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The different units’ performance and bed length effect of constructed
wetland on the removal of organic substances, solids and nutrients
from municipal wastewater: a case study, Iran
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ABSTRACT

This study investigated the overall performance and bed length effect of the horizontal subsurface
flow constructed wetland (CW) process for full-scale municipal wastewater treatment. 168 sam-
ples were collected, including 84 samples in the hot and 84 in the cold season. Seven sampling
points were selected as follows: (1) inlet raw wastewater, (2) effluent from an anaerobic pond, (3)
from the first 5 m of the selected reed bed, (4) 5 m second, (5) 5 m third, (6) 5 m fourth, and (7)
5 m fifth from the reed bed. The evaluation parameters included biochemical oxygen demand
(BOD,), chemical oxygen demand (COD), total suspended solids (TSS), total nitrogen (TN), and
total phosphorus (TP). The results showed that the removal efficiency for the BOD,, COD, TSS,
TN, and TP was equal to 90.6%, 90.1%, 94%, 50.2%, and 35.4%, respectively. In the final treated
effluent, the concentration of all studied parameters was less than the maximum allowable amount
for discharge to the receiving water. The results showed that although the treatment plant’s pol-
lution load for BOD, and COD parameters in winter was significantly higher than in summer, the
treatment plant efficiency in winter was not significantly different from summer. The results also
showed that a 15-m bed in the CW system is suitable for achieving the standard of the environ-
mental protection organization of Iran for municipal wastewater treatment in the hot season; how-
ever, it seems not to be enough in the cold season. So, 25 m of reed bed length will be required
in practice. Finally, it can be concluded that the Qasr-e-Shirin wastewater treatment plant has the
proper capability to remove municipal wastewater pollutants in different temperature conditions
and the quality of the final effluent indicates the accuracy of the design criteria for this system.
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1. Introduction

Since the beginning of the twentieth century, mechan-
ical wastewater treatment systems have been increasingly
used and are developing daily [1-4]. Due to their high effi-
ciency, small size, and low space requirement, these sys-
tems have always been considered the primary option for
wastewater treatment in industrial areas, large urban, and
even small rural areas [5,6]. Conventional activated sludge
and extended aeration process are among the world’s most
common mechanical wastewater treatment systems [7,8].
These systems have disadvantages such as high manufac-
turing costs, high energy consumption, complex opera-
tion and maintenance, sludge treatment and disposal, and
specialist personnel. Other disadvantages are the need for
mechanized systems (mainly high-tech) such as aerators,
pumps, process control systems, mechanical dewatering
systems, and sludge dryers [7-10]. Compared to conven-
tional systems, natural wastewater treatment techniques
have low technology and are highly efficient [11-14].

Due to low investment and operation costs, low energy
consumption, simple operation, and no need for special-
ized operators, natural wastewater treatment systems have
interested researchers and operators looking for more suit-
able and cheaper systems [11,15,16]. The most common nat-
ural wastewater treatment methods include stabilization
ponds, constructed wetlands, and land treatment systems.
Among these systems, the wastewater stabilization pond
has been implemented and operated almost worldwide
[17,18]. In recent decades, the stabilization pond system
has been prominent and is still in use in many countries,
especially in developed ones, such as Germany, the USA,
the Netherlands, China, Australia, Denmark, and India.
This system consists of basins used for wastewater treat-
ment by a natural process involving the use of plants or
constructed wetlands. Since 1970, researchers have con-
sidered these systems’ ability to treat various types of
wastewater, especially municipal wastewater [19-22].

Constructed wetlands (CWs) systems have two gen-
eral categories: surface and subsurface CWs. These systems
expand more and more because of their simple and cheap
operation, high treatment efficiency, and combination of
biological, physical, and chemical processes that can occur
in them [19,21,22]; and also some other advantages such
as low investment costs, no need for specialized operators,
utilizable for small communities, and applicable for final
treatment step in large community systems [21-23].

Because of the limited use of CWs systems in Iran and
many parts of the world, more detailed studies should
be carried out. Therefore, determination of the removal
pattern of organic matter, nitrogen, phosphorus, and sus-
pended solids, achieving the highest treatment efficiency
based on knowledge and awareness and specific study
of local conditions with a reasonable cost, can contribute
to the development of wastewater treatment technology
using constructed wetlands in small and large communi-
ties. The more important innovation of this research is the
study of the efficiency of the constructed wetlands process
at full scale, which has more reliable results for practical
purposes compared to studies on the pilot scale [24-27].
Therefore, this study investigated the overall efficiency of

different stages and the effect of reed bed length on remov-
ing a parameter such as organic compounds, suspended
solids, nitrogen, and phosphorus. For this purpose, the
process of horizontal subsurface flow constructed wet-
lands of the wastewater treatment plant in Qasr-e-Shirin
city (Iran) has been selected as a field of study.

