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ABSTRACT 
Increasing scarcity of freshwater resources and space especially in urban areas is driving many into 
using marginal quality water and poor quality soil for agriculture and related activities.  The usage of 
treated or untreated sewage to land for irrigation and fertilisation of crops is known as sewage 
irrigation. In the present investigation an attempt was made to study the effect of sewage water on red 
amaranth (Amaranthus tricolor, Willd.) since it is one of the most widely consumed leafy vegetable. 
Amaranthus tricolor, Willd. was grown under laboratory conditions using sewage water, where in 
one set of the plant was subjected to sewage irrigation and the other set was subjected to potable 
water.  The plants were harvested after 14 days, 21 days and 28 days, they were further analysed for 
various morphological and physio-chemical parameters. The plants of Amaranthus tricolor, Willd. 
were also analysed for the heavy metals lead, copper and Cadmium at every harvest (14 days, 21 days 
and 28 days).  The samples was collected from central form area, Primises Tamil Nadu Agricultural 
University during January to March 2012 year. The morphological characteristics such as root length, 
shoot length, size of the lamina, length of the internode, fresh weight and dry weight were found to be 
higher in plants irrigated with potable water. Considering the nutritive value, it was found that the 
vitamin C content, protein content and iron content was more in the plants irrigated with sewage 
water. Lead content was found to be much higher in the plants irrigated with sewage water as 
compared to the plants irrigated with potable water. The highest lead content recorded was 0.120 
mg/kg.  The copper content of the plants irrigated with sewage water was lower than the permissible 
values for copper in food (40 mg/kg) as recommended by the FAO/WHO (2001). Cadmium was 
found only at the early immature stage of 7 days in the range of 0.06 – 0.19mg/kg which is lower than 
the permissible values for cadmium in food (0.2mg/kg). Although the nutritive value of plants 
irrigated with sewage water is high, it is not advisable to consume these plants due to the high heavy 
metal content. 
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INTRODUCTION 
The use of sewage sludge and effluents from 
wastewater treatment plants for irrigation of 
agricultural lands is on the rise particularly in 
peri-urban areas of developing countries. 
Environmental pollution is now-a-days a cause 
of concern. Heavy metal pollution of agricultural 
soil and vegetables is one of the most severe 
ecological problems on a world scale the food 
chain contamination is the major pathway of 
heavy metal exposure for humans.1 The problem 
of water pollution due to toxic metals has begun 
to cause concern now in most metropolitan cities. 
The use of wastewater and sludge application     
in   agricultural   lands   enriched soils with heavy  

metals to concentrations that may pose potential 
environmental and health risks in the long-term.  
Vegetables constitute an important part of the 
human diet since they contain carbohydrates, 
proteins, as well as vitamins, minerals and heavy 
metals. Heavy metals are one of the important 
types of contaminants that can be found on the 
surface and in the tissue of fresh vegetables. 2 A 
number of elements, such as Lead (Pb), 
Cadmium (Cd), Nickel (Ni), Cobalt (Co), 
Chromium (Cr), Copper (Cu) and Selenium (Se)  
(IV) can be harmful to plants and humans even 
at quite low concentrations. Natural river 
passing through a city becomes so heavily 
polluted with wastewater that it             
becomes  a  de  facto sewer like the Mithi river  *Author for correspondence 
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in Mumbai, India. Looking outside the 
windows of trains in Mumbai, there are 
disturbing hoards of slum dwellers all along 
the track, open gutters, heaps of garbage, 
swine, and rats, nestled among all this are the 
farms that produce roughly 40% of Mumbai’s 
spinach, fenugreek, coriander, radishes, 
bananas, Malabar spinach and red Amaranth.  

AIMS AND OBJECTIVES 
To test the effect of sewage irrigation as 
compared to irrigation done using potable 
water on the morphological and physiological 
characteristics of the plant selected.  

