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Abstract

Use of water with poor quality in agriculture not only leads to degradation of soil physical
properties, which results in wastelands, but also reduces crops production and causes trouble
for irrigation systems. In the other side, agriculture is known itself as a main water polluting
sources. Health improvement of human community is not possible without access to safe
drinking water.Considering this issue, developed countries have successfully dealt with their
health problems, especially with respect to drinking water. In this way, a study was
conducted at Amir Kabir Sugarcane Agro-industry to evaluate the chemical and physical
properties of water of the Karun River from 2003 to 2011. All measured factors were
compared with FAO irrigation water quality standards and drinking water standards of WHO.
Based on results, TDS (1408.25 mgl™) was higher than allowable limit in all studied years.
Also, TH factor showed a dramatic increase over WHO standard science 2007 due to drought
condition; however, other factors were found to be at standard levels. Therefore, water of the
region is not recommended for drinking. For irrigation purposes, only EC factor was beyond
the permissible limit, which caused water quality to be placed in Csclass (high salinity).
However, such water can be used to grow saline resistance crops provided adopting
appropriate management practices.

It should be noted that current standards often developed for a given climatic conditions,
which are completely different with studied area, and therefore should be exposed to
reconsideration and revision.
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1. Introduction

Using fresh and newly harvested water has a priority for drinking, sanitation and industry
purposes, but consumption of brackish and saline water as a source of irrigating water for
agriculture can be considered as an important strategy and a national goal for sustainable
development. Obviously, this water can be utilized under given conditions and to grow salt
resistant crops, so calling them as undesirable water should be strongly avoided. On the other
hand, excessive extraction of underground waters through deep and semi-deep wells and
saltwater intrusion into freshwater aquifers, have caused more extension of saline water, as its
volume is rising increasingly. The outlook of the water and irrigation based on recognition of
the future situation is demonstrative of tending toward using unconventional water resources
(drainage water, industrial and agricultural wastewaters, underground brackish water and
seawater).Of course, using these unusual water resources has undesirable impacts on the soil
physical characteristics, crop yield and environment; therefore it is necessary to adopt proper
measures toward de-escalating its disadvantageous effects. In this regard maximum yield
should not be thought, rather more emphasis must be put on economic yield (Kiani &
Kochak-Zadeh, 2002). The previous experiences indicate that water shortage in nature,
especially in arid and semi-arid areas, is always associated with a reduction in water quality.
To sustain crop yields, therefore, it is necessary to use underground saline water (or drainage
brackish water) in these areas along with fresh water for irrigation (Kiani et al., 2006).

Behavior measurement and decision making about water quality based on collected data is
one of important challenges against environmental engineers and hydrologists, due to various
uncertainties existing in all levels, from sampling to evaluation and analyzing the results.
There are standards for various contaminations and pollutants in drinking water represented
by organizations such as the World Health Organization (WHO, 1993). Some factors such as
variation of rivers water flow rate in time, accompanying with qualitative changes, limit
extensive use of most of these standards. On the other hand, almost all standards, developed
by any organization, have uncertainties inherently, because their values have obtained by
extrapolating experimental data resulted from animal tests or case studies. So, it’s necessary
to look for updating and proper using of these standards based on prevalent condition.
Comprehensive understanding from status and trends of variation in water quality is an
essential precondition for optimizing formulation, evaluation and implementation of water
quality standards and limits defined by different organizations. There are different methods
and measures in literatures for evaluating the quality of drinking water and decision making
about it. But it seems in all approaches, definitive decision has been made with comparing
values of water quality parameters and considering standards represented by various
organizations, and the uncertainties in all stages this process is ignored (Deshpande et al.,
1996).

