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 This study was conducted to evaluate the effect of long term use of irrigation 
with treated sewage effluents (TSE) on absorption and accumulation of some 
heavy metals and their possible contaminations of alfalfa crop and soil. Six 
farms irrigated with TSE were selected for the study in the Kingdom of Bahrain. 
Three of these farms were irrigated with TSE for less than 10 years while the rest 
were irrigated with TSE for more than 20 years. Samples of TSE were collected 
from each farm and soil samples were collected from alfalfa plots at two depths, 
(0-20 and 20-50 cm) in 3 replicates. A soil sample from outside the farm,was used 
as a control. Alfalfa samples were also collected. Heavy metal contents in TSE, 
soil and plant were determined. Salinity and pH in TSE, soil texture, Cation 
Exchange Capacity and organic matter were also determined. The results 
obtained indicate that the concentration of heavy metals in TSE did not exceed 
the international standards, except for Cadmium, which was double the 
allowable limit. Also, there were no significant differences caused by irrigation, 
in heavy metal concentration in the soil. However, the concentrations of Lead, 
Nickel and Chromium were lowered compared to un-irrigated soil. There were no 
significant differences (P=0.08) in heavy metals' concentrations between the two 
soil depths, except for Zinc and Cadmium (P=0.035) which showed higher 
concentrations in the upper and lower depths, respectively. Duration of irrigation 
with TSE did not significantly (P=0.05) affect heavy metals' concentrations in 
alfalfa except for Cadmium as its concentration was higher in alfalfa grown in 
soil irrigated for more than 20 years; yet, still within permissible limits. The 
correlations between soil properties and heavy metals’ contents were weak 
(R2=0.53) except between Calcium Carbonates and Cadmium, Nickel and 
Chromium, and between clay content and Chromium. It was concluded that long 
term irrigation with TSE did not cause an increase in heavy metals content in the 
soil. TSE can be used safely for irrigating fodder crops, with continuous 
monitoring of heavy metal content in the soil and the crops irrigated with it. 

©2016 BluePen Journals Ltd. All rights reserved 

 
 
INTRODUCTION 
 
The population increase in the Kingdom of Bahrain has 
not only increased the fresh water demand but also 
increased the volume of wastewater generated. Tertiary 
treated sewage effluents (TSE) appears to be the only 
water resource that  is  increasing  as  other  sources  are 

dwindling. The use of wastewater for irrigation purpose 
has increased, as availability of the other ground water 
resources deteriorated in its quality and quantity. 
Besides, the disposal of treated wastewaters into the 
environment  have  been  more  restricted.   In   arid   and  



 

 

 
 
 
 
semi-arid regions, wastewater reclamation and reuse has 
become an important element in water resources 
planning (Abedi-Koupai and Bakhtiarifar 2003). This has 
occurred as a result of increasing fresh water scarcity, 
deterioration of ground water quality, high cost of 
chemical fertilizers, high nutrients in wastewater, high 
cost of advanced treatment required for other 
applications and the availability of wastewater near 
agricultural lands. Wastewater causes different biological, 
physical and chemical effects on the environment. Soil, 
as a filter of toxic chemicals, may adsorb and retain 
heavy metals from wastewater but when the capacity of 
soils to retain toxic metals is reduced due to continuous 
loading of pollutants or changes in pH, soils can release 
heavy metals into groundwater or soil solution available 
for plant uptake. Mapanda et al. (2004) concluded that 
the use of wastewater in urban horticulture enriched soils 
with heavy metals to concentrations that may pose 
potential environmental and health risks in the long-term 
in Zimbabwe. Streck and Richter (1997) reported that 
movement of heavy metals in soils irrigated with 
wastewater is very slow and more than 90% of Cd, Ni, 
and Pb accumulated in the 10–15 cm soil depth. Silver 
and Sommers (1977) showed that the application of 
wastewater with low pH increase the mobility and causes 
a faster movement of the Cd and Pb to lower depths. 
Their results also showed that the concentrations of Pb 
and Cd in the soil irrigated with wastewater effluent and 
groundwater were almost similar.  

Treated sewage effluents differs from fresh water by 
higher contents of electrolytes, dissolved organic matter, 
suspended solids, and biochemical oxygen demand 
(BOD). These varied constituents in effluent can affect 
soil physical and hydraulic properties. Adverse effects 
leading to decreased hydraulic conductivity and 
infiltration rates include physical blockage of pores by 
suspended material. The use of TSE for irrigation is 
increasing in the Kingdom of Bahrain. These treated 
waste effluents still carry appreciable amounts of trace 
toxic metals (Brar et al., 2000; Yadar et al., 2002). The 
availability of wastewater and its nutrients content 
especially in areas of severe water scarcity makes it an 
attractive source of irrigation water with potential fertilizer 
cost saving.  

