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ABSTRACT: Dynamic hydrosalinity models are available, but are not used extensively on a large scale soil which
receives wastewater from industrial areas, partly because adequate database are expensive to be obtained. Thus, for this
reason, there is an urgent need to assess the salt and other pollutant loads collected in wastewater flows into the soil and/
or ground water systems. A conceptual hydrosalinity model was used on two major underlying principals of mass
balance and steady state. This model was initially tested on the 4,117 km2 plains west of the Yazd-Ardakan district in
the central part of Iran. This model was used at a time when the soil and ground water salinity problem was serious due
to the high shortage of water. It was possible to calibrate the model with ± 2 % of the flow volume and total dissolved
solids of the industrial wastewater discharge from over 2,000 factories. The verification results were 98 % of the
measured values. Moreover, this model was tested for the verification of the model data from the analysis of 36 wells’
water in the area where industrial wastewater discharge was used. The results showed that most of the indices of total
dissolved solids, total suspended solids, biological oxygen demand and chemical oxygen demand are above standard
levels. The results of the model can be used for the management practice of the reduction of salt pollutant load in the area
to achieve sustainable development for location of industries in the study area.
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INTRODUCTION
Water is essential to all forms of life and makes up

50-97 % of the weight of all animals and about 70 % of
the human body (Buchholz, 1998). Water is also a vital
resource for agriculture, manufacturing, transportation
and many other  human activities. Despite its
importance, water is the most poorly managed resource
in the world (Shalini et al., 2004). Ground and surface
water can be contaminated by several sources in urban
areas (Khublarian, 1989). The careless disposal of
industrial effluents and other wastes may contribute
greatly to the poor quality of the water (Chindah et al.,
2004; Emangor et al., 2005; Furtada et al., 1998;
Karbassi and Shnakar, 1994; Ugochukwu, 2004). Water,

the only precious natural resource to mankind is also
one of the main drawbacks of the present century
(Currie, 1998; Simmons et al., 2002). The changes that
occur in the world today due to these drawbacks can
also have many positive and negative effects. Of the
130 billion cubic meters of water available in Iran, the
consumption of water is roughly 71 % of that amount.
Water consumption estimates for 2031 and 2032 show
that Iran will be one of the countries facing heavy
shortage of water supply (Jamab, 2001). The Central
Province, situated in a dry tropical area has very little
rainfall and therefore, can be considered as one of the
driest areas of the world (Alizadeh, 2003). The increase
in the rate of population, together with fast industrial
expansion has led to heavy water consumption on the
one hand, and on the other, less rainfall has forced
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experts to study the future status of this province and
to make adjustments and effective decisions about this
area. Today, the civilized world is worried about the
future and especially, environmentalists have taken
steps to study the threatening crisis of water in the
future. No doubt, the World Conference held in Rio de
Janeiro had some influence on the decisions that had
to be made, but they were not effective in solving
outstanding issues (Le Houérou, 1996). Among the
natural disasters that threaten human life today,
shortage of water supply together with water pollution,
are two unknown crisis of the future (Jordan et al.,
1993). Loss of human life, compared to AIDS or even
regional wars, could probably be even relatively much
more. The U.N. has predicted that by the year 2050
more than 4.5 billion people of the world may lose their
lives either due to water pollution or shortage of water.
Annually 2 million children die because they are unable
to drink pure healthy water and more than 2.4 billion
types of diseases of the world today are due to water
pollution (Ardakanian, 2003). Yazd, one of the central
cities of Iran is facing a heavy shortage of water supply,
especially in the areas surrounding Yazd-Ardakan. The
quality of clean filtered water has been greatly reduced
because of industrialization and non-sanitation of
wastewaters that flow from industrial sites. Moreover,
this province lacks of natural reservoirs for storing water
and is heavily dependent on ground water and wells
for its water supply. Yazd is a metropolitan city where
is dependent both on industry and agriculture for its
growth. Yazd-Ardakan occupies about 12,607 Km2 and
uses about 10 % of water consumption and 99.4 % of
the province industries are centralized in this area. The
main objectives of this study are:
• Identification of industrial sites and to discharge

wastewater for re-charging of ground water in the
study area;

• To increase water supply not only for drinking
purposes, but also for industrial and agricultural
purposes;

• Discharging of industrial wastewaters into ground
water without treatment with the objective of
pollution control;

• Decreasing water shortage due to increasing
population growth industrial and mining expansion
with sustainable development;

•  To develop a conceptual hydrosalinity model so as
to predict salt load in the study area.