The drinking water not only should have a clear and non-turbid appearance, but also be
desirable and safe chemically and microbiologically. High concentration of dissolved salts in
water gives a salty taste to water and reduce tendency of consumers to use such water, so the
fresh water is always high demanding (WHO, 1996).
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From an agricultural point of view, concentration of bicarbonate is a main factor affecting
water quality. As carbonate concentration increases in irrigation water and or soil solution,
some disorders in plant iron nutrition may take place and plants can suffer chlorosis (Kalbasi,
1995). Bicarbonate also can disturb iron transportation and partitioning in leaves by affecting
iron inflow from apoplastic system into the cytoplasm through plasmalema (Han et al., 1998).
Chlorides and sulfates are other important anions effective in the formation of saline soils.
All chloride salts are high water soluble and thereby possess a severe toxicity. The higher soil
and ground water salinity therefore, more chlorine they have (Tanji, 1990).
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The electrical conductivity (EC) is another important factor determining water quality for
irrigation. It is known that wheat seed yield and height is affecting by an EC of 0.5-2.5 dSm™.
When EC rose to 4 dSm™, the number of grains per unit area reduced significantly. In general,
wheat grain yield in saline condition was up to %80 lower than non-saline environments
(Stephanand & wall, 1997); however there is a great inter- and intra-species variation in
response to salinity. For example in a greenhouse experiment on the effect of irrigating with
saline water on growth, yield components and nutrient absorption in the three wheat cultivars
(Sakra 8, Saka9, Saka 6), it was found that plant height, total dry matter accumulation,
number spikes per plant, number of grains per spike in Sakra8 was significantly more than
two other varieties (Lamsal et al., 1999). SAR is also one of the water quality parameters
showing the rate of sodium absorption. As Hadas (1982) stated, a water with high sodium
absorption ratio (SAR) can reduce stability of soil structure and ultimately result in low soil
permeability and crop yield, due to dispersion and swelling of clay particles.

Research objectives are: 1-Study on Karun River water quality at scope Amir Kabir
Sugarcane Agro-industry 2-The study of temporal changes in river water quality 3- River
water quality assessment of agricultural and drinking purposes.

2. Materials and Methods
2.1 Study Area
This research has been conducted based on nine years collected data from 2003 to 2011at a

local scale in Khuzestan province, which is located between longitudes (4742’ to 5039’ E),

and latitudes (29° 58’ to 32958’ N). Water quality parameters of Karun River were recorded

at Amir Kabir and Mirza Koochak Khan Sugarcane Agro-industries zone (Fig 1); these
agro-industries cover more than 29000 hectares. Farmlands located in the west of Karun
River and south of Ahwaz city. Most of region is lowland, with an altitude of 2-16 meters.
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Figure 1. Geographical location of study area

2.2 Method of Sampling and Moduling of Physical-chemical Parameters

To determine water quality, water samples was taken from Karun water in place of pumping
station Amir Kabir and the water drains in place out of the Agro-industry from the specified
location in Figure 1, and after transferring to the laboratory were analyzed regarding physical
and chemical parameters. Thus, the factors measured at average every week were converted
into monthly means and at the end to annual means.

Analysis to measure the electrical conductivity, acidity, total dissolved solids, total hardness,
sodium adsorption ratio, percent sodium solution, concentration of residual sodium, the anion
(chloride and sulfate, carbonate and bicarbonate) and cations such as (sodium, magnesium,
calcium).Among the parameters measured the amount of sodium by device flame photometer
(Systronics k1/mk-I11) at a wavelength of 589 nm. Calcium, magnesium, bicarbonate and
chloride were measured based on Titration Method. At the beginning, the drinking quality of
water in the given area was evaluated. So that primarily standard table was prepared by WHO
for drinking, then table was compared with the average amount factor of drinking during the
years of 2003 to 2011. Consequently an exact and appropriate assessment was done. The
appropriateness and inappropriateness of each factor was also recognised. Finally, statistical
analysis was performed with SPSS and EXCEL statistical software.
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Table 1. Limit for drinking water quality related parameters, standard World Health
Organization (WHO, 2004)

Parameter The maximum allowable
pH 7-8.5

TDS 500 mg/I

TH 500 mg/I

ca® 200 mg/l

Mg** 150 mg/l

CI 200 mg/l

S0~ 200 mg/l

Table 2. FAO standards for irrigation water (FAO, 1970)