2. Material and methods
2.1. Area studied

Qasr-e-Shirin County is located in Kermanshah prov-
ince, Western Iran (Fig. 1). According to the official census
results of 2016 in Kermanshah province, the city’s popu-
lation is 19,000. This city is 166 km from Kermanshah and
is located near the border of Iran and Iraq. The elevation
of this region is about 333 m above sea level, and it has
a warm and somewhat temperate climate. The average of
the year’s coldest months fluctuating is 2.5°C-5°C, and
for warmest months is 25°C-43°C. The amount of rainfall
varies from 350 to 450 mm/y.

2.2. Specifications of the studied wastewater treatment plant

The study site is a wastewater treatment plant with con-
structed wetlands process. This treatment plant receives
and treats the wastewater of Qasr-e-Shirin city with a
flow rate of 2,200 m®/d. The main parts of this treatment
plant include an inlet flow channel, two screening units
(mechanical and manual), two grit chamber units, two
anaerobic ponds, 12 reed beds, a chlorination basin, and
an outlet flow channel (Fig. 2). Anaerobic ponds and reed
beds are the most important parts of the studied waste-
water treatment plant. The specifications and design
principles of these units are presented in Table 1.

2.3. Sampling and analysis

This study selected the coldest and warmest seasons
for sampling “cold sampling season” included January,
February, and March, and the “hot sampling season”
included July, August, and September of 2019. Seven
sampling points were selected in the studied wastewa-
ter treatment plant, and one sample was collected weekly
from each point. Due to three months of sampling in the
cold season and three months in the hot season, 24 samples
were taken from each point (12 samples in the hot season
and 12 samples in the cold season). So, 168 samples were
taken in this study (84 samples in the warm season and
84 samples in the cold season). The seven sampling points
were as follows:

¢ Inlet wastewater to the treatment plant (inlet wastewater
to anaerobic ponds).

Effluent from the anaerobic ponds (inlet to reed beds).
Effluent from the first 5 m of the selected reed bed.
Effluent from the second 5 m of the selected reed bed.
Effluent from the third 5 m of the selected reed bed.
Effluent from the fourth 5 m of the selected reed bed.
Effluent from the fifth 5 m of the selected reed bed
(effluent from the treatment plant).
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Fig. 1. Map of Kermanshah province and Qasr-e-Shirin city
and location of the studied wastewater treatment plant.

Three main objectives were investigated In this study,
including “determination of overall system performance”,
“determination of anaerobic ponds and reed beds perfor-
mance”, and “determination of reed bed length effect on
the removal of organic matter, suspended solids, and nutri-
ents”. In the following, each unit’s inlet wastewater and
outgoing effluent were used to determine its efficiency. For
this aim, one of the beds (reed bed number 11 with a length
of 25 m) was divided into five parts (5 m each). Four per-
forated polyethylene pipes with a depth equal to the bed
depth were installed on the beds to sample at intervals of
5 m. So, six points were studied for bed sampling: The inlet
flow to the bed was as point number 1, four perforated
pipes were considered points 2 to 5, and the bed output
flow was considered point number 6. Also, due to the uni-
formity of all hydraulic conditions and the concentration
of incoming wastewater to all reed beds, the studied bed’s
output was considered the treatment plant’s output (Fig. 3).

For each sample, the most important quality param-
eters of raw wastewater and treated effluent, including
biochemical oxygen demand (BOD,), chemical oxygen
demand (COD), total suspended solids (TSS), total nitro-
gen (TN), and total phosphorus (TP), were measured
according to standard methods of water and wastewater
examinations [28].

2.4. Statistical analysis

All data have been investigated using the statistical
package IBM SPSS Version 16.00 (SPSS Inc., Chicago, IL,
USA). Two-group independent t-test at a significant level
(a0 = 0.05) was used to compare the efficiency of the treat-
ment plant and the concentration of each parameter between
the hot and cold seasons. Also, one way ANOVA test was
used at a significant level (a = 0.05) to compare the amount
of each of the effluent parameters at different distances of
the reed bed.

125m

—

Screening i

=

=

Grit Chamber

J 0 — 23m

‘-_.

