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Abstract
Intermittent infiltration–percolation is an extensively used treatment process which is capable of oxidizing and decontaminat-
ing wastewater. The main purpose of this study was to evaluate the efficiency of this treatment process regarding particularly 
the removal of phosphorus from urban wastewater effluents. The phosphorus removal mechanisms that may occur in sand 
filters were investigated. Results confirmed that infiltration–percolation is performed as an advanced treatment technique 
for suspended solids, organic matter and nitrogen. However, it is less efficient concerning the reduction of orthophosphate. 
The experimental study has shown the influence of the filter depth, the hydraulic load and its fractionation on phosphorus 
removal. Analyses of the percolating water sampled at 50, 100 and 150 cm bed depths showed that efficiency of phosphorus 
removal increased significantly with the depth of the filtering medium. Results indicated that providing more and smaller 
sequences improves the efficiency of orthophosphate retention. During the experimentation period, phosphorus removal rates 
do not seem to be affected by the variation of temperature. The scatter plots and the Pearson’s correlation coefficient indicate 
that there is no apparent linear pattern between orthophosphate retention rates and temperature. This finding confirms that 
phosphorus removal is not attributed to microbial uptake but it is mainly governed by physical–chemical mechanisms such 
as adsorption and precipitation.
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Introduction

Phosphorus poses a major environmental problem due to 
its high contribution to eutrophication of freshwater bod-
ies (Abou Nahra 2006). Eutrophication is a condition of an 
aquatic ecosystem where high nutrient concentrations, such 
as nitrogen and phosphorus, stimulate algal blooms, degrad-
ing the water quality in these aquatic ecosystems (Ritter and 
Shirmohammadi 2001). Therefore, controlling phosphorus 
discharged from municipal and industrial wastewater treat-
ment plants is a key factor in preventing eutrophication of 
surface waters. Phosphorus occurs in many forms in waste-
water. The types of phosphate present typically are catego-
rized according to physical characteristics into dissolved and 

particulate fractions and chemically into orthophosphate, 
polyphosphate and organic phosphate (Sedlak 1991). All 
polyphosphate forms gradually hydrolyze in aqueous solu-
tion and revert to the orthophosphate form (Mostafa 2012). 
According to Prigent (2012), orthophosphate  (PO4-P) is 
the most abundant form in domestic wastewater. It repre-
sents 60–85% of total phosphorus due to the hydrolysis of 
polyphosphates and organic phosphates.

Phosphorus originates in wastewater from fecal and waste 
materials, synthetic detergents, household cleaning products 
and industrial, institutional and commercial uses.

The removal of phosphorus (P) from wastewater is of 
major concern (Iordache et al. 2014). During the recent 
years, eutrophication phenomenon has been posing as a 
serious menace for water bodies (Ruzhitskaya and Gogina 
2017). P releases due to anthropogenic activity promote 
this phenomenon in aquatic ecosystems and negatively 
affect their natural equilibrium. Total removal or at least a 
significant reduction of this nutrient became mandated and 
common in most countries (De-Bashan and Bashan 2004; 
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Bunce et al. 2018). For this reason, limits for P discharge 
into aquatic ecosystems have been made more rigorous.

Recently, researchers worldwide pay much attention 
to develop innovative treatment methods and improve the 
existing ones to remove efficiently phosphorus from urban 
and industrial wastewaters. Various P removal technologies, 
based on chemical, physical and biological methods, have 
been implemented in wastewater treatment systems (Wil-
fert et al. 2015). Chemical methods are generally avoided 
due to high cost of reagents and also because these methods 
produce supplementary pollution. Physical–chemical means 
involve high expenditure of the process (Ruzhitskaya and 
Gogina 2017). The biological method of P removal can 
achieve a high removal rate if it is properly conducted. How-
ever, in most cases it cannot accomplish stable removal rate 
of this nutrient.

