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Abstract
Nitrate is potentially harmful in an aquatic environment however it can be converted into more dangerous
forms by microbial activities. In this research, we tested the e�ciency of nitrate removal by using a
denitri�cation bed (DB) containing in sterile soil (SS) and non-sterile soil (NSS) media. A Marriott column
and a Plexiglas column �lled with a clay loam soil were used as the water resource and DB, respectively.
Potassium nitrate used to make different nitrate concentrations including 24, 50 and 100 (mg l-1). The
nitrate was injected up to ten pore volumes (PV), when the soil was sterile, only active surfaces within the
soil matrix acted as an adsorbent. The number of bacteria and the bacteria growth was investigated at
the end of each experiment. The solute transfer parameters were estimated by using soil hydraulic
parameters at HYDRUS model. As result, the growth of bacteria and the concentration of pollutants in the
output of the column decreased in SS media. In the NSS with a concentration of 100 mg nitrate, the
number of bacteria increased to the highest, 80000 bacterial number. The presence of rival anions in the
solution has a negative impact on reducing the adsorption rate and removal of nitrate. In NSS with nitrate
concentration of 24 (mg l-1), the removal nitrate e�ciency nearly 99.5 (%). There was a signi�cant
difference between nitrate concentration of the SS and NSS conditions (p<0.05). The value of the
diffusion coe�cient is 4.99 (cm). Sensitivity analyses demonstrated that saturated hydraulic conductivity
had the greatest effect on the variations of nitrate concentration. Besides, the correlation coe�cient
between simulated values and observed values by the HYDRUS-1D model varied between 0.90 and 0.99.

Introduction
Nitrogen is one of the essential nutrients that found in a widely various forms in soil (Reddy and De
Laune 2008). Typical forms of inorganic nitrogen include nitrate (NO3), nitrite (NO2), nitrogen gas (N2),
ammonium (NH4), and cyanide (X-CN). Nitrate is the main form of nitrogen and the common
contamination of the groundwater because of its high solubility and not being retained by soil because of
low sorption of nitrate, therefore as result, make the water unacceptable for use (Ghanbari et al. 2014;
Wang and Wang 2013). It is directly or indirectly produced by decomposition and biochemical changes of
various organic compounds in soil. Nitrate has negative charge and is easily transported into the surface
water by rainwater (Jafari et al. 2015). Povilaitis and Matikiene (2020) conducted a study to investigate
nitrate removal from the drainage water. The performance of three pilot-scale bioreactors, one only �lled
with woodchips and the others respectively amended 10 (v/v) with activated carbon and �axseed cake,
were tested under �eld conditions for nitrate removal from tile drainage water in Lithuania. The results
showed that the average nitrate removal e�ciency in the bioreactor with no additives was 40.3 (%) and
44.1 (%) in the bioreactor with activated carbon additives.

Puri�cation of polluted groundwater is one of the most important issues that directly related to human
health for many consumers of groundwater as the drinking water. The most important methods of nitrate
removal from aquatic environments include ion exchange, biological or chemical denitri�cation, inorganic
nitrogen transformed to organic compounds by plants, reverse osmosis, electro dialysis, and catalytic
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denitri�cation (Luk and Au-Yeung 2002). Among these methods, only biological removal methods include
biological denitri�cation, transformed inorganic nitrogen to organic compounds and ion modi�cation
applied to remove nitrate from underground drainages in farms and basins scales. The maximum
removal e�ciency of nitrate obtained by ion exchange 90 (%), reverse osmosis 97 (%), electro dialysis
65.9%), chemical denitri�cation 70 (%) and biological denitri�cation 100 (%) (Ruppenthal 2007).

