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Abstract: Use of sewage water for irrigation improved chemical properties and fertility status in soil. Sewage water contains
elements essential for plant growth and also contains heavy metals which may be toxic for animals if their concentration exceeds
than permissible limit. To monitor this situation, a survey was conducted to ascertain the addition of heavy metals into
agricultural fields through sewage water irrigation for grass crop in the farmlands of selected areas of Vidyaranyapuram in
Mysore city. The results indicated that in sewage water the permissible amounts of total N, total P and potassium which are
considered essential nutrients for productivity levels (grass growth) and soil fertility. The concentrations of heavy metals in the
sewage water were in the proposed Food and Agriculture Organization range. The analysis showed that in soil concentration the
irrigation with sewage water (SW) and treated sewage water (TSW) induces significant (P<0.05) decrease of soil pH when
compared to MW and control treatment GW. The SW and TSW affect significantly the EC Indeed, in comparison with
groundwater (GW), EC is greater with SW and TSW treatment. For Major elements contents and fertilizer as observed in the
irrigation with SW led to a significant increase of Ca, Na, N, P, K and SO, in comparison with the control ground water (GW).
For Cl, in irrigation with SW has no effect on the Cl of soil. For heavy metals in comparison to the standard, the SW has no a
significant (P < 0.05) effect in all elements except significant increase was noticed for Fe. In the grass, our investigation showed
that irrigation with SW reuse led to a significant increase (P< 0.05) of N, P, K, Ca, Mg and Na contents. Heavy metals shown in
grass irrigated with sewage water (SW) caused a significant increase (p <0.05) of Fe, Mn, Cu, Zn and Pb as compared to irrigated
ground water (GW). Where was no significant effect in growth of the grass as shown for heavy metals concentrations as Cd, Ni,
Co and Cr.
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parameters of untreated sewage water was carried out in
Vidyaranyapuram STP, Mysore, India. Factor analysis was
applied on untreated sewage water. Data matrix, pollution
factor was found to be the most contributing factor and it
showed 22.31% of the total variance (Chloride, BOD, COD
and TDS). The second most contributing factor was found to
be the nitrification factor, which explained 21.11% of the total
variance (pH and Nitrate), whereas the salinization factor
contributed 16.98% of the total variance (TS and TSS) [3].
Sewage has high values of temperature, pH, hardness,
alkalinity, chemical oxygen demand, total soluble salts,
nitrates, nitrites and cations like sodium, potassium, calcium
and magnesium [4].

1. Introduction

Sewage water is used as potential source irrigation for
raising vegetables and fodder crops around the sewage
treatment sites which are directly or indirectly consumed by
human beings. Raw Sewage is a rich source of organic and
inorganic nutrients for plant growth; sewage farming is quite
common in all urban areas in India. Some cities sewage water
where industrial effluent is discharged along with may contain
toxic metals in high amounts. Thus the composition of
domestic sewage may vary with the type of industrial
discharge their waste [1, 2]. The analysis of eight chemical
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The sewage water has a high fertility load; it adds available
N, P, K, Fe, Mn, Zn and Cu to soil, this indicating their
significant addition through sewage suggesting use of sewage
water as a low grade cheap fertilizer in agriculture. It can
drastically reduce the cost due to substitution of chemical
fertilizers. The concentration of heavy metals such as Cu, Pb
and Co in plant tissue was low compared to limits standards.
These heavy metal concentrations are well below hazardous
levels [5, 6]. The effect of continuous irrigation with sewage
water increases exchangeable cations to a large extent [7, 8].
Sewage water application increases the soil salinity, organic
carbon, N, K, Ca, Mg cations to a lot. Soil is a biofilter that can
reduce a large part of domestic waste water pollutants, but this
filtering increase EC, SAR, Na, Ca and Mg of soil. In addition
to these, sewage water also contains significant amounts of
toxic metals such as arsenic, chromium, cadmium, copper,
lead, nickel, zinc, cobalt, magnesium and iron [9]. And after
accumulating in soil, get transferred to vegetables growth on
these soils [10] similar results were reported [11].

