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Abstract: Radioactive liquid wastes are produced at hospitals from diagnostic and therapeutic
applications of radionuclides. The most usual management of these wastes is temporary storage at the
hospital for radioactivity decay and, then, discharge into sewage if not other pollutants are present in
waste, always after authorization of the corresponding institution. In some cases, radioactive wastes
have other hazards, such as chemical or biological ones, which can be more dangerous than
radiological hazard, and do not allow direct discharge into sewage in spite of decaying activity below
the clearance level. Therefore, these wastes have to be treated and condition before discharge in spite
of activity decay below discharge limit. This is the case of liquid wastes from radioimmunoassay (RIA),
a laboratory technique that allows to determine human substances in very low concentrations (below
102 g/mL), like hormones, using '*°I as radionuclide. This study summarizes the usual management
of radioactive liquid wastes from hospitals, including conventional and recent treatments applied.
Furthermore, based on experimental results obtained with real RIA wastes, this work exposes a
proposal of treatment with ultrafiltration and reverse osmosis membranes, and determines the most
suitable application of this treatment according to radiological and operational considerations.
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1. Introduction

1.1. Radioactive liquid wastes from hospital

Radionuclides have a broad application in modern medicine thanks to their favourable properties,
easy availability and relatively low cost. Applications of radionuclides in medicine can be divided into
diagnostic and therapeutic ones:

a) Diagnostic applications of radionuclides. Radionuclides are used for diagnostic purposes
both “in vitro” and “in vivo” procedures. In vitro studies use aqueous-based radionuclides to measure
levels of drugs or hormones in biomedical samples, and they are performed outside the human body.
The most common radionuclides used in vitro are %I, ’Co, *Co and *C [1]. In the case of in vivo
applications, radionuclides are administered as tracers to monitor body functions, being detected
outside the body by gamma camera imaging. Among the best-known techniques of this type, the
positron emission tomography (PET) figures as one of the ones which are experiencing the fastest
diffusion. *™ Tc is the most usual radionuclide for in vivo diagnostic applications. Other common
diagnostic imaging radionuclides are: ’Ga, Mo, *°' Tl and "'I [2].

b) Therapeutic applications of radionuclides. Radionuclides can be oral or intravenous
administered in liquid or capsule form for systemic therapy. Some examples are the application of 1!
for thyroid cancer, or ®Sr for bone metastases. Another type of radionuclide application is by
introduction of colloidal suspensions into closed body cavities. An example of this kind of therapy is
the application of 3P for malignancies of the pleural and peritoneal cavities [3]. In comparison to
diagnostic applications, therapeutic ones use radionuclides with greater activities and longer half-lives.

As a result of medical applications of radionuclides, both solid and liquid wastes are produced.
Liquid radioactive wastes include contaminated water and effluents, solvents, blood or body fluids,
chemical processing and decontamination solutions, urine, scintillation fluids which are immiscible
with water, etc. [4].

The application of radionuclides for medical purposes is growing worldwide on account of their
efficient results, therefore a subsequently growing in the amount of radioactive wastes is expected,
with the consequent growing demand for adequate treatment and disposal to achieve the sustainability
of the health-care system.

1.2. Management of radioactive liquid wastes from hospitals

Radioactive liquid wastes generated in hospitals require a comprehensive management system.
The main principles of an effective program of waste management are: waste prevention and
minimization, protection of personnel and environment, and consistency with the requirements
established by the regulatory authority. This management system has to integrate all the potential
additional hazards of the wastes besides the radiological ones [1].

The main strategies for radioactive liquid wastes management are described below.

A) Waste prevention and minimization. Waste minimization is fundamental in any radioactive
waste management strategy. The aim of waste minimization is to reduce the activity and the volume
of wastes for their storage, treatment and disposal. As a result, environmental impact and costs of
management will be reduced. First actions to minimize the production of radioactive waste are source
reduction strategies, including limitation of radioactive quantity, and performance of laboratory
procedures that reduce the volume of wastes. When possible, long-lived radionuclides must be
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replaced by shorter half-life ones or even non-radioactive substitutes [4]. Next action for waste
minimization is segregation, which also facilitates the subsequent processing of wastes. Main criteria
for waste segregation are [1]: radionuclide content, level of activity, half-life of radionuclides,
infectious hazards, chemical hazards and organic/aqueous liquids. Scintillation liquids deserve special
mention, since they cannot be diluted with water, so they cannot be discharged into the sewage
system [5]. Segregation is fundamental for the economic sustainability of health-care centers. In fact,
it has been estimated that implementation of this strategy can result in disposal savings around 40—
70% [6].

