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Abstract

The research interest in nanomaterials preparation from natural products as a green method and their
application in various fields applications, tremendous attention has been taken to the green composition of
nanoparticles. ZnO can be considered one of the most widely used metal oxides for most requirements of
daily used products. In this research ZnO NPs prepared by using Petroselinum crispum (parsley) extract
and to make the first study of toxicological evaluation of ZnO NPs their effect aspects on Honey bees (Apis
mellifera). ZnO NPs have been charactarized by using SEM, EDX, XRD, UV-Vis and FTIR Spectroscopy.
The toxicological evaluation of ZnO NPs has been applied to a honey bee. The lethal ZnO concentration
was obtained, and the LCs range calculation values were changed during 288 hours of feeding to ZnO
nanoparticles at different concentrations (25, 50, 250, 500 mg per 100 ml) and the obtained LCso values
changed from 275, decreasing to 162.55 for the research range times after every 24 hours of exposure
feeding calculations. In addition, for the group treated with 500 mg of ZnO per 100 ml, higher mortality
was observed compared to other concentrations as it increased more than all other items indicating the
above concentrations but not with the control group. The ergonomic design for creating a honey bee shelter
was first introduced and no similar investigations were found in the literature.

Keywords: Apis mellifera, Green synthesis, Plant extract, Toxic effect, ZnO-NPs.

Introduction

Plant midated synthesis of the nanoparticles like
green technique has emerged rapidly during the last
decade in a broad range of product domains ®.
Nanotechnology has been used in many of the
essential requirements of daily life such as chemistry,
biology, agriculture, physics, and medicine 2°.
Today, due to the reduction of the size of many
materials, such as their dimension have between 1
and 100 nm and resulted in unique properties such as
their midget dimensions, shapes, flatten features and

surface chemistry and their conductivity”® and create
a variety of research field in field of nanotechnology.
Therefore, great attention has been given to
nanotechnology and has led to the expansion of
several technologies®. Recently, The ZnO
nanoparticle regards one of these materials that has
been used in a variety of research fields which is
biocompatible and safe that has been used in medical
applications easily without overlays!®3. The increase
in the requirements for nanomaterials in numerous
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field produces such as optoelectronic devices ,
sunscreens, paint pigments, rubber components,
cosmetics, and medicines * such many of the
existence of products in the world use which
containing ZnO Nps increases focusing their toxic
effect 23 and the fast progress in nanotechnology have
caused angst about the environmental effects of
nanoparticles and the risk they have constituted on
human health.The ZnO nanoparticles can be
considered one of the most widely used nanoparticles
among nano-sized materials and can be found in
many types of products. From ancient times, the
leaves of the Petroselinum crispum plant were
known to be the most obtainable vegetable product
that is used in large areas of the world. Parsley was
not only used for medical purposes but also, became
accepted as a spice or food. Furthermore, The parsley
plant extract is known as a plant that includes various
types of phytochemicals such as phenylpropanoids,
flavonoids, ascorbic acid, carotenoids, tocopherol,
apiole, terpenoids, coumarin, phthalides, and
furanocoumarins . It is known that these natural
compounds have a major effect on the preparation of
nanoparticles as they are inhibited and the ability to
prevent their aggregation is reduced %2°, Currently,
we presented an environmentally friendly method for
the synthesis of ZnO NPs using Petroselinum

Materials and Methods
Experimental parts
Materials:

Zinc acetate dehydrate, Zn (CH3;00),. 2H,0 and
Sodium hydroxide (NaOH) were purchased from
Sigma-Aldrich, distilled water, deionized water. The
plant extract used for synthesis of zinc oxide
nanoparticles was  prepared using plants
Petroselinum  crispum (pursley) leaves were
purchased from Erbil City and identified and
clissified by the botanist.

crispum leaves as a stabilizing agent and reducing
agent..

