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Abstract 

ZnO nanocrystalline powder was successfully synthesized via co-

precipitation method coupled with high annealing treatment. X-ray diffraction 

analysis revealed that the NPs have a pure hexagonal wurtzite structure with a mean 

crystallite size of approximately 59 nm. FESEM observations along with EDS 

analysis indicated the formation of fine particles in the nanoscale regime, with 

hexagonal shape and high purity. Both Raman and photoluminescence 

characterizations confirmed the high crystalline and the optical quality of the 

synthesized ZnO NPs. The assessment of the impact of ZnO-based nanoparticles 

and their effects on body and bioaccumulative bioindicators of pollution, Helix 

aspersa snails was performed in order to preserve the safe development of 

nanotechnology. 
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1. Introduction 

During the last few decades, zinc oxide (ZnO) has regained much more 

interest in material science because of its large variety of nanostructures and the 

wide diversity of potential applications [1] [1]. ZnO has a wide band gap of about 

3.3 eV and large exciton binding energy of 60 meV at room temperature, much 

higher than that of GaN, 21 meV [2]. This makes it suitable for room temperature, 

UV lasing and short wavelength optoelectronic devices [3, 4]. Besides, its large 

transmittance (80-90 %) along the visible range [5] has promoted its frequent use in 

solar cells, transparent thin film transistors, ultraviolet (UV) photo-detectors, light 

emitting diodes (LEDs) and piezo-electric devices [2, 6-8]. Furthermore, ZnO is 

used as a host matrix for transition metals impurities to obtain diluted magnetic 

semiconductors [9, 10] and is also becoming very promising for gas sensing 

application [11]. It has been reported that ZnO powders at the nanoscale level 

]possessed biomedical field applications such as antibacterial agent [12]. 

Most of the modern techniques of crystal growth make it possible to grow 

large size ZnO crystals and wafers with enhanced properties [13]. However, there 

is a growing interest in the preparation of a variety of ZnO nanoparticles (NPs) with 

various shapes and sizes using different methods, which show unique and novel 

properties [14-22] But most of these processes require rigorous experimental 

conditions and involved many complicated steps. However, chemical synthesis of 

ZnO is relatively simple, repeatable and cost effective. It does not require, indeed, 

a costly setup of equipment [23- 29]. The above advantages allow polycrystalline 

or nanocrystalline ZnO to become much more attractive and very promising. 



Compared with other synthesis techniques of powders, chemical co-

precipitation method, when coupled with relatively high annealing treatment, offers 

several advantages such as high purity, excellent control of chemical uniformity and 

stoichiometry of powder elements [30], simplicity in manufacturing, reproducibility 

and more importantly, the dopant elements could be substituted easily within ZnO 

crystal lattice under non-equilibrium conditions. 

On the one hand, nanoparticles, due to their small size occupy a significant 

place in innovative applications in modern technology, while on the other hand; the 

small size of NPs may lead to their accumulation within the body leading to health 

hazards in living cells and human beings. 

Understanding the toxic effects of nanoparticles on the environment is the 

biggest obstacle to the safe development of nanotechnology [31]. Recent researches 

have been directed towards the potential toxicity of ZnO as well as other metal oxide 

nanoparticles and nanomaterials in general. Xu et al. have studied the 

physicochemical factors that govern toxic effects of nanomaterials (NMs) for the 

safe design and synthesis of NMs. They concluded that the cytotoxicity on living 

cells associated with ZnO NPs is not a function of the Zn concentration, and 

suggested that other factors play an important role in the toxic effect of ZnO NPs 

[32]. The interaction of the most studied metal oxides, namely TiO2, ZnO and Fe3O4 

nanoparticles with aquatic species has been investigated by Hazeeme et al. [33, 34]. 

However, no study has been performed on the assessment of interaction 

mechanisms of zinc oxide nanoparticles (ZnO NPs) on the terrestrial gastropods 

Helix aspersa snails which are recognized as relevant environmental indicators by 

their ability to accumulate the most frequent trace elements such as Cd, Pb and Zn. 



and their capacities to accumulate different classes of chemicals in their tissues, 

mainly, the hepatopancreas [35-37].  

