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Abstract: The effects of irrigation with treated wastewater on soil chemical and physical properties have
been studied in many researches, but a few studies have done about waste water flow on the soil surface. In
this study flow hydraulic of wastewater on soil surface was investigated and magnetic field effects on it was
also studied. This research was done in the field with furrows (length of 42m, width of 60cm, depth of 25cm
and slope of 0.1%) in Isfahan University of Technology and were used three water quality treatments consists
of fresh water (FW), wastewater (WW) and magnetized wastewater (MW). Magnetic field was created by
three magnets with constant magnetic field intensity of 10mili-Tesla for each one. Basic differences between
three water treatments were in biological parameters (Chemical oxygen demand (COD), Total-coli form) and
total suspended solids (TSS). The Collected data were included of advance and recession time, inflow and
outflow rates with four replications and five irrigation events for each treatment (overall 60 practices), in a
randomized complete block design. The inflow rate for furrows was determined 0.8 lit/sec. The results showed
magnetic field have not a considerable effect on the physical and chemical characteristics of the wastewater,
though it changes oxygen demand and especially total coli forms. Also no significant difference was observed
between the effects of water quality treatments on water infiltration characteristics, consist of basic
infiltration rate (f,)and mean infiltration rate in two 30 minutes’ time intervals (0-30 and 30-60 minutes),but
in mean infiltration rate in 0-30 interval, mean relative changes for the WW and MW were about twice of the
FW. Mean infiltration rate of the FW has also less reduction than WW and MW in these intervals. However,
scrutinizing of parameters variations in charts showed that WW and MW treatments relation to FW ones
created more changes in downtrend of “f,” during irrigation season and magnetic field effect was
inconsiderable. The “f,” in WW and MW was more than FW mostly. It was found that magnetic field causes
increasing of the “f,” in MW related to WW. Similar results also were found in two time intervals of
infiltration process. Also excluding depletion time phase, evaluated time parameters, including advance time
to furrow end, time to reach the “f,” and recession duration had not difference significantly influenced by
water quality treatments, but values of advance time and time to reach the “f,” for WW and MW than FW
were higher mostly. According to regressions equation between water quality parameters and flow hydraulic
parameters, were found a negative correlation between “f,”, mean infiltration rate for 0-30min and 30-60min

ranges and advance time with and irrigation number; and a positive correlation between these
parameters with ; also a negative correlation between time to reach the “f,” and depletion time with
COD; and a positive correlation between these parameters with TSS and irrigation number. In parameter
of recession duration, positive correlations are with irrigation number and COD ; and negative correlation

iswith TSS .
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1. INTRODUCTION

The reuse of treated wastewater in agriculture can be a sustainable solution to face water scarcity [1].
Irrigation with wastewater may have implications at two different levels: alter the physicochemical
and microbiological properties of the soil and/or introduce and contribute to the accumulation of
chemical and biological contaminants in soil. The first may affect soil productivity and fertility; the
second may pose serious risks to the human and environmental health. Thus simultaneously,
affordable technological solutions with minimal environmental impacts must be developed in order to
assure wastewater treatment processes compatible with sustainable uses [2].Wastewater irrigation can
be a very attractive proposition with benefits in the form of water conservation, nutrient recycling,
surface and ground water pollution prevention, particularly for arid and semi-arid regions if used with
proper and adequate management plans in place. For example, whenever and wherever wastewater
irrigation is adopted, it is imperative that a regular monitoring of soil physical and chemical properties
be done routinely in order to maintain the structural integrity of the already salt affected soils. Also
some nutrients, particularly N, although is essential for plant growth, can often be a limiting factor
[3]. Herbaceous crops irrigated with wastewater can produce appreciable biomass and energy yields.
This is also an environmentally and economically sound way of wastewater disposal [4]. With treated
sewage irrigation, a slight increase in the organic content of the soil was observed [5].Saturated
hydraulic conductivity of loam soil reduced with municipal wastewater. This reduction was more
remarkable in the clay soil. Simulation of both ponded and sprinkler irrigation with municipal
wastewater resulted in reduced infiltration and increased surface ponding condition compared to the
application of fresh water [6-9].Irrigation with treated wastewater has been reported to induce low to
moderate hydrophobicity in soils of different texture with or without vegetation cover [10-12].Studies
have demonstrated that wastewater irrigation may decrease soil hydraulic conductivity and infiltration
rate. Plots irrigated with highlysodic and alkaline industrial wastewater showed important structural
damages, especially in the subsurface horizon where the soil pore network collapsed dramatically,
resulting in a compact impermeable layer and also pH increase in the topsoil. Inadequate wastewater
quality is likely to cause deep and irreversible damages to irrigated soils and resulting decrease of the
yield[13-16].

