 Transfer to Outside Recipient  
 
Radioactive  wastes containing isotopes with half lives of greater than 90 days will 
be stored in the University’s Radioactive Waste Storage Facility.  These wastes will 
be stored separately from DIH waste, by waste type.  The storage and inventory of 
this waste will be under the direction of the RSO.   
 
As disposal options become available, this waste will be packaged by Radiation 
Safety staff and transferred to an authorized recipient and/or disposal facility.  The 
packaging of this waste for transport and subsequent disposal will be done in 
accordance with applicable rules and regulations. 
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3.5  RADIOACTIVE WASTE MINIMIZATION 

 
Radioactive material use laboratories must ensure that all practical steps are taken 
to minimize the volume of radioactive waste generated. The following steps are 
designed to assist in minimizing the volume of radioactive waste generated and 
must be implemented: 

 
1.  Segregate all radioactive waste by isotope and physical form (liquid, 

solid, etc.). 
 
2.  Substitute short-lived radioisotopes that can be decayed in storage 

(half-life less than 90 days) for long-lived radioisotopes wherever 
possible. 

 
3.  Consider alternative, non-radioactive methods. 
 
4.  Limit purchases to the minimum quantity needed. 
 
5.  Employ volume minimizing techniques in your procedures. 
 
6.  Handle radioactive materials carefully to prevent contamination. 
 
7.  Carefully plan radioactive material use to avoid any unnecessary 

contamination. 
 
8.  Verify that waste placed into radioactive waste receptacles is in fact 

radioactive. 
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3.6 RADIOACTIVE WASTES WHICH REQUIRE SPECIAL ATTENTION  
 

3.6.1 Special Radioactive Wastes  
 

Lead and other USEPA and State declared hazardous wastes are prohibited from 
land burial at current radioactive waste disposal sites.   Other wastes, though 
permitted for disposal,  must receive specific authorization from the disposal facility 
or authorized recipient  prior to shipment for disposal.  These wastes include the 
following: 
 

• Radium waste - waste that contains radioactive radium 
• Gaseous waste - wastes that are radioactive gas (i.e. Kr-85, Xe-133) 
• Acetates and nitrates of Uranium or Thorium 
• Special nuclear material - radioactive materials such as: 
 

Americium - 241 Lithium - 6  Plutonium-242 
Americium - 243 Neptunium - 237  Depleted Uranium-235 
Berkelium - 249 Plutonium - 238  Enriched Uranium-235 
Californium - 252 Plutonium - 239  Uranium-233 
Curium - 246 Plutonium - 241 

 
 

•  Waste which contain compounds or materials listed in N. Irving Sax's       
Dangerous Properties of Industrial Materials as having a Thr=HlGH via                   
any route except IP or IV 

 
 

Radiation Safety staff must be contacted for assistance if any waste which requires 
special attention is encountered. 
 

 
3.6.2 "Mixed" Wastes 
 
Radioactive “Mixed Wastes” are radioactive wastes which contain hazardous 
chemical wastes as defined by the Resource Conservation and Recovery Act 
(RCRA ) or that exhibit RCRA defined hazardous waste characteristic(s).  The 
production of long halflife (>90 days) radioactive mixed wastes is prohibited. If 
production of short halflife (<90 days) radioactive mixed waste is unavoidable in an 
experimental process, the process must be approved by the RSO/RSC prior to 
generation of the mixed waste.   It is the responsibility of the Radioactive Material 
Supervisor to review all radioactive processes prior to commencement to assure 
that no long halflife “mixed” wastes will be produced.  If a process is likely to result 
in a radioactive waste which contains contaminants that meet any RCRA defined 
characteristic or a chemical listed in the tables below, a non-radioactive “dry” run of 
the procedure must be initially performed with the waste properly analyzed to 
determine if the waste will indeed be RCRA hazardous. 
 



 

Revised 8/04 
g:\rad\manual\radman - 12 - 

3.6.3 RCRA Hazardous Waste Tables 
 
The information in this Section is provided as a guide for determining whether a 
waste contains or will contain a RCRA hazardous contaminant(s).  This information 
is a summary of the RCRA hazardous waste identification information found in 40 
CFR Part 261 and 6 NYCRR Part 371.  Radioactive waste generators are 
responsible for the proper determination of the hazardous characteristics of all 
waste generated.  For more complete information regarding hazardous waste 
identification, refer to 40 CFR 261.  
 
Table 3.6.1 is a partial summary of the RCRA defined hazardous waste 
characteristics.  If one or more components of a waste meets any of the criteria 
which define a characteristic RCRA hazardous waste it is assumed to be a RCRA 
hazardous waste. 
 
Table 3.6.2 is a list of chemical contaminants and the regulatory level (mg/L) above 
which these materials become a RCRA waste.  If any of these chemicals are 
present in a waste at concentrations equal to or greater than the regulatory level, 
the waste exhibits the characteristics of toxicity and therefore, becomes a RCRA 
hazardous waste.   
 
Table 3.6.3 is a partial list of hazardous wastes from non-specific sources.  If a 
waste contains any of these contaminants, it is considered a RCRA hazardous 
waste. 
 
Tables 3.6.4 and 3.6.5 list chemicals that, in unused form, are RCRA hazardous 
waste, but in a used form may or may not be a hazardous waste.  Any waste which 
contains or  is likely to contain a chemical(s) listed in table 3.6.4 and/or 3.6.5 or that 
may have a RCRA characteristic, must be evaluated further to determine if it is 
RCRA hazardous.  This evaluation may consist of a TCLP (toxicity characteristic 
leaching procedure) analysis or a mass balance to determine if the waste contains 
a chemical listed in Table 3.6.2 at a concentration equal to or greater than the 
regulatory level.   
 
EHO will provide assistance in evaluating potentially hazardous waste.  Any costs 
related to the evaluation (i.e. TCLP analysis costs) will be the responsibility of the 
RMS. 
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TABLE 3.6.1  

RCRA HAZARDOUS WASTE CHARACTERISTICS 
*The information in this table is a partial summary of the information contained in 40 CFR  Part 261, Subpart C 

 
Ignitability: 

• The material is an oxidizer as defined in 49 CFR Part 173.151 
  

• The material has a flash point below 140OF or 60OC 
  

• The material is capable of causing a fire through friction, absorption  
 of moisture or spontaneous chemical changes 
  

• The material has an EPA Hazardous Waste Number of D001 
 

Corrosivity: 
 

• The material has a pH less than or equal to 2.0 or equal to or 
greater than 12.5 

  

• It’s a liquid that corrodes steel at a rate >0.25 inch/year 
  

• The material has an EPA Hazardous Waste Number of D002 
 

Reactivity: 
  

• The material readily undergoes violent change without detonating 
  

• The material reacts violently with water 
  

• The material when mixed with water generates toxic gases, vapors  
 or fumes in quantities sufficient to present a danger to health or the 

environment 
  

• The material contains cyanide or sulfide 
  

• The material is capable of detonation or explosive decomposition at 
standard temperature and pressure 

  

• The material is a forbidden explosive or Class A or B explosive 
according to US DOT definitions 

  

• The material has an EPA Hazardous Waste Number of D003 
 

Toxicity: 
* The material contains any contaminants listed in 6 NYCRR Part 

371.3e Table 1 (Table 3.6.1 of Section 3.6.3 of this Handbook) at a 
concentration equal to  or greater than that listed 
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TABLE 3.6.2 
Maximum Concentration of Contaminants for the Toxicity Characteristic 
*The information in this table is a partial summary of the information contained in 40 CFR  Part 261.24 Table 1 

 

EPA          Regulatory 
HW#  Contaminant   CAS #   Level (mg/L) 
D004  Arsenic    7440-38-2       5.0 
D005  Barium     7440-39-3   100.0 
D018  Benzene    71-43-2       0.5 
D006  Cadmium    7440-43-9       1.0 
D019  Carbon tetrachloride   56-23-5       0.5 
D020  Chlordane    57-74-9       0.03 
D021  Chlorobenzene   108-90-7  100.0 
D022  Chloroform    67-66-3      6.0 
D007  Chromium    7440-47-3      5.0 
D023  o-Cresol    95-48-7  200.0 
D024  m-Cresol    108-39-4  200.0 
D025  p-Cresol    106-44-5  200.0 
D026*  Cresol     ...............  200.0 
D016  2,4-D     94-75-7    10.0   
D027  1,4-Dichlorobenzene   106-46-7      7.5 
D028  1,2-Dichloroethane   107-06-2      0.5 
D029  1,1-Dichloroethylene   75-35-4      0.7 
D030  2,4-Dinitrotoluene   121-14-2      0.13 
D012  Endrin     72-20-8      0.02 
D031  Heptachlor (and its epoxide)  76-44-8      0.008 
D032  Hexachlorobenzene   118-74-1      0.13 
D033  Hexachlorobutadiene   87-68-3      0.5   
D034  Hexachloroethane   67-72-1      3.0 
D008  Lead     7439-92-1      5.0  
D013  Lindane    58-89-9      0.4 
D009  Mercury    7439-97-6      0.2 
D014  Methoxychlor    72-43-5    10.0 
D035  Methyl ethyl ketone   78-93-3  200.0 
D036  Nitrobenzene    98-95-3      2.0 
D037  Pentrachlorophenol   87-86-5  100.0 
D038  Pyridine    110-86-1       5.0 
D010  Selenium    7782-49-2       1.0 
D011  Silver     7440-22-4       5.0 
D039  Tetrachloroethylene   127-18-4       0.73 
D015  Toxaphene    8001-35-2       0.5 
D040  Trichloroethylene   79-01-6       0.5 
D041  2,4,5-Trichlorophenol   95-95-4  400.0 
D042  2,4,6-Trchlorophenol   88-06-2      2.0 
D017  2,4,5-TP (silvex)   93-72-1      1.0 
D043  Vinyl Chloride    75-01-4      0.2 
 

*If o-, m-, p-Cresol concentrations cannot be differentiated, the total cresol (D026) 
concentration  is used. 
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TABLE 3.6.3 
*The information in this table is a partial summary of the information contained in 40 CFR  Part 261.31 

 EPA Hazardous Hazard 
 Waste No.  Hazardous Waste Code 
 F001  The following spent halogenated solvents used in degreasing: 

trachloroethylene, trichloroethylene, methylene chloride, 1,1,1-tri-
chloroethane, carbon tetrachloride, and chlorinated fluorocarbons; all 
spent solvent mixtures/blends used in degreasing containing, before 
use, a total of ten percent or more (by volume) of one or more of the 
above halogenated solvents or those solvents listed in F002, F004, 
and F005; and still bottoms from the recovery of these spent solvents 
and spent solvent mixtures. 

 

 F002  The following spent halogenated solvents: tetrachloroethylene, 
methylene chloride, trichloroethylene, 1,1,1-trichloroethane, chloro-
benzene, 1,1,2-trichloro- 1,2,2-trifluoroethane, ortho-dichloro-
benzene, trichlorofluoromethane and 1,1,2- trichloroethane; before 
use, a total of ten percent or more (by volume) of one or more of the 
above halogenated solvents or those listed in F001, F004 or F005; 
and still bottoms from the recovery of these spent solvents and spent 
solvent mixtures. 

 

 F003  The following spent non-halogenated solvents: xylene, acetone, ethyl 
acetate, ethyl benzene, ethyl ether, methyl isobutyl ketone, n-butyl 
alcohol, cyclohexanone, and methanol; all spent solvent 
mixtures/blends containing, before use, only the above spent 
non-halogenated solvents; and all spent solvent mixtures/blends 
containing, before use, one or more of the above non-halogenated 
solvents, and a total of ten percent or more (by volume) of one or 
more of those solvents listed in F001, F002, F004, and F005; and still 
bottoms from the recovery of these spent solvents and spent solvent 
mixtures.  

 

 F004  The following spent non-halogenated solvents: cresols and cresylic 
acid, and nitrobenzene; all spent solvent mixtures/blends containing, 
before use, a total of ten percent or more (by volume) of one or more 
of the above non-halogenated solvents or those solvents listed in 
F001, F002, and F005; and still bottoms from the recovery of these 
spent solvents and spent solvent mixtures. 

  

F005  The following spent non-halogenated solvents: toluene, methyl ethyl 
ketone, carbon disulfide, isobutanol, pyridine, benzene, 2-ethoxy-
ethanol, and 2-nitropropane; all spent solvent mixtures/blends 
containing, before use, a total of ten percent or more (by volume) of 
one or more of the above non-halogenated solvents or those solvents 
listed in F001, F002, or F004; and still bottoms from the recovery of 
these spent solvents and spent solvent mixtures. 

(T) 

(T) 

(I) 

(T) 

(I,T) 
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TABLE 3.6.4  
*The information in this table is a partial summary of the information contained in 40 CFR  Part 261.33 

Hazardous Chemical  
waste abstracts 
No. No.  Substance 
 
 P023 107-20-0 Acetaldehyde, chloro 
 P002 591-08-2 Acetamide, N-(aminothioxomethyl) 
 P057 640-19-7 Acetamide, 2-fluoro 
 P058 62-74-8 Acetic acid, fluoro-, sodium salt 
 P002 591-08-2 1-Acetyl-2-thiourea 
 P003 107-02-8 Acrolein 
 P070 116-06-3 Aldicarb 
 P004 309-00-2 Aldrin 
 P005 107-18-6 Allyl alcohol 
 P006 20859-73-8 Aluminum phosphide (R,T) 
 P007 2763-96-4 5-(Aminomethyl)-3-isoxazolol 
 P008 504-24-5 4-Aminopyridine 
 P009 131-74-8 Ammonium picrate (R) 
 P119 7803-55-6 Ammonium vanadate 
 P099 506-61-6 Argentate(l-), bis(cyano-C)-, potassium 
 P010 7778-39-4 Arsenic acid H AsO 
 P012 1327-53-3 Arsenic oxide is2034 
 P011 1303-28-2 Arsenic oxide As205 
 P011 1303-28-2 Arsenic pentoxide 
 P012 1327-53-3 Arsenic trioxide 
 P038 692-42-2 Arsine, diethyl 
 P036 696-28-6 Arsonous dichloride, phenyl 
 P054 151-56-4 Aziridine 
 P067 75-55-8 Aziridine, 2-methyl 
 P013 542-62-1 Barium cyanide 
 P024 106-47-8 Benzenamine, 4-chloro 
 P077 100-01-6 Benzenamine, 4-nitro 
 P028 100-44-7 Benzene, (chloromethyl) 
 P042 51-43-4 1,2-Benzenediol, 4-[1-hydroxy-2-(methylamino)ethyl]-, (R) 
 P046 122-09-8 Benzeneethanamine, alpha, alpha-dimethyl 
 P014 108-98-5 Benzenethiol 
 P001 81-81-2 2H-1-Benzopyran-2-one,4-hydroxy-3-(3-oxo-1-phenylbutyl)- 
   & salts, when present atconcentrations greater than 0.3%  
 P028 100-44-7 Benyl chloride 
 P015 7440-41-7 Beryllium 
 P017 598-31-2 Bromoacetone 
 P018 357-57-3 Brucine 
 P045 39196-18-4 2-Butanone,3,3-dimethyl- 1-(methylthio)-,O-[methylamino) 
   carbonyl] oxime 
 P021 592-01-8 Calcium cyanide 
 P021 592-01-8 Calcium cyanide Ca(CN)2 
 P022 75-15-0 Carbon disulfide 
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TABLE 3.6.4(Continued..)  
 

Hazardous Chemical  
waste abstracts 
No. No.  Substance 
 P095 75-44-5 Carbonic dichloride 
 P023 107-20-0 Chloroacetaldehyde 
 P024 106-47-8 p-Chloroaniline 
 P026 5344-82-1 1-(o-Chlorophenyl)thiourea 
 P027 542-76-7 3-Chloropropionitrile 
 P029 544-92-3 Copper cyanide 
 P029 544-92-3 Copper cyanide Cu(CN) 
 P030  Cyanides (soluble cyanide salts), not otherwise specified 
 P03 1 460-19-5 Cyanogen 
 P033 506-77-4 Cyanogen chloride 
 P033 506-77-4 Cyanogen chloride (CN)CI 
 P034 131-89-5 2-Cyclohexyl-4,6-dinitrophenol 
 P016 542-88-1 Dichloromethyl ether 
 P036 696-28-6 Dichlorophenylarsine 
 P037 60-57-1 Dieldrin 
 P038 692-42-2 Diethylarsine 
 P04 1 311-45-5 Diethyl-p-nitrophenyl phosphate 
 P040 297-97-2 O,O-Diethyl O-pyrazinyl phosphorothioate 
 P043 55-91-4 Diisopropylfluorophosphate (DFP) 
 P004 309-00-2 1,4,5, 8-Dimethanonaphthalene, 1,2,3 ,4,10,10-hexa- 
   chloro-1,4,4a,5, 8, 8a,-hexahydro-,( 1 alpha, 4alpha,  
   4abeta, 5alpha,  8alpha, 8abeta) 
 P060 465-73-6 1,4,5,8- Dimethanonaphthalene, 1,2,3,4,10,10-hexa-  
   chloro-1,4,4a,5,8,8a-hexahydro-,        
 P037 60-57-1 2,7:3,6-Dimethanonaphth[2,3-b]oxirene, 3,4,5,6,9,9-   
   hexachloro-1a,2, 2a,3,6,6a,7,7a-octahydro-, (1aalpha,2beta, 
   2aalpha, 3beta,6beta, 6aalpha,7beta,7aalpha) 
 P051 72-20-8 2,7:3,6-Dimethanonaphth [2,3-b]oxirene,3 ,4,5,6,9,9- 
   hexachloro, 1a,2,2a,3 ,6,6a,7 ,7a-octahydro-,(1aalpha, 
   2beta,2abeta,3alpha,6alpha, 6abeta,7beta,7aalpha)-, 
    & metabolites 
 P044 60-51-5 Dimethoate 
 P046 122-09-8 alpha,alpha-Dimethylphenethylamine 
 P047 534-52-1 4,6-Dinitro-o-cresol, & salts 
 P048 51-28-5 2,4-Dinitrophenol 
 P020 88-85-7 Dinoseb 
 P085 152-16-9 Diphosphoramide, octamethyl 
 P111 107-49-3 Diphosphoric acid, tetraethyl ester 
 P039 298-04-4 Disulfoton 
 P049 541-53-7 Dithiobiuret 
 P050 115-29-7 Endosulfan 
 P088 145-73-3 Endothall 
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TABLE 3.6.4 (Continued..)  
 

Hazardous Chemical  
waste abstracts 
No. No.  Substance 
 P051 72-20-8 Endrin 
 P051 72-20-8 Endrin, & metabolites 
 P042 51-43-4 Epinephrine 
 P03 1 460-19-5 Ethanedinitrile 
 P066 16752-77-5 Ethanimidothioic acid,N-[[(methylamino)carbonyl]oxy]-, 
   methyl ester 
 P101 107-12-0 Ethyl cyanide 
 P054 151-56-4 Ethyleneimine 
 P097 52-85-7 Famphur 
 P056 7782-41-4 Fluorine 
 P057 640-19-7 Fluoroacetamide 
 P058 62-74-8 Fluoroacetic acid, sodium salt 
 P065 628-86-4 Fulminic acid, mercury(2+) salt (R,T) 
 POS9 76-44-8 Heptachlor 
 P062 757-58-4 Hexaethyl tetraphosphate 
 P116 79-19-6 Hydrazinecarbothioamide 
 P068 60-34-4 Hydrazine, methyl 
 P063 74-90-8 Hydrocyanic acid 
 P063 74-90-8 Hydrogen cyanide 
 P096 7803-51-2 Hydrogen phosphide 
 P060 465-73-6 Isodrin 
 P007 2763-96-4 3(2H)-Isoxazolone, S-(aminomethyl) 
 P092 62-38-4 Mercury, (acetato-O)phenyl 
 P065 628-86-4 Mercury fulminate (R,T) 
 P082 62-75-9 Methanamine, N-methyl-N-nitroso 
 P064 624-83-9 Methane, isocyanato 
 P016 542-88-1 Methane, oxybis[chloro 
 P112 509-14-8 Methane, tetranitro- (R) 
 P118 75-70-7 Methanethiol, trichloro 
 P050 115-29-7 6,9-Methano-2,4,3-benzodioxathiepin, 6,7,8,9,10,10-  
   hexachloro-1,5,5a,6,9,9a-hexahydro-, 3-oxide 
 P059 76-44-8 4,7-Methano- 1H-indene, 1,4,5,6,7, 8, 8-heptachloro-      
 P066 16752-77-5 Methomyl 
 P068 60-34-4 Methyl hydrazine 
 P064 624-83-9 Methyl isocyanate 
 P069 75-86-5 2-Methyllactonitrile 
 P071 298-00-0 Methyl parathion 
 P072 86-88-4 alpha-Naphthylthiourea 
 P073 13463-39-3 Nickel carbonyl 
 P073 13463-39-3 Nickel carbonyl Ni(CO)4, (T-4) 
 P074 557-19-7 Nickel cyanide 
 P074 457-19-7 Nickel cynaide Ni(CN)2 
 P075 54-11-5 Nicotine, & salts 
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TABLE 3.6.4(Continued..)  
 

Hazardous Chemical  
waste abstracts 
No. No.  Substance 
 P076 10102-43-9 Nitric oxide 
 P077 100-01-6 p-Nitroaniline 
 P078 10102-44-0 Nitrogen dioxide 
 P076 10102-43-9 Nitrogen oxide NO 
 P078 10102-44-0 Nitrogen oxide NO2 
 P081 55-63-0 Nitroglycerine (R) 
 P082 62-75-9 N-Nitrosodimethylamine 
 P084 4549-40-0 N-Nitrosomethylvinylamine 
 P085 152-16-9 Octamethylpyrophosphoramide 
 P087 20816-12-0 Osmium oxide OsO4, (T4) 
 P087 20816-12-0 Osmium tetroxide 
 P088 145-73-3 7-Oxabicyclo[2.2.1]heptane- 2,3-dicarboxylic acid 
 P089 56-38-2 Parathion 
 P034 131-89-5 Phenol, 2-cyclohexyl-4,6-dinitro 
 P048 51-28-5 Phenol, 2,4-dinitro 
 P047 534-52-1 Phenol, 2-methyl-4,6-dinitro-, & salts 
 P020 88-85-7 Phenol, 2-(1-methylpropyl)-4,6-dinitro 
 P009 131-74-8 Phenol, 2,4,6-trinitro-, ammonium salt (R) 
 P092 62-38-4 Phenylmercury acetate 
 P093 103-85-5 Phenylthiourea 
 P094 298-02-2 Phorate 
 P095 75-44-5 Phosgene 
 P096 7803-51-2 Phosphine 
 P041 311-45-5 Phosphoric acid, diethyl 4-nitrophenyl ester 
 P039 298-04-4 Phosphorodithioicacid, O,O-diethyl     
 P094 298-02-2 Phosphorodithioicacid,O,O-diethyl S-[(ethylthio)methyl]ester 
 P044 60-51-5 Phosphorodithioicacid, O,O-dimethyl S-[2-(methylamino)-2- 
   oxoethyl]ester 
 P043 55-91-4 Phosphorofluoridic acid, bis (1-methylethyl) ester 
 P089 56-38-2 Phosphorothioic acid, O,O-diethyl 0-(4-nitrophenyl) ester 
 P040 297-97-2 Phosphorothioic acid, O,O-diethyl O-pyrazinyl ester 
 P097 52-85-7 Phosphorothioic acid, 0-[4- [(dimethylamino) sulfonyl]phenyl]     
   O,O-dimethyl ester 
 P071 298-00-0 Phosphorothioicacid, O,O,-dimethyl 0-(4-nitrophenyl) ester 
 P110 78-00-2 Plumbane, tetraethyl 
 P098 151-50-8 Potassium cyanide 
 P098 151-50-8 Potassium cyanide K(CN) 
 P099 506-61-6 Potassium silver cyanide 
 P070 116-06-3 Propanol, 2-methyl-2-(methylthio)-O(methylamino)carbonyl]oxime 
 P101 107-12-0 Propanenitrile 
 P027 542-76-7 Propanenitrile, 3-chloro 
 P069 75-86-5 Propanenitrile, 2-hydroxy-2-methyl 
 P081 55-63-0 1,2,3-Propanetriol, trinitrate (R) 
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TABLE 3.6.4 (Continued..)  
 

