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Abstract  
Phosphate and fluoride  are of commonly detected contaminants in the wastewater of fertilizer 

industries that produce nitro-phosphate. Chemical precipitation is the mainly responsible for 

remediation of TP and F-contaminated wastewater. Knowledge about the concentration of alkali 

and pH of TP and F removal rate is still very limited. Chemical reactions were constructed to 

investigate the stability of precipitates resulted from Ca3(PO4)2 and CaF2 complexes removal%. 

A high level of TP and F were significantly more that pH 7. Alkalis and pH were more 

responsive to TP amendment compared to soluble pyrophosphate. Precipitation rate for 

phosphate was more on pH and added alkali that Fluoride at 0.05 degree. The introduction of 

small amounts of CaCl2 increases these rates insignificantly decrease, resulting in a insolubility 

of the precipitation rates through the reaction pH. Fluoride removal rates measured down the pH 

become more slight alkali. We have improved the understanding of phosphate and fluoride 

precipitation mechanisms  as function of change of alkali and pH. 
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Introduction 
Phosphates are necessary elements in the fertilizers used to supply food and feed human beings. 

Actually in the world, there is no alternative to phosphate rocks as a raw material to produce 

phosphate fertilizer. However, the demand for phosphate increases as the world population 

increases. It is important to note that healthy animals and human beings also require adequate 

amounts of phosphorus in their food for normal metabolic processes (FAO, 1984, 1995). 

 

Phosphate rocks contain about 4% fluorine. Minor parts of the fluorine as SiF4 will be released 

into gaseous phase and then be absorbed in the tower, while the majority of the fluorine as 

H2SiF6 and HF will exist in the acid digestion liquor and eventually enter into fertilizer [EFMA, 

2000]. Phosphate ores contain one or more phosphate minerals suitable for commercial use, such 

as fluorapatite (3Ca3(PO4)2·CaF2). Hence, the mineralogy of phosphorus rich rocks is complex 

and there are more than 200 known phosphate minerals (IAEA, 2004). Phosphate ores are 

divided into three groups according to their P2O5 content: low-grade ores (12–16% P2O5), 

intermediate grade ores (17–25% P2O5), and high-grade ores (26–35% P2O5). Deposits that could 

be mined and processed economically to give about 28–38% P2O5 are considered commercial 

phosphate deposits (Sengul et al., 2006). Phosphate rocks are complex raw materials and mainly 

mailto:Ibrahim.mousa@gebri.usc.edu.eg


Journal of environmental studies and research (ESRI)                                                   2019 (6) 

177 
 

used in the production of phosphate fertilizers. The composition of these rocks varies from one 

deposit to another. Therefore, phosphate rocks from different sources are expected to behave 

differently in acidulation process (Ashraf et al., 2005). Phosphate composition affects also the 

quality of final products and the solubility is related closely to the CO3:PO4 ratio of apatite but 

not to the total P2O5 content (Rajan et al., 1996). 

 

Normally, the objective of wastewater treatment is to remove phosphate rather than recover. 

However, researchers has increasingly recognized the importance of phosphate recovery from 

wastewater (Ahmed et al., 2015; Kumar and Pal, 2015; Nieminen, 2010) as wastewater provides 

rich sources for phosphate recovery (TNN, 2011). Recovering phosphate from wastewater can 

eliminate eutrophication to some extent and produce fertilizers as a supplementary source. 

Furthermore, the problem of global warming can also be alleviated through phosphate recovery 

(Bradford-Hartke et al., 2015).  

 

Some wastewater resources such as live-stock wastes and manure have high concentrations of 

phosphate (Nancharaiah et al., 2016; Tao et al., 2016) while the amounts of such re-sources are 

limited. In comparison to them, municipal wastewater has the greatest potential for phosphate 

recovery (Mehta et al., 2015) because it has high quantities despite containing small 

concentrations of phosphate (Mousa and El-Rakshy, 2010; Zhou et al., 2016). Specifically, it was 

reported that municipal wastewater flows contain rich phosphorus with about 60,000–70,000 tP/a  

in Germany (Adam, 2011). Hence, municipal wastewater is prioritized to re-cover phosphate. 

Moreover, the use of the fluorine-containing fertilizer could cause the pollution to ecosystems. 

With the grade declining of phosphate rock in recent years, manufacturing enterprise will have to 

utilize mid- and low-grade phosphate rock in production process of nitro-phosphate [Liu et al., 

2014]. 