Research and field experiments have shown that intermit-
tent infiltration–percolation can provide significant removal 
efficiency of phosphorus if properly designed and operated 
(Bali 2012). Infiltration–percolation is a commonly used 
treatment process which is capable of oxidizing and decon-
taminating wastewater (Mottier et al. 2000; Eturki et al. 
2011; Bali et al. 2010). It has been developed as tertiary 
treatment of secondary effluents in several Mediterranean 
countries (Auset et al. 2005; Bali et al. 2011). It can be used 
as an alternative method for phosphorus removal. The main 
advantage of this method is no sludge production as com-
pared to chemical precipitation. It is particularly adapted to 
wastewater reutilization projects and to the recharge of shal-
low groundwater planned to be used for the inter-seasonal 
storage of purified water (Brissaud et al. 1989). Physical, 
chemical and biological processes are developed in the 
porous medium, guaranteeing the removal of different pol-
lutants from wastewater. Infiltration–percolation technique 
has been increasingly used for the treatment of primary or 
secondary wastewater effluents because of its low energy 
and maintenance requirements (Auset et al. 2005; Brissaud 
and Lesavre 1993; Stevik et al. 2004). It represents a sim-
ple, low-cost method of wastewater treatment in developing 
countries and even in developed ones (Auset et al. 2005). It 
consists in the intermittent application of sewage on buried 
sand filters or permeable native soils. The infiltered water 
percolates through unsaturated porous medium. The treated 
water is collected by a drainage system or percolates down 
to the under lying aquifer (Mottier et al. 2000). The per-
formance of an intermittent sand filter depends on the type 
and biodegradability of the wastewater, the environmental 
factors within the filter and the design characteristics of the 
filter. The most important environmental factors that deter-
mine the effectiveness of treatment are media reaeration and 
temperature. Reaeration makes oxygen available for the aer-
obic decomposition of the wastewater. Temperature directly 
affects the rate of microbial growth, chemical reactions and 

other factors that contribute to the stabilization of wastewa-
ter within the sand filter (EPA 1999).

The main purpose of this work was to determine the effi-
ciency of infiltration–percolation process regarding phos-
phorus removal from wastewaters.

Materials and methods

Experiments were investigated in 100 m2 infiltration–per-
colation basin located at Dissa agriculture perimeter in the 
north of Gabès city (southeast of Tunisia).

The filter is a trapezoidal basin with 2.0 m in height and 
filled with 30 cm of coarse gravel and 1.5 m of sand. The 
mean grain size of sand (d50) is 0.26 mm, and the uniformity 
coefficient of the particle size distribution (d60/d10) is 1.93. 
A polyethylene pipe with 0.5-cm holes was used to drain 
filtered water out. The experimental arrangement is depicted 
in Fig. 1. The sand filter was fed with activated sludge efflu-
ents from Gabès treatment plant. In this study, the operation 
mode conditions rotated through a 7-day cycle consisting 
of a 4-day flooding period and 3-day drying period. During 
the operation phases, the daily hydraulic loads were 0.27 
and 0.40 m3 m−2 of sand basin. Alternation of operational 
and drying periods has always been considered essential to 
infiltration–percolation and soil aquifer treatment; it is the 
only practical way to manage clogging at the surface and in 
the core of filtrating beds (Brissaud et al. 2003).

Wastewater was spread uniformly over the surface area 
through a distribution system of perforated pipes (3-mm-
diameter holes with a density of 20 holes m−1). Percolating 
water was sampled at 0.5, 1 and 1.5 m bed depths during 
several feeding–drainage cycles.

In order to assess the influence of distributing the daily 
hydraulic load on infiltration–percolation performances, a 

Fig. 1  Schematic drawing of the sand filter (not to scale)
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load of 0.40 m3 m−2 has been split into two or three appli-
cations per day. The secondary effluent and percolating 
water were analyzed, according to standard methods, for 
suspended solids (SS), chemical oxygen demand (COD) 
and 5-day biochemical demand  (BOD5), ammonium nitro-
gen  (NH4-N), nitrate nitrogen  (NO3-N), total Kjeldahl 
nitrogen (TKN), orthophosphate  (PO4-P) and complete 
alkalimetric title (CAT). Dissolved oxygen, pH and elec-
tric conductivity were measured (Table 1).

Scatter plots were used to investigate the relationship 
between physical and chemical parameters. They provide 
a visual representation of the correlation, or relationship 
between two variables. Pearson’s correlation coefficient (r) 
was also used to measure the strength of the association 
between the two variables.

Results and discussion

Physical–chemical performances

The experimental results showed a total elimination of sus-
pended solids (Table 2). These results agree with the find-
ings of Healy et al. (2006) who observed a removal rate of 
SS up to 99% using sand filters.