Hazardous Chemical  
waste abstracts 
No. No.  Substance 
 P017 598-31-2 2-Propanone, 1-bromo 
 P102 107-19-7 Propargyl alcohol 
 P003 107-02-8 2-Propenal 
 P005 107-18-6 2-Propen-1-ol 
 P067 75-55-8 1,20Proplenimine 
 P102 107-19-7 2-Propyn-1-ol 
 P008 504-24-5 4-Pyridinamine 
 P075 54-11-5 Pyridine, 3-(1-methyl-2-pyrrolidinyl)-(S)-, &salts 
 P114 12039-52-0 Selenious acid, dithallium(1+) salt 
 P103 630-10-4 Selenourea 
 P104 506-64-9 Silver cyanide 
 P105 26628-22-8 Sodium azide 
 P106 143-33-9 Sodium cyanide 
 P108 57-24-9 Strychnidin-10-one, & salts 
 P018 357-57-3 Strychnidin-10-one,2,3-dimethoxy- 
 P108 57-24-9 Strychnine 
 P115 7446-18-6 Sulfuric acid, dithallium (1+) salt 
 P109 3689-24-5 Tetraethyldithio pyrophosphate 
 P110 78-00-2 Tetraethyl lead 
 P111 107-49-3 Tetraethyl phosphate 
 P112 509-14-8 Tetranitromethane (R) 
 P062 757-58-4 Tetraphosphoric acid, hexaethyl ester 
 P113 1314-32-5 Thallic oxide 
 P113 1314-32-5 Thallium oxide Tl2O3 
 P114 12039-52-0 Thallium(I) selenite 
 P115 7446-18-6 Thallium(I) sulfate 
 P109 3689-24-5 Thiodiphosphoric acid, tetraethyl ester 
 P045 39196-18-4 Thiofanox 
 P049 541-53-7 Thioimidodicarbonic diamide [(H2N)C(S)]2NH 
 P014 108-98-5 Thiophenol 
 P116 79-19-6 Thiosemicarbazide 
 P026 5344-82-1 Thiourea, (2-chlorophenyl)- 
 P072 86-88-4 Thiourea, 1-naphthalenyl- 
 P093 103-85-5 Thiourea, phenyl- 
 P123 8001-35-2 Toxaphene 
 P118 75-70-7 Trichloromethanethiol 
 P119 7803-55-6 Vanadic acid, ammonium salt 
 P120 1314-62-1 Vanadium oxide V2O5 
 P120 1314-62-1 Vanadium pentoxide 
 P084 4549-40-0 Vinylamine, N-methyl-N-nitroso- 
 P001 81-81-2 Warfarin, &salts,when present at concentrations >0.3% 
 P121 557-21-1 Zinc cyanide 
 P122 1314-84-7 Zinc phosphide Zn3P2, when present at concentrations greater        
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TABLE 3.6.5 
          The information in this table is a partial summary of the information contained in 40 CFR  Part 261.33  
Hazardous Chemical  
waste abstracts 
No. No.  Substance 
 U001 75-07-0 Acetaldehyde (I) 
 U034 75-87-6 Acetaldehyde, trichloro 
 U187 62-44-2 Acetamide, N-(4-ethoxyphenyl) 
 U005 53-96-3 Acetamide, N-9H-fluoren-2-yl 
 U240 94-75-7 Acetic acid, (2,4-dichlorophenoxy)-, salts & esters 
 U112 141-78-6 Acetic acid ethyl ester (I) 
 U144 301-04-2 Acetic acid, lead(2+) salt 
 U214 563-68-8 Acetic acid, thallium(1 +) salt 
 see F027 93-76-5 Acetic acid, (2,4,5-trichlorophenoxy) 
 U002 67-64-1 Acetone (I) 
 U003 75-05-8 Acetonitrile (I,T) 
 U004 98-86-2 Acetophenone 
 U005 53-96-3 2-Acetylaminofluorene 
 U006 75-36-5 Acetyl chloride (C,R,T) 
 U007 79-06-1 Acrylamide 
 U008 79-10-7 Acrylic acid (I) 
 U009 107-13-1 Acrylonitrile 
 U011 61-82-5 Amitrole 
 U012 62-53-3 Aniline (I,T) 
 U136 75-60-5 Arsinic acid, dimethyl 
 U014 492-80-8 Auramine 
 U015 115-02-6 Azaserine 
 U010 50-07-7 Azirino[2',3':3,4] pyrrolo[l,2-a]indole-4,7-dione, 6-amino- 8-[[ 
   (aminocarbonyl)oxy]methyl]-l,la,2,8,8a,8b-hexahydro- 8a-  
   methoxy-5-methyl-, [laS-(laalpha, 8beta,8aalpha,8balpha)] 
 U157 56-49-5 Benztj]aceanthrylene, 1,2-dihydro-3-methyl 
 U016 225-51-4 Benz[c]acridine 
 U017 98-87-3 Benzal chloride 
 U192 23950-58-5 Benzamide, 3,5-dichloro-N- (I1,1-dimethyl-2-propynyl) 
 U018 56-55-3 B enz[a]anthracene 
 U094 57-97-6 Benz[a]anthracene, 7,12-dimethyl 
 U012 62-53-3 Benzenamine (I,T) 
 U014 492-80-8 Benzenamine, 4,4' -carbonimidoyl bis[N,N-dimethyl 
 U049 3165-93-3 Benzenamine, 4-chloro- 2-methyl-, hydrochloride 
 U093 60-11-7 Benzenamine, N,N-dimethyl-4-(phenylazo) 
 U328 95-53-4 Benzenamine, 2-methyl 
 U353 106-49-0 Benzenamine, 4-methyl 
 U158 101-14-4 Benzenamine, 4,4' -methylenebis[2-chloro 
 U222 636-21-5 Benzenamine, 2-methyl-, hydrochloride 
 U181 99-55-8 Benzenamine, 2-methyl-5-nitro 
 U019 71-43-2 Benzene (I,T) 
 U038 510-15-6 Benzeneacetic acid, 4-chloro- alpha-(4-chlorophenyl)- 
   alpha-hydroxy-, ethyl ester 
 U030 101-55-3 Benzene, 1-bromo-4-phenoxy 
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TABLE 3.6.5(Continued..)  
Hazardous Chemical  
waste abstracts 
No. No.  Substance 
 U035 305-03-3 Benzenebutanoic acid, 4-[bis (2-chloroethyl)amino] 
 U037 108-90-7 Benzene, chloro 
 U221 25376-45-8 Benzenediamine, ar-methyl 
 U028 117-81-7 1,2-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester 
 U069 84-74-2 1,2-Benzenedicarboxylic acid, dibutyl ester 
 U088 84-66-2 1,2-Benzenedicarboxylic acid, diethyl ester 
 U102 131-11-3 1,2-Benzenedicarboxylic acid, dimethyl ester 
 U107 117-84-0 1,2-Benzenedicarboxylic acid, dioctyl ester 
 U070 95-50-1 Benzene, 1,2-dichloro 
 U071 541-73-1 Benzene, 1,3-dichloro 
 U072 106-46-7 Benzene, 1,4-dichloro 
 U060 72-54-8 Benzene, 1,1'-(2,2-dichloroethylidene)bis[4-chloro 
 U017 98-87-3 Benzene, (dichloromethyl) 
 U223 26471-62-5 Benzene, 1,3-diisocyanatomethyl-(R,T) 
 U239 1330-20-7 Benzene, dimethyl- (I) 
 U201 108-46-3 1,3-Benzenediol 
 U127 118-74-1 Benzene, hexachloro 
 U056 110-82-7 Benzene, hexahydro- (I) 
 U220 108-88-3 Benzene, methyl 
 U105 121-14-2 Benzene, I-methyl-2,4-dinitro 
 U106 606-20-2 Benzene, 2-methyl-1,3-dinitro 
 UOSS 98-82-8 Benzene, (I-methylethyl)- (I) 
 U169 98-95-3 Benzene, nitro 
 U183 608-93-5 Benzene, pentachloro 
 U185 82-68-8 Benzene, pentachloronitro 
 U020 98-09-9 Benzenesulfonic acid chloride (C,R) 
 U020 98-09-9 Benzenesulfonyl chloride (C,R) 
 U207 95-94-3 Benzene, 1,2,4,5-tetrachloro 
 U061 50-29-3 Benzene, 1,1'-(2,2,2-trichloroethylidene)bis[4-chloro 
 U247 72-43-5 Benzene, 1,1'-(2,2,2-trichloroethylidene)bis[4- methoxy 
 U023 98-07-7 Benzene, (trichloromethyl) 
 U234 99-35-4 Benzene, 1,3,5-trinitro 
 U021 92-87-5 Benzidine 
 U202 81-07-2 1,2-Benzisothiazol- 3(2H)-one, 1,1-dioxide, & salts 
 U203 94-59-7 1,3-Benzodioxole, 5-(2-propenyl) 
 U141 120-58-1 1,3-Benzodioxole, 5-(1-propenyl) 
 U090 94-58-6 1,3-Benzodioxole, 5-propyl 
 U064 189-55-9 Benzo[rst]pentaphene 
 U248 181-81-2 2H-I-Benzopyran-2-one, 4-hydroxy-3-(3oxo-1-phenyl-butyl)-,  
   & salts, when present at concentrations of 0.3 % or less 
 U022 50-32-8 Benzo[a]pyrene 
 U197 106-51-4 p-Benzoquinone 
 U023 98-07-7 Benzotrichloride (C,R,T) 
 U085 1464-53-5 2,2'-Bioxirane 
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 U021 92-87-5 [1,1'-Biphenyl]4,4'-diamine 
 U073 91-94-1 [1,1'-Biphenyl]4,4'-diamine, 3,3'-dichloro 
 U091 119-90-4 [1,1'-Biphenyl]4,4'-diamine, 3,3'-dimethoxy 
 U095 119-93-7 [1,1'-Biphenyl]4,4'-diamine, 3,3'-dimethyl 
 U225 75-25-2 Bromoform 
 U030 101-55-3 4-Bromophenyl phenyl ether 
 U128 87-68-3 1,3-Butadiene, 1,1,2, 3,4,4-hexachloro 
 U172 924-16-3 1-Butanamine, N-butyl- N-nitroso 
 U031 71-36-3 1-Butanol (I) 
 U159 78-93-3 2-Butanone (I,T) 
 U160 1338-23-4 2-Butanone, peroxide (R,T) 
 U053 4170-30-3 2-Butenal 
 U074 764-41-0 2-Butene, 1,4-dichloro- (I,T) 
 U143 303-34-4 2-Butenoic acid, 2-methyl-, 7-[[2,3-dihydroxy-   
   2-(1-methoxyethyl)-        
   -1-yl ester, [IS-[lalpha(Z), 7(2S*,3R*),7aalpha]] 
 U031 71-36-3 n-Butyl alcohol (I) 
 U136 75-60-5 Cacodylic acid 
 U032 13765-19-0 Calcium chromate 
 U238 51-79-6 Carbamic acid, ethyl ester 
 U178 615-53-2 Carbamic acid, methylnitroso-, ethyl ester 
 U097 79-44-7 Carbamic chloride, dimethyl 
 U114 111-54-6 Carbamodithioic acid, 1,2-ethanediylbis-, salts & esters 
 U062 2303-16-4 Carbamothioic acid, bis(1-methylethyl)-S- 
   (2,3-dichloro-2-propenyl)     
 U215 6533-73-9 Carbonic acid, dithallium(1 +) salt 
 U033 353-50-4 Carbonic difluoride 
 U156 79-22-1 Carbonochloridic acid, methyl ester (I,T) 
 U033 353-50-4 Carbon oxyfluoride (R,T) 
 U211 56-23-5 Carbon tetrachloride 
 U034 75-87-6 Chloral 
 U035 305-03-3 Chlorambucil 
 U036 57-74-9 Chlordane, alpha & gamma isomers 
 U026 494-03-1 Chlornaphazin 
 U037 108-90-7 Chlorobenzene 
 U038 510-15-6 Chlorobenzilate 
 U039 59-50-7 p-Chloro-m-cresol 
 U042 110-75-8 2-Chloroethyl vinyl ether 
 U044 67-66-3 Chloroform 
 U046 107-30-2 Chloromethyl methyl ether 
 U047 91-58-7 beta-Chloronaphthalene 
 U048 95-57-8 o-Chlorophenol 
 U049 3165-93-3 4-Chloro-o-toluidine, hydrochloride 
 U032 13765-19-0 Chromic acid H2CrO4, calcium salt 
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 U050 218-01-9 Chrysene 
 U051  Creosote 
 U052 1319-77-3 Cresol (Cresylic acid) 
 U053 4170-30-3 Crotonaldehyde 
 UOSS 98-82-8 Cumene (I) 
 U246 506-68-3 Cyanogen bromide (CN)Br 
 U197 106-51-4 2,5-Cyclohexadiene- 1,4-dione 
 U056 110-82-7 Cyclohexane (I) 
 U129 58-89-9 Cyclohexane,1,2,3,4, 5,6-hexachloro-,(1alpha,2alpha,3beta,      
 U057 108-94-1 Cyclohexanone (I) 
 U130 77-47-4 1,3-Cyclopentadiene, 1,2,3,4,5,5-hexachloro 
 U058 50-18-0 Cyclophosphamide 
 U240 94-75-7 2,4-D, salts & esters 
 U059 20830-81-3 Daunomycin 
 U060 72-54-8 DDD 
 U06 1 50-29-3 DDT 
 U062 2303-16-4 Diallate 
 U063 53-70-3 Dibenz[a,h]anthracene 
 U064 189-55-9 Dibenzo[a,i]pyrene 
 U066 96-12-8 1,2-Dibromo- 3-chloropropane 
 U069 84-74-2 Dibutyl phthalate 
 U070 95-50-1 o-Dichlorobenzene 
 U071 541-73-1 m-Dichlorobenzene 
 U072 106-46-7 p-Dichlorobenzene 
 U073 91-94-1 3,3'-Dichlorobenzidine 
 U074 764-41-0 1,4-Dichloro-2-butene (I,T) 
 U075 75-71-8 Dichlorodifluoromethane 
 U078 75-35-4 1, I-Dichloroethylene 
 U079 156-60-5 1,2-Dichloroethylene 
 U025 111-44-4 Dichloroethyl ether 
 U027 108-60-1 Dichloroisopropyl ether 
 U024 111-91-1 Dichloromethoxy ethane 
 U08 1 120-83-2 2,4-Dichlorophenol 
 U082 87-65-0 2,6-Dichlorophenol 
 U084 542-75-6 1,3-Dichloropropene 
 U085 1464-53-5 1,2:3,4-Diepoxybutane (I,T) 
 U108 123-91-1 1,4-Diethyleneoxide 
 U028 117-81-7 Diethylhexyl phthalate 
 U086 1615-80-1 N,N'-Diethylhydrazine 
 U087 3288-58-2 O,O-Diethyl S-methyl dithiophosphate 
 U088 84-66-2 Diethyl phthalate 
 U089 56-53-1 Diethylstilbesterol 
 U090 94-58-6 Dihydrosafrole 
 U09 1 119-90-4 3 ,3 '-Dimethoxybenzidine 
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 U092 124-40-3 Dimethylamine (I) 
 U093 60-11-7 p-Dimethylaminoazobenzene 
 U094 57-97-6 7,12-Dimethylbenz[a]anthracene 
 U095 119-93-7 3,3'-Dimethylbenzidine 
 U096 80-15-9 alpha,alpha- Dimethylbenzylhydroperoxide (R) 
 U097 79-44-7 Dimethylcarbamoyl chloride 
 U098 57-14-7 1,1-Dimethylhydrazine 
 U099 540-73-8 1,2-Dimethylhydrazine 
 U101 105-67-9 2,4-Dimethylphenol 
 U102 131-11-3 Dimethyl phthalate 
 U103 77-78-1 Dimethyl sulfate 
 U105 121-14-2 2,4-Dinitrotoluene 
 U106 606-20-2 2,6-Dinitrotoluene 
 U107 117-84-0 Di-n-octyl phthalate 
 U108 123-91-1 1,4-Dioxane 
 U109 122-66-7 1,2-Diphenylhydrazine 
 U110 142-84-7 Dipropylamine (I) 
 U111 621-64-7 Di-n-propylnitrosamine 
 U041 106-89-8 Epichlorohydrin 
 U001 75-07-0 Ethanal (I) 
 U174 55-18-5 Ethanamine, N-ethyl-N-nitroso 
 U155 91-80-5 1,2-Ethanediamine, N,N-dimethyl- N'-2-pyridinyl-N'-  
   (2-thienylmethyl) 
 U067 106-93-4 Ethane, 1,2-dibromo 
 U076 75-34-3 Ethane, 1,1-dichloro 
 U077 107-06-2 Ethane, 1,2-dichloro 
 U131 67-72-1 Ethane, hexachloro 
 U024 111-91-1 Ethane, 1,1'- [methylenebis(oxy)]bis [2-chloro 
 U117 60-29-7 Ethane, 1,1'-oxybis-(l) 
 U025 111-44-4 Ethane, 1,1'-oxybis[2-chloro 
 U184 76-01-7 Ethane, pentachloro 
 U208 630-20-6 Ethane, 1,1,1,2- tetrachloro 
 U209 79-34-5 Ethane, 1,1,2,2-tetrachloro 
 U218 62-55-5 Ethanethioamide 
 U226 71-55-6 Ethane, 1,1,1-trichloro 
 U227 79-00-5 Ethane, 1,1,2-trichloro 
 U359 110-80-5 Ethanol, 2-ethoxy 
 U173 1116-54-7 Ethanol, 2,2'- (nitrosoimino)bis 
 U004 98-86-2 Ethanone, 1-phenyl 
 U043 75-01-4 Ethene, chloro 
 U042 110-75-8 Ethene, (2-chloroethoxy) 
 U078 75-35-4 Ethene, I,l-dichloro 
 U079 156-60-5 Ethene, 1,2-dichloro-, (E) 
 U210 127-18-4 Ethene,tetrachloro 
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 U228 79-01-6 Ethene, trichloro 
 Ul 12 141-78-6 Ethyl acetate (I) 
 U113 140-88-5 Ethyl acrylate (I) 
 U238 51-79-6 Ethyl carbamate (urethane) 
 U117 60-29-7 Ethyl ether (I) 
 U114 111-54-6 Ethylenebisdithiocarbamic acid, salts & esters 
 U067 106-93-4 Ethylene dibromide 
 U077 107-06-2 Ethylene dichloride 
 U359 110-80-5 Ethylene glycol monoethyl ether 
 U115 75-21-8 Ethylene oxide (I,T) 
 Ul 16 96-45-7 Ethylenethiourea 
 U076 75-34-3 Ethylidene dichloride 
 U118 97-63-2 Ethyl methacrylate 
 U119 62-50-0 Ethyl methanesulfonate 
 U120 206-44-0 Fluoranthene 
 U122 50-00-0 Formaldehyde 
 U123 64-18-6 Formic acid (C,T) 
 U124 110-00-9 Furan (I) 
 U125 98-01-1 2-Furancarboxaldehyde (I) 
 U147 108-31-6 2,5-Furandione 
 U213 109-99-9 Furan, tetrahydro-(I) 
 U125 98-01-1 Furfural (I) 
 U124 110-00-9 Furfuran (I) 
 U206 18883-66-4 Glucopyranose, 2-deoxy-2- (3-methyl-3-nitrosoureido)-, D 
 U206 18883-66-4 D-Glucose,2-deoxy-2-[[(methylnitrosoamino)-carbonyl]amino] 
 U126 765-34-4 Glycidylaldehyde 
 U163 70-25-7 Guanidine, N-methyl- N'-nitro-N-nitroso 
 U127 118-74-1 Hexachlorobenzene 
 U128 87-68-3 Hexachlorobutadiene 
 U130 77-47-4 Hexachlorocyclopentadiene 
 U13 1 67-72-1 Hexachloroethane 
 U132 70-30-4 Hexachlorophene 
 U243 1888-71-7 Hexachloropropene 
 U133 302-01-2 Hydrazine (R,T) 
 U086 1615-80-1 Hydrazine, 1,2-diethyl 
 U098 57-14-7 Hydrazine, I,l-dimethyl 
 U099 540-73-8 Hydrazine, 1,2-dimethyl 
 U109 122-66-7 Hydrazine, 1,2-diphenyl 
 U134 7664-39-3 Hydro fluoric acid (C , T) 
 U134 7664-39-3 Hydrogen fluoride (C,T) 
 U135 7783-06-4 Hydrogen sulfide 
 U135 7783-06-4 Hydrogen sulfide H2S 
 U096 80-15-9 Hydroperoxide, I-methyl-l-phenylethyl-(R) 
 U116 96-45-7 2-Imidazolidinethione 
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 U137 193-39-5 Indeno[1,2,3-cd]pyrene 
 U190 85-44-9 1,3-Isobenzofurandione 
 U140 78-83-1 Isobutyl alcohol (I,T) 
 U141 120-58-1 Isosafrole 
 U142 143-50-0 Kepone 
 U143 303-34-4 Lasiocarpine 
 U144 301-04-2 Lead acetate 
 U146 1335-32-6 Lead, bis(acetato-O)tetrahydroxytri- 
 U145 7446-27-7 Lead phosphate 
 U146 1335-32-6 Lead  subacetate 
 U129 58-89-9 Lindane 
 U163 70-25-7 MNNG 
 U147 108-31-6 Maleic anhydride 
 U148 123-33-1 Maleic hydrazide 
 U149 109-77-3 Malononitrile 
 U150 148-82-3 Melphalan 
 U151 7439-97-6 Mercury 
 U152 126-98-7 Methacrylonitrile (I, T) 
 U092 124-40-3 Methanamine, N-methyl- (I) 
 U029 74-83-9 Methane, bromo- 
 U045 74-87-3 Methane, chloro- (I, T) 
 U046 107-30-2 Methane, chloromethoxy- 
 U068 74-95-3 Methane, dibromo- 
 U080 75-09-2 Methane, dichloro- 
 U075 75-71-8 Methane, dichlorodifluoro- 
 U138 74-88-4 Methane, iodo- 
 U119 62-50-0 Methanesulfonic acid, ethyl ester 
 U211 56-23-5 Methane, tetrachloro- 
 U153 74-93-1 Methanethiol (I, T) 
 U225 75-25-2 Methane, tribromo- 
 U044 67-66-3 Methane, trichloro- 
 U121 75-69-4 Methane, trichlorofluoro- 
 U036 57-74-9 4,7-Methano-lH-indene,1,2,4,5,6,7,8,8,-octachloro- 
   2,3,3a,4,7, 7a-hexahydro- 
 U154 67-56-1 Methanol (I) 
 U155 91-80-5 Methapyrilene 
 U 142 143-50-0 1,3,4-Metheno- 2H-cyclobuta[cd]pentalen- 2-one,  
   1,1a,3,3a,4,5,5a,5b,6-decachlorooctahydro- 
 U247 72-43-5 Methoxychlor 
 U154 67-56-1 Methyl alcohol (I) 
 U029 74-83-9 Methyl bromide 
 U186 504-60-9 1-Methylbutadiene (I) 
 U045 74-87-3 Methyl chloride (I,T) 
 U156 79-22-1 Methyl chlorocarbonate (I,T) 
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 U226 71-55-6 Methyl chloroform 
 U157 56-49-5 3-Methylcholanthrene 
 U158 101-14-4 4,4'-Methylenebis (2-chloroaniline) 
 U068 74-95-3 Methylene bromide 
 U080 75-09-2 Methylene chloride 
 U159 78-93-3 Methyl ethyl ketone (MEK) (I,T) 
 U160 1338-23-4 Methyl ethyl ketone peroxide (R,T) 
 U138 74-88-4 Methyl iodide 
 U161 108-10-1 Methyl isobutyl ketone (I) 
 U162 80-62-6 Methyl methacrylate (I,T) 
 U161 108-10-1 4-Methyl-2-pentanone (I) 
  U164           56-04-2                     Methylthiouracil 
  U010           50-07-7                     Mitomycin C 
  U059          20830-81-3                5,12-Naphthacenedione,8-acetyl-10- [(3-amino-2,3,6- 
   trideoxy)-alpha-L-lyxo-hexopyranosyl)oxy]-7,8,9,10-tetrahydro-  
   6,8,11-trihydro-6,8,11-trihydroxy-1-methoxy-,(8S-cis)- 
  U167           134-32-7                   1-Naphtalenamine 
  U168           91-59-8                     2-Naphthalenamine 
  U026           494-03-1                   Naphthalenamine, N,N’-bis(2-chloroethyl)- 
  U165           91-20-3                     Naphthalene 
  U047           91-58-7                     Nahpthalene, 2-chloro- 
  U166           130-15-4                   1,4-Naphthalenedione 
  U236           72-57-1                     2,7-Naphthalenedisulfonic acid,3,3’[3,3’-dimethyl[1,1’-biphenyl]- 
                                                       4,4’-diyl)bis(azo)bis[5-amino-4-hydroxyl]-tetrasodium salt 
  U166           130-15-4                   1,4-Naphthoquinone 
  U167           134-32-7                   alpha-Naphthylamine 
  U168           91-59-8                     beta-Naphthylamine 
  U217           10102-45-1               Nitric acid, thallium(1+) salt 
  U169           98-95-3                     Nitrobenezene(I,T) 
  U170           100-02-7                   p-Nitrophenol 
  U171           79-46-9                     2-Nitropropane (I,T)  
  U172           924-16-3                   N-Nitrosodi-n-butylamine 
  U173           1116-54-7                N-Nitrosodiethanolamine 
  U174           55-18-5                     N-Nitrosodiethylamine 
  U176           759-73-9                   N-Nitroso-N-ethylurea 
  U177           684-93-5                   N-Nitroso-Nmethylurea 
  U178           615-53-2                   N-Nitroso-N-methylurethane 
  U179           100-75-4                   N-Nitrosopiperdine 
  U180           930-55-2                   N-Nitrosopyrrolidine 
  U181           99-55-8                     5-Nitro-otoluidine 
  U193           1120-71-4                 1,2-Oxathiolane,2,2-dioxide 
  U058           50-18-0                     2H-1,3,2-Oxazaphosphorin-2amine, N,N-bis 
   (2-chloroethyl)tetra-hydro-, 2-oxide  
  U115           75-21-8                    Oxirane (I,T) 
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  U126           765-34-4                  Oxiranecarboxyaldehyde 
  U041          106-89-8                   Oxirane, (chloromethyl)- 
  U182          123-63-7                   Paraldehyde 
  U183          608-93-5                   Pentachlorobenzene  
  U184          76-01-7                     Pentachloroethane 
  U185          82-68-8                     Pentachloronitrobenzene (PCNB) 
  See F027   87-86-5                     Pentachlorophenol 
  U161          108-10-1                   Pentanol, 4-methyl-(I) 
  U186          504-60-9                   1,3-Pentadiene(I) 
  U187          62-44-2                     Phenacetin 
  U188          108-95-2                   Phenol 
  U048          95-57-8                     Phenol, 2-chloro- 
  U039          59-50-7                     Phenol, 4-chloro-3-methyl- 
  U081          120-83-2                   Phenol, 2,4-dichloro- 
  U082          87-65-0                     Phenol, 2,6-dichloro- 
  U089          56-53-1                     Phenol, 4,4’-(1,2-diethyl- 1,2-ethenediy)bis-, (E)- 
  U101          105-67-9                   Phenol, 2,4-dimethyl- 
  U052          1319-77-3                 Phenol, methyl- 
  U132          70-30-4                     Phenol, 2,2’-methylenebis [3,4,6-trichloro-]          
  U170          100-02-7                   Phenol, 4-nitro- 
  See F027   87-86-5                     Phenol, pentachloro- 
  See F027   58-90-2                     Phenol, 2,3,4,6 -tetrachloro-       
  See F027   95-95-4                   Phenol, 2,4,5-trichloro-  
  See F027 88-06-2 Phenol, 2,4,6-trichloro- 
 U150 148-82-3 L-Phenylalanine, 4-[bis(2-chloroethyl) amino-] 
 U145 7446-27-7 Phosphoric acid, lead(2+) salt (2:3) 
 U087 3288-58-2 Phosphorodithioic acid, O,O-diethyl S-methyl ester 
 U189 1314-80-3 Phosphorus sulfide (R) 
 U190 85-44-9 Phthalic anhydride 
 U191 109-06-8 2-Picoline 
 U179 100-75-4 Piperidine, I-nitroso- 
 U192 23950-58-5 Pronamide 
 U194 107-10-8 1-Propanamine (I,T) 
 U111 621-64-7 1-Propanamine, N-nitroso-N-propyl- 
 U110 142-84-7 1-Propanamine, N-propyl- (I) 
 U066 96-12-8 Propane, 1,2-dibromo- 3-chloro- 
 U083 78-87-5 Propane, 1,2-dichloro- 
 U149 109-77-3 Propanedinitrile 
 U171 79-46-9 Propane, 2-nitro- (I,T) 
 U027 108-60-1 Propane, 2,2'-oxybis[2-chloro- 
 U193 1120-71-4 1,3-Propane sultone 
 See F027 93-72-1 Propanoic acid, 2- (2,4,5-trichlorophenoxy)- 
 U235 126-72-7 1-Propanol, 2,3-dibromo-, phosphate (3:1) 
 U140 78-83-1 1-Propanol, 2-methyl- (I,T) 
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 U002 67-64-1 2-Propanone (I) 
 U007 79-06-1 2-Propenamide 
 U084 542-75-6 1-Propene, 1,3-dichloro- 
 U243 1888-71-7 1-Propene, 1,1,2,3,3,3-hexachloro- 
 U009 107-13-1 2-Propenenitrile 
 U152 126-98-7 2-Propenenitrile, 2-methyl- (I,T) 
 U008 79-10-7 2-Propenoic acid (I) 
 U113 140-88-5 2-Propenoic acid, ethyl ester (I) 
 U118 97-63-2 2-Propenoic acid, 2-methyl-, ethyl ester 
 U162 80-62-6 2-Propenoic acid, 2-methyl-, methyl ester (I,T) 
 U194 107-10-8 n-Propylamine (I,T) 
 U083 78-87-5 Propylene dichloride 
 U148 123-33-1 3,6-Pyridazinedione, 1,2-dihydro- 
 U196 110-86-1 Pyridine 
 U 191 109-06-8 Pyridine, 2-methyl- 
 U237 66-75-1 2,4-(1H,3H)-Pyrimidinedione,5-[bis(2- chloroethyl)amino]- 
 U164 56-04-2 4(1H)-Pyrimidinone, 2,3-dihydro- 6-methyl-2-thioxo- 
 U180 930-55-2 Pyrrolidine, 1-nitroso- 
 U200 50-55-5 Reserpine 
 U201 108-46-3 Resorcinol 
 U202 81-07-2 Saccharin, & salts 
 U203 94-59-7 Safrole 
 U204 7783-00-8 Selenious acid 
 U204 7783-00-8 Selenium dioxide 
 U205 7488-56-4 Selenium sulfide 
 U205 7488-56-4 Selenium sulfide SeS2 (R,T) 
 U015 115-02-6 L-Serine, diazoacetate (ester) 
 See P027 93-72-1 Silvex (2,4,5-TP) 
 U206 18883-66-4 Streptozotocin 
 U103 77-78-1 Sulfuric acid, dimethyl ester 
 U189 1314-80-3 Sulfur phosphide (R) 
 See F027 93-76-5 2,4,5-T 
 U207 95-94-3 1,2,4,5- Tetrachlorobenzene 
 U208 630-20-6 1,1,1,2- Tetrachloroethane 
 U209 79-34-5 1,1,2,2- Tetrachloroethane 
 U210 127-18-4 Tetrachloroethylene 
 See F027 58-90-2 2,3,4,6- Tetrachlorophenol 
 U213 109-99-9 Tetrahydrofuran (I) 
 U214 563-68-8 Thallium(I) acetate 
 U215 6533-73-9 Thallium(I) carbonate 
 U216 7791-12-0 Thallium(I) chloride 
 U216 7791-12-0 Thallium chloride TICI 
 U217 10102-45-1 Thallium(I) nitrate 
 U218 62-55-5 Thioacetamide 
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 U153 74-93-1 Thiomethanol (I,T) 
 U244 137-26-8 Thioperoxydicarbonic diamide[(H2N)C(S)]2S2, 
   tetramethyl- 
 U219 62-56-6 Thiourea 
 U244 137-26-8 Thiram 
 U220 108-88-3 Toluene 
 U221 25376-45-8 Toluenediamine 
 U223 26471-62-5 Toluene diisocyanate (R,T) 
 U328 95-53-4 o-Toluidine 
 U353 106-49-0 p-Toluidine 
 U222 636-21-5 o-Toluidine hydrochloride 
 U011 61-82-5 1H-1,2,4-Triazol-3-amine 
 U227 79-00-5 1,1,2-Trichloroethane 
 U228 79-01-6 Trichloroethylene 
 U121 75-69-4 Trichloromonofluoromethane 
 See F027 95-95-4 2,4,5-Trichlorophenol 
 See F027 88-06-2 2,4,6-Trichlorophenol 
 U234 99-35-4 1,3,5-Trinitrobenzene (R,T) 
 U182 123-63-7 1,3,5-Trioxane, 2,4,6-trimethyl- 
 U235 126-72-7 Tris(2,3-dibromopropyl) phosphate 
 U236 72-57-1 Trypan blue 
 U237 66-75-1 Uracil mustard 
 U176 759-73-9 Urea, N-ethyl-N-nitroso- 
 U177 684-93-5 Urea, N-methyl-N-nitroso- 
 U043 75-01-4 Vinyl chloride 
 U248 81-81-2 Warfarin, & salts, when present at  concentrations 
                                                       of 0.3% or less 
 U239 1330-20-7 Xylene (I) 
 U200 50-55-5 Yohimban-16- carboxylic acid, 11,17-dimethyl-  
   18-[(3,4,5-tri-methoxybenzyol)oxy]- methyl ester,  
   (3beta,16beta, 17alpha, 18beta, 20alpha)- 
  U249          1314-84-7                  Zinc phoside, when present at concentrations  
     of 10% or less 
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4.1  GENERAL 
 
