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ab s t r ac t
Scarcity of water resources increases the pressure to develop methods for wastewater treatments. In 
this study, modifications of sand filter were made by installing vertical devices with different length 
to change the conditions inside the sand filter; consequently, the produced water may be suitable for 
reuse. We assessed the performance of modified sand filters cultivated with and without reed plant 
in changing the flow rate, removing biochemical oxygen demand (BOD5), chemical oxygen demand 
(COD), removal of ammonia, total Kjeldahl nitrogen (TKN), removal of nitrate, total suspended solids 
(TSS), and fecal coliforms (FC). Two types of sand filters were used in this study: one sand filter was 
planted with reed bed and the second without reed bed. Results showed that modified sand filters 
had the ability to reduce the flow rate nearly 10 times lower than regular sand filter (horizontal flow). 
Moreover, removal of BOD5, COD, nitrogen compound, TSS, and FC was also significant. An interest-
ing outcome of the study is that sand filter removed 52% of BOD5, 32% of COD, 39% of TKN, 35% of 
NH4 as result of NH3 conversion to NO3, 93% of FC, and 71% of TSS. It is evident that modified filters 
have higher efficiency in removing pollutants from wastewater. It can be concluded that application 
of sand filters will significantly improve the quality of treated wastewater. The study revalued that 
increasing retention time in the sand filters considerably increased the removal efficiency.

Keywords:  Wastewater; Sand filter; Reed bed; Biochemical oxygen demand; Chemical oxygen demand; 
Total suspended solids; Fecal coliforms; Total Kjeldahl nitrogen; TKN

1. Introduction

Wastewater is classified into three classes: domestic, 
industrial, and hospital wastewater [1,2], and their reuse is 
categorized into four groups according to their biological 
properties [3,4]: Group A, has high quality, no restriction for 
irrigation, biochemical oxygen demand (BOD) value below 
20, total suspended solids (TSS) value below 30, and FC 
below 200; Group B, good quality, similar as above except 
FC value five times higher than Group A; Group C, has 
higher BOD and TSS values than Group B, strictly controlled 
irrigation, medium quality; and Group D, bad quality and 
extremely restricted. So far, reuse of treated wastewater has 

two advantages: one is improving the environment quality 
and second is conserving water resources.

Wastewater collection in developed country occurred 
through pipelines connected to the treatment plants, which 
usually consist of primary treatment ponds (settling ponds, 
precipitation ponds), secondary treatment ponds  (oxidation 
ponds) and tertiary treatment ponds (co-angulation, 
 bioremediation, and/or reverse osmosis units).

For our case study, there are four wastewater treatment 
plants operating in the Gaza Strip: Beit Lahia wastewater treat-
ment plant in the north, Gaza wastewater treatment plant in 
the Gaza city, Khan Younis, and Rafah wastewater treatment 
plant in the south. These plants are overloaded as the actual 
flow far exceeds the capacity of the plant. So far, wastewater 
treatment plants receive around 115,000 m3/d in Gaza Strip 
[5], with a quality far away from Palestinian Standards [6].
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Treatment of wastewater includes several methods such 
as constructed wetlands [7–9], bioreactors combined with 
ultraviolet radiation disinfection [10], photochemical and 
electrochemical oxidation [11,12], and sand filters [13,14]. 
Filtration of wastewater may be a suitable option for treat-
ments which is defined in this manuscript as an interaction 
between a suspension and a filtering material; pollutants are 
removed from the solution when they are attached to the 
media or to previously captured particles.

Several attempts have been studied for wastewater 
 treatment, including slow sand filter [15,16], sand filter 
followed by granular activated carbon [17], combination 
of sand, marble chips, and wetland plant Typha latifolia is 
in constructed wetlands [18], sand filter with reed plants 
[19,20], zeolite biological aerated filters [21], and filtration by 
a population of Daphnia magna [22].

The above mentioned attempts were costly, need trained 
manpower, specified for removal of certain pollutants and/
or specified for certain wastewater (gray water, dairy prod-
uct wastewater, or industrial wastewater). In the present 
study, we designed a sand filter with some modifications 
that enable chaining conditions inside the sand filter so that 
the retention time is increased, consequently, the treatment 
process may become better than the regular sand filter. As 
a result, the treated wastewater could be used for agricul-
tural irrigation. So far, treated wastewater has advantages 
in agricultural production. For instance previous studies 
[23,24] showed the ability of treated wastewater to increase 
the agricultural products and to change the soil properties. 
Furthermore, El-Nahhal et al. [25] revealed the importance of 
application of sewage sludge to increase plant growth. In the 
way around El-Nahhal et al. [24] reported that application of 
sewage sludge may increase hydrophobicity of soil.