The agricultural sector is the major consumer of water 
in Bahrain using about 190 MCM (42.3%) of available 
water resources (GCC, 2015). Although the concentration 
of heavy metals in treated sewage effluents is low, long-
term use of these waste waters on agricultural lands may 
result in the build-up of elevated levels of these metals in 
soils (Rattan et al., 2002), especially with the possibility of 
bioaccumulation and biomagnification nature of the heavy  
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metals. Extent of build-up of metals in waste water-
irrigated soils depends on the period of its application and 
soil type (Bansal et al., 1992; Palaniswami and Sree, 
1994). 

This study was therefore conducted to evaluate the 
effect of long term use of irrigation with TSE on 
absorption and accumulation of some heavy metals and 
their possible contaminations of alfalfa crop and soil in 
the Kingdom of Bahrain. 
 
 
MATERIALS AND METHODS 
 
Study location  
 
Six farms were selected for this study, five within the 
Northern Governorate, and the sixth within the Central 
governorate, Kingdom of Bahrain. Three of these farms 
were irrigated with TSE for less than 10 years while the 
rest were irrigated with TSE for more than 20 years 
(Figure 1). All the selected farms were grown to alfalfa 
(Medicago sativa L.). Alfalfa is chosen for this study 
because it is the most important fodder crop in Bahrain 
occupying the most extensive area. Alfalfa is also a 
heavy consumer of water. 
 
 
Soils of Bahrain 
 
The soils of Bahrain are usually not deep, with a course 
soil texture ranging from sand to loamy sand in the top 
soil and loamy sand to sandy loam in the subsoil 
(Abahussain et al., 2014). Electrical conductivity (EC) of 
saturation extract ranges from 4-12 dS/m and pH ranges 
from 7-8. The soils are mostly calcareous containing 10–
30% CaCO3 and can reach 80% deep in the profile. 
These soils have low cation exchange capacity (1–25 
milleq/100 g). Brunsden et al. (1976) reported that soils of 
Bahrain are rich in Ca, Mg and K. Soils have low water 
holding capacity and low organic matter content. Inherent 
fertility is low and most of the essential elements are 
lacking. The infiltration rate is high and can reach 120 
mm/h.  
 
 
Sample collection 
 
Soil samples were collected in 3 replication from each 
farm to two depths: 0-20 and 20-50 cm. Simultaneously, 
from the same locations, alfalfa plant samples were 
collected at flowering according to the procedure 
described by Tandon (1993). An extra soil sample was 
collected to the same soil depths from outside the farm to 
represent the original soil condition. Irrigation water was 
also sampled for each farm. Soil samples were air-dried 
and  ground  to  pass  a  2   mm   sieve   size,   and   then
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Figure 1. Agricultural areas in Bahrain and study locations. 
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Table 1. Effect of irrigation with treated sewage effluents on electrical conductivity and pH. 
 

Duration of irrigation 
with TSE 

Irrigated >20 years Irrigated for <10 years Never irrigated 

EC (dS/m) 7.8±6.64b 5.7±6.64b 104.6±8.14a 

pH 7.6±0.05a 7.7±0.05a 7.3±0.06b 
 

Means followed by the same letter in a row are not significantly different at P<0.05. 
 
 
 

Table 2. Concentration of heavy metals in treated sewage effluents (ppm) compared to FAO (2003) standards. 
 

Element 
Average concentration 

in irrigation water 
Short term use Long term use 

Lead 0.08 10.0 5 

Cadmium 0.02 0.05 0.01 

Nickel 0.07 2.0 0.2 

Chromium 0.001 1.0 0.1 

Zinc 0.001 10.0 2 

 
 
 
extracted using a solution of DTPA (0.05 mol/l) which 
contained CaCl2 (0.01 mol/l) in pH of 7.3 (Lindsay and 
Norvell, 1978). The extractable DTPA-Pb, Mn, Fe, Cd, Ni, 
Co, Cu and Zn were determined by Atomic Absorption 
Spectrophotometer (Varian, AA240 FS, USA). 
 
 

Soil, water and plant analyses 
 

Soil bulk density was estimated by bulk density cores at 
the sites and soil texture was determined by the 
Hydrometer Method (Estefan et al., 2013).  

Electrical conductivity and pH were estimated on 
saturated soil extract using conductivity and pH meters, 
respectively. Cation exchange capacity (CEC) was 
measured according to the method described by 
Rhoades and Polemio (1977). Heavy metals, Cadmium, 
Lead, Zinc and Chromium in saturated soil extracts, 
water samples and plant samples, were measured by the 
Atomic Adsorption Spectrophotometer (Atomic 
Absorption Spectrophotometer (Varian, AA240 FS). 
Calcium carbonates were determined by back titration 
with Sodium hydroxide (FAO 1974), and organic matter 
was determined by the Black Wet Combustion method 
(Walkley, 1974). The data were statistically analyzed by 
JMP8.0 (2008 SAS Institute Inc., SAS, Chicago, Illinois, 
USA) and means were separated at 5% level of 
significance. 
 
