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ABSTRACT 

Environmental problems of non-rehabilitated chromium over burden material are present worldwide. Chromite ore 
deposits in Sukinda valley, Jajpur District, Orissa, India, are well known for chromite ore deposits. The utilization of the 
ore is carried out through open cast mining method since the last few decades. The overburden and ore dumps are 
deposited on ground surface, after which leaching of chromite and other toxic element happens. This leachate may cause 
danger to groundwater in the surrounding. A primary approach has been adopted to restore the fertility and 
productivity of the Chromites mine overburden dump using an ‘‘eco-friendly and economic’’ come up by application of 
ETP sludge for revegetation and reclamation of mining area. Pot experiments were carried out at different ratio (w/w) 
of mine waste dump with ETP sludge in randomized design with three replicates. Results shows that with ever-increasing 
concentration of ETP sludge, plants displayed an overall better morphological increments expressed as germination 
percentage, shoot and root length, fresh and dry weights, leaf area and photosynthetic pigment expressed as chlorophyll 
a, b, c, pheophytin, carotenoid and protein content. Treatment T9; chromites mine overburden dump (30%) mixed with 
ETP sludge (70%), observed to be the best treatment for management of overburden soil in comparison to other 
treatments. Hence the study showed that metal contaminated lands/soils could be suitably remediated by adapting 
appropriate measures.  
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INTRODUCTION 
Chromite mining was the core of social and economic life but it has severe environmental impacts. In the 
Sukinda mining area, approximately 7.6 million tons of solid wastes have been generated in the form of 
unwanted minerals, over burden material/throw away rock and sub-grade ore that could be consequent 
in environmental deprivation, principally causing lowering in the water table as well as deterioration in 
surface and ground water quality. The villages less than one kilometre from the sites were severely 
affected, found to be suffering from pollution-induced diseases. In Sukinda area, the lateralization process 
involving oxidation and alternation of the serpentines creates alkaline pore water which facilities the 
creation of Cr+6 from inert chromites and causes hazardous chromium contamination of water [1]. 
According to the National Institute for Occupational Safety and Health (NIOSH) all hexavalent chromium 
compounds are possible occupational carcinogens. Gradually this solid waste generated from mining 
activities changed drastically the landscape and left it without vegetation due to harsh physical, chemical 
and biological factors such as weak soil structure, low soil water holding capacity, and very low organic 
matter (OM) and available nutrients contents, especially N, P and K [2]. A possible and active approach is 
important for the recovery of ecologically sensitive ecosystems such as post-mining sites, as it is capable 
to mineralize N, P, K, S and other essential nutrient for improving plant development. Soil recovery might 
be promoted by the establishment of a vegetation cover to alleviate erosion and the addition of organic 
amendments to improve soil quality [3]. Land application of treated ETP sludge can add to sustainable 
environmental management, through the return of nutrients to soils [4]. Paradeep Phosphates Limited 
(PPL), Paradeep, Odisha manufactures and markets complex phosphatic fertilisers  and its waste as ETP 
sludge can be a good sourse for used as a fertilizer as it contain a rich amount of Phospahte and Calcium 
which are primary plant nutrient. For over two decades, recovery of various mine waste disposal sites 
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and other disturbed lands has been effectively implemented using different waste materials as organic 
amendments such as reused industrial orange waste [5]. Therefore, the present study was enthused to 
put an insight into the potential of ETP sludge with that of overburden soil in different proportions to 
develop the physicochemical properties which can augment plant production.  
 
MATERIAL AND METHODS 
Collection of samples 
Chromite mine overburden soil was collected from “Sukinda valley” Jajpur district of Odisha. ETP sludge 
was collected from Paradeep Phosphates Limited (PPL), Paradeep, Odisha which is a leading fertiliser 
company. Seeds of sunflower were procured from Odisha seeds cooperation Ltd. 
Experimental conditions 
ETP sludge and over burden soil were air dried and passed through a 2 mm sieve. The ETP sludge was 
properly blended with over burden soils of treatments from T0 to T11 (Table 1). There were a total of 12 
treatments. Each treatment had three replicates. Red plastic pots having 15 cm in height, 20 cm in top and 
10 cm in bottom diameter, were used as growth containers. Each container accommodated 5 kg of the 
substrate. Three seeds of sunflower in each pot were immigrated after 55 days of incubation of 
overburden soil with ETP sludge. Seeds were treated with 0.1% mercuric Chloride for 5 minutes, followed 
by 70% alcohol for 1 minute. The sterilized seeds were thoroughly washed with distilled water. The seeds 
were soaked for 48 hours before sowing. The pots were kept outdoors with a natural photo period of 11–
12 hr and the monthly average temperature was 24.8°-30.5°C. Distilled water was supplied at 24 hr 
intervals throughout the growth period. 
 