2. Materials and methods 

2.1. Site description

Components of wastewater treatment plant are shown in 
detail by EL-Dahdouh [26]. The wastewater treatment plant of 
Gaza City is located on an elevated location to the south of the 
city with a total area of 130,000 m2. It was constructed in 1977 as 
a two-pond treatment system and enlarged in 1986 with addi-
tional two ponds. Part of this enlargement includes reuse facili-
ties, consisting of three large recharge basins, a booster pumping 
stations, a 5,000 m³ storage tank, a distribution piping system, 
and an overflow pipeline to the Wadi Gaza. Additional devel-
opment including establishing two trickling filters and four 
anaerobic ponds were made during the periods of 1996–2006.

2.2. Experimental layout

The experiment includes sand filter cultivated with reed 
plants (R) and sand filter without cultivation (S). The five 
units are fed from one central header of inlet channel through 
inlet gates. At the bottom of the filters a herringbone drain 
is installed to collect the filtered water. This drain is made 
of UPVC pipes with a diameter of 6′′, the slope of the filters 
is 1–2 and the filter close to vertical. The lining of a filter is 
impervious, durable, and able to resist penetration by mac-
rophyte roots.

2.3. Sand filter design

Materials of sand with different grains (0.015–0.35 mm) 
and gravels with size (1–7 cm) were purchased from Pioneer 
Company, Texas, USA.

Reed plants were collected from Wadi Gaza and from 
Gaza wastewater treatment plant. Polyvinyl chloride (PVC) 
sheets (0.2 mm thickness) were purchased from Pioneer 
Company, Texas, USA. Table 1 provides details on the 
engineering structure of sand filter. The sand filter was 
backed with different grain size starting from larger size 
(5–7 cm) in the bottom of the sand filter up to fine particles 
(0.015–0.035 cm) in the top, more details of a cross section of 
a sand filter is presented in Table 1. For the reed bed filters, 
the top 20 cm of sand was basted by reed [27].

Moreover, Fig. 1 shows the arrangements of different 
layers in sand filter.

2.4. Operating and conditioning the sand filter

The sand filter was operated at the normal conditions, 
inlet at zero level (horizontal layout). Changing the levels 
was operated by installing a perpendicular device with lev-
els of 30, 50, 70, and/or 90 cm above the ground. These levels 
change the retention time of wastewater inside the sand fil-
ter, consequently changing the quality of wastewater to be 
obtained. More details are demonstrated in Fig. 1.

2.5. Measuring the infiltration rate

Following the procedure previously described by Nichols 
et al. [28], the infiltration rate (IR) was calculated by measur-
ing the amount of water infiltrated through the surface area 
of the sand filter during 24 h, as shown in Eq. (1):

IR =
Q
A

 (1)

where Q is the quantity of water (m3) and A is the surface 
area (m2).

At the beginning, the first reading of the water level was 
taken, and then every 3 h during 24 h and finally the IR to 
each reading was calculated below:

IR HR
Surface area

=
×1000  m3/m2/d

where IR is the infiltration rate and HR is the hydraulic rate.

Table 1
Construction of sand filter

Depth (cm) Layer Diameter (cm)

0–10 Gravel 5–7
10–30 Gravel 3–5
30–50 Gravel 1–3
50–60 Gravel 1
60–70 Gravel Less than 1
70–160 Sand 0.5–0.35 mm
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2.6. Sample collection

Eight samples were collected from the system each 
week. In total 64 samples were collected during the exper-
imental period. The samples were collected after 1 h of 
running sand filter and transferred to clean, sterile plas-
tic bottles with 2 L capacity and kept in ice box. The sam-
ples were brought to the laboratory at Islamic University 
Gaza for the needed analysis. Sampling program started 
on 3/8/2013 and ended on 26/10/2013. Samples were col-
lected from R0, R30, R50, R70, S0, S30, S50, and S70, where 
R0, R30, R50, and R70 are planted slow sand filter at 0, 30, 
50, and 70 cm level, respectively, and S0, S30, S50, and S70 
are unplanted slow sand filter at 0, 30, 50, and 70 cm level, 
respectively. Samples were collected on Friday 27/12/2014 
during 24 h each 3 h increment. The physical and chemi-
cal characterization of the raw wastewater samples are as 
follows: the color was dark black, and turbid; BOD value 
of 500 mg/L, chemical oxygen demand (COD) value of 
1,020 mg/L, and TSS value of 550 mg/L.