MATERIAL AND METHODS 
Amaranthus tricolor Willd.. a widely 
consumed leafy vegetable was selected for the 
study. This plant belonging of family 
Amaranthaceae, can be grown successfully in 
almost all climatic conditions preferably warm 
weathers. It grows best in well drained loamy 

soil rich in organic matter. It is a moderately 
tall, annual plant ready for harvesting within 25-
30 days. Amaranth leaves are a good source 
of vitamin A, vitamin C and folic acid; also rich 
in other vitamins such as  thiamine,  niacin, 
riboflavin and some dietary minerals including  
calcium,  iron,  potassium,  zinc,  copper 
and manganese.  
Amaranthus tricolor, Willd. was selected for 
this purpose. Two sets of the plant were  
grown in the laboratory one set of the plant 
was subjected to sewage irrigation (i.e. 
irrigated with water collected from the selected 
site, adjacent to the railway lines at Bandra, 
near the Indian Oil Corporation Ltd. and the 
Slum Rehabilitation Authority (SRA)  and the 
other was subjected to normal potable water. 
The plants were harvested at intervals of 7 
days, 14 days, 21 days and 28 days for both the 
sets i.e. irrigated with sewage water and 
irrigated with potable water were studied for 
the following parameters (Fig. 1 to Fig. 3). 

 
Fig. 1 : A map of the area of the site selected 

 
Fig. 2 : Sewage water being used for irrigation at Cental from area, TNAU, Combatore 
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Fig. 3 :  Photographs of plants of Amaranthus tricolor Willd.. at 7 days, 14 days, 21 days and 28 days 

Shoot length  
The length of shoot was measured in 
centimetres. The measurement is taken from 
the portion above the top soil till the apex of 
the plant.  Mean of three readings was taken.  
Size of the lamina  
The length and breadth of the lamina was 
measured with the help of a thread and 
standard scale. The measurement for length is 
taken from the leaf base till the tip. Likewise is 
done for the breadth of the lamina. An average 
of three readings is taken.  
Chlorophyll content  
1gm of leaf material was crushed with 10ml 
80% acetone in mortar and pestle adding a 
pinch of MgCO3. The solution was filtered 
using a muslin cloth. Take OD at 663nm and 
645nm. Formula for chlorophyll ‘a’ and ‘b’ by 
A. Maclachlan and Zalik. 

Protein content  
0.1gm leaf material was crushed using 5 ml 
water in a mortar and pestle. The extract was 
filtered and volume was made up to 25 ml. 0.5 
ml of the filtered solution was taken in a test 
tube. 1 ml of water and 5ml of reagent C was 
added. Mixed well and allowed to stand for 15 
minutes. Then 0.5ml of Folin–Ciocalteu 
(reagent D) was added. A blue colour 
developed, OD was read at 660nm.  
Protein solution (stock standard)  
30 mg of bovine serum albumin was weighed 
accurately and dissolved in distilled water and 
made up to 100 ml in a standard flask. 0.1, 0.2, 
0.3…1ml of the working standard were taken 
in a series of test tubes. The above steps were 
repeated and O.D. readings taken at 660 nm 
from which the standard graph was prepared. 
The amount of protein in the sample was then 
calculated from the standard graph. 
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Iron content  
 0.1ml of prepared aliquot was taken in a clean 
test tube. 0.3ml conc. HNO3 and 0.5 ml of 20% 
KSCN was added. The final volume was made 
up to 5 ml. OD readings were taken at 440nm. 
The amount of iron present in the samples was 
calculated using the standard ferrous 
ammonium sulphate (0.702g in 1 litre). 
Vitamin C content  
A Celin tablet containing 500mg of vit. C was 
dissolved in 500ml of distilled water. 5 ml of 
DCPIP was taken in a conical flask. The 
burette was filled with vit.C solution. DCPIP 
was titrated against the vit.C solution adding 
drop by drop from the burette till DCPIP 
colour disappears. One more drop from the 
burette was added and the solution in the flask 
changes to light pink. The readings were noted 
(standard reading). 
0.5 gm of fresh plant material (leaf) was 
crushed with the help of a mortar and pestle. 
25 ml of   distilled  water was added and mixed  

well. The solution was filtered through a 
muslin cloth.  This solution was then taken in 
a burette and titrated with 5 ml DCPIP against 
it till the colour changes to light pink. The 
readings were noted. 
Heavy metal analysis  
For this purpose aliquots were prepared of  
Amaranthus tricolor, Willd.. irrigated with 
potable water and sewage water by digestion 
with nitric acid and perchloric acid (2:1) and 
they were analysed for heavy metals using 
ICP- AES at IIT, Bombay, India. 

RESULTS AND DISCUSSION 
It was observed that the shoot length of 
Amaranthus tricolor, Willd.. from the plants 
irrigated with water collected from the 
selected site, showed a considerable decrease 
as compared to the plants irrigated with 
potable water.  Maximum DFC of 64.60% 
was seen at the 3rd harvest i.e. 21 days    
(Table 1 and Fig.4). 