Many studies have shown that sewage water irrigation has
elevated the levels of heavy metals in receiving soils [12, 13].
Some of these metals after accumulating in the soil are
transferred to food chain which can cause serious health
hazards to human beings and animals. Besides these metals
induce deficiency of other nutrients e.g., copper, iron and
manganese inhibit plant uptake of zinc, possibly because of
competition for the same carrier site in soil-water system [14].
Metals like iron, manganese, cobalt, copper and nickel are
essential nutrients; however, their permissible limits are quite
low and in living organisms [15]. The absorption of heavy
metals by plants depends on a wide range of soil factors such
as pH, organic matter, soil metals availability and cation
exchange capacity. The uptake of heavy metals also depends
on season and presence of other heavy metals in soil [16,
17].The toxic levels of nickel and chromium show drastic
effect on dry matter production and yield. Now it is our
responsibility to advocate the proper use of sewage effluents
in order to avoid soil contamination [18].

This study has been conducted to investigate the
accumulation of chemical elements in grass, with different
water qualities. Therefore, our main objective has been to
study and assess the accumulation level of chemical elements
in soil and grass, which were irrigated by sewage water as
compared to non-sewage (ground water) in Mysore city.

2. Materials and Methods
2.1. Study Sites

The study was conducted around Vidyaranyapuram sewage
treatment plant situated in a suburban area in the south western
of Mysore (latitude 12.273681 to 12.270031°N and longitude
76.650737 to 76.655947°E) was constructed in 2002 with an
area of 27.21 sq. km and a sewer length of 7000 meters. Itis a
biological treatment plant situated next to the solid waste
disposal area at the foothills of Chamundi Hills; the treated
wastewater of Vidyaranyapuram sewage treatment plant

crosses the Dalvai Lake and reaches drinking water source
that is the Kabini River. The southwestern drainage connects
to 67.65 million liters per day Vidyaranyapuram sewage
treatment plant. More than fifty percent of the sewage
generated in Mysore city is received by Vidyaranyapuram
sewage treatment plant. Although the capacity of sewage
treatment plant is 67.75 million liters per day the inflow rate of
wastewater varies with many influencing factors like seasonal
changes, tourist inflow etc., however there will be an
approximate difference of 7 to 9 million liters per day between
the raw wastewater received and the treated wastewater
liberated due to seepage [3]. Farmers use this untreated
wastewater for irrigation.

2.2. Water, Soil and Grass Sampling and Analysis

Samples of water used for irrigating soil and grass,
cultivation were randomly collected from the farmlands. The
samples were collected during January-August of the year
2013; experiment consisted of four treatments with three
replicates, randomized complete block design (RCBD) with
split plot arrangements.

Water: Sampling and analysis are carried out for each of the
different water types used for irrigating the crops during the
course of the experiment. All water samples were collected
from the four types of water: sewage water (SW), mixed water
(sewage water and pure water)(MW), treated sewage
water(TSW) and ground water(GW), filled in 2000 ml
polythene bottles and transported immediately for laboratory
analysis. The samples were analyzed for parameters such as
concentrations of EC, pH, soluble ions, and soluble and total
phosphorous were determined. Biological oxygen demand
(BOD), Chemical oxygen demand (COD), TDS, CO;, HCO;,
Na, Mg, Ca, and heavy metal were determined according to
[19] standard methods. The filtrate was analyzed for the
contents of Fe, Mn, Zn, Cu, Ni, Pb, Co, Cd, and Cr using
ICP-OES (Perkin Elemer model 8000 DV).

Soil: Soil samples were collected randomly at each place
and time the grass were plucked by using an Auger and
uprooted and soil mixed thoroughly. The soil samples were air
dried ground and sieved through 2 mm sieve. The prepared
soil samples were then stored in polyethylene bottles for
analysis of pH, EC, exchangeable bases (K, Ca, Mg, Na), Cl,
TN, TP, SO, and Heavy metals. Soil samples were analyzed
for measuring concentrations of heavy metals, including Fe,
Mn, Zn, Cu, Cd, Ni, Pb, Co, and Cr. were determined after
digestion using the Hossner method [20]. Total concentrations
of Fe, Mn, Zn, Cu, Cd, Ni, Pb, Co, and Cr in the dissolved
solution were measured using inductively coupled plasma
atomic emission spectrometry (ICP-OES, Perkin Elemer
model 8000 DV). Quality assurance and quality control for
metals in soil samples were estimated by determining the
metal contents in blank and duplicate samples and standard
reference materials.

