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Abstract  10 

This study aimed to investigate an integrated system that can deal with different pharmaceutical 11 

wastewater. Pharmaceutical wastewater was subjected to biological, chemical, and advanced 12 

oxidation according to its pollutant’s nature. Wastewater with high Total Suspended Solids (TSS 480 13 

mg/l) was subjected to a conventional chemical treatment process utilizing different coagulants. The 14 

best results obtained by using Calcium Oxide and Alum aided with Calcium Oxide where, the 15 

removal efficiency of COD was 46.8% and 51 %. Highly loaded pharmaceutical wastewater (COD 16 

9700 mg/l, BOD/COD 0.16) had been subjected to Fenton oxidation, removal of COD reached 80.4%, 17 

and the ratio of BOD/COD is enhanced to 0.6. Photocatalysis by using different nanomaterials was 18 

applied to pharmaceutical wastewater containing 10 mg/l of phenols. Phenol is completely removed 19 

by using Mesoporous TiO2 after 90 min irradiation and after 120 min in the case of TiO2/P25 and 20 

TiO2/UV 100 nanocomposites while it is removed by 40% in case of using Mesoporous TiO2/Ta2O5. 21 

Effluent treated water from previous routes was subjected to biological treatment and followed with 22 

disinfection by using UV as post-treatment. Final COD was 40 and it matches with Egyptian practice 23 

code for water reuse in agriculture. Results showed also using treated wastewater in irrigation of 24 

Barley and Bean seeds achieved germination ratio up to 71% in Barely and 70% in Bean compared 25 
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with that irrigated with Nile water which reached 70% and 75%, while it was about 16.6% and 30% 26 

in case of irrigation with untreated wastewater.   27 

 28 

Keywords: Wastewater Reuse, Chemical Treatment, AOPs, Nanocomposites, Plant growth 29 

percentage.  30 

 31 

1. Introduction  32 

The treatment and reuse of industrial wastewater have been investigated to not only preserve the 33 

natural water resources from polluted effluents but also to face water scarcity in arid and remote areas. 34 

Due to rapid urbanization and sharp population growth, the development in the medical field had 35 

dramatically increased the consumption of pharmaceuticals, the worldwide consumption of 36 

pharmaceutics was found to be about 15 g per capita/year while it goes as much as 50 to 150 g in the 37 

industrialized countries (Mylapilli and Reddy, 2019). The pollution rate and amount of wastewater 38 

generated during pharmaceutical production are depending on the used raw materials, manufacturing 39 

operations, and the variety of process technologies being used in the production process. Considering 40 

the wastewater resulting from pharmaceutical manufacturing activity, it has been classified as a “red 41 

category” as this wastewater characterized by; huge volume, complex and hazardous nature 42 

(Changotra et al., 2019a). There are a lot of different technologies both conventional and advanced 43 

have been applied for pharmaceutical wastewater treatment each of them depends on the nature of 44 

the existing contaminants. Biological treatment can be used directly and efficiently in wastewater that 45 

has a high BOD/COD ratio. On the other hand, pharmaceutical wastewater is typically toxic in nature 46 

for both aquatic and biological life, with high COD and low biodegradability, which makes their 47 

biological treatment difficult and inefficient (Ferrari et al., 2003; Malik et al., 2019). In general, 48 

chemical treatment can be efficiently used as pretreatment in most industrial wastewater which 49 

contains a high content of TSS (Changotra et al., 2019b; Nasr et al., 2019). Consequently, in such 50 

cases advanced oxidation processes (AOPs) are most acceptable for pharmaceutical wastewater 51 
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treatment and it can enhance biodegradability as a pre-treatment method (Klavarioti et al., 2009). One 52 

type of AOPs is Fenton oxidation, other types are using of nanocomposites. The potential use of 53 

nanomaterials for treating pharmaceutical wastewater has been explored and reviewed by many 54 

researchers (Bagheri et al., 2016; Cincinelli et al., 2015). The biodegradability of pharmaceutical 55 

wastewater can be enhanced by using nanocomposites (Ferrari et al., 2003). Reuse of treated 56 

wastewater no longer an option but has become inevitable especially in countries which suffer from 57 

water shortage and it can be reused in agriculture if it achieves limits for irrigation reuse. (Nasr et al., 58 

2019; Pedrero et al., 2020). The aim of this research is to make an integrated system for the treatment 59 

of toxic non-biodegradable pharmaceutical wastewater which has a high content of phenol. 60 