Effects of irrigation with wastewater on soil chemical and physical properties have been investigated
in many researches. However, few studies have done about wastewater flow on the soil surface [17-
24].Thus in this study flow hydraulic of treated wastewater in furrow irrigation was studied by
parameters consists of infiltration and advance, storage, depletion and recession phases and fresh
water was used as control. Magnetic field effects were also investigated on flow hydraulic of treated
wastewater by magnetized wastewater [25-34].

2. MATERIALS AND METHODS
2.1. Experimental Site

In order to achieve research purposes, three water quality treatments were selected included by fresh
water (FW), wastewater (WW) and magnetized wastewater (MW). WW was effluent of treatment
plant in Isfahan University of Technology. This plant has two lagoons of aeration (by some blowers)
and stabilization (Fig. 1). FW was also supplied from piped water.

Figl. Aeration and stabilization lagoons (left to right respectively)

Chah-Anari experimental field was also elected at the University of Technology, as well as its soil
characteristics are presented in Table 1.
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Tablel. Soil properties of the experimental field in two layers

Particle-size distribution Bulk Initial

. volumetric
Depth Sand  Silt  Clay Textural class  9ensity moisture

cm % % % (USDA) grem’ %
0-15 504 21.8 27.8 Sandyclayloam 1.45-1.73 2.94
15-40 523 203 27.4 Sandyclay loam 1.56-1.79 2.87

According to Table 1, soil texture is light.
2.2. Field Preparing

To field preparing the operations of plowing, disking and initial leveling was performed on it. After
smoothing and supplementary leveling, furrows with a length of 42m, width of 60cm and depth of
25cm were created by furrower set. Then furrows slope was determined by surveying separately.
Average longitudinal and latitudinal slope werecalculated0.1% for furrows.

2.3. Experimental instruments

The water transmission system into the furrows was consists of FW and WW tanks, a Stabilization
tank (by float valves) and the gated pipe. Two tanks of six and ten cubic meters were used separately
for FW and WW supply at upstream end of the furrow respectively. The inflow rate for furrows was
determined 0.8 lit/sec using the furrow slope and maximum non-erosive stream [35-43] and according
to outflow rate from stabilization tank. To create of mentioned inflow rate, opening value of each gate
on gated pipe was determined by graded container and timer and gate was opened the same amount in
each practice [44-50]. WSC flumes were used to measure of the inflow and out flow in furrow.
Flumes were installed perfectly horizontal and with a manner that was prevented from leakage current
in vicinity and the free flow was also established (Fig. 2).

Fresh water
Stabilization tank
tank

Fig2. Three tanks and flume used in research (view from furrow end)

The MW treatment was also created using three magnets with constant magnetic field intensity
(10mili-Tesla for each one). These magnets were installed on pipe in near of outlet gates [51-58].

2.4. Statistical Design And Experiment Implementation

The used experimental design in this research was randomized complete block with three treatments
(FW, WW and MW) and four replications and five irrigation practices in each furrow. To implement
the research, the four experimental blocks were applied in the field. Each block had one main and two
lateral furrows for any of water treatments (overall three main and six lateral furrows). To apply the
actual conditions in the field, two lateral furrows were considered for each main ones and tests were
done in the main furrow. 60 furrow irrigations were evaluated in this study with 4 days’ irrigation
intervals (20 irrigation practices with FW treatment firstly and then 20 irrigations with WW and 20
irrigations with MW ones).It is important to note that MW irrigation was done with same quality of
WW but in form of magnetized in each practice. The experimental farm had no cultivation and
irrigation was not also done in it previously. Furrows length was divided with three meter intervals
from location of inlet flume installation toward downstream (15 stations in each furrow).lrrigation
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practice was begun with transfer of water to furrow and parameters were measured such as advance
and recession time and inflow and outflow rate in each experiment. Water flow into the furrow
continued until outflow rate was constant. Recession times were also recorded at various stations after
cut off time immediately.