Previous investigations
Literature on pollutant transport in soil and water

systems revealed a number of ciations (Jalali et al.,
2008; Mapanda et al., 2007). However, none of the cited
references considered the leaching of pollutants such
as dissolved salts, heavy metals and organic materials
in the soil down to ground water tables (Mirbagheri
and Kazemi, 2008; Mirbagheri et al., 2008; Olayinka
and Alo, 2004). Moreover, none of the references predict
the pollutant by developing a conceptual model.
Rather, the references reveal the effects of exchangeable
sodium on soil and plant storage, model for ground
water  pollutant prediction, strategy for desert
development and management and the use of modeling
and water efficiency programs for arid zones.
Therefore, many of the selected studies on pollutant
transport in soil systems and ground water quality
management produced theoretical research models that
have not been applied to actual world soil systems,
but some of the models were applied to watershed or
catchment areas (Bowmer and Laut, 1992; James and
Muller, 1992). Other papers (Howari and Banat, 2002;
Peluso et al., 2001) studied the effect of pollutants in
surface water quality, but the required parameters for
model development were seldom measured in the field.
The literature also revealed that researchers are mainly
concerned about pollutant storage in soil and plant
uptake, but there is little effort for pollutant transport
and ground water  contamination estimates by
developing a conceptual model, a subject matter of
interest to this investigation.

MATERIALS AND METHODS
The Yazd-Ardakan district is an urbanized part of

Yazd Province, comprising both industrial and
agricultural facilities. This study focuses on the
scientific and statistical information collected
throughout the country, especially from the Province
of Yazd. Initially, this study focuses on information
regarding the condition of ground water in the province
then on the way water is being drawn, consumed and
evaluated as well as, the classification of industries in
that area according to the type of product, the spread
of these industries in other provinces and the
concentration of hydrological units in the study area.
About 79 % of the industries in Yazd Province are
mainly hydrological units of the Yazd-Ardakan district.
Consequently, the amount of water consumption and
the production of industrial sewage in this area have
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been analyzed. The next stage of this study focuses
on the industries in this area and their pollutant
potential. The type of pollutant and industrial
wastewater characteristics show that the textile, food
industries and construction sites are the most important
contributors to the quality and quantity of industrial
sewage. With the aim of determining the features of
industrial wastewater, a sampling was performed in this
area and later on, with the help of a standard method
(APHA, 2005;  AWWA, 1990; Hai-long et al., 2006).
The pH, TSS, TDS, COD, BOD, chlorine and alkaline
ions were tested. The pH was measure directly, either
in the wastewater or water using a pH meter. Electrical
conductivity (EC) was measured directly either in the
wastewater or water using conductivity meter.
Dissolved oxygen (DO) was measured directly using a
DO meter. Biological oxygen demand (BOD) was
determined by conventional methods (AOAC, 2002;
Metcalf and Eddy, 2003). A sample of the solution (5 0
mL) was placed into a 500 mL BOD bottle and filled to
the mark with previously prepared dilution water. A
blank solution of the dilution water was also prepared
and placed in a BOD bottle. The bottles were sealed
and incubated for five days at room temperature. BOD
was calculated from this equation: BOD= (D1-D2/P),
where D1= dissolved oxygen 15 min after preparation,
D2=dissolved oxygen in diluted sample after incubation
and P=amount of sample used. Suspended solids (SS):
A sample (200 mL) was left to stand for 20 min (WHO,
1996), after which it was poured into a previously
weighed platinum dish and evaporated to dryness (CL).
Anion was determined by titration of the sample with
silver nitrate. Potassium chromate (5 %; 1 mL) was
added to 100 mL of the sample and titrated with 0.1 mL
silver nitrate solution until the solution turned a buff
color (AOAC, 2002). Alkalinity was obtained by
titrating 50 mL of the sample with HCL (0.1 mL).
Sampling of 36 ground water wells was performed to
determine the effect of industrial sewage on the ground
water, as well as the extent to which water pollution
influences the quality of these water. The results were
then compared to studies that had taken place in 1999
and 2001 in the same area.

