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Abstract
Background: Investigating the performance of naturally operated treatment plants may be due to the fact 
that they cannot be operated as desired, or that they should be modified to achieve good performance 
e.g. for nutrients removal. The advantage of kinetic coefficient determination is that the model can be 
adjusted to fit data and then used for analyzing alternatives to improve the process. This study investigates 
the efficiency of subsurface artificial wetland and determines its kinetic coefficients for nutrient removal.
Methods: The present study investigated the kinetics of biological reactions that occurred in subsurface 
wetland to remove wastewater nutrient. Samples were taken from 3 locations of wetlands for 6 months. 
The nutrient content was determined through measuring Total Kjehldahl Nitrogen (TKN), ammonium, 
nitrate, and phosphate values. 
Results: Average levels for TKN, ammonium, nitrate, and phosphate in effluent of control wetland were 
41.15, 23.59, 1.735, and 6.43 mg/L, and in wetland with reeds were 28.91, 19.99, 1.49 and 5.63 mg/L, 
respectively. First-order, second-order, and Stover-Kincannon models were applied and analyzed using 
statistical parameters obtained from the models (Umax, KB). 
Conclusion: The nutrients removal at Yazd wastewater treatment plant was remarkable, and the presence 
of reeds in wetland beds was not very efficient in improving system performance. Other more efficient 
plants are suggested to be evaluated in the system. Stover-Kincannon kinetic model provided predictions 
having the closest relationship with actual data obtained from the field. 
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Introduction
The main aim of wastewater treatment is to produce suit-
able effluent to discharge into receiving environments, 
so that effluent discharge standards are followed, and no 
losses are imposed upon the receiving environments. By 
making water return to the consumption cycle directly, 
wastewater treatment protects the environment and im-
proves general health. Given the importance of water 
crisis in this century, the vitality of wastewater treatment 
becomes more significant. Today, appropriate approaches 

to wastewater treatment demand minimum costs and ad-
vanced technical facilities along with simplicity in opera-
tion (1).
The problems arising from municipal and industrial 
wastewater have been important for different societies (2-
4). The major problems related to the common methods 
of municipal wastewater treatment are high energy con-
sumption, high construction and operation costs, require-
ment for complex operations, requirement for sludge dis-
posal and the use of mechanized systems which are nec-
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essary for a treatment method using high-tech. However, 
not only doing natural wastewater treatment systems have 
the advantage of low technology and high performance, 
but also they rely on the existing natural and renewable 
energies like solar radiation, wind energy, energy stored 
in biomass, and soil (2,3,5,6). Some of natural wastewater 
treatment systems are natural systems of soil, aquatic sys-
tems, and reed system. They are frequently considered as 
‘black boxes’ in which polluted waters are cleansed.
Wetlands fall into two groups: natural and artificial. Artifi-
cial wetlands seem to be one of the most appropriate tech-
nologies in developing countries since these systems enjoy 
features like resemblance to natural systems, simplicity of 
construction, ease of operation and maintenance, process 
stability, low sludge production and, low cost. Increased 
attention to natural processes, the necessity of treating the 
wastewater in sparsely populated areas, the use of public 
wastewater treatment, costs, operation, and maintenance 
needs are among the factors that have attracted public at-
tention towards wetlands worldwide over the past 20 to 30 
years. These systems have low initial costs and are easy in 
operation and maintenance (2,7,8).
The main difference between common systems of waste-
water treatment and reed systems is in their speed. In 
common systems, in low volume reactors wastewater, 
treatment is quick, with high energy consumption and 
high management treated, while in aquatic systems and 
wetlands, treatment is conducted with less speed and ba-
sically without the need of natural environments (9,10). 
Currently, artificial wetlands are used in primary depos-
ited wastewater treatment, secondary wastewater, third 
stage effluent treatment, disinfection, rural and urban sur-
face wastewater management, toxic pollutant reduction 
management, landfills water leakage and mine wastewa-
ter treatment, sludge management, industrial wastewater 
treatment, nutrients removal from wastewater, nutrient 
excretion via biomass production, and groundwater sup-
ply. The presence of nitrogen in wastewater can be adverse 
for several reasons. Nitrogen, as free ammonia, is toxic to 
fish and many other aquatic organisms because nitrogen 
as ammonium ion or ammonia consumes oxygen, result-
ing in reduced dissolved oxygen in water. In terms of pub-
lic health, the presence of nitrate ion in drinking-water 
is a potential risk for children. Given the local circum-
stances and conditions, removing all forms of nitrogen or 
just ammonium may be necessary. In biological treatment 
systems, both of the above objectives can be achieved eco-
nomically. All forms of phosphorus and nitrogen are re-
garded as nutrients for aquatic plants, and thus have role 
in creating the phenomena called eutrophication (11,12).
In a study done by Mayo and Bigambo in a subsurface 
artificial reed system, nitrogen removal model showed 
that 0.872 g of nitrogen per square meter was deposited 
in wetland floor system, on the sand bend, and in plant 
roots every day. However, 0.752 g of nitrogen per square 
meter deposited (86.2%) returned into the reed system 
process which means that only 13.8% nitrogen deposited 
is constantly removed. The total nitrogen removal rate in 