2.7. Influence of wastewater on the growth of reed plants

A reed bed was planted with a reed (Phragmites australis) 
on 20/05/2013 at pacing of 50–70 cm between centers and 
the other bed was left unplanted. Treated water was applied 
to the beds immediately after the reeds were planted in the 
first 40 d; the reeds were irrigated by treated water twice a 

week for each bed 70 m3. Some of the reeds became brown 
but regained their green color after 1 week. The growth of 
the reeds was monitored for 7 months; the average growth 
rate of the reeds was about 30 cm/month; after 7 months the 
reeds attained an average height of 2 m. Effect of wastewater 
on reed growth was evaluated by visual rating as described 
in previous study [29–31].

Visual rating is a method used to evaluate plant growth 
by two independent experts without using measuring tools. 
They depend on their eyes.

In winter time (from November till February), parts of 
the plants became brown but they did not dry out completely 
even in December and January.

2.8. Determination of biochemical oxygen demand 

BOD was measured using OxiTop according to the pro-
cedure described in previous study [24]. The samples were 
discharged into OxiTop bottles followed by placing a mag-
netic stirring rod. Rubber quiver was inserted in the neck of 
the bottle.

Three sodium hydroxide tablets were placed into the rub-
ber quiver with a tweezers. OxiTop bottle was directly tightly 
closed and pressed on S and M buttons simultaneously for 2 s 
until the display shows zero reading. The bottles were placed 
in the stirring tray and incubated for 5 d at 20°C. Readings 
of stored values were collected after 5 d. Percentage of 
removal was calculated according to Eq. (2) [32] with a slight 
modification:

% BOD removal
BOD BOD

BOD
=

× −( )100 i f

i

 (2)

where BODi and BODf are the values before and after treat-
ments, respectively.

2.9. Determination of chemical oxygen demand

The COD is used as a measure of the oxygen equivalent 
of the organic matter content of a sample that is susceptible 
to oxidation by a strong chemical oxidant [24].

The closed dichromate reflux method (colorimetric 
method) was used to determine COD. 2 mL of the sample is 
refluxed in strongly acid solution vessel. After digestion in 
COD reactor at 160°C for 2 h, oxygen consumed is measured 
against standard at 620 nm with a spectrophotometer. Using 
Eq. (2) with a slight modifications enables the calculation of 
percentage of COD removal.

2.10. Ammonia

Ammonia in wastewater was determined according 
to Kjeldahl methods without digestion in this procedure. 
Distillation method was used followed by titration step to 
determine the concentration of ammonia. NaOH solution 
was added to wastewater sample and ammonia distilled into 
a solution of boric acid. The ammonia in the distillate was 
determined titrimetrically with standard HCl [33]. Using 
Eq. (2) with a slight modifications enables the calculation of 
percentage of ammonia removal.
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Fig. 1. Sand filter structural design (A) and side modifications 
(B). Numbers indicate length of column for the vertical flow.
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2.11. Total Kjeldahl nitrogen 

The total Kjeldahl nitrogen (TKN) method is based on the 
wet oxidation of nitrogen using sulfuric acid and digestion 
catalyst. In the presence of H2SO4, potassium sulfate (K2SO4), 
and copper sulfate (CuSO4) – catalyst, organic nitrogen and 
ammonia were converted to ammonium. After addition 
of base, organic nitrogen and ammonium were converted 
to ammonia, which is distilled from alkaline medium and 
absorbed by boric acid. The ammonium was finally deter-
mined by titration against standard hydrochloric acid [24]. 
Using Eq. (2) with a slight modifications enables the calcula-
tion of percentage of TKN removal.