Plant: Grass leaves samples were hand harvested. All the
collected samples of grass leaves were washed with double
distilled water to remove airborne pollutants. All the samples
were then oven-dried in a hot air oven at 70-80°C for 24 h, to
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remove all moisture. Dried samples were powdered using a
mortar and pestle and sieved through muslin cloth. Digestion
of samples of grass, the dry ash method [21] was used to
prepare the samples for determination of heavy metal
concentration in the ground water and wastewater irrigated
grass. For the digestion of grass samples, wet digestion
method was used followed by ICP-OES. For each analysis
0.5g of the sample was accurately weighed and digested with
1 ml of perchloric acid (HCIO,) and 4 ml of Nitric (HNOs).
The samples were allowed to cool and the contents were
filtered off using Whatman 42 filter paper. The filtrate was
made to 25 ml with distilled water. Blank solution was made
using the same procedure except the addition of vegetable
sample. The plant material was then treated in the same way as
of soil samples.

2.3. Statistical Analysis

All the data were statistically analyzed by analysis of
variance (ANOVA) as applicable to a completely randomized
block design (CRBD) Means were compared using Duncan's
multiple range tests [22]. Statistical significance was defined
as p<0.05.

3. Results and Discussion

3.1. Chemical Properties of the Used Sewage Effluents and
Ground Water

The result of chemical properties analysis of the sewage
water that was used for irrigation at the contaminated sites is
given in Table 1. The sewage water was compared with FAO
standard for irrigation [23, 24] there were obvious differences
in many measured parameters from site to site. The values of
(BOD) and (COD) (Table 1) in (SW) was very high; the (DO)
and (TDS) content of (SW), (TSW), (MW) and (GW) was
very low when compared to the FAO values (1992). These
results were in agreement with [25] who reported that
Physico-chemical properties like total TSS, BOD and COD
showed higher values in untreated sewage water compared to
groundwater. The all treatments (SW, TSW, MW and GW)
had optimum pH for irrigation based on FAO (1992) tolerance
limit of pH of water samples for irrigation showed be 6.50 to
8.40. The pH of the treatment (MW) was 9.19, indicating
alkaline nature of the mix water in the Lake. Also the EC was
(1032, 1225, 906 and1099 ps/cm™) were high when compared
to the [23]. The sewage water contains considerable amounts
of total N, total P and potassium which are considered
essential nutrients for productivity levels (grass growth) and

soil fertility. The same results were reported by [4] shows that
sewage has often high values of temperature, pH, hardness,
alkalinity, chemical oxygen demand, total soluble salts,
nitrates, nitrites and cations like sodium, potassium, calcium
and magnesium. Concentrations of heavy metals in the
sewage water were in the proposed Food and Agriculture
Organization range. But with continuous application of
wastewater these metallic elements could get accumulated in
the soil and grass. Same results were reported by [26] who
found that even though there are low concentrations of heavy
metals in irrigation water, its long term use caused heavy
metal contamination leading to health risk of consumers.

3.2. Effect of Sewage Water Irrigation on Distribution of
Macro Elements and Heavy Metals in Soil

The pH results are in table 2. The irrigation with SW and
TSW induces significant (P<0.05) decrease of soil pH with
comparison to MW and control treatment GW. Similar results
were noticed by [27, 28] who reported that after irrigation with
different dilution of sewage water, pH decreased significantly.
The reason for decreasing of soil pH may be due to
decomposition of organic matter and production of organic
acids in soils irrigated with wastewater [29, 30]. The SW and
TSW affect significantly the EC (Table 2). Indeed, in
comparison with groundwater (GW), EC is greater with SW
and TSW treatment. These results were in agreement with
several authors like [31, 32, 33, 34]. According to this increase
in EC for soil irrigated with wastewater compared with soil
irrigated with fresh water.

For Major elements contents and nutrients fertilizer as
observed in table 3, the irrigation with SW led to a significant
increase of Ca, Na, N, P, K and SO, in comparison with the
control (GW). For Cl, the irrigation with SW has no effect on
the Cl of soil. The significant (P<0.05) increase were in
particular concerned Ca 0.93%, Na 0.072, N 0.49%, P 0.078,
K 0.075% and 0.0023% for SO, in comparison to the control
(GW). The same results were reported by [35, 36] they found
that the EC, total N, and available P concentrations increased
significantly in sewage water irrigation treatment compared to
other treatments. also Similar results were noticed by [33] who
investigated the effect of treated sewage water on soil and corn
crop, the irrigation with treated wastewater increased
significantly (P<0.05) the soil EC, major element contents as
Na, Cl, Ca, Mg and fertilizer elements as N, P and K. This
observations was confirmed by [37] reported that irrigation
using raw sewage water probably increases soil organic matter,
nitrogen and concentrations of major cations.