2.5. Determining of Infiltration Parameters

To obtain the infiltration equation was used from the inflow-outflow method. In this method after the
advance stage completion, infiltration rate is equal to the inflow and outflow rate difference at a
specified time in furrow length with assumption of small changes in surface storage. Surface storage
changes can be neglected in furrows with some conditions. For example, in this paper according to
irrigation time, advance time and furrow length from changes in surface storage rate were neglected.
Thus infiltration rate and cumulative infiltration equations were determined by Egs. 1, 2:

:—Qin_QEut_Rss &R, ~0,Z :jl dt (1,2)

Where Q,, = inflow rate; Q,,= outflow rate; R, = surface storage rate; L= furrow length; I, =

out — ave —
average infiltration rate in furrow length; and Z = cumulative infiltration equation.* | is for when the
inflow and outflow rates are “Q,,” and “Q,,,” values respectively. Finally, parameters of Kostiakov

out

infiltration rate equation (|1 =k .t*) were calculated by various values of “1 ” and times related to
them. In this paper average infiltration in three time intervals consists of 0-30, 30-60 and 60-90
minutes was calculated for each water treatment from the following equation:

.. = ﬁ ©)
tz _t1

Where 1, = average infiltration in time interval of “t, —t,”; Z, , Z, = cumulative infiltration to “t, ”

and “t, ” times respectively (using Eq. 2).The soil basic infiltration rate (f,) was also calculated with
Eq. 4:

f = Qin—const — Qout—const (4)
° L
Where Q,, .onst @Nd Q.1 cong @re fixed values of inflow and outflow rate in furrow irrigation practice.

2.6. Water and Wastewater Quality Experiment

Sampling is first step in identifying of the water and wastewater quality and decision for their
management. In this study samples were indicative of water and wastewater quality of used supply in
this paper. Samples were taken from the gates exit of the tube in the second, fourth and fifth
irrigations. For FW treatment due to negligible changes in water quality, tests were done once in the
irrigation season. Samples transfer to the laboratory was performed in a short time and at low
temperatures (samples were near the pieces of ice). Sampling bottles were plastic and non-transparent.
Standard used in determining experiments of water and wastewater quality were taken from “standard
methods for the examination of water and wastewater” book.

2.7. Statistical Analysis

Data were analyzed using SPSS and Excel software. Data relative changes were used for analysis and
evaluation. These relative changes were calculated as follows:

PS_Pl

P =
R

Q)
Where P, = relative change of “P ™ parameter in fifth irrigation than first one; P, P,= measured

parameter in the fifth and first irrigation respectively. The “ P, ”shows that “ P ” parameter how much
has changed after five irrigations.

3. RESULTS AND DISCUSSION
3.1.Water Quality Analysis
Results of water quality experiments are presented in Table2.

International Journal of Constructive Research in Civil Engineering (IJCRCE) Page | 4



Flow Hydraulic Investigation of the Wastewater on the Soil and Magnetic Field Effects in This Field

Table2. Fresh Water, wastewater and magnetized wastewater quality used in the study

Parameters Unit Fresh water Wastewater Magnetized wastewater
Second Fourth Fifth Second Fourth Fifth
Na* mmolL™ 5.20 9.50 - 4.80 10.50 - 4.80
K" mmolL™ 0.06 0.90 - 0.30 0.90 - 0.30
ca™ mmolL™ 2.30 2.25 - 3.10 2.35 - 3.20
Mg+ mmolL* 0.70 0.85 - 2.50 0.45 - 3.10
HCO;’ mmolL™ 7.75 4.40 - 4.90 4.80 - 4.80
CO;™” mmolL™ 0.00 0.00 - 0.25 0.00 - 0.30
SO, " mmolL 0.55 0.79 - 0.15 0.79 - 2.10
cr mmolL™ 6.25 10.63 - 10.60 10.63 - 8.10
SAR (mmo)®°L%®  4.25 7.63 - 2.87 8.87 - 2.70
pH - 7.55 8.26 7.26 8.01 8.30 7.56 7.79
EC dsm™ 0.656 0.990 1.095 1.099 1.002 1.108 1.100
TSS mgL™ 10 60 68 53 61 65 56
DO mgL™* 6.8 - - - - - -
CcoD mgL™ 0 92 110 84 95 102 93
Total-coliform  MPN(100cc)™ 0 23.3x10" 6.9x10" 17.6x10" 35.6x10* 10.5x10" 2.0x10*