Table 1 : Effect of sewage irrigation on shoot length (cm) of  Amaranthus tricolor, Willd.. 

 Interval of time     Control  Sewage irrigated    DFC (%) 

1st harvest 5.6 ±0.33 4.1 ±0.21 26.78 

2nd harvest 6.7 ±1.05 4.1 ±0.95 38.80 

3rd harvest 17.8 ±2.36 6.3 ±1.00 64.60 

4th harvest 21.26 ±1.06 9.26 ±0.55 56.44 
                  *Values given are mean  ± SD; DFC : Difference From Control 

 
Fig.4 : Graphical representation of sewage irrigation on shoot length (cm) 

of  Amaranthus tricolor, Willd.. 
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The lamina size of the plants of Amaranthus 
tricolor, Willd.. in case of the plants 
irrigated with potable water was 

considerably greater than the lamina size of 
the plants irrigated with sewage water 
(Table 2 and Fig. 5). 

Table 2 : Effect of sewage irrigation on size of the lamina (cm) of 
Amaranthus tricolor, Willd. 

Interval of time Control Sewage irrigated DFC (%) 

1st harvest at 7 days 
Length 1.06 ±0.05  Length 0.76 ±0.20  28.30  

Breadth 0 .43 ±0.05  Breadth 0.26 ±0.11  39.53  

2nd harvest at 14 days 
Length 1.7 ±0.05  Length 0.8 ±0.15  52.94  

Breadth 1.8 ±0.11  Breadth 0.3 ±0.05  83.33  

3rd harvest at 21 days 
Length 3.1 ±0.1  Length 1.1 ±0.49  64.51  

Breadth 2.4 ±0  Breadth 0.8 ±0.40  66.66  

4th harvest at 28 days 
Length 4.5 ±0.76  Length 1.3 ±0.23  71.11  

Breadth 3.2 ±1.01  Breadth 1.3 ±0.25  59.37  

    *Values given are mean  ± SD; DFC : Difference From Control 

 

Fig. 5 : Graphical representation of sewage irrigation on size of the 
lamina (cm) of Amaranthus tricolor, Willd. 

The plants of Amaranthus tricolor, Willd.. 
irrigated with sewage water showed a lesser 
content of chlorophyll (0.180 mg/gm) than 
the plants irrigated with potable                   

water (0.190 mg/gm), along with the     
gradual increase in the chlorophyll        
content at subsequent harvests (Table 3 and 
Fig.6). 
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Table 3 : Effect of sewage irrigation on chlorophyll content (mg/g) of  
Amaranthus tricolor, Willd. 

Interval of 
time Control Sewage irrigated DFC 

Chlorophyll a b Total a b Total (%) 

1st harvest 0.055 0.130 
0.185 
± 0.08 

0.068 0.106 
0.174 
±0.07 

5.94 

2nd harvest 0.034 0.175 0.209 
±0.08 

0.037 0.095 0.132 
±0.03 

36.84 

3rd harvest 0.072 0.117 
0.189 
±0.18 

0.073 0.097 
0.170 
±0.56 

10.05 

4th harvest 0.069 0.121 0.190 
±0.04 

0.050 0.130 0.180 
±0.03 

5.26 

*Values given are mean  ± SD; DFC : Difference From Control 

 
(a) Control 

 
(b) Sewage irrigation 

Fig.6 : Graphical representation of control and sewage irrigation on chlorophyll content (mg/g) of 
Amaranthus tricolor, Willd.. 
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It was observed that the protein content 
decreased over the harvests as the plants 
matured, this observation was made in plants 
irrigated with potable water as well as sewage 

water. The amount of protein was found to be 
greater in the plants irrigated with potable 
water with a maximum DFC of 50% in the 
final harvest i.e. 28 days (Table 4 and Fig.7). 

Table 4 :   Effect of sewage irrigation on protein content (mg/100g) of 
 Amaranthus tricolor, Willd.. 

Interval of time Control Sewage 
irrigated DFC (%) 

1st harvest   217.5±0.35 165 ±0.62 24.13 
2nd harvest  178.5±0.44 111 ±0.28 37.81 
3rd harvest  61.5 ±0.59 99 ±0.56 37.87 
4th harvest   70.5 ±0.43 141 ±0.36 50 

                        *Values given are mean  ± SD; DFC : Difference From Control 
 

 
Fig. 7 : Graphical representation of sewage irrigation on protein content (mg/100g) of 

Amaranthus tricolor, Willd.. 
 