Additionally, studying the effect of using polluted and treated wastewater with a comparison of Nile 61 

water on germination ratio for bean and barely. 62 

 63 

2. Material and methods 64 

2.1. Pharmaceutical wastewater 65 

The examined wastewater was collected from a pharmaceutics company located at 6th of October 66 

industrial city, west of Cairo, Egypt. The main activity of the investigated company is producing 67 

different pharmaceutics such as antibiotics, multivitamins, urology, chest, and cold medicines.  68 

2.2. Wastewater Characterization  69 

The wastewater composite samples were collected during the operation period of the company 70 

throughout the day working shifts. The collected wastewater samples transported and stored at 4 oC 71 

to be analyzed according to APHA, 2017.  72 

2.3. Wastewater treatment process 73 

According to the nature of pollutants, the wastewater passed through three scenarios as shown in (Fig. 74 

1). The first scenario is a direct biological treatment for the pharmaceutical wastewater in the case of 75 

the ratio BOD/COD ≥ 0.40 (Fawzy et al., 2018). The second scenario is using chemical coagulation 76 

followed by biological treatment in case of high TSS. The third scenario is carried out by using AOPs 77 
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and nanomaterials followed by biological treatment, applied in case of the high content of Phenol and 78 

other toxic pollutants and subsequent BOD/COD ≤ 0.40.  79 

2.3.1. Biological treatment 80 

Biological treatment was carried out by using Plexiglas column capacity 2.5 L. The column was filled 81 

with aerated sludge containing different flora of microorganisms.  The initially mixed liquor 82 

suspended solids (MLSS) were ranged from 3 to 4 g/l, sludge volume index (SVI) 150, and volatile 83 

matters 75%. Dissolved oxygen in column maintained at 2 - 3 mg/l by using an air pump. 84 

2.3.2. Chemical treatment  85 

Treatments using coagulants including alum, ferric chloride, lime, and ferrous sulfate these 86 

coagulants used separately and in combinations in different concentrations. A Jar test unit was used 87 

to obtain the optimal doses of each coagulant; a series of coagulants at their optimal operating 88 

conditions were obtained. The coagulants were flash mixed with raw wastewater at 250 rpm for 1-2 89 

min. followed by flocculation at 25-30 rpm then the formed flocks allowed to be settled. COD and 90 

TSS were measured to indicate the efficiencies and to get the optimal coagulant with its operating 91 

conditions.  92 

2.3.3. AOPs treatment  93 

2.3.3.1. Treatment by Fenton  94 

It was carried out by using H2O2 (250 g/l) and ferrous sulfate as catalysts. Fenton is applied in high 95 

COD and non-biodegradability. Determination of the optimum dose of ferrous sulfate and the 96 

optimum dose of H2O2 will be performed. 97 

2.3.3.2. Preparation of mesoporous nano-TiO2 98 

Mesoporous-TiO2 is prepared via a sol-gel process in the presence of F127 triblock copolymer as 99 

structure-directing agent. Molar ratios Ti(OBu)4/F127/C2H5OH/HCl/CH3COOH = 1: 0.02: 50: 2.25: 100 

3.75 and it employed to synthesize the desired mesoporous nanomaterials. Typically, 1.6 g of F127 101 

was dissolved in 30 ml of ethanol with stirring for 60 min, and then 2.3 ml of CH3COOH, 0.74 ml of 102 

30% HCl and 3.5 ml of Titanium butoxide (TBOT) were added to the F127 solution under magnetic 103 
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stirring for 30 min (Ismail and Bahnemann, 2011). The prepared mesophase is transferred into a 40% 104 

humidity chamber at 40 °C for 12 h to evaporate ethanol and form gel. The produced gel is aged at 105 

65 °C for 24 h. Then, it will be calcined at 450 °C in an air for 4 h at a heating rate of 1 °C/min and a 106 

cooling rate of 2 °C/min to take off the F127 surfactant and to get mesoporous TiO2 (Ismail and 107 

Bahnemann, 2011). To give information on the atomic packing, a high-resolution transmission 108 

electron microscopy (HRTEM) including Selected Area Electron Diffraction (SAED) was conducted 109 

at 200 kV with a JEOL JEM-2100F-UHR field-emission instrument equipped with a Gatan GIF 2001 110 

energy filter and a 1 k-CCD camera to obtain EEL spectra. After preparation of the mesoporous TiO2 111 

as well as the TiO2-TaO as doped nano-oxide using the sol-gel method and it will use to treat the 112 

collected wastewater and will be compared with utilizing the commercially TiO2-P25 and TiO2- 113 