B) Dilution and dispersion. Dilution consists of the addition of nonradioactive waste to decrease
activity levels below the clearance ones, and then release resulted waste to the environment. It is a
possible practice for non-biologically and non-chemically hazardous wastes with very low level of
radioactivity. Anyway, such practice must be previously authorized taking into account the impact on
the environment [1]. However, this proceeding is either not practiced or specifically prohibited in most
countries.

C) Storage for decay. Decay storage to clearance levels is usually the preferred waste
management option. For wastes contaminated with radionuclides with a half-life lower than 100 days,
a storage time of 10 half-life times will reduce the initial radioactivity to less than one thousandth,
which in many cases means below the clearance levels for release (depending on regulatory
requirements). For wastes with radionuclides with a half-life greater than 100 days, storage reduces
the level of activity before transport to a centralized waste processing facility where they are
conditioned for disposal [1].

D) Discharge after decay. After storage for decay, wastes can be discharged into sewers
according to local requirements. Most of the low and medium level radioactive hospital waste has a
short half-life that permits this type of waste disposal [7]. However, prior to discharge, decayed waste
has to meet all release criteria: radiological, chemical and biological. Sometimes, biological and/or
chemical hazards make the waste unsuitable for discharge in spite of having a level of activity below
the clearance levels. In these cases, waste should be sent for appropriate waste treatment, according to
biological and chemical hazards.

E) Concentrate and contain. When radioactive wastes have very high activity levels and/or long
half-lives (longer than a month), the alternative of delay and decay is impractical due to extended
storage period, especially if space availability is limited [7]. In this case, radioactive waste must be
concentrated by a conditioning process to reduce the volume and confine the radionuclides to prevent
their dispersion in the environment [8]. Concentrated wastes are then collected in suitable containers
to be buried in authorized sites.

1.3. Treatments for radioactive liquid wastes from hospitals

The purpose of treating radioactive liquid wastes is to reduce the volume to manage and dispose
as radioactive at the same time that a decontaminated liquid with an activity below clearance level is
obtained.

The treatments usually applied to radioactive liquid wastes have been the same for conditioning
any wastewater or effluent from industry. Thus, before 1990, evaporation, chemical precipitation, and
ion exchange resin were extensively applied to decontaminate radioactive wastes [9]. However, these
processes were not efficient in terms of energy consumption, treatment times and costs in all
cases [10-12].
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e Evaporation. It is the most efficient process in terms of decontamination factor with a high-
volume reduction; but it is a high-energy consuming process, and it cannot be applied when
radionuclides can evaporate.

o Jon exchange. It is only effective when radionuclides are in ionic form and the concentration
of salts and the suspended matter are low. Main disadvantages of this process are related to periodical
regeneration of resins and the production of a secondary waste.

e Chemical precipitation. It is a very efficient decontamination process when specific
precipitants are used for each radionuclide. However, suitable volume reduction needs other additional
treatments.

1.3.1. Pressure driven processes for radioactive effluent decontamination

After 1990, some emergent processes were used with more efficient performance in radioactive
decontamination. The more relevant within these processes were membrane technologies; especially
pressure-driven ones: microfiltration, ultrafiltration and reverse osmosis.

In comparison with conventional processes, membrane technologies show as main advantages:
lower energy consumption, lack of chemicals’ addition, operation at low temperatures and ease of
scaling-up. Furthermore, suitable combination of different processes can remove radiological, organic
and biological substances in the same treatment. These processes have been applied with excellent
results in the treatment of different radioactive effluents [13].

On the other hand, one of the main problems of membrane processes is fouling which can be
caused by inorganic, organic or even biological substances. Membrane fouling decreases the flux that
permeates through membrane and worsens permeate quality, thus reducing membrane life and so
increasing operating costs. Membrane fouling can be minimized by applying suitable pretreatment
operating conditions.