When treating a load of 0.27 m3 m−2 day−1, the aver-
age reductions of COD and  NH4-N were 81.85 and 86.49%, 
respectively. Residual concentrations were 23.90 and 
5.69 mg L−1, respectively. COD concentration in the treated 
water is inferior to the limit value (125 mg L−1) for discharge 
into maritime domain as restricted by the Tunisian directives 
(2018-315).

TKN decreased significantly in the filtered water as com-
pared to the applied secondary effluent. The results showed 

Table 1  Analytical methods used in this study

Parameter Analytical method

pH and electrical conductivity These parameters were measured using a multi-parameter probe HACH, model DR2010
Dissolved oxygen It was measured with an oximeter Ponselle
SS This parameter was determined by microfiltration through a glass microfiber membrane 

(Whatman GF/C, 45 μm)
CAT It was determined by the standard AFNOR T90-036 method
BOD5 It was determined by the standard AFNOR T90-103 method using BOD meter HACH
COD It was determined by the standard AFNOR T90-101 method
TKN It was determined by the standard AFNOR T90-1010 method
NH4-N It was determined by the standard AFNOR T90-015 method
NO3-N It was determined by the standard HACH 8039 method
PO4-P It was determined by the standard HACH 8048 method

Table 2  Physicochemical characteristics of secondary effluents and filtered water (mean values)

SS suspended solids, SE secondary effluent, FW filtered water, RR removal rate
a Average values of 28 sequences
b Average values of 17 sequences

Hydraulic 
load, H

Parameter

COD (mg L−1) TKN (mg L−1) NH4-N 
(mg L−1)

NO3-N 
(mg L−1)

PO4-P 
(mg L−1)

SS (mg L−1) pH Conduc-
tivity 
(ms cm−1)

Dis-
solved  O2 
(mg L−1)

H = 0.27 m3 m−2 day−1

 SEa 131.70 50.09 42.10 2.70 29.61 106.10 7.22 4.00 4.88
 FWa 23.90 5.98 5.69 33.39 10.48 0 7.14 4.86 3.47
 RR (%) 81.85 90.07 86.49 – 64.61 100 – – –

H = 0.40 m3 m−2 day−1

 SEb 144.81 49.93 43.44 3.76 27.00 110.08 7.24 3.92 5.72
 FWb 37.09 6.76 6.55 35.45 9.98 0 7.08 4.95 3.30
 RR (%) 74.38 86.46 84.92 – 63.00 100 – – –
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that the sand filter is very effective for the removal of TKN 
from the wastewater. The mean removal efficiency reached 
90% (Table 2); residual TKN was 5.98 mg L−1 which is 
inferior to the limit value for discharge (30 mg L−1). High 
nitrification rates led to high nitrate production. The  NO3-N 
concentration increased significantly in the percolating 
water. Mean nitrate concentration was 2.7 and 33.39 mg L−1 
in the applied effluent and filtered water, respectively. The 
significant increase in the  NO3-N concentration could be 
attributed to the conversion of  NH4-N to nitrate form due to 
the oxidation reactions during the treatment process. These 
high performances of COD and nitrogen oxidation are evi-
dences of the aerobic state of the sand filter, which was 
confirmed through dissolved oxygen monitoring at the filter 
outlet (Table 2). Intermittent infiltration allows maximizing 
the convective renewal of the air phase (Boller et al. 1993). 
With a load of 0.40 m3 m−2 day−1, there was indication of 
a decrease in the oxidation capacity. Removal efficiencies 
of COD, TKN and  NH4-N were 74.38, 86.46 and 84.92%, 
respectively. Residual concentrations of these chemical 
parameters are conforming to the limit values imposed by 
the Tunisian regulation (2018-315). Similar results were 
obtained by Eturki et al. (2011).

Phosphorus removal mechanisms

In order to assess the influence of the filter depth on 
orthophosphate retention, analyses have been performed on 
the secondary effluent, percolating water at three different 
depths along the unsaturated sand profile. Phosphorus treat-
ment efficiency was evaluated by subtracting the effluent 
from the influent concentrations. The average concentra-
tion of orthophosphate registered in the influent during the 
period of study was about 28.3 mg L−1. This concentration 
exceeds the limit value (2 mg L−1) imposed by the Tunisian 
directives.