There are two types of biological denitri�cation including autotrophic denitri�cation and heterotrophic
denitri�cation (Wang and Chu 2016(. Autotrophic denitri�es consume hydrogen, iron, and sulfur as
sources of energy and inorganic carbon sources such as carbon dioxide and bicarbonates as carbon
sources (Karanasios et al. 2010). Most denitrifying bacteria are heterotrophic; these bacteria are a
heterophytic type that requires an energy source such as organic carbon, carbon dioxide or sulfur. These
nitrate-degrading bacteria are a type of bacteria that use nitrate or nitrite as the electron acceptor to
oxidize organic compounds in the absence of oxygen and produce nitrogen gases (Della Roca et al.,
2007(. Denitri�cation process requires several factors; oxygen de�ciency, nitrate as an electron acceptor,
and unstable carbon (C) as a source of energy for denitri�cations (Della Roca et al. 2007(. Dong et al.
(2020) introduced a new ion exchange adsorbent, NSR-NanoZr, for simultaneous selective removal of
nitrate, phosphate and �uoride. Nabi Bidhendi et al. (2006) at biological nitrate removal by using acetic
acid as the carbon source, retention time of 2 (h) was determined to be optimum, in which 77 (%) nitrate
removal was achieved. The breakthrough point occurs when the ion concentration in the output �ow
reaches 3 to 5 (%) of its concentration in the input �ow and the saturation point also occurs when the ion
concentration reaches a constant value in the output �ow although the column (Singh and Datta 2004).
Also, the breakthrough curve shows how the available ions in solution are loaded onto the absorber
column bed, in which changes in adsorption concentration (ion concentration in the solution entering the
column subtract from the concentration of ion in the solution leaving the column (C-C0) or changes in the
normalized output concentration (C/C0), are expressed as functions of the time or volume of the output
�ow (Chavoshi et al. 2015).

Using models to predict the movement of solids and pollutants in the soil can save time and cost but the
accuracy of the model �rstly must be examined and evaluated under controlled conditions. Inverse
modeling as one of the indirect methods that is mostly used in engineering work. Also, inverse modeling
is capable to estimating hydraulic and solute transport properties. HYDRUS inverse model is one of the
advanced models with ability of simulating one-dimensional movement of water, solute, heat and water
uptake by root in the saturated and unsaturated conditions of the soil. The model was developed by
Simunek et al. (2008) at the US Soil Laboratory. In order to investigate nitrate transport in the soils under
sugarcane cultivation, Derakhshannejad et al. (2010) used the HYDRUS-1D model. Their results showed
that though this model was able to well estimate the nitrate transport process in the soil. The optimized
(�tted) values using in model were less than those determined in the �eld experiments. Asadi and Feli
(2013) used HYDRUS-1D software to investigate the nitrate transport in a sandy loam soil treated with
zeolite. The simulation results showed that this model has a good estimation of nitrate transport in the
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soil. The correlation coe�cient amplitude between simulated and laboratory values was calculated to be
0.94 to 0.97.

This study was conducted to �nd the following objectives: I-Finding the bacterial growth effects on the
nitrate amount in the groundwater in sterile soil (SS), II- the amount of nitrate reduction and bacterial
growth in a non-sterile soil (NSS), III-simulating the dispersivity and absorption coe�cients by inverse
solution method using HYDRUS-1D model.

Materials And Methods
In this laboratory study, a column was used as a soil bed, also Marriott column was used to produce
saturated and uniform water �ow and constant head. The required soil collected from 0 to 45 (cm) depth
of a farm located in Shahrekord University, Iran. The background solution collected from the Shahrekord
aquifer. Some physical and chemical characteristics of the soil and the water are presented in Tables 1
and 2, respectively.

Table 1
Initial soil characteristics

Soil Texture pH b

(g cm−3)

EC

(dS m−1)

NO3 SO4
− Br OM

(mg l−1) %

Clay Loam 7.31 1.38 0.33 2.50 0.05 0 0.28

Table 2
Chemical characteristics of water

pH EC

(dS m−1)

NO3 SO4
− Br NO− NH3

(mg l−1)

7.60 0.32 24 10.70 46 0.05 0.03

Before any sampling being carried out from the �ow exiting of the bed, the test column was put under the
�ow for one week to achieve the column contents stabilization and stable �ow. Samples collected
interval in transparent plastic bottles and kept at a temperature below 4 (C°) until being analyzed. Nitrate
and sulfate were measured by a DR 5000, HACH spectrophotometer (Paul Chen et al. 2003).

