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USE AND DISCLOSURE OF THIS DOCUMENT 
 
Polimaster, Inc has created the information included in this document as an internal 
document and maintains all of the information in this document as Company 
Confidential  with regard to its potential release in response to Freedom of Information 
Act requests.  All aspects and components of this document are believed to be exempt from 
mandatory disclosure under the Freedom of Information Act. 
 
Release of information within this document, which is considered to be confidential and 
proprietary trade secrets, would provide competitors with valuable insight into the operations 
of Polimaster, Inc and, as a result, would cause Polimaster, Inc to suffer substantial 
competitive harm. 
 
This document shall not be disclosed in whole or in part for any purpose before it is approved 
in writing for release by company officials. 
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Purpose of the document 
The purpose of this document is to provide recommendations for technical use of the 
Polimaster Dose Tracking System based on X-Ray and Gamma Radiation Personal 
Dosimeters PM1610 and PM1621 and “Personal Dose Tracker” software. 

Precautions 
This document provides only recommendations, outlining general roadmap for 
implementation of the Polimaster Dose Tracking System. It can be used only as a reference 
for development of the internal policies.  
User shall implement and use dose monitoring procedures and concept of operations 
according to policies, used in his/her organization. 

General 
In the past few years there have been dramatic increase in the number of check points 
equipped with X-ray inspection systems. These systems include X-ray baggage scanners, 
foot and artificial limbs scanners, and X-ray whole body imaging equipment of various kind 
and manufacturers.  
X-ray inspection systems emit radiation that may cause health issues if safety precautions are 
not implemented. Measurement of the acute dose from X-ray scanning equipment and its 
proper monitoring is the key factor to the risk reduction of the personnel, working with X-ray 
scanners. Monitoring of the long term exposure prevails over the dose rate monitoring when 
it comes to operation of the gamma and X-ray emitting equipment.  

In order to successfully monitor and account dose, accumulated by personnel and/or X-ray 
equipment operators, the system is needed which integrates all users, equipment and 
procedures.  
Different domestic and international organizations, such as OSHA and ICRP, provide general 
guidelines to determine maximum permissible Dose Limits. We have incorporated some of 
those recommendations into the document. However, the user shall consult with company, 
state and federal policies and regulations in use in the country of the internal deployment. 

Purpose of the system  
Polimaster Dose Tracking System is intended to provide acute dose information for the 
personnel and operators, working with the X-ray scanning equipment. This information is 
complementary to any security monitoring system, provided by X-ray scanning equipment. 
The flexibility of the system allows for precise configuration and user set up to address dose 
monitoring needs for both X-ray system operators and personnel, frequently scanned by 
Personnel Security Screening Systems. All data are stored in the internal database with an 
option of exporting data to remote centralized data analysis and storage. 
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When use of Dose Tracking System is necessary?  
Even though internal radiation safety policies may vary from organization to organization all 
of them follow general guidelines from local, State or Federal authorities. Generally, if the 
annual acute Dose is below 1 mSv, special dose monitoring and accounting is not needed. If 
the annual acute dose is between 0.1 R and 0.5 R, dose monitoring and accounting is 
recommended. If the annual acute dose is above 0.5 R, dose monitoring and accounting is 
highly recommended and even mandatory in some countries. 
If the dose monitoring and accounting procedures are in place, every employee who is 
working directly with gamma and x-ray emitting equipment have to wear Personal Dosimeter 
continuously monitoring Dose he/she receives.  

Preparation for use  
The system consists of a number of personal dosimeters (for X-ray inspection systems we 
generally recommend PM1610 and PM1621, but may vary depending on type and 
manufacturer of equipment), personal computer with USB communication ports and 
Polimaster “Dose tracking” software installed. We recommend number of personal dosimeter 
were equal to the number of personnel and operators. In order to start working with the 
system, both instruments and software shall be set up first.  

Instrument preparation 
As example, we will describe preparation of the X-ray and gamma radiation personal 
dosimeters model PM1610 and PM1621 for use in the integrated Polimaster Dose tracking 
System.  

In order for dosimeters to be able to operate properly as a part of the Dose Tracking System, 
they have to be properly configured. Polimaster recommends following preparation steps and 
settings for the instrument:    

Ø Clear the instrument history 
Ø Enable cyclic history accumulation mode  
Ø Set history reading interval to the value no more than the time, required for the single 

scan cycle of the X-ray equipment. Recommended value - 2 min  
Ø History delay – 0 (zero)  
Ø Dose Rate Threshold settings:  

o First:   60µr/h 
o Second: disabled 

Ø Clear the dose history 
Ø Set the dose threshold: 5R (for X-ray equipment users) 

5*X  (for the user/shift group, where X- number of 
the people in the shift) (see Software setup session).  