The particulate phosphorus (mineral and/or organic) is 
physically retained by filtration on the surface of the fil-
ter bed. The removal of the dissolved portion of phospho-
rus can be achieved by physical–chemical (adsorption and 
precipitation) or biological processes (Kim 2014). The 
adsorption of the inorganic soluble phosphorus can be 
performed on the mineral and/or organic support (micro-
bial biofilm) of the filtering mass. Phosphorus sorption in 
the filter is limited by the retention capacity of the porous 
medium (Bali 2012). Figure 2 shows the mean removal effi-
ciencies of phosphorus at 50, 100 and 150 cm bed depths 
for two daily hydraulic loads, H (0.27 and 0.40 m3 m−2). 
Whatever the applied hydraulic load, efficiency of  PO4-P 
reduction increased with the filter depth. The elimination 
of orthophosphate appeared to be highly dependent on both 
the filter depth and the daily hydraulic load. For instance, 
when treating 0.27 m3 m−2 day−1, the mean removal rates 

of phosphorus were 43.40, 55.35 and 64.61% at 50, 100 and 
150 cm depths, respectively. For a filter depth of 150 cm, the 
average removal  PO4-P was 64.61% for H = 0.27 m3 m−2 and 
63% for H = 0.40 m3 m−2. These efficiencies are consistent 
with the works of Eturki et al. (2011) and Chennaoui et al. 
(2014).

Results showed that orthophosphate removal mainly 
occurred in upper sand layers. However, lower layers sig-
nificantly contributed to water treatment performances. The 
achievement of significant reduction of phosphorus requires 
a minimum water residence time. Increasing the filter depth 
allows to increase the water residence time which leads 
retaining phosphorus in the porous medium. The decrease 
in orthophosphate reduction when the applied hydraulic load 
increased can be explained by the decrease in water resi-
dence time in the sand filter. The reason is that high hydrau-
lic load increases water flow in the porous medium. This 
results in greater transport of pollutants through the filter, 
which decreases the residence time of wastewater in the sand 
bed. In consequence, efficiency of orthophosphate removal 
decreases when treating a high hydraulic load.

The reduction of orthophosphate was shown to be closely 
related to the daily number of feeding–drainage cycles, f 
(fractionation factor). For instance, the removal rates of 
 PO4-P were 61.4, 71.6 and 77.2% for f = 1, 2 and 3, respec-
tively (Fig. 3). Brissaud et al. (1999) demonstrated that the 
lower the f value, the shorter the water detention times for 
an increased part of the water flow. Therefore, increasing 
the fractionation of the daily hydraulic load allows retaining 
phosphorus in the filtrating bed. According to Brooks et al. 
(2000), the relationship between removal rate and residence 
time was exhibited as two phases of soluble reactive phos-
phorus removal. The first suggests a rapid reaction that is 
attributed to adsorption and the second, slower reaction, sug-
gests the result from either chemical precipitation or incor-
poration of the adsorbate into the solid matrix. Residence 
time is clearly a significant factor in optimizing phosphorus 
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removal in design of full-scale infiltration–percolation sys-
tems. The removal of phosphorus in infiltration–percolation 
devices may occur by two possible ways: assimilation by 
microorganisms and fixing to the filter material. Figures 4 