this study was reported as 48.9%. 29.9%, 10.2%, and 8.2% 
(of net removal rate) of the removal rate were via denitri-
fication, uptake by plants, and sedimentation in respect 
(13). In another study done by Brooks et al, phosphorous 
removal rate by subsurface reed system was reported to 
be more than 80%, and the concentration of phosphorus 
output dropped by 0.14-0.5 mm/L. These results were 
obtained for retention time of 40 hours while lower re-
tention time showed 39% removal rate. In this research, 
a significant relationship was observed between retention 
time and phosphorous removal rate (14). Moreover, Mi-
ranzadeh et al study indicates that by increasing the sys-
tem retention time from 2 days to 7 days in a subsurface 
reed system, the mean reduction of Total Phosphate (TP) 
increased from 12% to 36% in control wetland and 37% 
to 74% in the wetland with reeds (15). The problems of 
drinking water supply in most of Iranian provinces, the 
lack of proper management of wastewater, and the release 
of untreated wastewater into the environment suggest a 
growing need for the proper management of effluent and 
the prevention of its adverse impacts on our lives and en-
vironment. Hence, one of the most important environ-
mental issues is to manage wastewater properly. Without 
knowing the status of treatment system, it is not possible 
to evaluate it properly. In this article, the performance of 
artificial wetland of Yazd city wastewater treatment plant 
has been examined with regard to nutrients removal. A 
large number of physical, chemical, and biological pro-
cesses are involved in these systems influencing each oth-
er. These processes are not fully understood to date due 
to lack of appropriate models. The most widely employed 
modeling equations give only an exponential profile of 
inlet and outlet pollutant concentrations, without consid-
ering the full range of pollutant variability of engineered 
wetlands (16). This research also determined the kinetic 
coefficients of nitrogen and phosphorus and proposes the 
best model for the removal of studied parameters. The ex-
isting treatment plants may be investigated due to the fact 
that they cannot be directed as predicted and/or they must 
change for better performance. For example, they should 
be optimized in order to remove nutrients. There are 
many experiences about these analyses and determining 
kinetic coefficients. A model can be adjusted to fit the data 
and then used for the analysis of alternatives in order to 
improve the process. These analyses are used only for the 
development of experiences which contain a series of ap-
propriate data for fitting the model. Models may be used 
as tools for the analysis of the information obtained from 
the similar studies. To achieve this goal, it is necessary to 
choose those models which describe studied processes in 
a special way, so that the better or the best interpretation is 
selected; that is the most generalizable interpretation (16).

Methods 
Site specifications
The wastewater treatment plant of Yazd is located in the 
north of the city, close to the main road of Yazd airport. 
The latitudinal location of the Yazd Wastewater Stabili-
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zation Ponds (WSPs) is about 34.08°N, the longitude is 
around 49.70 E, and the pond’s altitude is 1710 m above 
sea level. Yazd treatment plant consists of three waste sta-
bilization pond systems and artificial wetland (Figure  1). 
Figure 2 shows the arrangement of the units in the treat-
ment plant. Table 1 presents the physical and operational 
characteristics of the wetland systems. 

