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Experiment Summary
Fukushima, Japan 2012

This is a summary of a small-scale experiment using water as a medium to remove cesium
isotopes from clay-based soil on a farm in Date City, Fukushima prefecture. The experiment
was conducted from the 28t of October to the 28t of November 2012. The experiment was
expected to continue for an additional 7 - 10 days but had to be terminated due to freezing
temperatures.

A high quality fulvic acid in the water solution was used as the transport agent to complex
mobile cesium isotopes. Prussian Blue Analogue (PBA) was used as the absorbent to bind
the cesium isotopes and remove them from the water solution. The clay soil was also
treated via the water solution to adjust temperature, pH, EC (salts), and ORP (oxidation-
reduction potential). The addition of bacteria was utilized to secrete compounds helpful in
desorbing cesium from the soil.

These various soil treatments were used to open the interlayers of the clay soil to free the
trapped cesium isotopes. Once the freed cesium isotopes were mobile they could be picked
up by the fulvic acid molecules and then transported to the Prussian Blue Analogue (PBA)
absorbent. The PBA absorbent was able to remove 100% of the cesium from the solution.

The key elements of the remediation are:
1. Soil Treatment (temperature, pH, salts, redox)

2. Transport Agent (CellXCell—a high quality fulvic acid)

3. Absorbent - Prussian Blue Analogue (absorbs 100% of mobile cesium in
solution)

STARTING AND ENDING RADIATION LEVELS

The soil was taken from a farm in Date city. Rocks and debris were removed from the soil
and large clumps of soil were broken down to form a uniform texture. The soil was then
thoroughly mixed. A sample was taken and sent for cesium analysis. The 12.4 kg sample of
soil had a radiation profile of:

Cs 134 1640 Bq/kg
Cs 137 2930 Bg/kg
Total Cs 4570 Bq/kg!

The total Becquerel count amounted to 56,730 Becquerels. This represents the starting
radiation level.

1 Pony Kogyo Lab Report: PI-DA2-121107-01-0 - sample 12-10-28



BASIC PROCEDURE
1. Working Solution

The working solution is produced by a multiple membrane water treatment system. 200 L
of clean water is collected. 375 mL of 3% (30,000 ppm) grade CellXCell (fulvic acid) is added
to the clean water to create the working solution. The pH of the solution is adjusted using
organic acids and bases. The solution is then heated to working temperature.

2. Treatment Tank

The soil was placed in a 75 liter Treatment Tank. An industrial mixer was fixed over the top
of the tank. The mixer had double blades (propellers) designed to lift the soil upwards while
mixing. 65 liters of working solution was added to the tank.

The solution and soil are vigorously mixed for 2 hours whereby the soil is lifted up into
solution. After mixing, the solution is allowed to settle for 8 hours. After settling, the
suspended solids remaining in the top half of the liquid is gravity drained into a Flocculation
Tank. The Treatment Tank is filled again with fresh solution and the process is repeated.

3. Flocculation Tank

A small amount of fine soil particulates is present in the solution drained selution from the
Treatment Tank. Flocculating agents are used to speed up the settling of these particulates.
When the solution above the flocculated fines is clear it is pumped through PBA absorbent
column.

4. The Fine Particulates - Dredge Tank

The fine particulates that settle to the bottom of the Flocculation Tank are still suspended in
solution. After the clarified solution is pumped to the PBA absorbent the remaining
suspended particulates are transferred to another tank— called the Dredge Tank. As the
solution in the Dredge tank clarifies further, the clarified portion is pumped to the PBA
absorbent. Samples taken from the Dredge Tank—including the D-4 sample—were
thoroughly mixed to ensure that all fine particulates were held in suspension. These
samples indicate that the cesium level was increasing.? This is confirmation that the cesium
was captured and transported from the Treatment Tank. The L-1 sample represents the
Dredge solution before mixing was performed and therefore shows a much lower radiation
measurement.

