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I - Introduction
Metapure biomass is a low cost patented material based on a dried plant (Azolla).
It binds and concentrates various metal ions from water over a broad range of
concentration (ppm to below ppt) and pH (2-12.5). Filtering system based on
Metapure can be used for the remediation of industrial waste water and especially
for the nuclear industry for the removal of radionuclides from liquid waste. After
its use, it can be easily incinerated at low temperature (350 - 500°C) to
radionuclides enriched ashes, reducing the waste for disposal up to 1/10, without
any loss of the accumulated radioactive isotopes.
Metapure biomass has low affinity for Na ions, while retaining its binding
properties for other metal ions, and was proved to be quite efficient in brine
solutions.
Laboratory experiments, have shown the Metapure efficiency for the removal of
radioisotope traces from high hardness tap water and from brine solution.
The removal of Co-60 by Metapure from waste water was tested on site at the
Comanche Peak power station (USA). A small scale filtering system for Co-60
removal from high alkaline waste water, is now in operation at Soreq Nuclear
Research Center.

II - Removal of radio-isotopes from the IRR1 (first Israel research reactor)
cooling water at Soreq TSRC

Radionuclides present in the IRR1 pool water are mainly activation and fission
products at very low concentrations, much below ppt. A volume of 50 liters of the
IRR1 pool water was passed through a laboratory column containing 5 g Metapure.
The activity of 200 ml pool water sample and of the Metapure column at the end of
the experiment, were analyzed using a HPGe gamma radiation detector (Table 1).

Table 1: Analysis of the reactor pool water sample and of the Metapure filter.

Radionuclides

Ba-La-140
Ag-llOm
Cs-137
Co-60

Co-58
Zn-65
Ce-144
Mn-54

200 cc pool water
activity (nCi)

0.051
0.01
ND

0.132 (6 10-* ppt)
0.042
0.021

0.003 (4.5 lO'6 ppt)
0.007

5 g MetaPure column
activity (nCi)

7.4
0.866
0.457

33

9.4
4.9

0.109
1.7

% uptake

58
34.8

100

89.6
93.2
14.5
97.2

*ND: not detected
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The yield of removal for Co, Zn and Mn is close to 100% which shows the ability
of the biomass to remove elements from water at concentration much below ppt.

Ill - Uptake of fission products from high hardness water
The efficiency of Metapure to clean up radioactive isotopes at very low
concentration in tap water, was evaluated. Fission products were produced by
neutrons irradiation of 0.4 mg U-235 (purchased from Isotope Products Lab.,
Burbank, USA), at the Soreq NRC reactor and then diluted in tap water. The tap
water at Soreq NRC contains around 70 ppm Ca, 15 ppm Mg, 30 ppm Na and 2
ppm K. One liter of the tap water solution, containing the radioactive isotopes
traces, was pumped through a 5 g Metapure column.
The activity of the isotopes in the input solution and in the output solution from the
Metapure column, was measured on 200 ml samples, using a HPGe detector.
The concentrations of the fission products were calculated, using the specific
activity of the isotope, and were found by 9 order of magnitude lower than the
ionic composition of the tap water. The removal efficiency for most of the
radioisotopes is close to 100% (Table 2).

Table 2: Clean up of fission products isotopes at very low concentration in tap water

Isotope
Nd-147
Ce-141

Ru-103
Ba-140
Zr-95
Nb-95

La-140

Input solution (ppt)
1.0 10-4

3.1 10-3

4.9 10-3

1.5 10-3
8.0 10-3
2.3 10-3

5.5 10-4

Output solution (ppt)
ND

5.410-5 ~~1

1.7 10-3
ND

1.7 10-4

4.5 10-5

1.5 10-6

Removal %
100%
98%

64%
100%
97.9%
98%

99.7%

•ND: not detected

IV - Incineration of Metapure
Metapure being of plant origin can be incinerated at low temperature from 350°C
up to 500°C to metal enriched ashes. At 350°C, the material weight is already
reduced by a factor of 10. Some of the Metapure filters, used for the removal of
fission products from tap water, were incinerated at 500°C. The isotopes activities
were measured before and after the incineration. An example presented in Table 3,
shows that all the radioisotopes were recovered without any loss.