Ø Additional instrument settings (enable or disable visual and vibration alarms, volume 
level for audio alarms, units of measurement etс.) can be set up in accordance to 
operational procedures and policies of the user organization. 
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Note: Most of the instrument’s settings can be adjusted via Personal Dose Tracker software 
as well as by using the instrument’s buttons (if enabled). For more information and detailed 
instructions on how to adjust instruments settings, please, refer to PM1610 and PM1621 X-
ray and gamma radiation personal dosimeters operations manuals and Personal Dose Tracker 
software guide (sections 2.2.7 and 2.4.5 of the PM1610 and PM1621 operations manuals 
respectively). 
Figure 1 shows screenshot of the Personal Dose Tracking Software instrument settings menu 
with the Polimaster recommended settings. 

  

Software Configuration 

Before the first use Personal Dose Tracking Software has to be configured to comply with 
intended hierarchal user architecture: create system administrator, system operator, and user 
groups. Generally, such architecture is a site specific and configured in accordance with 
policies and concepts of operations, used at the clients’ facilities. 

Polimaster recommended generic hierarchical architecture is following (Figure 2): 
Ø System administrator(s)/operator(s) – Person(s), who is (are) responsible for 

system, database, and instruments maintenance, user groups setup, and doses 
monitoring. At least one user shall have the rights of the system operator.  

Ø X-ray equipment user. – User groups, whose acute dose levels constantly being 
monitored for each individual. Sub-groups can be introduced for each shift. The 

 
 
Figure 1. Screenshot of the Personal Dose Tracking Software instrument settings menu 
with the Polimaster recommended settings 
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instruments could be re-used for each sub-group, if the acute dose is registered in the 
system after each shift. 

Ø Personnel group user(s) – In this category each user is a group of individuals who 
are being exposed to radiation at the same time and at the same conditions. The whole 
group is being treated as a single user with the threshold levels adjusted accordingly 
to the number of the people in the group.  

 

Detailed description of the setup processes of administrator, operator and user groups is 
given in and Personal Dose Tracker software guide.  

Operation (Use) 
System day-to-day operation and users responsibilities shall comply with the policies and the 
concepts of operation are in use at the client’s facilities.  

Generally, it shall be noted that system operator is responsible for instruments maintenance, 
including: 

Ø issuance/assigning instrument to the user 
Ø instrument proper charging and time synchronization 

 
 
Figure 2. Generic hierarchical structure and data flow diagram of the Dose Tracking System 
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Ø data collection and instrument’s history purge (Polimaster recommended frequency -
at the end of each shift) 

Ø database maintenance 
Ø instruments proper battery charge level maintenance (frequency is determined 

empirically, based on actual use statistics) 

We envision the typical day/shift operation process as following:  

1. At the beginning of each shift (work day) the Operator deploys dosimeters with users 
(both individual and group users). As long as instrument is registered in the system 
and assigned to the user, it is not necessary to deploy the same dosimeter with the 
same user each time. 

2. Individual users wear dosimeter all the time while they are working with the X-ray 
scanning equipment. In most cases, the individual users are obligated to wear 
dosimeter near the chest during the entire shift.  

3. At the end of each shift operator gather all instruments and register dose, accumulated 
by the user, in the database. 

4. It is assumed that the group users are exposed to gamma and X-ray radiation only 
while they are scanned by X-ray security equipment. In such a case the acute dose for 
the group user could be registered in the database after each scan or after each shift, 
given that the instrument stays with the group during entire shift. 

5. Periodical charging of the instrument batteries using the group charger (on average 
once in every 2 weeks). 

Acute Dose Monitoring 
Acute dose monitoring shall comply with the policies and the concepts of operation are in 
use at the client’s facilities as well as with EPA, OSHA, as well as other federal and State 
recommendations. Table 1 show occupational and public radiation dose limits, published in 
Health Hazard Evaluation Report, by Transportation Security Administration, Washington, 
DC, in September 2008. This information is provided as a reference only. The user shall 
check the regulations which are in use in country where system is deployed. 
 

