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SUMMARY

The explosion of nanotechnology in recent years has resulted in the emergence of nanomaterials in many
applications in life. However, this also comes with new environmental and ecological challenges due to the
accumulation of these materials in the environment when being discharged. Among metal nanomaterials, iron
oxide nanomaterials are quite commonly used in different fields from health, food to environmental engineering.
In this study, the impact of iron oxide nanomaterials and pesticide in soil on the development of vetiver
(Vetiveria zizanioides) was initially measured. While the Ofatox pesticide alone in the soil at the concentration of
200 pg/kg of soil induced a significant reduction in the growth of the plant, the iron nanoparticles at the
concentration of 100 mg/kg of soil showed a positive effect on the development of vetiver, expressing through
the increase in the number of new shoots and the average length of the new shoots over time. On the other hands,
when combining the pesticide at 200 ug/kg and iron nanomaterials at 25 mg/kg concentrations in soil, the
nanomaterials showed a possible reversing effect on the negative impact of pesticide contaminants on the plant.
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INTRODUCTION

Iron oxide has long been considered non-toxic (Dissanayake et al., 2015). These particles have been studied and
appeared in a large number of applications over the past twenty years. According to Vance and colleagues, in the
field of consumer products, iron and iron oxide nanoparticles along with other metal nanoparticles such as
magnesium, aluminium oxide, copper, platinum, etc. account for about 10% of total consumer products... (Vance
et al.,, 2015). Among them, iron, iron oxide and magnesium nanomaterials are often marketed as usable for
medical applications, such as supplements in food and beverages. The medical field could be a traditional market
for applications of iron oxide nanoparticles, where the particles can be found in imaging techniques, gene therapy,
drug delivery agents and cancer treatments, especially in clinical diagnosis as diagnostic agents (Arami et al.,
2015; Baetke et al., 2015; Kornberg et al., 2017).

The explosion in applications of nanotechnology, as a matter of course, will incorporate new risks. The number of
reviews and reports addressing the toxicity and effects of metal nanomaterials on human and animal health at
both cellular and organ levels is increasing in recent years. One of the key concerns is the possibility that
nanomaterials can end transport chains in different types of environments, contaminating drinking water, leading
to adverse health effects for humans and animals. as well as impacts on ecosystems. Among nanomaterials, iron
nanoparticles of various forms can be found primarily in various applications from medicine (Vance et al., 2015;
Kornberg et al., 2017; Baetke et al., 2015, Arami et al., 2015) to environmental industry (Patil et al., 2016; Park et
al., 2016), in which environmental applications are considered the most common for the use of iron oxide
nanoparticles. As a result, there are more chances these nanomaterials could end up in the environments such as
aquatic environments, where they can subsequently find their way into living bodies like cells, animal and plant
organs before entering human and animal bodies through the food chain.

An approach, called Phyto-Fenton, was developed recently which combines the use of iron oxide nanomaterials
and vetiver for the remediation of soils contaminated with pesticides and/or other persistent organic compounds
(Reis et al., 2013; Kurihara et al., 2017). The objective of this study is to explore the effects of iron nanomaterials
on the development of vetiver in the phyto-Fenton approach to eliminate residues of plant protection chemicals in
contaminated soil. In this study, the effects of iron oxide nanomaterials on the development of vetiver on different
soil conditions were evaluated to demonstrate the potential of using phyto-Fenton approach for soil remediation,
as well as provide a preliminary assessment on the effects of iron nanomaterial, in particular, and
nanotechnology, in general, on plant ecosystems.

MATERIALS AND METHODS
Materials

The iron oxide nanomaterial used in this study was ferrite (Fes04), a commercial magnetite nanomaterial, (Sigma-
Aldrich, CAS 1317-61-9) provided by Sakakibara Lab., Waseda Unievrsity. Vetiver grasses (Vetiveria zizanioides)
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were precultured and provided by National Academy of Agriculture. The soil was GT-05 organic soil (Soil and
Fertilizers Research Institute, Hanoi, Vietham) that contains already necessary nutrition and minerals for plant
growth was purchased in bags of 10 kg from a local distributor. Pesticide was Ofatox 400 EC containing
Fenitrothion 200 g/l and Trichlorfon 200 g/l in 100 ml bottle (No. 1 Central Plant Protection Company, Hanoi,
Vietnam) was purchased from a local distributor.

Figure 1. Pre-selection of vetivers with 15 - 20 cm of root length and 3 branches each
Experimental setup

Experiments were conducted in 5 plastic pots (28 x 30 x 22 cm of pottery mouth diameter x height x bottom
diameter) each contains 5 kg of soil. Experiments were repeated 3 times during the time between September to
Nevember 2017. The soil was pre-mixed with either pesticide or iron oxide nanomaterial or both to the following
conditions before being distributed in pots.

- Pot 0 (Control): original soil without addition of pesticide and iron oxide nanomaterials.
- Pot 1: the soil was mixed with Ofatox pesticide at the concentration of 200 pg/kg of soil.

- Pot 2: the soil was mixed with Ofatox pesticide at the concentration of 200 ug/kg of soil and iron oxide
nanomaterials at the concentration of 25 mg/kg of soil.