Experimental Setup
Each Plexiglas column was designed in order to provide a physical model. The �rst Plexiglas column as
Marriott column in 100 (cm) height and 25 (cm) diameter to supply and retain water �ux and the second
Plexiglas column as soil column with 50 (cm) and 10 (cm) in order to height and diameter were selected
but only the 40 (cm) of soil column were used as bed and simulated. A shut-off valve was installed on the
column inlet and outlet (Fig. 1).



Page 5/19

In order to �ll the soil column, topside of the soil column was �rst blocked with a Plexiglas cap and a hole
was created to set the inlet �ow pipe. The 5 (cm) of soil column height at the top and end of column was
�lled with gravel and sand as �lter layers to unify the entrance �ow and also, to prevent from rinsing its
inside contents. The prepared column was put on metal stand. The two columns were accomplished until
the saturation soil condition and the in�ow into the soil column was considered to be upward (Healy et al.
2012).

The input �ow simulation into the soil column was done as follow: By First, the �ow from the using 49-
liter Marriott column that contains nitrate solution was transported to the bottom of the soil bed. Besides,
continuous sampling was done from the entering and exiting �ow. Considering that the water velocity in
the groundwater �ow is between 0.1 and 0.5 (m day−1) (Al- Tabbaa et al. 2000), the �ow rate was
constant about 0.34 (m day−1) to create a uniform �ow in the column. The exiting volumetric �ow rate
(ml h−1) from the soil column was also measured by determining the amount of time needed to collect a
speci�c pore volume (PV) of the output �ow until 10 PVs. Each pore volume (PV) was estimated roughly
1523 (mL).

The steps of experiment

Experiments were carried out in 6 steps. From the �rst to third step, water contained 24, 50 and 100 (mg
l−1) of nitrate concentrations in the sterilized soil column (by sterilization we mean the complete
destruction of the entire soil microbial content, this aim was done by using autoclave) until it reached to
its saturation threshold. From step 4 to 6, water source with 24, 50 and 100 (mg l−1) nitrate
concentrations from 0.35, 0.5 and 0.7 (g) of potassium nitrate salt was applied and the Heterotrophic
bacteria fed by ethanol + methanol + acetate + glucose as carbon resource.

The nitrate removal e�ciency was calculated by using the following equation (Zhou et al. 2015):

R% =
Ci − Cef

Ci
× 100

1
Where Ci and Cef are inlet and outlet nitrate concentrations (mg l−1), respectively.

The nitrate removal rate (mg l−1h−1) was calculated by using the following equation (Ghane et al. 2015):

RNO3
=

−ΔC
HRT

2
WhereRNO3

and − ΔC are the drop rate and the difference of nitrate concentration (mg l−1) and HRT is

actual hydraulic retention time calculated by the �owing relationship (Ghane et al. 2015):
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HRT =
L − ne

q

3
Where L, ne and q are the column length (m), the effective porosity (dimensionless), and the hydraulic

loading rate (m h−1), respectively. The hydraulic loading rate (m h−1) was calculated using the
relationship proposed by Lin et al. (2008):

q =
Q
A

4
Where Q and A are the output �ow rate (m³ h−1) and the �ow cross-section (m 2), respectively.

The most widely used adsorption isotherms are Langmuir and Freundlich; the last isotherm was
outperformed for the former similar researches.

C ∗ =
x
m = KFCβ

E

5
Where CE: Equilibrium concentration of the substance in solution (mg cm−3), x: the amount of absorbed

solution (mg l−1), β: exponential coe�cient of Freundlich isotherm, and m: absorbent mass (g).