New York State Department of Health (NYSDOH) regulates the use of 
radiation-producing equipment under the provisions of Title 10, NYS Sanitary 
Code, Chapter 1, Part 16 (10 NYCRR Part 16).   NYSDOH has also adopted the 
American National Standard Institute N43.2 Radiation Safety for X-ray Diffraction 
and Fluorescence Analysis Equipment as a guide (these documents are available 
for review at the Environmental Health and Safety Service Office during normal 
working hours).  Syracuse University is required to register each piece of radiation-
producing equipment in active use with the NYSDOH.  This includes all analytical 
x-ray equipment and electron microscopes.   
 
This Section of the Handbook is designed to serve as a guide for ensuring 
regulatory compliance and the safe operation of radiation-producing equipment.  It 
also contains detailed information on the requirements for becoming an authorized 
Radiation Equipment Supervisor and a Radiation Equipment Operators. 
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4.2  RADIATION EQUIPMENT SUPERVISOR -- APPLICATION FOR   
USE RADIATION-PRODUCING EQUIPMENT 

 
Radiation Equipment Supervisors (RESs) are members of the University faculty or 
staff who are authorized to perform specific procedures involving radiation-
producing equipment from the University’s Radiation Safety Committee (RSC).  
Prior to commencing work with radiation-producing equipment, an individual must 
complete and submit an “Application for Use of Radiation Equipment” (Application) 
to the RSC for review.  The RSC will either grant approval or conditional approval 
or disapprove of the application based on the information provided, the applicant’s 
past experience with radiation equipment and the effect the proposed use will 
have on University property and the safety of the University community. This 
Section of the Handbook describes the Application process used at the University 
to evaluate prospective RESs and proposed radiation-producing equipment use. 
 
4.2.1 Completing and Submitting an Application 
 

Prospective RESs may obtain an Application from science department offices or 
from the Environmental Health and Safety Service Office.  The Application must 
be completed in full and typed to ensure legibility. The following information must 
be provided in or as an attachment to the Application: 
 

• An explanation of the need to use equipment  
  

• A description of the radiation-producing equipment to be used and a layout 
drawing of the use area including structures, benches and other work areas,   

  

• Procedures for proposed operations which involve the use of radiation-
producing  equipment  sufficiently detailed to evaluate the associated hazards 

  

• A copy of the applicant’s current Curriculum Vitae   
  

• A description of the applicant’s past training and experience in using radiation 
equipment including dates, locations, equipment and process descriptions 

  

• A list of all individuals who will be working with the equipment under the 
applicant’s supervision 

  

• A description of the equipment, including personal protective equipment, that 
will be available to identify, control and/or minimize the radiation hazard   

 
Detailed instructions for completion of an Application are provided with the 
Application.  Radiation Safety staff will provide further assistance and answer 
questions related to the Application upon request. 
 

Once the Application is complete, the applicant must submit it along with any 
attachments to the RSC via the Radiation Safety Officer (RSO).  The  RSO will 
complete a radiological safety evaluation consisting of a review of the Application, 
an interview with the applicant, and a visit to the applicant’s laboratory (as  
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4.2.1 Completing and Submitting an Application 
necessary).  Upon completion, the RSO will summarize the evaluation in writing.  
The evaluation summary will consist of an item-by-item analysis of the Application 
and the RSO’s recommendation(s).   
 
The Application, attachments and RSO evaluation are then forwarded to each 
member of the Radiation Safety Committee for comment and action. Questions 
from members of the RSC will be addressed appropriately by either the RSO or 
the applicant.  Approval, disapproval or conditional approval will be by majority 
opinion of the technical members of the Radiation Safety Committee. Records of 
applications, evaluations, and RSC actions will be kept by EHSS for review. 
 
Following approval by the RSC, the Radiation Equipment Supervisor becomes 
responsible for all radiation related activities that are performed or required to be 
performed in accordance with the conditions of approval. Responsibilities include, 
but are not limited to, relevant equipment purchase, safety surveys, and protocol 
development and implementation.  The RES is responsible for ensuring that 
individuals in their laboratory who work with ionizing radiation or who are exposed 
to ionizing as a result of activities conducted under their  supervision, are properly 
trained and aware of the related hazards. The RES must also ensure that only 
approved radiation equipment procedures are performed in the laboratory and that 
the RSO is notified of any changes in use areas, equipment, individuals or 
procedures.  A summary of the responsibilities of a Radiation Supervisor are 
provided in Section 1.3 of this Handbook. 
 
Any additions or modifications to approved procedures or radiation-producing 
equipment use that could potentially increase or modify the radiation hazard 
previously evaluated or introduce a new hazard, must be approved by the RSC 
prior to commencement.  Amendment requests including a revised “Application for 
Use of Radiation Equipment” should be submitted to the RSC via the RSO. 
 
4.2.2 Evaluation of an Application 
 

Applications for use of radiation-producing equipment are evaluated based on  the 
applicant’s past experience and training; the facility and equipment available to the 
applicant; the safety of the proposed procedures and equipment; the potential for 
exposure to personnel; the methods to be employed for personnel monitoring; and 
steps that will be taken to insure that the potential exposures are kept as low as 
reasonably achievable, etc.  In general, a RES must: 
 

•   Be a permanent or contract member of the University faculty or staff.   
• Be the senior researcher of the project and directly responsible for radiation 

use in the laboratory.  
• Be the senior occupant of a facility(s) suitable for the proposed work or be 

authorized to use a suitable facility by the facility’s senior occupant and RSO. 
• Be knowledgeable of the University’s Radiation Protection Program 

requirements and related regulations. 
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4.3 PROCEDURE TO BECOME A RADIATION EQUIPMENT OPERATOR 
 
Syracuse University requires that anyone who wishes to work with radiation-
producing equipment have a thorough understanding of regulations and hazards 
associated with the use of ionizing radiation. This is accomplished through a two 
stage radiation worker training program.  Stage One of this program must be 
completed prior to commencing work with ionizing radiation.  Stage Two must be 
completed in the laboratory under the direct supervision of the RES.  The following 
lists the steps for completing both stages of the required radiation equipment 
operator training program: 

 
Stage One 

 
1. Notify the Radiation Safety Officer (RSO) of your intention to become a 

radiation equipment operator by completing a “Radiation Worker 
Sign-Up" form. This form may be obtained at the Environmental Health 
and Safety Service Office at 029 Lyman Hall, ext. 4132. 

 
2. If you have previously worked with ionizing radiation, complete a 

“Radiation Exposure History Request” form. This signed form will allow 
the University to request and receive your exposure history from your 
previous employer. 

 
3.  Schedule a time with the Environmental Health and Safety Service 

Office, (X-9130), to view videotapes on the radiation hazards associated 
with x-ray equipment, and the biological effects of ionizing radiation. 

 
4. Sign up at the Environmental Health and Safety Service Office and 

attend the next radiation safety training session (offered as needed). 
This session covers rules, regulations, and general radiation safety 
procedures as well as monitoring devices. This session generally lasts 
approximately three hours and is mandatory for every new radiation-
producing equipment operator. 

 
5. Take an examination which evaluates your understanding of the 

elements of the University’s Radiation Protection Program, 
fundamentals of analytical x-rays, radiation terminology, related rules 
and regulations, risk assessment and biological effects. 

 
6.  Schedule a meeting with the RSO to review your examination results 

and go  over any questions you may have. 
 
7.  Upon the successful completion of these requirements you will be 

granted conditionally approved radiation equipment operator status and 
issued a dosimeter. Work with ionizing radiation-producing equipment 
may then be performed only under direct supervision of the RES. 
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Stage Two 
 
8.  Prior to operating any radiation-producing equipment, complete a 

radiation equipment laboratory orientation with your radiation equipment 
supervisor or an approved radiation equipment operator. Document this 
training on the “Laboratory Orientation” form and return the completed 
form to the RSO, room 029 Lyman Hall. 

 
9. Complete the “Analytical X-ray Procedural Training” with your RES. This 

training is specific to the equipment that will be used and should be 
completed in detail.  Upon completion of the training return the signed 
form to the RSO, room 029 Lyman Hall. 

 
10. Once you have satisfactorily completed the above process, you will be 

granted approved radiation equipment operator status. This approval is 
equipment specific. You may only operate the equipment that you 
have been trained and approved to operate. 

 
11. If you wish to use another piece of radiation-producing equipment, you 

must contact the RSO and complete “Equipment and Procedural 
Training” specific to the new piece of equipment and a “Laboratory 
Orientation” (as appropriate). 
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4.4 OPERATION OF EQUIPMENT 
 

4.4.1 Equipment Registration  
 
Syracuse University is required to register each piece of radiation-producing 
equipment in active use with the NYSDOH.  This includes all analytical x-ray 
equipment and electron microscopes.  The registration is renewed biennially and 
as changes occur.  It is the responsibility of the equipment’s RES to ensure that 
Radiation Safety staff is apprised of all purchases of new radiation-producing 
equipment and changes, modifications or relocation of existing equipment.   

 
 4.4.2  Analytical X-ray Equipment Procedure and Use Log Book 

 
An “Analytical X-ray Equipment Procedure and Use Log” must be readily available 
at each piece of analytical x-ray equipment.  This manual contains a summary of 
the requirements of the University’s Radiation-Producing Equipment Program and 
the equipment’s use log.  Each use of radiation-producing equipment must be 
entered into the equipment’s use log.  This log must contain the name of the 
operator, the date, the duration of use (time on and off), and the purpose of the 
operation.   Detailed standard operating procedures (SOPs)  for the equipment 
must be available and kept in the Procedure and Use Log Book.  These SOPs 
must minimally include procedures for all routine operations, sample changes, 
beam alignments, and emergency shut down.  If any procedures are contained in 
the equipment’s operation manual, the name and location of this manual must be 
referenced in the equipment’s Procedure and Use Log Book. 
 
4.4.3 Inspections   
 
All registered ionizing radiation-producing equipment is inspected biennially by the 
NYSDOH  for compliance with applicable portions of State regulations and issued 
guidelines. The Radiation Safety staff will perform inspections on registered 
equipment at six month intervals or as necessary to ensure the safety of operating 
personnel (electron microscopes are inspected annually). In addition, any 
equipment modifications or location changes require a safety survey by Radiation 
Safety staff prior to the use.  An x-ray tube change on an open beam system also 
requires a safety survey. 



Revised 8/04 
g:\rad\manual\radman 8 

4.4.4 Personnel  
 
The operation of analytical x-ray equipment is restricted to the designated 
Radiation Equipment Supervisors (RES) for the unit in question and to approved 
radiation equipment operators working under the direction of an RES.   RESs 
receive authorization to use and direct the use of radiation-producing equipment 
from the RSC (refer to Section 4.2 of the Handbook).  Individuals who wish to 
become Radiation Equipment Operators should refer to Section 4.3 of the 
Handbook for specific training requirements. 
 
4.4.5 Posting and Labeling  
 

 All laboratories containing radiation-producing equipment must be posted in 
accordance with Section 6 of this Handbook.  In addition, a "Caution - This 
Equipment Produces X-Rays When Energized” label (available from the RSO) 
must be attached near any switch which energizes an x-ray tube. 
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4.5   RULES FOR THE SAFE OPERATION OF IONIZING RADIATION-
 PRODUCING EQUIPMENT 

 
1. Only authorized personnel may operate the equipment. 
 
2.  Never operate radiation-producing equipment without specific RES 

authorization. All individuals operating equipment or working in a controlled 
area while the equipment is in use must wear their assigned personal 
radiation monitors. 

 
3.  Set up samples and perform an operational check of the equipment prior to 

energizing the x-ray tube. Never change samples with the x-ray tube 
energized unless specific authorization to do so is provided in writing from 
the RSO/RSC.  

 
4.  Operation of the equipment with the safety devices off, in bypass mode, or 

otherwise compromising the intent of safety interlocks is strictly forbidden 
unless specifically authorized by the RSC.  The exception to this is manual 
beam alignment procedures performed by the RES. 

 
5.  Prior to beam alignment, check the area for scattered x-ray and leakage 

with an appropriate instrument. 
 
6. The equipment should not be left unattended while energized. If it should 

become necessary to leave while the equipment is energized, the controlled 
area must be locked to prevent unauthorized entry. 

 
7.  Radiation equipment must be locked and secured from unauthorized use 

while not attended by authorized personnel. 
 