 

RESULTS AND DISCUSSION 
 

Tertiary treated irrigation water has an EC ranging from 
4.5-4.8 dS/m and a pH  ranging  7.6-8.0  (Table  1).  Salts 

concentration of wastewater is an important parameter 
determining its suitability for irrigation. According to salt 
tolerance of crops (Maas, 1986; Shalhevet, 1994), high 
concentration of soluble salts in irrigation water may limit 
its use and decreases crop yields. Several studies 
showed increase of soil electrical conductivity because of 
irrigation with sewage effluents (Rana et al., 2010). The 
average pH of the treated wastewater was 7.7 which is in 
optimum range, since the optimal range of pH of 
wastewater treatment for irrigation is 6.5-8.4 (Ayers and 
Westcot,1985).  

The concentrations of heavy metals studied were within 
limits specified by FAO (2003) for long term use (> 20 
years) except for Cadmium which was above the allowed 
limits (Table 2). 

 
 
Effect of irrigation with treated sewage effluents on 
soil heavy metals' content 

 
Heavy metals contribute to environmental pollution 
because of their unique properties, mainly that they are 
non-biodegradable, non-thermodegradable and generally 
do not leach from the topsoil. Significant differences 
(p<0.05) were found in the concentration of Lead, 
Chromium and Nickel (Table 3). The highest 
concentration was found in soils never irrigated. This 
indicated that originally the soil contains elevated 
amounts of these elements and irrigation leached these 
elements down the soil profile. A similar result was 
reported by Dikinya and Areola (2009). No significant 
differenced were found in the concentration of Zinc and 
Cadmium between the treatments. This agrees with  what
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Table 3. Effect of irrigation with treated sewage effluents on soil content of heavy metals. 
 

Element Never irrigated Irrigated for <10 years Irrigated for >years 

Lead 17.3 ab 9.4 b 11.3 a 

Cadmium 1.80 a 1.4 a 1.4 a 

Nickel 42.3 ab 31.6 b 34.9 a 

Chromium 73.3 ab 49.0 b 59.3 a 

Zinc 3.40 a 4.2 a 3.60 a 
 

Means followed by the same letter in a row are not significantly different at p<0.5 level. 
 
 
 

Table 4. Effect of soil depth on heavy metals content. 
 

Element 
Concentration (ppm) 

0-20 cm 20-50 cm 

Lead 11.9 a 11.5 a 

Cadmium 1.17 a 1.7 b 

Nickel 35.3a 35.8 a 

Chromium 58.6 a 58.7 

Zinc 4.6 b 3.1 a 
 

Means followed by the same letter in a row are not significantly different at p<0.5 level. 
 
 
 

Table 5. Heavy metals content in alfalfa leaves compared to international standards and toxic ranges (ppm). 
 

Element 
FAO (2003) Current study 

Normal range Toxic range Minimum Maximum 

Lead 5-10 30-300 1.26 2.84 

Cadmium 0.05-0.2 50-30 0.12 0.63 

Nickel 0.1-5.0 10-100 1.74 4.48 

Chromium 0.1-0.5 5-30 0.65 2.45 

Zinc 27-150 100-400 1.73 4.95 
 
 
 

was reported by Rusan et al. (2007). Akhtar (1990) found 
that fertilizing the soil with sludge does not increase soil 
heavy metals content compared to non-irrigated soils, 
and he attributed this to contamination from the heavy car 
traffic found in Bahrain. Abedi-Koupai et al. (2006) found 
that treated wastewater showed no effect on soil content 
of Fe, Cd, Ni, Cu and Zn during growing season. 
Juwarkar and Subrehmanyam (1987) studied the effect of 
wastewater on the soil properties. They stated that 
wastewater could be applied for coarse texture soil 
because high exchangeable sodium percentage (ESP) 
had no effect on the soil hydraulic properties.  

The concentration of Cadmium and Zinc increased 
significantly with depth (Table 4), while the concentration 
of other elements did not. Similar findings were reported 
by other researchers (Tabari et al., 2008; Behbahaninia 
and Mirbagheri, 2008; Zhao et al., 2010). Streck and 
Richter (1997) reported that movement of heavy metals 
in soils irrigated with wastewater is  very  slow  and  more 

than 90% of Cd, Ni, and Pb accumulated in the 10–15 cm 
soil depth. Juwarkar and Subrehmanyam (1987) studied 
the effect of wastewater on the soil properties. They 
stated that wastewater could be applied to coarse texture 
soil with no effect on the soil hydraulic properties. 