Water parameter Symbol Unit Usual range in irrigation water
Electrical Conductivity EC dS/m 0-3
Total Dissolved Solids TDS mg/l 0 - 2000

Cations and Anions
Calcium Cca™ meq/I 0-20
Magnesium Mg*™ meq/l 0-5
Sodium Na* meq/I 0-40
Carbonate CO%; meq/! 0.0.1
Bicarbonate HCO; meq/| 0-10
Chloride Ccr meq/I 0-30
Sulphate S0%, meg/| 0-20

MISCELLANEOUS

Acid/Basicity pH 1-14 6.0-85

Sodium Adsorption Ratio SAR meg/l 0-15

Agricultural purposes and irrigation were also determined based on methods of drinking. So,
that primarily standard FAO table was prepared for agricultural purposes and average table
values of the amount factors for agricultural purposes were accommodated with the standards
FAO and appropriate and inappropriate factors were found. Sodium adsorption ratio (SAR) is
a measure of the suitability of water for use in agricultural irrigation, as it can determine by the
concentrations of solids dissolved in the water. It is also a measure of the sodality of soil, as it
can determined from analysis of water extracted from the soil.

The formula for calculating sodium adsorption ratio is:

NE.+:
SAR = e @)
A 2
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Soluble Sodium Percent (SSP) is an index that defined as the ration of sodium to the total
cation. When we have water with a SSP greater than %60 it can cause a breakdown in the
soil’s physical properties (Khodapanah et al., 2009). SSP is expressed as follows:

+2 :
SSPp = Solub le Na™ “Concentration % 100 (2)

Total Cations Concentration

Where, all the ionic concentrations are expressed in meg/L.

The Residual Sodium Carbonate (RSC) is a kind of index used for irrigation water quality
assessment. RSC is calculated as follows:

RSC = (CO™, +HCO35)-(Ca*" +Mg*) (3)
Where, all the ions are expressed in meg/L.

3. Results and Discussion

3.1 Assessment of Water Quality for Drinking

Table 3. Results of Factor analysis for making use of drinking

Parameter Max Min AVERAGE SD

pH 8.08 7.61 7.96 0.15
TDS 7542.74 1017.08 1408.25 1960.21
TH 750.61 369.54 476.11 118.18
Ca®* 7.64 3.85 5.09 1.18
Mg?* 7.47 3.60 4.60 1.20

cr 23.08 8.94 12.81 4.70
S0.% 10.92 3.91 6.44 2.31

Total dissolved solids (often abbreviated TDS) are a measure of all inorganic and organic
materials in water. It is an important parameter for assessing groundwater quality. According
to standard World Health Organization (WHQO) limit can be of 500 mg/l. In this study, the
average rate during the 2003 2011 was 1408/25mg/L which is higher than the standard. The
results show that the water is not suitable for drinking. Some graphs were drawn to show the
factors higher than normal. Then we could determine to what extent they violate the limit
during different years.
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Figure 2. The TDS values are measured in years 2003-2011

The Figure 2 indicates that TDS levels are higher in all studied years, namely 500 mg/l has
been demonstrated that the high soluble solids in case study. Total hardness of water is a

measure of dissolved Ca®* and Mg”" in
Standardized according to World Health
which is divided into the following table.

water expressed as CaCO'3(Mitra et al., 2007).
Organization (WHO) limit TH can be500 mg/I,

Table 4. TH values are classified according to WHO standards

Type of water TH
soft TH<150mg/I
Relatively hard 150<TH<300mg/L
hard 300<TH<450mg/L
Very hard TH> 450mg/L
173 www.macrothink.org/jee
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Figure 3. Values as measured for TH during the years 2003-2011

The table three shows that average amount of TH in 2003_2011, 476/11mg per liter that the
class will be very hard. Figure 3 shows the amounts of TH to the end of 2008 lower than the
limit but has been increased since 2008 and in early of 2009 in the amount of TH that it is due
to the drought that in recent years has occurred, there has been attributed to the decreasing
water level that increases the amount of solute. Limit for CL™ and SO is 200 mg/g.The
average amount of them in 2003_2011, (CL") 8/12 and (SO%,) 44/6 are appropriate, HCO;
and CO?; values are also allowed. The values of PH, Ca®*, Na*and Mg?* with respect to the
standard WHO (World Health Organization) also are sufficient.
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Figure 4. Average of SO%4, CL"and HCO; in the years 2003-2011
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Figure 5. Average of Ca®*, Mg®* and Na* in the years 2003-2011