UV100. 114 

2.4. Effect of treated effluent on germination and plant growth 115 

Barely and Bean seeds bought from a market in Giza, Egypt were used for germination experiments. 116 

The seeds were irrigated with raw wastewater, treated effluent and compared with irrigation by Nile 117 

water. For Barley, 180 seeds were put equally in 15 dishes divided into three groups and then 118 

distributed randomly. For beans, 90 seeds were put equally in 15 dishes divided into three groups and 119 

then distributed randomly. Dishes were daily irrigated to keep the moisture at the required level for 120 

germination and growth.  Every day, the ratio of germination and growth state was recorded using 121 

eq. (1) (Jacob et al., 2020). A similar experimental condition from light intensity, room temperature, 122 

and humidity were considered.  The used light intensity was controlled to be 12 h light/ 12 h dark 123 

throughout the experimental period of eight growing days. 124 Germination Percentage = Number of germinationseedsTotal number of seeds kept for germination × 100                                (1) 125 

2.4.1. Statistical analysis  126 
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The Least Significant Difference (L.S.D) will be used to study the germination and growing of 127 

irrigated seeds. One-way analysis of variance, null hypothesis H0: μ1 = μ2 = μ3, Since H0 is 128 

rejected, we run the LSD test seeking to identify which means caused the rejection of H0.  129 

LSD = t05√2SI2n                                                                                                                                                 (2) 130 

SI2 = ∑ ∑ (Y − Y̅nj=1ki=1 )N − k 2                                                                                                                                   (3) 131 

If |Yi̅  − Yj̅| ≥ LSD, H0 is regected and there are a significant difference  132 Si2or MSE can be obtained also from ANOVA table 135 

where, N is the total number of observations, k is the number of treatments and n number of replicates 133 

is the same for each group.  134 

 136 

3. Results and discussion  137 

3.1. Characterization of wastewater  138 

According to the obtained results of the analysis, pharmaceutical wastewater has a large variety of its 139 

organic load. Where a large variation of COD and BOD was observed (Fig. 2). This variation returns 140 

to the batch system for pharmaceutical production. Each pharmaceutical product is produced under 141 

specific operation conditions resulting in different organic pollutants, different amount of washing 142 

water and finally different concentration of organic loads and this is totally agreed with previous 143 

studies (Azizan et al., 2020). The route of the selected treatment method is essentially depending on 144 

the nature and concentration of these pollutants.  145 

3.2. Wastewater treatment 146 

3.2.1. Chemical treatment 147 

Jar test (coagulation, flocculation, and sedimentation) was performed to find the effectiveness of each 148 

used chemical coagulant in COD removal. Raw wastewater had pH 7.5, TSS 418 mg/l, CODt, 4700 149 

mg/l and CODs 2900 mg/l. In this study, it was found as shown in Table 1 that all used coagulants 150 
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were efficient in CODt removal where removal efficiency was 46.8%, 48.3%, and 51% in the case of 151 

CaO, Alum and CaO combined with alum and it is also removed a part of CODs. However, reduced 152 

COD in the case of CaO with Alum was slightly more than of those in separated CaO but economic 153 

cost recommends that CaO is preferable. The residual COD of about 2500 mg/l will be acceptable for 154 

the following biological processes. These results are in strong agreement with those results obtained 155 

by Saleem, 2009, who used Alum, Ferric Chloride, and Ferrous Sulfate for treatment of 156 

pharmaceutical wastewater, COD 2800 mg/l, percentage removal reached 48.5%, 44.2%, and 32.1% 157 

(Saleem, 2007). 158 

3.2.2. Treatment by Fenton Oxidation 159 

The optimum dose of ferrous sulfate and H2O2 were 0.5 gm/100ml and 5 ml/100ml, and the reaction 160 

time was 15 min, the removal of COD reached 79.7% (Fig. 3a & b) and BOD/COD increased from 161 

