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ABSTRACT

This research was conducted to study heavy metals accumulation and nutritional value of bean in three areas of
Tehran’s south based on completely randomized block design in the form of split plot with 3 replications in 2007. The
main factor was included in three levels as sewage canals in Salehabad, Talebabad and Dehkheir areas; sub factor in two
levels was involved sewage and aqueduct water (control). Use of Talebabad’s sewage increased heavy metals assembling
in different parts of bean, especially in root compared to sewages of Salehabad and Dehkheir. In three areas, irrigation with
sewage in comparison with aqueduct water had no high effects on heavy metals except of Fe and Cr. In bean’s pod and
seed, only Fe and Cr were higher than standard limit and most of the other metals accumulated like aqueduct water. Heavy
metals accumulation in bean’s root and leaves were almost high, but high control of bean’s pod and seed caused lower
guantities of transported heavy metals ratio to grain than root and leaves. So, in respect of heavy metals assembling, using

of bean’s green pod and grain will not be resulted in problem.
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INTRODUCTION

Using sewage irrigation for many countries
specially those who are located in warm and dry regions
has been prevailed. Around 80% of Iran’s land is located
in dry region and economizing in water resources by re-
using of sewage can be useful for overcoming the water
limitation problem. Evaluation of increasing urban sewage
according to the annually growth population can be
considered as an important issue for optimum use of
wastewater. Excessive use of waste water will be resulted
in heavy metal accumulation in soil (Hoodji, 2001).

Heavy elements in the soil tended to increase
with wastewater use in agricultural land and therefore,
significantly increase such elements in plants.

Urban wastewater irrigation can be used as a
nutritional element for plants, as well as fertilizers for the
plants and also it will be resulted in water saving
(Ramirez-Fuente et al., 2002; Melli et al., and 2002 Ratton
et al., 2005).

It was reported that application of wastewater
irrigation increased soil nutrient elements and thus
improved soil fertility and convenient access to high
concentration of nutrients which resulted in increment of
growth and biomass of plants (Gardiner et al., 1995;
Souminmez and Bozkurt., 2006; Yang et al., 2010 and
Keller et al., 2002). Wastewater application as plant
irrigation should be done based on proper management
and consistent control (Bozkur and 0 Yarilga, 2003).

Nutritional elements in wastewater makes higher
yield in crops. Transmitted heavy metals to the soil are a
function of the clay, organic matter, and cationic exchange
capacity (Azimi et al., 2006; Cobb et al., 2000; Taha et al.,
2004 and Walker et al., 2003). Using wastewater for plant

irrigation as a source of substantial needed elements for
plants has been used long-terms in various countries
(Aghabarati, 2006). It was reported that sewage irrigation
caused cadmium adsorption for plant and animal as toxic
rates. Also significant relationship between heavy metal
concentration in sewage and its absorption in plant and
fruit was observed (AL Enezi et al., 2006). This fact
should not be ignored that wastewater irrigation can play a
role as a factor for ecosystem disrupting in order to its
high elements concentration (Yadav et al., 2002; Brar et
al., 2000). Hence plants as first cycle of food chain have
considerable influence on living things organisms, so
influent agent of metal pollutants to food chain should be
considered more than another food levels. In lands under
wastewater irrigation in various countries, with heavy
metal concentration in the assembly plant, average
cadmium concentration was reported of heavy elements
0.07, chrome 0.16, lead 0.43 and zinc 39.2 milligrams per
kilogram in brown rice (McGrath et al., 1997; Ngole et al.,
2009 and Zheng et al., 2007). Nowadays, local research
into non-conventional water resources such as wastewater
in irrigated lands has become very important. Relying only
on instructions provided in other regions of the world were
proven wrong and resulted in irreparable long term
damage to soil and water resources. Results in a research
about industrial wastewater showed that none of the
concentrations of elements Ni, Cd, and Pb were above the
limit, but the limitations were noted for wastewater
salinity, pH and high concentrations of some positively-
charged ions (known as cations), and negatively-charged
ions (known as anions) (Ramulu and Sree., 2002 and
Zavadil, 2009).
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This study, taking into account the cases
discussed above, focuses on the effects of minerals’
accumulation on the nutritional value of bean plants
irrigated with wastewater in three regions of southern
Tehran.

MATERIALS AND METHODS

For evaluation the effects of irrigation with
sewage water and pure water, the experiment was
conducted on the area south of Tehran (Rey) in 2007. A
split-plot design based on randomized complete blocks
with three replicates was used.