Figures 4 and 5 indicates that both sodium and chloride anion, respectively are dominant in
the region. With regard the result of table 3 and comparison with the standard of WHO and
with notice that total hardness and dissolved solids have a very important role in the water
quality for drinking purpose, nevertheless this water is not recommended for drinking. Some
treatment methods such as reverse osmosis (RO) can be applied on water in order to adjust

the level of factors.

Table 5. Assessment of water for drinking based on table Shuler

Paramet Non-potabl
er Good | Acceptable | Average | Inappropriate | Quite unpleasant | e
PH 0 %11 %89 0 0 0
Ca” %100 |0 0 0 0 0
Mg®* %100 |0 0 0 0 0
Na* %2100 | O 0 0 0 0
TDS 0 0 %100 0 0 0
TH 0 %66 %34 0 0 0
CL %2100 | O 0 0 0 0
HCO7; %2100 |0 0 0 0 0
SO, %100 |0 0 0 0 0

Table 5 indicates that the amounts of Ca®*, Mg?*, Na*, CL", HCO’; and SO, are %100 in
Good and %100 levels of TDS Average, %89 of the values of PH Average and %11 of the
values acceptable and %66 levels of TH acceptable and %34 of the values are in average.
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3.2 Quality Assessment for Agricultural Purposes

A\\ MacrOthlnk Journal of Environment and Ecology

The suitability of groundwater for irrigation is effects on both the plant and the soil
(Khodapanah et al., 2009). Salts can limit growth of plants physically, and restricting the
taking up of water through modification of osmotic processes, and is harmful for plant
growth chemically by the effects of toxic substances upon metabolic processes. Analysis to
measure the electrical conductivity, acidity, total soluble solids, total hardness, sodium
adsorption ratio, percent sodium solution, concentration of residual sodium, the anion
(chloride and sulfate, carbonate and bicarbonate) and cations such as (sodium, magnesium,
calcium) was performed for evaluation of agricultural water. TDS is an important factor for
agriculture water, the limit of concentration of TDS in groundwater for irrigation is <3000
mg/L (Nagarajan et al., 2010). When we have TDS is >3000 mg/L, the risk to cause salinity
maybe higher. The SAR formula can be derived of the proportion of sodium to calcium and
magnesium, which affect the availability of the water for the crop (Singh, 2008).We have
some criterion for SAR that is classified into excellent (<10), good (10-18), permissible
(18-26), unsuitable (>26) (Khodapanah et al., 2009). RSC also be classified as suitable
(<1.25), marginal (1.25_2.5), and not suitable (>2.5) (Lloyd & Heathcote, 1985).
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Table 6. Factors measured at years 2003-2011 for agricultural purposes