Table 1. Chemical analysis of water samples

No. T Unit Sewage water  Treated Sewage Mixed Water  Ground water Standard Limit for
(SW) water (TSW) (MW) (GW) irrigation [23, 24]

1. T °C 25 25 25 25

2. pH 7.50 8.13 9.19 8.30 6.5-8.4

3. EC ps/cm’ 1032 1225 906 1099 <3000

4, DO mgL™ Nil 23 33 6.9 <9

5. COD mgL™! 964 145 281 16 80-500

6. BOD mgl"! 650 30 60 2 100
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No arameters Unit Sewage water  Treated Sewage Mixed Water  Ground water Standard Limit for
) p (SW) water (TSW) (MW) (GW) irrigation [23, 24]
7. TDS mgL™ 560 624 504 696 2,000
8. Ca mgL™! 43.37 62.64 27.30 56.22 400
9, Mg mgL™! 27.01 28.89 41.46 68.50 60
10. Na mgL™ 48 60 56 56 900
11. K mgL™! 24 20 12 20 0.2
12. COs mgL™! Nil Nil 48 40 6
13. HCOs mgL™ 296 392 204 544 600
14. Cl mgL™! 93 115 117 17 1100
15. TN mgL™ 78.4 61.6 11.2 0.56 30
16. TP mgL™ 4.55 2.40 0.89 0.053 2
17. SO, mgL™! 24 20 16 52 1000
18. Fe mgL™! 2.93 2.48 2.39 0.075 5
19. Mn mgL™ 0.157 0.041 0.068 0.043 0.2
20. Cu mgL™! <0.05 <0.05 <0.05 <0.05 0.1
21. Zn mgL™! 0.133 0.278 0.356 0.363 2
22. Cd mgL™ 0.047 0.047 0.048 0.047 0.01
23. Ni mgL™"! 0.040 0.036 0.038 0.034 5
24. Pb mgL™! 0.053 0.053 0.052 0.051 2
25. Co mgL™ 0.055 0.054 0.053 0.054 0.05
26. Cr mgL™! 0.032 0.031 0.031 0.032 0.1
Table 2. Mean values of Chemical properties of soils irrigated with different water
No. parameters Unit Seil SW Soil TSW Seil MW Soil GW
1. pH - 6.64 ¢ 7.36b 7.88 a 7.90 a
2. EC ps/cm’ 306 a 218 b 203 ¢ 190 ¢
3. Ca % 0.93 a 091 a 0.76 b 0.79b
4. Mg % 0.50b 0.4 cb 044 c 0.54a
5. Na % 0.072 a 0.052 b 0.056 b 0.026 ¢
6. K % 0.075a 0.072 a 0.041 ¢ 0.054 b
7. Cl % 0.001 b 0.002 a 0.002 a 0.002 a
8. TN % 0.49 a 0.39b 0.080 ¢ 0.044 c
9. TP % 0.078 a 0.050 b 0.022d 0.028 ¢
10 SO4 % 0.0023 a 0.0020 a 0.0010 b 0.0010 b
11. Fe mg/kg ™" 41800 a 40100 b 42300 a 39700 b
12. Mn mg/kg! <0.05 a <0.05 a <0.05 a <0.05 a
13. Cu mg/kg’ <0.05a <0.05a <0.05a <0.05a
14. Zn mg/kg’ <0.05 a <0.05 a <0.05 a <0.05 a
15. Cd mg/kg’ <0.05a <0.05a <0.05a <0.05a
16. Ni mg/kg” <0.05a <0.05a <0.05a <0.05a
17. Pb mg/kg” <0.05a <0.05a <0.05a <0.05a
18. Co mg/kg” <0.05a <0.05a <0.05a <0.05a
19 Cr mg/kg” <0.05a <0.05a <0.05a <0.05a

Different letters within the same rows followed by mean values indicate significant differences by Duncan’s multiple range tests at P < 0.05.
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Figure 1. Mean concentration of (Ca, Mg, Na, K, N, P, Fe and Mn) in Grass
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Figure 2. Mean concentration of (Cu, Zn, Cd, Ni, Pb, Co and Cr) in Grass

Our investigation was in agreement with the previous works
obtained by [38, 39, 40] who reported that irrigation with
sewage water increased soil salinity, exchangeable Na, K, Ca,
Mg, plant available phosphorus and decreased the soil pH. For
the heavy metal in comparison to the control, the SW has no a
significant (P < 0.05) effect in all elements (Table 2). Except
significant increase was noticed for Fe, about 4.48 %. This is
due to levels of heavy metals in the wastewater are quite low,
the irrigated soil shows lower concentrations of heavy metals.
But may be due to the accumulation of heavy metals in the soil
due to long-term irrigation. Similar results were noticed by [41,
42, 36, 34] who investigated the effect of sewage water on the
soil chemical properties in an arid region. They reported that
the sewage water reuse showed no effect on the increase of
these elements during growing season.