- Pot 3: the soil was mixed with iron oxide nanomaterials at the concentration of 25 mg/kg of soil.
- Pot 4: the soil was mixed with iron oxide nanomaterials at the concentration of 100 mg/kg of soil.

After the preparation of pots containing soils of different conditions, 3 young vetivers were planted in each pot.
Vetivers were pre-selected carefully with 3 branches and 15 - 20 cm of root length each (Figure 1). Leaves were
cut to a height of 20 cm from the soil.

Experimental conditions

The original moisture was 28% and the initial pH was 7. After the plantation, the soil moisture and pH were
periodically measured with a soil tester (MS04, Sonkir, Hanoi, Vietham) and kept maintaining at > 80 % moisture
and pH 7 in all pots. The temperature during the time of the experiment was ranged from 19 to 22°C at night and
27 to 29°C during the day; relative humidity was 80 - 90%. Luminance was from natural sunlight at 1500 - 1600
lux average daytime recorded during the time of conducting the experiment.

Observation and plant growth measurement

Periodically, the number and length of new stretches shooting out from the ground and the cut were measured
and photoshoot providing information on the growth of the plants. Data and images are processed and analysed
on Microsoft Excel.

RESULTS AND DISCUSSION

In this experiment, vetivers in each pot were observed periodically, and the numbers of leaves shooting out from
the ground and the cut were counted, the lengths of those leaves were measured. Figure 2 shows the vetivers in
different pots at 1, 2 and 3 weeks after planting. At 1-week time point, all vetivers showed new stretches shooting
out from the cut. In the two cases where plants were treated with pesticide (pots no. 1 and 2), plants seemed to
grow in lower rates in comparison to plants in the control case (pot no. 0). It suggested a growth inhibitory effect
of pesticide on the plants. However, in the case where the soil was mixed with both the pesticide and the iron
material (pot no. 2), the plants grew better than the plants in the case where the soil was mixed with only the
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pesticide (pot no. 1). This indicated a possible reversing effect of the iron oxide nanomaterial to the inhibitory
effect of the pesticide in soil. This hypothesis was further supported with data on the plants in the two other cases
where the soil was mixed with the iron material only at two different concentrations (pot no. 3 and 4). In these
cases, the plants showed well-growing capacity that was compatible with those of the plants in the control case.
There was no inhibitory effect observed in these two cases. In the pot containing iron material at the concentration
of 100 mg/kg of sail, the plants showed a better growth rate than that of the control plants. It once again indicated
a supportive effect of the iron material to the growth of plants.

L

Figure 2. The growth of vetiver by days
(0) control — soil containing neither pesticide nor nanoparticles, (1) soil containing pesticide at 200 wg/kg of soil, (2) soil
containing pesticide at 200 g/kg of soil and iron oxide nanoparticles at 25 mg/kg of soil, (3) soil containing iron oxide
nanoparticles at 25 mg/kg of soil, and (4) soil containing iron oxide nanopatrticles at 100 mg/kg of soil

Figure 3 provides supportive evidence on the effect of pesticide and iron oxide nanomaterial on the plant growth
through the two developmental parameters: the number of new stretches shoots out from the ground and the cut,
and the average lengths of the new stretches. It clearly indicated that pesticide in soil induces retardation on the
development of the plants, while the iron oxide nanomaterial in soil induces amendment effect to the development
of plants growing on contaminated soil. The nanomaterial alone in soil somehow boots up the plant development
at high concentration. To explain to this phenomenon, several hypotheses can be raised: 1) the iron
nanomaterials could place impact on the soil microbial community and change its activity toward a supportive way
of contribution to the plant growth, 2) the iron nanomaterials directly put an impact on the growth of the plants by
changing the metabolism, uptake and circulation processes in the plants, 3) the iron nanomaterials could turn the
natural organic matters of soil into the forms that could be easier to be uptaken by the plants.

A study recently on the effects of several metal oxide nanoparticles has shown no effect of Fe3O4 nanoparticles
on the germination of two crop plants, maize (Zea mays L.) and rice (Oryza sativa L.) (Yang et al., 2015). Another
study on the effects of positive charged (PAA coated) and negatively charged (PEI coated) Fe,O3 nanoparticles
on the plant Arabidopsis thaliana has shown that there was no effect on seedling and root length of the plants at
the low treatment concentration of 3 mg/L, but the high treatment concentration of 25 mg/L with a reduction in
seedling and length (Bombin et al., 2015). The study also pointed out the negative effect of both types of
nanoparticles on pollen viability and seed production, but no observable phenotypic changes in overall size and
general plant structure. Recent work of Siddigi and Husen has reviewed the response of the plant to different
engineered nanoparticles including iron oxide nanoparticles (Siddigi and Husen, 2017). In general, the toxicity of
iron oxide nanoparticles greatly depends on the size, shape and concentration of the nanoparticles in the
environment. The smaller in size, the easier the particles could pass the cell membrane and exert their toxic
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effects on cells. The metal oxide nanoparticles are more toxic to microorganisms than the bulk materials of the
same metal. In most cases of detrimental effects of the iron oxide nanoparticles mentioned in the review, the
exposed concentrations normally very high from a few hundreds to thousands mg/L, which might not be really
environmentally relevant.
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Figure 3. Effect of iron oxide nanomaterial in soil on vetiver growth
A) Effect of iron nanomaterial on the number of new stretches shouting out from the ground and the cut, B) Effect of iron
nanomaterial on the average lengths of the new stretches. Control - soil containing neither pesticide nor iron nanomaterial, Pes -
soil containing pesticide at 200 .g/kg of soil, Pes-Fe - soil containing pesticide at 200 g/kg of soil and iron oxide nanoparticles
at 25 mg/kg of soail, Fe25 - soil containing iron oxide nanoparticles at 25 mg/kg of soil, and Fe100 - soil containing iron oxide
nanoparticles at 100 mg/kg of soil

