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ABSTRACT

pata for the movement of various contaminants from several different
surfaces have been examined and the fractional amount removed per unit
time fitted to an arbitrary scale of level of action. Both the nature of
the contaminant and the nature of the surface appear to affect the frac-
tional removal although data are not available to define the dependence
in any detail.

I. FIXATION OF CONTAMINANTS TO SURFACES . this would not seem to be an important factor in
Most of the data on degree of fixation to sur- estimating contamination limits for real or personal
faces were obtained from liquid contariaants either Property because the time since contamination of
after evaporation on the surface or by immersion of these objects would generally be in the week to
a surface in a solution. These data show that a year range, but this effect could be of importance
higher percentage of the contaminant becomes more in interpreting or planning controlled experiments.
firmly fixed with time after at least two or three As is well known, the nature of the surface
days. In one series of experiments,l the fraction also affects its ability to absorb and retain the
that could be removed with water (defined in these contaminant. Thus, most laboratory surfaces are
experiments as loose contamination) was remarkably constructed to be as smooth and free of cracks as
consistent for the same surface centamination with possible. A number of exper:iment:s:"'4 on the de-
such diverse materials as BQSt, 1311, or a one-year contaminability of surfaces and the initial sus-
old fission product mixture. On glass, the removal ceptability of the surface in retaining the cr . m-
varied from about 80% for the fission products to ination have been examined. As was expectedu ¢
about 88% for the sgSr at 30 min after contamina- smooth, hard surface is less susceptible and .ne
tion to about 55-50% after 15 days. 'Bompkins2 has contamination easier to remove than when a surface
shown that the frosted end of a microscope glass is rough or porous. In general, it appears that
slide adsorbs 32? from a phosphoric acid solution there is an inverse relation between the suscept-
with several components of half-life ranging from a . ibility to contamination and the ease of removal.
few minutes to several hours. This suggests that transfers of contamination from
Thz implications of this work are that the de~ wooden or fiber object. to humans from normal ac-
gree of fixation of contamination to the surface cions of using and handling may be smaller than for
will chznge with time in the period immediately glass or metal objects. However, this may be insig-
following the contamination event. Therefore, the nificant when actions with an object such as barn-
transfer to the air, the body, or another object ing are considered. Final balance on this will de-

during this period may slowly decrease. In general, pend upon quantitative relations developed for each

of the pathways of exposure.



The decontamination experiments have also re-
vealel a general pattern of ease of removal which,
it appears, may be characteristic of the surface
and, perhaps, the contaminant. In general, this
can be represented by "rate" constants where the
variable is number of steps of decontamination
rather than time. We are currently interpretiny
these data with an assumption of exponential re=
moval to see if some quantitative relations be-~
tween type and number of decontamihation steps can
be formulated. At the moment, it appears that two,
or possibly three, rate constants will suffice to
represent the loose and fixed components on a Sur-

face.

II. TRANSFER OF CONTAMINANTS

A major goal of the work during this period
was the derivation of an overall, semi-quantitative
pattern describing the transfer of contaminants
from various surfaces to air, to other ubjects or
to humans when the surface is subjected to various
actions. It was cecognized at the start that the
information available was inadequate to fully de-
fine this transfer under all of the conditions to
be encountered. However, the lack 2f such a rela-
tion has been a major stumbling block in past deri-~
vations and even a crude relationship would be val-
vable in assessing its usefulness and in better de-
fining the types of experimental investigation
needed.

In order to provide a mathematical framework,
an initial assumption has been made that the remov-
al from a surface (and, hence, transfer elsewhere)
follows linear kinetics.5 This permits the defini-

tion of the term fs as the quantity of contaminant

lost from a surfacelper unit time under the influa-
ence of a specified action, It can then be used in
a description of the quantity transferred and re-
maining with the familiar exponential relations.

It is apparent that more than one value of fsl will
be needed for a complete description of the total
transfer from a given surface since some experiments
on decontamination have shown that removal becomes
more difficult as the “reatment persista (i.e., a
smaller fraction of that remaining is removed for a
given additional treatwent). However, for the pres-
ent study only the initial value of fsl was used,

representing the rate of removal when the first

action is taken, in order to provide consistency
awong all experiments inciuding those for which in-
formation on the later change of slope is not avail=
able. In some experiments, particularly those in=
volving decontamination and smear tests, the data
represent the removal from a unit application oL a
given procedure (such as smearing a given area or
washing an object). In these cases the value of
fsl was derived for the unit step and compared to
the data for unit time in other experiments. Thus,
the tacit assumption was made that the action lasted
for one minute.