Sampling
This was a descriptive cross-sectional study carried out 
during 6 months including the cold-season months (from 
mid-January to mid-March) and warm-season months 
(from mid-May to early August in 2010-2011). The warm 
and cold months of the year were determined through 
the weather data of the previous years, and it was done 
upon natural treatment system (artificial wetland). In this 
research, some composite samples were taken, carried to 
the laboratory, and measured according to the standard 
methods in order to determine nutrients parameters in 
different points of the existing treating plant systems. 
From Yazd artificial wetland treatment system series, 4 
beds were selected randomly. One bed did not have plants, 
and was used as the control bed, but the other three beds 
had reeds. All beds were designed with the same physical 
and hydraulic conditions. One bed was randomly chosen 
out of the beds with common reeds as the representative 

of all beds (Bafgh local reeds). The beds were 12 meters 
long (the flow length) and 20 meters wide with a total sur-
face area of 960 square meters. In this study, the waste-
water output from septic tanks as wastewater input into 
the reed beds was sampled and analyzed. Sampling was 
done monthly for 6 consecutive months (wastewater out-
put from septic (input into artificial wetland), wastewa-
ter output from control artificial wetland, and wastewater 
output from artificial wetland). All samples were taken 
in three sampling points located in the artificial bed, in 
three periods of time during a certain day, and each one 
was analyzed independently in order to increase the range 
of accurate data. Finally, in each sampling, three samples 
of the points (three samples for each point with different 
time frequencies) were taken for the determined param-
eters. Fifty-five samples were taken in total. 

Climate
Yazd city has a relatively cold and dry climate. The maxi-
mum temperature may rise up to +38°C in summer and 
may fall to -10°C in winter. The average temperature in 
the coldest month is -7.48°C. The average precipitation is 
around 300 mm and the annual relative humidity is 50%.

Figure 1. Overview of treatment plant

Figure 2. Schematic flow diagram for artificial wetland 

Table 1. Physical and operational characteristics of the artificial 
wetland system

Type of system Horizontal subsurface flow

Shape Four parallel-sized bed

Cell dimensions (m) 12×20

 Total area (m2) 960

Volume (m3) 235

The slope of the surface layer of clay 1%

Inflow (m3/day) 40

HRT (day) 5.87

HLR (m3/m2. d) 0.041

OLR (Kg/ha .d Max) 120–80

Pretreatment Septic tank

Abbreviations: OLR, Organic Loading Rate
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Analyzed parameters
 In order to determine all nutrients parameters, such as ni-
trogen, ammonia, nitrate, nitrite nitrogen, nitrogen Kjel-
dahl, orthophosphate, and total phosphorus, a total of 324 
tests were conducted for 3 point system. Water and waste-
water experiments were carried out based on the book of 
“Standard methods for the examination of water & waste-
water” (17). After the wetland was sampled, the samples 
were measured with the standard method. All experi-
ments in this research were conducted in Environmental 
Chemistry Laboratory, Health Department in Shahid Sa-
doughi University of Medical Sciences in Yazd. After col-
lecting the data, a paired sample t test was done by SPSS 
(version 16). The figures were also drawn using Excel 
software. In this research, three pollutant removal models 
including the first-order, the second-order (grove), and 
Stover-Kincannon were used in order to investigate the 
kinetics of kinetic reactions in removing nutrients.

Kinetic models
First-order pollutant removal model
Given that this reaction is a first-order type for removing 
pollutants, changes in speed of removing pollutants in a 
reactor are expressed as below (16,18):

o

                                                                                         (Eq. 1)

In this equation, Si and Se are input and output substrate 
concentration per mg/L, and K1 is the first-order kinetic 
constant. In stable conditions in the biological reactor, 
changes equal 0 in removing pollutant concentrations (dS/
dT). Therefore, equation 1 can be written as follows: 

                                                               (Eq. 2)

In which HRT (Hydraulic Retention Time) is done per 
day. Thus, k1 can be obtained from drawing Si – Se/HRT 
against Se based on the above equation (simplified version 
of equation 1). The slope value of the line equals k1.