At present, researchers are working in developing some innovations to improve water and waste
management process with promising results in the near future. Within these innovations, the following
ones can be highlighted [14]:

e Composite membranes. They contain inorganic nanomaterial, such as TiO2, ZnO and
graphene oxide, among others, incorporated to membrane as nanoparticles. The presence of this
inorganic material improves the physicochemical properties of organic membranes. This new type of
membranes have better mechanical, thermal, physical and chemical stability, as well as higher
biofouling resistance.

e  Graphene oxides membranes. These membranes have nanoscale capillaries, which produce
a higher water flux and better selectivity of membranes. Another advantage is s that they generate less
secondary waste than conventional membrane processes.

e  Mixed matrix membranes. They are made by incorporating inorganic fillers into the organic
matrix of the membrane. The main advantages are: low manufacturing cost, long-term stability, high
mechanical strength and the possibility of regeneration of ceramic materials.

Although these new membranes are in development phase and there are not many applications
tested with radioactive liquid wastes, all the advantages commented and successful performance at lab
scale tests [15] indicate promising prospects for application in radioactive waste treatment in near
future.
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1.4, Environmental impact of the hospital liquid wastes discharge

The most usual option for disposal of radioactive liquid wastes from hospitals is discharge into
sewage after decay. This practice has to be strictly controlled through an authorized process [8], since
the discharge of radionuclides into the environment can be the cause of indirect contamination through
the food chain [16]. For example, in the case of '3'I, which is the most used radionuclide in diagnostic
and therapeutic medical applications; its daily discharge into sewage near medical centers has been
estimated in the range of 130-370 MBq [3]. Because of its half-life (8.04 days), '*'I not removed in
the wastewater treatment plant can reach marine environment and then accumulate in marine algae
that are later used in food, cosmetics and medical products [16].

Conventional wastewater treatments have different influence on radionuclide concentration. The
treatments that mostly reduce radioactivity are biological and sludge ones, mainly because residence
times of these stages favors radionuclide decay [17,18]. In fact, it has been shown that sludge acts as
a concentrator of some radionuclides of the influent of the wastewater treatment plants. Thus
concentrated sludges can be used to estimate the activity concentration in wastewater, which
sometimes is difficult to measure due to low concentration values [19].

Unfortunately, several studies have proved that wastewater from treatment plants can contain
radionuclides from medical applications that are not completely removed in the different stages of
treatment [20]. Therefore, radioactive discharge of radionuclides from hospitals should be reduced to
minimum values to prevent contamination of aquatic systems from ionizing radiation [16].

1.5. Application case: radioimmunoassay liquid wastes

1.5.1. Radioimmunoassay

In 1960, Rosalyn S. Yalow and Solomon A. Berson published an article describing a new
analytical technique to determine insulin in plasma, which they denominated radioimmunoassay (RIA).
This technique completely revolutionized the world of analysis since it allowed the detection of small
concentrations (10712 to 10715 g/mL) of different substances present in biological fluids in several
samples at the same time [21]. Some of these substances are: hormones, enzymes, steroids, peptides,
vitamins, medications, and drugs [22]. The radioimmunoassay is performed in a laboratory with a
blood sample of the patient. The most usual radionuclide is '%°I, a beta emitter (35 keV) with a half-
life of 59.4 days [22].

1.5.2. Radioimmunoassay liquid wastes

Liquid wastes produced in radioimmunoassay contain the reagents of the measurement kit and
the body sample used in the analysis. The composition of these wastes is very variable since it depends
on the precise type of analysis made at each laboratory. But, in general, some common components
can be identified.

From the chemical point of view, liquid wastes from radioimmunoassay are basically composed
of different kinds of proteins (some of them radioactively labeled), some organic solutes of low
molecular weight, and different mineral salts, all in aqueous solution [23]. From the radioactive point
of view, liquid wastes from radioimmunoassay are within the category of low-medium activity. Finally,
it is important to consider that RIA liquid wastes can contain pathogens from patients’ blood, which
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can carry various diseases (the most relevant hepatitis B and AIDS) [24]. So, in addition to radioactive,
RIA wastes should always be considered potentially infectious [25].