Table 1: Experimental design for pot trial 
Treatment Mixed by w/w ratio 

T0 (Control) Pure soil 

T1 Pure Etp sludge 

T2 Pure over burden  

T3 10% ETP sludge + 90% over burden 

T4 20% ETP sludge + 80% over burden 

T5 30% ETP sludge + 70% over burden 

T6 40% ETP sludge + 60% over burden 

T7 50% ETP sludge + 50% over burden 

T8 60% ETP sludge + 40% over burden 

T9 70% ETP sludge + 30% over burden 

T10 80% ETP sludge + 20% over burden 

T11 90% ETP sludge + 10% over burden 

 
Experimental harvest 
The seed germination percentage was recorded according to their respective days of germination. Then 
after different time interval, plants were harvested and root, shoot and leaf parts were separated. These 
samples were carried out for various growth and biochemical parameters, such as germination 
percentage, root length, shoot length, fresh weight, dry weight, leaf area, photosynthetic pigments and 
protein content. Data were analyzed statistically for significance. 
Soil Analysis  
Representative samples of garden soil as control, ETP sludge and overburden soil were collected ,dried up 
and ground to 1 mm prior to chemical analysis. The pH (solid: distilled water = 1:10 w/v) and electrical 
conductivity (EC; solid: distilled water = 1:10 w/v) of the samples were analysed using a glass electrode 

pH meter and EC meter (The HANNA instruments) correspondingly. Bulk density was determined as per 
the methods of soil analysis [6]. Organic carbon content was determined by rapid dichromate oxidation 

technique [7]. Water holding capacity (WHC) of samples was calculated using the standard protocol 
[8]. Available N and P were determined by alkaline permanganate [9] and ammonium fluoride extraction, 
[10] methods respectively and cation exchange capacity (CEC) by 1(N) ammonium acetate extraction 
method [11]. Exchangeable Ca, Na, K and Mg extracted by 1(N) ammonium acetate solution, [12]. Heavy 
metals viz., Pb, Cd, Fe, Ni, Co, and Cr were analyzed using Atomic Absorption Spectrophotometer (AA-

6300 SHIMADZU) after digestion with 1:4 (nitric: perchloric acid) for about 24 hr [13]. The analysis of 
available fluoride of treatment has done by ion-selective electrode (ISE) method [14]. The lime content of 
ETP sludge was determined with “Scheibler Calcimeter” as described by Nelson [15]. An Alkaline 
Oxidation Method was used for determination of total P in ETP sludge [16]. A rapid turbidimetric 
procedure [17] used for the determination of sulphate and Wet chemical methods used to know the 
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gypsum content in ETP sludge. The physicochemical properties of ETP sludge, chromite overburden and 
garden soil are shown in Table 2 and Table 3 respectively.   
Plant growth analysis 
Random samples of the plants were taken from each replicate pot after 20 and 30 days after sowing 
sunflower seed for the analysis of growth parameters and photosynthetic pigments. Three plants were 
collected at random from each set of study, i.e. uprooted cautiously with their roots intact. The root and 
shoot portions were separated washed with tap water followed by deionized water to remove adhering 
soil particles. Samples were now made moisture free and weighed quickly to find fresh weight (FW) in 
grams. Following this the plant parts (roots and shoots) were set aside in an oven running at 600 for 24 hr 
and the dry weights were recorded in grams. Lengths of root and shoot were separately measured in cm. 
Fully expanded fresh leaves of plants were sampled randomly from each replicate pot for leaf area and 
biochemical analysis. The photosynthetic pigment (Chl a, Chl b, Chl c, pheophytin, carotenoid) content 
was quantified spectrophotometrically following the protocol of [18] Foliar protein content was analyzed 
according to the standard method [19] using bovine serum albumin as standard. 
Soil incubation procedure and determination of soil properties 
Nine soil treatments were set for the experiment from T3 to T11 where the percentage of ETP sludge 
ranges from 10% to 90% thoroughly mixed with the overburden soil and incubated for 50 days. The 
substrate were placed in pots having 15 cm in height, 20 cm in top and 10 cm in bottom diameter, 
covered with aluminum foil having small holes for exchange of gas and to retain moisture content. The 
moisture content adjusted periodically with deionized water and kept in a dark room at temperature 
(23±30c). A subsample was regularly taken for physicochemical measurements (pH, electrical 
conductivity (EC), organic carbon content, WHC, bulk density, CEC, Available N, Available P, Total K, 
Available F- . 
Statistical analysis 
Differences in the majority of plant biometric variables were sought using one-way ANOVA. All 
calculations were performed using SPSS version 16.00 software (Statistical Product and Service 
Solutions). 
 