A number of reports has proven the translocation of metal nanoparticles including iron oxide nanoparticles to
roots and shoots of plants (Siddigi and Husen, 2017; Amde et al., 2017). Plant roots when exposed to y-Fe;Os
nanoparticles at relatively high concentrations 50 - 100 mg/L could show root length reduction and the reduction
of the root hydraulic conductivity thus reducing the uptake of nutrients and minerals (Ruttkay-Nedecky et al.,
2017). However, another study with the plant Citrus maxima suggested no changes of chlorophyll content and
root activity upon exposure to 20 - 100 mg/L y-Fe,O3 nanoparticles and Fe®* (Hu et al., 2017). The authors also
pointed out the accumulation of the nanoparticles in shoots and roots. Another paper suggested using the iron
oxide (Fe203) nanoparticles as a potential fertilizer for peanut Arachis hypogaea since the particles showed a
promotive effect on phytohormone content and antioxidant enzyme activity, thus increasing root length, plant
height, biomass, and SPAD values (related to chlorophyll contents) of peanut plants (Rui et al., 2016).

CONCLUSION

To conclude, this study initially measured the effect of the Ofatox pesticide and iron oxide nanoparticles in soil on
the development of vetiver (Vetiveria zizanioides). It showed that while the pesticide at the concentration of 200
ug/kg of soil induces retardation on the development of the vetiver, iron nanomaterials at the concentration of 100
mg/kg of soil shows a positive effect. When added the nanoparticles at 25 mg/kg concentration to the soil
containing the pesticide, it showed a possible reversing effect of the nanoparticles to the negative effect of the
pesticide on plant development. The phytotoxicity of the iron oxide nanoparticles, perhaps, is still a controversial
issue which needs more elaborated studies to elucidate. Studies so far focused only on the direct impacts of the
nanoparticles on cellular and plant organ systems, but not the surround environments, which also affect the
development of plants. In our study, we used bulk iron materials, the mechanism of the impacts thus might not
just limit to cellular or plant organ levels. We should also consider its impacts in a context of a whole system
where there are interactions between plant and microbes, plant and the nanoparticles, plant and soil
structure/composition, soil and the nanoparticles, etc.
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TAC DONG CUA THUOC TRU SAU VA VAT LIEU NANO SAT OXIT TRONG
DAT LEN SU PHAT TRIEN CUA CO VETIVER (Vetiveria zizanioides)

Bing Minh Hiéu
Trwong Dai hoc Bach Khoa Ha Noi

TOM TAT

Su bung nd ciia cong nghé nano trong nhitng nam gan day da dwa dén két qua 1a sy xut hién ngay cang nhiéu
ctia cac loai vt liéu nano trong cac ng dung trong doi séng. Tuy nhién, diéu nay ciing di kém véi nhirng thach
thirc méi v& moéi truong va sinh thai do sy tich liiy cua nhitng vat liéu nay trong méi truong khi duoc thai ra.
Trong sb cac vat liéu nano kim loai, vat liéu nano st oxit duoc ung dung kha ph6 bién trong nhiéu linh vuc tu'y
té, thuc phim téi méi trudng. Trong nghién ciru nay, tic dong cua vat liéu nano st oxit va thudc trir sdu trong
dét 1én su phat trién clia co vetiver (Vetiveria zizanioides) da ban dau duoc khao sat. Trong khi thude trir sau
Ofatox trong dat & ndng d6 200 pg/kg dat da lam giam dang ke su phat trién cua cdy, thi cac hat nano sat o ndng
d6 100 mg/kg dat cho thiy tac dong tich cuc dén su phat trién cua co vetiver, thé hién qua su gia tang so luong
chdi méi va chiéu dai trung binh cua chdi méi theo thoi glan Mit khéc, khi két ho‘p thude trir siu & nong do
200 ug/kg va vt liéu nano sit & nong do 25 mg/kg trong dét, vat liéu nano cho thdy co6 thé c6 tac dong dao
nguoc dbi voi tac dong tiéu cuc cua chat gay 6 nhiém thude trir siu doi voi cdy trong.

Tir khéa: Vat liéu nano sit 6xit, Fez0,, thudc trir sdu, dit, co vetiver.
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