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ABSTRACT 

This study assessed the potential of Ricinus communis for heavy metals uptake in soils irrigated with 

industrial waste water to reduce their toxicity impact on the environment. Pot experiments consisting 

2 kg of top soil irrigated with different proportion of borehole water and industrial waste water 

(100% borehole water, 75% borehole water+25 % industrial waste water, 50% borehole water + 50% 

industrial waste water, 25% borehole water+75% industrial waste water and100% industrial waste 

water were replicated five times in a completely randomized design in this study. Physicochemical 

properties of the soils, borehole and industrial waste water; before the experiment as well the 

concentrations in soils and seedlings (roots and shoots) after the experiment were determined using 

standard instrumentation methods.Growth parameters, bioaccumulation and translocations factors 

at the end of twelve weeks after transplanting were used to assess the potential of the plants for heavy 

metal uptake.  Significant seedling heights (11.02-18.22cm), leaf area (92.11-137.19 cm2), stem 

diameter (0.90-2.11mm) and leaf production (12.84-26.10) were observed in Ricinus communis at 

P≤0.05  The concentrations of heavy metals in the growing media after the experiment were Fe 

(89.87 - 95.81 mg/kg), Zn (28.98 – 35.69mg/kg), Cu (22.51- 27.99mg/kg), Pb (16.21 – 20.95mg/kg), 

Co (6.01 – 8.99 mg/kg) and Cr (3.01 – 5.01mg/kg). The trend of Fe>Cu>Zn>Pb>Co> Cr uptake was 

observed in different parts of the seedlings. Respective bioaccumulation factor values of 0.20-0.88 

classified the plants as accumulator while translocation factor values of 1.09 -1.82 for heavy metals, 

classified Ricinus communis as high efficiency phytoextractor plant. This study has shown the 

efficacy of Ricinus communis to uptake heavy metals and transfers it into its tissue parts.   
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INTRODUCTION 

The use of plants and/or associated 

microorganisms to remove contaminated or 

rendered harmful material harmless has been 

shown to be effective for different kinds of 

contaminants such as heavy metals, radio 

nuclides and broad range of organic pollutants 

(Merkl, 2005; Pinto et al., 2018, Schwab and 

Banks, 1999; Wang et al, 2019). However, 

heavy metals pollution in natural ecosystem is 

one of the environmental issues that have 

become a global problem. With the industrial 

development, the concentrations of heavy metals 

have increased and their bioaccumulation cause 

toxicity in biological systems such as humans, 

animals, microorganisms and plants. 

Accumulation of heavy metals can reduce soil 

quality, reduce crop yield and the quality of 

agricultural products, and thus give negative 

impacts to the health of human, animals, and the 

ecosystem (Nagajyoti et al., 2010). Some metals 

such as manganese, copper, zinc and   nickel are 

important and beneficial to plants, and animals, 

but at high concentrations can become toxic and 

pose an environmental threat (Nodelkoska, 

2000). Wang and Chen (2000) reported that 

heavy metals are of considerable environmental 

concern due to their toxicity, wide sources, non-

biodegradable properties, and accumulative 

behaviours. Heavy metals contaminations are 

released by various anthropogenic activities into 

the environment, such as manufacturing 
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processing of industries, domestic refuse and 

waste materials particularly sawdust sludge, 

sewage sludge, textile industry sludge and 

slaughter house sludge. Studies have shown that 

wastes from dumpsites release harmful leachates 

containing heavy metal into local water bodies; 

this in turn can lead to environmental hazards 

(Akintola, 2014, Rajkumar et al., 2009). 

