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Abstract—A significant industrial hygiene concern during the
Decontamination and Decommissioning (D&D) of the Tokamak
Fusion Test Reactor (TFTR) was the oxidation of the lead bricks’
surface, which were utilized for radiation shielding. This
presented both airborne exposure and surface contamination
issues for the workers in the field removing this material. This
paper will detail the various protection and control methods
tested and implemented to protect the workers including those
technologies deployed to decontaminate the work surfaces. In
addition, those techniques employed to recycle the lead for
additional use at the site will be discussed.

I. INTRODUCTION

Lead dust is a severe hazard to those who are over exposed.
Lead differs from many metals, in that it serves no biological
function. Many other metals are necessary nutrients found at
low concentrations in humans. When lead dust is inhaled, it is
readily absorbed and distributed throughout the body.
Repeated exposures can cause a gradual accumulation of lead,
particularly in the bones. Symptoms of chronic exposure can
include anxiety, weakness, headaches, tremors, excessive
tiredness and other indicators of nervous damage.

Lead can enter the body through either the gastrointestinal
or the respiratory tract. Lead is readily absorb from the lung
and is the predominate route of exposure in occupational
settings. The OSHA PEL (Permissible Exposure Limit) is
30ug/m3 [1]. The quantity of lead absorbed depends on the
particle size, respiratory volume and rate, and mucociliary and
alveolar clearance mechanisms. Approximately 35% to 40%,
of the total lead inhaled, actually enters the blood [2]. The
OSHA biological-monitoring standard for blood lead is a
maximum concentration of 50ug/100ml whole blood [1].
Blood sampling analysis is mandatory every 6 months for
workers exposed above the PEL for more than 30 days per
year [3].

Once the lead enters the blood it binds to erythrocytes (a
mature red blood cell). Over the next few weeks it is
distributed to those tissues that receive high blood flow, such
as, kidney, liver, and brain. Bone has the highest affinity for
lead. Biophysically, lead resembles calcium, which may
explain its high affinity for bone [2]. The total content of lead
in the organism is called the body burden. About 90% of the
body burden of lead is found in the bones. Numerous studies
have shown that lead follows the metabolism of calcium [4].

The safe removal of lead shielding at Princeton Plasma
Physics Laboratory was a major component of work, during
the Tokamak Fusion Test Reactor (TFTR) Decontamination
and Decommissioning (D&D) Project. The physical aspects
of this project commenced at the beginning of October 1999

Throughout the years of 1999, 2000, and 2001
approximately 250,000 pounds of lead was safely removed
from the TFTR test cell and test cell basement. Typically, the
lead was in the form of bricks each weighing approximately 27
pounds. The lead bricks were used as radiation shielding
around TFTR’s diagnostics. After years of use, many of the
bricks were observed to be coated with a layer of white
powder. Analysis of this powder revealed inorganic lead.
During the removal of the bricks, this powder had a tendency
to become airborne and eventually resettled on other surfaces
throughout the work area. This re-deposition was a serious
concern in the TFTR Test Cell and Test Cell Basement where
there was a high number of workers performing collateral tasks
associated with TFTR D&D.

Fig. 1 the top lead brick exhibits no oxidized surface dust. The bottom
lead brick exhibits oxidized surface dust.

A search of the Occupation Safety and Health
Administration (OSHA) standards was conducted for exposure
limits for lead dust as a surface contaminate. No such standard
could be located. However the general duty clause, Section
5(a)(1) of the Occupation Safety and Health Act of 1970
“applies to all employers and required each employer to
provide employees with a place of employment that is free of
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recognized hazards that may cause death or serious physical
harm” [5]. Since there was no specific OSHA standard
available and the laboratory was required to rid the area of the
lead dust, the Industrial Hygienists reviewed the Housing and
Urban Development (HUD) standard. HUD had standards for
surface contamination. The HUD standard for lead screening
was adopted as a guideline [6].

Samples of the different surfaces were collected using
OSHA’s sampling for surface contamination techniques. The
wipe sample results determined that the level of dust was well
above the HUD guidelines. Four different methods were
employed to reduce the quantity of lead oxide exposure to
personnel which included using a HEPA (high efficiency
particulate Air) filter vacuum and wiping the material down
with Windex ™, and adhesive pad, strippable paint, and acetic
acid. After testing with various paints, it was found that
coating the bricks with Rust-oleum Rust-O-Than ™ epoxy
based paint allowed the bricks to be reused in the future and
reduce the development of lead oxide.