The main factor in three levels of sewage canals
in Tehran were monitored for different soil and climates
including: 1 - Shoor river wastewater in the lands of
Salehabad region (Agro-Industry Jamaran), 2 - Firoozabad
sewage canal (in agricultural lands of Dehkheir village), 3
- Sorkheh Hesar canal (in agricultural lands of Talebabad
village). The type of irrigation method was selected as sub
factor and was monitored at two levels: 1 - Wastewater, 2
- aqueduct water. One liter sample of wastewater was
taken to measure the amount and concentration of heavy
metals, Ec, PH and other cases and then submitted to the
laboratory. Irrigation water requirements of plants were
based on irrigation with wastewater combined (the three
canals) with aqueduct water. Also entrance channels for
the combined irrigation adjusted equally with adjustable
valves. Soil samples from a sampling depth of 30
centimeters, transferred to the laboratory in air-dried and
then crushed-in porcelain mortar, and were sieved to a
thickness of two millimeters. To prepare extracts of
minerals extracted from soil, a mixture was used of two
acid including normal HCL 0.05 and sulfuric acid 0.025.
For the study of dry-weather soil, five grams of air-dried
soil was weighted exactly with the lab scale 0.01 grams
and purred in a 100-ml glass jar, and mixed with 20 ml
solution extractor for 15 minutes. The material was then
filtered using filter paper 42 and was collected in a 50-ml
beaker and then brought to the amount of 50 ml by mixing
with solution extractor. Then, using the atomic absorption
model B1100, the minerals were measured. Water samples
were filtered by filter paper 42, and the suspended
particles separated, as the minerals were measured with
atomic absorption equipment. Samples of the plants were
looked over for chemical analysis. Furthermore, samples
were observed for one hour at normal temperatures and
then in a 70°C oven for 72 hours to remove the plant’s
moisture completely. Finally, one gram of plant powder
was placed in an urn, and positioned into an electric
furnace for an entire day at temperatures of 500°C.
Afterwards, ash was dissolved in five milliliters of 20-
percent hydrochloric acid solution and filtered using filter
paper 42. Extracts of the minerals were collected in a 50ml
beaker, and filled with distilled water to 50ml to check
their atomic absorption. The mix was measured in samples
of soil and plant dry powder, respectively 10 and 50 times
of read numbers base of milligram element per Kkg.

Densitometer apparatus was used to calculate the elements
in water samples, according to mg per liter. The raw data
was then compared with LSD test, after being run through
the SAS software for statistical analysis.

RESULTS AND DISCUSSIONS

The impact of sewage water irrigation on mineral
accumulation in bean

The accumulation of minerals in bean’s root in
different areas using wastewater for irrigation:
The results showed accumulation of minerals such as Fe,
Cr, Mn and Cadmium (Cd) in bean’s underground parts
was affected by wastewater irrigation in different areas
(Table-1). The highest rate of Cr and Cd was attained in
Salehabad region (Tables 1 and 5) meanwhile highest rate
of Fe and Mn was found in the region near Talababd.
Furthermore it was noticed that means of total
accumulated elements in the region near Talababd was
more than Dehkheir and Salehabad regions (Table-5). Sing
et al., (2008) by using wastewater irrigation for plants
reported decrement in stem length, root length and leaf
area. The present results are not in agreement with results
of Azimi et al., (2006), which noted not significant
increment of cadmium in radish roots by using wastewater
irrigation.

Accumulations of minerals in bean’s shoot under
different areas and wastewater irrigation

Nutrient accumulation in bean root was affected
by using wastewater and aqueduct but they were not
impacted by different areas. Also significant accumulation
of Cr was founded on bean shoot for control and
wastewater treatments. Interaction effects of different area
and aqueduct and wastewater on accumulation of Fe and
Cr was significant on bean shoot (Table-2). It seems that
accumulated nutrients in been root has been scarcely
transmitted to shoot and according to the more higher dry
matter of shoot than root, a significant difference about
accumulated nutrients in shoot and root can't be observed.
So the highest rate of Cr accumulated was related to
control treatment (agueduct water). Also it was noticed
that mean of Cr accumulated rate in root was twice than
shoot (Tables 2 and 5).