Note: second, fourth and fifth are irrigation numbers

According to Table 2, FW treatment is more acidic than WW and MW ones (in more cases).Electrical
conductivity (EC) of MW is negligible more than WW and WW is more than FW too. Total
suspended solids (TSS) of WW and MW are also more than five times compared to FW. It is
important to say that basic differences between three water treatments are in biological parameters
(Chemical oxygen demand (COD), Total-coli form).Results show that magnetic field has no
significant effect on wastewater quality.

3.2. Water Treatments Effects on Basic Infiltration Rate

The values of f, were calculated by Eg. 4. These values are shown for different treatments and

irrigation numbers in Fig. 3.
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Fig3. Basic infiltration rate (f,) in different irrigation numbers

Note: Relative changes were calculated by Eq. 5

Parameter of “f,” has a downtrend for irrigation treatments during the irrigation numbers in Fig. 3.
This result observes always in infiltration process that is caused by soil compaction with passage of
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time and decreasing of soil Matric potential. The “f,” for WW treatment is also with higher values
than FW treatment in more cases (60% of irrigation practices).In 70% of irrigations, “f,” values are
also more for MW than FW in the specific irrigation numbers. It can be also found that magnetic field
causes increasing of the “f,” in MW related to WW. Results show that downtrend of “f,” for WW and
MW is with more intensity (slope) compared to FW that for WW is most (Fig. 3) in five irrigations.
Further reduction of “f,”in WW is justifiable with soil pore clogging affected by suspended solids of
wastewater. It also seems, the water quality effects on soil infiltration will be less important with the
passage of irrigation season; and after soil stabilization in several irrigations (three irrigations in this
study), the “f,” changes will not be too noticeable.

The regression equation was also determined by the multiple regression analysis between irrigation
number, wastewater quality (TSS and COD because these parameters are basic differences between
three water treatments in this paper)and “f,”. The resultant equation is as follows for “f,” of WW and
MW in different irrigation numbers:

f, =2.185-0.042TSS +0.017COD —-0.131N (6)

with a value for the coefficient of determination R® of 0.26 (that is not very strong), where f, = value
of basic infiltration rate as mm/min; TSS = total suspended solids asmgL™; COD =chemical oxygen

demand as mgL™";and N =1, 2, . . . that is irrigation number. According to Eq. 6the regression

coefficients of TSS and N are negative that shows the decreasing value of “f,” with increasing total
suspended solids and irrigation number, but values of “f,” have a positive correlation with COD .

Using analysis of change sources was found that treatments had no significant effect on “f,”. The
method of least squares differences (LSD) also showed that mean values of relative changes for “f,” in
FW, WW and MW treatments have no significant difference (Table 3). In this Table, whatever
significant level is closer to 5% means that the difference data is near of 5% significance level and
similarly for significance at 1% level. In Table 3 is also compared treatments difference together in
terms of significant level.

Table3. Statistical analysis for soil basic infiltration rate

— Mean values of Significant level
Change source Free degree Significant level Treatment relative changes W W v,
Treatment 2 94% FW -0.331a 100%  94% 67%
Replication 3 39% WWwW -0.337a 94%  100%  70%
Experimental error 6 - MW -0.363a 67% 70%  100%

3.3. Mean Infiltration Rate in 0-30min and 30-60min Intervals

Mean infiltration rate (using Egs. 1-3) were used in three different intervals to changes investigate of
infiltration equation (Kostiakov) parameters influenced by water treatments simultaneously. Mean
infiltration rate values are presented for 0-30-minuteinterval in Fig. 4.

According to Fig. 4 mean infiltration rate in 0-30min interval for FW is more than WW and MW in
more cases. This is probably due to more pollution loads in WW treatment create difficult for rapid
WW and MW infiltration into the soil in early infiltration time. This parameter for WW is more
compared with MW in 70% of irrigations. A downward trend can be also seen for mean infiltration
rate during irrigation numbers.