An action scale to permit correlation with the
values of fsl was particularly difficult since it
is impossible to obtain a scientifically definable
measure of the degree of action resulting in the
measured value of fsl' A completely arbitrary
scale was finally chosen with the values of fsl
placed on the scale at positions where they produced
the best fit to a straight line {on a semi-log scale)
between the values for the maximum and minimum ace
tion levels. While such a procedure is arbitrary
it does produce a relation whereby the action fore-
seen on an object can b related to the actions of
the scale by subjective judgment and used in (sti-
mating transfer.

In the preparation of the curwes, it was noted
that there appeared to be a reasonable relationship
between the value of fsl and the type of surface and
contaminant in those experiments where the same ac=
tion level was carried out under different condie
tions. In general, contaminants such as a particu~
late oxide on a smooth surface appeared to have a
higher value of fsl than a soluble salt applied as
liquid to an absorbent surface. However, the amount
of guantitative data obtained for the various con~
ditions was not adequate to permit definition of
this factor over the full range of actions and the
curves were drawn as boundaries to a range with the
upper one presumably representing a particulate con=
tamination on a smooth surface and the lower repre-
senting a svluble salt on a rough or fibrous surface

1 and ae=-

Data were obtained from

The resulting formulation between fs
tions are given in Fig. 1.

1-4, 6-12 and represent a range of

eleven references
diverse conditions such as walking on a contaminated
fioor through actual reageant decontaminatior. in coa=

trolled tests. We have not attempted to indicate on
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Fig, 1. Plot of fraction lost per unit time versus

arbitrarily assigned scale of action on a
contaminated surface. Numbers on the ac-
tion scale represent the following:

1. No action in a room with cor taminated
floor but differing ventilation rates.

2. Walking on a contaminated floor at var-
ious speeds from 14 steps per minute to
200 steps per minute.

3. Carrying out vigorous work on contami-
nated floor.

4. strong air currents in a contaminated
area caused by fan and light sweeping.

S, Vigorous sweeping of contaminated floor.

6. Damp smear of a surface after it has
been washed.

7. Smair {A technique using strong and
reproducible air currents on a small
surface to measure removable contani-
nation).4

8. Dry smear of surface or water wash.

9. Acid wash of surface.

10. Hard scrubbing of surface or liquid de-
contamination with chelating agents.

this curve the wide range of surfaces {concrete,
asphalt tile, linoleum, paper, cast steel, glass,
ot PuN03,
P, CuO, and

and enamel} or the contaminants used (PuO
U02, BeO, 2nS, Thoz, 1311, Bgs:, 32
mixed fission products). Instead each test is
shown by a single point to illustrate the spread.
Considering the number of variables present,
the relatively narrow band of about two orders ot

magnitude is encouraging and may indicate that an

approach such as this with more controlled experi-
mentation could lead to a series of curves for use
with different contaminant properties, surface
properties, and action levels. One point of inter-
est is the wide spread of data at the "no action”
condition. Thess points all represent conditions
of floor contamination in non-occupied rooms where
no work or movement is occurring. However, the
different room sizes and ventilation at this range
may represent various degrees of action even in this

condition.

III. SOIL STANDARDS

Little additional work was done on the pluto-
nium in soil standard although some additional ref-
erences On resuspension were obtained, Several of
these indicated that resuspension rates may in-
crease to a much greater degree with wind speed
than was assumed in the report on the plutoniumrm
standard. A start was made on preparing equations
to calculate average air concentration resulting
from resuspension over a uniform rectanguluar area
by using the wind rose data of direction and wind
speed for various stabilities. Such a scheme will
be useful for examining data from extended periods
of sampling as well as indicating changes due to

area size or meteorological differences.

IV. PLANS FOR FUTURE WORK

Attention on surface contamination will be
focused on an attempt to perform a complete calcu~
lation of a limit for one or several isotopes based
upon all modes of potential exposure and using the
transfer curve derived during this period (Fig. 1)
to characterize the movement. This exercise will
be primarily for the purpose of seeing how the
pieces fit and developing the calculational tech-
niques. As a part of this exercise, some effort
will be made to consolidate the studies to date in
terms of a potential experimental program to better
define some of the uncertain or unknouwn factors.

The plutonium in soil limit will be reviewed
in light of more recent information and the calcu~
lation of resuspension over long pe,iods continued.

It is hoped that this review will result in a re-

write in a simpler, more easily uncerstood forma*
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