8.  A log of equipment use must be maintained containing: 

a.  Operator's name  
b.  Date  
c.  Times of use (time and duration)  
d.  Purpose of operation 

 
9.  Only approved operations may be performed. Major deviations from 

approved operations must be submitted to the Radiation Safety Committee 
for approval prior to commencing operation. 
 

10. Individuals must promptly report to the RSO any condition or unusual 
occurrence which may lead to or cause unnecessary exposure to ionizing 
radiation. 
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4.6  EQUIPMENT MODIFICATIONS OR PROBLEMS 

 
Radiation-producing equipment, in active use, will be surveyed by the RSO or his 
designee every six months (annually for electron microscopes).  A survey by 
Radiation Safety staff must also be completed following any design modification or 
x-ray tube changes. Major equipment modifications that may modify the exposure 
potential and safe guards previously evaluated must be reviewed and approved by 
the Radiation Safety Officer and/or Radiation Safety Committee prior to 
commencing  the modification(s).   
 
Any apparent damage or malfunctions in the equipment must be reported to the 
RES immediately. Repairs should be completed as soon as possible and 
provisions should be made immediately to eliminate hazards. Radiation leakage 
surveys must be performed after non-routine operations such as repair and 
alignment. These surveys can be performed by Radiation Safety staff.  All repairs 
involving the tube or tube housing or other apparatus which could affect personnel 
exposure must be reported to the RSO for the purpose of scheduling a radiation 
survey, prior to equipment operations.   
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4.7  ANALYTICAL RADIATION-PRODUCING  EQUIPMENT 
 LABORATORY REQUIREMENTS 

 
4.7.1 General Requirements for Analytical X-ray Laboratories 
 
The following are general requirements for analytical x-ray equipment laboratories 
(adapted from ANSI 43.2-1977): 
 
1.  Detailed standard operating procedures (SOPs) for the equipment must be 

available and kept in the Procedure and Use Log Book.  These SOPs must 
minimally include procedures for all routine operations, sample changes and 
beam alignments.  If any procedures are contained in the equipment’s 
operation manual, the name and location of this manual must be referenced in 
the equipment’s Procedure and Use Log Book. 

 
2. Emergency shut-off procedures must be written and readily available.  These 

shutoff procedures must either be visibly posted by the equipment or placed in 
the equipment’s Procedure and Use Log book. 

 
3. All operations involving the removal of covers, shielding materials or tube 

housings, or involving modifications to shutters, collimators or beam stops must 
be performed with the tube off. The main switch, rather than safety interlocks, 
must be used for routine shut down in preparation for repairs. Following 
reassembly, the x-ray system must be checked by the Radiation Equipment 
Supervisor to assure proper operation. 

 
4.  Radiation leakage surveys must be performed by Radiation Safety staff 

following non-routine operations (i.e. repairs, alignment, tube changes) 
 
5. A warning light or device of fail-safe design labeled “X-ray On" is required near 

any switch which energizes the x-ray tube. Fail-safe means a failure of the 
indicator will cause the equipment to fail in a mode such that personnel are 
safe from exposure to radiation. For example, if a light indicating “X-ray On” 
fails, the production of x-rays shall be prevented; if a shutter status indicator 
fails, the shutter shall close.   

 
6.  A "Caution - This Equipment Produces X-Rays When Energized” label 

(available from the RSO) shall be attached near any switch which energizes an 
x-ray tube. 

 
7. A visible fail-safe light or indicator is required near the radiation source housing 

to indicate when the x-ray tube is energized. 
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4.7.2  Specific Requirements For Enclosed Beam X-ray Systems  
 

An enclosed beam x-ray system is a system in which all possible x-ray paths are 
fully enclosed.  The following are requirements specific to enclosed beam x-ray 
systems (adapted from ANSI N43.2-1977): 
 
1.  Access ports to the sample chamber must be provided with interlocks of fail 

safe design that prevent x-ray generation or entry of the x-ray beam into the 
chamber when any port is open.  

 
2. The inherent shielding of the chamber walls shall be sufficient to ensure that 

the dose in any unrestricted area does not exceed 2 mrem in any one hour and 
that the total effective dose equivalent to any non-occupationally exposed 
individual does not exceed 100 mrem in a year. 

 
3. The radiation source, sample, detector, and analyzing crystal (if used) must be 

enclosed in a chamber or coupled chambers that cannot be entered by any 
part of the body during normal operation. 

 
4.7.3 Specific Requirements For Open Beam X-ray Systems 
 

An open beam x-ray system is a system in which one or more x-ray paths are not 
fully enclosed. The following are requirements specific to open beam x-ray 
systems (adapted from ANSI N43.2-1977): 
 
1.  Each port of the radiation source housing must have a beam shutter that can 

be opened only when accessory apparatus or a collimator is coupled to the 
port.  

 
2.  A guard or interlock must be provided which prevents exposure of any part of 

the body to the primary beam. 
 
3.  Radiation levels external to the x-ray tube housing with all shutters closed shall 

not exceed 2.5 mrem per hour as measured at 5 centimeters from the surface 
of the housing within which an x-ray tube is operating at full rated power and at 
maximum rated accelerating potential.  

 
 4. Shutters at unused ports should be secured to prevent casual opening.  All 

shutters must be provided with a “shutter open” indicator of fail-safe design. 
 
5.  Radiation exposure levels in the vicinity of controls and adjustments of the 

x-ray accessory apparatus used during normal operation shall not exceed 37.5 
mrem per hour to the hands or 2.5 mrem per hour to the whole body, gonads, 
blood forming organs, or lens of the eye. 

 
 6.  A system barrier must be provided which is sufficient to ensure that the 

dose from the source in any unrestricted area does not exceed 2 mrem in 
any one hour and that the total effective dose equivalent to any non-
occupationally exposed individual does not exceed 100 mrem in a year. 
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4.7.4 Specific Requirements For Electron Microscopes 
 
Electron microscopes generate unwanted x-rays through interactions of charged 
particles accelerated under high voltages. Users must be aware that radiation at 
the electron gun, camera, ports, high voltage power supply unit, and other 
accessible locations can exist.  The following are requirements specific to electron 
microscopes: 
 
1.  RES is responsible for developing, posting and maintaining current, operating 

procedures including alignment techniques for each electron microscope.  
These procedures should be posted at each microscope location. 

 
2. The manufacturer's operating instructions must be available and followed 

whenever the unit is disassembled or adjusted. 
 
3. All movable shielding must be in place prior to the operation of the unit.  

 
4. Radiation leakage surveys should be performed after non-routine operations 

such as repair and alignment. These surveys can be performed by Radiation 
Safety staff upon request. 

 
5.  A "Caution - This Equipment Produces X-Rays When Energized” label 

(available from the RSO) must be attached near any switch which energizes 
the microscope. 

 
 
 
4.7.5 Miscellaneous and Special Types of Radiation-Producing Equipment  
 
Other types of radiation-producing equipment not covered in this Handbook will be 
governed by special inspections or surveys by the RSO. Operating procedures 
including alignment techniques must be posted at each machine location. It is the 
responsibility of the supervisor to develop, post, and keep these procedures 
current. 
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4.8  RADIATION EXPOSURE/DOSE LIMITS FOR RADIATION-PRODUCING  
  EQUIPMENT 

 
The following limits have been established to ensure that radiation equipment 
operators and members of the general public do not exceed radiation exposure 
limits established by NYSDOH in 10 NYCRR Part 16 or the recommendations of 
ANSI N43.2-1977: 
 
1.  The equipment must be shielded to ensure that the dose in any unrestricted 

area does not exceed 2 mrem in any one hour and that the total effective dose 
equivalent  to any non-occupationally exposed individual does not exceed 100 
mrem in a year.   

 
2. Normal operation procedures shall be such that a qualified operator following 

instructions will not receive in any one hour a dose equivalent in excess of 37.5 
mrem to the hands and forearms or 2.5 mrem to the whole body, gonads, 
blood forming organs or lens of the eye. 

 
3  Manual alignment procedures should be such that a qualified operator aware 

of the radiation hazards will not receive in any one hour a dose equivalent in 
excess of 37.5 mrem to the hands and forearms or 2.5 mrem to the whole 
body, gonads, blood forming organs or lens of the eye while following these 
instructions. If either of these dose rates is likely to be exceeded, a definite 
warning shall be included in the alignment instructions. Alignment procedures 
must include provisions for the use of protective equipment (lead gloves, lead 
aprons and leaded eye protection). 

 
4 The dose due to unwanted radiation from components such as high voltage 

rectifiers must not cause the dose in any unrestricted area to exceed 2 mrem in 
any one hour and must not result in a total effective dose equivalent  to any 
non-occupationally exposed individual in excess of the 100 mrem in a year. 
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4.9  DIAGNOSTIC X-RAY EQUIPMENT 
 

The use and operation of diagnostic x-ray equipment is regulated in New York State 
by the New York State Department of Health under the provisions of Title 10 of the 
State Sanitary Code, Chapter 1, Part 16, "Ionizing Radiation", as authorized by 
Public Health Law 225.  The use of ionizing radiation, including diagnostic x-ray 
equipment, at Syracuse University (SU) is governed by the University's Radiation 
Safety Committee.  In addition, a sub-committee of the SU Radiation Safety 
Committee has been established  to oversee the Radiation Safety/Quality 
Assurance Program for the diagnostic x-ray equipment at the SU Student Health 
Center. NYSDOH defines a small x-ray facility as a facility performing less than 2500 
diagnostic radiographic examinations per year.  SU Health Center's diagnostic x-ray 
facility meets this definition. 
 
4.9.1 Medical X-ray Quality Assurance Manual 
 
The University has developed a “Medical X-ray Quality Assurance Manual" in 
accordance with the requirements of Part 16 of the NYS Sanitary Code and 
NYSDOH's "Guide for Radiation Safety/Quality Assurance Programs".  The manual 
is intended to serve as a reference for authorized users and persons responsible for 
quality assurance functions.  The manual contains quality assurance procedures, 
acceptable operating parameters and time frames in addition to radiation 
safety/quality assurance policies specific to SU.   The frequency for the performance 
of quality assurance  tests established in this manual are in accordance with the 
NYSDOH's requirements for small diagnostic x-ray facilities.  For some QC testing 
procedures, increased frequencies have been established by SU to ensure 
diagnostic image quality.  Copies of this manual are available from the 
Environmental Health and Safety Service Office and at the Student Health Center’s 
X-ray Department.  It is the responsibility of the SU Student Health Center's 
radiology personnel to ensure that the documents and procedures provided in this 
manual are current and complete. 
 
4.9.2 Quality Assurance Testing Responsibilities 
 
A Medical Quality Assurance Sub-Committee of the RSC has been appointed to 
oversee the Radiation Safety/Quality Assurance program at SU’s Student Health 
Service.  It is the responsibility of this sub-committee to provide direction to the 
program, assure that proper documentation and testing is maintained, review the 
program's effectiveness and determine any changes which should be made.  This 
sub-committee meets on a frequency adequate to meet their responsibilities, with a 
minimum of one meeting annually. 
 
It is the responsibility of the SU Health Center's radiological technicians to notify the 
proper individuals when QC testing results are found to be inconsistent with 
established operating parameters.  This notification shall occur within 48 hours of 
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4.9.2 Quality Assurance Testing Responsibilities (cont.) 
 
discovery of the inconsistency or problem.  The Syracuse University Health Center's 
Senior Physician shall be notified immediately of all problems that could potentially 
effect diagnostic image quality.  Syracuse University's Radiation Safety Officer shall 
be notified immediately of all problems relating to radiation safety and/or patient 
exposure.  These individuals shall also be informed of any corrective action that is 
taken and the results of the post-corrective action testing. 
 
4.9.3 Quality Assurance Testing Frequency 
 
The Syracuse University RSC in accordance with NYSDOH requirements has 
established the following QA Procedure frequencies for the University’s large (>2500 
films/year) x-ray facility: 
 

DAILY   
 

• Equipment function: dial malfunction, mechanical safety, electrical safety 
• Processor Stability:  speed, contrast, base/fog, solution temperature 
• Processor Control Chart 
 

EIGHT WEEKS  
 

• Preventive maintenance on processor. 
 
 QUARTERLY 

• X-ray field/image receptor alignment 
• Positive beam limitation sizing 
• Light field/x-ray field alignment 
 
SEMI-ANNUALLY  
 

• Interlocks and Exposure switch 
• Protective equipment 
• Cassette maintenance 
• SafeLight  and Darkroom fog check 
• kVp accuracy 
• MA linearity 
• Radiographic timer reproducibility and accuracy 
• Viewbox luminance 
 
 

ANNUALLY 
 

• Film/screen contact 
• Repeat/reject analysis 
• Sensitometer Calibration 
• Densitometer Calibration    
• Half Value Layer 
• SID (source image distance) 
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5.1  GENERAL 
 

The intent of the personnel radiation monitoring and protection program is to 
assure that sufficient precautions are taken to protect all individuals from 
unreasonable radiation exposure. Limiting the amount of time, increasing the 
distance between an individual and the radiation source and employing shielding 
are all recommended to minimize potential radiation exposures.  All procedures 
involving the use of ionizing radiation must be carried out in such a manner to 
maintain exposures as low as reasonably achievable.   
 
This Section of the Handbook provides details of the University’s radiation 
monitoring program, limits for occupational exposures and exposures to members 
of the public, details regarding occupational exposure records and histories, and 
information about radiation related respiratory protection. 
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5.2 OCCUPATIONAL DOSE 
 
An occupational dose of ionizing radiation is a dose received by an individual in 
the course of employment in which the individual’s assigned duties involve 
exposure to sources of radiation.  Individuals who receive or have the potential to 
receive an occupational dose are considered occupationally exposed and are 
subject to the occupational dose limits prescribed in 10 NYCRR Part 16.6 (Section 
5.5 of this Handbook).  Doses received from background radiation, medical 
examinations and practices, voluntary participation in medical research programs, 
or as member of the public are not considered occupational doses.  
 
5.2.1 Occupational Radiation Exposure Monitoring 
 
An individual at Syracuse University will be monitored for occupational exposure if: 
 

• there is a potential for the individual to receive, in one year, a dose from 
external radiation sources in excess of 10% of the occupational dose limits 
established by NYSDOH in 10 NYCRR Part 16.6(a); 

  

• there is a potential for the individual to receive, in one year, an intake in 
excess of 10% of the applicable Annual Limit on Intake (ALI) listed in 10 
NYCRR Part 16, Appendix 16-c, Table 1, Columns 1 and 2;  

  

• the individual is a declared pregnant woman who is likely receive a dose 
from external sources in excess of 10% of the limits for external exposure 
established in 10 NYCRR 16.6(h) or a committed effective dose equivalent, 
in one year, in excess of 0.05rem; or 

  

• deemed necessary by the RSO or RSC  
 
5.2.2 Prospective Evaluation 
 
The Prospective Evaluation of occupational exposures is the basis for determining 
an individual’s personal occupational exposure monitoring needs.  Potential 
occupational exposures may be evaluated according to: 1) the process 
contributing to the potential exposure; 2) categories of workers exposed to similar 
radiological conditions (i.e. job classifications); and/or 3)specific conditions. This 
evaluation will consist of any or all of the following: 
 

• review of historical  exposures (for an individual and/or laboratory groups) 
  

• air sampling analysis results 
  

• environmental/area monitoring results 
  

• process review  
 

A prospective evaluation of occupational exposures will be performed by Radiation 
Safety staff and review by the RSO, prior to January 1st for each calendar year.  If 
an individual’s radiation exposure conditions change during the course of the year, 
his/her need for monitoring will be re-evaluated.  Records of prospective reviews 
will be maintained by EHSS.   
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5.3 EXTERNAL RADIATION MONITORING 
 
External radiation doses result from exposure to sources of ionizing radiation, 
outside the body.  Gamma rays, x-rays, high energy beta particles and neutrons 
are considered “penetrating radiation” and present an external exposure hazard. 
Conversely, low energy beta particles and alpha particles are relatively “non-
penetrating” and present less of an external radiation exposure hazard. 
 

External radiation exposure can be limited by the use of “Time, Distance and 
Shielding” concepts.  The following steps are recommended to  limit the amount of 
external exposure received: 
 

• Limit the time spent in the vicinity of the radiation source.  
 Exposure = Exposure Rate X Time 
  

• Maximize the distance between the individual and the radiation source.  
The intensity of radiation is inversely proportional  to the square of the 
distance (i.e. increase the distance by 2, decrease the intensity by 4). 

  

• Use shielding to reduce the amount of radiation reaching the individual.   
The type of shielding used depends on the type of radiation (i.e. lead for 
gamma, plexiglass for beta). 

 
5.3.1 Methods of Monitoring External  Radiation Exposure 
 

The film badge is the most common type of external radiation monitor used at the 
University.  Film badges are generally used to monitor whole body deep and 
shallow exposures and  are  sensitive to penetrating radiation (gamma rays, x-rays 
and medium to high energy beta particles). Thermoluminescent dosimeters (TLDs) 
are used at Syracuse University to monitor extremity exposures.  TLDs are also  
sensitive to penetrating radiation.  The detectable energy range of the film badges 
and TLDs currently used at the University is approximately 15 KeV to 3 MeV for x-
rays and gamma rays and 250 KeV to 1.5 Mev for beta particles. 
 
Other methods of monitoring (i.e. neutron dosimetry) may also be used at the 
University as necessary. 
 
5.3.2 External Radiation Monitoring of Personnel 
 
Syracuse University will monitor individuals for external occupational exposure if 
they are likely to receive a dose in excess of 10% of  the occupational exposure 
limits established in 10 NYCRR Part 16.6(a) or 10% of the exposure limits 
established for declared pregnant woman in 10 NYCRR Part 16.6(h).  The 
prospective review performed by the RSO will be used to determine  individuals 
who require external radiation monitoring.  In addition, some individuals who, 
based on the prospective review, do not require occupational monitoring according 
to regulations may also be issued a radiation exposure monitor at the discretion of 
the RSO. 
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5.3.2 External Radiation Monitoring of Personnel (continued..) 
 
Personal radiation monitors will be assigned to individuals upon completion of 
Stage One of the radiation worker training program. The  dosimeters used at the 
University are provided and processed by an accredited, NVLAP approved, 
dosimetry service. They are exchanged on a regular basis (i.e. monthly, quarterly) 
and sent to the dosimetry service for processing.   
 

Assigned whole body monitors must be worn whenever controlled areas are 
frequented, at the location of the body most likely to receive the highest exposure 
(i.e. chest, waist).  Assigned TLD rings must be worn on the extremity that is likely 
to receive the highest exposure whenever radioactive materials are handled. 

 

Radiation Supervisors are responsible for keeping the RSO informed of individuals 
under their supervision requiring radiation exposure monitoring. They are also 
responsible for notifying the RSO of lost or damaged dosimeters and dosimeters 
that need to be canceled. This notification should be provided on a “Lost, 
Damaged or Canceled Dosimetry" form available from EHSS. 
 
5.3.3 External Radiation Exposure Monitoring Rules 
 
The following rules must be followed by all individuals monitored for radiation 
exposure. Failure to observe any of the radiation exposure monitoring rules may 
result in remedial and/or disciplinary action as deemed appropriate by the RSO. 

 
1.  Radiation monitors must be worn by individuals assigned them at all 

times when frequenting or in close proximity to ionizing radiation. 
 

2.  Dosimeters must be stored in an accessible, centralized location. This 
location must be free of possible irradiation, heat, humidity and direct 
sunlight. 

 

3.  Individuals assigned dosimeters are responsible for the proper wearing, 
storage and timely exchange of their own monitors. 

 

4.  The deliberate or unnecessary irradiation of a personal dosimeter (i.e. to  
test its accuracy) is strictly prohibited. 

 

5.  Lost or damaged dosimeters must be reported to the RSO. 
 

6. Occupational exposure monitors must never be worn during non- 
occupational exposures (i.e. medical x-rays). 
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5.4 INTERNAL RADIATION MONITORING 
 

Internal radiation exposure results from the ingestion, absorbtion, inhalation or 
injection of radioactive materials into the body.  Small quantities of radioactive 
materials which present an insignificant external hazard can result in an 
appreciable exposure when taken into the body.  Once inside the body, the 
radioactive material continues to irradiate the body until it has either decayed or  
been excreted.  The rate of decay of the radioactive material varies with the 
isotope’s physical halflife and can be anywhere from a few seconds to several 
thousand years.  Physical halflife is different from biological halflife which is rate of 
elimination from the body.  The elimination rate of the material depends on a 
number of different factors (i.e. chemical constituents) and can occur over a period 
of a few days or up to many years.   
 
5.4.1 Methods of Monitoring Internal Exposure 
 

The assessment of internal exposure may be accomplished through one or a 
combination of the following methods. The type of assessment used is dependent 
on the radiological, chemical and biological characteristics of the material to which 
an individual was exposed.  
 

• Determination of the concentration of radioactive material in the air of the  
work area(s) 

  

• Determination of the quantities of radioactive material in the body 
•  

• Determination of the quantities of radionuclides excreted from the body 
 
Bioassays are the most common methods used at the University for evaluating 
internal exposure.  A bioassay is defined as the determination of the kind, quantity 
or concentration and location of radioactive material in the human body by direct 
measurement (in-vivo) or by analysis (in-vitro) of materials excreted or removed 
from the body. The types of bioassays used to monitor radiation exposure include 
urinalysis, thyroid uptake and nasal swabs. 
 
5.4.2 Internal Radiation Exposure Monitoring of Personnel 
 
The Annual Limit on Intake (ALI)  is used as the basis for estimating the dose from 
radiation internally deposited in the body. A table of ALIs is provided in 10 NYCRR 
Part 16 Appendix 16-C, Table 1, Columns 1 and 2.   Syracuse University will make 
appropriate measurements to assess internal contamination if an occupationally 
exposed adult is likely to receive an intake, in one year, in excess of 10% of the 
applicable ALI, or a minor or declared pregnant woman is likely to receive a CEDE 
of 50 mrem in a year. The prospective review performed by the RSO will be used 
to identify individuals who require a routine internal exposure assessment.  In 
addition, certain situations/procedures may require an internal exposure 
assessment as deemed necessary by the RSO. 
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5.4.2 Internal Radiation Exposure Monitoring of Personnel (continued..) 
 

If an internal assessment is required, the appropriate method of  assessment will 
be determined by the RSO.  The assessment may involve the collection of  urine 
sample(s), air sampling in the laboratory, an external survey of the body or a 
specific organ (i.e. thyroid), etc. Once the amount of radioactive material in the 
body has been estimated through the bioassay or other type of measurement, the 
estimated internal dose will be calculated and recorded.  Radiation Safety staff 
must be contacted prior to the performance of any procedure anticipated to 
require a follow-up internal assessment. 
 
5.4.3  Procedure Involving the Use of Volatile Radioactive Materials  
 

Procedures using radioactive materials which are volatile or which represent the 
possibility of producing airborne radioactive contaminants must be performed in 
adequately functioning fume hoods or controlled release glove boxes. The 
breathing zones of individual users and exhaust air will be monitored during these 
procedures. This monitoring will be required at the discretion of the RSO to 
evaluate personal exposure and to ensure that air effluent releases are below 
NYSDEC limits. Volatile radioactive material procedures require 48 hour advance 
notification to the RSO. These experiments must be performed during normal 
working hours to assure the proper use of sampling pumps and data collection. In 
the event of accidental exposure to volatile radioactive materials or radioactive 
particulates notify the RSO immediately. 
 