Model formulation
   A conceptual dynamic hydrosalinity model of water
flow and salt movement was developed in this study.
This model is based upon two major underlying
principles of mass balance and constant state (Gao et

al. , 2007). This model was initially tested on the 4,117
Km2 Yazd-Ardakan planes located in the 12,607 Km2

hydrologic basin of Yazd Province where salinity
problems are serious.
The model formulation was based on the following
assumptions:
•  horizontal flow in ground water aquifer
•  two dimensional flow mainly horizontal and lateral
•  laminar flow in saturation zone
•  unconfined aquifer with heterogeneous unisotropy

soil properties
A conceptual view of salt and water flow in the crop

root zone portion of the soil-water system is shown in
Fig. 1. According to Fig. 1 and on the bases of data
collected in the study area, a mass balance equation
may be written for the water flow, as well as for the salt
flow in the soil column above the ground water table.

Water flow model input to the system

Viw=KIW(1-Ktiw)                                                          (1)

Vitw=VIn×KIW-×KtIW                                                         (2)

Vuw= Vur ×  Kuw                                                                                      (3)

VPdP= 1000
Pdpa ×                                                          (4)

Vpwp= 1000
wpP

a ×                                                          (5)

)1(
1000

)( Kewp
P

aAVuh WP −×−=           (6)

Vti= Vir+ Viw+ Vitw+ Vuw+ VPwP+ Vuh+ VPdP                (7)

Where,
Vir      = volume of annual irrigation water
Viw   = volume of industrial wastewater
Vitw   =  volume of treated industrial wastewater
Vuw   = volume of sanitary wastewater
Vpdp   = volume of rainfall in drought period
Vpwp = volume of water in wet period
Vuh     = volume of water flow from the hydrologic basin
           outside the basin into the study area
Vti     = total flow into the study area
Coefficients Kiw, Kitw, Kuw  and Kewp are defined in Table 1.

Water flow model out put from the system
VEIr= VIr× Keir                                                          (8)

aKedpPdpVE PdP ××=
1000           (9)
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VEpwp= aKewp
PwP ××

1000
                        (10)

Vet= VIr× R                         (11)
Vdis= VIr+ VIn+ VUr             (12)
Vto= VEir+ VEPdP+ VEpwp+ Vet+ Vdis                         (13)

VtoVtiV −=∆         (14)

r
sa

Vh
×

∆
=∆         (15)

t

P

D D
D

h
h

=
∆
∆

        (16)

Vid= ad× ∆ hd× Sd                                         (17)
V= V+ VId         (18)

Where:
VEir  is the volume of evaporation from the irrigation
        return flow per year
VEpdp is the volume of evaporation from the rain water
         in drought period
VEpwp is the volume of rain water evaporation in wet
         period

Vet    is the volume of evapotranspiration from the plant
Vdis   is the volume of water discharged from the aquifer
       for different usage
Vto   is the total water output from the system
∆V   is the change of storage
∆h     is the decrease in water table
Vid    is the seepage of water from the surrounding area
         into the study area
∆V    is the overall water balance of the aquifer

Salt flow model input to the system
MSIr= VIr× TDSIr            (19)
MSrin= Vin× Kiw× (1-Ktiw)× TDSin        ( 20)
MStin= Vin× Kiw× Ktiw× TDStin                                    (21)

MSP= a PTDSP
××

1000                        (22)

P
WP TDS

P
aAMSuh ×−=

1000
)(                        (23)

MSd= Vid× TDSd                                (24)

MSt= MSir+ MSrin+ MStin+ MSp+ MSus+ MSp          (25)

Salt out put
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Fig. 1: A view of salt and water flow in the crop root zone
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Where:

