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GLOVEBOX CHARACTERIZATION AND BARRIER INTEGRITY TESTING USING 
FLUORESCENT POWDER 

Abstract: This paper presents a method for characterizing 
the spread of contamination and testing the barrier integrity 
of a new glovebox during material transfer operations and 
glove change-outs using fluorescent powder. Argonne 
National Laboratory-West has performed this test on several 
new gloveboxes prior to putting them into service. The test 
is performed after the glovebox has been leak tested and all 
systems have been verified to be operational. The purpose of 
the testis to show that bag-in/bag-out operations and glove 
change-outs can be accomplished without spreading the 
actual contaminated material to non-contaminated areas. The 
characterization test also provides information as to where 
contamination might be expected to build-up during actual 
operations. The fluorescent powder is used because it is 
easily detectable using an ultra-violet light and disperses in 
a similar fashion to radioactive material. The 
characterization and barrier integrity test of a glovebox using 
fluorescent powder provides a visual method of determining 
areas of potential contamination accumulation and helps 
evaluate the ability to perform clean transfer operations and 
glove change-outs. 

INTRODUCTION 

Testing and inspection of new gloveboxes are important to ensure that a quality 
product was produced. Inspections such as dye penetrant inspection of welds or leak testing 
the entire glovebox provide valuable information as to the integrity of the enclosure. This 
paper describes in detail a method of testing the transfer operations conducted in a glovebox 
and also provides ventilation flow characterization information about the system. The 
purpose of this test is to show that transfer operations in and out of a glovebox along with 
glove change-outs can be performed successfully without spreading contamination to non-
contaminated areas. The test also provides information as to where contamination might be 
expected to build-up during actual operations. The fluorescent material used in this test is a 
very fine powder that disperses readily throughout the glovebox and can be detected using an 
ultra-violet light. This test should be performed under normal operating conditions and 
should simulate the actual operations as much as possible. At the completion of the test, the 
suspect areas of the glovebox along with the operators hands and arms are examined using 
the ultra-violet light to determine if any fluorescent material escaped the confinement during 
the transfer operations. 
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TESTING AND INSPECTION PROCESS 

The fluorescent powder used in these tests is water soluble and is called Fluorescein. 
It is orange/red in color and has the consistency of powdered sugar. When sprayed with a 
fine mist of water and examined under an ultra-violet light, it appears as a bright fluorescent 
green color. Listed below are the steps used to perform the characterization and barrier 
integrity testing of a glovebox using the fluorescent powder. 

Preparation 

Mix several tablespoons of Fluorescein powder with approximately 3 cups of 
white wheat flour. The flour helps distribute the fluorescent powder more evenly and makes 
the it more detectable using the ultra-violet light. In its pure form, the fluorescent powder 
tends to clump together and doesn't disperse as readily. 

Place the flour/Fluorescein mixture inside the glovebox or enclosure and seal 
the penetrations. 

Spread the flour/Fluorescein mixture around inside the glovebox and especially 
around the transfer ports, gloves, etc. Make sure that the inside of the gloves and transfer 
sleeves are coated with the mixture. It is important to get the material airborne so that the 
ventilation system helps spread the material throughout the glovebox for determining areas 
of accumulation. 

Transfer Operation and Inspection Test 

This test validates the bagged transfer procedure and checks the operators ability to 
successfully complete the transfer without releasing contamination to the environment 

Place an object coated with the fluorescent powder mixture into a transfer port. 
Transfer the container out of the glovebox using standard material transfer procedures for the 
specific glovebox. 

Spray a fine mist of water onto the operators hands, arms, and tools and 
examine them using an ultra-violet light (black light). Any areas of leakage will show up as 
bright green spots. The water mist slightly dissolves the fluorescent powder so that it will 
show up better under the ultra-violet light. Applying too much water may cause the 
fluorescent powder to pool and drip, marring the results. 

Spray a fine mist of water onto the transfer bag stub and bagged container and 
examine the sprayed areas using an ultra-violet light. Pay special attention to the seam or 
joint. Areas where the fluorescent material can be seen indicate a poor seal. If fluorescent 
material is detected outside of the bags or on the operators hands, the transfer procedure 
should be revised and repeated until a "clean" transfer can be completed. 

Glove Replacement and Inspection Test 4 

This test validates the glove change-out procedure and qualifies the operator per that 
procedure. 
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Replace one of the gloves in the glovebox per standard glove change-out 
procedures. 

Spray a fine mist of water onto the operators hands, arms, and tools and 
examine them using an ultra-violet light. Note any areas where fluorescent material is 
detected. 

