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2- Biofilm
3- E.coli 0157:H7
4- Unfavorable
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1- Air-Water Interface
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Table 1- Selected chemical properties of soil

(meg/lit) W yguils (meg/lit) b yenl o)
. . EC & G
Cations Anions pH (ds/m) = >
&2 Mg? ca? Nat K &% cos2 HCOs; CIF SO.? s =%
Sum Sum =
946 207 483 256 - 90.89 - 15 455 3039 7.82 8.92 0-45
Glalojl S (S5 G Sy i (A2 Jysa
Table 2— Selected physical properties of soil
cal (Oricm’) gl yogaswe o Clwo Mo yd (e ) ooy (Cm) S es
Texture Bulk density Silt percent Clay percent Sand percent  Depth (cm)
(Clay-Loam) ., #9) 15 41 28 31 0-45
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1- Fecal Coliform
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3- Sum of Square
4- Root Mean Squared Error
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1- Kinetic
2- Dispersion coefficient
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Table 3- Estimated soil hydrolic parameters using the ROSETTA package

sk K(cm/min) N
Parameter

a (em?) 6, (emiem’) 6, (cm®em®)

Value s 0.007 1.3781

0.0113 0.38 0.0477

HYDRUS-1D Juao (2eiwly I ooy SB (Sgpiud b sel ) -4 Jga
Table 4- Calibrated soil hydraulic parameter using the HYDRUS-1D model

):'“)lf.’- L

K¢(cm/min) n
Parameter

a (em?) 6 emiem®) 6, (cm¥em?)

Value juiis 0.5 0.2 1.3735

0.018 0.43 0.048

Pore connectivity parameter cul iske Jlasl yol,b |
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Figure 2- Comparison between measured and simulated
cumulative output depth by the HYDRUS-1D model
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cumulative output depth in surface drip irrigation
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Table 5- Parameters of one site sorbtion’s, attachment/detachment one kinetic site and attachment/detachment two kinetic

sites models
Sl 5 93 Sl daly- e S U Sl daly- e S ST s
Parameter Attachement/Detachment two kinetic sites  Attachement/Detachment one Kinetic site  One site sorbtion
Kare (Min™) 0.8361x10™ 0.1414x10° 0.014
Kger (Min'™) 0.1136x10° 0.3773x10” -
Kgr (min') 0.466x10 - -
U (min') -0.8759x10° -0.1549x10° -0.1267x10°
Ly (min) ~0.5041x10°° ~0.2055x10™ ~0.2177x10™
A (cm) 1 1 1
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Figure 3- One site sorbtion’s model
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Table 6- Result of evaluation of one site sorbtion’s model, Attachment/Detachment one kinetic site, Attachment/Detachment
two kinetic site model with RMSE,R?, SSQ

Sl 5 93 Sl daly- e S ST Syl ity s S S e
Parameter Attachment/Detachment two kinetic site  Attachment/Detachment one kinetic sitt  One site sorbtion
RMSE 0.20 0.18 0.18
R? 0.67 0.73 0.74
SSQ 0.32 0.28 0.27
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Table 7- Concentration of simulated bacteria with the HYDRUS-1D in 30, 60 and 100 cm of soil depths at end of 25t
irrigation event

(395) sl 59 (celw) sl e

(MPN/mI) 580 cdale’
Concentration of bacteria

Interval of irrigation Time of irrigation (hr)

s il 100

Yo gl 60 ywo gilw 30

(day)