Honey bee (Apis mellifera), is regarded as one of
the most important producers of honey and wax,
among pollinators in  which threatened by
environmental pollution and pest control and it
causes huge death in honey bee colonies % and This
also poses a huge menacing to the agriculture of over
the world, by products of nanotechnologies, recently
one of the disadvantages of nanotechnology products
and their deterministic in wide range may also effect
on some insects may also including their effects on
honey bees 2*. Consumer products of many of the
currently available nanomaterials contain ZnO or
TiO2 NPs 22 and due to the finding of zinc oxide
nanoparticles in many different products. In ancient
times, people over the world practice the breeding of
honey bees (Apis meliferia). Mortals that are fed with
bee products is thought to be affected by nanoparticle
in nature. However, highly concentrated ZnO
nanoparticles have been reported to intoxicate algae
and plants, bacteria, aquatic and terrestrial
invertebrates, and vertebrates 22. This research work
focuses on the use of plants as a source of green
synthesis, ZnO nanoparticles characterization, and
their first toxicological effects on Apis melliffera
honey bee insects.

Preparation of plant extract:

The Fig 1 A-E shows the process photographically.
It can be seen that; parsley Extract was prepared from
100 gm of thoroughly washed fresh parsley leaves
with distilled water Fig 1A. They cutting to small
pieces Fig 1B, then 20 grams of cut parsley leaves,
made into a paste, using mortar when mixed with 5
ml of distilled water Fig. 1C. After that, 6 gm of the
paste is heated and stirred by magnetic stirrer of (500
r.p.m) in 100 ml of distilled water for an hour at 70°C
Fig 1D, filtered with Whatmann No 1 filter paper and
the resulting extract was cooled down at room
temperature Fig 1E and used for synthesis of ZnO
nanoparticles.
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Figure 1. Photographically representation of Petroselinum crispum (parsley) leaves extracts
preparation procedures: (A) Washing and drying leaves (B) leaves pieces (C) Past formation (D)
Heating and stirring (E) Plant extracts separation by filtration.

Synthesis of Zinc oxide nanoparticles:

A plant extract used for the syntheses of Zinc oxide
nanoparticles 24. 30 ml of Petroselinum crispum leaf
extracts, heated at hotplate magnetic stirrer for about
90 minutes with adding 3 gm of Zn (CH300 )..
2H,O powder to extract. Then the mixture was
heated and stirred in a hot plate magnetic stirrer at 90
°C. Solution of 1M sodium hydroxide was added
until the colour of the mixture changes to yellow or
brawn and the pH reached 8. The mixture, then was
heated constantly at the same temperature until it
converted to a paste. An air oven was used to dry the
paste for 1 hour at temperature 100°C. In order to
remove the basics solution, the content was washed
thoroughly and repeatedly with distilled water.
Finally the result sample was calcinated at 400 °C for
2 hours. And kept in dry area for further
characterization.

Test bee insect materials:

First of all, before the start of the experimental
process by a month, in order to have the same age
and race as the young worker bee, which appeared
within the frame of the comb hive, will be obtained
by observing and studying the incubation period of
the queen bee and during the closed brood period. To
obtain more accurate results from the study assessing
the acute toxicity effects of the nanoparticles used in
the colony, no special chemical was used for pest
control against diseases. The same age and racial
element as the young worker bees were evenly

distributed among the boxes so that there were fifty
of them per box unit. The number of wooden boxes
is six boxes, one of them for the feeding of the
control will be used and five others for the feeding
the honey bees with the different ZnO nanoparticles
concentrations as shown inTable 1. Bee colonies
(Apis mellifera) were maintained in the garden at the
Science college, University of Salahaddin-Erbil, Irag
according to standard commercial techniques. A
special plastic bottle prepared for this purpose was
used for the randomly collected adult bees inside the
hive during the autumn season and transferred
immediately to wooden cages. Before we started our
objective, with nanoparticle suspensions, bees were
subjected to a 2-hour starvation period. Groups of 50
adult bees were transferred to wooden cages. To
study the toxic effects, 250 bees were used and 50
bees were as a control group, so the total number of
bees we have been used 300 bees.

The bee’s boarding-house box:

To create a very suitable environment for the shelter
of bees chosen for study, many types of boxes have
been made from different materials and shapes. After
several slide experiments, it was found that the most
comfortable one for this study purpose was made of
the wooden one such as the form shown in Fig 2.
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Figure 2. The bee shelter parts, benefits and states
of each parts through the test procedure: (A) at
day; (B) at night, (C) circular hole for putting the
honey bees (D) plastic pan for putting solution
feds (E) feeding case (F) all parts together.