Model Theory and Simulation

Generally, the displacement and distribution of solute in soil matrix are �owed through three mechanisms,
mass �ow, diffusion and hydrodynamic dispersion. To Consider the effects of these mechanisms on
movement of ions and solutes in the soil, the convection-diffusion equation (CDE) used in a one-
dimensional homogeneous porous medium under constant �ow condition (Abbasi 2015):

∂C
∂t = − v

∂C
∂Z + D

∂2C
∂Z2 − μ'

wθC

6
Where D: diffusion coe�cient (mg2 m−1), C: concentration of solute or intended ion (mg l−3), V: true
average water velocity (m h−1), Z: distance (m), and t: time (h), µ´w: �rst-order rate constant s,  water

content (l3 l−3).

In this model, the modi�ed Richards equation is solved numerically to study the movement of water in the
soil, which is expressed as the following equation (Mualem 1976):
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∂θ
∂t =

∂
∂Z Kθ

∂h
∂z + cosβ − S

7
Where : volumetric moisture content (l3 l−3), t: time (h), K(): unsaturated hydraulic conductivity (m h−1), h:
Matric suction (m),: the angle between the �ow path and the vertical axis (for vertical movement of water
in the soil, β = 0 for horizontal motion, β = 90 and for other routes 0 < β < 90), S: water absorbed by the root
(m3 m−3h−1) and z is the distance (m). In the Richards equation, various equations have been de�ned to
describe the hydraulic properties of the soil such as water retention curve and soil’s water conductivity.
The most common equation is the van Genuchten– Mualem relationship:

θ(h) =

θr +
θs−θr

1+αhn m

m = 1 −
1
n

n > 1

8

K Se = KsS
1
e 1 − 1 − S 1

m
e

m 2

9
Where θs: saturation moisture content, θr: residual moisture content, n: water retention curve shape
parameter; this parameter is larger in coarse-textured soils in which soil moisture retention curve has a
steep gradient compared to �ne textured soils (Singh and Data 2004), Ks: Saturated hydraulic
conductivity (m h−1), α: inverse of air entrance point (m−1) (which is highly dependent on the texture and
structure of the soil, and has the least amount in soils with �ne pores), Se: relative or effective degree of
saturation, and l: the parameter of pore connectivity, which is considered to be 0.5 for most soils.

Model parameters such as soil hydraulic properties including soil moisture curve, soil saturated hydraulic
(Ks), residual moisture content (θr) and residual saturated moisture content (θs) in the Van Genuchten-
Moeller model by using soil mechanical analysis data and bulk density measurements were predicted by
the RETC model. In this study, volumetric moisture content and porosity were measured as baseline data
while simultaneously measuring moisture content and bromide (as a tracer) content in soil and
groundwater used as a water source, and modeled. Due to the fact that the water �ow was saturated and
steady, only the boundary conditions were de�ned at the beginning and end of the soil column. The upper
and lower boundary conditions were constant water �ux and free drainage, respectively. The initial soil

[ ( ) ]

{ [ ] }
( ) [ ( ( ) ) ]
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condition was the nitrate concentration of soil bed. The parameters of Freundlich’s isotherms and
dispersivity of nitrate ions in MIM model were estimated by HYDRUS model in inverse solution.

Sensitivity Analysis

The main parameters were identi�ed by changing their value and the results of the model underwent
signi�cant changes, all statistical analyzes were performed by SPSS 22 software using paired test at 95
(%) probability level

Results And Discussion

Effect of competitor anions
The results show that the presence of competing anions such as sul�de and sulfate in the solution has a
negative effect on reduceing of the absorption and removal of nitrate by natural soil with initial
concentrations of 24, 50 and 100 mg l−1 (Fig. 2). Also, the maximum and minimum of pH value that
nitrate adsorbed high are 7.2 and 8.03 based on standard value (Shirvani Ichi et al. 2021). In this study,
the pHof soil and water are be in the standard range (Tables 1 and 2). Divband Hafshjani (2016)
concluded carbonate and sulfate had the greatest effect on reducing the adsorption of nitrate by biochar
and vermicompost of sugarcane bagasse. In the other studies, reported carbonate and sulfate (Islam and
Patel 2010) and carbonate and chloride (Halajinia et al. 2013) had the most and least effects on reducing
the nitrate removal, respectively. The number of total bacteria is shown in the (Table 3). Biological
degradation (BD) of nitrate acts as an electron receptor terminal in the absence of oxygen and naturally
uses certain bacteria. The total amount of bacteria at the end of the experiment has been increased
because of the bacteria growth (Table 3).