0.2 to 0.55. this results compatible with Zhang et al., 2019.  162 

3.2.3. Phenol removal by Nanomaterials and Nano             163 

The HRTEM and SAED images for prepared mesoporous TiO2 and other commercial 164 

nanocomposites materials are indicted in Fig. (3). All nanocomposites have cubic crystal structure, 165 

but TiO2/UV 100 nanocomposites have smallest particles size and TiO2/P25 nanocomposites were the 166 

largest crystal size. A SAED image of reveals ring structure which indicate a poly crystalline structure 167 

with some agglomeration. Arcs of the ring in Fig. (4a), shows some preferred orientation (low 168 

crystallinity). On the other hand, diffraction pattern in Fig. (4b & c) show very sharp rings which 169 

indicate a very fine nanoparticles with poly crystalline structure (high crystallinity). On the contrary 170 

SAED of TiO2/UV 100 nanocomposites reveals weak crystallinity due to very small nanoparticles 171 

(Fig. 4d). Almost all used nanomaterials were sufficient in removal of phenol, where the removal rate 172 

reached to 100% by using mesoporous nanoparticles. On the other hand, the removal efficiency was 173 

limited in the case of (TiO2/Ta2O5) it reached only 36% (Fig. 5). The removal rate by mesoporous 174 

TiO2 is much higher than those obtained by Mangrulkar et al., (2008), they used mesoporous MCM- 175 

41, around 44% removal was achieved, after 24 h. of irradiation. On the other hand, these results were 176 
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totally agree with results of Wang et al., 2012, where, the removal rate reached 99% after 3 h 177 

irradiation time in batch treatment.   178 

 3.3. Germination and plant growth 179 

The seeds starting to grow sharply until it reaches to the maximum germination ratio then it remains 180 

constant. The maximum germination ratio for both irrigated groups with the treated wastewater and 181 

Nile water was about 71% while it was about 16.6% in seeds which directly irrigated with untreated 182 

raw wastewater (Fig. 6). While the germination percentage for beans indicated that using raw water 183 

with a high concentration of phenol made the maximum germination ratio is about 30% and no ability 184 

of plants to continue growing up. On the other hand, irrigation with treated wastewater achieved a 185 

germination ratio up 70%, that agree with Springer and Mornhinweg, (2019), they reported that, after 186 

7 days, the germination ratio of barley ,Winter malt 50.1b, seeds were 70.6% with greenhouse 187 

environment condition of 15 and 25 ◦C and artificial light to provide for a 13 h/day length.  188 

3.4. Growth of barley and bean 189 

The results showed that, the average plant lengths of barley were (5.82 cm, 1.45 cm, and 8.96 cm) 190 

with dry weight (0.38 g, 0.12 g, and 0.45 g) and the average plant lengths of beans were (1.02 cm, 191 

0.6 cm, and 0.92 cm) with dry weight (7.59 g, 4.97 g, and 9.95 g) in case of Nile water, raw 192 

wastewater, and treated water. It was noticed that the seeds irrigated with the treated water showed 193 

an improvement in growing up comparing with those irrigated with raw wastewater and the Nile 194 

water by virtue of the redundancy of nutrients, nitrogen and phosphorus in treated water. Moriyama 195 

et al. (2020) mentioned that the presence of nitrogen and phosphorus in irrigation water increases the 196 

Oven-dried plant weight by about 100%.  197 

3.5. Statistical analysis 198 

The data obtained from the statistical analysis by using ANOVA and LSD show that both for barley 199 

and bean there was no significant difference between germination in case of Nile and treated water. 200 

On contrary, the results indicated that there is a significant difference between the germination in the 201 
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case of Nile water at raw wastewater and this return to the toxic effect of phenol in irrigation water 202 

which damages the seed cells (Table 3). 203 

Conclusion 204 

This study introduced an integrated system that had the ability to deal with all different pollutants in 205 

pharmaceutical wastewater either they were toxic or not. Treatment route of pharmaceutical 206 

wastewater depends mainly on the nature of its pollutants. Conventional chemical treatment can be 207 

used as a pretreatment to remove apart of organic load, economic route including calcium oxide 208 

(CaO), coagulant, can achieve removal of near 50% of total COD for wastewater with high content 209 

of TSS. AOPs including Fenton oxidation, nanomaterials and nanocomposites are recommended in 210 

case of highly toxic or non-biodegradable wastewater with lower values of BOD/COD ratio to avoid 211 

higher treatment costs. This research provided integrated system for treatment of different kinds of 212 

pharmaceutical wastewater, more than 99% removal of COD, 100% removal of phenols and 213 

disinfected effluents that examined as a safe source of irrigation water in comparison with Nile water.  214 

 215 

Supplementary Information: The online version does not contain supplementary material.  216 