In order to shelter the bees during the experiment,
20X4 long 8 cm wide self-covered wooden
containers or cages were used. As shown by Figs 2A-
E, was made to let easy putting the required number
of honey bees inside of the wooden box and let the
air in for the bees during the experiment and collect
the honey bees that perished during the experiment.
Figs 2A-F, shows the parts of the bee shelter, the
advantages and conditions of each part through the
test procedure. It could be considered the best one of
all of the tested box materials of them. In order to
shelter the bees for desired time studies hours in
wooden boxes as given in the Fig 2A, 20x5x8 cubic
cm wooden volume containers were utilized. On the
upper side of each of the wooden containers, a
movable 15x5 square cm wooden cover with a
circular aperture diameter of 5 cm was made to
putting the experimental bees’ requirements through
it. A rectangular mesh cover was made with small
holes 2xlcm to allow feeding of ZnONPs and
sucrose to honey bees during the experiment, On the
middle of the slid latticed cover of these containers,
tiny holes were made to let the test solution in and to
feed the bees through the use of micro pipette, 1 ml
of the solution ZNONPs were added Fig 2E to the
small circular plastic pans with diameter 2 cm were
fixedly placed on the lower base part of the

containers Fig 2D, by means of which the honey bees
were made to be fed easily from the plastic pans. The
sucrose was put into the small put plastic pan with
the help of a micro pipette. In this way, the groups
exposed to the test were made to be fed with a test
solution every twenty-four hours, on the other hand
the control group member were fed with the sucrose
solution prepared only with deionized water.

Furthermore, A 15x4 cm movable transparent
rectangular piece of window glass was used to cover
the test box to calculate the number of honey bees
that survived or died after each feeding chain Fig 2E
and for the required experiment time. To create a
dark and quiet environment for honey bees during
our studies, a sliding wooden cover was completely
closed at night Fig 2B for all boxes. On the other
hand, Fig 5F shows all parts of the honeybee shelter
used in our current research. A stainless steel tong
was used to collect bees that died during the
experiment from the upper sides of the box Fig. 3.
This ergonomic design for creating a honey bee
shelter was first introduced and no similar

investigations were found in the literature. The
rectangular piece of window glass was used for the
purpose of counting the remaining live bees after
each desired experiment test time.

Figure 3. Collecting dead bees and some dead test
bees.

Test solutions and suspension preparation:

A suspension of the zinc oxide nanomaterials (ZnO
NPs) was prepared by adding ZnO nanopowder to
deionized water with ultrasonic ( PIO Iskra, Sonnys
2GT; 40 kHz, 2 x 100 W) of the suspension for 24 h.
Sucrose ZnO NPs suspension was prepared in 1.5 M
sucrose in a final concentration of (25, 50, 100, 250
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and 500mg ZnO NPs mL™, corresponding to 0.25,
0.5,1.0,25and 5mg Zn mL* 14,

Test honey bee exposure to ZnONPs and
mortalities:

In this test procedure, 300 bees were exposed to
a suspension solution where the exposure time was
288 hours of exposure tests, where 50 bees as a
control group only received sucrose solution via
plastic feeders and another 250 bees received
suspension solutions of ZnO. The bottom of the cage
includes a positioned feeder. The bees were divided
into 6 groups and each group of bees was placed into
separate wooden cages (9.5 X 4 X 7.5 cm). The
control group of 50 bees was fed with 1.5 M only
sucrose solution and the other five test groups of
altogether 250 bees received a suspension of sucrose
ZnO NPs concentrations of (0.25, 0.50, 1, 2.5, and 5
Zn mL-1), for each of the group, respectively. The

Results and Discussion

A novel research work, it includes two main
processes such as, characterization studies of Zinc
oxide synthesis from parsley (Petroselinum crispum)
and then determination of the killer concentration
(lethal concentration, LCso) for Apis mellifera
(honey bee) against the green synthesised ZnO
exposure nanoparticles. By taking the test results as
basis, the lethal concentration LCso values were
calculated which were assessed for 288 hours
through the probity analysis. The mortality percent
and different time lethal concentration LCso values
were calculated for ZnO NPs studies in which were
assessed for 288 hours.