5.4.4 I125 and I131 Bioassays 

 

Individuals using I125 or I131 are required to notify Radiation Safety staff and obtain 
a bioassay if any of the following conditions are met: 
 

• An individual uses, at any time on an open bench, a quantity of I125 or 
I131 which equals or exceeds 100 uCi; 

  

• An individual uses, at any time in an adequately functioning fume hood, 
a quantity of I125 or I131 which equals or exceeds 1 mCi;  

  

• An individual handles in open form, unsealed quantities of radioactive 
iodine that exceed 10% of those shown in Table 5-1 of this Section. The 
quantities shown in Table 5-1 apply to both the quantities handled 
at any one time or integrated as the total amount of activity 
introduced into a process by an employee over any 3 month period; 

  

• Actual surveys or calculations indicate that an individual had the 
potential to receive an intake in excess of 10% of the applicable ALI 
from Table 1 in 10 NYCRR Part 16,  Appendix C; 

  

• The RSO has reason to suspect an individual was internally exposed; or   
  

• As required by State or Federal regulations or guidelines. 
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5.4.4 I125 and I131 Bioassays (Continued..) 
 

An I125 bioassay may include both an in-vivo and an in-vitro measurement.  The in-
vivo measurement will be used to evaluate the radioiodine concentration in the 
thyroid through a thyroid uptake count. This procedure involves measuring 
background and the thyroid area with a low energy gamma detector. These 
measurements must be scheduled with and performed by Radiation Safety staff 
and must be performed within 48-72 hours of the exposure. Bioassay results will 
be tabulated and included in the individuals occupational exposure records. 
 

The in-vitro measurement to evaluate I125/I131 internal exposure is in the form of 
urinalysis.  This procedure involves the collection of urine samples within 72 hours 
of the radioiodine exposure. The preferred sample is a 50 mL collection of a first 
morning urine on the third day following the exposure.  A 24 hour total urine 
collection may also be necessary.  Sample collection containers are available from 
EHSS. The sample container must be labeled with the individual’s name, the time 
and date of collection and the isotope to which the individual was exposed and 
must be delivered to EHSS the morning of collection. 
 
5.4.5 H3 (Tritium) Bioassays 
 

Individuals using Tritium are required to notify Radiation Safety staff and obtain a 
bioassay if any of the following conditions are met: 
 

• An individual uses, at any time on an open benchtop, a quantity of H3  
that  equals or exceeds 10 mCi; 

  

• An individual uses, at any time in a adequately functioning fume hood, a 
quantity of H3 that equals or exceeds 100 mCi; 

  

• An individual uses quantities of H3 in a process or in processes over a 
one month period, that exceed 10% of the quantities shown in Table 5-
2 of this Section; 

  

• Actual surveys or calculations indicate that an individual had the 
potential to receive an intake in excess of 10% of the applicable ALI 
established in Table 1 of 10 NYCRR Part 16, App. C; 

  

• The RSO has reason to suspect an individual was internally exposed; or 
  

• As required by State or Federal regulations or guidelines. 
  

A Tritium bioassay generally consists of a urinalysis. This procedure involves the 
collection of a urine samples between 4 to 72 hours of exposure and every 24 
hours following, until contamination is cleared from the body (H3 has a biological 
halflife of approximately 10 days). The preferred sample is a 50 mL collection of a 
first morning urine on the next day following the exposure. A 24 hour total urine 
collection may also be necessary.  Sample collection containers, available from 
EHSS, must be labeled with the individual’s name, the time and date of collection 
and the isotope to which the individual was exposed and must be delivered to 
EHSS the morning of the collection.  
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TABLE 5-1 
 

Activity Levels Above Which An I125/I131  
Bioassay Is Necessary* 

 
 
 

               Activity Handled In Unsealed    
          Form Making A Bioassay Necessary* 
 

Type Of Operation             Volatile/Dispersible* Bound/NonVolatile* 
 
Processes in open room or bench, with    1 mCi     10 mCi 
possible escape of iodine from process  
vessels 
 
Processes with possible escape of iodine    10 mCi    100 mCi 
carried out within a fume hood of adequate  
design, face velocity and performance  
reliability 
 
Processes carried out within gloveboxes,   100 mCi  1000 mCi 
ordinarily closed, but with possible release  
of iodine from process and occasional  
exposure to contaminated box and box  
leakage 
 
 
*Quantities may be considered the cumulative amount in process handled by a worker during a 3 
month period; (i.e. the total quantity introduced into a chemical or physical process over a 3 month 
period, or on one or more occasions in that period, by opening stock reagent containers from 
which radioactive iodine may escape).  Quantities in the right-hand column may be used when it 
can be shown that activity in process is always chemically bound and processed in such a manner 
that I125 or I131 will remain in non-volatile form and diluted to concentrations less than 0.1 mCi/mg 
of non-volatile agent.  Capsules (such as gelatin capsules given to patients for diagnostic tests) 
may be considered to contain the radioiodine in a non-free form, and bioassay would not be 
necessary unless a capsule were inadvertently opened (i.e. dropped or crushed).  However, 
certain compounds where radioiodine is normally bound are known to release radioiodine when 
the material is in process, and the left-hand column may then be applicable.  In those laboratories 
working only with I125 in radioimmunoassay (RIA) kits, the quantities of I125 are very small and in 
less volatile forms; thus bioassay requirements may be judged from the right-hand column.  In 
field operations, where reagent containers are opened outdoors for simple operations such as 
pouring liquid solutions, the above table does not apply;  bioassay should be performed whenever 
an individual employee handles in open form (i.e. an open bottle or container) more than 50 mCi 
at any one time. 
 
Operations involving the routine use of I125 or I131 in an open room or bench should be 
discouraged.  Whenever practicable, sealed bottles or containers holding more than 0.1 mCi of 
I125 or I131 should be opened at least initially within fume hoods having adequate face velocities of 
0.5 m/sec or more.                
 
*Adopted from the NRC’s Regulatory Guide 8.20, September 1979  
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TABLE 5-2 
 

Activity Levels Or Concentrations Above Which A   
Tritium Bioassay Is Necessary* 

 
 
     HTC(b) & Other             HTO Mixed w/ 
     Tritiated Cmpds   Tritium (HT or   More than 10kg
         Including          T2(c) Gas in         of Inert H2O 
         Nucleotide        Sealed Process  (eg: In Reactor 
Type Of Operation(a)        Precursors            Vessels(d)   Coolant(e) 

 
Processes in open room or bench,        0.1 Ci      100 Ci    0.001 Ci/Kg 
with possible escape of tritium  
from process vessels 
 
Processes with possible escape of        1.0 Ci     1000 Ci    0.1 Ci/Kg 
tritium carried out within a fume hood  
of adequate design, face velocity and  
performance reliability 
 
Processes carried out within glove-      10.0 Ci  10,000 Ci    1 Ci/Kg 
boxes, ordinarily closed, but with  
possible release of tritium from  
process  and occasional exposure  
to contaminated box and box leakage 
 
 
(a)  Quantities (<10Kg) of substances containing tritium that are present during operations may be 

considered to be either the amount processed by an individual at any one time (when accidental 
intake is more likely) or the amount of activity that entered into the process (throughout) during any 
one month (when routine handling of repeated batches is the more likely source of exposure). 

  
(b)  HTO is the symbol for a water molecule in which a tritium atom (T) is present in place of a normal 

hydrogen atom (H). 
 
(c)  A molecule of hydrogen gas contains two hydrogen atoms.  Either one of these atoms may be 

replaces with a T to form HT, or two T atoms may combine to form T2 gas. 
 
(d)  This assumes that adequate air monitoring has established that there is no tritium leakage or that no 

significant amount of tritium gas can be converted to HTO before intake. 
 
(e)  This column is applicable in place of the previous two columns in cases where tritium can be identified 

at measurable concentrations in large amounts of water or other substances, such as at nuclear 
power plants. 

 
 *Adopted from the NRC’s Regulatory Guide 8.32, July 1988



Revised 3/96 
g:\rad\manuals\radman 
 

-10- 

5.5 RADIATION  EXPOSURE LIMITS 
 
NYSDOH regulations set limits for radiation exposure received by occupationally 
exposed workers and minors, occupationally exposed pregnant women and 
members of the public. These limits take into account both the dose received from 
external exposure and the dose from internally deposited radioactive material. The 
terms “dose equivalent” and total effective dose equivalent (TEDE) are used in the 
established limits.  Dose equivalent (H) takes into consideration physical and 
biological conditions and is the product of the dose received, the quality factor and 
all other modifying factors  related to stochastic biological effects.  TEDE is defined 
as the sum of the deep dose equivalent (for external exposures) and the 
committed effective dose equivalent (internal exposures). 
 
5.5.1 Occupational Dose Limits  
 
Individuals who during their normal course of employment have a likelihood of 
receiving radiation exposure are considered to be occupationally exposed 
radiation workers.  NYSDOH, in 10 NYCRR Part 16, establishes limits for 
occupational exposure.  In every case, the dose should be kept as low as 
reasonably achievable and below the established occupational dose limits (with 
the exception of a planned special exposure as described in 10 NYCRR Part 16).  
 
The annual limits for an adult radiation worker as established by NYSDOH in 10 
NYCRR 16.6(a)  are as follows: 
 

• Annual  limit, which is more limiting of : 
  

1. Total Effective Dose Equivalent of 5 rem                           
  TEDE = DDE(external exposure) + CEDE(internal exposure)=  Hd + He,50; or 
  

2. The sum of the Deep Dose Equivalent and Committed Dose    
Equivalent  to any organ/tissue,other than the lens of the eye, of 50 rem  
DDE(external) + CDE(internal) = Hd + HT,50 

  

• Annual eye dose at a tissue depth of 0.3 cm of 15 rem 
  

• Annual shallow dose at a tissue depth of 0.07 cm to any extremity or the  
skin of the whole body of 50 rem 

 
No person shall transfer, receive, possess or use any radiation source which could 
cause any occupationally exposed adult at Syracuse University to  receive a dose 
in excess of any of the above stated occupational dose limits. 
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5.5.2 Occupational Dose Limits for Minors 
 

Occupational dose limits for occupationally exposed individuals under 18 years of 
age are 10% of the adult occupational dose limits stated above. 
 
5.5.3 Declared Pregnant Woman - Dose Limits for Embryo/Fetus 
 
A declared pregnant woman is a woman who has voluntarily informed the RSO, in 
writing, of her pregnancy and estimated date of conception. A woman is not 
required to provide medical proof when pregnancy is declared and may withdraw 
the declaration at any time. Pregnant workers are encouraged to inform the RSO 
as soon as possible of their pregnancy to ensure that steps are taken to monitor 
and minimize radiation exposure as necessary.   
 
NYSDOH has established limits for radiation exposure to the embryo/fetus due to 
the occupational exposure of a declared pregnant woman.  NYSDOH requires 
that: 

  

• The dose to the embryo/fetus during the entire pregnancy not  exceed 500 
mrem. 

  

• Working conditions be adjusted to avoid a monthly exposure rate of more 
than 50 mrem to the declared pregnant woman. 

 
The dose to the embryo/fetus is calculated by summing the Deep Dose Equivalent 
to the declared pregnant woman during the entire pregnancy  and the dose to the 
embryo/fetus from radionuclides in the embryo/fetus and radionuclides in the 
declared pregnant woman during the entire pregnancy.  If at the time of 
declaration of the pregnancy, the pregnant woman has already received a 
embryo/fetal exposure in excess of 450 mrem, the woman may still receive an 
additional 50 mrem total for the remainder of the pregnancy.   
 
5.5.4 Dose Limits for Individual Members of the Public 
 
The use, storage and disposal of radioactive materials and the operation of 
radiation-producing equipment should be such as to ensure that: 

 

• the dose in any unrestricted area from external radiation sources dose 
not exceed 0.002 rem in any one hour . 

  

• The total effective dose equivalent to individual members of the public 
dose not exceed 0.1 rem in a year.  
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5.5.5 SUMMARY OF RADIATION DOSE LIMITS 

 
 

 Occupational Dose Limits           Annual Limit 
 

• Whole Body (TEDE)         5 rem 
• Skin (Shallow Dose Equivalent)   50 rem 
• Extremity (Shallow Dose Equivalent)   50 rem 
• Eye (Eye Dose Equivalent)    15 rem 
• Organ /Tissue       50 rem 

(Deep + Committed Dose Equivalent)   
 
Occupational Dose Limits For Minors (<18yrs of age) 
 

• 10% of the Occupational Dose Limits For Adults 
 
Occupational Dose Limits For Declared Pregnant Woman 
 

• The dose to the embryo/fetus during    0.5 rem* 
 the entire pregnancy 
   
• Working conditions be adjusted to avoid  

a monthly exposure rate of more than  
50 mrem to the declared pregnant woman 

 
Dose Limits For Members Of The Public 
 

• The total effective dose     0.1 rem 
  
• the dose in any unrestricted area from   0.002 rem*   
 external radiation sources             in any one hour

  
  

 
 
* indicates that the dose limit is not an annual limit 
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5.6  OCCUPATIONAL EXPOSURE RECORDS 

 
5.6.1  Occupational Exposure Records 
 
Syracuse University maintains occupational exposure records for each individual 
for whom radiation monitoring is required.   The records will be consistent in either 
SI or standard units and will  include, as applicable: 
 

• deep dose equivalent to the whole body 
  
• eye dose equivalent 
  
• shallow dose equivalent to the skin of the whole body 
  
• shallow dose equivalent to the extremity 
  
• estimated intake or body burden of radionuclides, CEDE assigned to the 

intake or body burden of radionuclides, and the specific information 
used to calculate the CEDE pursuant to 10 NYCRR Part 16.6(d) 

  
• TEDE when required by 10 NYCRR Part 16.6(b) 
  
• total deep dose equivalent and the committed dose to the organ 

receiving the highest total dose 
 
A summary of an individual’s cumulative exposure for the past year will be sent out 
annually to each individual for their review. Since exposure monitors are not 
routinely provided solely for the measuring the exposure to the eye, eye dose 
equivalents will generally be derived from whole body film badge monitor. 
 

Duplicate copies of occupational external exposure records will be provided to the 
laboratories upon receipt from the processing institution.  In addition, records and 
results of monitoring performed to evaluate internal exposure will also be 
maintained at EHSS. Records of an individual’s occupational exposure can be 
obtained from EHSS upon request from the individual. Records of occupational 
exposure will be maintained indefinitely at EHSS. 
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5.6.2 Radiation Safety Officer Exposure Review and Investigation 
 
The Radiation Safety Officer will review all exposure reports. Any wholebody 
exposure greater than 50 mrem per exposure period will be investigated by the 
RSO or his delegate. Any extremity exposure greater than 500 mrem per exposure 
period will also be investigated by the RSO or his delegate. Any unexpectedly high 
or low exposures may also be investigated at the discretion of the RSO. 

 
5.6.3 Multiple Employment 
  
Doses received from all sources of occupational exposure, including those 
received at other places of employment, must be taken into account when 
considering whether an individual will exceed the allowable limits.  NYSDOH 
requires that efforts be made to obtain information on doses received by 
employees who are also employed at other facilities.  To comply with this, 
occupationally exposed employees are required to inform the RSO if they are 
being monitored for occupational exposure at another  institution.  The RSO or his 
delegate will then make an effort to obtain their occupational exposure records 
from the institution. 
 
5.6.4 Cumulative Exposure History/Prior Occupational Dose 
 
Each individual who is monitored for radiation exposure at the University is 
requested to provided the RSO a list of all the facilities where they are or have 
been monitored for occupational radiation exposure.  This information may be 
provided on the Radiation Worker Sign-Up form and must include a contact 
person and address.  Radiation Safety staff will send a written request to the 
institution(s) listed to obtain the individual’s cumulative occupational radiation 
exposure records.  If an individual was monitored during the current year at 
another institution, but records are not obtainable, it shall be assumed that the 
individual  received 1.25 rem for each quarter for which records are not available 
and the individual was engaged in activities that could have resulted in an 
occupational exposure. 
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5.7  RESPIRATORY PROTECTION FOR AIRBORNE RADIOACTIVE  
  HAZARDS 

 

Process and other engineering controls, such as ventilation and containment, must 
be implemented whenever feasible to maintain airborne radioactive material 
concentrations below those that define an airborne radioactivity area (see Section 
6.3.5 of this Handbook).  When it is not feasible to apply these controls, exposure 
to airborne radioactive materials must be limited by:  

• controlling access to the area 
  

• limiting the duration of exposure, and/or  
  

• the use of respirators 
 

If respirators are required, EHSS staff will evaluate the process and/or area to 
determine the type of respirator needed and estimate the potential exposure. The 
two basic types of respirators used are air purifying and air supplying.  Air purifying 
respirators mechanically filter, absorb or adsorb air contaminants onto a 
medium/media.  Air supplying respirators supply air to the wearer and are 
generally used in oxygen deficient and immediate danger to life and health 
atmospheres, in emergency situations and when the contaminant or concentration 
of the contaminant is unknown.  Respirators will be provided to University 
employees only at no cost to the employees. Non-employees, including students, 
will not be assigned respirators.  Additionally, special capabilities (i.e. visual, 
audio) will be provided to respirator wearers when needed.   
 

All use of respirators at the University must comply with the University’s 
Respiratory Protection Program and associated OSHA and NYSDOH regulations. 
 
5.7.1  Radiation Hazard Evaluation 
 

Areas/processes with a potential for airborne radioactive contamination will be 
evaluated by EHSS staff to identify the potential hazard and assess the need for 
respiratory protection. The evaluation (job analysis) will be conducted as outlined 
in the University’s Respiratory Protection Program.  The evaluation will consist of a 
process review and/or air sampling sufficient to: 

• identify the hazard   
  

• select the appropriate equipment selection (as necessary) 
•  

• estimate the associated exposure potential 
 

Any significant changes in evaluated processes/areas require notification to EHO 
and a re-evaluation as necessary. 

 
5.7.2  Respirator Selection  
 

Respirators used for protection from airborne radioactive contaminants must be 
tested and certified or have certification extended by the National Institute of 
Safety and Health(NIOSH) and the Mine Safety and Health Administration(MSHA). 
This respiratory protective equipment must also be used according to the 
equipment manufacturer’s expressed limitation for type and mode of use. 
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5.7.2 Respirator Selection (continued..) 
  

The selection of an appropriate respirator will be based on the results of the 
area/process evaluation and will take into account: 
 

• the physical and chemical properties of the air contaminants; 
  

• the physiological effects on the body; 
  

• the concentration of the contaminants; 
  

• the estimated exposure likely to be encountered; 
  

• the warning properties of the hazard (odor, irritant levels, etc.); 
  

• the respirator’s protection factor, limitations and fit; and 
  

• the oxygen level and immediate danger to life and health 
designation. 

 

The selected respirator must be adequate to: 
 

• provide a protection factor greater than the multiple by which the 
peak concentration in the area is expected to exceed the derived 
air concentration (DAC) limit; and  

  

• result in a total effective dose equivalent ALARA 
 
5.7.3 Emergency Use Respirators 
 

In an emergency situation, where the presence and/or type or quantity of potential 
airborne contaminant(s) is unknown, self-contained breathing apparatus or other 
supply air apparatus must be used.  This equipment, specifically certified for 
emergency use by NIOSH and MSHA, must only be used by trained personnel 
and must meet the requirements for emergency use respiratory protection 
equipment established in the University’s Respiratory Protection Program. All 
emergency use respirators must be inspected monthly.  This inspection must be 
properly documented and the documentation maintained for a minimum period of 
three years. 
 
5.7.4 The Use and Care of Respirators 
 

An individual who is required to use a respirator for protection from airborne  
radioactive contaminants must: 

  

• be an authorized radioactive material worker; 
  

• be evaluated by a physician initially and every 12 months 
thereafter, to determine if he/she is physically able to wear the 
respirator; 

  

• complete the Respiratory Protection Program Training provided 
by EHO; and 

  
  

• be properly fitted for the respirator (initially and every 12 months 
thereafter).
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5.7.4 The Use and Care of Respirators (continued..) 
  
The use and care of respirators must comply with the requirements outlined in the 
University’s Respiratory Protection Program.  All respirators must be inspected 
before and after each use, and at least monthly if it is used for emergency 
purposes only.  This inspection, at a minimum, must include a check of the 
tightness of connections and the condition of the facepeice, headband, valves 
connecting tubes and canisters.  Rubber and elastic parts must be inspected for 
pliability and signs of deterioration. Replacement or repairs of damaged parts may 
only be made by experienced personnel. 
 
5.7.5 Airborne Radiation Exposure Evaluation 
 

If an individual is required to use a respirator, the exposure likely to have been 
received by the individual during use will be estimated based on the results of air 
sampling and the protection factor of the equipment assigned.   Air sampling will 
be conducted at the discretion of the RSO.  Bioassays will be periodically 
performed on all individuals required to use a respirator to evaluate the actual 
intake of radioactive materials. The bioassay performed will be specific to the 
isotope and the physical and chemical components of the process(s) (see Section 
5.4 of this Handbook for details on internal contamination assessments). 
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6.1  GENERAL 
 

Caution signs, labels and notices are important tools in identifying areas in which 
potential ionizing radiation hazards exist. They aid in ensuring that personnel and 
visitors are informed of the potential hazards in an area. NYSDOH requires that 
proper postings and signs be provided in certain radiation use areas. In addition, 
NYSDOH requires that all radioactive material containers and radiation-producing 
equipment be labeled in accordance with 10 NYCRR Part 16.12 
 
The following are common symbols universally indicative of a radiation hazard.  
Areas or containers displaying these symbols should be attended or handled only by 
authorized personnel.   
 
 
 
Magenta Colored Symbol on            Alternating Yellow and Magenta  
      Yellow Background                      Diagonal striping 
      

     

                                       

 

 
 

  
The Syracuse University Radiation Protection Program requirements for labeling and 
posting ionizing radiation use areas and equipment are provided in this Section of 
the Handbook. 
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6.2  POSTINGS 
 
6.2.1 Postings Of Required Regulatory Documents 
 
NYSDOH requires the University to post current copies of  the documents listed 
below.  These documents are posted and/or available for review at the 
Environmental Health and Safety Service Office during normal working hours. 
 

• NYSDOH Sanitary Code Chapter 1, Part 16  (10 NYCRR Part 16) 
  

• The University’s Radioactive Material License and incorporated 
documents and associated amendments 

  

• Certificate(s) of Registration for Radiation-Producing Equipment 
  

• Any and all related notices of violations and responses - posted within two 
working days of receipt and until the violation is rectified 

  

• Radiation related correspondence received or submitted to NYSDOH -  
posted within two working days of receipt or submittal for a minimum of 
five working days 
 

6.2.2  Required Postings In Radiation Use Areas (Controlled Areas) 
 
All postings required in a controlled radiation use area must be placed conspicuously 
where employees who work in or frequent the controlled area may readily observe 
the sign. They must also be replaced if defaced and/or altered in any  way. The 
following postings are required in each controlled radiation use area.  These 
postings are provided and/or available from Radiation Safety staff. 
 

• A current copy of NYSDOH’s “Notice to Employees” must be posted in 
each controlled radiation area.  (“Notice to Employees” postings are 
available from Environmental Health and Safety Service Office)   

 

• Syracuse University’s General Radiation Safety Procedures and Work 
Rules 

  

• Syracuse University’s Radiation Emergency Procedures and Emergency 
Contact List 

  
Laboratory specific standard operating procedures for all radioactive operations 
performed in the laboratory, including specific radiation safety steps to be taken 
during the operation, must also be available in the laboratory. 
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6.3  WARNING SIGNS 
 
Radiation warning signs identify radiation hazards through symbols and/or hazard 
warnings.  Warning signs must be posted in each controlled radiation area to 
indicate the presence and the degree of the hazard present in the area.  Signs 
indicating “authorized personnel only” refer to approved radiation workers who 
directly report to the Radiation Supervisor assigned to the area by the RSC. 
 