5. Prussian Blue Analogue (PBA) absorbent column

The PBA absorbent column is a long and flexible spiral tube containing carbon granules.
These carbon granules are impregnated with Prussian Blue Analogue. The column is
approximately 5 cm in diameter and 7.5 meters long. The PBA removes 100% of the cesium
from the solution. The PBA is capable of absorbing and tightly holding very large amounts of
cesium and does not allow leakage. There are filters before and after the column to remove

2 Pony Kogyo Lab Reports: PI-DA2-121107-01-0 Sample D-1, PI-DA2-121113-01-0 Sample D-2, PI-
DA2-121115-01-0 Sample D-3, PI-DA2-121201-01-0 Sample D-4



particulates. If the radiation level in the PBA absorbent column reaches a predetermined
level, the column can be easily replaced with a new one. The old column must be disposed of
according to government regulations.

After passing through the PBA absorbent column the solution is deposited into the
Secondary (second) Storage Container. The solution in this container is no longer
radioactive. Once the Secondary Storage Container is full the solution inside is then pumped
through the membrane filtration systems

6. Membrane Filtration System for clean water

Once the solution passes through the PBA absorbent column it is treated through a
Membrane Filtration water treatment system that:

a) Retains and recycles the CellXCell (fulvic acid) from the working solution
b) Removes specific unwanted salts

c) Produces clean water to continue the process of treating the soil

LABORATORY RESULTS

On the 28t of November the treatments were stopped and samples were taken. A sample
from the Treatment Tank was taken (sample T-2) as well as a sample of a soil portion that
had been separated from the solution in the Treatment Tank (sample 12-11-30). Due to
most of the soil being completely suspended in solution it is difficult to deduce the total
cesium removal. There are two varying results. One result is based upon the T-2 sample
which is a sample of the solution containing both liquid and soil. The other result is based
on the sample 12-11-30 which is a solid sample of the soil.

Solids Result:

The 12-11-30 soil sample measured 1550 Bq/kg3.

Total soil: 12.4 kg

Total remaining radiation: 1550 Bq/kg x 12.4 = 19,220 Becquerels

Assuming this radiation level was consistent throughout the soil the total amount of cesium
removal would be:

1-19,220/56,730X 100 = 66.1%

Liquid Result:

The T-2 solution sample was 549 Bq/kg*.

The Treatment Tank contained 31 kg of both solution and soil.

Total remaining radiation: 549 Bq/kg x 31 =17,019 Becquerels

The amount of cesium removed from the Treatment Tank based upon T-2 sample:
1-17,019/56,730X 100 = 70%

It is our opinion that virtually all of the soil was suspended in solution. Hence we are
recommending that the Liquid Result of 70% is more representative of the actual amount of
cesium removed.

3 Pony Lab Report PI-DA2-121201-01-0 - sample 12-11-30
4 Pony Lab Report PI-DA2-121201-01-0 - sample T-2



CONCLUSIONS

The experiment revealed that our methods removed significant amounts of radioactive
cesium from clay based soil using a water mix method coupled with the Prussian Blue
Analogue absorbent and a high quality fulvic acid as the binding and transport agent. The
water mix method consists of relatively low number of treatment cycles per day as a long
settling time of the solution during each cycle is required. However, it enables the working
solution to better interact with the clay soil held in suspension compared to a simple
drenching method where the soil is stationary.

The experiment had to be prematurely stopped due to freezing weather. Due to this
stoppage we could not: a) process the cesium in the fine particulates in the Dredge Tank; b)
continue to remove further cesium from the Treatment Tank.

Since the soil was mixed with water and much of the soil was held in suspension two
differing results were obtained. One result was from the final soil sample and the other was
from the liquid sample where the soil was held in suspension. Since most of the soil that
was treated was in suspension we feel that the results from the liquid sample is more
representative of the amount of cesium removed.

Further research and experimentation of the water mix method is necessary to increase our
understanding of cesium removal from soil.