In this study, we adopted chemical co-precipitation route using oxalic acid 

and Zn(CH3COOH) as precursor, followed by subsequent annealing at a relatively 

high temperature (1073 K) but for a short period of time (15 minutes only) in order 

to produce pure ZnO NPs. This simple method uses less expensive equipment and 

easy to handle compared to other technique, hence considered as low-cost technique 

and more promising in bulk production. 

Structure, microstructure and optical properties were studied and the 

obtained results were discussed. The possible use of cellular alterations on the 

gastropods’ hepatopancreas as bioindicator for the exposure to ZnO NPs has been 

also investigated in this assessment.  

2. Experimental Part 

2.1 Preparation of ZnO Nanopowder 

The precursor was prepared from the decomposition of an oxalate 

precursor in which O and Zn ions are already intimately mixed. The oxalate 

precursor was obtained by coprecipitation of 100 ml of a 0.4 mol/l aqueous solution 

of zinc acetates “Zn (CH3COO)2.2H2O” with the same volume of a 0.4 mol/l 

solution of oxalic acid “C2H2O4 “at room temperature. After about 72 hours of 

decantation, the white precipitate was thoroughly washed with distilled water and 

dried in air at 373 K for 2 hours. The as-obtained white powder was then heated at 

1073 K for 15 min in air, its colour turned into light-yellow. 

2.2 Biological Material 

The used biological material consists in a terrestrial snail Helix aspersa 

which was collected from Souk Ahras city in the east of Algeria, exactly in the 



region of Khmissa, Which is naturally considered as a virgin area. The snails, with 

an average weight of 6 g were cultivated in the optimal environmental conditions 

following the photoperiods of 18h light/day, temperature of 20°C, humidity of 80 

to 95% and fed on food wheat flour. After that, they were kept in transparent 

polystyrene boxes with perforated lid. Power is supplied in petri dishes regularly 

every three days. 

2.3 Bio-Essay Measurements 

The treatment of snails was performed by adding different concentrations of 

nanoparticles in the diet. Several concentrations (0, 100, 200, 500, 1000, 2000, 5000, 

10000 µg/g) were selected. The sails were divided into six boxes including 13 adults 

in each one. The bio-essay was performed during 28 days. After the bio-essay was 

accomplished, the infected snails were weighed, placed quickly into the freezer for 

48 h in order to empty their gut and then dissected, to get their hepatopancreas.  

3.  Characterization 

Powder X-ray diffraction pattern has been recorded using Rigaku Ultima 

IV high resolution X-ray diffractometer equipped with Cu-Kα radiation (λ = 

0.15418 nm). Rietveld refinements were carried out using PDXL program. The 

measurements have been performed at room temperature. Microstructure was 

characterized using a field emission scanning electron microscope (FESEM) Lyra 3 

Tescan in a secondary electron (SE) and back scattering electron (BSE) modes at an 

accelerating voltage up to 30 kV. Energy dispersive X-ray (EDX) spectroscopy was 

used to determine the elemental chemical composition. Raman spectrum was 

recorded on an iHR320 Yvon Horiba spectrophotometer using laser excitation 

wavelength of 532 nm with a power of 300mW operated at 62% capacity. The room 



temperature photoluminescence (PL) spectrum was recorded by a FluoroLog®-3 

spectrofluorometer with 450W Xenon lamp source equipped by a double excitation 

grating monochromators with a standard R928 PMT detector that covers the full 

range from UV to near-IR. The excitation wavelengths were 300 and 325 nm. 

4. Results and Discussion 

XRD pattern of ZnO NPs prepared by co-precipitation method coupled with 

annealing treatment is shown in Figure 1a. All the observed diffraction peaks were 

indexed using the hexagonal wurtzite type structure in accordance to JCPDS Card 

No. 36- 1451. No additional peaks from un-reacted precursors, by-products or 

formed impurities, can be detected. Hence, it confirms the formation of pure single 

ZnO crystalline phase.  