Table 3: Incineration of Metapure filter at 500 °C

Isotopes

Ce-144
Ce-141
Ru-103
Ba-140
La-140

Filter activity before
incineration (nCi)

2.7 ±0.2
29.0 ±0.8
8.7 ±0.5
4.8 ±0.3

17.0 + 2

Ashes activity after
incineration (nCi)

2.8 + 0.2
29.5 ±0.8
9.4 ±0.5
4.9 ±0.3

19.9±2
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V - Decontamination of Cs-134 in high salinity solutions
High content of sodium salt, are often found in liquid radioactive wastes of the
nuclear industry. One liter of a solution containing 2 ppb Cs-134 and 20g/l NaCl
(comparable to sea water) was pumped through a 10 g Metapure column at 4
ml/min flow rate. The cesium concentration is by six orders of magnitude lower
than the sodium concentration. The Cs-134 removal was 66%. Five grams
Metapure columns were also tested with solutions containing NaNC>3 from 17 g/1
up to 187 g/1 and 2 ppb of Cs-134. The uptake of Cs decreases linearly with
increasing NaNC>3 concentration.

VI - Removal of radioactive isotopes from highly alkaline effluents
Radioactive isotopes at very low concentrations in the Soreq reactor cooling water,
are removed by passing the water through a mixed bed ion exchange resins. The
product of the resins regeneration is a highly alkaline effluent, at pH about 12.5,
containing mainly fission products and Co-60 at concentration much below ppt
(10-5-10"3 ppt). The decontamination of these effluents was tested in laboratory
using Metapure. The biomass, was resistant above expectations to the harsh
alkaline feed.
The laboratory results were used to design and operate a Metapure filtering system
to remediate the effluents from Co-60, at the level of the Israel Health Ministry
regulation (> 2nCi/l).
The Metapure filtering unit is a small scale two columns system. Each column is
made of two segments of 20 cm diameter and 63 cm length each. One column was
filled with activated carbon and the other column was filled with 3.6 kg of
Metapure. The effluent was pumped through the system at a flow rate of 0.2 m^/h.
The activity of the feed and of the output solutions were monitored for each 0.5 m^
as can be seen in Table 4.

Table 4: Removal of Co-60 by small scale Metapure filtering system at Soreq NRC.

Batch

0.5 m3

Co-60 input
nCi/lit.

5.7
5.5
5.4
4.3
3.5
3.6
3.2

Co-60 output
nCi/lit.

0.7
0.7
0.6
0.7
0.6
1.0
0.8

Yield

87 %
87%
89%
83%
82%
72%
73%

The operation of the pilot filtering system is achieving its goal, reducing the Co-60
content below the Health Ministry regulation.

VII - Testing of Co-60 removal from radioactive waste water at Comanche Peak
power station (Glen Rose - Texas)

The purpose of the test was to check the ability of Metapure to clean real aqueous
nuclear wastes from radionuclides, mainly cobalt-60.
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The water is containing radioisotopes at low concentrations (fission and activation
products) and is treated for the removal of these radioisotopes, by a commercial
decontamination system.
A Metapure column was installed in parallel to the decontamination system using
bypasses and the flow rate was downscaled accordingly to the dimensions of the
Metapure column to match the system flow rate. Water samples were taken from
the output of the system columns and from the testing column simultaneously and
measured in the counting laboratory.

InDut Co-60: 9.6 10"6 uCi/cc

Carbon: 9.6
Metapure: Co-60 ND

j Zeolite: 3.6 1Q-6

I Resin: 5.3 lQ-7nCi/cc

1 Resin: 4.6 IP'7 nCi/cc

i
I Resin: 4.6 10'7 nCi/cc

i
Zeolite: Not detected

The results show that Metapure has better polishing capablity than zeolite and resin
for Co-60.

Vlll - Conclusions
The efficiency of Metapure to decontaminate fission products and heavy metal
radioactive trace elements from nuclear waste waters was demonstrated. The first
small scale pilot system for Co-60 removal from high alkaline effluents, is
successfully operating at Sore NRC. The test carried out at the Comanche Peak
power station has shown that Metapure removed efficiently Co-60 from waste
water. Incineration of the biomass reduces considerably the volume for waste
disposal.
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