Author Contribution: Ibrahim Abdelfattah, Mohamed Abuarab,  and Ehab. Mostafa analyzed the 217 

data and wrote the manuscript; Hamdy El-Awady act as consultant for the scientific information; 218 

Karim Aboelghait designed and supported the experiment; and Ashraf El-Shamy helped perform the 219 

analysis with constructive discussions. 220 

Funding: This work was supported by own 221 

Data Availability: The datasets used or analyzed during the current study are available from the 222 

corresponding author on reasonable request. 223 

Declarations 224 

Ethical approval: Ethical approval was obtained from the Water Pollution Research, Agricultural 225 

Engineering and Physical Chemistry Cairo University and National Research Centre  226 

Consent to participate: All authors are informed and agree to the study. 227 

https://www.scopus.com/authid/detail.uri?authorId=53876965200&amp;eid=2-s2.0-85063185793
https://www.scopus.com/authid/detail.uri?authorId=55190089800&amp;eid=2-s2.0-85063185793
https://www.scopus.com/authid/detail.uri?authorId=7003444040&amp;eid=2-s2.0-85063185793


10 

 

Consent to publish: All the authors agree to publication in the journal. 228 

Conflict of interest: The authors declare no competing interests. 229 

Acknowledgement  230 

The authors greatly thank The National Research Center for supporting this work through internal 231 

project No. 11070107.  232 

 233 

References  234 

APHA, (2017) Standard Methods for the Examination of Water and Wastewater, 23rd edn. Prepared 235 

and published jointly by: American Public Health Association, American Water Works 236 

Association and Water Environment Federation, APHA 800 l Street, NW, Washington, DC 237 

20001-3710 238 

Azizan N. A. Z., Yuzir A., Al-Qaim F. F., Abdullah N., (2020) Anaerobic Treatment Performance in 239 

Presence of Pharmaceutically Active Compounds. IOP Conference Series: Earth and 240 

Environmental Science, Volume 479, The 7th AUN/SEED-Net Regional Conference on 241 

Natural Disaster 25-26 November 2019, Kuala Lumpur, Malaysia, 242 

https://doi.org/10.1088/1755-1315/479/1/012029 243 

Bagheri, H., Afkhami, A., Noroozi, A., (2016) Removal of pharmaceutical compounds from hospital 244 

wastewaters using nanomaterials: A review. Anal. Bioanal. Chem. Res. 245 

https://doi.org/10.22036/abcr.2016.12655 246 

Changotra, R., Rajput, H., Paul Guin, J., Varshney, L., Dhir, A. (2019a) Hybrid coagulation, gamma 247 

irradiation and biological treatment of real pharmaceutical wastewater. Chem. Eng. J. 248 

https://doi.org/10.1016/j.cej.2019.03.256. 249 

Changotra, R., Rajput, H., Paul, J., Varshney, L., Dhir, A. (2019b) Hybrid coagulation , gamma 250 

irradiation and biological treatment of real pharmaceutical wastewater. Chem. Eng. J. 370, 251 

595–605. https://doi.org/10.1016/j.cej.2019.03.256. 252 

Cincinelli, A., Martellini, T., Coppini, E., Fibbi, D., Katsoyiannis, A. (2015) Nanotechnologies for 253 



11 

 

removal of pharmaceuticals and personal care products from water and wastewater. a 254 

review. J. Nanosci. Nanotechnol. https://doi.org/10.1166/jnn.2015.10036 255 

ECP 501, (2015) Egyptian code of practice for the use of treated municipal wastewater for agricultural 256 

purposes. The ministry of Housing Utilities and Urban Communities., n.d. No Title. 257 

Fawzy, M. E., Abdelfattah, I., Abuarab, M. E., Mostafa, E., Aboelghait, K. M., El-Awady, M. H. 258 

(2018) Sustainable approach for pharmaceutical wastewater treatment and reuse: Case 259 

study. J. Environ. Sci. Technol. https://doi.org/10.3923/jest.2018.209.219. 260 

Ferrari, B., Paxéus, N., Giudice, R. Lo, Pollio, A., Garric, J. (2003) Ecotoxicological impact of 261 

pharmaceuticals found in treated wastewaters: Study of carbamazepine, clofibric acid, and 262 

diclofenac. Ecotoxicol. Environ. Saf. https://doi.org/10.1016/S0147-6513(02)00082-9. 263 