Second-order pollutant removal model (Grove)
In fact, grove model shows the second-order kinetic which 
can be expressed as in the following (13,14):

i

i e

S HRT n HRT m
S S
×

= × +
−

                                             (Eq. 3)

Indeed, in order to simplify, it can be said that Si-Se/Si is 
practically the efficiency of removing pollutants in the 
system. So Instead of that, it is possible to put parameter 
E in the equation:

HRT n HRT m
E

= × +                                                     (Eq. 4)

By drawing the figure of equation 4, the values of m (per 
day) and n (without a unit) will be drawn as y-intercept 
and the slope of the line respectively. In the above-men-
tioned equation, HRT is per day. Pollutant removal speed 
constant or kS is calculated by m = Si/ks × X.

Stover-Kincannon model
This model is expressed as below in which Umax is the 
maximum speed of substrate removal g/l.day and KB, satu-
ration constant is g/l.day (16,18):

1

max max

1( ) ( )
( )

B

i e i

KdS V V
dt Q S S U QS U

− = = +
−                    (Eq. 5)

By drawing V/Q(Si-Se) per V/Q×Si, a straight line will be 
obtained. Its y-intercept and its slope will be the values of 
KB/Umax and 1/Umax respectively. Thus, KB and Umax values 
will be calculated.

Results
Nitrogen removal in artificial reed system depends upon 
system design, environmental chemistry (roots, plants, 
water and sediments), plant uptake, available carbon, and 
material type. Tables 2 and 3 show the mean efficiency of 
removing the studied parameters in the treatment plant 
using the method of artificial reed system with reeds and 
control reed system during three months of warm and 
three months cold study.
Stover-Kincannon model showed the above correspon-
dence for removing nutrients in artificial reed system.
Tables 4 and 5 indicate the statistical parameters of nitro-
gen and phosphorous removal with kinetic first-order, 
second-order (Grove), and Stover-Kincannon model in 
artificial reed system with reeds and that of control during 
the whole study. Stover-Kincannon model provided pre-
dictions having the closest relationship with actual data 
obtained from the field.
Discussion
Nowadays, it is proved that large aquatic plants (macro-
phytes) are able to help decompose human and animal 

Table 2. The mean efficiency of removing studied parameters in all of the treatment plant using the method of artificial reed system during 
three months of warm  study period

Parameter Input raw (mg/L) Effluent from the 
blank (mg/L)

Effluent from the reed 
Bafgh (mg/L)

Removal (%) in the 
blank

Removal (%) in the 
reed Bafgh

NO3-N 1.93 1.64 1.46 15.02 24.55

NH3-N 42.43 22.80 19.73 46.26 53.49

Total kjehldahl nitrogen 60.23 36.46 25.08 39.46 58.34

Total phosphate 7.90 6.14 5.20 22.27 34.17

O-PO4 6.05 4.45 3.92 26.44 35.20

1i e e
dS Q QS S k S
dt V V

− = × − × −

1
i e

e
S S k S
HRT
−

=



Environmental Health Engineering and Management Journal 2015, 2(1), 23–30 27

Farzadkia et al.

waste and remove pathogenic microorganisms along with 
many pollutants. Hence, plant systems have become more 
popular leading to a wider range of research in this regard 
as well (19).
The presence of wastewater can be unfavorable for sev-
eral reasons. Nitrogen as free ammonia is toxic to fish and 
many other aquatic organisms. Nitrogen as ammonium 
ion or ammonia consumes oxygen, resulting in reduced 
dissolved oxygen in water. In terms of public health, the 
presence of nitrate ion in drinking water is a potential 
risk for children. Given the local circumstances and con-
ditions, removing all forms of nitrogen and ammonium 
is necessary. In biological treatment systems, both of the 
above objectives can be achieved economically. All forms 
of phosphorus and nitrogen are regarded as a nutrient for 

aquatic plants, and thus have a role in creating the phe-
nomena called eutrophication.
In regard to the results obtained for nitrate nitrogen re-
moval in the subsurface reed beds of Yazd wastewater 
treatment plant, mean removal was 31.17% (the mean 
warm season of 24.55% and mean cold season of 36.62%). 
Considering the nature of these systems and the results 
obtained from other studies, the removal rate in the stud-
ied artificial wetland is typical of most subsurface artificial 
wetlands.
Ammonification occurs in most of the artificial reed sys-
tem designs under different common conditions, but 
high-rate nitrification needs average temperature, suitable 
pH for attached growth media, and enough oxygen. Total 
nitrogen falls by 46%–72% in most of reed systems. The 