F

Anaerobic Ponds  Vegetated Beds Chlorination

Selected reed Bed

Fig. 2. Schematic of unit arrangement in Qasr-e-Shirin wastewater treatment plant.
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Table 1

Specifications and design principles of reed beds and anaerobic ponds of Qasr-e-Shirin wastewater treatment plant

Parameter Characteristic Parameter Characteristic
Specifications of anaerobic ponds
Volume of each pond 4,400 m® Hydraulic retention time 4d
Area of each pond 880 m? Interval of sludge discharging 3y
Useful depth 5m Floor-type Compacted clay:
height 20 cm
Input flow 180 m?/d Volumetric organic 40 kg/d
Specifications of reed beds
System type Subsurface horizontal flow Average depth of the sand bed 0.85m
Type of plant Phragmites australis and Typha latifolia  Bed porosity 35%
Input flow 180 m®/d Hydraulic retention time 52d
BOD, loading 450 kg/d Number of input tubes 16
Total surface area 3,125 m? Number of output tubes 16
Length of the sand bed  125m Floor-type Compacted clay
Width of the sand bed 25m Distance between two consecutive straw ~ 5m
Sampling
pipe
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Fig. 3. Cross-sectional cutting of reed bed (Cell-No. 11) and how to install perforated pipes and inlet and outlet position.

3. Results and discussion

The results showed that the average of BOD, in the
inlet raw wastewater to anaerobic ponds, the effluent from
the anaerobic ponds (inlet to reed beds), and the effluent
from reed beds (effluent of treatment plant) were equal to
237.9 + 19.4, 1255 + 26.3 and 22.7 + 4.3 mg/L, respectively
(Table 2). Accordingly, the overall efficiency of this plant
in BOD, removal was equal to 90.6% (anaerobic ponds:
56% and reed beds: 34.6%) (Fig. 4).

Based on the results, the total efficiency of COD
removal by the treatment plant is 90.1%, and the share of
anaerobic ponds and reed beds equal 42.8% and 47.3%,
respectively (Fig. 5). Similarly, the total efficiency of the
treatment plant, anaerobic ponds, and reed beds were 94%,
59.3%, and 34.7% in TSS removal (Fig. 6), 50.2%, 9%, and

41.2% in TN removal (Fig. 7), and 35.4%, 9.6% and 25.8% in
TP removal (Fig. 8).

The removal of different parameters in the present
research is significant and almost equal to many common
mechanical systems. In previous studies, the removal of
BOD, and TSS was 90% to 95%. Also, the removal of total
phosphorus and total nitrogen was reported in the range
of 10%—20% and 15%—25%, respectively [29-39]. A con-
ventional activated sludge process (with a total nitrogen
content of 35 mg/L and a BOD, of 200 mg/L) can remove
nitrogen and phosphorus at 20%-25% [40].

Therefore, the results of the Qasr-e-Shirin wastewater
treatment plant show that, in general, the rate of pollut-
ants removal in this system, compared to many expen-
sive mechanical systems, with high energy consump-
tion and complex operation, was in good and acceptable
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Fig. 4. Overall amount and removal fluctuation of BOD, by different steps of WTP (wetland process).

Table 2

Mean, the minimum and maximum amount of various parameters in influent of WTP, the effluent of anaerobic pond and effluent of

WTP (wetland process) in sampling warm and cold seasons

Parameters Sample Influent of WTP Influent of bed Effluent of WTP
number (Influent of the anaerobic pond)  (Effluent of the anaerobic pond) (Effluent of bed)
Min. Max. Mean + SD Min. Max. Mean +SD Min. Max. Mean + SD
Warm season
BOD, (mg/L) 12 205.0 241.0 13.5+2249 77.6 130.3 19.7+104.8 12.5 31.5 5.7+22.0
COD (mg/L) 12 356.0 392.0 11.7 £ 375.0 156.0 248.0 35.1+211.8 30.2 40.5 3.5+36.0
TSS (mg/L) 12 182.0 224.0 17.5 £202.5 575 96.0 14.0 £ 80.3 74 16.3 26+11.2
TN (mg/L) 12 33.0 41.3 24 +38.1 323 37.0 1.4+£355 13.8 18.1 1.5+164
TP (mg/L) 12 4.6 8.2 1.2+6.8 55 6.8 04+6.0 3.6 4.6 03+4.1
Cold season
BOD, (mg/L) 12 221.0 276.0 18.9 +£248.3 124.5 158.9 11.2+146.2 20.1 27.7 2.2+235
COD (mg/L) 12 382.0 438.0 22.0 +409.7 221.6 2542  10.7 +£237.0 31.6 49.3 48+418
TSS (mg/L) 12 176.0 231.0 20.3+201.4 66.5 97.4 10.4 £ 84.2 8.9 17.5 3.0+13.2
TN (mg/L) 12 26.0 40.2 46+34.3 24.0 394 5.1+30.4 16.9 22.1 1.8+19.6
TP (mg/L) 12 54 7.4 0.7+6.6 48 7.1 0.8+6.0 4.2 49 03+4.6
Total