RESULTS AND DISCUSSION 
Effect of treatments on physicochemical quality 
After 50 days of incubation the effect of ETP sludge on properties of overburden soil are presented in 
figure 1. Soil pH significantly decreased with the addition of ETP sludge linearly. The agronomic optimum 
level of soil pH for sunflower production is at a level of 5.0 and above [20] so in this study all the 
treatments have acceptable range of pH for growth of sunflower. Soil EC was increased proportionally as 
the proportion of ETP sludge increases but all have value less than 2.3 dS/m which values shows less than 
the threshold value for sunflower plant growth above which the plant shows 10%, 25% and 50% yield 
loss [21]. The WHC increase from T3 to T11. Amendment of ETP sludge significantly increased the 
maximum water holding capacity. This is because of the good percentage of ETP sludge’s water holding 
capacity which brought about significant improvement in maximum water holding capacity [22]. Bulk 
density decreases which shows positive result from T3 to T11 because the decrease in bulk density 
results in reduction of compaction and make possible the aeration and better diffusion and distribution of 
roots thereby making the rhizosphere encouraging for massive root development. The N,P,K content 
increases as ETP sludge contain high levels of available nitrogen 2.5 mg/kg, phosphorus 6.5 mg/kg and 
total potassium 6.33 mg/kg, respectively which were higher than the overburden soil which has N, P, K 
contents were 0.02 mg/kg, 1.7 mg/kg and 2.81 mg/kg respectively. This undoubtedly shows that ETP 
sludge can be used as nutrient source meant for the plant and also for the stabilization of the structural 
properties of overburden soil. The application of ETP sludge in soil re-establishment has previously 
shown to have advantageous effects and helped to get better the physico-chemical characteristics of the 
mine spoil dump [23]. 

Table 2: Physico-chemical analysis of ETP sludge (Mean±SD) 
Sl no Parameters Analysis result % (w/w) 

1 pH 5.61±0.1 

2 EC (dS/m) 0.23±0.03 

3 Organic carbon (%) 0.19±0.01 

4 WHC (%) 92.38±0.03 

5 Bulk density (g/cm3) 0.571±0.03 

6 CEC 2.28±0.1 

7 Available N (mg/kg) 2.5±0.03 

8 Available P (mg/kg) 6.5±0.02 

9 Total K (mg/kg) 6.33±0.03 
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10 Available F- (mg/kg) 0.21±0.01 

11 Lime 0.04±0.6 

12 Total P 31.5±0.9 

13 Ca 39.9±0.05 

14 Mg 1.06±0.8 

15 Fe 0.30±1.9 

16 SO42− 2.96±0.02 

17 CaSO4.2H2O 5.30±0.03 

18 Al 0.19±0.6 

Table 3: Physico-chemical analysis of chromite overburden and garden soil (Mean±SD) 
Sl no Parameters Overburden soil Garden soil 