Table 3. The mean efficiency of removing studied parameters in all of the treatment plant using the method of artificial reed system during 
three months of cold study period

Parameter Input Raw
(mg/L)

Effluent from the 
blank (mg/L)

Effluent from the reed 
Bafgh (mg/L)

Removal (Percent) in 
the blank

Removal (Percent) in 
the reed Bafgh

NO3-N 4.20 83.10 521.10 75.23 62.36

NH3-N 4.41 39.24 26.20 41.80 51. 60

Total kjehldahl nitrogen 54.85 84.45 75.32 41.46 71.61

Total phosphate 8.80 72.60 6.60 83.16 25.00

O-PO4 37.60 184.50 7.40 61.18 2.26

Table 4. Kinetic parameters of nitrogen and phosphorous removal with different kinetic models in artificial reed system with reeds

Kinetic Stover-Kincannon model

Coefficients KB Umax R2      Regression equation
Nitrogen removal 37 1.65 0. 942    y = 0. 482x + 0. 013 
Phosphorous removal 0.095 1.64 0.052    y = 0. 058x + 0. 607 

The first-order kinetic model
Coefficients K1                                R2

Nitrogen removal 0.302                             0.561 y = 0.302x - 1.714
Phosphorous removal 0.032                                   0.098   y = -0.032x + 0.584 

The second-order kinetic model (Grove model)
Coefficients m n     R2            Regression equation
Nitrogen removal 160.2 1.2       0.856       y = 2.100x - 2.160
Phosphorous removal 58.17 0.392        0.010         y = 0.392x + 17.58

Table 5. Kinetic parameters of nitrogen and phosphorous removal with different kinetic models in control systems

Kinetic Stover-Kincannon model

Coefficients KB Umax  R2 Regression equation
Nitrogen removal 8.53 35.71 0.745 y = 0.239x + 0.028 
Phosphorous removal 0.008 1.38 0.016 y = 2.391x + 2.979

The first-order kinetic model
Coefficients K1                                  R2

Nitrogen removal  0.091                                     0.199 y = 0.091x + 1.469
Phosphorous removal 0.155                                        0.156 y = -0.055x + 0.606