BOD, (mg/L) 12 205.0 276.0 19.4 £237.9 77.6 1589 26.3+125.5 12.5 315 43+227
COD (mg/L) 12 356.0 438.0 24.7 +392.3 156.0 2542 284 +2244 30.2 49.3 5.1+389
TSS (mg/L) 12 176.0 231.0 18.5+201.9 57.5 97.4 122+£82.2 7.4 17.5 3.0+122
TN (mg/L) 12 26.0 41.3 41+36.2 24.0 394 45+329 13.8 22.1 2.3+18.0
TP (mg/L) 12 4.6 8.2 1.0+£6.7 48 7.1 0.7+6.0 3.6 49 04+43

condition. It is even more efficient at TSS, nitrogen, and
phosphorus removal than conventional mechanical sys-
tems. One of the concerns in the water and wastewater
industry is achieving low-cost, efficient, simple systems
and meeting the receiving water standard. In many
cases, meeting these standards results in high construc-
tion and operation costs, especially in nutrient removal.
Therefore the initial analysis of wastewater and deter-
mination of input pollutants can play an essential role
in the appropriate treatment system selection before

designing mechanical systems. Using simple systems and
low-cost constructed wetlands, the number of pollutants
in raw wastewater can meet environmental standards,
especially in small towns and rural areas such as Qasr-
e-Shirin. The results show that the natural treatment sys-
tem is cost-effective according to the conditions of the
studied city.

In general, the efficiency of pollutant removal in the
Qasr-e-Shirin wastewater treatment plant is a function of
the performance of each unit because the system consists



96 R. Davoodi et al. / Desalination and Water Treatment 281 (2023) 91-102
-&=COD -—@—Efficiency
450 901 100
84.8 .
400 Q\ 80.9 90
350 3923 N\ 80
300 \ Step1=Effluent of anaerobic pond 70
S Step 2=Effluent of first 5Sm of bed 60 ;\3
g 250 Step 3=Effluent of second 5m of bed 50 =
E 200 Step 4=Effluent of third 5m of bed 2]
o Step 5=Effluent of fourth 5m of bed 40 -
O 150 Step 6=Effluent of fifth 5m of bed =)
- 30 =
~w 88
100 b T 20
- 0_ -
50 1047 749 Rt T 10
‘ 97 380 @
0 0
Influent of  Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
WTP (Final
Diffrent steps of WTP (Wetland process) effluent)
Fig. 5. Overall amount and removal fluctuation of COD by different steps of WTP (wetland process).
-@®=TSS -—@=—Efficiency
250 9T 8 936 940 100
89.0 -
90
200 € 2019 80
\
Step1=Effluent of anaerobic pond 70
~ Step 2=Effluent of first Sm of bed —
2 150 - 60 &
) Step 3=Effluent of second 5m of bed R
£ Step 4=Effluent of third Sm of bed | 50 2
2 100 Step 5=Effluent of fourth Smofbed | 4o &
= Step 6=Effluent of fifth 5m of bed 30 2
G
=
~
~ 33.9
50 ‘oo 2.1 165 140 sl 2
~——~G—eo “l 10
. L il LY Sy Q. & .
Influent of  Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
WTP (Final
Diffrent steps of WTP (Wetland process) effluent)
Fig. 6. Overall amount and removal fluctuation of TSS by different steps of WTP (wetland process).
-®=TN —@— Efficien
" - iciency 60
. 53.0
35 ~-_«32.9 b | 5o
30 S
_ ~ 40
O 25 S
B 309 <& 183 17.0 18.0 s
E 20 S 30 &
£ s Bt deluinid 5
Step1=Effluent of anaerobic pond 20 2
10 Step 2=Effluent of first Sm of bed 5|
Step 3=Effluent of second 5m of bed 10
5 Step 4=Effluent of third 5m of bed
0 Step 5=Effluent of fourth 5m of bed 0
Influent of  Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
WTP (Final

Diffrent steps of WTP (Wetland process) effluent)

Fig. 7. Overall amount and removal fluctuation of TN by different steps of WTP (wetland process).