and 5 indicate the essential mechanisms of phosphorus 
retention that may occur in the sand filter. Figure 4 shows 
the scatter plots for COD,  NH4-N and  PO4-P against water 
temperature. Results indicate that water temperature highly 
influences the removal rates of organic matter and ammo-
nium nitrogen. In fact, there is a very strong uphill linear 
relationship between the two continuous variables and the 
temperature. Furthermore, the Pearson’s correlation coef-
ficients were 0.91 and 0.92 for COD and  NH4-N, respec-
tively. It has been demonstrated that temperature is one of 
the most important factors affecting microbial growth. In 
fact, it has been observed that bacteria grow quite slowly 
at low temperatures but increase their rate of reaction as 
the temperature increases. Therefore, the biodegradation 
of organic matter and nitrogen increases when the water 
temperature increases. Experimental results showed that 
phosphorus removal rates do not seem to be affected by low 
temperature. Scatter plot of orthophosphate removal rate 
against water temperature confirms that there is no linear 
relationship between the two variables. The Pearson’s cor-
relation coefficient is very close to 0 (r = − 0.004), meaning 
that there is a random, no apparent linear pattern between 
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Fig. 5  Physicochemical char-
acteristics of the influent and 
effluent
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the two parameters. From the results presented above, it can 
be concluded that phosphorus removal is not attributed to 
microbial uptake but it is mainly due to physical–chemical 
mechanisms such as adsorption and precipitation. According 
to Brdjanovic et al. (1998), presence of carbon and phos-
phate sources at the same time under aerobic conditions has 
negative effects on phosphorus uptake by microorganisms. 
In fact, carbon sources available under these conditions will 
be primarily utilized for energy production. Only when the 
external carbon sources are exhausted, phosphorus uptake 
occurs (Mino et al. 1998). Numerous bacteria, constituting 
the microbial biofilm, are capable of storing excess amounts 
of phosphorus in their cells (Kermani et al. 2009). Microbial 
phosphorus assimilation requires the alternation of aerobic 
and anaerobic conditions occurred in the porous medium. 
During the operating cycle, the infiltration–percolation basin 
could be the seat of alternating aerobic and anaerobic phases 
likely to stimulate the development of a dephosphating bio-
mass which is capable of removing a part of the phosphorus 
(Bali 2012).

Experimental results indicate that there is an undeniable 
consistency between the  PO4-P concentrations and the other 
physical–chemical parameters such as pH, dissolved oxygen 
and complete alkalimetric title (Fig. 5). For instance, the 
decrease in orthophosphate content in the filtered water is 
accompanied by a decrease in CAT and pH values. Accord-
ing to Makni (1995), the simultaneous variations of these 
parameters confirm that phosphorus retention is essentially 
due to the chemical processes which occur in the porous 
medium. The studies of Brahmi et al. (2013) confirm that the 
performances of infiltration–percolation systems in elimina-
tion of orthophosphate depend on electrochemical condi-
tions of the mass filter, and soon the mineralogical composi-
tion of the sand filter. According to Bori Akdar et al. (2014), 
phosphorus retention in sand filters is due to sorption and 
precipitation phenomena. Both result from the attraction 
between phosphate ion and ions of Al, Fe or Ca and termi-
nate with the formation of various iron phosphates (Fe–P), 
aluminum phosphates (Al–P) or calcium phosphates (Ca–P). 
According to Abou Nara (2006), in acidic conditions,  PO4 
anions form covalent bonds with  Fe3+,  Al3+ and  Mn2+ com-
plexes, while in basic conditions they form bonds with  Ca2+ 
complexes. Kim (2014) demonstrated that the complexation 
of phosphorus with metal cations depends on the medium 
pH. For basic pHs, the P-Ca or P-Mg complexes are pre-
dominant. In addition,  PO4 adsorption can occur in clay 
minerals that have hydroxyl surfaces. The works of Arias 
and Brix (2005) indicated that precipitation is identified as 
the major phosphorus removal mechanism because of the 
limited adsorption capacity of the sand filters. The efficiency 
of phosphorus removal by chemical precipitation depends 
on two factors: the chemical equilibrium between the phos-
phorus containing water and solid and the efficiency of the 

solid removal process. Usually the later process controls the 
removal efficiency (Sathasivan 2009).

Conclusion

The first aim of this work was to evaluate the capacity of 
intermittent sand filter in the elimination of orthophosphate 
from secondary wastewater effluents. The second aim was 
to investigate the phosphorus removal mechanisms that may 
occur in this medium.

Results showed that infiltration–percolation process is 
performed as an advanced treatment system for suspended 
solids, organic matter and ammonium. However, it is less 
efficient concerning the removal of phosphorus. The exper-
imental study has shown the influence of the filter depth 
on the removal of orthophosphate from urban wastewater. 
Results demonstrated that efficiency of phosphorus removal 
was shown to mainly depend on the daily hydraulic load 
and its fractionation. Data obtained during this study con-
firmed that phosphorus reduction is essentially governed 
by physical–chemical mechanisms such as adsorption and 
precipitation.

Infiltration–percolation technique can be used as a ter-
tiary treatment with the aim of removing contaminants from 
secondary wastewater effluents.
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mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
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