The most usual treatment for hospital liquid wastes with > is temporary storage for activity
decay in the facility producing the waste. After this, wastes are managed according to their chemical
and biological characteristics if activity has decayed, in a reasonable time, below the limit value.
Otherwise, waste is disposed by an authorized company [26,27]. The possibility of waste activity decay
below the set value is determined by the storage capacity of the facility. When the storage capacity of
the facility is limited and insufficient for the amount of radioactive waste generated, or when chemical
and biological characteristics of the wastes do not allow direct discharge once activity has completely
decayed, the application of a treatment should be considered. The objectives of this treatment have to
be, on one hand, declassification of a part of the waste for possible discharge, and on the other hand,
waste volume reduction for final storage and disposal.

With regard to the treatment of liquid radioactive waste similar to those produced in RIA, some
relevant studies have been found in the literature:

At the "Malaysian Institute of Nuclear Technology Research" the removal of %I of radioactive
aqueous waste from health and research facilities was studied by means of coagulation-flocculation
treatments and adsorption columns with different clay and mineral materials. The results showed a
maximum decontamination factor of 4.8 for the coagulation-flocculation experiments [28], and values
between 10 and 30 for the adsorption column treatment with a ferruginous mineral material [29].

B.E. Edwards et al. studied the volume reduction of liquid '*’I wastes from pharmaceutical
research by three different methods: evaporation, adsorption on activated carbon and adsorption on ion
exchange resins [30]. The evaporative treatment was discarded for industrial-scale application because
it was too slow at room temperature. The combination of adsorption on activated carbon followed by
further treatment with ion exchange resins resulted in an average reduction in specific activity of 79%.

In 2000, H. Inoue and M. Kagoshima [31], investigated the removal of %I from liquid medical
or research waste with the aim of reducing its volume using an anion exchange membrane. After a
study of the transport properties of the membrane with model Nal solutions, authors concluded that
the experimented method was suitable for the removal of radioactive iodine.

More recently, forward osmosis (FO) has been integrated with the decay tanks of '*'T liquid wastes
from therapeutic treatments, reducing the size of the septic tanks and allowing an increase of the
number of potential patients [32].

1.6. Radioimmunoassay liquid wastes object of this study

At present, RIA wastes object of this work, which contain '?°I radionuclide, are temporarily stored
in the radioactive facility of the hospital in recipients of 25 liters. Average production of these wastes
are 150 liters per year, approximately. During storage at the hospital, radioactivity decay takes place,
but chemical and infectious hazards of RIA wastes do not allow their direct discharge into the sewage
in spite of achieving an activity level below the limit. Therefore, after partial decay during 1-2 years
(depending on total amount of wastes), RIA wastes are disposed by the authorized company in Spain
(ENRESA). All this management can cost the hospital several thousand euros, from about
2.8 $/kg [33] to 300 $/kg, depending on waste physic-chemical characteristics. This cost could be
reduced if the waste would be partially concentrated and declassified prior to its disposal.
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1.7. Proposed solution for the management of the RIA wastes object of this study

Membrane technology has been proposed for the treatment of RIA liquid wastes, based on the
successful performance of some processes in the removal of radionuclides. The proposed treatment
comprises two pressure driven membrane processes: ultrafiltration (UF) and reverse osmosis (RO).

e  Ultrafiltration. This is a pressure driven membrane process that can remove macromolecules
of different sizes, as well as bacteria and viruses from water. Some studies [34,35] have proved the
viability of ultrafiltration membranes in the treatment of radioactive liquid wastes, mainly as a
pretreatment stage of reverse osmosis, in a range of activity that includes the one of the RIA wastes.
Because of the organic content of the RIA wastes object of this study, UF is proposed to remove high
molecular organic compounds (to prevent reverse osmosis fouling), as well as possible pathogens [36].

e Reverse osmosis. It is also a pressure driven membrane process that can remove any type of
salt from water. This technology is a typical treatment for low-medium activity wastes coming from
fuel cycle [37] with activity values similar to those of radioimmunoassay liquid wastes. Results from
RO application for radioactive waste have proved that this process achieves decontamination factors
that allow discharge of treated flow (permeate) into the environment [38—40].

This proposed solution aims to reduce the volume of waste to be managed by the authorized
company, and to obtain a treated flow, free of organic matter and pathogens, whose activity is less than
the discharge limit, and which can therefore be discharged directly into the sewer, after the
corresponding measurements and permissions.