 
 
Concentration of heavy metals in alfalfa leaves 

 
Heavy metal absorption by plants generally increases 
with decreasing pH, due to dissolution of metal–
carbonate complexes, releasing free metal ions into 
solution (Connell and Miller, 1984). The average 
concentrations of Lead, Nickel and Zinc in alfalfa leaves 
are within permissible ranges  specified  by  FAO  (2003). 
However Cadmium concentration exceeded normal 
range by about 78%. None of the studied elements was 
close to the toxic range (Table 5). 
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Figure 2.Cadmium concentrations in relation to soil CaCO3 content. 

 
 
 

Table 6. Concentration of heavy metals in alfalfa leaves. 
 

Element 
Soil irrigated with TSE for 

<10 years >20 years 

Lead 11.9 a 11.5 a 

Cadmium 1.17 b 1.7 b 

Nickel 35.3a 35.8 a 

Chromium 58.6 a 58.7 a 

Zinc 4.6 a 3.1 a 
 

Means followed by the same letter in a row are not significantly different at p<0.5 level. 
 
 
 

Alfalfa grown in sites irrigated for long periods did not 
show higher concentrations of heavy metals (except for 
cadmium) compared to alfalfa grown in sites irrigated for 
shorter periods (Table 6). This may be due to the 
accumulation of heavy metals in the soil indicated earlier 
(Table 3). A similar result was reported by Feizi (2001). 
Factors influencing the bioavailability of metals and their 
occurrences in crops were found as soil pH, cation 
exchange capacity, organic matter content, soil texture, 
and interaction among the target elements 
 
 
Effect of soil properties on heavy metals content 
 
Soil  calcium  carbonates  content  was   found   to   have  

strong positive correlation (R
2
=0.85) with cadmium 

content (Figure 1). Calcareous soils represent potential 
adsorptive surfaces for heavy metals by its carbonates 
and phosphate components. The presence of carbonates 
directly affects the mobility and reactivity of heavy metals 
through surface interaction and indirectly through its 
effect on soil pH. Han and Banin (1999) found that added 
soluble cadmium transforms into the carbonate fractions 
within one hour of addition. 

When granulated calcium carbonate was used in the 
artificially contaminated water, the removal efficiencies of 
Ni and Zn were more than 97%, (Minhee et al., 2007). 

A similar relationship was found between Nickel 
content and Chromium content with soil calcium 
carbonate content (Figures 2 and 3). Abedi-Koupai  et  al.
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Figure 3. Nickel concentrations in relation to soil CaCO3 content. 
 
 
 

 
 

Figure 4. Chromium concentrations in relation to soil CaCO3 content. 

 
 
 
(2006) found that treated wastewater showed no effect 
on the increase of Fe

2+
, Cd

2+
, Ni

2+
, Cu

2+
 and Zn

2+
 during 

the growing season in Iran. CaCO3 can be a highly 
excellent adsorbent to remove heavy metal ions such as 
Cu

2+
, Cd

2+
, Cr

6+
, Zn

2+
, and Pb

2+
 (Park, 2007). Khalil et al. 

(2014)   indicated   that    significant    decrease    in    the 

concentration of all metal ions was observed after 
passing a heavy metal rich aqueous solution  through 
column having bed of precipitated CaCO3. 

Similar relations were found with silt content (Figures 4, 
5, 6 and 7) more heavy metals are immobilized in fine 
textured  soils  than  in  coarse   textured   soils.   Factors 
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Figure 5. Nickel concentrations in relation to silt content. 

 
 
 

 
 
Figure 6. Cadmium concentrations in relation to silt content. 
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Figure 7. Cadmium concentrations in relation to silt content. 

 
 
 
influencing the bioavailability of metals and their 
occurrences in crops were found as soil pH, cation 
exchange capacity, organic matter content, soil texture, 
and interaction among the target elements. Ata et al. 
(2010) reported that Al and Fe hydroxides and soil 
texture play significant roles in the distribution and 
sorption of heavy metals in soil Rajaie and Karimian 
(2007) found that fine textured soils and soils with high 
organic matter content immobilize added heavy metals 
faster, and that 80% of added cadmium immediately 
converted to organic and carbonate forms. 

 
 
Conclusion 

 
Given the prevailing conditions of generally high pH, light 
textured soils and low concentrations of, Zn

2+
, Cd

2+
, Cr

2+
, 

Pb
2+

 and Ni in TSE, and the high concentration of calcium 
carbonates, it was concluded that soil contamination by 
present long-term use of wastewater does not pose 
serious environmental and health risks. However, 
potential long-term problems from Cd were noted. 
Statistical methods are strong tools for monitoring current 
environmental quality of Bahrain soils in terms of heavy 
metals accumulation and predicting future soil 
contamination. 
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