The second-order kinetic model (Grove model)
Coefficients m n      R2  Regression equation
Nitrogen removal 0.673 2.436             0.329 y = 2.100x - 2.160
Phosphorous removal 0.036 3.086            55.13 y = 0.392x + 17.58
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removal rate of total nitrogen varies depending on input 
nitrogen, water depth, dissolved oxygen, and loading rate 
of total nitrogen. The efficiency of total nitrogen removal 
reduces as hydraulic load increases (8). In a study carried 
out by Lee et al on an artificial reed system, it was found 
that TN removal rate was 10% to 24% (20). The study 
done in Sanandaj subsurface artificial wetland, showed 
that nitrogen removal was 5% to 51% depending on envi-
ronment temperature (21). Regarding to the results ob-
tained for removal of ammoniacal nitrogen in subsurface 
reed beds of Yazd wastewater treatment plant, mean re-
moval was 52.29% (mean warm season 53.49% and mean 
cold season 51.06). Ammonia removal efficiency is almost 
independent on input concentration, and the maximum 
efficiency of hydraulic retention time takes at least 3-5 
days. Typical removal efficiency at loading rate of less than 
10 kg/ha per day is 70%–90% if other factors are not limit-
ing. Reduced removal efficiency in higher loading rates 
can be due to the lack of dissolved oxygen, organic materi-
als, and retention time. Background concentrations of 
ammonia are usually very low in reed systems. The most 
common target nitrogen pollutants in artificial reed sys-
tems are ammonia or total nitrogen whose rate depends 
on the flow input into reed systems. Effluent outputs of 
initial treatment and septic tank contain organic nitrogen 
and ammonia. A nitrogen removal cycle usually includes 
two main mechanisms, namely nitrogen transformation 
and nitrogen movement in reed systems. The two mecha-
nisms consist of sedimentation (re-suspension) distribu-
tion in soluble forms, the influence of leaf litter, absorp-
tion/adsorption of dissolved nitrogen by soil particles, 
organisms migrating from reed systems, absorption by 
living organisms in reed systems, ammonification, ammo-
nia volatilization, nitrification reactions/denitrification by 
bacterium, and nitrogen fixation. Sedimentation is not 
considered as an important process since nitrogen solubil-
ity even inorganic nitrogen is high. Since subsurface arti-
ficial reed systems are often anaerobic, microbial removal 
by nitrification is limited. Uptake by plants is limited as 
well. Almost low loaded systems are able to remove a part 
of ammonia. The sub-surface flow system situated in Cal-
ifornia has been able to remove nitrogen from initial treat-
ment effluents, however for other SSF systems, removal 
was around 20% to 70%. Assuming that there is 20 to 25 
mg/L in input nitrogen concentration (when retention 
time is more than 6-7 days), 10 mg/L of output effluent 
nitrogen concentration is expected to happen. Therefore, 
given the results obtained from many studies and com-
plexity of removal processes, total nitrogen removal rate is 
at an acceptable level in Yazd artificial reed system. In re-
gard to the results obtained for TKN removal in subsur-
face reed beds of Yazd city wastewater treatment plant, 
mean removal was 60.33% (the mean for warm season was 
58.38% and for cold season was 61.71%). Gray et al (22) 
carried out a study in which TKN removal rate was mea-
sured by reed system process and was compared with 
similar conditions without any particular plant. Mean 
TKN removal for systems with plants was 30%. According 