By contrast, Wahid and Ghani (2008) in their
study concluded the use of soil containing Cd and other
heavy metals in the planting of vetch bean reduced the
absorption of essential nutrients for plant growth, due to
interference. So, the amount of dry weight, the leaf
number and leaf area of vetch bean besides other
biological factors reduced significantly.

Moreover Aiman et al., (2009) reported that
sewage with heavy metals decreased shoot mass, root
length and leaf area. They concluded that heavy metals
such as Cd could potentially poison plants and cause
growth retardation and interference enzyme activity, due
to absorption, transport and deposition in the plant stem.
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Table-1. Variance analysis of heavy metals in bean’s root.

Mean square

Degree

sov of cd Mn Pb Ni Zn Fe

freedom
Elipc'lfa“on 2 0.208™ | 5428™ | 4.863™ | 199.293™ | 3.028™ | 251.929™ | 46016.477™
Main factor (a) 2 12.278™ | 108.2036" | 24.896" | 331.366™ | 18.117™ | 147.842" | 363363.003"
Error (a) 4 0.461 158.933 2.472 379.013 3.543 460.570 28957.881
Sub factor (b) 1 0.785™ | 34.917™ | 81.494" | 1294.048™ | 13.313™ | 3230.740" | 60790.029™
Interaction a*b 1 3.647" 949.863" | 259.955™ | 2186.994™ | 10.131™ | 1674.151™ | 53583.632"
Error (b) 6 0.428 127.936 3.123 319.106 5.307 460.865 30192.087
Variance 24.87 27.27 20.40 26.83 28.95 23.60 27.98
coefficients

*, **: Respectively significant at 5% and 1%
Ns: not significant

Table-2. Variance analysis of heavy metals in bean’s shoots.

sov '?fgerggrﬁf cd Mn Pb Ni Zn Fe
Elzi'lica“"“ 2 0.393™ | 80.054™ | 0.752™ | 17.315™ | 3.458™ | 186.123™ | 5012.237"
'(\;')ai” factor 2 0.238™ | 1105.996™ | 0.705™ | 3.446™ | 1.355™ | 244.247™ | 14046.961™
Error (a) 4 0260 | 533338 | 2879 | 11.890 | 5.282 763.385 3664.999
Sub factor (b) 1.130™ | 938.311"™ | 109.365" | 1.356™ | 7.258™ | 40.320™ | 7535.006™
Lﬂfraaion 2 0.414™ | 577.742™ | 19.002° | 10.519™ | 2.555™ | 418.566™ | 53921.715"
Error (b) 6 0304 | 536685 | 1671 | 17.739 | 6.265 373.713 4280.112
ke 22.49 25.96 20.46 23.05 24.04 21.02 21.43
coefficients

*, **: Respectively significantat 5 % and 1 %
Ns: not significant

Accumulated heavy metals in bean pod under different
areas and sewage irrigation

Accumulated amounts of Pb, Mn and Cd found in
bean in different planting areas affected by sewage (Table-3).

The highest accumulation of Pb, Mn and Cd in
beans pod were observed in Dehkheir, Salehabad and
Talebabad regions, respectively (Table-5).

The means of heavy metals accumulated rate in
beans root was higher about 20 times more than beans pod
(Table-5). It seems less dynamic of heavy metals
properties has decreased its transfer from root to shoot. Zn,
Ni and Cd accumulation rate were affected by aqueduct
and sewage irrigation. Accumulated rate of Zn, Ni and Cd
from sewage was higher than aqueduct irrigation rate.
Means of accumulated elements in beans pod under

sewage irrigation was 2 times higher than accumulate
elements.

The means of accumulated rate of nutrient in
beans pod under sewage irrigation was 2 times higher than
beans pod properties under aqueduct irrigation.

Interaction effects of different area with aqueduct
and wastewater on accumulation of Zn and Cd was
significant (Table-5).
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Table-3. variance Analysis of heavy metals in bean’s pod.
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Mean square

SOV ?fg;gg;f cd Mn cr Pb Ni Zn Fe
Egltca“on 2 0.0001™ | 4.803™ | 14.259™ | 8.860™ | 0.950™ | 343.123™ | 56705.472"
Main factor (a) 2 0.067* | 252.696™ | 68.312" | 54.457 | 2.752™ | 1678.856"™ | 79619.785"
Error (a) 4 0.01 4.775 12.241 6.326 1.834 368.430 67238.109
Sub factor (b) 1 0.028™ | 25.442* | 61.790™ | 0.159™ | 26.791"™ | 6776.420" | 975545.027 ™
Interaction a*b 2 0.570™ 53.533" | 39.161™ 1.968"™ 0.898"™ 335.932" | 35593.841™
Error (b) 6 0.001 8.069 12.909 7.669 1.539 14.868 63425.562
Variance 3.87 14.40 18.71 23.78 21.26 5.85 22.95
coefficients
*, **: Respectively significant at 5 % and 1 %
Ns: not significant

Table-4. Variance analysis of heavy metals in bean’s grain.

