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CONTAMINATION LIMITS FOR REAL AND PERSONAL PROPERTY 

J. W. Healy and W. J. Smith 

The project on derivation of contamination limits applicable to 

real or personal property to be used by the public was first funded by 

the Operational Safety Division about one year ago at a level somewhat 

higher than one man-year per year. Its purpose, as the title implies, 

is to propose and justify operational limits which apply to the release 

or sale of property which has been used in work areas where radioactive 

materials are present. It was recognized at the outset that this was a 

formidable task because of the diverse situations which must be consid

ered in the use of such property and a lack of detailed information 

which would permit reasonably accurate description of the parameters in 

each of these many individual cases. However, the need for such guid

ance is pressing so that both the individuals concerned and the public 

can be assured that no undue risk to health exists and the resources of 

the nation can be preserved to the extent possible by permitting maxi

mum reuse of equipment, land, or other facilities. Realistic and accept

ed limits for such items will also serve in a major way to minimize radio

active wastes and the future burden of controlling disposal areas. 

At the beginning of the work, several ground rules were outlined. 

1. Conclusions and their basis were to be as well documented as 

possible to permit informed, critical review. 

The results of these studies are to be circulated as widely as 

possible. Since many of the conclusions are based on judgments rather 

than hard data, meaningful comments can be obtained only by thorough 



documentation of all reasoning as well as evidence available. On the 

first product, a proposed standard for plutonium in soil, about 200 

copies have been distributed for comment. 

2. Recommendations were to be based only on parameters involving 

health considerations. 

Standards are derived today on many grounds including "minimum: 

practicable," public relations, or political reasons. However, all of 

these still require an upper limit dictated by the need for protection 

of health. These other factors require consideration of the particular 

circumstances of application plus expertise that we do not lay clain to. 

We have chosen, and will continue to use the recommendations of the NCRF-

ICRP as the basic guidance data and will not attempt to relate the vsluc-s 

through risk analyses to actual harm. In view of the many uncertainties 

we do not believe that it is realistic to quantify the relation between 

radiation dose and contamination level--rather the recommendations are 

for control of levels to some level below the maximum permissible. 

3. Initial recommendations were to be conservatively based with 

the avowed intention of revision upward as warranted by additional in

formation. 

The mildest comment received for this ground rule has been 

"dreamer!" While there has been a sti'ong tendency to "fix" numbers by 

regulations, etc., we believe that increases could be warranted if we 

are successful in the goal of deriving adequately conservative numbers 

initially. 

4. Recommendations for experimental studies to reduce uncertain

ties and better define assumptions are an important output of the study. 
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The identification of needed information and its usefulness is an 

important first step in any applied research work. We fully expect to 

encounter many areas where studies and techniques arc inadequate to pro

vide the needed basis. Wherever possible, we will recommend to the AEC 

study areas or specific studies which will improve understanding of the 

subject. 

The initial effort in this study was a derivation of a proposed 

standard for plutonium in soils. Since the potential hazards of plu-

tonium are related to its intake to the body and not to any external 

effect, primary attention was paid to the routes of intake and the ap

propriate limitations to be placed on the maximum quantity to be allowed 

in the body. In general we adopted the maximum permissible body burden 
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derived at the Chalk River Conference and revised for non-occupational 

exposure and the ICRP-NCRP value for dose to the lung of an individual. ' 

A study of the literature on non-uniform dose effects such as can occur 

with particles in the lung was made with the conclusion that the pre

ponderance of the evidence now available indicates that sue. focal dis

tribution was not more harmful than a uniform distribution through the 

organ and may well be less harmful. This conclusion has now been chal

lenged by the petition of the NRDC and a specific review of their claims 

is in progress. 

As would be expected from previous studies, the primary mode of 

intake from the soil is by inhalation. For this reason, considerable 

attention was paid to the general question of resuspension from the soil 

to the air. Two conditions were defined and investigated to the extent 

possible: (1) general resuspension, where the soil serves as a source 
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and the concentration downwind depends strongly on the atmospheric dis

persal and deposition, and (2) localized resuspension where the material 

is resuspended by mechanical disturbance to provide local concentrations 

in the vicinity of the nostrils. A method of describing general resus

pension using the concept of a resuspension rate (fraction per unit time) 

along with meteorological dispersion and deposition was derived although 

the information for quantitative evaluation is woefully meager. Along 

with this, a very crude model to describe particle deposition as a func

tion of wind speed, particle size, surface roughness and atmospheric sta

bility was derived. An interesting study was made by J. Nyhan of infor

mation available on wind erosion and its relation to the general resus

pension problem. While these results have not been applied to the prob

lem of possible differences in the standard for various types of soil, 

vegetative cover, or climate they do indicate that these factors have a 

profound effect on the wind erosion and general rcsuspension rates in 

a damp, verdant area and these will be considerably lower than those 

used in the derivation of the standard. 