MSir is the salt flow from irrigation water into the system
MSrin   is the salt flow from raw industrial wastewater
MStin   is the salt flow from treated industrial wastewater
MSp    is the salt flow from rainwater
MSuh  is the salt flow from hydrologic basin seepage
into the system
MSd   is the salt flow from the surrounding desert area
MSt    is the total salt flow into the system
Salt flow model out put from the system
MSo= MSt× Kd         (26)
MSaq= MSt- MSo              (27)

        (28)

        (29)∑
−=++

+=

∑−
=

VdisVtoVetPWPVE

VEpdpIrVEVE

VETIV

MSaq
Qsaq

Data  Parameters description  
A=12607 KM2 Hydrologic unit area 
a = 4117KM2 Yazd–Ardakan plane area 
h=200M Average alluvial depth 
H=75m Average water table depth 
T=1500m2/day Coefficient transport 
S=5 % Coefficient plane surface 

5.7
200

1500
L
T

K ===  m/dayPlane hydrologic conductivity   

Vir = 581 MCM/y Volume of  irrigation water 
Vur = 32 MCM/y Volume of  urban water 
Vin = 19 MCM/y Volume of  industrial water 
TDSir = 970 mg /L TDS of  irrigation water 
TDSur = 970 mg/L TDS of urban water 
TDSin = 4500 mg/L TDS of  industrial wastewater 
TDSp= 500 mg /L TDS of precipitation water   
TDStin = 1000mg/L TDS of  treatment industrial 

wastewater 
P= 89.3 mm Manual precipitation 
Pdp =17.4 mm Precipitation in dry month   
Pwp = 71.9 mm Precipitation in wet month   
ET = 3442mm/y Evapotranspiration of manual   
Da = 895Km2 Desert area 
Ds=5  % Coefficient of  desert  

surface plane 
TDsd=4000 mg /L Desert salt plane 
R=55 % Irrigation randoman 
Keir=25 % Evaporation irrigation 
Kfir =20 % Filtration irrigation 
Kedp=100 % Evaporation in dry period 
Kewp=75 % Evaporation in wet period 
Kuw=80 % Urban consumption to  

urban wastewater 
Kiw=70 % Industrial consumption to 

industrial wastewater  
Kitw=30 % Industrial wastewater treatment 
Kd= 50 %  Salt leaching fraction 

Where:
MSo      is the salt flow out put from the aquifer
MSaq   is the salt flow into  the aquifer
Qsaq    is the salt balance in the aquifer

The model input data and assumptions are
summarized in Table 1. However, the data of the
parameters listed in Table 1 was measured using the
grab samples of the rains and surface runoffs collected
from the study area.

Model application
The model was used to calculate the transport and

accumulation of total dissolved solids (TDS) and water
flows into the Yazd-Ardakan plane, a hydrologic unit
of the Yazd Province. This watershed unit measuring
12,607 Km2 is about 10 % of the total area of the Yazd
watershed shown in Fig. 2.

The Yazd-Ardakan plane is very important
economical aspects, as well as environmental views.
Table 2 shows some of the important indices in the
Yazd-Ardakan region. Geologically, the structure of the
ground water basin in this area is alluvium with fine
grain size. The ground water table is an unconfined
aquifer fluctuating during the year especially during
drought year periods. Since the ground water basin is
impermeable at the bottom layer and on both sides,
there are no side or bottom flows to the neighboring
load water basins. The soil in this area is heterogeneous
and unisotropy and the flow direction is horizontal.
The main water resource in this area is from rainfall
runoff and discharge of drainage water from irrigated
croplands. The industrial wastewater inflows are not
controlled but are considered as incremental flows of
water and salt into the system.

RESULTS AND DISCUSSION
Measured and calculated salt concentrations were

compared for total flow (irrigation, industrial
wastewater and rainfall for wet and drought periods)
of 1,140.16 million m3/y to determine the accuracy of
the calculation. Calculated and measured data is
summarized in Table 3. Calculated values for total water
input into the system is 1,140.16 million m3 and total
water output from the aquifer of the system is 1,390.45
million m3 (Table 3). The comparison between input
and output water from the system shows that there is
a negative water balance. The decrease from 1996 to
2004 in the water table is shown in Fig. 3. The decrease
in water input to the aquifer causes an increase in salt

Table 1: Model input data and assumption
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Yazd - Ardakan plane 
             %                           No. 

