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INTRODUCTION 

 

One of the many responsibilities 

radiation safety professionals working 

at research-based institutions have is 

to ensure that experimental 

procedures involving the use of 

radioactive materials (RAM) are 

thoroughly evaluated. 

These evaluations are performed 

to ensure that all new protocols 

comply with the requirements 

established in the institution's license 

to use RAM and with all applicable 

regulations.   Since most standard 

experimental procedures employed 

by re searchers are well defined and 

fairly routine, a dry run is usually 

 

sufficient to identify areas requiring 

improvement.  Occasion ally, new 

or more complex protocols arise, 

which require additional attention  

by the radiation safety professional. 

The following section  discusses 

areas typically considered  during an 

experimental  procedure  review. 
 

 
CONSIDERATIONS 
 

In addition to verifying that 

laboratories are licensed to use 

RAM (ensure that the types and 

amounts of radioisotopes,  

facilities and personnel are 

properly authorized), 

 
a typical experimental procedure  

evaluation includes the following 

considerations: 
 

1.   Amounts  of RAM Used. 

Special attention  should  be paid 

to determining  the appropriate 

amounts of RAM required to 

assure statistically significant 

counting  results.  Excessive 

amounts only increase the risks of 

exposure and contamination and 

do not add to the quality of the 

experimental  results.  On the 

other hand,  using insufficient 

amounts may prove to be a counter-

productive effort, since experiments   

might have to be repeated. 
 

 
 

Figure 1. Some  researchers routinely ''protect" probes from contamination by covering them with a thin layer of 

Para film or plastic; by doing this, the efficiency of the probe may be reduced to a point where it no longer 

detects contamination. 
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2.   Half-Life of RAM Used. 

Whenever possible, shorter-lived 

isotopes should  be used.  The use 

of these isotopes  has many ad 

vantages  including the disposal of 

wastes through  decay-in-storage. 

The disposal of longer-lived 

isotopes is more difficult and 

expensive. The second  column of 

Table 1 shows the radioactive 

half-life of isotopes  commonly 

used in the research  laboratory. 
 

3.   Instrumentation Require 
ments. The instruments used in the 
laboratory to monitor for 
contamination should  be adequate 
for the isotope used 
( S e e  F i g u r e  1 . )  

 
The use of inadequate monitoring 
instrumentation is a  
common deficiency found in 

many research  laboratories. Some 

researchers routinely "protect" 

probes from contamination by 

covering them with a thin layer of 

Para film or plastic. This practice 

should not be allowed, since the 

efficiency of some  probes may be 

reduced  to a point where they no 

longer detect contamination. The 

third column of Table 1 shows the 

appropriate  monitoring instru 

mentation  for isotopes commonly 

used in the research  laboratory. 
 

4.  Generation  of Volatile 

Substances. If there is a 

possibility of gases or airborne 

contamination  being generated 

during the experimental procedure 

(e.g. while working with 

 
a glove box or filtered fume hood  may be 

necessary to minimize the intake of 

radioisotopes through  inhalation (see 

Figure 2). Airborne release concentrations 

must be kept to a minimum in accordance 

with the ALARA concept. 
 

5.   Personnel  Dosimetry Re 

quirements. The radiation safety 

professional should determine if 

external radiation levels would be 

present.  If  this is the case,  is 

appropriate personnel  monitoring 

should  be available.  Usually, 

procedures requiring the re 

searcher  to handle millicuries 

amounts of gamma and high 

energy beta radiation require the 

issuance  of whole-body and 

extremity dosimeters (see 

Figure 3).

 volatile 35S or 125 1),  
 

Table 1. Radiation safety considerations for isotopes typically used in the research laboratory 
 