Three levels of radiation area have been established:  low risk, moderate risk, and 
high risk.  Controlled areas must be posted with the appropriate warning signs 
required for each level of risk. 
 
Note: Caution/Danger indicates either Caution or Danger, not both, must be on the 
sign. 
 
6.3.1 Low Risk Radiation Areas  
 

Low risk areas are radiation use/storage areas in which there is no potential for the 
external radiation exposure in the area to exceed 2 mrem in any one hour or result in 
a total effective dose equivalent in excess of 100 mrem in a year. These areas must 
have a sign(s) bearing the radiation symbol and any one or a combination of the 
following warnings: 

 

• Caution/Danger Radioactive Materials - Laboratory Personnel Only 

• Caution/Danger Radioactive Materials 

• Caution/Danger Radiation Equipment Area 

• Caution/Danger Radiation Equipment Area - Laboratory Personnel Only 
 

6.3.2 Moderate Risk Radiation Areas  
 

Moderate risk areas are areas where there is a potential for the external radiation 
exposure to exceed 2 mrem in any one hour or result in a total effective dose 
equivalent in excess of 100 mrem in a year.  Access to these areas must be limited 
to occupationally exposed individuals only.  If any other individual requires entry into 
the area, steps must be taken to ensure that this individual does not receive a dose 
in excess of the radiation dose limits established for members of the public. These 
areas or specific moderate risk locations (i.e. fume hoods, refrigerators) within low 
risk areas must have a sign(s) bearing the radiation symbol and any one or a 
combination of the following warnings: 

 

• Caution/Danger Radioactive Material-Admittance to Laboratory Personnel Only  

• Caution/Danger Radioactive Material-Admittance to Authorized Personnel Only 

• Caution/Danger Radiation Area- Admittance to Authorized Personnel Only 

• Caution/Danger Radiation Area 
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6.3.3 High Risk Radiation Areas  
 
High risk areas are areas in which an individual could receive in any one hour a 
dose in excess of 100 mrem at 30 centimeters from a source of radiation or from any 
surface that the radiation penetrates. In these areas, access is forbidden to all 
except "Authorized Personnel". These areas must have a sign(s) bearing the 
radiation symbol and any one or a combination of the following warnings: 
  
• Caution/Danger Radioactive Material-Admittance to Authorized Personnel Only 

• Caution/Danger High Radiation Area 

• Caution/Danger High Radiation Area- Admittance to Authorized Personnel Only 
 
6.3.4 “No Access” Area  
 
“No Access” signs, such as  “Danger Contaminated Area - Do Not Enter",  may be 
used in temporary situations such as spills or accidents.  Areas posted with this type 
of sign are off limits to all personnel except those directly authorized by the RSO.  
“No Access” signs will taken down as soon as the source of danger is removed. 
 
6.3.5 Airborne Radioactivity Area 
 
An airborne radioactivity area is a room, enclosure, or area in which airborne 
radioactive materials exist in concentrations: 
 

• in excess of the derived air concentration (DAC) specified in 10 NYCRR Part 16, 
Appendix 16-C, Table 1, Column 3; or 

  

• to such a degree that an individual present in the area without respiratory 
protective equipment could exceed, during the hours an individual is present in a 
week, an intake of 0.6% of the annual limit on intake (ALI) or 12 DAC-hours 

 
Airborne radioactivity areas must be posted  with a sign(s) bearing the radiation 
symbol and the words:  “Caution/Danger Radioactivity Area” and “Access To 
Authorized Personnel Only”. 
 
6.3.6 Multiple Hazards 
 
If two or more hazards (i.e. radiation and biohazard) exist in one area, signs 
indicating each hazard must be posted in the area.  Access to these areas is 
determined by the most restrictive hazard. 
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6.4  WARNING LABELS 
 
Radioactive warning labels must be provided for all radioactive material containers, 
laboratory equipment used in conjunction with radioactive materials, radiation use 
and storage areas, radioactive waste containers and radiation-producing equipment.  
These labels must be conspicuous and readily identify the radiation hazard.  These 
labels must be removed or defaced prior to the disposal of the material or the 
removal of the equipment from the controlled area.  The following are the labeling 
requirements for specific situations and materials.  Any materials used in conjunction 
with radioactive materials not specifically included in this list must at a minimum be 
labeled “Radioactive”.   

 
SITUATION/MATERIAL    LABEL REQUIREMENTS                  
 
Container used to store or transport  - "Caution Radioactive Material” 
radioactive materials    - Isotope(s) 
       - Activity of each isotope 
       - Date 
       - Supervisor's name 
 
Radioactive Waste Containers   - “Caution Radioactive Material” 
       - Isotope 
       - Activity 
       - Date 
       - Volume (as applicable) 
       - Supervisor’s name 
       
Work area containing stored radioactive  - "Caution Radioactive" 
materials, contaminated objects or 
contaminated surfaces 
 
All equipment used in conjunction with  - “Caution Radioactive” 
radioactive materials 
 
   
Radioactive Waste Disposal Sinks  - “Caution Radioactive” 
       - “Radioactive materials   
          discharged through this  
          sink must be readily 
          soluble in water and within 
          disposal limits” 
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SITUATION/MATERIAL    LABEL REQUIREMENTS 
 
Refrigerator, fume hoods, centrifuges,  - “Caution Radioactive” 
cabinets, incubators, etc. used in 
conjunction with radioactive materials 
 
Radiation-producing equipment   _ “Caution this equipment   
                produces x-rays when   
                 energized” 
 
 
It is the responsibility of the Radiation Supervisor to ensure that appropriate labels 
are provided for all areas and equipment.  The RSO or his designee will assist with 
any labeling issues or questions.  
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7.1 GENERAL 
 
Incidents/accidents involving radiation-producing equipment or radioactive 
materials occasionally occur. The primary objective of countermeasures for these 
occasions is minimizing the radiation exposure to personnel. Limiting damage to 
equipment or facilities is a secondary concern.  All accidents should be reported to 
the appropriate Radiation Supervisor. Serious incidents which pose a known or 
potential radiological health risk must be reported immediately to the RSO. 
 
Since accident countermeasures cannot be compiled for every possible situation, 
it is essential that every individual working with radiation consider the potential 
situations which might arise and plan proper remedial action in advance. 
Preventative measures must always be employed to minimize the likelihood of an 
accident.   
 
The information provided in this section is designed to be a guide for unusual 
occurrences and accidents. The RSO encourages questions from individuals on 
how to cope with specific problems, potential accident scenarios and appropriate 
countermeasure considerations.  The RSO may be contacted at the Environmental 
Health and Safety Service Office x-4132  (A directory of individuals to contact in 
the event of an accident is contained in Section 7.5.2 of this Handbook). 
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7.2  PREVENTATIVE MEASURES 
 
Preventative measures are the key to minimizing the occurrence of radiation 
accidents and spills.  The following steps should be employed whenever possible 
to avoid problems: 
 
1.  Anticipate problems before they happen. Perform a dry run on new procedures, 

without using radioactive material, to identify possible hazards. 
 
2.  Wear appropriate protective clothing (gloves, lab coats, eye protection, lead 

aprons, etc.) each time work involves radiation or radioactive material. 
 
3.  Use appropriate radiation monitoring techniques (film badges, TLD rings, 

survey meters, exposure meters, wipe tests). Check for contamination and  
evaluate radiation exposure often during the procedure. 

 
4.  Work with adequate supervision. All new experiments and major variations of 

experiments involving radiation must be reviewed by the Radiation Safety 
Committee. Minor variations in established procedures must be cleared with 
the Radiation Supervisor in charge. 

 
5.  Follow approved laboratory operating procedures. 
 
6.  Avoid being alone in the laboratory when working with radioactive materials.  

Plan and schedule radiation work to ensure that other individuals will be in the 
laboratory/area. 

 
7. Provide secondary containment for all radioactive liquids. 
  
8. Keep work areas clean and organized. 
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7.3  SPILL CLEAN UP AND REPORTING 
 

Any radioactive contamination of personnel, equipment, facilities or properties of 
Syracuse University must be reported to the RSO. The RSO will direct the 
remediation and decontamination of all major spills. Minor spills must be cleaned 
up immediately and reported to the RSO as soon as possible. 

 
7.3.1  Minor Spills 
 

Minor spills are defined as radioactive materials spills involving 300 uCi or less of 
H3, C14 or S35, or 10 uCi or less of all other isotopes. Any spill involving volatile or 
hazardous materials or conditions must be considered a major spill even if the 
quantities of radioactive material involved are defined as a minor spill. Also if the 
materials involved or the conditions present are unknown or uncertain, contact the 
RSO immediately and assume it is a major spill. 
 
If the spill is a minor spill, the following steps should be employed to remediate the 
spill safely and appropriately: 

 

1. Notification:  Notify persons in the area that a spill has occurred. If 
individuals have been or are likely to have been contaminated, these 
individuals should move to an immediately adjacent safe area and 
remain there until Radiation Safety staff arrive. 

 
2. Prevent the Spread:  Define the area of the spill and cover the spill 

with absorbent paper. 
 
3. Notify the RSO Immediately. 
 
4. Initiate Clean Up:  Clean up will be directed by the RSO. Clean up 

must be immediate: 
 

a.  Don appropriate protective clothing (lab coats, gloves, etc.). 
  

b.  Obtain plastic bags; use at least two, one for disposables, 
another for materials and equipment that are not disposable.  

 

c.  Place a second pair of gloves over the gloves you are wearing.  
 

d. Use remote handling equipment whenever possible. Carefully 
place the material (absorbent paper) used to cover the spill, in a 
plastic bag. Continue to absorb and remove the spill until no 
obvious amounts remain. Place all contaminated items, including 
gloves, into appropriate bags. Double bag the waste and place it 
in a radioactive waste container. 

 

e.  Survey with an appropriate meter. Wipe test the area. Check the 
area around the spill, hands, and clothing for contamination.  

 

f.   Post remediation wipe tests must be performed . 
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7.3.2 Major Spills 
 
Major spills are all spills not defined as minor spills.  The clean up of these spills 
must be done under the direct supervision of Radiation Safety staff.  If a major spill 
occurs, the following steps must be employed to ensure that it is remediated safely 
and appropriately. 

 
1.  Clear the Area:  Notify all persons not involved in the spill to vacate the 

room, but not to leave the area until they have been properly 
monitored for possible contamination. 

 
2.  Prevent the Spread: Cover the spill with absorbent pads or paper. Do 

not attempt to clean it up. Confine the movements of all personnel 
potentially contaminated to prevent further contamination. 

 
3.  Shield the Source:  If possible, the spill should be shielded, but only 

if it can be done without further contamination or without significantly 
increasing your radiation exposure. 

 
4.  Close Off Access to the Room: Leave the room and lock and/or 

monitor the door to prevent entry. 
 
5.   Notify the RSO Immediately. 
 
6.  Personnel Decontamination:  Survey clothes and exposed skin. 

Contaminated clothing should be removed and stored for further 
evaluation by the Radiation Safety Officer. If contamination is on the 
skin, flush the skin thoroughly with lukewarm water, then wash with 
mild soap and lukewarm water. Survey again. Repeat the process as 
long as contamination remains. 

 
7.  The RSO will supervise the clean up of the spill and complete a 

report. 
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7.4  PERSONNEL CONTAMINATION 
 

If an individual is or is likely to be contaminated with radioactive materials, all 
possible measures must be employed to prevent excessive exposure to others 
without risking further radiation exposure to the contaminated individual (i.e. shield 
source, erect warning signs and barriers). The Radiation Supervisor for the area 
and the RSO must be contacted immediately if personnel contamination has 
occurred.  Individuals who are contaminated or potentially contaminated may not 
leave the area until released by Radiation Safety  staff.  If the situation should 
require the contaminated individual  to vacate the area (i.e. a fire) the individual 
should go to the nearest safe area and remain there until released by Radiation 
Safety  staff. 
 
Radioactive contamination must be removed immediately and properly.  All 
parameters that would be useful in estimating the level of exposure must be 
recorded.  Useful parameters may included meter readings, equipment setting, 
exposure time, location of exposed portions of the body, etc. 

 
7.4.1 External Contamination  
 
External contamination results from contact with a radioactive material. This 
contact may be a result of loose radioactive material in the form of liquids 
(droplets, aerosols, etc.) or solid particles (dust, powder).  If an individual is likely 
to be contaminated with radioactive material, the following steps must be followed 
to remedial the contamination promptly and effectively. 

 
 

1. Remove all contaminated clothing immediately and don alternate 
clothing. 

 

2. Monitor the level of contamination and record survey instrument 
readings. If contamination is suspected, but cannot be monitored 
properly (e.g. H3), contact the RSO  immediately. 

 

3. Immediately wash the contaminated area with a mild soap and 
lukewarm water. Confine cleaning operations to the contaminated area 
as much as possible. Wash for three minutes, rinse and monitor the 
area to judge the effectiveness of the procedure. Continue washing as 
necessary to achieve a non-detectable level. Do not take any action 
which causes skin abrasion. Do not use organic solvents. 

 

4. Notify the RSO. 
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7.4.2 Internal Contamination  
 
Internal contamination may result from: the ingestion and/or inhalation of 
radionuclides; wounds caused by contaminated objects; and absorption of 
radionuclides through the skin. If internal contamination is known or suspected, 
contact the RSO immediately. A bioassay(s) will be performed to determine if the 
individual is contaminated and/or to measure the extent of the exposure. If the 
accident involves a minor wound, immediately spread edges and wash the wound 
for five minutes in a strong stream of lukewarm water and allow bleeding to flush 
the wound. In the event of a serious injury, other concerns (i.e. shock, bleeding) 
take precedence over radiological concerns. Record all information useful in 
assessing the extent the contamination and potential exposure.  This information 
may include  the radioisotope(s) involved, the activity of the isotopes, the chemical 
form of the material, etc. 
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7.5  RADIOLOGICAL EMERGENCIES 
 

The following are situations that should be handled as radiological emergencies: 
 

• An excessively high dose of external radiation has been received or may 
have been received by an occupationally exposed individual. Excessive 
doses for occupationally exposed individuals are doses greater than 
occupationally exposure limits listed in Section Five of  this Handbook. 

  

• Any amount of internal radioactive contamination has been received or 
may have been received  by an occupationally exposed individual. 

  

• Internal or external contamination has been received or may have been 
received by a non-occupationally exposed individual in excess of the 
Public Dose limit listed in Section 5.5.4 of this Handbook. 

  

• Radioactive material has been accidentally released in a laboratory 
exceeding the limits for a minor spill listed in Section 7.3.1 of this 
Handbook  

  

• Radioactive material has been released/spilled in a non-controlled area 
or in the outside environment. 
 

7.5.1 Procedure for Handling Radiological Emergencies 
 

If a radiological emergency occurs, the RSO and the laboratory’s Radiation 
Supervisor must be contacted immediately.  The following steps are provided as a 
guide for handling Radiological emergencies. 

 

1.  Stop work. 
 

2.  Notification: Notify all individuals in the area of the situation  and 
remove them from any risk of additional radiation exposure. Individuals 
who are potentially contaminated must remain at the scene or the 
nearest safe area until released by the RSO. 

 

3.  Prevent the Spread: Do not spread contamination from contaminated 
hands, feet or equipment. Remove any contaminated clothing.   
Beware of possible airborne or volatile radioactive contamination. 

 

4.  Call For Assistance: Contact Radiation Safety personnel as listed on 
the Emergency Assistance Directory in Section 7.5.2 of this 
Handbook. 

 
Refer to Sections 7.3 for handling radioactive material spills.  Refer to Section 7.4 
for personnel contamination.  Do not risk further exposure. Remember that 
treatment for any serious non-radiological personal injuries must take priority. 
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7.5.2  Emergency Assistance Directory  
 
In  the event of a radiological  emergency  the individuals listed below should 
be contacted in descending order until some one is reached for assistance.  
The Public Safety department  (x-711) and the Radiation Supervisor for the 
area should also be contacted for all radiological emergencies  
 
 
James McCumber     Office: 443-4132 
Radiation Safety Officer     Home: 585-289-3593 
       Beeper: 467-5493 
 
Rebecca Ponza     Office: 443-9130 
Assistant RSO     Home: 468-0845 
 
Mark Driscoll      Office: 470-6848 
RSO SUNY ESF 
 
 

In All Emergencies Contact  
Public Safety @ x- 711 



PART EIGHT 
 

10 NYCRR Part 16  

 
New York State Department of Health  

Sanitary Code Chapter I -  Part 16  
Ionizing Radiation  

 

https://www.health.ny.gov/environmental/radiological/radon/radioactive_material_licensing/docs/part16.pdf


PART NINE 
 

6 NYCRR Part 380  

 
New York State Department of Environmental Conservation 

Rules and Regulations for Prevention and Control of Environmental 
Pollution by Radioactive Materials 

http://www.dec.ny.gov/chemical/296.html
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10.1 COMMON RADIOLOGICAL NUCLIDES 
 

This Section of the Handbook contains information on the common radionuclides 
used at Syracuse University.  Additional information on radionuclides not 
discussed in this Section is available from the Radiation Safety staff during normal 
working hours. 
 
10.1.1 Carbon-14 (C14) 
 

Widely used for radiotracer experiments. C14 is sometimes incorporated into 
volatile compounds and DNA precursors. 
 

Physical Characteristics 
Half life: 5600 years.  
Radiation emission: beta particles only 
Maximum beta energy: 0.15 MeV.  
Maximum range of C14 beta particles in air:  approximately 25 cm 
 
Radiological Hazards 
The external hazard from C14 is slight. Less than half of the beta particles have 
sufficient energy to penetrate the outer protective layer of human skin. Internal 
contamination is a more serious hazard. Depending on its chemical form, C14 may 
enter the body via ingestion, inhalation, or absorption through the skin. 
 
Protective Measures 
No extraordinary precautions are necessary to reduce the external radiation 
exposure resulting from C14 outside of the body. However, measures should be 
taken which limit internal contamination as much as can be reasonably achieved. 
Wear protective clothing (gloves, lab coat). Work only in areas approved and 
equipped for radioisotope experiments. If any amounts of airborne radioactivity 
may be produced, work in a vented hood. Monitor for gross contamination with a 
thin window GM survey meter. A more sensitive check for contamination is to 
swab the area with a piece of filter paper and then check the filter for 
contamination using a liquid scintillation counter or internal proportional counter. 
Film badges may not respond to C14. 
 
10.1.2  Sulfur-35  (S35) 

 

Physical Characteristics 
Half life: 87 days 
Radiation emission: beta particles only 
Maximum beta energy: 0.17 MeV 
 
Radiological Hazard 
Similar to those described for C14 
 
Protective Measures 
Similar to those described for C14 
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10.1.3  Phosphorous-32  (P32) 
 
Physical Characteristics 
Half life: 14 days 
Radiation emission: beta particles only 
Maximum Beta energy 1.7 MeV 
 

P32 is a high energy beta particle which can transverse several meters of air. 
Plexiglass with a thickness of 1/2” offers almost complete shielding from P32 beta 
particles. Interaction between P32 beta particles and lead will produce more 
penetrating x-ray radiation called bremsstrahlung. These x-rays have energies 
from 0 to 1.7MeV. However, only about 1% of the energy of the beta particles is 
transformed into bremsstrahlung  x-rays. 
 
Radiological Hazard 
The high penetration ability of P32 beta particles makes P32 both an internal and 
external radiological hazard. The external hazard  is most significant to the lens of 
the eye and the hands. The dose rate to the eyes or hands per mCi of P32 in use 
is very dependent on distance and type of container or shielding.    
 

Internal contamination can also be a problem. Depending on its chemical form, 
P32 may enter the body via ingestion, inhalation, or absorption through the skin. 
Since individual experiments may involve millicurie amounts of P32, a substantial 
hazard can exist. 
 
Protective Measures 
The high energy emissions of P32 are easily detectable using a survey meter with 
a thin window GM tube. Estimations of the exposure to a person performing a 
specific operation will be made by the RSO upon request.    
 
Millicurie amounts of P32 should be stored behind appropriate shielding.   
Manipulations of P32 in amounts more than 1 mCi are restricted to hot labs unless 
specific approval is obtained by the RSC.   Such manipulations must be carried 
out behind a transparent plexiglass shield (1/2" plexiglass is suitable). 
 

Experimenters should wear a lab coat, gloves, and eye protection. Film badge 
radiation monitors should be on the trunk of the body and a ring badge (TLD) 
should be worn on the extremity which is likely to receive the most radiation. A 
survey meter should be nearby and used to check possible contamination. 
Clothing and equipment used must be checked for contamination after every 
use. 
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10.1.4 Tritium  (H3) 
 

Physical Characteristics 
Half life: 12.3 years 
Radiation emissions: beta particles only 
Maximum beta energy: 0.017 MeV 
 

H3 labeled compounds are widely used for radiotracer experiments and  include 
DNA precursors and compounds which are volatile (ex., tritiated H20). Tritium 
on non-volatile compounds can be lost through isotopic replacement with water 
or water vapor. Freezers used for H3 storage may show H3 contamination in 
their frost. Such freezers must be monitored routinely and decontaminated as 
necessary.  Tertiary containment for H3  source containers stored in freezers is 
recommended to minimize frost contamination. 
 
Radiological Hazard 
There is no external exposure hazard from H3. Radiation from H3 contamination 
on the skin is not penetrating enough to pass through the outer protective layer 
of dead cells on the surface of the skin. 
 

Depending on its chemical form, H3 may enter the body by ingestion, inhalation, 
or absorption through the skin.  H3 is hazardous if it enters the body in sufficient 
quantities. 
 

Protective Measures 
No extraordinary precautions are needed to reduce external radiation exposure 
from H3. Measures must be taken to limit internal contamination as much as 
possible. Gloves and a lab coat must be worn when using H3 and all work must 
be performed in areas approved and equipped for radioisotope work. Work 
producing any amounts of airborne H3 must be performed in a functioning fume 
hood.  Equipment and work areas must wipe tested to monitored for  H3 
contamination. The removable contamination wipe tests must be analyzed on a 
Liquid Scintillation Counter to detect H3 contamination. GM survey meters 
(Geiger counters), even those with thin end windows, and film badges do not 
respond to H3. 
 
10.1.5   lodine-125 (I125) 

 
Physical Characteristics 
Half life: 60 days 
Radiation emissions: low energy x-ray and gamma photons  
Energy Range: 27 to 35 KeV. 
 

Shielding containing 1 cm of plexiglass will cut a given exposure rate by 50% 
and 2 mm of lead will decrease exposure rates by 99%. Airborne contamination 
can be produced by I125 solutions since several chemical forms of iodine are 
volatile.  Volatilization of iodine from aqueous solutions is inhibited by the 
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10.1.5 lodine-125 (I125) (continued..) 
 
addition of hydroxides of alkali metals (ex., NaOH).  Airborne contamination may 
also be caused by the production of tiny droplets of I125 solution in the air.  Droplet 
production is caused by mechanical agitation of solutions such as popping off the 
snap top on microcentrifuge tubes.  Approximately 30% of all airborne I125 inhaled 
by an individual may become incorporated into that person's thyroid gland. In 
some forms, I125 can penetrate through protective gloves and be absorbed through 
the skin. 

Radiological Hazard 

The inherent radiation shielding provided by a glass or plastic container of I125 is 
not always sufficient to make direct hand manipulation of such a container 
advisable. Quantities of 50 uCi I125 in an ordinary container can produce significant 
amounts of radiation exposure to the surface body. However, it is the skin of the 
hands which most often receives the radiation dose since they are most likely to 
have the closest contact with the radiation source.      

A more serious hazard is posed by potential internal contamination. Compared to 
most other commonly used radioisotopes, the maximum permitted body burden of 
I125 is very low.  This is compounded by the fact that I125 is more easily brought into 
the body than many other radioisotopes due to its volatile properties. 