The vitamin C content was higher in the plants 
of Amaranthus tricolor, Willd.. irrigated with 
sewage water than the plants irrigated with 

potable water. The third harvest showed a 
maximum DFC of 70.84% at 21 days (Table 5 
and Fig.8). 

Table 5 : Effect of sewage irrigation on vitamin C content (mg/100g) of  
Amaranthus tricolor, Willd.. 

Interval of time Control Sewage 
irrigated DFC (%) 

2nd harvest  32.25±0.28 45.71±0.51 29.44 

3rd harvest  16.66±0.08 57.14±0.31 70.84 

4th harvest  25±0.46 54.05±0.67 53.74 

                           *Values given are mean  ± SD; DFC : Difference From Control 
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Fig. 8 : Graphical representation of sewage irrigation on vitamin C content (mg/100g) of 

Amaranthus tricolor, Willd.. 

The plants of Amaranthus tricolor, Willd.. 
irrigated with potable water had lesser iron 
content (1.28 mg/100g) than the plants 
irrigated with water from the selected site 

(4.77 mg/100g). The maximum amount of iron 
was recorded at the final harvest on the 28th 
day (Table 6 and Fig.9). 

Table 6 : Effect of sewage irrigation on iron content (mg/100g) of  
Amaranthus tricolor, Willd. 

Interval of 
time Control Sewage 

irrigated DFC (%) 

2nd harvest  1.66±0.07 4.25±0.06 60.94 

3rd harvest  1.66±0.04 3.00±0.02 44.66 

4th harvest   1.28±0.04 4.77±0.12 73.16 

                        *  Values given are mean  ± SD; DFC : Difference From Control 

 
Fig. 9 :  Graphical representation of sewage irrigation on iron content (mg/100g) of Amaranthus 

tricolor, Willd.
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As far as heavy metals were concerned it was 
observed that cadmium was detected only in 
the 1st harvest i.e at 7 days in the plants 
irrigated with sewage water as a well as 
potable water. the cadmium content was found 
to be greater in plants irrigated with water 
collected from the selected site. Lead was 
found only in plants irrigated with sewage 
water, lead showed its presence from the 3rd 

harvest onwards. the content of lead was 
highest at 21 days (0.120mg/kg). Copper was 
found to be greater in the plants irrigated with 
sewage water than the ones irrigated with 
potable water. The highest amount of copper 
was recorded at the second harvest i.e. on the 
14th day (6.416 mg/kg) and it showed a 
consistent decrease thereafter (Table 7 and 
Fig.10). 

Table 7 : Effect of sewage irrigation on heavy metal (Cu, Pb and Cd) content (mg/kg) in 
Amaranthus tricolor, Willd. 

 
Interval 
of time 

 

Heavy metal Control Sewage 
irrigated 

DFC 
(%) 

2nd 
harvest 

Copper (Cu) 1.943 
±0.98 

6.416  
±0.45 69.71 

Lead (Pb) ND ND - 

Cadmium (Cd) 0.060 
±0.06 

0.191 
 ±0.09 68.58 

3rd 
harvest 

Copper (Cu) 0.990 
±0.33 

2.980  
±0.25 66.77 

Lead (Pb) ND 0.120  
±0.15 - 

Cadmium (Cd) ND ND - 

4th 
harvest 

Copper (Cu) 0.913 
±0.72 

4.035 
 ±0.18 77.37 

Lead (Pb) ND 0.107 
 ±0.21 - 

Cadmium (Cd) ND ND - 
                         *Values given are mean  ± SD; DFC : Difference From Control; ND : Not Detectable  
 

 
Fig.10 :  Graphical representation  of sewage irrigation on heavy metal (Cu, Pb and Cd) content 