 Isotope Half-life Recommended 

Monitoring 

Instrumentation 

Recommended 

Biological 

Monitoring Method 

Recommended 

Shielding 

Special considerations 

C-14 
5730 y Thin end window 

Geiger-Muller 

detector 

Urinalysis 
 
C02 Breath Analysis 

1 em Plexiglas Avoid generating carbon dioxide 

which can be inhaled 

Cr-51 
27.7 d Scintillation detector Whole-Body 

counting 

3 mm Lead  

H-3 

12.4 y Swabs counted by 

liquid scintillation 

Urinalysis None Monitor regularly. DNA precursors 

(triated thymidine) are more toxic 

than triated H 20 

I-125 

59.6 d Scintillation detector Thyroid Scanning 0.02 mm Lead May be volatile; use extreme 

caution upon opening vials. Do not 

make solutions acidic or store 

frozen 

P-32 
14.3 d Geiger-Muller 

detector 

Urinalysis 1 em Plexiglas Avoid prolonged exposure and 

wear ring dosimeter 

P-33 
25.4 d Geiger-Muller 

detector 

Urinalysis 1 em Plexiglas  

S-35 

87.4 d Thin end window 

Geiger-Muller 

detector 

Urinalysis 1 em Plexiglas Open vials in ventilated 

enclosures to prevent inhalation. 

Avoid generating sulphur dioxide 

or hydrogen sulphide. 
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Figure  2.  A glove box or a filtered fume hood should be used when 

airborne contamination may be generated. This researcher is 
performing an iodination in a Plexiglas hood that has a charcoal filter 
attached to trap any airborne /-125 to minimize  release to the 

environment and to personnel. 

isotopes  may require the use of 

other  hazardous materials (e.g. 

chemical  and  biological sub 

stances) and as consequence, 

mixed waste might be generated 

(see Figure 4). Mixed waste regu 

lations are very complex and the 

disposal  of this materials is very 

difficult; thus, the generation of 

these  materials should  be avoided 

as much  as possible.  Mixed waste 

containing  shorter-lived isotopes 

can  be decayed  in storage,  while 

other  hazardous substances can 

be either chemically neutralized or 

sterilized (e.g. autoclaved). 
 

8.    Shielding Requirements. 

The radiation safety professional 

should  determine if the proposed 

shielding is appropriate based  on 

the types and amounts of radio 

isotopes  used.  The level of 

bremsstrahlung radiation pro 

duced  in Plexiglas when small 

amounts of 32P (less than 

10 millicuries) are use is insig 

nificant. When higher amounts 

of 32P materials are used (more 

than 10 millicuries), a thin layer 

of lead should  be added  after the 

Plexiglas to shield the bremsstrah 

lung radiation. The fifth·column of 

Table 1 shows the recommended 

shielding materials for isotopes 

commonly  used in the research 

laboratory. 
 

9.    Remote Handling Devices 

Requirements. In addition to 

minimizing the time spent  work 

ing with radioactive materials and 
 

For procedures such as 32P 

metabolic  cell labeling with large 

amounts of radioactive material 

(usually more than 

10 millicuries) may require the 

issuance of multiple monthly 

dosimeters (e.g. a ring dosimeter 

on each  hand). The radiation 

safety professional should  also 

determine if  the possibility of 

internal deposition  of radioactive 

materials exists, if so, bioassays 

should  be required after com 

pletion of the experiment.  The 

fourth column  of Table 1 shows 

the recommended bioassays 

techniques applied for isotopes 

 

commonly  used in the research 

laboratory. 
 

6.    Waste Handling Require 

ments.  Besides ensuring  that all . 

generated radioactive waste is 

segregated by isotope and 

physical form (liquid vs. solid and 

combustible vs. non-combusti 

ble), special waste handling 

should be required for animal 

wastes (e.g. carcasses, biological 

tissues,  etc.) and liquid scintilla 

tion fluids. 
 

7.    Generation  of Mixed Waste. 

Some  experiments,  besides  radio- 

using the appropriate shielding, 

the use of remote  handling tools 

should  be considered when 

practical. 
 

 
CONCLUSION 
 

Performing these  few, simple 

assessments will ensure  that all 

new experimentation protocols 

comply with the institution's 

license to use RAM, will maintain 

compliance with applicable 

regulations,  and will result in a 

generally safer laboratory 

environment. 
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Figure  3. Procedures requiring the researcher to handle  millicuries 

amounts of gamma and high-energy beta  radiation usually require the 

issuance of whole-body and/or extremity dosimeters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  4. Some experiments, besides radioisotopes may require the use 

of other hazardous materials such as biological substances, as 

consequence, mixed waste might be generated. 
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