 Qualitative and quantitative phase analyses were carried out using the 

Rietveld method, where both structural (lattice parameters) and microstructural 

parameters (crystallite size and microstrain: the shape of peaks is defined by a 

pseudo- voight function representing a linear combination of Gaussian for 

microstrain and Lorentzianfor crystallite size) were refined. Figure 1b shows a 

typical refined XRD pattern. The R-factors fit the parameters (weighted profile R-

factor (Rwp) = 10.30%, un-weighted profile R-factor (Rp)=6.56%, expected -factor 

(Re) = 6.11%, goodness of fir (S) = 1.68 and χ2 = 2.8, where S = Rwp / Re and χ2 = 

S2) indicate the good quality of the refinements and confirming the formation of 

single ZnO phase. The refined lattice parameters a = 3.2510(2) and c = 5.2076(3) 

Å, are in a good agreement with some values reported in the literature [38]. The 

refined microstructural parameters values, such as crystallite size of 59 nm and 



microstrain 0.041%, indicate the formation of nanocrystalline phase with less 

structural defects. 

Morphological observations of the as-synthesized ZnO NPs were confirmed 

by FESEM as shown in Figure 2. The images show an hexagonal-like shaped 

particles with non-homogenous size distribution. It can be observed that the 

particles size is in the nanometer range with a clustering of NPs into larger 

aggregates (high tendency of agglomeration). 

Figure 3a showing a typical EDX spectrum clearly rveals the presence of 

Zn and O elements only. Thus, it indicates the high purity of as-prepared ZnO 

nanopowder in agreement with XRD results. The elemental chemical composition 

as-determined by EDX using area analysis in 3 different regions (Figure 3b) gives 

the following values (see Table 1): Zn:75±1 wt.% and O:25±1wt.%, which are close 

to the nominal composition of ZnO.  

Raman spectral analysis for as-synthesized ZnO nanopowder at room 

temperature is shown in Figure 4 and the obtained results are reported in Table 2. 

Würtzite hexagonal ZnO belongs to the space group symmetry (P63mc) which is 

characterized by the following Raman modes: Γ = 2(A1 + B1 + E1 +  E2) (1) 

Amid these modes, there are acoustic modes (2) and optical modes (3): Γacous = A1 + E1 (2) 

 Γopt = A1 + 2B1 +  E1 + 2 E2 (3) 

2B1 are the silent phonons [39] while the other modes are the Raman active 

phonons [40]. E2lowand E2high are the non-polar modes, while A1 and E1are polar and 

can be divided into transverse optical (TO) and longitudinal optical (LO) mode 



components « A1LO, A1TO,E1LO, E1TO ». All these modes are presented in the recorded 

spectrum of ZnO NPs, which confirm the pure hexagonal würtzite ZnO structure 

and the high crystalline order of as-synthesized nanopowder. The two first order 

modes are observed at 98 (which is not indicated in Fig.4-B) and 429 cm-1 

corresponding respectively to E2low and E2high. Two additional weak second order 

modes located at 322 and 531 cm-1, are attributed to E2high − E2lowand E2high +  E2low, 

respectively. The bands which were observed around 397 and 575 cm-1 are 

attributed to the E1TO and A1LO, respectively. All these recorded bands are reported in 

Table 2. Various bands linked to different multi-phonon process are situated around 

200, 322 and 651 cm-1. The second order Raman band of ZnO nanopowder is also 

verified in the range 900-1200 cm-1 [41], which is presented by several bands in Fig. 

4-C. Again, the high intensity and the sharp form of Raman mode E2high verify the 

good crystalline quality of the synthesized ZnO NPs. 