to the field data obtained for TP in artificial wetland beds, 
the mean removal was 29.53% (the mean for warm season 
was 34.17% and for cold season was 25%). Phosphorous 
removal rate in artificial wetland beds of Yazd city waste-
water treatment plant was low. However, the results of 
other studies also emphasize low phosphorous removal 
rate in subsurface artificial reed system. Phosphorous re-
moval in artificial reed system is not very effective with 
subsurface flow since there is a limited contact between 
absorption sites and wastewater under treatment. De-
pending upon loading rate, retention time, and bed mate-
rial features, removal limit may vary between 10% and 
40% for phosphorous input from 7–10 mg/L. A study 
done by Hamouri et al (23) reported that phosphorous 
rate for common reed plant was 15%. Rahmani et al (24) 
reported phosphorous removal rate of 9% in an artificial 
reed system with continuous flow and 17% for discontinu-
ous flow. In another study done by Badhobi  in Sanandaj 
city, phosphorous removal rate was 5%–55% at different 
temperature conditions (21). Greenway and Woolley 
found that phosphorous removal rates were 13% and 65% 
for a subsurface reed system and a single subsurface sys-
tem respectively (25). Main methods of phosphorous re-
moval in artificial wetland systems include precipitation 
and sedimentation caused by co-precipitation reactions 
with Ca-Fe-Al. The main factor in the sedimentation of 
phosphorous in most of artificial wetland systems is 
chemical adsorption of iron, aluminum and calcium com-
plexes. The adsorption capacity of reed system soil can be 
estimated by laboratory analyses. The results of artificial 
wetland efficiency in polluted effluents treatment, re-
duced pollutants, and water pollution indices including 
municipal wastewater nutrients (nitrogen and phospho-
rous) have been studied by EPA in which the obtained re-
moval limit was 30%–98% and 20%-90% for nitrogen and 
phosphorous respectively. Great changes observed in the 
efficiency of different parameters are due to climatic 
changes, differences in temperature, sunlight intensity 
and weakness, and differences in the physical condition of 
water level, water depth, and the type of plant (26). The 
methods for removing phosphorous in reed systems with 
subsurface flow are basically similar to that of surface flow 
reed systems. Making a big change in phosphorous ad-
sorption requires a special environment. Phosphorous can 
be released at certain times of the year, which is usually 
caused by the changes of the system environmental condi-
tions. Phosphorous removal limit for phosphorous input 
of 7-10 mg/L can be 10%–40%. Plant uptake is usually less 
than 10% (around 0.55 kg/ha per day) (27-29). The exist-
ing treatment plants may be investigated due to the fact 
that they cannot be directed as predicted and/or they must 
change for better performance. For example, they should 
be optimized in order to remove nutrients. Mathematical 
and biological models are used to determine the relation-
ship between variables, so that designs and laboratory re-
sults could be analyzed using these relationships. These 
models are also used to control and predict the efficiency 
of treatment unit. Today, it is possible to reach the best 
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conditions of design, implementation, and operation by 
modeling. Using a model provides a series of completely 
novel methods for engineering practice and application. A 
model can be adjusted to fit data and then help designers 
and operators of mechanical and natural wastewater treat-
ment systems by analyzing the alternatives in order to im-
prove the process. Simplified models consist of a small 
number of variables and can be used to determine reac-
tion kinetics. This research drew upon three pollutant re-
moval models including the first-order, the second-order 
(Grove), and Stover-Kincannonin order to examine bio-
logical reaction kinetics. The incapability of the tradition-
al first order models, for capturing the diversity encoun-
tered in wetland systems could be attributed to their over 
simplified postulations such as: (a) the concentration of 
reactant (i.e. pollutant) is limited, and the presence of cat-
alysts (i.e. microorganisms) is in excess, and (b) wastewa-
ter is assumed to follow plug flow approach in these sys-
tems, packed with substrates (16). In this system, the re-
sults showed that out of the three above-mentioned mod-
els, Stover-Kincannon was the most appropriate one for 
nitrogen removal. R2 rate was found to be 0.942 for nitro-
gen. In this system, none of the above models were appro-
priate for phosphorous removal at an acceptable level. In 
regard to Umax rate obtained for nitrogen and phosphorous 
which were 76.98 mg/L and 1.64 mg/L per day respective-
ly, it was found that these values were very low for phos-
phorous indicating its low consumption in this system. If 
system dimensions are smaller and input load is also high-
er, higher feed intake seems to be possible by the existence 
of more biomass. This hypothesis should be tested in con-
trolled laboratory conditions and at a pilot or laboratory 
scale, so that a more precise evaluation of this kind of sys-
tem will be possible. Kermani et al conducted a study on a 
MBBR system in which they found that Umax rate obtained 
from Stover-Kincannon model for the system under study 
was 43.305 and 35.088 per g/l.d for nitrogen and phospho-
rous respectively (18). In another study done by Pena et al 
(30) in a reactor loaded with upward flow, UMAX rate was 
12 g/l.d for nitrogen. Delnavaz et al (31) found that in a 
biomass reactor with a moving bed, UMAX rate was 14.4 
g/l.d for aniline removal. In analyzing the control system 
(without reeds), the results showed that Stover-Kincan-
non model was more appropriate than other models in 
this system with respect to nitrogen removal. R2 coeffi-
cient rate was 0.745 in nitrogen removal for Stover-Kin-
cannon model.

Conclusion
Untreated wastewater can create many environmental 
problems. Low-tech wastewater treatment systems con-
suming no energy or low-consuming systems improve our 
environment in addition to reduction of economic costs. 
The results of experiments showed that the nutrients re-
moval rate of wetland system with reeds was higher than 
that of the control system, but this difference was not sig-
nificant. Statistical data analysis also revealed that there 
was no significant relationship between the removal effi-

ciency of the control system and the system with reeds at 
confidence level of 95% (P > 0.05). So, the results showed 
that the presence of reeds in wetland beds has not been 
very effective in improving the system performance, and 
plants with more ability of removal in the system are sug-
gested to be examined (phragmites). Generally, proper 
performance and high removal at the first unit (septic 
tank) increases the efficiency of treatment plant and in the 
same way reduces the input load. The presented results 
show that Yazd city wastewater treatment plant, due to fa-
vorable conditions, has created a situation in which many 
of the main pollution index parameters fall significantly. 
In regard to predicting the behavior of nutrients removal, 
Stover-Kinkannon model presented the closest math-
ematical relationship between theoretical predictions and 
the actual field data.
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