2.12. Nitrate 

As previously reported [24], NO3 concentration in waste-
water was determined according to salicylic acid method. In 
this method, 5 g salicylic acid was dissolved in 100 mL H2SO4. 
Then 1 mL of the solution was transferred to each test tubes 
containing 1 mL of standard solution or unknown concen-
tration. The tubes were left for 20 min reaction time. Then 
18 mL NaOH 6 N is added to the tubes to neutralize H2SO4. 
Then a yellow color of para nitro salicylic acid is developed. 
The color in the standard solutions and unknown samples 
was measured at 420 nm. The linear relationship between the 
optical description and concentration was used to determine 
the NO3 concentration in the unknown samples. Using Eq. (2) 
with a slight modifications enables the calculation of percent-
age of NO3 removal.

2.13. Suspended solids 

The method previously described in [33] is used for 
determining the total suspended solids. A well-mixed sample 
is filtered through a weighed standard glass fiber filter and 
the residue retained on the filter is dried to a constant weight 
at 103°C to 105°C. The increase in weight of the filter rep-
resents the total suspended solids. If the suspended material 
clogs the filter and prolongs filtration, it may be necessary 
to increase the diameter of the filter or decrease the sample 
volume. To obtain an estimate of total suspended solids, cal-
culate the difference between total dissolved solids and total 
solids. Using Eq. (2) with a slight modifications enables the 
calculation of percentage of TSS removal.

2.14. Statistical analysis

We calculated average and standard deviation of 64 sam-
ples. Differences among treatments were detected by T-test. 
P-value and error bar for both reed beds and unplanted slow 
sand filter were determined and presented.

3. Results and discussion

3.1. Sand filter design, conditioning, and operation

The presented data in Fig. 1 clearly show the construc-
tion of sand filter and its modifications that enable changes 
inside the filter. It is observed that the top layer of the fil-
ter filled with fine sand and the sand size was gradually 
increased to reach the largest sand size in the bottom of the 

filter. This data indicates that the void volume increased from 
the top to the bottom of the sand filter indicating increasing 
of hydraulic conductivity. Moreover, the installation of side 
tubes to the filter with different lengths (0–70 cm) (Fig. 1(B)) 
enables increasing the retention time of wastewater inside 
the sand filter, consequently, enhancing the biodegradation 
and removal of pollutants. This is in accords with Torrens 
et al. [34] who stated that satisfactory pollutant removal 
depended upon type of sand, sand size distribution, and 
quality of effluent. Moreover, the designed planted and 
unplanted slow sand filters are filters with different pore 
size from the top to the bottom of the filter. They have the 
same structure except the absence of reed plants in the sand 
filter.

The average results for both systems (sand planted and 
unplanted slow sand filter) outlet were taken for different 
levels/depths (0, 30, 50, and 70 cm). Conditioning of sand fil-
ter was performed by allowing low quantity of wastewater to 
flow over the surfaces of sand filter and reed beds to make a 
soil saturation in the top 20 cm. Ensuring complete wetting 
and saturation of the surface indicate conditioning of the fil-
ter. Then operating of the filter was controlled at normal flow 
by installing the vertical devices (Fig. 1(B)) to change the flow 
rate according to the experimental design.

3.2. Measurement of infiltration rate and influence of side 
modification

The IRs in sand filter and reed beds for a 3-month period 
are shown in Table 2. Before the side modification of the fil-
ters (0–70 cm perpendicular Fig. 1(B)), IR was 12 m3/m2/d. 
After modifications, the IRs reduced to 1.93 and 1.95 m3/m2/d 
on 29/7/2013. The values tend to decrease and reached 0.96 
and 1.1 m3/m2/d for slow sand filter and reed beds, respec-
tively, on 25/10/2013. It is obvious that the reduction rate of 
the infiltration reached 12.5 and 10.9 times lower than the ini-
tial flow rate for reed beds and sand filter, respectively.

Table 2
Infiltration rate during the experimental period for both systems

Date Rate (m3/m2/d)
Reed Slow 

21/7/2013 2.5 2.5
23/7/2013 2.59 2.59
25/7/2013 1.26 1.76
29/7/2013 1.93 1.95
1/8/2013 1.72 1.63
3/8/2013 1.68 1.59
4/9/2013 2.04 1.44
9/9/2013 1.5 1.08
15/9/2013 1.3 1
17/9/2013 1.32 1.05
23/9/3013 1.42 0.95
24/9/2014 1.22 0.9
29/9/2013 1.1 1.02
24/10/2013 1.06 1.1
25/10/2013 0.96 1.1
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These reductions in the flow rates maintained the waste-
water longer time in sand filter and reed beds, enhancing the 
biodegradation and removal process of pollutants as shown 
by the presented results below.

