Science Highlight - February 2013

Imaging and Speciation of CeO, and ZnO Nanoparticles in Soybean (Glycine
max): Nanoparticle Transfer to the Food Chain

The global production of engineered nanoparticles (ENPs) is currently a trillion-dollar indus-
try. However, ENPs behave differently than their bulk counterparts, mostly due to increased
specific surface area and reactivity, which has raised concerns about their fate, transport,
and toxicity in the environment. A growing nhumber of products containing ENPs are already
on the market, including ZnO nanoparticles widely used sunscreen, gas sensors, pigments
and other applications, and nanoceria (Ce ENPs) used as catalysts for internal combustion
and oil cracking processes. The potential storage of these ENPs or their biotransformed
products in edible/reproductive organs of crop plants can allow them to enter the food chain
and the next plant generation.

Because terrestrial plants are part of the first trophic level, it is important to study their
interactions with ENPs and the possible translocation of ENPs into the food chain'. Previ-
ously, Priester et al. determined the effects of ENP exposure on Ce and Zn accumulation and
growth parameters of soybean (Glycine max) plants grown in farm soil amended with the
previously mentioned ENPs?. However, important questions remain in studying the relation-
ship of crop plants and ENPs, including the determination of their entrance into the food
chain, their biotransformation, toxicity, and the possible persistence of these products into
the next plant generation.

This report, recently published in ACS Nano by scientists from the University of Texas El
Paso, UC Santa Barbara, ESRF and SSRL, studied ENP uptake in soybean plants which is the
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soybean plant grown in ZnO NPs shows accumulation in a) pod, b) stem
and c) nodule. d) Full-field transmission X-ray microscopic image (30
nm resolution) depicts Zn precipitates in the soybean pod. Fits of p-
XANES indicate that Zn is mainly bound to organic acids in these
precipitates.

beans exposed to ZnO ENPs at SSRL, Zn was detected in the nodule, stem and pod (Figure
1) in concentrations higher than the control. Micro-XRF also showed that in the stem, Zn




was translocated through the phloem (Figure 1b). p-XANES analysis did not find any Zn
bound in the form of ZnO ENPs in the plant, suggesting biotransformation of the ENPs. Fur-
thermore, Zn precipitates in the pod were visualized at 30 nm resolution with TXM (Figure
1d). Linear combination fitting of XANES spectra collected on these precipitates suggests
that Zn in soy is most likely bound to organic acids such as citrate. The presence of Ce in
the nodule and its translocation to the pod was corroborated by p-XRF at the ESRF. By
comparing Ce L(III) u-XANES spectra from high-intensity spots with model compounds
(Figure 2), linear combination fitting showed that most of the Ce in the nodule and pod

persisted as CeO, ENPs.
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Figure 2. Images of soybean plant nodule grown in soil treated with Ce NPs. (a) Optical
image. (b) u-XRF map showing normalized Ce intensity (red = higher, blue =low). u-
XANES was acquired in white box area. (c¢) Ce L(III) p-XANES from soy nodule (solid,
black line) and linear combination fit (dotted, red line).

These X-ray studies have provided insight into the fate and transport of ENPs in soybean
plants.

To our knowledge, this is the first time that the transformation of Zn from ZnO nanoparti-
cles in soil grown soybean pods has been reported. In addition, our results have shown that
Ce0, ENPs in soil can be taken up by food crops and are not biotransformed in soybeans.




This suggests that CeO, ENPs can reach the food chain and the next soybean plant genera-
tion, with potential health implications.
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