2. Materials and methods
Figure 1 shows a flow diagram of the pilot plant used in the experiments with RIA liquid wastes.
The system works on a total concentration mode, recirculating the concentrate flow to the feed tank in

all experiments..

CONCENTRATE

FEED TANK

P MEMBRANE P
Q PERMEATE

L]

| ] | FILTER (45 um)

O -

Figure 1. Flow diagram of the pilot plant used in the experiments.

The ultrafiltration membrane used in the pretreatment of RIA liquid wastes was 4040-TFV-P100
from Hydranautics, a spiral-wound membrane made of polysulphone, which is the UF polymeric
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material most stable to radiation [41]. The selected membrane has a cut-off of 100 kDa and an effective
area of 6.5 m”.

After each UF test, ultrafiltrated flow (permeate) was later treated by the reverse osmosis
membrane CPA2-2540 from Hydranautics. Influence of radiation (both beta and gamma) in this
membrane performance had been previously studied [42], showing that permselective properties do
not vary even with radiation doses much higher than the ones expected in the treatment of RIA wastes.

Due to radioactive characteristics of the wastes, it was not possible to perform a complete analysis
of the composition of wastes. The main parameters measured for waste characterization were:
conductivity, activity and pH.

Two complete experimental treatments were performed. In the first experiment (Exp1), containers
with high storage time were selected (between 1 and 2 years). As these wastes had stayed longer in the
store, they were the wastes with the lowest possible activity. In the second experiment (Exp2),
containers with low storage time were selected (equal or lower than a month). In this case, the wastes
were the ones with the highest possible activity, as they were recent production wastes. Table 1 shows
the characteristics of feed liquid for each experiment.

Table 1. Characteristic parameters of the waste treated in each experiment.

Average activity (kBg/L)  Conductivity (mS/cm) pH Storage time
Expl 2.8 12.6 6.66 1-2 years
Exp2 240 14.3 6.73 1 month

Each experiment lasted until permeate activity was reduced as much as possible, at the same time
that maximum concentration of the initial volume was achieved, reducing it to around a liter. Thus,
several RO passes were applied to the successive permeates, always after a first ultrafiltration phase
as pretreatment.

2.1. Analytical methods

In all the experiments, periodical measurements of permeate flow and feed and permeate
concentrations were made. Volumes of initial feed, final permeate and final concentrate for each stage
were estimated. Furthermore, samples of permeate and feed were taken for later measurement of
activity. Treatment efficiency was determined by the following parameters:

Permeate flux (Jp). It is defined as the ratio between the permeate flow (Qp) and membrane active
area (Amemp), and it is usually expressed in L/(m?-h):

Jp =2 )
memb
This parameter depends on the permeability of the membrane to water, to the osmotic pressure of
the solution and to the pressure applied. The higher the permeability and the applied pressure, and the
lower the osmotic pressure a higher permeate flux is produced. Furthermore, it is very influenced by
membrane fouling which causes a progressive decrease of permeate flow due to the increase of
membrane resistance.
Retention index (R). It represents the percentage of solute removed by the membranes, calculated
by the following expression:
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R(%) = CC;CP 100 )

Where C, (g/L) is the concentration of solute in the feed and C, (g/L) is the concentration of
solute in the permeate.

In the case of removal of radioactivity, since activity is proportional to radionuclide concentration,
an activity retention index (Ra) can be calculated by next equation:

Ra(%) =222 100 3)
Where A, (Bg/L) is the activity of feed and 4, (Bq/L) is the activity of the permeate.
Volume Reduction Factor (VRF). It is defined as the ratio between feed volume (V) and
concentrate waste volume after treatment (V). The higher this factor, the lower the costs of
transportation and storage of the final concentrate waste.

A
VRF = V—
¢ (4)

Activity measurements were carried out with a scintillation solid detector and a multichannel
analyser from SILENA. The detector was isolated by lead shielding to eliminate background radiation.
A solution of anti-calcitonin-'>’I with a known activity was used as standard. Activity decay of samples
was considered by the following expression:

A(t)= A exp(—At) (5)

where Ay represents the activity in the reference time, and 4(?) the activity in a later ¢ time, being
A the disintegration constant of the radioisotope.

From the results of both experiments, this work aims to determine the most suitable time to apply
the treatment of the proposed solution, considering radiological efficiency as well as membrane
performance.