The regression equation for mean infiltration rate in 0-30min interval of WW and MW s as
following:

MIR, 5, =1.922-0.012TSS +0.003COD —-0.071N (7

with a value for the coefficient of determination R? of 0.05 (very poor), where MIR,_,, = value mean

infiltration rate for 0-30min as mm/min; TSS,COD ,and N as before. As can be seen regression
coefficients of TSS and N are negative but for COD is positive.

Results did not show significant effect of treatments on mentioned parameter in range of 0-30min.
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Comparison of mean relative changes did not also get significant results (Table 4).But mean relative
changes for the WW and MW is about twice of the FW. Mean infiltration rate of the FW has less
reduction than WW and MW referring to Fig. 4 and Table. 4.
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Fig4. Values of mean infiltration rate for 0-30min
Table4. Statistical analysis for mean infiltration rate in 0-30 min

Change source Free degree Significant level Mean values of Significant level
Treatment relative changes  FW WWwW MW
Treatment 2 31% FW -0.094a 100% 46% 31%
Replication 3 16% ww -0.209a 46% 100% 73%
Experimental error 6 - MW -0.260a 31% 73% 100%

Mean infiltration rate was following for 30-60min interval.

Mean infiltration rate for WW and MW treatments has more values in this range than FW ones (65%
of total irrigations) and FW treatment has also less reduction than other two treatments (Fig.
5).Magnetic field has caused increasing of mean infiltration rate in 30-60min interval for MW related

to WW in more cases. Also results show that changes of mean infiltration rate for MW is similar to
WW.
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Fig5. Mean infiltration rate for 30-60min range

The regression equation for this parameter is Eq. 8 (for WW and MW treatments):
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MIR,, , = 2.272—0.026 TSS +0.006 COD —0.139N )

withR? of 0.30 (stronger than R® for 0-30min interval), where MIR,, ., = value mean infiltration rate

for 30-60min as mm/min; TSS,COD ,and N as before. Regression coefficients of wastewater
qualities are more related to ones in 0-30min interval that shows the effect of wastewater quality
becomes more tangible with over time.

Statistical comparison of the results shows no significant differences after five irrigations for
treatments effects on mean infiltration rate in this range (Table 5). However, these results compared to
0-30min range show less significant level in comparison of treatments together. (i.e. being more
significant in differences).

Table5. Statistical analysis for mean infiltration rate in 30-60 min

Mean values of Significant level

Change source Free degree Significant level

Treatment relative changes FW WW MW
Treatment 2 39% FW -0.360a 100% 30% 13%
Replication 3 51% ww -0.432a 30% 100% 47%
Experimental error 6 - MW -0.478a 13% 47% 100%

3.4. Treatments Effects on Advance Time

Water reaching to the furrow end is presented for different replications in Fig. 7.From this parameter
was used to compare the treatments effects on water advance speed on the soil.

There is a downtrend in advance times during irrigation numbers that is due to infiltration decreasing.
Advance time for WW and MW is more than FW in 60% practices and these results are due to high
infiltration and roughness coefficient for WW and MW treatments (Fig. 6).
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Fig6. Advance time parameter

The regression equation for this parameter is Eq. 9 (for WW and MW treatments):
T,q =31.555-0.560TSS +0.254COD —-1.998N 9)
with R? of 0.23, where T,q, = advance time as min; TSS,COD, and N as before.

Advance time reduction for WW treatment is also more than the other treatments during the irrigation
season. Magnetic field effect on advance times is impalpable and more differences are between FW
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and WW that Table 6 shows this result too.

Advance times of treatments are close to each other (Fig. 6) for this reason statistical analysis showed
that relative changes have no significant difference (Table 6).

Table6. Statistical analysis for advance time of water front to furrow end

PR Mean values of Significant level
Change source Free degree Significant level Treatment relative changes = WW W
Treatment 2 55% FW -0.527a 100% 30% 62%
Replication 3 3% Ww -0.584a 30% 100% 55%
Experimental error 6 - MW -0.552a 62% 55% 100%

3.5. Treatments Effects on Storage Stage

Time that late to reach the “f,” after the run off beginning was analyzed as storage time in treatments,
because time to reach the basic infiltration rate is equal with time for reaching the maximum surface
storage. These times are as following graph:
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Fig7. Time to reach the basic infiltration rate after runoff beginning

About this parameter was understood a downtrend during the irrigations (Fig. 7). Water treatments did
not cause significant difference between results (Table 7); but mentioned parameter for WW and MW
is more than FW mostly.