Mean square

SOV ?fg;gg;f cd Mn Cr Pb Ni Zn Fe
Elzi';ca“"“ 2 0.137™ | 233583 | 24470 | 97.862ns | 0.110m | 145.936™ | 253.063"
Main factor (a) 2 0.551m | 200.877™ | 1.575m | 98.544ns | 4.895n | 545989m | 833.365m
Error (a) 4 0.332 8.235 4129 | 118530 | 3.387 869.972 1434.624
Sub factor (b) 1 0.748" | 2434159 | 14.383m | 15512n | 2.457ns 5.667 s 452.203 s
Interaction a*b 2 0.475n | 418.001" | 0.165n | 73.241ns | 1.332ns | 204.844ns | 3748.432ns
Error (b) 6 0.323 70.375 3.271 | 137.891 | 3.165 619.543 964.554
Variance 2291 26.22 25.65 24.15 28.67 26.18 29.63
coefficients

*, **: Respectively significant at 5% and 1%
Ns: not significant

Accumulated heavy metals in beans grain under
different areas and sewage irrigation

It was observed that just Mn accumulation
among elements was affected by Different areas, irrigation
types (sewage and aqueduct) and its interactions (Table-4).

The highest and lowest accumulated Mn in beans
grain was related to Talebabd region by using sewage
irrigation and Dehkheir area by using of aqueduct
irrigation (Table-5).

Accumulation rate of heavy metals in different
parts of bean plants under sewage and aqueduct irrigation
compared to standard Table (Table-6) displayed more
fluctuations as below:

= Ni, Mn, Zn and Cd accumulated rates in different areas
and different parts of shoot, grain and pod were less than
permission level. So bean plant was not affected by
these elements (Table-5 and Figure-1).
» Pb, Cr and Cd accumulated rates in all organs and
different areas in beans root were higher 1-4, 2-10 and
1-1.5 times than permission level which can be resulted
in serious damages. Accumulated elements via irrigation
with sewage were 1-5 times higher than accumulated
element from aqueduct water irrigation (Table-5 and
Figure-1).
Heavy metal accumulated in different parts of bean was
less or maximum at permission level for livestock feed
compared to standard table and determined for livestock
irrigation (Table-5 and Figure-1).
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Table-5. Means of heavy metals in different planting areas.

Tested . L. .
plant part Region Irrigation type Fe Zn Cd Cr Mn Pb Ni
Aqueduct water | 220.67 66.35 0.64 1.12 8.33 5.93 3.85
TALEBABAD
Sewage water 257.37 | 102.08 1.60 17.95 80.13 29.65 | 3.04
Aqueduct water | 344.71 88.94 0.96 3.85 88.46 13.46 | 3.85
Shoots SALEHABAD
Sewage water 251.20 73.32 0.96 4.09 52.40 9.86 3.85
Aqueduct water | 453.37 88.46 0.48 4.81 40.87 7.69 3.37
DEHKHEIR
Sewage water 602.08 94.71 1.43 5.53 69.23 11.06 | 3.41
Aqueduct water 840.8 114.1 0.72 0.1 85.1 8.6 4.8
TALEBABAD
Sewage water 850.6 74 0.96 20 2.64 21.6 6.5
Aqueduct water 217.7 124 4.8 19.2 39.9 - 0.48
Roots SALEHABAD
Sewage water 439.4 77.4 19 3.6 22.3 0.96 5.7
Aqueduct water 231.7 81.7 1.2 10.1 17.7 26.44 5.7
DEHKHEIR
Sewage water 558.1 88.8 1 41 46.9 21.8 51
Agqueduct water 123.3 88 0.77 2.9 19 8.4 4.2
TALEBABAD
Sewage water 97.6 100.9 1.6 1.4 57.6 10.1 4.8
. Aqueduct water 81.01 100 0.31 1.4 16.8 1.2 4.3
Grains SALEHABAD
Sewage water 137.5 94.9 0.48 0.96 18 11.3 57
Aqueduct water 87.2 85.3 0.48 2.8 18.5 55 2.4
DEHKHEIR
Sewage water 116.3 85.5 1.9 4.48 36 48 2.4
Aqueduct water 84.8 65.7 0.96 0.96 1.4 5.7 2.4
TALEBABAD
Sewage Water 88.9 69.3 0.48 1.9 135 14
Aqueduct water 108.1 38 0.24 Trace 21.9 0.63
Pods SALEHABAD
Sewage water 126.9 90.8 0.96 19 29.3 3.8 5.2
Agqueduct water 49.6 23.7 0.16 0.8 7.6 3.3 0.32
DEHKHEIR
Sewage water 643.6 50.7 0.5 9.4 7.9 12.6 3.2