Ismail, A. A., Bahnemann, D. W. (2011) Mesoporous titania photocatalysts: Preparation, 264 

characterization and reaction mechanisms. J. Mater. Chem. 265 

https://doi.org/10.1039/c1jm10407a. 266 

Jacob, P. T., Siddiqui, S. A., Rathore, M. S. (2020) Seed germination, seedling growth and seedling 267 

development associated physiochemical changes in Salicornia brachiata (Roxb.) under 268 

salinity and osmotic stress. Aquat. Bot. https://doi.org/10.1016/j.aquabot.2020.103272. 269 

Jeong, H., Kim, H., Jang, T. (2016) Irrigation water quality standards for indirect wastewater reuse 270 

in agriculture: A contribution toward sustainablewastewater reuse in South korea. Water 271 

(Switzerland). https://doi.org/10.3390/w8040169. 272 

Klavarioti, M., Mantzavinos, D., Kassinos, D. (2009) Removal of residual pharmaceuticals from 273 

aqueous systems by advanced oxidation processes. Environ. Int. 274 

https://doi.org/10.1016/j.envint.2008.07.009. 275 

Malik, S. N., Khan, S. M., Ghosh, P. C., Vaidya, A. N., Kanade, G., Mudliar, S. N. (2019) Treatment 276 

of pharmaceutical industrial wastewater by nano-catalyzed ozonation in a semi-batch 277 

reactor for improved biodegradability. Sci. Total Environ. 278 

https://doi.org/10.1016/j.scitotenv.2019.04.097. 279 



12 

 

Mangrulkar, P. A., Kamble, S. P., Meshram, J., Rayalu, S. S. (2008) Adsorption of phenol and o- 280 

chlorophenol by mesoporous MCM-41. J. Hazard. Mater. 281 

https://doi.org/10.1016/j.jhazmat.2008.03.013. 282 

Meng-hui Zhang, Hui Dong, Liang Zhao, De-xi Wang, Di Meng, (2019) A review on Fenton process 283 

for organic wastewater treatment based on optimization perspective. Science of The Total 284 

Environment. 670 (20) 110-121. https://doi.org/10.1016/j.scitotenv.2019.03.180 285 

Moriyama, Y., Yamaura, H., Fukui, R., Becker, J. O. (2020) The role of phosphorus in growing 286 

tomatoes in near water-saturated soil. J. Plant Nutr. 287 

https://doi.org/10.1080/01904167.2020.1724302. 288 

Mylapilli, S. V. P., Reddy, S. N. (2019) Sub and supercritical water oxidation of pharmaceutical 289 

wastewater. J. Environ. Chem. Eng. 7. https://doi.org/10.1016/j.jece.2019.103165 290 

Nasr, F. A., Abdelfattah, I., Shana, A.M. (2019) Cost-effective physicochemical treatment of carpet 291 

industrial wastewater for reuse. Egypt. J. Chem. 292 

https://doi.org/10.21608/EJCHEM.2018.5191.1465. 293 

Saleem, M., (2007) Pharmaceutical wastewater treatment: a physicochemical study. J. res. Sci. B.Z. 294 

Univ., 2007, 18(2), 125-134 295 

Springer, T. L., Mornhinweg, D. W. (2019) Seed germination and early seedling growth of barley at 296 

negative water potentials. Agronomy. https://doi.org/10.3390/agronomy9110671. 297 

Wang, F., Hu, Y., Guo, C., Huang, W., Liu, C. Z. (2012) Enhanced phenol degradation in coking 298 

wastewater by immobilized laccase on magnetic mesoporous silica nanoparticles in a 299 

magnetically stabilized fluidized bed. Bioresour. Technol. 300 

https://doi.org/10.1016/j.biortech.2012.01.184. 301 

World Health Organization. (2006) World Health Organization Guidelines for the Safe Use of 302 

Wastewater, Excreta, and Greywater. WHO, Geneva, Switz. 303 

 304 



Figures

Figure 1

Schematic diagram of the suggested system



Figure 2

Variation of COD for raw wastewater.

Figure 3

Variation of COD for raw wastewater.



Figure 4

HRTEM and SAED images of a) Mesoporous TiO2/Ta2O5 nanocomposites, b) Mesoporous TiO2, c)
TiO2/P25 nanocomposites, and d) TiO2/UV 100 nanocomposites.



Figure 5

Phenol removal by different nanomaterials



Figure 6

Daily germination percentage for a) barely and b) bean.