Spray a fine mist of water onto the glove port, glove and surrounding area and 
examine the sprayed areas using an ultra-violet light. Note any areas where fluorescent 
material is detected. 

Ventilation Flow Characterization Test 

The ventilation flow characterization test using fluorescent powder provides a visual 
method of determining areas of potential contamination build-up inside the glovebox. When 
conducted during normal operating pressure and ventilation flow rates, the fluorescent 
material inside the glovebox gets dispersed and areas of accumulation can be detected using 
an ultra-violet light. 

Ensure that during the mixing or handling of the fluorescent material, some of it 
becomes airborne. 

Wait a sufficient amount of time for the airborne fluorescent material to settle. 
Spray a fine mist of water around the inside of the glovebox and examine the sprayed areas 
using an ultra-violet light. Any areas where the fluorescent material has settled will show up 
as bright green spots. 

TEST CASE 

A characterization and barrier integrity test was performed on the Plasma Hearth 
Process Radioactive Bench-Scale Hearth Handling Enclosure. The Hearth Handling 
Enclosure (HHE) is a large giovebox that provides a confinement system for containing 
radioactive material processed in the Radioactive Bench-Scale Plasma Hearth. The HHE has 
24 glove ports and two bagged transfer ports. The large transfer port is 48" in diameter and 
the small transfer port is 8" in diameter. The HHE is maintained at a negative differential 
pressure (DP) of 0.3" to 0.8" w.g. and undergoes approximately 15 air changes per hour. 

The transfer operations and inspection test was performed for both HHE transfer 
ports. After mixing the fluorescent material and flour inside the HHE, a container of 
fluorescent material was transferred out through the small transfer port. The small transfer 
port uses an 8 mil thick Polyvinyl chloride (PVC) bag, 4' long bag. The bag was heat sealed 
in three places using a heat sealer that melts the bag together in 54" wide strips. The middle 
seam was cut, separating the bagged container from the transfer port bag stub. The cut seam 
was sprayed with a fine mist of water and inspected using the ultra-violet light Fluorescent 
material was found in several areas along the seam where it had been cut. The HEAT and 
DWELL settings on the heat sealer were increased and the process was repeated until it could 
be completed without detecting any fluorescent material in the cut seam. 

A container of fluorescent material was also transferred out through the large transfer 
port. The 8 mil thick PVC large transfer port bag was heat sealed in three places in three 



stages along the width of the bag. The lay-flat dimension of the bag is approximately 6'. The 
bag was heat sealed using the same HEAT and DWELL settings used for the small transfer 
port bag. The middle seam was cut, sprayed with a mist of water, and inspected using the 
ultra-violet light and no indications of fluorescent material were found. 

The glove ports used on the HHE are of the push-through design type. With this 
design, an old glove is pushed into the inside of the glovebox when a new glove is inserted. 
A glove heavily coated with the fluorescent material was replaced with a new glove to 
validate the glove change-out procedure. After the change-out, the operators hands and 
surrounding areas of the glove port were inspected and no indications of fluorescent material 
were found. 

After the transfer and glove ports were tested and inspected, the personnel access 
door to the HHE was removed. The interior of the HHE was sprayed with a mist of water and 
inspected using the ultra-violet light. Fine particles of fluorescent material was found 
diroughout the inside of the enclosure. In some places, the fluorescent material was found to 
be 8' up the walls of the HHE and as much as 12' feet from the original area where the 
fluorescent material was mixed with the flour. The rubber seals around the windows were 
covered with fluorescent particles, but the windows themselves did not appear to have any 
fluorescent material on them. The floors and walls nearest the area where the fluorescent 
material was mixed had an evenly distributed coating of fluorescent material. There was also 
a great deal of fluorescent material around the outlet for the ventilation system. This test was 
successful in showing that the fluorescent material in a glovebox disperses in a similar 
fashion to radioactive contamination. 

CONCLUSIONS 

The characterization and barrier integrity testing of a glovebox using fluorescent 
material provides information about ventilation flow characteristics and also provides a means 
of validating transfer and glove change-out procedures. The test can also be used to qualify 
operators per those procedures. When conducted during normal operating conditions, the test 
also provides information as to where contamination might be expected to accumulate 
without contaminating the glovebox with actual radioactive material. These tests were 
completed successfully on the Plasma Hearth Process Radioactive Bench-Scale Hearth 
Handling Enclosure and helped validate the operating procedures and provided valuable 
information about areas of material build-up. This information will be used during "hot" 
operations to help keep the levels of contamination as low as possible inside the enclosure 
and to prevent accidental releases of radioactive contamination during glove-change out and 
material transfer operations. 
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