Index Province 

77.2 706000 915000 Population 
9.6 12607 131551 Area (km2) 
95 2065 2172 Number of  industries 

66.6 6 9 Industrial cities  
96.6 288 298 Operated units of  industries 
98.8 330 334 Textile industry 

37 663 1828 Total water recovery 
48 -130 -270 Decrease in water balance 

Table 2: Some of the indices in Yazd-Ardakan plane

concentration of the discharged water from the aquifer
from 995 mg/L in year 2000 to 1,020 mg/L in year 2001
as shown in Table 3. The measurement values of BOD,
COD, TDS, TSS and chloride from industr ial
wastewater of the area is shown in Table 4. The
ground water depth in this area is very high (about
70 m) and the input water is too low. The leaching
traction of water to ground water is only 50 % during

wet years and 0 % during drought years. Therefore,
about 50 % of salt accumulates in the wetted front
before reaching the ground water table. The salt input
to the aquifer is on an average 628,408 tons/y.

The salt balance concentration in the aquifer,
calculated by the conceptual model, was on average
1,020mg/L in 2001, as compared to the measured
values of salt which was about 1,000 mg/L in the same
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Fig. 2: Situation of Yazd - Ardakan region in Yazd Province
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Output data Input data 
Calculated

 values 
Parameters Measured

 values Parameters 

145.25 VEir 
Evaporation of irrigation water 
(million m3/y) 581 Vir 

Volume of irrigation water 
 (million m3/y) 

71.64 VEpdp 
Evaporation of rainwater in drought period  
(million m3 /y) 9.31 Viw industrial wastewater 

  (million m3/y)  

222.01 VEpwp 
Rainwater evaporation  in wet period 
(million m3 /y) 3.99 Vitw 

Volume  of  treated 
industrial wastewater 
(million m3/y) 

319.55 Vet 
Evapotranspiration of plant 
(million m3 /y) 25.6 Vuw 

Volume of sanitary 
wastewater 
(million m3/y) 

1390.45 Vdis 
Water discharged from aquifer for different usages 
(million m3 /y) 71.64 Vpdp 

rainfall drought period  
(million m3  /y)  

1390.45 Vto 
Total water output from  the aquifer 
(million m3 /y) 296.01 Vpwp 

Volume of rainfall wet 
period (million m3/y) 

628908 MSaq 
Salt into the aquifer (ton/y) 

152.51 Vuh 
Water flow from 
hydrologic basin 
(million m3/y) 

1650 QSaq 
Salt balance in aquifer (ton/y) 1140.16 Vti 

Total flow into system  
(million m3/y) 

995 SCaq2000 
Salt concentration in aquifer (2000) (mg/L) 563570 MSir 

Salt of irrigation water 
(ton/y) 

1020 SCaq2001 
Salt concentration in aquifer (2001) (mg/L) 41895 MSrin 

Salt of raw industrial 
wastewater (ton/y) 

- - - 3990 MStin 
Salt of treated industrial 
wastewater (ton/y) 

- - - 183824 MSp Salt of rainwater (ton/y) 

- - - 305215 MSaq 
Total salt of surface water 
into aquifer (ton/y) 

- - - 159320 MSd 
Salt of surrounding desert 
area (ton/y) 

- - - 1257815 MSt 
Total salt into system 
(ton/y) 

- - - 970 SC1999 
Salt concentrations in 
sample  (1999) (mg/L) 

- - - 1000 SC2001 
Salt concentrations in 
sample (2001) (mg/L) 

Table 3: Input and output data from the model

Fig. 3: Decrease water table in Yazd-Ardakan plane (1996-2004)
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Table 4: Measurement of industrial wastewater parameters in the study area