Protective Measures 
 

The hazard of external radiation exposure can be substantially reduced through 
the use of lead or lead-lined storage containers, waste containers, and shields. 
Shielded waste containers are available for loan from the EHSS. Lead foil is also 
very handy for improving custom shielding as needed. Radiation exposure can be 
limited by keeping portions of the body as far removed from the radiation source 
as possible. This is very important over distances within 10 cm from the radiation 
source.  
 

Internal contamination can be minimized by preventing skin contamination and 
airborne I125 at the person's breathing zone. Individual’s must wear a lab coat, film 
badge and gloves.  An end window scintillation detector and  survey meter with an 
audible response must be available for making constant contamination checks of 
the hands during the procedure. If serious contamination of gloves is found, the 
gloves should be replaced immediately. Extreme care must be taken to avoid 
touching contaminated fingertips to other objects or one's person.  The use of two 
pairs of disposable gloves simultaneously is recommended. 
 

All work involving I125 should be done in a fume hood. All work involving more 
than 50 uCi of I125 must be confined to a fume hood with a minimum air flow 
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10.1.5 lodine-125 (I125) (continued..) 
 
rate of 100 ft/min at the opening.  When working in a fume hood, take the following 
precautions:  
 

• work as deep within the hood as possible  
• do not restrict air flow at the hood's face or air outlet by placing objects 

in the way 
• check the air flow at the hood face before each use   
• store all hot waste within the fume hood. 

 

Surface, airborne, and internal contamination of I125 all can be monitored 
effectively.  Surface contamination may be monitored with a survey meter 
equipped with a low energy gamma detector and/or wipe tests analyzed via liquid 
scintillation counting or a thin window scintillation detector. Measurements of 
airborne and internal contamination will be made by the EHSS upon request. If 
you are in doubt, survey. 
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10.2 RADIATION PROTECTION PROGRAM GLOSSARY 
 
Absorbed Dose: The energy imparted by ionizing radiation per unit mass of irradiated 
material.  The units of absorbed dose are the gray (Gy) or the rad. 
 
Activity:  The rate of disintergrations or transformation or decay of radioactive 
material.  The units are the becquerel (Bq) and the curie (Ci). 
 
Airborne radioactive material: Any radioactive material dispersed in the air in the 
form of dusts, fumes, particulates, mists, vapors, or gases. 
 
Airborne Radioactivity Area: Area in which airborne radioactive materials exist in 
concentrations in excess of the DAC for that isotope or 0.6% of the ALI in one week 
 
ALARA: As low as reasonably achievable 
 
Alpha Particle: A charged particle emitted from the nucleus of an atom having a mass 
and charge equal in magnitude of a helium nucleus (i.e. 2 protons and 2 neutrons). 
 
Annual limit on intake (ALI): The derived limit for the amount or radioactive material 
taken into the body of an adult worker by inhalation or ingestion in a year.  An ALI is 
the smaller value of intake of a given radionuclide in a year that would result in a 
committed effective dose equivalent of 5 rem or a committed dose equivalent of 50 
rem to any individual organ or tissue. 
 
Atom: Smallest particle of an element that cannot be divided or broken up by chemical 
means.  It consists of a central core called the nucleus, which contains protons and 
neutrons.   Electrons revolve in orbits surrounding the nucleus.  
 
Atomic Mass: The mass of a neutral atom of a nuclide, usually expressed in terms of 
"atomic mass units." The "atomic mass unit” is one-twelfth the mass of one neutral 
atom of C-12; equivalent to 1.6604X10E-24 gm (Symbol: u). 
 
Atomic Number: The number of protons in the nucleus of an atom and the number of 
electrons on an electrically neutral atom (Symbol: Z) 
 
Atomic Weight: The weighted mean of the masses of the neutral atoms of an element 
expressed in atomic mass units. 
 
Attenuation: The process by which a beam of radiation is reduced in intensity when 
passing through some material. It is the combination of absorption and scattering 
processes and leads to a decrease in flux density of a beam projected through matter. 
 
Background Radiation:  Radiation from cosmic sources, terrestrial sources and other 
naturally occurring radioactive materials, including radon. 
 
Barriers, Protective: Barriers of radiation-absorbing material, such as lead, concrete, 
and plaster, used to reduce radiation exposure. 
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Barriers. Primary Protective: Barriers sufficient to attenuate the useful beam to the 
required degree. 
 
Barriers, Secondary Protective: Barriers sufficient to attenuate stray radiation to the 
required degree. 
 
Beam: An unidirectional or approximately unidirectional flow of electromagnetic 
radiation or of particles. 
 
Becquerel (Bq):  SI unit for Activity.  One Bequerel equals 27 picoCuries or 1 
disintegration per second. 
 
Beta Particle: A charged particle emitted from a nucleus during radioactive decay.  A 
negatively charged beta particle is identical to an electron.  A positively charged beta 
particle is called a positron.   
 
Bioassay:  Determination of kinds, quantities or concentrations of radioactive material 
in the human body either by direct measurement or analysis of material excreted or 
removed from the body. 
 
Biological Halflife:  The time required for the body to eliminate by natural processes, 
half  the amount of a substance which has entered it.  
 
Bremsstrahlung: Secondary photon radiation produced by deceleration of charged 
particles through matter. 
 
Calibration:  The check or correction of the accuracy of a measuring instrument to 
assure proper operational characteristics. 
 
Carrier: A quantity of non-radioactive or non-labeled material of the same chemical 
composition as its corresponding radioactive or labeled counterpart. When mixed with 
the corresponding radioactive labeled material, so as to form a chemically inseparable 
mixture, the carrier permits chemical (And some physical) manipulation of the mixture 
with less label or radioactivity loss than would be true for the undiluted label or 
radioactivity. 
Carrier Free: An adjective applied to one or more radioactive isotopes of an element 
in minute quantity, essentially undiluted with stable isotope carrier. 
 
Collective Dose: The sum of the individual doses received in a given period of time. 
 
Committed Dose Equivalent (HT,50): The dose equivalent to organs or tissues of 
reference “T” that will be received from an intake of radioactive material by an 
individual during the 50 year period following the intake. 
 
Committed Effective Dose Equivalent (HE,50):  The sum of the products of the 
weighting factors applicable to each body organ or tissue irradiated and the Committed 
Dose Equivalent to each of these organs or tissues.   
(Sum of all WTHT,50) 
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Contamination (radioactive): Deposition of radioactive material in any place where it 
is not desired, particularly where its presence may be harmful. The harm may be 
vitiating the experiment or procedure, or in actually being a source of danger to 
personnel. 
 
Controlled Area: Any area in which the access is controlled for the purpose of 
protecting individuals from exposure to radiation or radioactive materials.  Synonymous 
to “Restricted Area”. 
 
Control Unit: Radiation protection terminology for a quantity of radioactive material. 
Each radioisotope is assigned a control unit activity on the basis of the degree of 
hazard it presents to laboratory personnel. 
 
Count, Radiation: The external indication of a device designed to enumerate ionizing 
events. It may refer to a single detected event or to the total number registered in a 
given period of time. The term often is erroneously used to designate a disintegration, 
ionizing event, or voltage pulse. 
 
Count, Spurious: In a radiation counting device, a count caused by any agency other 
than radiation. 
 
CPM: Counts per minute. 
 
Curie: The special unit of activity. One curie equals 3.7E10 nuclear transformations 
per second. (Abbreviated Ci.) Several fractions of the curie are in common usage. 
 
Daughter: Synonym for decay product. 
 
Decay, Radioactive: Disintegration of the nucleus of an unstable nuclide by 
spontaneous emission of charged particles and/or photons. 
 
Decay Constant: The fraction of the number of atoms of a radioactive nuclide which 
decay in unit time ( Symbol: See Disintegration Constant). 
 
Declared Pregnant Woman (DPW): A woman who has voluntarily informed her 
employer, in writing, of her pregnancy. 
 
Deep Dose Equivalent (Hd): The dose equivalent for external whole body exposure at 
a tissue depth of 1 centimeters. 
 
Decontamination: Removal of unwanted radioactive material from an object or 
personnel. 
 
Decontamination Factor: The ratio of the amount of undesired radioactive material 
initially present to the amount remaining after a suitable processing step has been 
completed. Decontamination factors may refers to the reduction of some particular 
type of radiation or to the gross measurable radioactivity. 
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Derived Air Concentration (DAC): The concentration of a given radionuclide in air 
which if breathed by the reference man for a working year if 2,000 hours under 
conditions of light work (i.e.: inhalation rate of 1.2 cm3/hr) would result in an intake of 
one (1) ALI. 
 
Detector, Radiation: Any device for converting radiant energy to a form more suitable 
for observation; an instrument used to determine the presence, and sometimes the 
amount, of radiation. 
 
Disintegration Constant: The fraction of the number of atoms of a radioactive nuclide 
which decay in unit time: in the equation N=Noe-t where No is the initial number of 
atoms present, and N is the number of atoms present after some time, t. 
 
Dose: A generic term denoting absorbed dose, dose equivalent, effective dose 
equivalent, committed dose equivalent, committed effective dose equivalent, and total 
effective dose equivalent. 
 
Dose Equivalent (HT):  The product of the absorbed dose in tissue, quality factor, and 
other necessary modifying factors.   The units of Dose Equivalent are Sievert (SV) and 
rem 
 
Dose Equivalent, Maximum Permissible: The greatest dose equivalent that a 
person or specified part thereof shall be allowed to receive in a given period of time. 
 
Dose Rate: Radiation dose delivered per unit time. 
 
Dosimeter: Instrument to detect and measure accumulated radiation exposure. For 
example a film badge or ring TLD. 
 
DPM: Disintegrations per minute. 
 
Dry Run: A trial exercise in which a procedure involving radiation or radioactive 
material is simulated without actually using radiation or radioactive material. A dry run 
allows the experimenter to examine the procedure for changes which would minimize 
radiation exposure and contamination. 
 
Effective Dose Equivalent (HE): The sum of the products of the dose equivalent to an 
organ or tissue (HT) and the weighting factor (WT) applicable to each of the body 
organs or tissues irradiated ( Sum of all WTHT) 
 
Electron: An elementary particle with a unit negative charge.  Electrons surround the 
positively charged nucleus and determine the chemical properties of the atom.  
 
Electron Volt: A unit of energy equivalent to the energy gained by an electron in 
passing through a potential difference of one volt. Larger multiple units of the electron 
volt are frequently used: keV for thousand or kilo electron volts; MeV for million or 
mega electron volts. (Abbreviated: eV, 1 eV+1.6E-12 erg.) 
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Electron Capture: A mode of radioactive decay involving the capture of an orbital 
electron by its nucleus. Capture from a particular electron shell is designated as 
“K-electron capture”, " "L-electron capture," etc. 
 
Element: A category of atoms all of the same atomic number. 
 
Embryo/Fetus: The developing human organism from conception until the time of 
birth  (embryo: 2-8 weeks gestation, fetus: end of  week 8  to term). 
 
Energy Dependence: The characteristic response of a radiation detector to a given 
range of radiation energies or wave lengths compared with the response of a standard 
free-air chamber. 
 
ESU: Electrostatic Unit. 
 
Excitation: The addition of energy to a system, thereby transferring it from its ground 
state to an excited state. Excitation of a nucleus, an atom, or a molecule can result 
from absorption of photons or from inelastic collisions with other particles. 
 
Exposure: Either (1) being exposed to ionizing radiation, or (2)A measure of the 
ionization produced in air by X or gamma radiation. It is the sum of the electrical 
charges on all ions of one sign produced in air when all electrons liberated by photons 
in a volume element of air are completely stopped in air, divided by the mass of the air 
in the volume element. The special unit of exposure is the roentgen. 
 
Exposure Rate: The exposure per unit time (i.e.: Roentgen per hour) 
 
External Dose: The portion of the Dose Equivalent received from exposure from any 
source outside the body. 
 
External Radiation: Radiation from a source outside the body. The radiation must 
penetrate the skin.  
 
Extremity:  Hand, elbow, arm below the elbow, foot, knee, and leg below the knee. 
 
Eye Dose Equivalent: The external dose equivalent to the lens of the eye at a tissue 
depth of 0.3 centimeters. 
 
Film Badge: A pack of photographic film which measures radiation exposure for 
personnel monitoring. The badge may contain two or three films of differing sensitivity 
and filters to shield parts of the film from certain types of radiation. 
 
Fixed Contamination: Radioactive contamination that is not removable 
 
Flammable Solvent: An organic liquid whose vapor can form an ignitable mixture with 
air. 
 
Gamma Ray: High energy, short wavelength electromagnetic radiation (range of 
energy from 10 keV to 9 MeV) emitted from the nucleus. 
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Geiger-Mueller Counter: Highly sensitive, gas-filled radiation -measuring device. It 
operates at voltages sufficiently high to produce avalanche ionization. 
 
Genetic Effect:  An effect in a descendant resulting from the modification of genetic 
material in a parent. 
 
Geometry Factor: The fraction of the total solid angle about the source of radiation 
that is subtended by the face of the sensitive volume of a detector. 
 
Halflife, Biological: The time required for the body to eliminate by natural processes, 
half  the amount of a substance which has entered it.  
 
Halflife, Effective: Time required for a radioactive element in an animal body to be 
diminished 50 percent as a result of the combined action of radioactive decay and 
biological elimination. 
 

     Effective half-life =  Biological half-life X Radioactive half-life 
                       Biological half-life + Radioactive half-life 

 
Halflife, Radioactive: Time required for a radioactive substance to lose 50 percent of 
its activity by decay. Each radionuclide has a unique half-life. 
 
Half Value Layer (Half Thickness) (HVL): The thickness of a specified substance 
which, when introduced into the path of a given beam of radiation, reduced the 
exposure rate by one-half. 
 
Health Physics (Physicist): A science and profession concerned with recognition, 
evaluation and control of health hazards from ionizing and non-ionizing radiation.. 
 
High Radiation Area: Any area, accessible to individuals, in which radiation levels 
could result in an individual receiving a dose equivalent in excess of 0.1 rem in 1 hour 
at 30 centimeters from any source or radiation or from any surface which the radiation 
penetrates. 
 
ICRP: International Commission of Radiological Protection. Under the auspices of 
the International Congress of Radiology, the commission prepares 
recommendations to deal with the basic principles of radiation protection. 
 
Interlock: A device, usually electrical and/or mechanical, which prevents operation 
of a control until a preliminary condition has been met. Its purpose is usually safety. 
 
Internal Dose: The portion of the dose equivalent received from radioactive 
materials taken into the body. 
 
Internal Radiation: Radiation from a source within the body (as a result of 
deposition of radionuclides in body tissue.)  
 
Inventory: A quantity of radioactive material on hand including stock and waste. 
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Ion: Atomic particle, atom, or chemical radical bearing an electrical charge, either 
negative or positive. 
 
Ionization: The process by which a neutral atom or molecule acquires a positive or 
negative charge. 
 
lonizing Radiation: Any radiation capable of displacing electrons from atoms, 
thereby producing ions  (i.e. alpha, beta, gamma, x-rays) 
 
Irradiation: Exposure to radiation. 
 
Isotopes: Atoms having the same number of protons but different number of 
neutrons in their nuclei (i.e. the same atomic number but different mass number). 
Isotopes generally have almost identical chemical properties, but often different 
physical properties. 
 
Kilo Electron Volt (keV): One thousand electron volts, 10E+3 eV. 
 
Kilovolt Peak (kVp): The crest value in kilovolts of the potential difference of a 
pulsating potential generator. When only half the wave is used, the value refers to 
the useful half of the cycle. 
 
Labeled Compound: A compound consisting, in part, of labeled molecules. By 
observations of radioactivity or isotopic composition, this compound or its fragments 
may be followed through physical, chemical, or biological processes. 
 
Labeled Molecule: A molecule containing one or more atoms distinguished by non-
natural isotopic composition (with radioactive or stable isotopes). 
 
Laser: Light amplification by stimulated emission of radiation. The laser region is 
that portion of the spectrum which includes ultra-violet, visible light and infrared. 
 
Leakage Radiation: All radiation coming from within the source or tube housing, 
except the useful beam. 
 
Liquid Scintillation Counter (LSC): A scintillation counter in which a sample of 
radioactive material is placed in a solution containing a phosphor. It is especially useful 
in the detection of low energy radiation. 
 
Liquid Scintillation Fluid/Cocktail: A solution of a fluorescent substance 
dissolved in toluene or other suitable solvent. Radioactive material is added directly 
to the solution or cocktail for detection in a liquid scintillation counter. 
 
Mass Defect: Difference between the mass of the nucleus as a whole and the sum 
of the component nucleon masses. 
 
Mass Numbers: The number of nucleons (protons and neutrons) in the nucleus of 
an atom. (Symbol: A.) 
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Mega Electron Volt (MeV): One million electron volt, 10E+6 eV. 
 
Member of the Public: Any individual, except an individual who is performing 
assigned involving exposure to radiation. 
 
Microwave: An electromagnetic wave having a wavelength of approximately 1 
meter to 1 millimeter corresponding to frequencies of about 300 to 300,000 
megacycles per second. 
 
Milliroentgen (mR): A submultiple of the roentgen, equal to one one-thousandth of 
a roentgen. (See Roentgen.) 
 
Minor: An individual less than 18 years of age 
 
Monitoring: Periodic or continuous determination of the amount of ionizing 
radiation or radioactive contamination present in an occupied region. 
 
Monitoring, Area: Routine monitoring of the radiation level or contamination of a 
particular area, building, room, or equipment. Some laboratories or operations 
distinguish between routine monitoring and survey activities. 
 
Monoenergetic Radiation: Radiation of a given type (alpha, beta, neutron, 
gamma, etc.) in which all particles or photons originate with and have the same 
energy. 
 
Neutron: An uncharged elementary particle found in the nucleus of every atom 
heavier than hydrogen.   
 
 
NCRP: National Council on Radiation Protection and Measurements. A nonprofit 
corporation chartered by Congress to provide the public with information and 
recommendations concerning radiation and radiation protection. 
 
Nuclide: a general term referring to all known isotopes,  both stable and unstable, 
of the chemical elements. 
 
Non-Stochastic Effects: A health effect , the severity of which varies with the dose 
and for which a threshold is believed to exist (i.e.: radiation induced cataracts, 
radiation burns). 
 
NYSDOH: New York State Department of Health 
 
Occupational Dose: The dose received by an individual in the course of 
employment in which the individual’s assigned duties involve exposure to sources of 
radiation.  This dose not include doses received: from background radiation, as a 
patient from medical practices, from voluntary participation in medical research 
programs, of as a member of the public. 
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Pair Production: An absorption process for X and gamma radiation in which the 
incident photon is annihilated in the vicinity of the nucleus of the absorbing atom, 
with subsequent production of an electron and positron pair. This reaction only 
occurs for incident photon energies exceeding 1.02 MeV. 
 
Parent: A radionuclide which, upon disintegration, yields a specific nuclide either 
directly or as a later member of a radioactive series. 
 
Permissible Dose : The dose of radiation which may be received by an individual 
within a specified period with expectation of no significantly harmful result. 
 
Personal Monitoring: Monitoring any part of an individual, his breath, or 
excretions, or any part of his clothing. 
 
Photon:  A quantum (or packet) of energy emitted in the form of electromagnetic 
radiation (i.e. gamma rays, x-rays). 
 
Protective Clothing: Items worn by an individual to minimize the spread of 
contamination or shield the individual from external radiation (ex. plastic gloves, lab 
coat, lead apron, face shield).  
 
Public Dose: The dose received by a member of the public from exposure to 
sources of radiation.  It dose not include occupational dose, or doses received: from 
background radiation, as a patient from medical practices or from voluntary 
participation in medical research projects. 
 
Quality Control (QC): Periodic surveys or testing performed to ensure proper 
performance of a piece of equipment. 
 
Quality Factor (QF): Modifying factor used to derive dose equivalent from 
absorbed dose.   
 
Rad: The unit of absorbed dose equal to 0.01 J/kg in any medium. (See Absorbed 
Dose.) (Written: rad)  
 
Radiation: The emission and propagation of energy through space or through a 
material medium in the form of waves or particles.  The term radiation or radiant 
energy, when unqualified, usually refers to electromagnetic radiation which is 
commonly is classified, according to frequency (i.e. infrared, visible, ultraviolet, 
x-ray, and gamma ray). 
 
Radiation Area: An area in which an individual could receive s doe equivalent  of 5 
mrems in 1 hour at 30 centimeters from any source of radiation of from any surface 
which the radiation penetrates. 
 
Radiation-Producing Equipment: Any equipment or device which can emit 
ionizing radiation by virtue of the application thereto of high voltage (ex: x-ray 
machines, x-ray diffractometers, fluoroscopes, electron microscopes). 
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Radiation Equipment Supervisor (RES): An individual authorized by the 
Radiation Safety Committee to direct and control the use of radiation equipment. 
 
Radiation Safety Committee(RSC): A committee appointed by the University as 
the administrative body responsible for the safe use of radiation at Syracuse 
University. 
 
Radiation Worker: An individual who has received the required training necessary 
to work with radiation and is authorized to do so by the RSO.  These individuals 
must work under the direct supervision of a RES or RMS. 
 
Radioactive  Material: any solid, liquid, or gas which emits radiation 
spontaneously. 
 
Radioactive Materials License: A license issued by New York State to an 
individual or an organization for the use of radioactive materials pursuant to Part 16 
of the New York State Sanitary. 
 
Radioactive Material Supervisor (RMS): An individual authorized by the Radiation 
Safety Committee to direct and control the use of radiation material under his 
possession. 
 
Radioactivity: The transformation of unstable atomic nuclei by the emission of 
radiation. 
 
Radiological Health: The art and science of protecting human beings from injury 
by radiation, and promoting better health through beneficial applications of 
radiation. 
 
Rem: A special unit of dose equivalent. The dose equivalent in rems is numerically 
equal to the absorbed dose in rads multiplied by the quality factor, the distribution 
factor, and any other necessary modifying factors 
 
Removable Contamination: Radioactive contamination that is found to be  
removable (detectable on a wipe test) from the contaminated surface. 
 
Removable Contamination Survey: A procedure to determine the level of 
radioactive contamination on the surface of an object through the use of wipe tests. 
 
Resolving Time: The minimum time interval between two distinct events which will 
permit both to be counted. It may refer to an electronic circuit, to a mechanical 
indicating device, or to a counter tube. 
 
Respiratory Protective Equipment:  An apparatus, such as a respirator, used to 
reduce an individual’s intake of airborne radioactive material. 
 
Restricted Area: See “controlled area” 
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Roentgen (R): Unit of exposure.  One Roentgen equals 2.58E-04 
coulumbs/kilogram of air. 
 
Scattering: Change of direction of subatomic particles or photons as a result of a 
collision or interaction. 
 
Scattered Radiation: Radiation which during its passage through a substance, has 
been deviated in direction. It may also have been modified by a decrease in energy. 
 
Scintillation Counter: The combination of phosphor, photomultiplier tube, and 
associate circuits which register coincidences caused by the type of events under 
consideration. 
 
Sealed Source: A radioactive source sealed in an impervious container which has 
sufficient mechanical strength to prevent contact with and dispersion of the 
radioactive material under the conditions of use and wear for which it was designed. 
 
Secondary Radiation: Radiation resulting from absorption of other radiation in 
matter. It may be either electromagnetic or particulate. 
 
Shallow Dose Equivalent (Hs): The dose equivalent due to external Exposure of 
the skin of an extremity at a tissue depth of 0.007 centimeter average over an 1 
square centimeter area. 
 
Shielding: Any material or obstruction that absorbs radiation. 
 