The relationship between structure and optical properties is investigated by 

photoluminescence (PL) spectroscopy. In fact, oxygen vacancies and intrinsic 

defects affect significantly the optical properties of oxide nanostructures. The PL 

spectrum of as-synthesized ZnO nanopowder, which is characterized by a typical 

Gaussian multiple peaks, is shown in Figure 5. The bands of B1, B2, B3 and B4 have 

the peak center located at 465.28, 495.22, 530.68 and 544.11 nm respectively. The 

values of peak position, intensity and the FWHM are summarized in Table 3. The 

Blue emission is observed in B1 at around 465 nm and in B2 at around 495 nm, while 

the green emission occurs in B3 and B4 at 530-544 nm. The origin of green band is 

generally ascribed to oxygen vacancies and intrinsic defects [42, 43]. Vanheusden 

et al. attributed this green emission to the transition between photo-excited holes 

and singly ionized oxygen vacancies [44]. The blue emission band around 465 nm 



may be attributed to the direct recombination of conduction electron in the Zn3d and 

a hole in the O2p valence band [45], while the emission at around 495 nm can be 

ascribed to the transition of oxygen anti-site vacancy defect OZn [Error! Bookmark 

not defined.-47]. 

The toxicity of ZnO NPs on physiological parameters of Helix aspersa is 

determined following several concentrations in the range 100-10000 μg/g. The 

initial results show that the presence of ZnO NPs caused an inhibition dose-

dependence and the estimated concentrations that inhibit 50, 75, 90 and 100% of 

growth are calculated for 28 days and reported in Table 4. Moreover, the highest 

concentration that has no effect (NOEC) is 2000 μg/g and the lowest concentration 

that had an effect (LOEC) is 5000 μg/g. 

A histological examination of the hepatopancreas of the control group is 

presented in Figure 6a. It indicates that the tissue of the digestive gland essentially 

consists of numerous associations of digestive tubules which have several shapes 

and sizes and which are separated by inter tubular space, composed of 

hemolymphatic vessels and hemocytes. A simple epithelium of several cellular 

types lines the lumen of the tubules. These cells have various morphologies, but 

they have three main cellular types: digestive, calcium and excretory cells [48]. 

Tubules are maintained coherently by the intertubular connective tissue. Digestive 

cells constitute the major cellular component of the digestive gland tubule 

epithelium, and they are relatively polymorphic according to the stage of digestion 

[49]. 

After 28 days of treatment, the histological examination of the infected 

snail’s hepatopancreas showed changes as response to all the treatments. In the 

concentration, 100 μg/g of ZnO NPs (Figure 7b), a remarkable increase in the 

number of excretory vacuoles, a partial degeneration of some digestive cells and 

more and larger intertubular connective tissues were observed. So, in the 

concentrations, 500-2000 μg/g (Figure 7c, 7d, 7e and 7f), the same changes were 

observed, and they were accompanied by dose-dependent alterations in apical cell 

border, the discharge of rubbles into the lumen, and collapses in the basement 



membrane of the digestive tubule. The number of collapses increased in a dose-

dependent manner. At much higher doses of 5000 and 10 000 μg/g of ZnO, similar 

behavior was observed, followed by a strong degeneration of the connective tissues, 

digestive tubules and their membranes. 

5. Conclusion 

ZnO NPs were successfully synthesized by chemical co-precipitation 

method, coupled with annealing for a very short time. X-ray diffraction and Raman 

analyses confirm the formation of pure nanocrystalline hexagonal würtzite structure 

with a crystallite size close to 59 nm. Hexagonally-shaped ZnO particles in the 

nanosclae regime were observed by FESEM analysis. The high crystalline and the 

optical quality of ZnO nanopowder were verified by Raman and PL measurements. 

PL spectra of ZnO NPs showed a visible wide-ranging PL emission in blue and 

green bands, which were attributed to the structural defects. 

The toxicity of ZnO is determined using snail Helix aspersa through 

bioassay measurements. The snails were exposed to various concentrations of  ZnO 

NPs (100 − 10 000 µg/g). Preliminary results show that the presence of ZnO NPs 

induces dose-dependent inhibition growth. 

The histological study of the infected snail’s hepatopancreas revealed 

degeneration of the digestive tubules, disintegration of the digestive cells and 

collapse of basement membrane in a dose-dependent manner, leading to a severe 

deterioration of the tissues for the highest concentrations. 