100 cm 60 cm 30cm
1 2 0.3904 0.3529 0.3235
1 3 0.3596 0.3338 0.3144
1 4 0.3442 0.3242 0.3096
2 2 0.4971 0.4126 0.3487
2 3 0.4264 0.371 0.3289
2 4 0.3932 0.3489 0.3188
3 2 0.6289 0.4806 0.3761
3 3 0.5022 0.4123 0.3444
3 4 0.4473 0.3779 0.3284
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Figure 7- The concentration of bacteria in two day irrigation Figure 6- The concentration of bacteria in one day
interval irrigation interval
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Figure 9- The concentration of bacteria in one hour irrigation Figure 8- The concentration of bacteria in three day
times irrigation interval
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Figure 11- Concentration of bacteria in 3 hour irrigation times Figure 10- Concentration of bacteria in 2 hour irrigation
times
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Introduction: Water for agriculture is one of the most important factors in arid and semi-arid areas and
municipal wastewater treatment is an important resource for this purpose. Wastewaters even after treatment may
contain many types of microorganisms that are pathogenic to humans and dangerous for theenvironment.
Therefore, potential of transfer contaminations is a serious problem regarding use of treated wastewater for
agriculture. Due to the risk of transfer contaminations through the use of wastewater, the study of transfer
microbes in soil in recent decades has been of interest to researchers. Thereafter various irrigation techniques can
be used associated with treated wastewater for agriculture. Accordingly, the present study was conducted on
Fecal Coliform in the wastewater treatment in laboratory columns.

Materials and Methods: The present study was conducted in Agriculture Faculty of TarbiatModares
University for 62 days in 2013. This study was conducted on Fecal Coliform in the wastewater treatment in
laboratory columns, having 30 cm diameter and 60 cm height. They were irrigated using surface drip irrigation
system (DI). Samples of the effluent and soil solutions were collected from the experimental columns after each
irrigation events. Soil texture was clay-loam that was collected from south of Tehran wastewater treatment plant.
Three modelsof one site sorbtion’s model, attachment/detachment two kinetic site and attachment/detachment
one kinetic site, were used for simulation of Fecal Coliform transport by inverse solution option of the
HYDRUS-ID model. For calibration of the model and estimating the model input parameters, soil hydraulic and
transport parameters were inversely estimated.Results represented that the HYDRUS-1D with reasonably
accurately simulated the outlet flow. To simulatethe transfer of the bacteria in the soil, one site sorption model,
two Kinetic sites model (particle transport using attachment/detachment) and one kinetic site model were used.

Results and Discussion: The statistic including the root-mean-square error (RMSE), the sum of squares
(SSQ), the coefficient of determination (R?) were used to determine the accuracy of one site sorbtion’s model,
attachment/detachment two kinetic sites model and attachment/detachment one kinetic site model in soil column.
In the simulation of bacterial transfer,one site sorption model had the best fitting on bacteria concentration
measured during the experiment and was selected as the proper model for this study. Also the linear

adsorptionisotherm was used for modeling. One site sorption model estimated solid-phase growth coefficient
(4, ) about sextuple more than liquid-phase. It showed that deposited cells had a higher division rate compared

with the cell in liquid-phase. Due to thereversible adsorptionprocess, in all surveyed models, kg values were
higher than k. values. After defining the parameters such as irrigation interval and time to the HYYDRUS-1D
model, simulations were run for 25 irrigation events at depth of 30, 60 and 100 c¢cm in soil profile. The calibrated
model was used for surveying the effect of various irrigation intervals and irrigation times on bacterial transfer.
The results showed that by increasing irrigation times, more bacteria leached out from the soil profile. Also by
increasing irrigation intervals, more bacteria observed in the soil profile, due to favorable environmental
conditions and food for the bacteria growth. According to the results, the best interval and irrigation times were
one day and four hours, respectively. Also, the HYDRUS-1D was used to simulate water flow in soil columns.
According to the observed results, it can be concluded the model is able to estimate outflow accurately.
Conclusion: In order to simulate water flow and transfer of Fecal Coliform bacteria in a soil column with a
surface-drip irrigation system, the HYDRUS-1D model was used. The results showed the model simulated
amount of out outflow well.In the simulation of bacterial transport three models including one site sorption
model, attachment/detachment two kinetic site model and attachment/detachment one Kkinetic site model
wasused. In simulation of bacterial transfer,one site sorption’s modelwas selected as the best model because it
hasthe lowest amount of RMSE and SSQ and the most amount of R% One site sorption’s model estimated solid-
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phase growth coefficient ( £ ) about sextuple more than liquid-phase. It showed that deposited cells had a higher

division rate compared with the cell in liquid-phase. In surveying effect of various intervals and irrigation times,
it was observed that the best interval and irrigation times were one day and four hours, respectively.

Keywords: HYDRUS-1D model, Inverse solution, Lysimeter, One site sorption model