Table 1. Occupational and Public Radiation Dose Limitsa 
 DOEb NRCc OSHAd NCRPe (1993) ICRP (1991) 

Occupational 

Whole body 
(deterministic)f 

5,000 mrem per 
year 

5,000 mrem per 
year 

1,250 mrem per 
quarter for the 
whole body (head 
and trunk; active 
blood-forming 
organs or gonads) 

5,000 mrem per 
year 

2,000 mrem per year 
average over 5 years 
(10,000 mrem in 5 
years), not to exceed 
5,000 mrem in any 
single year 

Lens of eye 15,000 mrem per 
year 

15,000 mrem per 
year 

1,250 mrem per 
quarter 

15,000 mrem per 
year 

15,000 mrem per 
year 

Hands, forearms; 
feet and ankles 

50,000 mrem per 
year 

50,000 mrem per 
year 

18,750 mrem per 
quarter 

50,000 mrem per 
year 

50,000 mrem per 
year 
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Skin 50,000 mrem per 
year 

50,000 mrem per 
year 

7,500 mrem per 
quarter 

50,000 mrem per 
year 

50,000 mrem per 
year 

Embryo-fetus of 
pregnant workerg 

500 mrem per 
gestation period 

500 mrem per 
gestation period No limit established 

50 mrem per 
month over 
gestation period 

200 mrem per 
gestation period 

Cumulative No limit 
established No limit established 5,000 (N-18) mrem 

N=age (y) 
1000 mrem x age 
(y) No limit established 

Public 

Whole body 
(deterministic) 

100 mrem per year 
for members of the 
public entering a 
controlled area 

100 mrem per year 
from licensed 
operation; or 2 
mrem per hour from 
any unrestricted 
area 

No limit established 

100 mrem for 
continuous 
exposure and 500 
mrem for 
infrequent 
exposure 

Annual average over 
5 years not to exceed 
100 mrem 

Lens of eye, skin, 
and extremitiesh 

No limit 
established No limit established No limit established 5000 mrem 

1,500 mrem to lens 
of eye and 5,000 
mrem to skin, hands, 
and feet 

Negligible 
Individual Dose 

No limit 
established No limit established No limit established 

1 mrem annual 
effective dose per 
source of practice 

No limit established 

a) The dose limits are reported in the conventional units (mrem) to be consistent with the U.S. regulations.  
b) The Department of Energy  
c) NRC states that if members of the public are continuously present in an unrestricted area, the dose from 

external sources cannot exceed 0.002 rem in an hour and 0.05 rem in a year. 
d) OSHA occupational dose limits are reported in terms of dose equivalent per calendar quarter and apply 

only to individuals who work in a restricted area. Restricted area means any area that is controlled by the 
employer for purposes of protecting individuals from exposure to radiation or radioactive materials. Minors 
are restricted to 10% of the limits shown.  

e) NCRP 116 also states, “new facilities and the introduction of new practices should be designed to limit 
annual effective doses to workers to a fraction of the 1,000 mrem/year implied by the lifetime dose limit.” 

f) Occupational and public deterministic dose limits (except OSHA) are reported in terms of annual effective 
dose (E); the cumulative dose limit is a cumulative effective dose limit. The effective dose (E=wRHT) is 
intended to provide a means for handling nonuniform irradiation situations. The tissue-weighting factor 
(wR) takes into account the relative detriment to each organ and tissue including the different mortality and 
morbidity risks from cancer. In other words, the risks for all stochastic effects will be the same whether the 
whole body is irradiated uniformly or not. 

g) Embryo-fetus dose limit is an equivalent dose (Hg.T) limit in a month once pregnancy is known. The 
equivalent dose limit is based on an average absorbed dose in the tissue or organ (DT) and weighted by the 
radiation weighting factor (wR) for radiation impinging on the body (HT=wR DT).  

h) Lens of eye, skin, and extremity dose limit is an annual equivalent dose limit. 
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Polimaster Recommended Threshold Levels 
Based on the data in the Table 1, Polimaster recommends following threshold levels for 
individual users. The group user value shall be calculated by multiplying threshold level for 
individual user by number of the people in the group. 
Table 2. Polimaster recommended threshold levels for individual users 

Time period Polimaster recommended threshold levels 
for individual users 

1 quarter 1250 mrem 
1 year 5000 mrem 

10 years 10000 mrem 

If the threshold levels are exceeded for a certain user, software will alert operator when 
instrument is being assigned to that user. The operator shall then relive the user from working 
with radioactive source according to the internal procedures.  

Data Retention Cycle  
Recommended data retention cycle – 50 years.   
 