 

In order to meet the needs of a regulations and to decrease pollutants releasing to sewer system 

from fertilizer industries, the removal conditions has been studied. The aim of this work was to 

optimize the removal efficiency of phosphate and fluoride loads by changing chemical forms. 

Studying the factors affecting treatment though many indictors was investigated. A comparison 

between different bases on the basis of increasing pH and the effluent quality was run under 

different operation indicators. 

 

Materials and Methods 

All chemicals used in this study were analytical grade. Quantification of total phosphorus and 

fluoride in the influent and effluent was performed according to immunoassay method that was 

purchased from HACH Company (TPH pocket colorimeter TM II test kit, HACH Company (USA). 

Deionized water (18.2 MV cm) obtained from a Veolia water system was used in all the experiments. 

DR 890 colorimeter and DR200 reactor from HCH Company were used for direct detections of pH 

(Hammad et al., 2016). 

 

Water samples 

Wastewater samples were supplied by Evergrow company, Sadat city, Egypt. Wastewater 

samples analyses were carried out. Total dissolved solids (TDS) was determined experimentally 

according to ASTM D-1888. Conductivity was D-3301 according to ASTM D-1125. pH was 

determined experimentally according to ASTM D-1293. Total Alkaline species (CO3, OH, and 
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HCO3) were determined experimentally according to ASTM D-3875. All testes were measured 

at 25
0
C according to standard methods (APHA, 2005). 

 

The real water that collected for used as plant influent has characters and then a daily sample was 

collected until the final of the experiments. Water sampling was also done at the beginning of 

monitoring and survey program. Table 1 shows the details of the chemical composition of 

soluble species of influent. 

 

Table 1: Composition of influent was used in all experiments. 

Parameters Unite 
Value 

Average ± SD Minimum maximum 

General 

indicators 

pH (site 1)   8.30±0.29 7.04 9.29 

pH (site 3-1)  6.33±1.70 1.71 11.7 

pH (site 3-2)  7.37±0.88 2.86 11.00 

pH (site 4)  6.59±2.00 1.46 11.94 

TDS (site 1) mg/l 565.7±149.7 375 1912 

TDS (site 4) mg/l 6051±4983 285 29370 

Anions 

Phosphate (PO4) mg/l 148.25 103 211 

Fluoride (Fl) mg/l 17.25±5.6 12 25 

Total alkalinity mg/l 377±486 33 4724 

 

Removal efficacies 

It is important to calculate the rate at which contaminants are removed in order to design the full 

scale application of the technology (Rajic et al., 2016). Phosphate and fluoride removal were 

calculated by the following equation: 

 

%removal = 
     

  
                                                          (1) 

 

Where Co is the initial concentration (mg/L) and Ct is concentration at a defined time after 

treatment (mg/L).  

 

Statistical analysis  

The data were analyzed by using a statistical software (SPSS Version 17, SPSS INC, 

Chicago, IL, USA). Initially, the descriptive statistics were computed. One-way ANOVA was 

used followed by Duncan's post hoc test (α 0.05). In all tests, p values smaller than 5% were 

considered statistically significant. 

 

Results and Discussion 

Figure 1 shows the changes in phosphate concentration and the impact of CaCl2 addition  loads 

on effluent phosphate concentrations, for pH when influent phosphate was maintained at 100 

ppm. Results show that small increase in alkali addition adversely impacted on the precipitation 
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capacity, where pollutants loads greater than specific weight caused a significant breakthrough of 

phosphate solubility  into the effluent.  

 

 

Figure 1. phosphate concentration with different pH correction by 100 ppm of Ca(OH)2. 

 

Fig. 2 shows the optimize of CaCl2 loading on activity measured down the phosphate and 

fluoride loads removal. precipitation and insolubility rates were calculated for pH 7 to 12 by 

measuring the difference in phosphate and fluoride concentrations between these adjacent 

simulated water and were calculated as a function of pH degree corrections.  

 

 

Figure 2. Optimization of specific pH and correlation with alkali addition. 

 

These parameter values corresponded to continuous DT MSMPR crystallizer, fed with synthetic 

wastewater of phosphate(V) ions concentration 1.0 mass % (Kozik et al., 2012). Synthetic 

wastewater did not contain any impurities. For identical technological parameter values generally 

higher (by ca. 30% on average) crystal linear growth rate and lower (by ca. 43% on average) 

nucleation rates were reported, despite nearly two time higher concentration of PO4
3_

 ions than 

in industrial wastewater. One can thus conclude, that impurities presence is responsible for the 
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observed differences. Impurity presence, as it was mentioned earlier, made that final struvite 

crystals were shorter and thicker compared to particles produced from synthetic wastewater. Its 

number in the process system was also considerably higher (resulting from higher nucleation 

rates), providing smaller mean size of product crystals (average Lm 2.3 ppm Figure 2, average 

Lm 39.9 mm (Kozik et al., 2012; Mousa et al., 2018). 