Nanoparticles characterization:
UV-Vis spectra analysis:

From determining the absorbance obtain by the UV-
Vis spectrophotometer, Characterize the
nanoparticle’s structure properties, confirm previous
findings formations and verify that the extracted
product from parsley vyields synthesis of ZnO
nanoparticles in a stable state. The UV-Vis
absorption spectrum of Zinc oxide nanoparticles is

wooden cages were placed in a garden of college of
science, Salahadden University-Erbil, at a relative
humidity of 80% and 28 °C. The daily counted data
of survival and dead bees were used for calculating
lethal concentration LCs during the 288 hrs exposure
period. The gravity feeders were refilled on daily
bases from original sucrose solution or ZnO
suspension. Before refilling the ZnONPs suspension
was vortexed.

Statistical analysis:

After repeating the experiments three times for all the
same following used nanoparticle exposure
concentrations 20, 50, 100, 250, and 500 mg of ZnO
per ml, independently the data on average had been
recorded by using the standard deviation. The lethal
concentration, LCs, was found through the use of
EPA probit statistical analysis. The ANOVA were
used for performing the other analysis.

shown in Fig 4. It shows that the spectrum of the UV-
Vis absorption for the green synthesis NPS makes
out in the wavelength range 200-400 nm, which
corresponds to the ZnO NPs characteristic bands %
%, Any other absorption peak disappears in the
excitonic absorption spectra between 255 and 335
nm confirming that the synthesized particles are pure
ZnO NPs which can be considered as typical
characteristic ZnO NPs peaks. This may be attributed
to the coulomb attraction between hole and electrons
in valence and conduction bands respectively 2.
Furthermore, it is reported that the absorption peak
position of UV-Visible spectra is related to size of
nanoparticles in which as crystal size of the NPs
usually depends on the position of the peaks, and due
to the columbic interaction as mentioned between
holes and electrons in which it has an important role
in nano-sized solid materials. The strong absorption
was made out at 275 and 310, and the corresponding
band gap energies were 4.86 and 3.70 eV,
respectively by using the calculation based on the
formula: Eg = 1240/A, this is due to disagreeing in
the NPS crystal size average, in small variance with
results values of the previously reported 2
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Figure 4. UV-Vis of ZnONPs from Petroselinum crispum leaf extract.
FTIR Analysis 100

In order to determine the functional groups in
ZnO nanoparticles synthesized from parsley extract
the FTIR spectroscopy technique instruments were
used. Fig 5 shows the fingerprint region of green
synthesized Zinc Oxide nanoparticles appears in the
band width range of 604.37—400 cm™ 2% %, The peak
around 2924 cm, 2852 cm™ corresponds to C-H
stretching. The peak at 1440.83 refers to C=C
stretching vibrations of the alkene group. Due to the
water adsorption of the surface of synthesized Zinc
Oxide nanoparticles, the OH stretching bond
vibration has appeared as shown as a broad peak
around 3435.22 cm™™,
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Figure 5. FT-IR spectra of Petroselinum crispum
(parsley) leaves extract.

XRD Analysis

The XRD result from Fig. 6 showed that the obtained
diffraction peaks agreement exactly with the ZnO
NPs hexagonal wurtzite phase structures®** with
crystalline lattice constants a=b=0.323420 nm and
¢=0.517720 nm (COD 2300113) %. The XRD
diffraction peaks, located at a 20 value of the Fig 6,
corresponding to the indicated crystal planes at the
same figure are consistent well with these previously
published work 2?7, Moreover, the existence of
some broad and some other incommodious and
strong diffraction peaks gives the meaning that the
produced material appears in the nanoscale range 3*
with the (15.0774 nm ) nm it was calculated from
the sharp peaks from the use of the Debye — Scheres
famous equation and however also XRD showed
that no peaks other than characteristics ZnO peaks,
which confirms that the green synthesized NPs were
pure and with an optimum crystalline structure due

Page | 2129


https://doi.org/10.21123/bsj.2023.8664

2024, 21(6): 2124-2136
https://doi.org/10.21123/bsj.2023.8664
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

0

=2
Baghdad Science Journal

to the existence narrow and powerful diffraction
peak existence 36,
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Figure 6. XRD patterns
synthesized ZnO NPs

analysis of the

SEM analysis

The SEM image of green synthesized ZnO NPs with
parsley extract shows the shape and the surface
morphology, and the EDX was used to find out the
chemical composition Figs 7A, B. According to the