Table7. Statistical analysis for storage time

P Mean values of Significant level
Change source Free degree Significant level Treatment relative changes = W N
Treatment 2 25% FW 0.041 a 100% 37% 28%
Replication 3 43% ww -0.200a 37% 100% 69%
Experimental error 6 - MW -0.309a 28% 69% 100%

For this parameter in WW and MW treatments the regression equation is as following:
T, =35.553+2.213TSS —1.398COD +0.161N (10)

with R® of 0.10, where T, = time to reach the basic infiltration rate after runoff beginning as min;
TSS;COD; and N as before.
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Also was found that magnetic field can be caused increasing of this parameter.
3.6. Treatments Effects on Depletion Stage

The time interval between the first observations in recession stage and cutoff time was measured (Fig.
8) to investigate of the treatments effect on depletion time.
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Fig8. Depletion time after cutoff

The increasing trend in depletion time was observed in all treatments (Fig. 8) that is caused by the
common changes in soil structural during irrigations. Intensity of this trend is more for MW, WW and
FW respectively.

Table8. Statistical analysis for depletion time

N Mean values of Significant level
Change source Free degree Significant level Treatment relative changes = WW MW
Treatment 2 17% FW -0.060a 100% 2% 1%
Replication 3 69% ww 0.630 a 2% 100% 26%
Experimental error 6 - MW 0.864 a 1% 26% 100%

For this parameter in WW and MW treatments the regression equation is as following:
Tiep =—9.437+0.409TSS —-0.115COD +2.316N (12)

with a value for the coefficient of determination R? of 0.47, where Tdep = depletion time as min; TSS,
COD, and N as before.

Water treatments had also slightly effects, but there is a significant difference in depletion time values
of WW and MW treatments than FW treatment at the 5% (p < 0.05) level. These results in statistical
analysis are in accordance with coefficient of determination (R? of 0.47) between wastewater quality
parameters and depletion time.

3.7. Treatments Effect on Recession Time

Recession time was calculated as time interval between first and last recession observations in
furrows for treatments (Fig. 9).

Table9. Statistical analysis for recession time

PR Mean values of Significant level
Change source Free degree Significant level Treatment relative changes e W T
Treatment 2 69% FW -0.018a 100% 19% 33%
Replication 3 19% ww 0.312 a 19% 100% 55%
Experimental error 6 - MW 0.184 a 33% 55% 100%
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Fig9. Recession time graphs

Recession time in FW is more than WW and MW in 65% irrigations. This may be ascribed to the
more basic infiltration rate for WW treatment that was caused recession time reduction in this
treatment.

For this parameter in WW and MW treatments the regression equation is as following:
T, =5.795-0.173TSS +0.233C0OD +0.272N (12)

with a value for the coefficient of determination R? of 0.03 (very poor), where T, = recession time as
min; TSS,COD, and N as before.

4, CONCLUSION

In order to flow hydraulic investigation of the wastewater on the soil were practiced furrow irrigations
with wastewater that the following results were obtained:

1. Magnetic field effect on WW quality was not significant, however electrical conductivity
increased slightly.

2. In all treatments, the basic infiltration rate had downtrend during irrigation season. In most cases,
MW had also highest values of basic infiltration rate and for WW was higher than FW.

3. A downtrend for mean infiltration rate in 0-30 and 30-60 intervals was found during irrigations.
Values of this parameter for WW and MW than FW are less and more in 0-30 and 30-60 intervals
in more cases respectively.

4. Excluding duration of depletion phase, parameters of flow hydraulic of WW and MW on soil such
as advance, recession and storage time had not difference significantly influenced by water
quality treatments, but values of advance and storage time for WW and MW than FW were higher
mostly.

5. According to regressions equation was found a negative correlation between “f,”, mean

infiltration rate for 0-30min and 30-60min ranges and T,,, with TSS and irrigation number; and a

positive correlation between these parameters with COD .

6. Regression equations were showed a negative correlation betweenT,, and T

positive correlation between these parameters with TSS and irrigation number.
7. In parameter of T, positive correlations are with irrigation number and COD; and negative
correlation is with TSS .

withCOD; and a

str dep
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