Regressing the values of flow rates vs. time shows values 
of R2 in the range of 0.726–0.93. This suggests a strong pos-
itive association between flow rate reduction and time. The 
explanation of these results is that void volume decreased 
due to participation of suspended organic materials result-
ing in smaller size of voids that further reduce the flow rate. 
Moreover, this process may create anaerobic condition that 
result in degradation of pollutants. Furthermore, high per-
centage of pollution removal may be expected.

3.3. Influence of wastewater on the growth of reed plants

Reed plants grow rapidly in the reed bed due to irriga-
tion with wastewater; this indicates the ability of the reed 
plant to survive under hard conditions. Visual rating of reed 
growth indicates fast growth and reproduction of new gen-
eration. These results agree with previous reports [4,20] that 
revealed that reed plants can survive, grow rapidly, and be a 
good option of biological treatment of wastewater.

3.4. Removal efficiency of BOD5

Removal percentage of BOD5 is shown in Fig. 2. It can be 
seen that both systems, planted and unplanted slow sand fil-
ter, were able to remove more than 50% of BOD5 in all peri-
ods except September. This indicated the efficiency of both 
systems to remove BOD5. So far, the trend of BOD5 removal 
is similar to TSS (Fig. 7). This indicates that removal of TSS is 
associated with BOD5 removal by sand filters. However, the 
low % removal of BOD5 by both systems probably due to solu-
bility of organic carbon in wastewater which may give energy 
to bacteria to be able to survive in the anaerobic system such 
as sand filter, in accords with previous report [24]. However, 
the initial BOD value was 90 mg/L whereas the final BOD val-
ues were 43 and 42 mg/L for S1 and R1-system, respectively.

Moreover, comparisons between reed and sand systems 
to remove BOD indicate no significant difference as P-value 
was above 0.05. This indicates that reed system has the same 
ability of sand filter in removing BOD5.

3.5. Removal of COD

Removal of COD by both systems is shown in Fig. 3. It can 
be seen that low COD fraction (less than 35%) was removed 
in the 1st period (03/08/2013) or in 2nd period (25/09/2013). 
A little increase was observed in the 3rd period (26/10/2013).

However, the initial COD value was 215 mg/L whereas 
the final COD values were 154 and 137 mg/L for S1 and 
R1-system, respectively.

Furthermore, the data in Fig. 3 show the ability of R1 and 
S1-systems to remove COD. It can be seen that R1-system is 
more efficient than S1-system in removing COD in most peri-
ods. The explanation of these results is that R1-system is able to 
remove BOD in more efficient way than S1-system. Since both 
values are interrelated. This is probably due to chemical change 
that may take place in R-system due to growth of reed plant.

Moreover, COD removal depended on physical and bio-
logical process and the amount of dissolved oxygen in waste-
water. This is in agreement with El-Nahhal et al. [24] since 
removal behavior in COD is related to the removal of BOD5 
and TSS and this is considered to be part of COD. Statistical 
analysis of COD removal in the 3rd periods did not discrimi-
nate significant difference P-values are above 0.05.

3.6. Removal of ammonia

Removal of ammonia by both systems is shown in Fig. 4. 
Regardless of the high value of standard deviation, removal 
of NH3 is similar to the case of TKN. The explanation of these 
results is similar to that of TKN (Fig. 5). Moreover, it can be seen 
that anaerobic conditions are created by increasing time from 
03/08/2013 to 26/10/2014. This condition enhances the reduc-
tion of NO3 to NH3 then to N2 accordingly more removal was 
obtained, at the periods mentioned above. Moreover, increas-
ing the retention time of treated waste water (TWW) in the 
station increasing the anaerobic conditions which may result 
in reduction of inorganic nitrogen to ammonia. So far, increas-
ing the anaerobic conditions may enhance the biodegradation 
of organic molecules and enhance removal of pollutants [35]. 
Significant differences are also obtained in the 3rd period of 
analysis similar to that of TKN. Eq. (3) shows the reduction 
stage and removal of nitrate under a nonaerobic condition.