 

Influent phosphate and fluoride were maintained at 8.0 to 0.4 ppm.  At the lowest applied Cacl2 

load, a rapid decline in the precipitation rate down can be seen to occur as the process becomes 

increasingly at pH 7.4. The introduction of small amounts of CaCl2 increases these rates 

insignificantly decrease, resulting in a insolubility of the precipitation rates through the reaction 

pH. Fluoride removal rates measured down the pH become more slight alkali as shown in Figure 

3. 

 

Figure 3. Removal% of phosphate and fluoride according treatment with CaCl2 as a function of pH 

degree correction. 

 

Figure 4 shows the comparison between treatment by Ca(OH)2 and CaCl2 as a source of alkali and in the 

same time the CaCl2 results from manufacturing activities and discharged with wastewater. CaCl2 

showed more significant activity than Ca(OH)2 for pollutants precipitation. The used concentaration of 

alkali as 100 ppm showed more than reaction needs. These might be resuspension of precipitate. So,   by 

mixing between two alkalis shows better removal rate and these due to two different reaction pathways.  

The removal rates of phosphate and fluoride showed 0.63 and 0.28, respectively (Figure 3).   
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Figure 4. Comparison between alkali treatment with free of 100 ppm of Ca(OH)2 and CaCl2 and mixture 

of 50 ppm Ca(OH)2 and 50 ppm CaCl2) for simulated water contains 25 ppm phosphate and pH 

8. 

Phosphate  removal rates measured down the CaCl2 addition  increased significantly in response 

to phosphate loading even at the lowest concentration of 25 ppm. This segment however, was the 

only area of the precipitation where insolubility rates had remained unchanged after 35ppm of 

CaCl2; most likely because precipitation (at this concentration) was phosphate-limited to begin 

with as shown in Figure 5. For all CaCl2 concentration, the correlation coefficient recorded high 

value as 0.90 but it stable after 35%. 
 

  

Figure 5. Effect of treatment with different concentration of CaCl2 for simulated water contains 25 ppm 

of phosphate and pH 8.  
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Figure 6. Chemical characterization (pH, fluoride, phosphate and total dissolved solids) of real influent 

after treatment with 25 ppm of CaCl2.  

Figure 6 showed the water characters based on measurements which is very important for 

chemical reaction. Influent average with standard deviation pH values was 8.30±0.29,  

6.33±1.70, 7.37±0.88 and 6.59±2.00 for sites 1, 3-1, 3-2 and 4, respectively, with high 

fluctuation that represented changes in wastewater quality. Under changing pH conditions, the 

pH of effluent recorded neutral values (Mousa, 2012). The average and standard deviation values 

for effluent were 7.71 ± 0.16, 7.76 ± 0.11, 7.52 ± 0.15 and 7.88 ± 0.14, respectively. With the 

continuous treatment steps, there was more pH stability. The treated water by Ca(OH)2, pH 

ranged from 7.56 to 8.11 that have to be considered more controllable for effluent (El-Masry et 

al., 1995). 

 

Conclusion 

This study presents a comprehensive and coherent set of experimental results on the structure 

and function of pollutant removal from wastewater in a high-rate. reaction designed for fertilizers 

manufacturing wastewater treatment. Both CaCl2 and Ca(OH)2  were used to link precipitation 

for phosphate and fluoride structure and configuration with pH performance. Specific 

conclusions from this study were:  

_ Increases in pollutants loading adversely did not impact on the precipitation capacity of the 

alkali. The decline in precipitation was remarkably after pH 7.4 for phosphate fertilizer 

wastewater; 

_ The application of pH and alkali for precipitation technologies confirmed that increases in 

pollutants promoted depth-wise precipitation of phosphate and fluoride within chemical 

reaction, thereby chemical validating previous empirical modeling hypotheses; 
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_ The use of a pH dependent alkali technique underestimated the development of CaCl2 or 

Ca(OH)2 within the reaction condition; 

_ Small increase in influent pH after 7.4 caused a slow increase in phosphate and fluoride 

removal, which was an indication of complexes production in response to pollutants 

limitation. This was a unique finding that has not been reported for chemical modification 

treating wastewater by self discharged wastewater to improve our environment through 

limitation of one pollutant that could be reacted with other. 
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