of two consecutive units of anaerobic ponds and reed beds.
Proper performance and high removal in the anaerobic unit
as the first process unit can increase the treatment plant’s effi-
ciency and reduce the input load to the reed beds. Different
studies show that the combination of anaerobic ponds and
subsurface reed beds has high efficiency in contaminants

removal. In a study by Sani et al. [41], anaerobic pond units
were applied before subsurface reed beds, and the system
was tested in continuous and discontinuous flow condi-
tions. Our results showed that in continuous flow mode, the
removal rates of BOD,, TSS, TN, and TP were 77.2%, 92%,
91%, and 89%, respectively. Also, the results of discontinuous
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Fig. 8. Overall amount and removal fluctuation of TP by different steps of WTP (wetland process).

removal efficiency for the above parameters were 92%, 97%,
97.5% and 97%, respectively. The BOD, and TSS removal
results were similar to those obtained in the above study, but
the TN and TP removal was at a lower rate in their study.

In the study of Merlin et al. [42], it was reported that
the overall average TSS removal from rural wastewater
by horizontal subsurface flow constructed wetlands in the
pilot scale was more than 95.5%, and the removal of BOD,
and COD was more than 90%. In Barco and Borin [43],
the efficiency of full-scale hybrid-constructed wetlands
in COD, TN, and TP removal from municipal wastewater
was 46.7%, 74.3%, and 37.4%, respectively. While the results
of the present study from the removal efficiency of COD
and TN was very different from this study, it was similar
in terms of TP removal rate. The results of the Masi et al.
[44] study showed that the efficiency of the four-stage con-
structed wetlands (CW) system in parameters removal of
organic compounds, TN, TP, and TSS were 86%, 60%, 43%,
and 89%, respectively. In addition, based on Elfanssi et al.
[45], the main removal percentages of total suspended sol-
ids (TSS), biochemical oxygen demand measured in a 5-day
test (BOD,), chemical oxygen demand (COD), total nitro-
gen, and total phosphorus were respectively 95%, 93%,
91%, 67%, and 62% which is significantly different from
our results. The difference can be due to the quality of raw
wastewater entering the treatment plant, design param-
eters, site climatic conditions, single-stage or multi-stage
treatment process, pilot scale, or full scale of the relevant
system [17-27,42-45].

According to Iranian Environmental Standards about
the discharge of treated wastewater into surface water,
the maximum allowable levels of BOD,, COD, TSS, and
TP are 30, 60, 40, and 6 mg/L, respectively [46]. While
based on the results, the mean of the above parameters
in the final effluent of the Qasr-e-Shirin treatment plant
in the hot season was 22.0 + 5.7, 36.0 = 3.5, 11.2 + 2.6 and
4.1 + 0.3 mg/L, respectively, and in the cold season was
23.5+2.2,41.8+4.8,13.2 3.0, and 4.6 + 0.3 mg/L (Table 2).
By comparing the results with the standard, it is clear that
the quality of the treated wastewater is much lower than
the declared maximum allowable value. Therefore, it can
be said that the constructed wetlands system has an initial

construction cost and lower operation and maintenance
costs than the most common mechanical systems (includ-
ing conventional and extended aeration-activated sludge
processes). Also, the efficiency and quality of treated
effluent are relatively equal to conventional mechanical
wastewater treatment systems and can be considered even
better.

Based on the results, the share of anaerobic ponds
in BOD, and TSS removal was more than in reed beds,
while in TN and TP removal, the share of reed beds was
more. The efficiency of COD removal was similar in both
anaerobic ponds and reed beds (Figs. 3-7).

The reason for the high efficiency of reed beds in the
TN removal compared to anaerobic ponds is the nature
of the anaerobic process. Because the recipient is the raw
wastewater, there is no oxygen for the nitrification and
denitrification processes. So, only the conversion of urea
to ammonia nitrogen occurs, and TN is removed in small
amounts. In practice, sedimentation can be considered the
main factor in the same small amount of removal in anaer-
obic ponds. However, the TN removal rate in reed beds is
much lower than in anaerobic ponds due to multiple mecha-
nisms such as sedimentation, adsorption, adsorption, accu-
mulation, nitrification, and denitrification. Overall these
findings are in accordance with Sani et al. [41]. In the TSS
removal, the sedimentation mechanism causes the anaer-
obic ponds to play a more prominent role than the reed
beds because sedimentation is the predominant removal
mechanism in the anaerobic ponds [47].