The radiation testing in this experiment was provided by Pony Kogyo Co. Ltd.
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1 Cs-134 1365. 13 2. 06E+00 Y 6. 1534E+02 =+ 1.2257E+02 5. 7860E+02 =+ 1. 0835E+01 2. 7928E+02
12 K- 40 1460. 75 1.28E+09 Y LTD 1. 1708E+02 LC
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(keV) (Ba/kg ) (Ba/kg ) (Ba/kg )
1 I -131 284.30 8. 04E+00 D N D 1. 5807E+02
2 I -131 364. 48 8. 04E+00 D N D 1. 3364E+01
3 Cs-134 563. 26 2. 06E+00 Y 3.6627E+02 =+ 5. 4558E+01 3.5583E+02 =+ 9. 0448E+00 1. 5768E+02
4| Cs-134 569. 29 2. 06E+00 Y 3.3392E+02 =+ 3. 3231E+01 3.5583E+02 =+ 9. 0448E+00 1. 0066E+02
5 Cs-134 604. 66 2. 06E+00 Y 3.4996E+02 =+ 1.2579E+01 3.5583E+02 =+ 9. 0448E+00 1. 3553E+01
6| 1-131 636. 97 8. 04E+00 D N D 1. 5169E+02
7| Cs-137 661. 64 3.02E+01 Y | 6.7248E+02 =+ 1.8024E+01 6. 7248E+02 =+ 1.8024E+01 1. 0844E+01
8| 1-131 722.89 8. 04E+00 D N D 4.5033E+02
9| Cs-134 795.76 2.06E+00 Y | 3.7494E+02 =+ 1.5439E+01 3.5583E+02 =+ 9. 0448E+00 1. 0144E+01
10| Cs-134 801. 84 2.06E+00 Y | 2.5629E+02 =+ 5. 0575E+01 3.5583E+02 =+ 9. 0448E+00 1. 2726E+02 C
1 Cs-134 1365. 13 2. 06E+00 Y 5.1693E+02 =+ 1. 1485E+02 3.5583E+02 =+ 9. 0448E+00 2. 3178E+02
12 K- 40 1460. 75 1.28E+09 Y N D 1. 4258E+02
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No. ¥iES | TARILF— $BHA RETRERE RIE T RESTRERE BRHERE Eay]
(keV) (Ba/kg ) (Ba/kg ) (Ba/kg )
1 I -131 284.30 8. 04E+00 D N D 1. 3192E+02
2 I -131 364. 48 8. 04E+00 D N D 1. 0757E+01
3 Cs-134 563. 26 2. 06E+00 Y 1.9181E+02 =+ 4. 0608E+01 1.9567E+02 =+ 6. 7468E+00 1. 3646E+02
4| Cs-134 569. 29 2. 06E+00 Y 1.6412E+02 + 2.4401E+01 1.9567E+02 =+ 6. 7468E+00 7. 0323E+01
5 Cs-134 604. 66 2. 06E+00 Y 1.9110E+02 =+ 9.2110E+00 1.9567E+02 =+ 6. 7468E+00 1. 0598E+01
6| 1-131 636. 97 8. 04E+00 D N D 1. 2951E+02
7| Cs-137 661. 64 3.02E+01 Y | 3.5750E+02 =+ 1.3381E+01 3.5750E+02 + 1.3381E+01 1. 1519E+01
8| 1-131 722.89 8. 04E+00 D N D 4. 3455E+02
9| Cs-134 795.76 2.06E+00 Y | 2.1575E+02 =+ 1.1754E+01 1.9567E+02 =+ 6. 7468E+00 1. 1108E+01
10| Cs-134 801. 84 2. 06E+00 Y 1.4074E+02 = 3.8972E+01 1.9567E+02 =+ 6. 7468E+00 1. 0976E+02 C
1 Cs-134 1365. 13 2. 06E+00 Y LTD 2. 8248E+02 LC
12 K- 40 1460. 75 1.28E+09 Y N D 1. 2724E+02
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