Industrial wastewater (IWW) contains a number 

of toxic chemicals including heavy metals 

(Wong, 2003). These toxic chemicals from the 

waste water can infiltrate into the soil through 

surface runoff and bioaccumulate in plants 

(Wong et al. 2002).Plants grown on a land 

contaminated with municipal, domestic or a land 

polluted with municipal, domestic industrial 

wastes can absorb heavy metals inform of 

mobile ions present in the soil through their roots 

or their foliar absorption (Singh and 

Jain,2003).Higher concentration of these metals 

may cause metabolic disorders and growth 

inhibition for most of the plant species, often 

leading to death (Pehlivan et al. 2009; Tiwariet 

al., 2008; Wong et al., 2007). Their negative 

impact on soil micro flora, ground cover and 

plant growth has been well documented (Roy et 

al. 2005). Since these heavy metals/toxic 

elements cannot undergo chemical degradation 

but need to be transformed into non- toxic 

compounds or removed physically (Gaur and 

Adholeya, 2004). Recent concerns regarding the 

environmental contamination have initiated the 

development of appropriate technologies to 

assess the presence and mobility of metals in 

soil, water, and wastewater, thus a need for 

cleaning up for a safe and conducive 

environment (Bhargava et al., 2012; Shtangeeva 

et al., 2004).Therefore, there is a need for 

remediation of waste lands to refurbish soil 

fertility and productivity. Ricinus communis L. 

(Euphorbiaceae family) commonly known as 

castor bean has been potentially recognized for 

phytoremediation (Akintolaet al, 2019; Haunget 

al. 201; Olivares et al., 2013Rajkumar and 

Freitas 2008; Vara Prasad and De Oliveira 

Freitas,2003.). It has also been reported as a high 

salt tolerance salinity and drought tolerance 

(Bauddh and Singh 2012; Li et al. 2011). The 

plant according to Berman et al. (2011) and De 

Lima da Silva et al. (2006) has multiple uses in 

industrial, medical, and cosmetic products and is 

excellent crop rotation in modern agriculture. 

The plant attracts biofuel and biodiesel 

industries because of its high seed oil content. 

These attributes according to Boda et al (2017) 

make the plant an excellent to be used for 

restoration of waste disposal sites and bioenergy 

production. This study thus aimed at 

investigating the uptake of heavy metals by 

Ricinus communis L from soils irrigated with 

industrial waste water for remediation of waste 

lands to refurbish soil fertility and productivity 

through urban Forestry. 

 

MATERIALS AND METHOD 

Study Location 

The experiment was carried out in the screen 

house of Forestry Technology Department, 

Federal College of Forestry Ibadan, Oyo State. 

The area lies between Latitude (7o26'N - 7o28'N) 

and Longitude (3o51'E- 3o54'E).  The climate of 

the area is tropical. The annual rainfall ranges 

from 1400mm – 1500mm and average relative 

humidity of about 65%, the average temperature 

is 31.80C. The area is dominated by two seasons: 

the dry season and rainy season. The rainy 

season usually begins from November to March, 

while the rainy season starts from April to 

October (FRIN Meteorological Station, 2020). 

 

Sample preparation and Experimental design 

Ricinus communis seeds were collected from 

Igangan in Ibarapa L.G.A, Oyo state.  Industrial 

waste water was collected from Oluyole 

Industrial Estate, Ring Road, Ibadan. The soil 

samples were collected from farmland around 

the same area. The topsoil collected was 

thoroughly sieved and filled into polythene pots. 

Seeds of Ricinus communis were sown into 

germination box. Pots were filled with 2 kg of 

top soil. After two weeks of sowing; the sprouted 

and healthy Ricinus communis were transplanted 

into the already filled pots. They were watered 

daily with the following treatments from 

borehole water (BW and industrial waste water 

(IWW):T1 (100% BW), T2 (75% BW+25 % 

IWW), T3 (50% BW+ 50% IWW), T4 (25% 

BW+75% WW) and T5 (100% IWW).Plastic 

containers were put at the base of the pots for 

collection of vertical seepage of wastewater for 

irrigation. 

All treatments were replicated seven times in a 

completely randomized design. Inter-culture 

operation such as weeding and watering was 

done every day. The experiment lasted for 12 

weeks after transplanting (WAT).  The 

parameters such as stem diameter, seedling 

height, leaf area and Leaf production were 

assessed throughout the period of the 

experiment. 