The findings of the present study indicate that the terrestrial gastropod snails 

are useful organisms for testing the sub-lethal toxicity of NPs acting via the food, 

which is the main route of toxicant uptake in land animals. Then, with regards to 

these results, this approach can be generalized for future tests in the other NPs, and 

can serve for the evaluation of risks which can undergo in terrestrial ecosystems. 
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Table Captions 

Table 1 Elemental chemical composition of ZnO nanopowder as determined by 

EDX. 

Table 2 Mode orders of Raman peak of ZnO nanopowder. 

Table 3 Band peak centers, bandwidths and relative intensities of Gaussian 

decomposed photoluminescence spectra of ZnO nanopowder. 

Table 4 The estimated concentrations of ZnO NPs that inhibit 50, 75, 90 and 100% 

of growth, calculated for 28 days. 

 

 

 

 

  



Figure Captions 

Fig. 1 (A) XRD pattern of ZnO nanopowder; (B) Rietveld analysis refined pattern 

of ZnO nanopowder (Red line: Measured data; Blue line: Calculated data; Green 

line: Residual data). 

Fig. 2 FESEM images of ZnO NPs, shape and size distribution of particles in the 

nanopowder. 

Fig. 3 EDX results of ZnO nanopowder, (A) EXD spectrum and (B) SEM image of 

the analyzed regions of the nanopowder. 

Fig. 4 Raman spectra of ZnO nanopowder (the Raman phonon modes are fitted with 

Lorentzien function). 

Fig. 5 Room temperature photoluminescence spectra of ZnO nanopowder exited at 

325 nm. (The emission spectra are analyzed by fitting with multiple Gaussian 

curves). 

Fig. 6 Histological sections of the hepatopancreas of snails H. aspersa in control 

and treated groups (after 4 weeks of treatment with ZnO NPs). L, Digestive tubule 

lumen; DC, digestive cells; CC, calcium cells; EC, excretory cells; Ict, intertubular 

connective tissue; eg, excretory granules; BM, basement membrane; Bm, border in 

encounter of microvilli; Acb, apical cell border. (a) Control snails. (b) snails treated 

with 100 μg/g of ZnO NPs. (c) snails treated with 500 μg/g of ZnO NPs. (d) snails 

treated with 1000 μg/g of ZnO NPs. (e) snails treated with 1500 μg/g of ZnO NPs. 

(f) snails treated with 2000 μg/g of ZnO NPs. (g) snails treated with 5000 μg/g of 

ZnO NPs. (h) snails treated with 10000 μg/g of ZnO NPs. 
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Figures

Figure 1

(A) XRD pattern of ZnO nanopowder; (B) Rietveld analysis re�ned pattern of ZnO nanopowder (Red line:
Measured data; Blue line: Calculated data; Green line: Residual data).



Figure 2

FESEM images of ZnO NPs, shape and size distribution of particles in the nanopowder.



Figure 3

EDX results of ZnO nanopowder, (A) EXD spectrum and (B) SEM image of the analyzed regions of the
nanopowder.

Figure 4

Raman spectra of ZnO nanopowder (the Raman phonon modes are �tted with Lorentzien function).



Figure 5

Room temperature photoluminescence spectra of ZnO nanopowder exited at 325 nm. (The emission
spectra are analyzed by �tting with multiple Gaussian curves).



Figure 6

Histological sections of the hepatopancreas of snails H. aspersa in control and treated groups (after 4
weeks of treatment with ZnO NPs). L, Digestive tubule lumen; DC, digestive cells; CC, calcium cells; EC,
excretory cells; Ict, intertubular connective tissue; eg, excretory granules; BM, basement membrane; Bm,
border in encounter of microvilli; Acb, apical cell border. (a) Control snails. (b) snails treated with 100 μg/g
of ZnO NPs. (c) snails treated with 500 μg/g of ZnO NPs. (d) snails treated with 1000 μg/g of ZnO NPs.
(e) snails treated with 1500 μg/g of ZnO NPs. (f) snails treated with 2000 μg/g of ZnO NPs. (g) snails
treated with 5000 μg/g of ZnO NPs. (h) snails treated with 10000 μg/g of ZnO NPs.
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