The study results showed that the concentration of
BOD,, COD, and TN parameters in the raw wastewater
entering the treatment plant in both hot and cold seasons
are significantly different (P-value > 0.05). The concentra-
tion of the above parameters in the cold season (248.3 + 18.9,
409.7 + 22.0 and 34.3 + 4.6 mg/L, respectively) was sig-
nificantly higher than in the warm season (224.9 + 13.5,
375.0+11.7 and 38.1 + 2.4 mg/L, respectively). The mean TSS
and TP of raw wastewater were not significantly different
between the hot and cold seasons (P-value > 0.05) (Table 3).
Higher concentrations of BOD,, COD, and TN parameters
in the raw wastewater in the cold season can increase the
input load. The tourist nature of the city can be one of the
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reasons for the increased load. In winter, several million
pilgrims pass through this area to Iraq for pilgrimage and
religious ceremonies.

The results also showed that the removal efficiency of
all parameters in the warm season was higher than in the
cold season, but this difference was significant only for TN
(P <0.05). The slightly higher value of the removal efficiency
of mentioned parameters in the warm season compared to
the cold season can be due to the higher temperature of the
warm season, which improves the biological activity of the
wastewater treatment process [48,49].

The above results show that although the treatment
plant efficiency was lower in winter than in summer, the
removal load in terms of kg/d in winter for BOD,, COD,
and TN parameters was higher than in summer. The results
indicate that the treatment plant still has sufficient capac-
ity to treat more contaminants entering the system. The
results found that the removal load of anaerobic ponds in
the cold season for BOD, COD, and TN is less than in the
warm season. This situation is the opposite in reed beds
for the same parameters, and the removal load in the cold
season is more than in the hot season. As discussed, this is
because more input load enters the system during the cold
season, and the efficiency of anaerobic ponds decreases,
which increases the input load to the reed beds.

The results also showed that the concentration of all
parameters (except BOD,) in the treated effluent between
the third and fourth 5 m of the bed was not significantly
different (P > 0.05). While in other cases, there was a sig-
nificant difference (P > 0.05). In addition, the concentra-
tion of all parameters (except COD) in the treated efflu-
ent between the fourth and fifth parts of the bed was not
significantly different (P > 0.05), while in other cases,
there was a significant difference (P > 0.05), (Tables 4-6).
According to the statistical analysis, in the parameters that
were not significantly different, the average concentra-
tion of that parameter is approximately the same between

Table 3
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the third and fourth 5-m distances or between the fourth
and fifth 5-m distances. Therefore, the parameter’s con-
centration difference between the mentioned distances is
insignificant.

Based on the statistical analysis, a distance of 15 m from
the bed is sufficient for desired pollutants removal in the
hot season because the average parameters of BOD,, COD,
TSS, and TP in the effluent from the third 5 m of the bed
were 29.6 + 4.2, 58.9 + 2.8, 154 + 1.4 and 4.5 + 0.3 mg/L,
respectively, which are less than the amount allowed by
the Iran standard to discharge effluent into the receiving
water (30, 60, 40 and 6 mg/L, respectively). The quality of
the effluent from the third 5 m of the bed (length 15 m) in
the cold season shows that although the average TSS and
TP meet the standard, the BOD, (54.3 + 4.2 mg/L) and COD
(91.0 = 0.5 mg/L) are higher than the acceptable standard
(Table 4). Therefore, a longer bed length is required to meet
these parameters’ standards in the cold season. According
to the results obtained in the cold season (Table 4), although
the fourth 5 m of the bed (20 m in length) caused the BOD,
(29.9 + 2.1 mg/L) to fall below the standard (30 mg/L), the
mean COD (73.7 + 2.3 mg/L) is still higher than the standard
limit (60 mg/L). So, more bed length is needed to further
reduce the amount of COD, especially in the cold season.
Based on Table 4, it is clear that the average amount of COD
in the effluent from the fifth part of the bed compared to
the fourth part has decreased significantly (73.7 + 2.3 to
41.8 + 4.8 mg/L) (P < 0.05). The above results show that
based on the quality of raw wastewater and the design
parameter of anaerobic ponds, a bed of 25 m is needed to
produce an effluent meeting the recommended guidelines.
It is necessary to explain that if the efficiency of anaerobic
ponds can be improved by changing the design criteria or
operating conditions, with a length of 15 or 20 m from the
reed beds, the treated effluent can be obtained according to
the standard of the environmental protection organization
of Iran.