25/9/2013
Time

Fig. 2. BOD5 removal efficiency with time for planted and 
unplanted slow sand filter. Error bars indicate standard 
deviation.

Fig. 3. COD mean removal efficiency and time relationship for 
planted and unplanted slow sand filters. Error bars indicate stan-
dard deviation.
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2 NO3
– + 10 e– + 10 H+ → NH4 → N2  + 2 OH– + 4 H2O (3)

3.7. Removal of total Kjeldahl nitrogen

Removal of TKN is presented in Fig. 5. However, 
the initial TKN value was 69 mg/L whereas the final 
TKN values were 38 and 47 mg/L for S1 and R1-system, 
respectively.

Regardless of the large value of standard deviation, 
it is obvious that (Reeds), R-system was able to remove 
considerable fraction of TKN. However, in the 1st period 
(3/08/2013), R-system removed about 50% TKN, followed by 
sharp reduction in 2nd and 3rd periods. Moreover S-system 
showed considerable increase in TKN removal. The expla-
nation of these results is that in R-system, the activity of 
plant roots may change the metabolic pathways of organic 
nitrogen compounds, besides the fact that nitrifying bac-
teria became less active in the acidic media around plant 
roots. Moreover, the ability of sand filter to remove TKN 
emerges from the fact that nitrifying bacteria may become 
active in nearly alternative media as shown in sand filter. 
Reed bed worked to transfer oxygen from the atmosphere 
to root zone which may lead to changing condition of slow 
sand filters and increase nitrogen conversion. Our results 
agree with previous reports [36–38] that demonstrated the 
activity of cyanobacteria to remove acetochlor (organic 
nitrogen) from water and soil systems.

More supports to our explanation come from Safi et al. 
[38] who demonstrated partial activity of cyanobacteria to 
remove diuron from water and soil systems.

3.8. Removal of nitrate

Removal of nitrate is shown in Fig. 6. It can be seen 
that both systems demonstrate to increased NO3 in effluent 
water from sands and this is due to conversion of NH4 to 
NO3 through sand filter (nitrification process). Plants absorb 
nitrate as nutrient to growth, and there is increasing concen-
tration with time. Our results agree with previous reports 
[39,40]. Since concentration of NO3 in inlet sand filter was 
very low, less than 1 mg/L, due to partial conversion of NH4 
to NO3 led to its increased concentrations in outlet.

3.9. Removal of TSS

Removal Efficiency of TSS by both systems is shown in 
Fig. 7. It can be seen that % removal by both systems (R and S) 
are high in 03/08/2013, slightly decreased in September. This 
fluctuation may be due to the variation in temperature, rela-
tive humidity, and rate of evaporation that affect the micro-
bial activity.

However, the initial TSS value was 80 mg/L whereas the 
final BOD values were 23 and 23 mg/L for S1 and R1-system, 
respectively.

However, the results presented in Fig. 7 clearly explain 
the relationship between planted and unplanted slow sand 
filter and time. It can be suggested that the primary removal 
mechanisms of TSS are physical filtration and sedimentation. 
Infiltration systems provide filtration of run off but the percent-
age removal of solids depends on other variable, particle size, 
and the size of the pore opening between soil particles [41].

Our results demonstrated that sand and reed system 
were able to remove high fraction of TSS. This is probably 
due to adsorption or sieving properties.

The low error bar of our results indicates the homoge-
neity for different outlet level and this agree with previous 
reports [41,42]. Moreover, statistical analysis indicated no 
significant difference in first period (03/08/2013) and third 

Fig. 4. Removal efficiency of ammonia by both systems.

Fig. 5. TKN mean removal efficiency and time relationship for 
planted and unplanted slow sand filters. Statistical analysis 
show significant differences with the 3rd period of TKN removal 
as shown low P-value (0.001).

Fig. 6. NO3 mean increasing efficiency and time relationship for 
planted and unplanted slow sand filters. Error bars indicate stan-
dard deviation.
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period (26/10/2013) as P-value was above 0.05 and significant 
difference in the second period (25/09/2013) as P-value was 
below 0.05.

3.10. Removal of fecal coliforms

Removal of FC is shown in Fig. 8. It can be seen that both 
systems, planted and unplanted slow sand filters, were able 
to remove nearly 100% of FC in the 1st and 3rd periods. A 
little reduction was observed in 2nd period (25/09/2013). 
However, the initial FC value was 3 × 104 cell/L whereas the 
final FC values were 2.1 × 103 and 2.5 × 103 cell/L for S1 and 
R1-systems, respectively.