Localized resuspension was estimated through use of the "resuspen

sion factor" widely reported in the literature. This was felt to be ap

propriate since the air concentration can be described relative to the 

local conditions in the soil. However, it is unsatisfactory in respect 

to the lack of definition of many of the variables such as particle size 

of soil and contaminant, condition of soil, degree of disturbance of 

soil and actual local concentration at the nostrils. A primary source 

of uncertainty in this factor is the lack of information on secondary 

transfer and resuspension from clothes or other items which become 
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contaminated. However, until data become available for a more detailed 

examination of this problem, we feel that the use of the localized resus-

pension factor will give a reasonably conservative answer. 

The proposed standard is given in Table 1. 

TABLE 1 

RECOMMENDED INTERIM STANDARDS 

FOR PLUTONIUM IN SOILS 

«* 

D/M 
per g 

500 

500 

In <100 pm partic 
Size Fraction 

PCi/g 

2 x 10"4 

2 x 10"4 

le 

pCi/m 

0.4 

4 

Total** 
D/M 

per g pCi/g 

1000 4 x 10"4 

1000 4 x 10"* 

pCi/=2 

O.S 

8 

Top 0.1 cm 

Any one cm layer 500 

*For bare soil or areas with sparse vegetation. Where area is reason
ably well vegetated (greater than 50% of the area is covered with low 
vegetation) and a reasonable root mat exists to ho.'d the soil, the con
centration listed can be applied to a 0.5 cm layer which would permit 
up to 2 pCi/m in this layer. 

**With the provision that the fraction with particle sizes less than 
100 pro is known not to exceed the limits given. If this is not known, 
the values for the <100 pm fraction should be applied to the total. 

This standard involves many judgment factors as well as calculations. 

The basic value of 500 dis/min per gran arises from parametric calcula

tions on resuspension. The application to particles <100 pm, however, 

is a balanced judgment that the small particles are the predominant prob

lem for either inhalation or transfer. The actual value of 100 urn was 

chosen to allow for degradation of particle size through impact as well 

as the fact that a standard screen is available for separation. Kc have 

limited the quantity in the top millimeter since this would seem to be 

the volume most affected by weather or man's'activities and would be most 
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subject to wind resuspension or transfer to the body. The one mm depth 

is intended to describe the top vulnerable layer and not to be a precise 

definition of a sampling depth. Limitations below this top mm are in

tended to control transfer or localized resuspension during work in the 

area as well as eliminating the possibility of exposing a highly contam

inated surface by erosion. A limitation of a total of 1000 d/m per gran 

in all particle sizes should serve to limit production of small sizes by 

natural processes of weathering. For vegetated areas the averaging over 

the top layer can extend to a depth of one-half centimeter. While this 

is partly a concession to sampling difficulties, it is also believed that 

the root mat will limit both resuspension and transfer to such an extent 

that considerable conservatism will exist. 

This standard is now out for review and comment. We do plan to 

continually review the information being generated in all fields asso

ciated with this problem and revise the standard accordingly. There are 

many additional considerations that must be included in the final stand

ard such as affect of size of area, effect of local climatology, and use 

of the area. As time permits, these additional investigations will be 

carried out. 

As a result of the study of resuspension and the need to derive 

rcsuspension rates from reported data, theoretical investigation of the 

response characteristics of the FIDLER instrument for plutonium and 

americium distributed in the soil profile was started. This involves the 

development of an equation describing the geometry and absorption for 

off-axis point sources and the ability to perform numerical integrations 

of these to give the results for a circular,_ plane source centered under 
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the instrument. Agreement with measured values is good and a parametric 

study of the effect of instrument height, shape of soil profile and other 

variables is in progress. These results will be published in a forthcom

ing topical report. Initial data indicate that for an infinity contami

nated soil about 43% of the response in the 17 keV plutonium channel 

arises from the top 40 mg/cm of the soil and in the 60 keV Am channel 

2 
about 50% of the response occurs from the top 1.5 g/cm depth. 

Current efforts are devoted to a study of limits for contaminated 

objects. A previous study several years ago established some of the pa

rameters and the potential feasibility of deriving such limits on a ra-

7 

tional and coherent basis. This problem is beset by many variables de

pending upon the specific object and its specific use and the value of 

generalized limits is still in question. However, we believe that the 

basic need for such limits is so great that studies should go forward 

even if they result in only general principles which can be applied to 

specific cases. 

Presently we are locking carefully at the question of transfer of 

contamination from one object to another object. Literature searchers 

have given valuable information on some phases of the problem but results 

are sporadic and generally limited to specific conditions. Ke are taking 

a conceptual approach by writing the differential equations for the trans

fer and then examining each of the terras in order to obtain a better un

derstanding of their importance and potential methods of better measur

ing the appropriate functions. 

In summary, this work is attempting to consolidate much of the in

formation gained in the past and to provide a framework of understanding 
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which will permit the rational development of standards or standard 

techniques so that the results can be applied with confidence that they 

provide adequate protection of people. To this end we solicit criticises 

and comments so that the final results can meet with the greatest accept

ance. In the long run, we plan to submit proposals in this area to the 

NCRP and similar groups in order to obtain the benefit of the widest 

possible review by knowledgeable people 
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