Statistical analysis for comparison of the warm and cold seasons in terms of parameters concentration of influent wastewater to

WWTP and overall efficiency of WWTP for removal of parameters

Parameters Warm season Cold season P-value
Number of samples Mean + SD Number of samples Mean + SD
The parameters concentration of influent wastewater to WWTP (mg/L)
BOD, (mg/L) 12 13.5+224.9 12 18.9 +248.3 0.002
COD (mg/L) 12 11.7 £ 375.0 12 22.0 £409.7 <0.001
TSS (mg/L) 12 17.5+202.5 12 20.3 £201.4 0.886
TN (mg/L) 12 24 +38.1 12 4.6+34.3 0.024
TP (mg/L) 12 1.2+6.8 12 0.7+6.6 0.578
Overall efficiency of WWTP for parameters removal (%)
BOD, (mg/L) 12 24+90.5 12 24+904 0.768
COD (mg/L) 12 0.95+90.4 12 1.5+89.7 0.211
TSS (mg/L) 12 1.2+945 12 1.9+933 0.091
TN (mg/L) 12 4.0+56.8 12 12.6 +41.3 0.001
TP (mg/L) 12 14.3 +37.9 12 9.7+29.6 0.110
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Mean, the minimum and maximum amount of various parameters in influent of bed, effluent from first and second 5 m of bed
related to wetland process in sampling warm and cold seasons

Parameters Sample Influent of bed Effluent from the first 5 m Effluent from the second
number of bed 5 m of bed
Min. Max.  Mean +SD Min. Max.  Mean + SD Min. Max. Mean + SD
Warm season
BOD, (mg/L) 12 77.6 130.3 19.7+104.8 65.0 86.5 6.8+72.1 45.8 56.3 3.1+51.5
COD (mg/L) 12 156.0 248.0 35.1+211.8 100.9 1278 79+119.3 74.5 87.5 43+81.7
TSS (mg/L) 12 57.5 96.0 14.0 +80.3 27.0 39.0 41325 19.5 224 0.8+21.1
TN (mg/L) 12 32.3 37.0 1.4+355 22.8 27.6 1.4+252 20.4 23.8 1.3+22.1
TP (mg/L) 12 55 6.8 04+6.0 4.7 5.9 0.3+5.3 43 5.3 03+4.7
Cold season
BOD, (mg/L) 12 124.5 1589 11.2+146.2 89.9 1105 54+98.9 15.0 84.5 18.9+729
COD (mg/L) 12 221.6 2542  10.7 +237.0 163.2 1713 26+167.4 123.7 1329 3.0+127.7
TSS (mg/L) 12 66.5 97.4 104 +84.2 25.8 40.7 43+352 20.5 29.9 2.8+232
TN (mg/L) 12 24.0 39.4 5.1+30.4 229 26.7 1.0+24.8 19.9 22.6 0.8+21.2
TP (mg/L) 12 4.8 7.1 09+6.0 5.1 5.9 0.3+5.6 5.1 5.3 0.1+5.2
Total
BOD, (mg/L) 12 77.6 1589 26.3+1255 65.0 1105 149+855 15.0 84.5 17.2+62.2
COD (mg/L) 12 156.0 254.2 28.4+224 4 143.3 25.2 171.3 £100.9 74.5 132.9 23.7 £+104.7
TSS (mg/L) 12 575 97.4 12.3+82.3 25.8 40.7 4.3+33.9 19.5 29.9 23+221
TN (mg/L) 12 24.0 394 45+329 22.8 27.6 1.2+25.0 199 23.8 1.1+21.7
TP (mg/L) 12 4.8 7.1 0.7+6.0 4.7 5.9 0.3+54 4.3 5.3 0.3+5.0
Table 5

Mean, the minimum and maximum amount of various parameters in effluent from third, fourth, and fifth 5 m of bed related
to wetland process in sampling warm and cold seasons