Effect of planting in different area and wastewater
influence on vegetative and reproductive characteristics
of bean

Grain weight and pod weight were affected by
aqueduct water and wastewater.

Individual plant dry weight by using control
treatment was higher about 4 times more than grain and
pod weight by applying sewage treatment (Table-6).
Interaction effects of different area with aqueduct and
sewage treatment just influenced grain weight. The highest
grain weight was found from Dehkheir region by using
aqueduct water irrigation.

Vegetative characteristics of bean as root weight,
shoot weight and root/shoot weight and reproductive traits
as grain weight and pod weight were not affected by
different areas (Table-6). Rhizobium activity throughout
the root was impacted by sewage irrigation at different
areas and in this way it was resulted in changing on

vegetative and reproductive characteristics but mentioned
bacteria were not affected by these kind of effects
probably and yield and dry weight were not changed.
Vegetative traits of bean were firmed in three different
areas by using sewage water and aqueduct water irrigation
meanwhile variance analysis of reproductive components
such as grain weight and pod weight was completely
significant.

It seems that mineral and microelements of
sewage has been accumulated largely in roots and because
of that a big deal of assimilate has been allocated to
vegetative components and finally resulted in
improvement of yield and yield components. So sewage
irrigation has provided needed minerals for bean and in
this way grain weight and pod weight has been increased.
According to the severe decreased of heavy metal
accumulation in grain and pod of bean so human feed
cannot makes problem.
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Table-6. Variance analysis of vegetative and reproductive traits of bean.

SOV Degree of Root Shoot Grain Pod R/S
freedom weight weight weight weight weight
Replication (Block) 2 43.43"™ 15.73™ 33.42™ 30.46™ 0227
Main factor (a) 2 36.98™ 81.27™ 7.75™ 0.14™ 0.1"™
Error (a) 4 28.91 60.89 19.28 39.71 0.36
Sub factor (b) 1 26.89"™ 24.73"™ 289.48™ 352.01 0.01™
Interaction a*b 2 85.22" 57.87"™ 94.56" 65.24"™ 0.87™
Error (b) 6 36.11 94,91 20.10 20.91 0.35
Variance coefficients 20.4 25.4 29.04 22.89 23.24
TALEBABAD
1000 7
0O Root/W
100 - B Root/Ww
O Shoot/W
| 8 Shoot/Ww
10 O Legum/ W
0O Legum/MWw
1 8 Grain/w
Fe zZn Ccd Cr Mn Pb Ni O Grain/Ww
0.1 -
SALEHABAD
1000 1 O Root/W
® Root/Ww
100 1 O Shoot/W
B Shoot/Ww
10 1 OLegum/ W
O Legum/Ww
17 O Grain/W
Fe Zn Cr Mn Pb Ni O Grain/MWw
0.1
DEHKHEIR
1000 1 O Root/W
® Root/Ww
100 A O Shoot/W
& Shoot/Ww
10 T O Legum/ W
O Legum/MWw
1 O Grain/w
Fe Zn Cd Cr Mn Pb Ni O Grain/Ww
0.1 -

Figure-1. Natural rate of some elements in soil and plants free of contamination with sewage
irrigation and other contaminant agents (mg/kg) (PPM). W = Water, Ww = Waste water.

CONCLUSIONS

Heavy metals assembling in bean’s root and
leaves were almost high, but high control of bean’s pod
and seed caused transported heavy metals ratio to grain
became much less than quantities of them in root and
leaves. So, in respect of heavy metals assembling, use of
bean’s green pod and grain have no problem.

So harvesting of green pod instead of grain
because of lower time using of sewage water is suggested.
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