Table 3
The number of bacteria during experiment

Soil type Inlet water nitrate concentration

(mg l−1(

Total bacteria

(CFUg−1)*1000

SS 24 50 100 0

NSS 0 12

NSS 24 66

NSS 50 74

NSS 100 80

E�ciency and removal rate of nitrate
As shown in Fig. 2, in SS, the rate of nitrate release is very low because of the low rate of nitrate
adsorption on the soil surface and absorption into the soil porous. The content of bacteria inside SS is
zero and only the active surfaces the soil act as an adsorbent and the nitrate pollutants are adsorbed on
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the soil surfaces and after a certain period of time, mentioned active surfaces became saturated with
pollutants, the amount of nitrate in the column outlet was increased until became equal with the initial
concentration of the column inlet (Fig. 3). Also, with increasing nitrate content, the rate of adsorption
decreases because of the effect of competing anions with nitrate. If the soil is not sterile and the bacterial
content is not zero, over time, the bacteria grow and the contaminants in the water are used by the
bacterial as feed, and as result, the growth of bacterial increase, the pollutant concentration at the outlet
of the column decreases. These results are consistent with �ndings of Tangsir et al. (2018) and Rajta et
al. (2021).

Table 4 shows the e�ciency (R), removal rate of nitrate (RNO3
−) and hydraulic retention time (HRT) in the

both SS and NSS conditions. As shown in Table 4, the removal e�ciency amount is zero in the soils so
due to the absence of any bacteria in the soil pro�le. In fact, no bacterial activity has taken place. In the
NSS with an inlet nitrate concentration of 24 (mg l−1), the highest nitrate removal e�ciency was obtained.

Table 4
Hydraulic parameters of the treatments

Concentration Treatment R RNO3
−

(mg l−1h−1)

HRT

(h)

24 NSS 99.5 14.93 0.17

24 SS 0 0 0.17

50 NSS 79.2 24.75 0.17

50 SS 0 0 0.17

100 NSS 58.4 36.5 0.17

100 SS 0 0 0.17

Removal e�ciency (R) and removal rate of nitrate (RNO3
−) and hydraulic retention time (HRT)

These results are similar to the results that reported by several researchers. Hashemi et al. (2011) at the
study of the e�cacy of nitrate removal in denitri�ed substrates made of barley straw observed the output
nitrate is reduced to less than the input nitrate especially in media with new carbon source. Cameron et al.
(2012) attributed. In beds containing Bagasse, nitrate removal e�ciency remained above 80 (%), due to
high emission of organic carbon at the beginning phase and while in beds without bagasse it has
decreased to 27.81 (%. (Tangsir et al. (2017) the average elimination e�ciency of nitrate in in beds
containing bagasse and no bagasse, was estimated to be 9.36 and 46.82 (%), respectively. Also based on
the result (Table 4), by increasing NO3

− concentration of input solution, the removal rate of nitrate (RNO3
−)

increased from 14.94 (mg l−1h−1) 24-NSS treatment to the maximum value 36.5 (mg l−1h−1) of RNO3
− in