3.  Results and discussion

3.1. Evolution of activity during storage time

Based on the measurements carried out in the different stored RIA wastes, and taking into account
the storage time of the waste (determined from the date indicated in each recipient), the activity of the
original waste was estimated using equation 5. Table 2 shows the estimated activity values.

As it can be seen in Table 2, there is a large disparity in the activity of liquid waste from RIA,
which is in line with similar results found in the literature [25].

Based on the estimated values of original waste activity, and using equation 5 again, the storage
time that would be required for the activity level of the waste to decay below the discharge limit,
estimated at a value of 0.0175 kBq/L [38] has been estimated. Table 3 shows the calculated values for
the storage times for each waste.
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Table 2. Estimated values of RIA waste activity.

Waste Storage time (months)  Average activity (kBg/L) Estimated original activity (kBqg/L)

W1 25 5.87 114000
W2 21 8.78 28250
W3 20 4.72 24870
W4 16 2.78 9908
W5 15 0.59 10290
Wo6 15 0.86 7824
w7 13 0.31 6846
W8 1 615.85 1021

Table 3. Estimated storage time to achieve the discharge limit.

Waste Estimated original activity (kBq/L) Storage time to discharge (years)
Wi 114000 2.55
W2 28250 2.32
W3 24870 2.30
W4 9908 2.15
W5 10290 2.16
W6 7824 2.12
W7 6846 2.09
W8 1021 1.78

As noted in the Table 3, the storage time required to reach the discharge limit would be between
21-31 months, depending on the original activity of the waste. This time equals between 10 and 16
half-lives of the radionuclide, which is consistent with the normally recommended storage time for
wastes with half-life less than 90 days [4].

In any case, the feasibility to have the waste stored during that time will be conditioned by the
availability of authorized space in the hospital and the amount of RIA waste produced. Moreover, such
storage would allow its declassification as radioactive waste, but not its discharge into the sewer
because of the potentially infectious nature of these wastes. In addition, it should be noted that, during
such storage, certain characteristics of the waste can vary, since over time a breakdown or alteration
of organic matter and microbiological growth may occur.

To analyze the possible influence of storage time on the variation of organic matter, the following
section examines certain parameters evolution with the storage time.

3.2. Evolution of organic matter during storage time
Since the organic load of the waste has not been directly measured due to its radioactive nature,

its evolution will be analyzed indirectly, through the permeoselective parameters of the UF membrane:
permeate flux (Jp) and activity rejection index (Ra), the average values of which are shown in Table 4.
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Table 4. Average permeoselective characteristics of UF membrane in experimental tests.

Experiment Storage time of the waste Jp)ur (L/m*h)  Ra(%)ur
Expl 1 month 19.5 68.57
Exp2 1-2 years 28.5 54.30

With regard of flux, it is observed that the value is significantly lower in the most recent waste,
while the membrane provides a higher activity rejection rate. This may mean that the most recent waste
has a larger size of proteins or other organic molecules, causing higher block of membrane pores,
which causes less permeation flow. The higher value of the activity rejection rate would indicate that
125 is bound to these proteins in a significant proportion. On the other hand, the higher flux value for
the waste with the longest storage time may be indicative of a rupture or degradation of proteins by
the effect of radiation (radiolysis) [44,45], which would cause less blocking of membrane pores and,
therefore, a higher flow rate of permeation. This is consistent with a lower rejection rate to '>°I, because
it would pass through the membrane in greater proportion by being bound in smaller portions of
organic matter.

3.3. Performance of membranes in radioactivity removal

This section analyses the removal of activity at each membrane stage in each test performed, as
well as the volume reduction factor achieved. Experiment 1 consisted in 4 passes of RO after the UF
stage, whereas 3 passes of RO were carried out in the Experiment 2. Table 5 shows the corresponding
results.

Table 5. Performance of activity removal of each membrane stage.

Experiment Storage time of the waste Stage Average activity of permeate (kBq/L) VRF [43]

Expl 1 month UF 117.5 21
ROl 173
RO2 0.6
RO3 0.2
RO4  <background

Exp2 1-2 years UF 1.975 20
ROl  0.65
RO2 0.12

RO3  <background

As can be seen in Table 5, in the case of recent production waste, 4 RO passes are required after
the UF stage to reach a level of activity below the discharge limit, while, in the case of waste with the
longest storage time, this is achieved after 3 RO passes. In both cases, a volume reduction factor of
about 20 has been achieved, meaning that the final volume of waste to be managed would be only 5%
of the initial volume.