Parameters Sample Effluent from the third Effluent from the fourth Effluent from the fifth
number 5 m of bed 5 m of bed 5 m of bed
Min. Max. Mean + SD Min. Max. Mean + SD Min. Max. Mean + SD
Warm season
BOD, (mg/L) 12 22.6 38.3 42+29.6 22.1 32.8 0.3+25.6 12.5 31.5 5.7+22.0
COD (mg/L) 12 54.8 63.6 2.8+589 41.5 49.5 24+458 30.2 40.5 35+36.0
TSS (mg/L) 12 13.0 17.4 14+154 11.9 14.1 0.7+13.0 7.4 16.3 26+11.2
TN (mg/L) 12 17.5 19.5 0.7+18.7 17.2 17.9 02+174 13.8 18.1 1.5+164
TP (mg/L) 12 4.0 49 0.3+45 3.9 49 0.3+4.3 3.6 4.6 03+4.1
Cold season
BOD, (mg/L) 12 48.5 61.0 42+543 26.8 34.0 2.1+299 20.1 27.7 22+235
COD (mg/L) 12 84.6 99.5 0.5+91.0 70.1 77 .4 23+73.7 31.6 49.3 48+41.8
TSS (mg/L) 12 15.2 19.3 1.1+17.6 13.2 16.3 0.9+15.1 8.9 17.5 3.0+£13.2
TN (mg/L) 12 16.9 18.9 0.6+17.9 14.9 19.1 1.2+16.6 16.9 22.1 1.8+19.6
TP (mg/L) 12 5.0 5.3 0.1+5.1 4.3 49 0.2+4.8 4.2 49 0.3+4.6
Total
BOD5 (mg/L) 12 22.6 61.0 13.2+41.9 22.1 34.0 3.4+27.7 12.5 315 43+227
COD (mg/L) 12 54.8 99.5 169 +74.9 41.5 77 .4 14.4 +59.7 30.2 49.3 389+5.1
TSS (mg/L) 12 13.0 19.3 1.6+16.5 11.9 16.3 1.3+14.0 7.4 17.5 3.0+12.2
TN (mg/L) 12 16.5 19.5 0.8+18.3 14.9 19.1 09+0.17 13.8 22.1 2.3+18.0
TP (mg/L) 12 4.8 5.3 04+48 3.9 4.9 03+45 3.6 4.9 04+43
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Table 6

Statistical analysis for comparison of different sampling steps in terms of parameters concentration of effluent

Sampling step BOD, COD TSS N P
Effluent from the first 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
Effluent from the second 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
Influent of bed Effluent from the third 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
Effluent from the fourth 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
Effluent from the fifth 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
Influent of bed <0.001 <0.001 <0.001 <0.001 <0.001
. Effluent from the second 5 m of bed <0.001 <0.001 <0.001 <0.001 0.003
Effluent from the first .
5 m of bed Effluent from the third 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
Effluent from the fourth 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
Effluent from the fifth 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
Influent of bed <0.001 <0.001 <0.001 <0.001 <0.001
Effluent from the first 5 m of bed <0.001 <0.001 <0.001 <0.001 0.003
Effluent from the .
Effluent from the third 5 m of bed <0.001 <0.001 0.008 <0.001 0.836
second 5 m of bed
Effluent from the fourth 5 m of bed <0.001 <0.001 <0.001 <0.001 0.006
Effluent from the fifth 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
Influent of bed <0.001 <0.001 <0.001 <0.001 <0.001
Effluent f the third Effluent from the first 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
; mu;“beéom €Y Effluent from the second 5 m of bed <0.001 <0.001 0.008 <0.001 0.836
Effluent from the fourth 5 m of bed 0.020 0.113 0.665 0.335 0.163
Effluent from the fifth 5 m of bed <0.001 <0.001 0.091 0.997 0.001
Influent of bed <0.001 <0.001 <0.001 <0.001 <0.001
Effluent from the first 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
Effluent from the
Effluent from the second 5 m of bed <0.001 <0.001 <0.001 <0.001 0.006
fourth 5 m of bed .
Effluent from the third 5 m of bed 0.020 0.113 0.665 0.335 0.163
Effluent from the fifth 5 m of bed 0.870 0.008 0.858 0.633 0.502
Influent of bed <0.001 <0.001 <0.001 <0.001 <0.001
. Effluent from the first 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
Efﬂ“ef“; :"m the fifth g ent from the second 5 m of bed <0.001 <0.001 <0.001 <0.001 <0.001
>mofbe Effluent from the third 5 m of bed <0.001 <0.001 0.091 0.997 0.001
Effluent from the fourth 5 m of bed 0.870 0.008 0.858 0.663 0.502

4. Conclusion

Based on the results of this study, it can be concluded
that the Qasr-e-Shirin wastewater treatment plant with hor-
izontal subsurface flow constructed wetlands process can
have good efficiency in organic compounds, nitrogen and
phosphorus, and TSS removal from municipal wastewater.
So that the overall efficiency of the process in BOD,, COD,
TSS, TN, and TP parameters removal, were 90.6%, 90.1%,
94%, 50.2%, and 35.4%, respectively. In addition, the amount
of high parameters in the final treated effluent was less than
the maximum allowable amount of these parameters for
discharge to receiving water. It can be said that although
the pollution load of the treatment plant for BOD, and COD
parameters in winter was significantly higher than in sum-
mer, the treatment plant efficiency in winter was not sig-
nificantly different from the summer. Thus, it can be con-
cluded that the treatment plant still has sufficient capacity
to treat more pollutants. Based on the results, although a
distance of 15 m from the reed beds is sufficient to achieve
quality following the standard, this reed bed length is

not enough in the cold season, and 25 m of reed beds will
be required.
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