Different - - . 5 i : 2
years RSC | Ca Mg Na SO%, | CL HCO; | CO™; | SSP SAR | TH TDS PH EC
2003 -5.13 475 | 3.60 | 10.23 | 4.75 10.44 | 3.21 0.00 5451 | 5.03 | 415.15 | 1270.33 | 7.90 1.55
2004 -4.97 429 | 412 | 10.38 | 4.95 9.95 3.44 0.00 54.42 | 5.08 | 416.71 | 1338.89 | 8.05 1.66
2005 -5.48 410 | 452 | 1053 | 5.61 10.13 | 3.14 0.00 54.76 | 4.99 | 39240 | 1062.92 | 8.08 1.81
2006 -5.02 452 | 3.70 | 10.32 | 4.84 9.91 3.20 0.00 52.88 | 491 | 412.08 | 1380.92 | 8.05 1.53
2007 -4.44 385 | 3.78 | 8.71 3.91 8.94 3.19 0.00 53.87 | 450 | 369.54 | 1017.08 | 8.07 1.38
2008 -5.52 430 | 423 | 9.70 6.25 8.96 3.01 0.00 54.00 | 482 | 414.21 | 1408.33 | 8.01 1.48
2009 -8.63 6.18 | 5.84 | 17.79 | 8.55 18.19 | 3.38 0.00 58.73 | 7.21 | 596.99 | 1545.83 | 7.93 2.68
2010 -11.29 | 7.64 | 7.47 | 17.67 | 10.92 | 23.08 | 3.82 0.00 53.84 | 6.60 | 750.61 | 1983.33 | 7.61 3.06
2011 -7.15 585 | 467 | 1459 | 9.25 15.00 | 3.37 0.00 55.54 | 6.25 | 522.68 | 1666.67 | 7.86 2.50
Average | -6.4 5.05 | 466 | 12.21 | 6.56 12.73 | 331 0.00 54.73 | 549 | 476.71 | 1408.26 | 7.95 1.96
177 www.macrothink.org/jee
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By studying the standards for agricultural water and comparing the mean factor studied in
Table 6 with the standards, we can conclude that the above factors are of an acceptable value.
So we can claim that the studied water is proper for agricultural purposes.

Table 7. Division EC and SAR values based on table Wilcox

C, Low salinity 0.1t00.25 EC d%]
C, average salinity 0.25t0 0.75 EC d%n
EC
Cs High salinity 0.75t0 2.25EC d%n
Cs Too much salt 2/25t05 EC d%n
S; Low sodium SARO0to 10
SAR S, average sodium SAR 10t018
S;3 High sodium SAR18 to 26
S, Too much sodium SAR 26 to 31
mEc
Limit | —
35 3.06
3
£.D6 75
2.5
1.81
2| 155 166 153, ,e 148
1.5 )
1
0.5
0
2003 2004 2005 2006 2007 2008 2009 2010 2011

Figure 6. EC values measured in the years 2003 2011

As it can be seen the changes in EC in the Figure 6 have been between 0-3ds/m, it was only in
2010 shortly more than the limit the level has gone up, and its level in the middle of the years
2009 2010 had increased dramatically, which is due to the correlation between EC, TDS and
TH. The relationship is shown below. Electrical conductivity and the concentration of total
dissolved solids (TDS) to one ratio don’t have a specific relationship. In dilute solutions (such
as natural water) between these two factors is the following relationship.

TDS=0.5EC (4)

Total hardness, is the total concentration calcium and magnesium ions in water. As a result,
water hardness, is a part of TDS. The main factor of sedimentation water is the water

178 www.macrothink.org/jee



- Journal of Environment and Ecology
A\ Mac.rOtthl,:,'k ISSN 2157-6092
Institute 2012, Vol. 3, No. 1

hardness. The EC is also an important factor for the water quality agricultural, show the rate
of solubility of ion, which was compared the values in Table 7 for the EC with an average
value over the years 2003_2011 that specified the amount of the EC in the third grade class
C3 with the high salinity. Also, by comparing the average SAR over the years 2003_2011
with table 7, we can conclude that the SAR is classified in the first category, which has low
sodium level. So we conclude that the class irrigation we are dealing with is C3Sjthat just
with a bundle of specific arrangements, is suitable for agriculture.

Sodiurm
{alkaliy
Haxaro 100 SO0 1000 SO0
T T T T T T T T T T T T
Wery T o] = =0
High
sS4 28 -
= Z6 =
24 —
High ey | T
S53 = [ - -
20 1 - _ 20
o= 18 = _ | .
- 18 | - i | -
Pl iimm o T — .
= 1
52 1 -
12 | — -
10 = - P 10
1 —
a8 N _—
Low s | I
=1 4 |- | ——f—
| —
- ! RA Y
TO0 =50 ] ZZ50 o
Conductivity (miicroembhos’cm at 25 “C)
=1 | C2 o3 o
Lcvwas 1 B Hig ks Viery High
Salinily Hazard