Det: InBeam
BI: 7.00

SEM MAG: 10.0 kx |
WD: 4.77 mm |
View field: 20.8 ym | Date(m/d/y): 08/08/21

(A)

results, most of the ZnO NPs had the nanometre scale
in various spherical shapes Figs 7A, B, which was
very agreement with the results of the studies of
some other researchers %%, The image results show
in general spherical shapes with careened together,
which is typical with green synthesis of NPs and it
attributed to the fact that green synthesised NPs
possess a higher surface area and nanoparticles
strongly stick to each other this is evident as a flower
form from our results Fig 7A. 4, therefore the NPs
stability and their agglomeration will have been
effecting by capping agent factors or this
agglomeration is generated due to polarity and ZnO
NPs electronic attractions “° that is due to the capping
agent existence which leads to the nanoparticle
stabilized 2. Fig 7B shows the EDX spectrum for the
synthesis of ZnO NPs, and it can be seen from the
figure that the obtained ZnO powder has high content
of Zn and oxygen with high purity compound state
29 which is confirmed with strong main peaks at 0.5,
land 2.1, 8.6 and 9.6 kV.

20000,

15000

10000

5000

Zn

keVv

(B)

Figure. 7. (A) SEM and (B) EDX of ZnO NPs synthesized from Petroselinum crispum (parsley) leaves
extracts.

Acute Toxicity of ZnO Nanoparticles:

For acute toxicity studies of ZnO nanoparticles,
green synthesized from Petrosilum  crissum
(parsley), more than 300 bees were accurately
selected and repeatedly distributed over the used
wooden, so that 50 bees were placed in each
container box made of wooden. In order to feed the

bees during the experimental test, a volume of 1ml of
micro pipette was used. Suspension solutions were
prepared with different concentrations of ZnO
nanoparticles 25, 50, 100, 250 and 500mg of ZnO
NPs per 100ml. By this method, the test solution is
fed to the experimental test bee groups with different
indicated concentrations for each box every twenty-
four hours for 12 days continuously. Whereas the
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sucrose solution 1.5M, where was prepared with
deionized water without Zinc Oxide concentration
for the feed control groups. After every 24 hours of
feeding, with different concentrations of synthesised
zinc oxide nanoparticles, the dead and survival bees
were counted and recorded for each group at the 24,
48,72, 96, 120, 144, 168,192, 216, 240, 264, and 288
hours. The mortality rates are shown in Fig 8. The
test was performed at 25-30 °C in the garden of the
collage of science, Salahaddin University in Erbil
city. The recorded relative humidity throughout the
test was between 50-70% in does not exceed normal
relative  humidity according to the Erbil
atmospherically management/central.

100
—e—25mg
80 —+—50 mg
o —e— 100 mg
¥ 60 250 mg
% —e— 500 mg
‘g 40 —o— Control
= f—
20 g /0‘3
g M.
0 L=
0 100 200 300 400

Time (hours)

Figure 8. The mortality rates regarding ZnO on
Apis mellifera to the period of time and
concentration.

Our research results during chronic exposure to ZnO
nanoparticles and compared to the results of other
researchers 4, it is shown that during chronic Fig. 9
exposure to ZnO NPs, overall survival was decreased
in all treated groups compared to control in both our
results. The maximum toxic effect of ZnO
nanoparticles was obtained in honey bees at a
concentration (500 mg per 100 ml) more than all
other concentrations as shown in Table 1.

200
—0—7n0 (0.8 mg Zn/ml) Ref.
Control Ref.
ZnO (0.5 mg Zn/ml)
ZnO (1 mg Zn/ml)
5 —&—Zn0 (2.5 mg Zn/ml)
S
*—0—0—0—0———O0—0—0—90
'S B e
5 e ———e—e
7]
O 1 1 1 1 1
0 2 4 6 8 10 12

Figure 9. Effects of ZnO NPs on honey bee
survival, (0.8 mgZn/l ) (our study) Ref. Survival
curves of honey bees chronically exposed to ZnO
NPs suspension in 1.5 M sucrose as compared to
control (1.5 M sucrose) (previus study)

Table 1. Mortality% and different time LCs values calculated for exposure ZnO nanoparticles.