II. METHODS AND MATERIALS

Three areas of the TFTR Test Cell basement had diagnostic
equipment with the lead brick shielding After each area was
cleared of the lead bricks, the workers wiped the surface areas
down with Windex™ and then used a High Efficiency
Particulate Air Filter vacuum (HEPA) to remove any lead dust.
No initial samples were taken, as it was assumed the lead
concentration was above the HUD guidelines. Once this was
completed, the areas were sampled to see if any lead dust
remained. The sampling techniques described in the OSHA
Technical Manual, Chapter 2 “Sampling for surface
contamination” were used. Areas sampled initially were
marked to avoid sampling the same area again. The marked
area was measured and recorded. The area of the sample was
calculated. Using a “Lead Wipe ™ ” brand wipe, the area was
wiped starting at the outside edge and progressing towards the
center of the surface area. The sample wipe was folded over
with the exposed side in and placed into a plastic vial, labeled,
and sent to an off site laboratory for analysis [7]. The sample
concentration was converted to µg/ft2 by dividing the results
by the calculated area. The analytical method used by the
outside laboratory was the modified NIOSH 7300 method.

In accordance with the NIOSH Manual of Analytical
Methods, the samples were placed in a clean beaker followed
by the addition of ashing acid (HNO3:HClO4) [8]. The
sample is then coverd with a watchglass. The sample is then
left to stand for 30 minutes at room temperature, then heated
on a hotplate until 0.5ml remains. Ashing agent continues to be
added to the sample and it is heated until the solution is clear.
The watchglass is removed and the sample is rinsed into the
beaker with distilled water. The temperature of the hot plate is
increased and the sample is brought to near dryness. The
residue is dissolved in dilution acid and the solutions are
transferred to flasks. The samples are then analyzed using an

inductively coupled plasma-atomic emission spectrometer [8].
The first results showed that the surface contamination was

above the HUD surface contamination guidelines. These areas
were then wiped down again and re-vacuumed with the HEPA
vacuum and re-sampled. When the results were returned, it
was found that the metal structural surfaces were below the
HUD guidelines. It was decided that the wooden pieces would
be disposed of as hazardous waste. The concrete floor
surfaces however, were still well above the guidelines.

Next, an adhesive pad was placed down in a designated
area. Pressure was applied to the pad and then it was removed
and discarded as hazardous waste. The area was sampled and
the results indicated levels were lower still; however, the levels
were still above the HUD guidelines.

The next mitigating method used was strippable paint.
Stripcoat TLC Free ™ was applied to a small area and left to
dry over night. The directions for the strippable paint suggest
spraying the paint onto the surface; However, a thick coat was
needed to properly remove the contamination. Therefore, the
paint was poured onto the floor and spread with a roller. After
approximately 24 hours the paint was peeled and the floor was
re-sampled. The results were below the HUD standard. Next
the entire contaminated floor was painted and allowed to dry,
again for 24 hours. The following day when the paint was to
be peeled, it was discovered that paint was not applied in a
thick enough fashion. A second layer of paint was applied and
allowed to dry overnight. The following day the paint was
peeled and the area was sampled. Once again the results were
below the HUD guidelines. For the remainder of the floor
area, each section was wiped down with Windex and
vacuumed to remove the lose dust and then the strippable paint
was applied. After the paint dried and was removed the areas
were sampled and declared clean if the results came back
below the guideline. One area had to be repainted to get the
levels below the guideline.

The last mitigating method that was used was a 5% Acetic
acid solution. After the bricks were removed the area was
wiped down using the acetic acid solution. The area was
sampled and the results were below the guideline.

After all the bricks were collected, they were placed in a
box to later be coated in polyurethane. This coating would
allow the bricks to be used in future projects. Workers
handling the coated bricks would not need respiratory
protection. And the coating would reduce future oxidation of
the bricks.



Fig. 2 Application of strippable paint to a lead oxide contaminated surface.

Fig.3 Lead bricks coated with polyurethane and labeled for future use.

IV Results

Fig. 4 This technique did not mitigate the lead oxide surface dust to below the
HUD guidelines
.

Fig. 5 This technique was successful in reducing the lead oxide surface dust
to below the HUD guidelines.

V Conclusion

To the knowledge of the authors and after an extensive
literature search, it was concluded that this was the first time
strippable paint was applied as a mitigation technique for the
safe removal of lead oxide surface dust contamination.

After various techniques, including water, Windex™,
Acetic acid, and sticky pads, were used it was determined that
the application of the Stripcoat TLC Free ™ strippable paint
provided the most effective means of removing lead oxide
surface dust. This technique was both highly effective in
reducing lead oxide surface dust and cost effective, due to the
single application process.

It was determined that for non-flat surface areas with slight
lead oxide surface dust contamination, such as pipes, that a 5%
acetic acid solution was effective. However, this process had
to be repeated several times before the lead oxide surface dust
contamination levels were below the HUD guideline

It is recommended by the authors that for flat porous
surfaces, with contaminated lead oxide surface dust, that the
strippable paint be utilized to reduce the level of this toxic
material to acceptable level, in this case below the HUD
guidelines.
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