Parameter
Industries BOD COD TDS TSS Alkaline pH Chloride 

Khoshtame Meybod 1800 2160 1948 6080 3375 6.8 540 
Textile Ardekan 1360 3520 10828 6176 20000 12.24 2155 
Rezinhaye Mehriz 900 2300 21490 22140 160 6 1850 
Rangrazi  Jahade Ashkezar 800 4400 9530 1750 380 4.4 4320 
Pashshoei Paksan 220 5500 4424 3824 4000 8.5 6200 
Yazd Color 420 2000 1885 1000 150 7.2 325 
Textile yazdbaf 700 4400 344 562 350 7 150 
Textile Zarintab 650 5400 2585 148 200 7 798 
Textile  Gerdbaf 4500 8000 1100 800 680 6.5 1845 
Textile Dibanakh 500 1320 2650 50 160 6 535 
Milk Pastorises 3500 7000 3640 2400 720 9.5 712 
Pooyan milk 5000 4500 8580 8470 1200 7.5 675 
Mikhosh Ardekan 700 950 760 336 175 6.7 568 
Golshan Mehriz 4500 8500 2468 1558 4800 6.7 3100 
Ard Rooshan 1100 4500 540 400 160 7 210 
Paper yazd 400 1082 22828 2122 1.64 5.9 1258 
Kashi Orchin 155 4.9 1117 220 219 7.8 13.0 
Bahartax 960 2290 1420 371 103 4.95 364 
Afshar Industry 1549 2387.4 3607 109 414 6.76 875 
Ardekan Food 380 580 9768 - 500 6.38 3976 
Textile Behnegare Meybod 980 1774 4624 192 750 10.6 3370 

Fig. 4: Fluctuation of total dissolved solid in the ground water

year. Fig. 4 shows the total dissolved solid fluctuation
in the ground water of this area. Fig. 4 also shows the
salt load increases  as the water table drops.

Therefore, the measured and calculated values are
in good agreement. The difference is only 2 %. The
calculated values of salt by model also indicates that
the salt concentration in the aquifer will increase 2.5 %
annually, this means that according to the model
prediction the salt concentration from year 2001 to 2021

increase by the following equation:
                                    

Sc2021 = Sc2001 (1+r) 20 = 1020 (1.025)20 = 1670 mg/L   
 

Where, r is the rate constant for salt increase.
In addition to conceptual model a regression model

was developed for the relationship between electrical
conductivity and total alkalinity (TA), as well as total
dissolved solids, also EC and TA with chloride
concentration and CL with TDS and TA and the
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following result lead to the equations indicating that
the EC is related to TA and TDS with correlation
coefficient of R= 89.5 % and EC also is related to TA
and CL with correlation coefficient of R= 90 % and CL
is related to TDS and TA with correlation coefficient of
R= 94.5 %. The regression equations are as follows:

EC= 1.569 TA+ 1.065 TDS- 23.66         (31)
EC= 1.611 TA+ 0.808 CL + 723 TDS+ 50.48         (32)
CL= 0.423 TDS- 0.051 TA- 91.71         (33)

CONCLUSION
A conceptual hydrosalinity model for predicting salt

load from industrial wastewater flows into soil and
ground water in the Yazd-Ardakan planes was
developed, since the constituents of ground water is
important in the water supply systems for domestic,
industrial and agricultural use. With increased use,
sometimes even above permissible levels, ground water
quality often deteriorates. In recent years, public
attention has been focused on ground water
contamination by hazardous industrial water leaching
from landfills, oil spills and agricultural activities and
by sites of radioactive waste deposits. In most cases,
the source of contamination is above ground surface,
with contaminants passing through the unsaturated
zone on their way to an underlying aquifer. Proper
management of water resources requires the ability to
forecast the response of the managed system of the
aquifer, to planned operations such as, pumping,
recharging and control of the conditions at aquifer
boundaries. Any planning of mitigation, clean up and
control measure requires forecasting the path and fate
of the contaminants in both the unsaturated zone and
the aquifer. The tool for prediction is a numerical or
conceptual model that calculates the flow and pollution
movements and transformation. This leads to develop
a one dimensional dynamic conceptual hydrosalinity
model, in order to calculate the water flow and transport
of salt in 4,117 Km2 west of the Yazd-Ardakan district.
This model is based on mass balance and constant
state equations. The calculation results correspond to
measured values. Therefore, this model is a useful tool
for appraising salinity problems in similar systems.
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