1 pH 7.42±0.02 5.62±0.1 

2 EC (dS/m) .03±0.03 .11±0.01 

3 Organic carbon(%) 0.45±0.01 0.63±0.02 

4 WHC (%) 54.16±0.04 34.42±0.01 

5 Bulk density (g/cm3) 1.030±0.04 1.037±0.01 

6 CEC .12±0.04 0.05±0.01 

7 Available (mg/kg) 0.02±0.05 0.28±0.01 

8 Available P(mg/kg) 1.7±0.01 5.2±0.01 

9 Total K(mg/kg) 2.81±0.01 7.18±0.09 

10 Available F-(mg/kg) 0.0043±0.04 0.0032±0.02 

11 Na (mg/kg) 3.60 4.04 

12 Ca (mg/kg) 0.75 1.75 

13 Mg (mg/kg) 0.83 1.25 
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Figure 1: Physico chemical properties of substrate after incubation in different treatments 

 
Growth Performance 
The growth performance were carried out with the help of pot culture experiment to see the results for 
about 30 days and it showed that the plants can grow properly in Cr, Pb, Cd, Fe, Ni and Co contaminated 
soils upto T11, T10 and T9 respectively as the heavy metals have negative influence on the growth of soil 
microbial activities which may have the indirect effects on plant growth [24]. Survival rate was 
significantly T0>T1>T11>T10>T9>T8>T7>T6>T5>T4>T3>T2. As the ETP sludge’s concentration 
increases the plant growth also increases in the same trend because the available N,P and K is increases 
gradually when the concentration of ETP sludge increases after incubation presented in figure 1. 
Moreover, vegetation of the treated soil proved that the presence of sludge marginally promotes the 
plants growth, while hindering the uptake of Zn and Pb by the leaves and the roots [25]. Growth 
performance of the plant in reference to seed germination %, shoot length, root length, fresh weight , dry 
weight, leaf area and protein content was represented in figure 2, photosynthetic pigment content was 
represented in table 4. Plant growth was substantially improved after amending with ETP sludge, 
especially in T11, T10 and T9 respectively. Application of different percentage of the ETP sludge on plant 
significantly has an effect on the plant growth and development, during the study period of 30 days. The 
seed germination is a prime plant-growth process, germination of sunflower occurs after 3 days of sowing 
in all the treatment but the germination % was maximum in T0,T1,T8,T9,T10,T11 and it will decreases 
from T7 to T2, as the heavy metal contaminated overburden soil concentration increases from 30% – 80 
%. It has been reported that the heavy metal affecting amylase, protease and ribonuclease enzyme 
activity thus retarding seed germination and growth of many crops seed morphology and physiology. It 
inhibits germination, root elongation, seedling development, Copper (Cu) has been reported to be toxic to 
sunflower seedlings inducing oxidative stress via generation of reactive oxygen species, Cadmium (Cd) 
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has been shown to cause delay in germination, so overally the seed germination affected by the presence 
of heavy metals in the soil [26]. All macro- and micronutrient treatments considerably improved plant 
height, stems girth, head diameter and seed yield of sunflower crop [27]. Here the amendment of ETP 
sludge here act as a supplement of macro and micronutrient to the overburden soil shows positive 
response for the root and shoot length development. As the concentration of ETP sludge increases the 
length of the root, shoot, fresh weight, dry weight,  protein content and leaf area increases shown in figure 
2. Maximizing leaf area will increase site productivity and efficiency [28]. Photosynthetic pigment is the 
amount of chlorophyll (a, b,c) pheophytin and carotenoid present in the plant. The amount of chlorophyll-
a and pheophytin is maximum in (T0), chlorophyll-b is maximum in T4, chlorophyll-c and carotenoid is 
maximum in (T2). Observations suggest a marked decrease in photosynthetic pigment with the increase 
of ETP sludge. Discouraging impact on photosynthetic pigment content may be for the reason that of the 
decrease of certain concentrations Cr and Fe present in overburden soil which can be active as structural 
and catalytic components of, enzymes and as cofactors for the standard progress of photosynthetic 
pigment biosynthesis. The maximum yields was occurred when ETP sludge is combined with overburden 
soil with T11 (90:10) proportions followed by T10 (80:20) > T9 (70:30).As the concentration of ETP 
sludge decreases the yield is also decreases and it is lowest in pure overburden soil. The results 
recommended that ETP sludge application was enhancing the growth performance of the plant. The 
growth performance of the plant is also correlated with the capabilities of the remediation potential of 
the plants governed by the accumulation capacity of plants shown in figure 2 [29]. 