Represent the irrigation cass is desired "i:‘_i"‘

Figure 7. SAR and EC values of classification based on the chart Wilcox

Water quality and class-based classification be classified as Wilcox: C;S;sweet, for
agricultural perfect, C,S;, C1S, C,S; little passion for agriculture is almost perfect, C;Ss,
C2Ss, C3S1, C3Sy, C3S3_ passion for farming with arrangements appropriate, C1S4, C2S4, C3Sa,
C4S4, C4S3, C4Sy, C4Sy very salty-harmful to agriculture. According to the FAO standard for
EC between 0-3 dS/m but in the studied of Khuzestan province there are cultivated plants that
can tolerate much higher salinity than we expect. It shows that the FAO standards are not
absolute and are relative.
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Table 8. The salt tolerance of plants that are grown in Khuzestan province (Mass, 1990)

Degree of salt Scientific name Plant name
tolerance(S.m™ d)

8 Hordeumvulgare L Barley

1.7 Zeal mays L. Corn

6.8 Sorghum bicolor (L.) Sorghum
1.7 Saccharumofficinarum L. Cane

6 Triticumaestivum L. Wheat

4 Phoenix dactylifera L. Date
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3.3 Results of Correlation test for factors

Table 9. Results of the correlation between factors

Ec pH TDS TH SAR SSP RSC HCO3; | CL S0%, Na* Mg**
pH -.816™
TDS 840" -.879™
TH 950" -905™ | .906™
SAR 041" -684" | .769" 871"
SSP 505 -099 | .170 336 723
RSC -956™ | .885" | -.876" | -.992" | -.869™ | -.358
HCO; | .804™ -805" | .770" 859" | 672" 120 -.815™
CcL 972" -883™ | .862™ | .991™ | .902™ | .406 -987" | .856"
S0%, 957" -844™ | .906™ | .929™ | .877" | 396 -942™ | 715 924"
Na* 977" -766" | .825™ | .937" | 985" | 611 -9377 | 749" 9607 | .920™
Mg** .918™ -8117 | 795 9577 | 805" | .326 -976" | 813" .950™ | .890” 8857
Ca* 951" -9317 | 924 | 9877 | .883" | .342 -973™ | .839” 984 | .936™ | .940™ | .906™

Correlation is significant at the 0.05 level (1-taile) *.Correlation is significant at the 0.01
level (2-tailed) **.

Review table 9 shows that the factor EC has positive correlation at the level of %1 with all
factors except, pH and RSC, that this matter show that it spread with same source with the
other factors in the environment. pH factor is also positively correlated only with the RSC
factor at %1, but with factors TDS, TH, SAR, SSP, CL", SO*4, HCO'3, Na*, Ca®*, Mg®* has a
negative correlation that this matter show that they have different source in the environment.
The results also show that there is a negative correlation between TDS factor at the level
of %1 with RSC and pH, although it has a positive correlation with other factors. TH Factor
not only correlation with factor SSP in the level of %1. Factor SAR has negative correlation
with factor RSC and pH. Also RSC has negative correlation with all factors. HCO’;, CL,
SO?, Na', Mg?* and Ca?* factors, have positive correlation with all factors except pH and
RSC.
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4. Conclusion

Water study area in terms of a series of chemical and physical factors was studied. Based on
the analysis of the study area on water, this water for drinking according to the values of
TDS, TH, it is not appropriate and not recommended because TDS and TH values are
significantly above standard and based on shuler table they are placed in the averages and
acceptable classes and none of them is classified in the good class and only with a series of
steps like reverse osmosis (RO) system that reduced TH and TDS and finally usable. The
performed assessment for agricultural purposes and according values to the TDS, SAR and
RSC that have large role in determining the quality of irrigation water for agricultural
purposes and the amounts of %100 of the TDS, SAR and RSC that are the lower limit. We
can conclude that the water of studied area is suitable for agricultural purposes and water
irrigation. However, for a long period usage, operations such as leaching with drainage,
using resistant plants to salinity, can help to have an acceptable harvest, and maintain soil
chemical and physical properties for a longer time.
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