3.3. Metal Concentration in Grass

The results of the nutrients and heavy metals content in
grass crop for treatments of the sewage water irrigated and
control area are presented in Fig. 1, According to Fig. 1, the
irrigation with SW showed a significant (p < 0.05) increase of
N, P and K on leaves of the grass. The amount of total N was
4.90%, for SW, 0.30 for total P and K 3.47%, compared to
treatment SW. also Ca, Mg and Na significant differences was
higher noted between the SW treatment and the control (Fig.
1). In grass, our investigation showed that irrigation with SW
reuse led to a significant increase (P< 0.05) of N, P, K, Ca, Mg
and Na contents in grass. Similar results were observed by [43]
on Sunflower crop and [34] on forage crops.

The range and mean concentrations of heavy metals (in
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mg/kg'1 dry weight) in sewage water irrigated grass are
presented in Fig. 1,2. The mean concentration (in mg/kg ™’ dry
weight) of heavy metals in grass ranged between 390 and 120
for Fe, 71 to 40 for Mn, 52 to 5 for Cu, 440 to 120 for Zn, 14 to
13 for Cd, 12 to 11 for Ni, 27 to 22 for Pb, 8 to 7 for Co and 13
to 9 for Cr. Heavy metals shown in Fig. 3, grass irrigated
with SW caused a significant increase (p < 0.05) of Fe, Mn, Cu,
Zn and Pb as compared to irrigated ground water. While no
significant effect in content the grass was shown for heavy
metal concentrations as Cd, Ni, Co and Cr (Fig. 3). The
findings were in conformity with the earlier studies reported
by [25] on potato crop, [44] on green vegetables. [45] on
Brassica cultivars, [46] on grass, [1] on greater in leafy
vegetables than in grain crops. [47] on vegetables, [40]
showed that sewage water irrigation treatments increase the
availability of phosphorus and microelements as well as N, P,
K, Ca, Mg, Na, Fe, Mn, Zn, Cu, to plant which lead to increase
of cauliflower and red cabbage yields. [33] Showed that
irrigation with treated sewage water led to significant increase
of majors elements contents as Na, Cl, Ca, Mg and fertilizer
elements as N, P and K and heavy metals such as Cu, Zn, Co,
Cd, Pb and Ni on corn. [48] Revealed that wastewater irrigated
soil wastewater and vegetables grown at wastewater zone. In
vegetables grown in wastewater, the extent of heavy metal
was enriched with Mn, Cu, Zn, Pb, Cd, Ni, Co and Cr.

4. Conclusion

The present results is to compare the influence and the
difference between chemical elements levels in soil and the
grass crop that results from applying wastewater, treated
wastewater and mix water (wastewater with pure water) and
pure water when they are wused for irrigation in
Vidyaranyapuram sewage treatment plant, situated at a
suburban area in the south western of Mysore. The used water
sources evaluated as a source of irrigation water according to
the FAO system of water quality classification which appeared
the suitable use of these sources in leaching and irrigation the
saline soils especially in the short-time. The result showed
that the soil parameters are significantly affected by
application of sewage water irrigation. Irrigation with sewage
water increased the concentrations of pH, electrical
conductivity, total N, total P, K, Ca, Na, SO, and Fe, in soils
irrigated by sewage water grown grass crop, compared to the
control treatment. For the heavy metal in comparison to the
control, the SW has no a significant (P < 0.05) effect in all
elements, except significant increasing was noticed for Fe.
The results of the nutrients and heavy metals content in grass
crop for treatments of the sewage water irrigated and control
area are showed that irrigation with SW reuse led to a
significant increase (P< 0.05) of N, P, K, Ca, Mg and Na
contents in grass. The accumulation of heavy metals such as of
Fe, Mn, Cu, Zn and Pb in grass was significant increase by
sewage water irrigation. It could be concluded that in sewage
water grown grass, uptake of metals may increase nutritional
value and improves soil properties, plant growth, and yield
without any contamination in soil and toxicity in grass crop.
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