However, the data in Fig. 4 clearly demonstrate the effi-
ciency of both systems to remove FC. These results are in 
accord with previous reports [15,16] that demonstrated the 
efficiency of high sand filter (1.5–2 m height) to remove FC 
from TWW. Since mechanism of FC removal is mainly a bio-
logical process, accordingly both systems tend to have the 
ability to remove FC with different mechanisms (aerobic 
and/or nonaerobic).

Comparison of our results with those in the literature by 
Zipf et al. [17], and Matikka and Heinonen-Tanski [43] are 
shown in Table 3. Comparing the BOD and COD values with 
similar systems [17] and [43] indicates high efficiency of our 
system to reduce the values of BOD and COD compared with 
Zipf et al. [17] who used sand filter combined with granu-
lar activated carbon. Moreover, the system of Matikka and 
Heinonen-Tanski [43] showed more satisfactory value of 
BOD than ours, probably due to differences in measurement. 
Furthermore, our system proved more satisfactory reduc-
tion in FC content than the systems of Zipf et al. [17], which 
showed higher value. In addition, percentage removal of 
TKN by the system of Matikka and Heinonen-Tanski [43] is 
nearly half (0.55) the value obtained by our system. Moreover, 
the nitrate concentration increased 16.3 times higher than the 
original by the systems of Matikka and Heinonen-Tanski [43], 
whereas our system increased the nitrate concentration 18.18 
times. This indicates the efficiency of our system. On the 
other hand, the system of Matikka and Heinonen-Tanski [43] 
showed more efficiency than our system in NH3 removal. 
Nevertheless, it can be concluded that the presented work is 
encouraging and its application elsewhere will save water for 
the life in the planet Earth.

Fig. 7. TSS removal efficiency with time relationship for planted 
and unplanted slow sand filter. Error bars indicate standard 
deviation. P-values indicate significant differences between R 
and S-systems only on the period of 25/09/2013.

Fig. 8. FC mean removal efficiency and time relationship for 
planted and unplanted slow sand filters. Statistical analysis 
showed significant differences between the 1st period and the 
other two periods as indicated by low P-value (0.0001).

Table 3
Comparison between our results and some of those in the literature. Numbers indicate averaged values and values between brackets 
indicate percentage

Parameter This study Zipf et al. [17] Matikka and Heinonen- 
Tanski [43] 

Before treatment After treatment 
R-system

Sand filter Sand filter with granular 
activated carbon

Sand filter with biotite

TSS 80 23 – – –
BOD5 (mg/l) 90 42 (53.3 %) 81 46 1.3 ± 2.0 (98.8%)
COD (mg/L) 215 137 (36.28%) 295 221 –
FC colon/100 mL 3 × 106 2.5E + 5 7.27E + 5 9.21E + 5 –
TKN (N mg/L) 69 47 (31.88%) – – 48.6 ± 10.8 (17.4%)
NH3-N (mg/L) 54 39 (27.77%) – – 4.9 ± 11.1 (91.3)
NO3 (mg/L) 0.44 8 (18.18 times 

increase)
– – (16.3 times increase)
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4. Conclusions

The constructed modified sand filter and reed systems 
show the ability to reduce the IR from high value (12 m3/m2/d) 
to lower values (0.96 and 1.1 m3/m2/d). These modifications 
increased the retention time of wastewater inside the filters. 
The modified filters showed interesting ability to remove 
BOD, COD, ammonia, TKN, NO3, TSS, and FC.

An outcome of the study is that kinetic removal of TSS, 
BOD, COD, and FC remains in high level during 24 h. It is 
still not obvious to us to recommend the product water for 
agriculture irrigation. The results of sand filters in improving 
the quality of wastewater are promising and enabling agri-
cultural reuse.

It can be concluded that both systems (sand filter and 
reed bed) in comparison with the work in the literature are 
very effective in reducing most pollutants.

A comparison between our results and Palestinian stan-
dards indicates that both systems (reed bed and slow sand 
filter) reduced the values of TSS, BOD, COD, TKN, and NH4 
below the initial values and that of Palestinian Standards 
whereas the values of FC values remain above the standards.
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