Exposure time hrs

Zn0O NPs Exposure concentration mg/100 ml

25 50 100

Mortality %

24 2 2 12
48 4 4 16
72 6 4 16
96 8 4 16
120 10 6 16
144 10 8 16
168 12 10 18
192 14 14 20
216 16 16 22
240 16 16 22
264 16 16 22
288 18 18 28

Control LCs0/100ml

250 500

12 22 2 2754.22
18 32 2 1629.296
18 36 2 552.38
18 40 2 1438.79
18 46 2 1285.28
18 48 2 1355.189
20 60 2 687.068
22 72 2 420.726
24 80 2 304.789
24 88 2 301.3
24 92 2 202.768
30 94 2 162.554
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To classify specific groups of nanoparticles, there are
many ways employed in the literature, based on their
chemical composition and properties such as,
carbon-based  nanoparticles,  metal-containing
nanoparticles ( including metal oxide), quantum dots
, dendrimers and zero-valent metals 443, Presently,
toxicological find has fundamentally centred on the
impacts of carbon-based nanoparticles ** % and
metal-oxide nanoparticles (Ag NPs, CuO NPs, TiOy)
4-48 In our research work, after synthesizing ZnO
NPs from parsley by using an environmentally
friendly method and studying their properties, we
focused on the toxicological effects of ZnO NPs on
honeybees as an application in conducting our
research. Specific groups of nanoparticles will be
classified according to their chemical composition,
properties and using some specific terminologies
which refer to them, such as based on their
composition, dimension, uniformity, morphology,
and agglomeration & 2° lowest to the highest ZnO
NPs concentrations (25, 50, 100, 250, and 500 mg
per 100 ml). The process mentioned and depending
on the metal-containing nanoparticles information

Conclusion

This paper research study presents, in order to obtain
zinc oxide nanoparticles a fast, economical and non-
toxic green synthesis technique using an aqueous
extract of Petroselinum crispum parsley with Zinc
acetate dihydrate. UV-Vis analysis revealed the
absorption peaks at 359 and 300 nm. The synthesized
NPs also showed characteristic XRD analysis of the
hexagonal wurtzite structure with an average size of
15.0774 nm. The ZnO NPs were characterized by
SEM equipped with EDX, which confirmed the
presence of NPs with an above indicated average
size. Among all the used board house types tested,
the size, shape, and wooden cage materials used as
honeybee shelters were the best, most comfortable
and most successful to keep honey bees tested for
monitoring the toxic effects of ZnO nanoparticles on
honey bee life and use as a shelter through their
experimental tests. As it is known the role of
nanoparticles in all different fields of life appears

and some related process occurrences. In our results,
honey bee death occurs with exposure ZnONPs
concentrations (from lowest to higher). The process
steps of cell death occurrs in insects and the effects
of the ZnO nanoparticles Table 1. Due to the
penetration of the exoskeleton, the organism was
damaged “°, and entry into the intracellular space,
and then rapid denaturation of enzymes and
organelles occurring as a result of binding the
nanoparticles to phosphorous from DNA or sulfur
from cell death occurs due to the wastage of cellular
function %% % due to fall in membrane permeability
and disturbance in proton driving force. As shown
from the figure the maximum rate of death of the
honey bees as a result of the feed of the nanoparticles
suspension solutions per a day was after 24 hrs of
passing 288 hours for the 500 mg concentration after
that it was for the 100 and 250 mg, in which for each
of them or 6 groups of honey bees. Metal oxide
nanoparticles have received great attention and mass-
produced in the past years its extensive use in various
fields such as food fields, chemical, biological and
physical #’.

either in the human body or all the technology
devices and instruments which are assistance and
occupied all the important requirements of daily
human life, in this study we have proved that besides
all these advantage points of the ZnO nanoparticles,
they have disadvantage affects on the environment as
toxicological causes the mortality of the honey bee.
The maximum toxic effect of ZnO nanoparticles was
obtained in honey bees at a concentration (500 mg
per 100 ml) more than all other concentrations 20,
50, 100 and 250 mg per 100 ml even at the end of the
test mortality rate (94%) vs. (500 mg per 100 ml)
while 18% for each concentration 25 and 50 mg per
100 ml and concentrations 100 and 250 mg per 100
ml were (28%) and (30%), respectively. LCso will
change from 2754.22 on the first day of the test start
to a value of 162.554 at the end of the test (288
hours). In general, the LCso decreases with increasing
exposure times of ZnO NPs.
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