100-NSS treatment, in additional, hydraulic retention time (HRT) are constant in all treatments that meant
the HRT is independent to nitrate concentration (Table 4).
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Petrovic and Simonic (2015) reported the highest removal e�ciency of achieved at 50 (mg l−1) of initial
nitrate concentration under different carbon sources between 93-99 (%). Wang and Wang (2013) reported
the complete removal of 50 (mg l−1) of nitrate-nitrogen was achieved in a 23-day-old reactor with 2.1 (h)
of hydraulic retention in HRT without inoculating with any external microorganisms and accumulation on
nitrite and nitrate residue was detected when HRT was lower than 2.1 (h). Also, nitrate removal e�ciency
reducing to about 75 (%) when HRT was lower to 1.4 (h). Based on the statistical analysis, the correlation
coe�cients (Paired Samples Correlation) were compared between the concentrations of 24, 50 and 100
(mg l−1) in the both SS and NSS conditions was signi�cant more than 0.91 except 24-NSS and 100-NSS
with 0.77 correlation coe�cient.

Determination of adsorption isotherms

To investigation of adsorption isotherms, the results showed that the soil nitrate adsorption has followed
the Freundlich's adsorption model, because its R2 value is greater than the Langmuir's linear adsorption
isotherm. This is consistent with the results from studies conducted by Sayyad et al. (2009). The results
are shown in (Table 5).

Table 5
Freundlich adsorption isotherm coe�cients and longitudinal dispersivity coe�cients by CDE

model
Treatment Model type kd

(mg /l)

β Dl

(cm)

Sink1

(µ´w)

24NSS CDE 0.52 0.51 5 0.41

24SS CDE 11 1.61 4.09 0.00004

50NSS CDE 4.71 0.1 5 0.2

50SS CDE 13.2 1.61 4.09 0.00042

100NSS CDE 7.9 1.71 4.09 0.00016

100SS CDE 3.15 1.6 4.09 0.11

Sink1 (First-order rate constant for dissolved phase, (µ´w),‘ [h-1], representing the chain reaction)

After parameters such as the Freundlich power, Freundlich equilibrium constant, sink term and
dispersivity were estimated, from the various hydraulic and solutes transport parameters, the main
parameters whose change caused the model to undergo a signi�cant change were identi�ed using
sensitivity analysis (Table 6). Among the hydraulic parameters, the Ks (cm h-1) were the highest sensitive
parameter to its change. The result is similar Ansari Samani et al. (2019) reported Ks (cm h-1) with 2.64
has the highest sensitive coe�cient of observation and simulation bromide in HYDRUS-1D. Nazem et al.
(2021) showed Ks of soil has the biggest effect on nitrate transport in soil matrix toward groundwater.
Besides, the RMSE coe�cient with a value 0f 0.04 was the lowest and ME coe�cient with the value of
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-0.0001 had the most parameter variation of simulation of bromide in HYDRUS-1D (Ansari Samani et al.
2019).

Additionally, among the parameters affecting solutes transport, the Freundlich equilibrium constant was
the most sensitive one.

Table 6
Optimal parameters and and sensitivity of input parameters in HYDRUS-1D model

D

(cm)

Ks

(cm h−1)

l n �

(cm−1)

θr θs R2 RMSE ME

Optimal parameters

4.09 1.04 0.50 1.41 0.02 0.07 0.44 0.89 0.84 0.32

Sensitivity coe�cient

- 2.65 0.0001 - 0.0005 0.0027 0.0003 - - -

Rate of sensitivity

- High Low - Low Low Low - - -

Simulation and analysis of breakthrough curve sensitivity by HYDRUS-1D

As shown in Fig. 4, the �tted breakthrough curves obtained with the HYDRUS-1D model showed good
agreement with the values observed in the laboratory.As seen in Figs. 4, in the SS with three different
nitrate concentrations, the output nitrate concentration has an ascending trend; therefore, at the end of
each test, the output concentration has become approximately equal to the input concentration. Whereas
in �gures related to the NSS, they have a descending trend and the nitrate concentration has decreased in
the outlet (Fig. 4). Investigation of breakthrough curves in the following �gures showed that the highest
nitrate concentrations in all �gures occurred in pore volume of 11 and 0.1 in the SS and NSS conditions,
respectively. In fact, at the beginning of the injection, as well as at the end of the experiment related to
this concentration. In recent study, HYDRUS-2D model was be effective in simulating the ponding water

depth (RMSE =0.717) and nitrogen concentration in ponding water. Albeit, the simulating NH +
4  -N

concentration with increasing of soil depth did not agree well (Sun et al. 2022).