T0 T1 T2 T3 T4 T5 T6 T7 T8 T8 T10 T11

8

10

12

14

16

18
 Shoot Length
 Root Length

Treatments

S
h
o

o
t 
L
e
n

g
th

 (
in

 c
m

s
)

3

4

5

6

7

8

 R
o
o

t 
L
e
n

g
th

 (
in

 c
m

s
)

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
6

8

10

12

14

16

18

20

22
 Protein

Treatments

P
ro

te
in

 (
in

 m
g
/g

m
 F

W
)

 

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
0

20

40

60

80

100

G
e

rm
in

a
ti
o

n
 %

Treatments

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11

0

1

2

3

4

5

6

7

F
re

s
h

 w
e

ig
h
t 
(g

m
)

Treatments

 

Maharana  et al 



RJCES Vol 5 [3] June 2017                     37 | P a g e      © 2017 AELS, INDIA 

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
0

1

2

3

4

5

6
D

ry
 w

e
ig

h
t 
(g

m
)

Treatments
T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11

0

5

10

15

20

25

30

35

L
e

a
f 

a
re

a
 (

c
m

2
)

Treatments

 
Figure 2: Growth performance of treatments 

 
Table 4: Concentration of Photosynthetic pigment of different treatment (Mean±SD) 

 Photosynthetic pigment content (mg/gm) 
Treatment Chlorophyll a Chlorophyll b Chlorophyll c Pheophytin Carotenoid 

T0(Control) 1089.52±0.01 331.75±0.03 254.46±0.1 2829.2±0.01 349.896±0.01 
T1 900.808±0.1 291.38±0.02 71.6±0.01 2293.8±0.1 301.537±0.02 
T2 964.26±0.02 165.58±0.01 358.1±0.02 2241.1±0.03 363.857±0.1 
T3 956.208±0.01 316.814±0.1 44.3±0.03 2377.4±0.01 347.5404±0.03 
T4 985.538±0.01 332.272±0.2 65.2±0.02 2683.9±0.02 299.459±0.01 
T5 775.183±0.02 252.436±0.1 46.6±0.01 2113.2±0.1 230.3788±0.1 
T6 343.0826±0.01 119.354±0.01 20.8±0.1 869.4±0.01 119.548±0.01 
T7 494.445±0.04 167.593±0.02 27.5±0.03 1227.1±0.02 173.6144±0.01 
T8 376.853±0.02 151.815±0.03 40.3±0.01 909.9±0.01 128.0448±0.1 
T9 350.147±0.04 143.044±0.04 40.4±0.02 825.4±0.03 121.1744±0.03 

T10 343.337±0.1 141.83±0.02 45.4±0.01 851.7±0.04 121.5468±0.04 
T11 345.3±0.01 131.038±0.1 46.6±0.01 847.8±0.02 123.424±0.02 

 
Stabilization of trace metals 
Although the adding together of ETP sludge a solid waste is considered a pollution risk for the soil and the 
plants, the treatment performed showed that the solubility of metals in the sludge-amended soil was 
considerably limited .The decrease in Pb, Co ,Fe, Cr and Ni is presented in Figure 3. The effect of treatment 
with ETP sludge is different for each metal.  
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Figure 3: Concentrations of heavy metals in soil before and after plantation. 
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CONCLUSION 
The monitoring of soil value enhancement by the characterization of both physicochemical, biochemical 
and plant-related parameters has verified to be a valued instrument to select suitable amendments. The 
addition of ETP sludge to polluted soil containing principally heavy metals viz., Pb, Co,Fe, Cr and Ni 
reduced the leachability and toxicity of the contained metals and enhanced the biomass production 
several times along with improve the physicochemical properties of overburden soil and increase its 
growth. The results show the overall better growth and minimum leachability by plants observed in T9, 
T10 and T11, and here T9 has suggested the final treatment which should applied in chromite 
overburden soil for maximum management as it contain 30% contaminated soil while in T10 and T11 it is 
20 and 10 percentage respectively, and below T9 the survival and growth rate of plant is decreasing, so it 
cannot be taken in to consideration for management of overburden soil. The results indicated this 
sustainable approach restored the yield, fertility and stability of overburden dump leading to the 
development of self-sustainable ecosystem and turned the barren mine spoil dump into abundant green 
area, thereby extenuating environmental hazards and recovering the environmental health of the 
surrounding. 
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