3.4. Fouling potential to membranes

It has been seen that, during the storage of the waste, organic matter can change in size by the
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effect of radiation. Therefore, the current section analyses the variation of the characteristics of organic
matter on the performance of membranes, through examination of the evolution of the permeate flux
in the UF stage for each test performed. Figure 2 shows this evolution versus the test time.

35
30
25
=R
-
o 20
E
= 15
-
0 —e—FExpl (1 month)
Exp2 (1-2 years)
5
0
0,00 0,10 0,20 0,30 0,40 0,50 0,60

t (hours)

Figure 2. Evolution of permeate flux in the UF stage.

As shown in the figure, the permeate flux in the UF treatment of the longest storage time of waste
was higher than the one corresponding to the most recent waste test. This confirms that the size of the
molecules present in the waste with the longest storage time was smaller, as discussed above.

16
14 ’_\ —e—Exp1l (1 month)
12 Exp2 (1-2 years)

10

Jp (Lm2-h1)

0,00 1,00 2,00 3,00 4,00
t (hours)
Figure 3. Evolution of permeate flux in the first RO pass.
To confirm this, the evolution of flux during the first RO pass applied to the UF permeate has also
been studied. The results are shown in Figure 3. In this case, it is observed that the initial values of the

permeate flux are higher for the UF permeate from the most recent waste, which would be indicative
of a lower organic content, so the membrane would initially produce more permeate flow. However, it
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is seen that the decrease in flux for UF permeate from recent waste is much more pronounced,
indicating that, despite having a lower organic content, the size of the organic molecules present in the
UF stage permeate would be larger. This can explain the sooner blocking of membrane pores in this
case.

Thus, the results of RO's first pass are consistent with the conclusions inferred in the analysis of
the UF stage: the most recent waste has a lower organic matter content (as the rejection of it in the UF
stage has been greater), but the existing organic molecules are larger since they have not yet been
affected by radiation.

Therefore, the shorter the waste has been stored, the greater the potential for fouling the
membranes it has, due to a larger size of the organic molecules present in the waste.

3.5. Analysis of performance of the integral treatment: UF & RO

Finally, this section discusses the best alternative for treating liquid RIA wastes using an UF and
RO system, based on their storage time.

From a radiological point of view, as it has been experimentally proven, it would be more
convenient to treat the waste after a previous storage time between 1-2 years, since it would be possible
to completely remove the radionuclide with fewer RO passes.

From the point of view of membrane performance, it has been experimentally proven that it would
also be more convenient to apply the treatment to the waste after a certain storage time because
radiation contributes to degrade proteins and other organic matter present in the wastes, thus decreasing
the potential of membrane fouling and providing greater flow for longer.

Therefore, the recommended treatment for liquid waste of RIA will consist of a storage period for
the decay of activity and degradation of organic matter, followed by a treatment through an integral
system consisting in UF as pretreatment and several RO passes. The final volumes to be managed by
the authorized company shall be less than 5% of the starting volume, with the consequent economic
and occupancy savings of the radioactive warehouse.

4. Conclusions

Liquid radioactive wastes are produced in hospitals in several applications of radionuclides. This
work focuses on liquid waste from radioimmunoassay laboratories, in which '?°I is the most typical
radionuclide. Usually, this waste is temporary stored at the hospital for partial activity decay and then
it is managed by an authorized company. This way of management of RIA waste compromises storage
availability of both hospital and later radioactive centralized storage facility and means all the waste
volume has to be disposed as radioactive. This work proposes a treatment by UF and RO system as an
alternative. According to experimental results of treatment of real RIA waste by that system, the
following conclusions can be stated: A significant reduction of waste volume can be achieved, with
percentage of decontamination as radioactive waste about 95% of the initial volume; It has been proved
that the best time for membrane treatment application would be after a period of storage in the hospital
around 1-2 years, since membranes would perform more efficiently removing radioactivity with a
fewer number of RO passes and with lower potential of fouling. In any case, treated flow should be
authorized to direct discharge after proper measurements by the corresponding company.
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