Uranium desorption from microplastic surfaces
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INTRODUCTION

The release of pollutants including radionuclides from the bulk or surface of
microplastics following their ingestion by an aquatic organism IS important
because of the toxicological effects resulting from the pollutant diffusion into the
tissues of the affected organism [1]. Despite the expected toxicity associated
from the desorption of toxic pollutants from contaminated plastic material and
their subsequent diffusion into biological tissues, there is limited knowledge
regarding the toxicological effects of contaminated microplastics on living
organisms [2]. Hence, further research studies are needed regarding the
desorption of pollutants and from microplastics and their transfer to organisms
Including the effect the aqueous media composition and other physicochemical
parameters such as pH, time temperature. Regarding the interaction of
radionuclides with microplastics there are only few studies In the available
literature [3-6]. In the present study, the desorption behavior of previously
adsorbed U(VI) at ultra-trace levels on microplastics was iInvestigated as a
function of pH und using various desorption media such as de-ionized water and
EDTA solutions.

EXPERIMENTAL

For the desorption experiments, 0.5 g of the studied microplastics (PET and PNG6)
were added to 20 mL of solution, which contained the U-232 tracer at an initial
concentration of 0.5 Bg/ mL. The contact time was 30 days and then the solution
was decanted and 20 mL of de-ionized water was added. The microplastics were
In contact with the de-ionized water for 10 days and following the U-232 activity
concentration in solution was determined by alpha spectroscopy to evaluate the
amount of U-232 desorbed. The desorption experiments were carried out pH 4,
pH 6.6 and pH 9 and the samples were continuously agitated for the whole
contact time using a linear shaker. To carry out the U-232 adsorption and
desorption experiments from container walls, 20 mL of a U-232 tracer solution
with an initial concentration of 0.5 mBg/mL was added to the container and was
left to adsorb for 10 days. Then the solution was decanted and replaced with 20
mL of pure de-ionized water and the activity concentration of U-232 desorbed
was determined by alpha spectroscopy after 10 days contact time. The
experiments were carried out pH 4, pH 6.6 and pH 9, and the procedure was
repeated using 20 mL of 0.001 M EDTA solution (pH 4.5).

RESULTS AND DISCUSSION
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Relative desorption efficiency of U(VI) from different
microplastics as a function of pH
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Relative low desorption efficiency (< 30%):
- suggesting relatively strong interactions between the
surface moieties and U(VI), which can be attributed to the

formation of inner sphere surface complexes

pH

U(VI) species distribution
as a function of pH

% Yoap
NP

O O
2+ 24 |
. Ul o . i JUL U(VI)-tricarbonato complex
100 mEET T L Lo E i 4 or . 5’8 ] (V1) p
st AMeris T o C o)
-0 L Jn L 1
= 80 == PN6 PET
O ./ T -~ 0@
g 60 e il 8. 1o . S . |
% o -~ P There Is a significant impact of:
o * ” _®
0 5 ™ //" o AT - the solution pH
= 40 o Sy . . .
= F /: - ] @ & g - the complexing agent on the desorption efficiency 4 I
— " S e Il
= 20 :; W il - @ -pH 6.6 - the desorption kinetics fO\(R O“f
-® -pHO O-K--_' :--')O
-® -EDTA - o 0N § Pet™o
00 50 100 150 500 150 The desorption efficiency after 10 days contacttime is \ /
time (h) 100% for the EDTA

. . . U(VI)-EDTA complex
Relative desorption efficiency of U(VI) from polypropylene

containers in agueous solutions as a function of pH and the presence
of EDTA (0.001 M) in solution

CONCLUSIONS LITERATURE

1] Crawford CB et. al. (2017) Microplastic Pollutants, 1rd edn. Elsevier
2] Campanale C et. al. (2020) Int J Environ Res Public Health 17(4):1212

3] Johansen MP et. el. (2018) J Environ Radioact 190-191:130-133
4] Johansen MP et. el. (2019) Water Res 158:392-400

5] loannidis | et. al. (2022) J Mol Lig 351:118641
6] loannidis I et. al. (2022) J Mol Liq 356:119056

* Increased desorption efficiencies at high H* concentration
due to the competitive behavior of H* and the In the
alkaline pH region due to the formation of U(VI)-

carbonato complexes

* The desorption capacity In the presence of complexing
ligands increases almost 30%.
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