(mg/kg) in Amaranthus tricolor, Willd. 
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RESULTS AND DISCUSSION 
In the present work it was observed that the 
sewage water collected from the selected site 
showed a lower pH than potable water which 
was used for irrigation of control plants.  Anita 
Singh and Madhoolika Agrawal, 3 have 
reported that wastewater irrigated soil samples 
showed higher concentration of heavy metals 
as compared to ground water irrigated ones. 
Elevated levels of heavy metals in soil have 
shown to increase the metal uptake tendency in 
the plants. Khan et.al. 4 in their experiment on 
impact of textile waste water on seed 
germination found that, in higher concen-
trations, the germination of seed is affected. 
Plants of Amaranthus tricolor, Willd.. irrigated 
with sewage water showed maximum copper 
content (6.416 mg/kg) at 14 days, as the plant 
matured the copper content went on 
decreasing. Cadmium was seen only in the 
young plants at 14 days in plants irrigated with 
potable water as well as sewage water. This 
increase in the amount of heavy metal in the 
samples irrigated with sewage water can be 
attributed to the pH of the soil which is 
lowered due to irrigation with acidic sewage 
waters. Soil pH is known to be negatively 
correlated with solubility of metals and their 
uptake from soil.  
Vitamin C content was found to be higher in 
the sewage water irrigated plants of 
Amaranthus tricolor, Willd. (Table 5). 
Ascorbic acid, a natural antioxidant scavenges 
free radicals generated by heavy.The amount 
of vitamin C and the heavy metal content can 
thus be correlated. Colocasia esculentum and 
Raphanus sativus grown in wastewater 
irrigated area of Durgapur; West Bengal 
showed higher production of ascorbic acid 
under wastewater irrigation. 5  
Table 6 very clearly indicates the amount of 
iron present in plants irrigated with sewage 
water was greater than that in the ones 
irrigated with potable water. The pH of soil is 
very important for the availability of iron in 
plants. Low pH favours ready absorption of 
iron by plants. In neutral and alkaline soils iron 
is present in the insoluble form. In acidic soils 
iron is present in the soluble form and 
therefore readily absorbed by the plants. 

Relatively, iron is indispensable for the 
synthesis of chlorophyll in green plants. It does 
not enter into the constitution of the 
chlorophyll molecule but the presence of iron 
in chlorophyll influences the synthesis of 
chlorophyll. Plants of Amaranthus tricolor, 
Willd.. irrigated with sewage water showed 
lower chlorophyll content with a minimum 
DFC of 5.26%. The chlorophyll content is 
higher in control crop plants. It may be due to 
the breakdown of chlorophyll during stress or 
due to inhibition of chlorophyll biosynthesis, 
B.R. Bamniya, Vidhya Kapasya and C.S. 
Kapoor. 6 
Studies have shown that stress induces the 
decline in protein contents in plants but 
increase in soluble sugar content. 7In the 
present work, the protein content was found to 
be lower in Amaranthus tricolor, Willd.. (141 
mg/100g) irrigated with sewage water up to the 
3rd harvest. However, it was observed that the 
protein content of the plants of Amaranthus 
tricolor, Willd.. irrigated with sewage water 
increased in the 4th harvest. 
Decreased growth in different plants due to 
metal contaminated waters has been earlier 
reported by other researchers. 8-10Wahid and 
Ghani 11 in their study concluded the use of soil 
containing heavy metals in the planting of 
vetch bean reduced the absorption of essential 
nutrients for plant growth, due to 
interference.12-15 In the present work, the size 
of the lamina in terms of length and breadth 
was significantly affected by sewage water 
treatment in Amaranthus tricolor, Willd.. by a 
DFC of 52.94 % and 83.33% respectively. 

CONCLUSION 
The morphological characteristics such as root 
length, shoot length, size of the lamina, length 
of the internode, fresh weight and dry weight 
were found to be higher in plants irrigated with 
potable water. 
Considering the nutritive value, it was found 
that the vitamin C content was more in the 
plants irrigated with sewage water. The copper 
content of the plants irrigated with sewage 
water was found to be 6.416mg/kg which is 
lower than the permissible values for copper in 
food (40 mg/kg) recommended by the 
FAO/WHO. 
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Cadmium was found in the plants only at the 
early immature stages of 7 days and 14 days in 
the range of 0.06 – 0.19mg/kg which lower 
than the permissible values for cadmium in 
food (0.2 mg/kg).  
The highest lead content recorded in plants 
irrigated with sewage water was 0.120 mg/kg 
which is within the permissible values for lead 
in food (0.3 mg/kg) recommended by the 
FAO/WHO (2001). 

RECOMMENDATIONS 
Consumption of these vegetables with elevated 
levels of heavy metals may lead to high level 
of body accumulation causing related health 
disorders. Hence it calls for raising an alarm 
against the consumption of these leafy 
vegetables irrigated with sewage water. 
It is recommended that there should be 
continuous monitoring of heavy metals in the 
plants to avoid toxic effects in the consumer. 
The waste water treatment technology should 
involve steps to remove heavy metals causing 
risk to human health. Although the nutritive 
value of plants irrigated with sewage water is 
high, it is not advisable to consume these 
plants due to the high heavy metal content. 
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