Specific Gamma-Ray Constant: For a nuclide emitting gamma radiation, the 
product of exposure rate at a given distance from a point source of that nuclide and 
the square of that distance divided by the activity of the source, neglecting 
attenuation. 
 
Standard, Radioactive: A sample of radioactive material, usually with a long 
half-life, in which the number and type of radioactive atoms at a definite reference 
time is known. It may be used as a radiation source for calibrating radiation 
measurement equipment. 
 
Stochastic Effect: A health effect that occurs randomly and for which the 
probability of the effect, rather that its severity, is assumed to be a function of the 
dose without threshold (i.e. hereditary effects, cancer). 
 
Survey, Radiological: Evaluation of the radiation hazards incident to the 
production, use, or existence of radioactive materials or other sources of radiation 
under specific conditions. 
 
Swipe Test: A survey technique for locating removable contamination on surfaces. 
The test involves wiping the surface with a damp absorbant material and then 
monitoring the level of radiation on the absorbant material.  
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Total Effective Dose Equivalent (TEDE):  The sum of the deep dose equivalent 
for external exposures and the committed effective dose equivalent for internal 
exposures. 
 
Tritium: The hydrogen isotope with one proton and two neutrons in the nucleus. 
 
Tracer, Isotopic: The isotope or non-natural mixture of isotopes of an element 
which may be incorporated into a sample to permit observation of the course of that 
element, alone or in combination, through a chemical, biological, or physical 
process. The observations may be made by measurement of radioactivity or of 
isotopic abundance. 
 
Very High Radiation Area: An area, accessible to individuals, in which radiation 
levels could result in an individual receiving an absorbed dose of 500 rad in 1 hour 
at 1 meter from a source of radiation or from any surface that the radiation 
penetrates. 
 
Volt: The unit of electromotive force (IV = IW/1A). 
 
Wavelength: Distance between any two similar points of two consecutive waves (2) 
for electromagnetic radiation. The wavelength is equal to the velocity of light (c) 
divided by the frequency of the wave (v), - c/v. The "effective wavelength” is the 
wavelength of a monochromatic x rays which would undergo the same percentage 
attenuation in a specified filter as the heterogeneous beam under consideration. 
 
Weighting Factor WT:    The proportion of the risk of stochastic effects resulting 
from irradiation of an organ/tissue (T) to the total risk of stochastic effects when the 
whole body is irradiated uniformly. 
  

Wipe Test:   See Swipe test 
 
Whole Body:  For the purpose of external exposure, it means head, trunk, male 
gonads, arm above elbow, leg above knee. 
 
X-Ray: Penetrating electromagnetic radiation whose wavelengths are shorter than 
those of visible light. They are usually produced by bombarding a metallic target 
with fast electrons in a high vacuum. In nuclear reactions, it is customary to refer to 
photons originating in the nucleus as gamma rays, and those originating in the 
extranuclear part of the atom as x rays. These rays are sometimes called roentgen 
rays after their discoverer, W.C. Roentgen. 
 
Waste, Radioactive Material (or Radioactive): Solid, liquid or biological waste 
material containing radioactive material in excess of natural levels. 
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10.3  RADIATION PROTECTION PROGRAM  REFERENCES 
 
This Section of the Handbook provides a list of the radiation related reference material  
available at EHSS. 
 
10.3.1 RADIATION  RELATED PUBLICATIONS 

 
Air Sampling In The Workplace, Hicker, Stoetzel, Olsen, Mcquire, 1991 
 
Alternative Methods for Disposal of Low Level Radioactive Wastes - Task 1  

Description of Methods, Bennett, R.D., Miller, W.O., Warriner, J.B., Malone, P.G., 
McAneny, C.C., for USNRC, 1984. 

 
An Introduction to Radiation Protection, 2nd Edition, Martin, Alan and Harbison, 

Samuel, 1979. 
 
Biological Effects and Medical Applications Of Electromagnetic Radiation, Ghandi, 

O.M., Prentice Hall, 1987. 
 
Biological Effects of Transmission Lines, Carstensen, Elsevier Science Publishing, 

1987. 
 
Biological Effects Of Transmission Power Lines, Cheremisinoff, 1987. 
 
CRC Practical Handbook of Radioactive Nuclides, ed., Yen Wang, CRC  Press, 1969 
 
Electric and Magnetic Fields Associated with the Use of Electric Power, NIEHS, 

1995 
 
Elements of X-Ray Diffraction, 2nd Edition, Cullity, B.D., 1978. 
 
Extremely Low Frequency Electromagnetic Fields: The Question Of Cancer, Edited 

By B. Wilson, R. Stevens, L. Anderson, Battelle Press, 1990. 
 
Extremity Monitoring: Considerations for Use, Dosimeter Placement &  Evaluation, 

Reece, Harty, Brackenbush, Roberson for USNRC, 1985. 
 
Gamma Spectra & Nuclide Identification Catalog, Gleason, G., Landowski, C., 1984. 
 
Handbook of Laboratory Safety, 2nd Edition, CRC Press, 1971. 
 
Handbook of Management of Radiation Protection Programs, 2nd edition, Miller, 

K.L.,  CRC Press, 1992 
 
Handbook of Radiation Measurement & Protection-Section A, Vol ll & Math 

Information, Brodsky, Allen, 1982. 
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The Handling, Storage, Use &  Disposal of  Unsealed Radionuclides, Annals of the 
ICRP, Publication 25, 1977. 

 
Health Effects Of Exposure To Low Levels of Ionizing Radiation, BEIR V, 1989. 
 
The Health Physics and Radiological Health Handbook, Nucleon Lectern Associates, 

1992. 
 
Industrial Radiation Hazards Deskbook, Cheremisinoff, N., Cheremisinoff, P., 

Teresinski, M., Technomic Publishing, 1987. 
 
Introduction to Health Physics, 2nd Edition, Herman Cember, 1987. 
 
Introduction to Radiation Protection, Martin, A., Harbison, S.,  1979 
 
Laboratory Experiments with Radioisotopes for High School Science  

Demonstrations, edited by Samuel Schenberg, USAEC,  1958. 
 
Lasers: What Every Engineer Should Know About Lasers, edited by D.C. Winburn, 

1987. 
 
The Nuclear Waste Primer, 1985. 
 
Nuclides and Isotopes, 12th Edition, General Electric, 1977. 
 
Radiation Protection - A Guide for Scientists and Physicians, Shapiro, Jacob, Harvard 

University Press, 1972. 
 
Radiation to Human Health, Gofman, John W., 1981. 
 
Radio-Frequency and Electromagnetic Energies, Hitchcock, Patterson, Van Nostrand 

Reinhold, 1995. 
 
Tritium: Radiation Protection in the Laboratory (Photocopy), Ballance, Richards, 

Thomas, 1992. 
 
Radiological Assessment; edited by Till, John E., Meyer, Robert, USNRC, 1983. 
 
Radiotracer Methodology in the Biological, Environmental, & Physical Sciences, 

Wang, C.H., Willis, D.L., Loveland, W.D., 1975. 
 
Radon Counting the Professional Way, Nucleus, Inc., 1988. 
 
Too Hot To Handle? Social & Policy Issues in Management of Radioactive Wastes,  

ed., C. Alker, L. Gould, & E. Woodhouse, 1983. 
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Tritium Nuclear Magnetic Resonance (TNMR) Spectroscopy, Review 19, Chambers, 
Evans, Elridge, Jones, Amersham Corp., 1978. 

 
X-Ray Diffraction Procedures for Polycrystalline & Amorphous Materials, Klug, H., 

Alexander, L., 1974. 
 
10.3.2 RADIATION RELATED REGULATIONS 

 
Code of Federal Regulations - Energy 10 - Parts 0-50, Office of the 
 Federal Register, 1992. 

 
Code of Federal Regulations - Energy 10 - Parts 51-99, Office of the 
 Federal Register, 1992. 
 
Code of Federal Regulations - Protection of Environment - 40 - Parts 
 190-399, Office of the Federal Register, 1992 
 
Code of Federal Regulations - Transportation 49 - Parts 0-199; Office of the Federal 

Register, 1992. 
 
6 NYCRR Part 380, Rules and Regulations for Prevention and Control of 

Environmental Pollution By Radioactive Materials, NYSDEC, 1994  
 
6 NYCRR Part 381, LLRW Transporter Permit and Manifest System, NYSDEC, 

1988. 
 
6 NYCRR Part 382: Regulations for LLRW Disposal Facilities, 
  NYS Dept. of Environmental Conservation, 1987 
 
10 NYCRR Part 16, Ionizing Radiation, NYSDOH, 1994. 
 

10.3.3  RADIATION  SAFETY STANDARDS, HANDBOOKS & GUIDES 
 

USDOC NBS Handbooks 
 
Control and Removal of Radioactive Contamination in Laboratories, Handbook 48, 

USDOC National Bureau of Standards, 1957. 
 
General Safety Standard for Installations Using Non-Medical X-Ray, Handbook 114, 

USDOC National Bureau of Standards, 1970. 
 
Maximum Permissible Body Burdens & Maximum Permissible Concentrations of  

Radionuclides in Air & Water for Occupational Exposure, Handbook 69, USDOC  
National Bureau of Standards, 1963. 

 
Permissible Dose from External Sources of lonizing Radiation, Handbook 59, 

USDOC  National Bureau of Standards, 1954. 
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Physical Aspects of Irradiation Recommendations of the International Commission, 

Handbook 85, USDOC National Bureau of  Standards, 1964. 
 
Radioactive Decay Tables - A Handbook of Decay Data for Application to Radiation 

Dosimetry and Radiological Assessments, USDOC,  National Technical Information 
Service, 1981. 

 
Radioactive Waste Disposal in the Ocean, Handbook 58, USDOC National Bureau of 

Standards, 1954. 
 
Recommendations for the Disposal of Carbon-14 Wastes, Handbook 53; USDOC 

National Bureau of Standards, 1957. 
 
Safe Handling of Radioactive Materials, Handbook 92, USDOC National Bureau of 

Standards, 1964. 
 

International Atomic Energy Agency 
 
Advances in Radiation Protection Monitoring, International Atomic Energy Agency, 

1979. 
 
Control of lodine in the Nuclear Industry, Technical Report 148, International Atomic 

Energy Agency, 1973. 
 
Monitoring of Radioactive Contamination on Surfaces, Technical Reports Series 120,  

International Bureau of Standards, 1970. 
 
Planning for the Handling of Radiation Accidents, International Atomic  Energy 

Agency, 1967. 
 
Radiological Equivalents of Chemical Pollutants, International Atomic  Energy  

Agency, 1980. 
 
Radiation Protection Monitoring,  International Atomic Energy Agency, 1969. 
 
Risk Evaluation for Protection of the Public in Radiation Accidents, International 

Atomic Energy Agency, 1967. 
 

International Commission on Radiological Protection 
 
Radiation Protection - Radionuclide Release in the Environment: Assessment of 

Doses to Man, International Commission on Radiological Protection, 1988. 
 
Report of Task Group on Reference Man ICRP Publication 23; International 

Commission on Radiological Protection, 1981. 
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National Council on Radiation Protection 
 
Radiation Protection in Educational Institutions, Report 32,  NCRP, 1966. 
 
Protection Against Neutron Radiation, Report 38, NCRP, 1987. 
 
Review of Current State of Radiation Protection Philosophy, Report 43,  NCRP, 1975. 
 
Tritium Measurement Techniques, Report 47 NCRP, 1976. 
 
Radiation Protection for Medical & Allied Health Personnel, Report 48 NCRP,1976. 
 
Structural Shielding Design & Evaluation for Medical Use of X-Ray &  Gamma Rays, 

Report 49, NCRP, 1976. 
 
Environmental Radiation Measurements, Report 50, NCRP, 1976. 
 
Medical Radiation Exposure of Pregnant & Potentially Pregnant  Women, Report 54,  

NCRP, 1977. 
 
Protection of Thyroid Gland in Event of Releases of Radioiodine, Report 55, NCRP, 

1977. 
 
Radiation Exposure from Consumer Products and Miscellaneous  Sources, Report 

56, NCRP, 1977. 
 
Instrumentation & Monitoring Methods for Radiation Protection, Report 57, NCRP, 

1978. 
 
Handbook of Radioactivity Measurements Procedures, Report 58,  NCRP,1976. 
 
Operational Radiation Safety Training, Report 59, NCRP, 1983. 
 
Management of Persons Accidentally Contaminated With Radionuclides, Report 65,  

NCRP, 1985. 
 
Operational Radiation Safety Training, Report 71, NCRP,  1983. 
 
Radiological Assessment: Predicting Transport, Bioaccumulation, and Update by 

Man of Radionuclide Released to Environment, Report 76, NCRP, 1985. 
 
Recommendations or Limits for Exposure to lonizing Radiation, Report 91, NCRP, 

1987. 
 
Exposure of Population in U. S. 8 Canada from Natural Background Radiation, 

Report 94, NCRP, 1987. 
 



 
 

Revised 3/96  

g:\rad\manuals\radman -23- 

The Relative Biological Effectiveness Of Radiations Of Different Quality, NCRP 
Report 104, NRCP, 1990. 

 
Developing Emergency Plan For Academic, Medical and Industrial Facilities, Report 

111, NCRP, 1991. 
 
Practical Guide For Determination of Human Exposure To Radiofrequency, Report 

119, NCRP, 1993. 
 

United States Nuclear Regulatory Commission  Regulatory Guides 
 
Evaluation of Exposure Pathways To Man From Disposal Of Radioactive Material 

Into The Sanitary Sewer, NUREG/CR-5814, USNRC, 19992. 
 
Management Of Radioactive Material Safety Programs at Medical Facilities 

(draft), NUREG-1516, USNRC, 1995. 
 
Interpretation Of Bioassay Measurements, NUREG/CR-4884, USDOC, 1987. 
 
Air Sampling In The Workplace, Regulatory Guide 8.25, USNRC, 1992. 
 
Monitoring Criteria And methods To Calculate Occupational radiation Doses, 

Regulatory Guide 8.34, USNRC, 1992. 
 
Instruction Concerning Risk From Occupational Radiation Exposure, Regulatory 

Guide 8.29, USNRC, 1981. 
 
Planned Special Exposures, Regulatory Guide 8.35, USNRC, 1992. 
 
Radiation Dose To The Embryo/Fetus, Regulatory Guide 8.36, USNRC, 1992. 
 
ALARA Levels For Effluents From Materials Facilities, Regulatory Guide 8.37, 

USNRC, 1993. 
 
Instructions for recording And Reporting Occupational Radiation Exposure Data, 

Regulatory Guide 8.7, USNRC, 1992. 
 
Acceptable Concepts, Models, Equations and Assumptions for a Bioassay 

Program, Regulatory Guide 8.9, 1993. 
 
Criteria For Establishing a Tritium Bioassay Program, Regulatory Guide 8.32, 

USNRC, 1988. 
 
Applications Of Bioassay For I-125 and I-131, Regulatory Guide 8.20, USNRC, 

1979. 
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American National Standards Institute 
 

Radiation Safety for X-Ray Diffraction and Fluorescence Analysis, ANSI Standard 
N43.2, revised 1977.



 

Revised 3/96  

g:\rad\manuals\radman -25- 

10.4  CONTROL UNIT QUANTITIES OF RADIOACTIVE MATERIALS 
 
The following table is adopted from 10 NYCRR Part 16, Appendix 16-A, Table 3, Exempt 
Quantities . 
 
radionuclide               Quantity (uCi)             Radionuclide       Quantity (uCi) 
Antimony 122 (Sb122) 100 Gadolinium 153 (Gd 153) 10 
Antimony 124 (Sb124) 10 Gadolinium 159 (Gd 159) 100 
Antimony 125 (Sb125) 10 Gallium 72 (Ga 72) 10 
Arsenic 73 (As73) 100 Germanium 71 (Ge 71) 100 
Arsenic 74 (As74) 10 Gold 198 (Au 198) 100 
Arsenic 76 (As76) 10 Gold 199 (Au 199) 100 
Arsenic 77 (As77) 100 Hafnium 181 (Hf 181) 10 
Barium 131 (Ba131) 10 Holmium 166 (Ho 166) 100 
Barium 133 (Ba 133) 10 Hydrogen 3 (H 3) 1000 
Barium 140 (Ba 140) 10 Indium 113m (In 113m) 100 
Berylium 7 (Be 7) 100 Indium 114m (In 114m) 10 
Bismuth 210 (Bi 210) 1 Indium 114 (In 114) 1 
Bromine 82 (Br 82) 10 Indium 115m (In 115m) 100 
Cadmium 109 (Cd 109) 10 Indium 115 (In 115) 10 
Cadmium 115 (Cd115) 100 lodine 125 (I 125) 1 
Cadmium 115m (Cd 115m) 10 lodine 126 (I 126) 1 
Calcium 45 (Ca 45) 10 lodine 129 (I 129) 0.1 
Calcium 47 (Ca 47) 10 lodine 131 (I 131) 1 
Carbon 14 (C 14) 100 lodine 132 (I 132) 10 
Cerium141 (Ce 141) 100 lodine 133 (I 133) 1 
Cerium 143 (Ce 143) 100 lodine 134 (I 134) 10 
Cerium 144 (Ce 144) 1 lodine 135 (I 135) 10 
Cesium 131 (Cs 131) 1000 Iridium 192 (Ir 192) 10 
Cesium 134m (Cs 134m) 100 Iridium 194 (Ir 194) 100 
Cesium 134 (Cs 134) 1 Iron 55 (Fe 55) 100 
Cesium 135 (Cs135) 10 Iron 59 (Fe 59) 10 
Cesium 136 (Cs136) 10 Krypton 85 (Kr 85) 100 
Cesium 137 (Cs 137) 10 Krypton 87 (Kr 87) 10 
Chlorine 36 (Cl 36) 10 Lanthanum 140 (La 140) 10 
Chlorine 38 (Cl 38) 10 Lutetium 177 (Lu 177) 100 
Chromium 51 (Cr 51) 1000 Manganese 52 (Mn52) 10 
Cobalt 58m (Co 58m) 10 Manganese 54 (Mn54) 10 
Cobalt 58 (Co 58) 10 Manganese 56 (Mn56) 10 
Cobalt 60 (Co 60) 1 Mercury 197m (Hg197m) 100 
Copper (Cu 64) 100 Mercury 197 (Hg197) 100 
Dysprosium 165 (Dy165)  10 Mercury 203 (Hg197) 10 
Dysprosium 166 (Dy166)  100 Molybdenum 99(Mo99)  100 
Erbium 169 (Er 169) 100 Neodymium 147 (Nd147)  100 
Erbium 171 (Er 171) 100 Neodymium 149 (Nd149)  100 
Eurpopium 152 (Eu 152) 9.2h 100 Nickel 59 (Ni59)  100 
Europium 152 (Eu 152) 13 yr 1 Nickel 63 (Ni63)  10 
Europium 154 (Eu 154) 1 Nickel 65 (Ni65)  100 
Europium 155 (Eu 155) 10 Niobium 93m (Nb93m)  10 
Fluorine 18 (F 18) 1000 Niobium 95 (Nb95)  10 
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Radionuclide              Quantity (uCi)  Radionuclide        Quantity (uCI) 
Niobium 97 (Nb 97) 10 Strontium 91 (Sr 91) 10 
Osmium 185 (Os 185) 10 Strontium 92 (Sr 92) 10 
Osmium 191m (Os 191m) 100 Sulphur 35 (S 35 ) 100 
Osmium 191 (Os 191) 100 Tantalum 182 (Ta 182) 10 
Osmium 193 (Os 193) 100 Technetium 96 (Tc 96) 10 
Palladium 103 (Pd103) 100 Technetium 97m (Tc 97m) 100 
Palladium 109 (Pd109) 100 Technetium 97 (Tc 97) 100 
Phosphorus 32 (P 32) 10 Technetium 99m (Tc 99m) 100 
Platinum 191 (Pt 191) 100 Technetium 99 (Tc 99) 10 
Platinum 193m (Pt 193m) 100 Tellurium 125m (Te125m) 10 
Platinum 193 (Pt 193) 100 Tellurium 127m (Te127m) 10 
Platinum 197m (Pt 197m) 100 Tellurium 127 (Te127) 100 
Platinum 197 (Pt 197) 100 Tellurium 129m (Te129m) 10 
Polonium 210 (Po 210) 0.1 Tellurium 129 (Te129) 100 
Potassium 42 (K42) 10 Tellurium 131m (Te131m) 10 
Praseodymium 142 (Pr142) 100 Tellurium 132 (Te132) 10 
Praseodymium 143 (Pr133) 100 Terbium 160 (Tb160) 10 
Promethium 147 (Pm 147) 10 Thallium 200 (Tl200) 100 
Promethium 149 (Pm 149) 10 Thallium 201 (Tl201) 100 
Radium 226 (Ra 226) 0.1 Thallium 202 (Tl202) 100 
Rhenium 186 (Re 186) 100 Thallium 204 (Tl204) 10 
Rhenium 188 (Re 188) 100 Thulium 170 (Tm170) 10 
Rhodium 103m (Rh 103m) 100 Thulium 171 (Tm171) 10 
Rhodium 105 (Rh 105) 100 Tin 113 (Sn113) 10 
Rubidium 86 (Rb86) 10 Tin 125 (Sn125) 10 
Rubidium 87 (Rb87) 10 Tungsten 181 (W181) 10 
Ruthenium 97 (Ru 97) 100 Tungsten 185 (W185) 10 
Ruthenium 103 (Ru 103) 10 Tungsten 187 (W187) 100 
Ruthenium 105 (Ru 105) 10 Vanadium 48 (V48) 10 
Ruthenium 106 (Ru 106) 1 Xenon 131m (Xe131m) 1000 
Samarium 151 (Sm 151) 10 Xenon 133 (Xe133) 100 
Samarium 153 (Sm 153) 100 Xenon 135 (Xe135) 100 
Scandium 46 (Sc 46) 10 Ytterbium 175 (Yb75) 100 
Scandium 47 (Sc 47) 100 Yttrium 90 (Y90) 10 
Scandium 48 (Sc 48) 10 Yttrium 91 (Y91) 10 
Selenium 75 (Se75) 10 Yttrium 92 (Y92) 100 
Silicon 31(Si31) 100 Yttrium 93 (Y93) 100 
Silver 105 (Ag 105) 10 Zinc 65 (Zn 65) 10 
Silver 110m (Ag 110m) 1 Zinc 69m (Zn 69m) 100 
Silver 111 (Ag 111) 100 Zinc 69 (Zn69) 1000 
Sodium 22 (Na 22) 10 Zirconium 93 (Zr 93) 10 
Sodium 24 (Na 24) 10 Zirconium 95 (Zr 95) 10 
Strontium 85 (Sr 85) 10 Zirconium 97 (Zr 97) 10 
Strontium 89 (Sr 89) 1   
Strontium 90 (Sr 90) 0.1   
 
**Radionuclides, other than alpha emitters, not listed above have control quantity equal to 0.1 uCi 
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PART ELEVEN 
 
RADIATION PROTECTION PROGRAM FORMS 
 
 
FORM  DESCRIPTION               
 
R-01  Radioactive Material Worker Training Forms 
 
R-03  Transfer of Radioactive Materials Form 
 
R-09  Radioisotope Sewer Disposal Log 
 
R-16  Ambient Radiation Exposure Log 
 
R-19  Radiation Equipment Operator Training Forms 
 
R-21  Lost, Damaged or Canceled Dosimetry Form 
 
R-25  Radioactive Waste Pick-Up Request 
 
R-31  Radioactive Waste Tally Sheet 
 
R-39(a-d) Liquid Scintillation Waste Tally Forms 
 
R-54  Removable Contamination Survey Cover Sheet 
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