Statistical comparison of accurate evaluation the HYDRUS-1D 

By using RMSE, SSQ, ME and R2 statistical methods between the simulated and measured values, the
accuracy of the HYDRUS-1D model in �tting breakthrough curve laboratory observations to achieve the
CDE model was investigated (Table 7). Considering the R2 values shown in Table 7, the R2 values actually
higher than 90 (%) and the lower error rates, the HYDRUS-1D is the better model that has been able to
simulate the concentration of inlet and outlet nitrates. The higher accuracy of the �tted values for nitrate
ions with a concentration of 100 (mgl−1) was seen. Also, the correlation coe�cient (R2) in this treatment
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is also the highest. This is con�rmed by previous studies conducted by Azadifar et al. (2016); Asadi and
Feli (2013) and Moradzadeh et al. (2013). The biggest and lowest of SSQ were obtained in NSS and SS
treatments. The better stimulation by HYDRUS-1D with the high accuracy was seen in treatments with
100 (mg l−1) nitrate concentration, besides the highest R2 was in this nitrate concentration (Table 7).
Ahmadi-moghadam and Tabatabaei (2021) reported the highest amount of correlation coe�cient was
0.97 at the concentration of 1300 (mg l−1) and MIM model. In the estimation of the dispersion coe�cient
(D), minimum error was o and 3.5% at CDE and MIM model.

Table7 Statistical comparison of different treatments 

Concentration Treatment R2 SSQ ME RMSE

24 NSS 0.90 0.12 0.058 0.086

SS 0.98 0.016 -0.0032 0.032

50 NSS 0.98 0.012 -0.0034 0.026

SS 0.99 0.0072 -0.0037 0.021

100 NSS 0.97 0.033 0.0091 0.045

SS 0.99 0.0038 0.0037 0.015

R2: Coe�cient of Determination; RMSE: Root Mean Square Error; ME: Maximum Error; SSQ:
Summation Square Error

Conclusion
The purpose of this study was to investigate Finding the bacterial growth effects of sterile and non-sterile
soils performance on nitrate removal. The HYDRUS-1D model was calibrated and validated using the
collected data. Using inverse modeling and soil hydraulic parameters, the solutes transport parameters
were estimated. The results of this study showed that the correlation coe�cient between values
simulated by the HYDRUS-1D model and observed values varied between 0.90 and 0.99, and the highest
concentration was dedicated to nitrate concentration of 100 mg l−1 in the sterile soil. The lowest ME
amount was associated to the concentration of 24 mg.l−1 in the sterile soil with a correlation coe�cient
of 0.98. In fact, due to the lack of bacteria, the inlet nitrate concentration was nearly equal to the output
nitrite concentration at the end of the experiment in the sterile soil, and the software was able to do
breakthrough curve �tting well. The higher the input nitrate concentration, the greater the total bacteria
content, indicating the growth of nitrifying bacteria. Fitting of linear adsorption isotherm, the Langmuir
and Freundlich models to the soil nitrate adsorption data showed that the Freundlich model described the
adsorption process better than other models. The signi�cant coe�cient at concentrations of 100, 50 and
24 mg.l−1 in the both sterile and non-sterile conditions is less than the 5 (%) con�dence level. In fact, there
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is a signi�cant difference between these two conditions. It can be concluded that there is a signi�cant
difference between the mean concentrations that are compared in Pair wise conditions.
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Figures

Figure 1

Schematic of physical model of study columns
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Figure 2

Sulfate and sul�de concentration vs. time in SS and NSS

Figure 3

Comparison between observed and simulated concentration of nitrate during the experiment in both SS
and NSS

Figure 4
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The observed (dot) and simulated breakthrough curve (line) in different nitrate concentration in NSS and
SS


