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Abstract

The use of wastewater and gray water for agribusiness is recently growing, and it is essential to

investigate the risks associated with its use. Heavy metals in wastewater, even in small
quantities, are among problems limiting the use of wastewater in agriculture. This is due to the
high agglomeration coefficient in the environment, degradability and long shelf-life which cause
the severity of toxicity and contamination of the soil during irrigation. In this regard, the
Phytoremediation technology can<be advantageous due to its environmental compatibility and
environmental refining power. In order to investigate the power of sweet sorghum, urban
wastewater was used to irrigate the plant. First, wastewater was analyzed in terms of 38 factors.
By adding cadmium, lead-and arsenic to wastewater, three treatments of 0.1, 1 and 10 mg/l of
these metals were created in urban wastewater and for 12 weeks the respective pots were
irrigated with appropriate replication. Samples of root, stem, leaf, seed, soil and drainage of pots
were collected separately for analysis of acid digestion and grafting to the atomic absorption
system and' the results were compared by statistical methods. The results showed that
accumulation of cadmium and lead in sorghum is more than ten times higher than that of
arsenic. On the other hand, the absorption coefficient or ability of the plant to absorb the
elements has decreased rapidly for cadmium and lead with increasing concentration in the soil.
In the case of arsenic, the absorption coefficient increased with increasing concentration in the
soil. Regarding the amount of material accumulation, the ability of all tissues in the
accumulation of cadmium and lead was the same and in the case of arsenic, the root
accumulated more than aerial parts. This study showed that the heavy metals accumulation
pattern in sorghum, the final amount of accumulation, the absorption coefficient and its changes
relative to the environmental concentration are different for various elements. According to the
final concentration of accumulation and absorption coefficient, the sorghum plant is suitable for
the purification of cadmium and lead from low concentration effluents which are commonly
found in urban wastewater. This can prevent the accumulation of these pollutants in soil.
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Table 1. Soil parameters

No  Parameter Value Dimension
1 Texture Loam
2 Clay 19 %
3 Silt 30 %
4 Sand 51 %
5 Moisture (SP) 45 %
6 Electrical exchange (EC) 13.6 ds/m
7 pH 7.9
8 Total neutralizing value 21.5 %
9 Organic Carbon (0.C.) 1.3 %
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Table 2. Wastewater parameters

No Parameter Dimension Value
1 pH 83
2 Total hardness (CaCO3) mg/L 832
3 Ca hardness ppm 128
4 CL ppm 700
5 Total alkanity (CaCOs) ppm 323
6 Mg hardness ppm 122
7 SO, ppm 670
8 NO; ppm 5.7
9 NO, ppm 0.06
10 NH, ppm 28
11 PO, ppm 2.2
12 EC s/cmp 3930
13 Salt % 2
14 Na ppm 520
15 K ppm 18
16 COD ppm 55
17 BOD; ppm 21.3
18 Turbidity NTU 4
19 TDS mg/lit 2080

20 Temperature °C 20

21 AL mg/L 0.010

22 Fe mg/L 0.439

23 Cu mg/L 0.017

24 Ni mg/L 0.045

25 Zn mg/L 0.056

26 Cr mg/L 0.015

27 Mn mg/L 0.085

28 CN mg/L 0.012

29 Pb mg/L 0.007

30 Cd mg/L 0.001<
31 As mg/L 0.007

32 Hg mg/L 0.001<
33 Sn mg/L 1.53
34 Br mg/L 1.9
35 Mo mg/L 0.009
36 Sb mg/L 0.008
37 Se mg/L 0.006
38 v mg/L 0.004
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Table 3. Soil and plant heavy metal accumulation in sorghum irrigated with municipal wastemater
Wastewater Soil(mg/Kg Dried weight) Plant (mg/Kg Ash weight)

trfsz)nr:]e)nt Cadmium* Lead* Arsenic Cadmium* Lead Arsenic*

10 123+£5 125+0.5 6.6+ 1.5 238 +33 183 +43 18+7

1 37+£2 10.5+0.5 6.3+1.5 123 +£28 180 + 39 17+5
0.1 5+1 85+0.5 4.8+2.2 75+5 117 £29 1.6+1.3
Control 0 0.63+0.15 0.47+0.09 0 19+2.6 0.86+0.05
Sum 55+52 10.5+1.7 59+1.7 145+ 75 160 = 46 125+9

* The difference of means between groups (10, 1, 0.1 and control) of this column is significant at the 0.05 level
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Table 4. Content of heavy metals in tissue based on dried and ash weight in Sorghum Bicolor

Cadmium Lead Arsenic
LB Ash Wl::;l:l(:* Wl::;l:l(:* Ash* Dried weight*
Root 241 £67 90 + 34 195+ 73 78 £29 31+10 12+4
Stem 225 + 65 47+1 143 £ 49 25+£09 10£2 0.16 £ .05
Leaf 240 £ 51 42+£2 274+ 70 54+ 14 17+2 34+04
Seed 250 + 56 17+3.4 170 £+ 139 26 £ 20 14+£25 1+0.2
Average 239+ 52 38 +37 195+ 92 40 £33 18+9 4+5
*Significant at 95%
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Soil (mg/kg based

Treatment on dried weight) Run off (mg/L)
Cadmium 123 +5 0.00%*
Lead 85+£0.5 5.8+0.76
Arsenic 48+2 4+26

* not detectable (<0/1 mg/L)
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Table 6. Absorption coefficient of soil and plant based on its amount in soil and comparison of the absorbtion
coefficient of plant to soil in different metals

Wastewater Soil/ Wastewater Plant/ Wastewater Plant/Soil Plant/Soil
treatment Plant/Soil
(ppm) Cd Pb As Cd Pb As Cd Pb As Pb/Cd Pb/As Cd/As
Mean 0 126 90 .00 5739 147 .00 44 1.4 .00 32 .00
0.0 S.td'. 0 4 4 .0 947 14 .00 5.6 37 .00 6.8 .0
Deviation
Mean 51 85 48 750 1136 33 148 133 0.7 0.9 30.8 37
G Std.Dev. 104 5.0 22.5 50.0 251.1 359 2.3 2.2 0.7 0.2 18.9 253
Mean 373 10.5 6.3 123.7 180 15.2 33 17.2 2.5 5.5 7.1 1.5
1.0 Std.Deyv. 2.1 0.5 1.5 28.3 399 3.6 0.7 4.1 0.9 2.1 1.2 0.7
Mean 12.3 1.3 0.7 23.8 18.3 2.0 1.9 14.6 3.1 7.8 5.0 0.7
100 Std.Dev. 0.5 0.1 0.2 3.3 4.4 0.2 0.3 3.3 0.7 2.3 1.8 0.1
M Mean 33 32 18.4 299 445 16.9 6.7 15.1 2.1 4.7 14.3 13.1
AN SidDev. 180 398 252 342.1 5386 227 62 33 13 3.4 156 22,0
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Fig. 3. Absorption coefficient of heavy metals in
sorghum based on irrigation treatments
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