 

Sample Analysis 

Top soil was analyzed for physiochemical and 

heavy metal. The pH of the soil samples was 
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determined using electrode pH meter (PCE-228) 

in water-soil solution (1:1), while the organic 

carbon contents of the soils were determined 

using Walkley and Black (1934) method and 

then multiplied by 1.724 to calculate soil organic 

matter content. Total nitrogen and available 

phosphorus were determined by micro-kjeldhal 

digestion-distillation methods (Bramner, 1965) 

and electrophotometer method (Bray and Kurtz, 

1945). Heavy metal analysis of the boreholeand 

industrial waste water was done using atomic 

absorption spectrophotometer (AAS) 

instrumentation technique. Roots and shoots of 

the studied tree species as well as soils from each 

of the treatments after the experiment were 

analysed for heavy metals concentrations using 

atomic absorption spectrophotometer (AAS) 

instrumentation technique. 

 

Data Analysis 

Data were analyzed using descriptive statistics, 

one-way analysis of variance (ANOVA) to 

determine the effectiveness of treatment and 

least significant difference (LSD) tests were 

performed to determine the statistical 

significance of the difference between means of 

treatments. Bioaccumulation factor (BAF) and 

Translocation factor (TF) were used to assess to 

potential of Ricinus communis for removal of 

contaminants from the soil using the formular 

given by Yadav et al., (2009) as shown in 

Equation 1 and 2. 

 

𝐵𝐴𝐹 =  𝐻𝑀𝐶𝑃/𝐻𝑀𝐶𝑆 …… (1) 

Where: 

BAF - Bioaccumulation factor 

HMCI - heavy metal concentration in plant 
HMCS - heavy metal concentration in soil 

𝑇𝐹 =  𝐻𝑀𝐶𝑆/𝐻𝑀𝐶𝑅…… (2) 

Where: 

BAF – Translocation factor 

HMCI - heavy metal concentration in shoot 
HMCS - heavy metal concentration in root 
 

RESULTS  

Soil Characteristics  

The pH of the soil used in this study is slightly 

acidic with value of 6.72 (Table 4.1). Particle 

sizes of the topsoil were sand (85%), clay (10%) 

and silt (5%). Organic matter content of the soil 

is 3.87 % while the respective total nitrogen and 

available phosphorus in the soils are 0.87% and 

23.71 mg/kg. The respective concentrations of 

Na, K, Mg and Ca in the soils were 

1.70Cmol/kg, 0.04Cmol/kg, .0.47Cmol/kg and 

0.93Cmol/kg while those of the determined 

heavy metals in the soils were Fe (112.86 

mg/kg), Zn (48.29mg/kg), Cu (37.81mg/kg), Pb 

(22.21mg/kg), Co (10.75mg/kg) and Cr 

(8.11mg/kg).   

 

Heavy metals Concentration in Borehole 

water and Industrial waste water 

The concentration of heavy metals in borehole 

water were Fe (0.21mg/kg), Zn (1.02mg/kg), Cu 

(0.12mg/kg), Pb (2.11mg/kg), Co (0.02 mg/kg) 

and Cr (0.05 mg/kg) while that of  the industrial 

waste water  were Fe (4.02 mg/kg), Zn 

(3.55mg/kg), Cu (1.57mg/kg), Pb (6.11mg/kg), 

Co (0.89 mg/kg) and Cr (0.42 mg/kg) as 

presented in Table 2. Heavy metals 

concentrations in industrial waste water were 

higher than those from the borehole water 

indicating the effect of toxic materials used in 

the industry on the waste water.   
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Table 1: Physicochemical parameter and heavy metal content in the top soil 

 Parameter 
Values  

in Topsoil 

Recommended values) in soil (Kabata -Pendias, 

2000 and Adriano, 2001; FAO,2003 

pH 6.72  

Calcium (Ca)  1.70cmol/kg  

Potassium (K)  0.04cmol/kg  

Sodium (Na)  0.47cmol/kg  

Magnesium (Mg) 0.93cmol/kg  

Clay 5%  

Silt 10%  

Sand 85%  

Phosphorus 23.71mg/kg  

 Organic matter Content 

(OMC) 

4.91%  

Total Nitrogen (TN) 1.87%  

 Iron (Fe) 112.86mg/kg  

Zinc (Zn) 48.29mg/kg 300 

 Copper (Cu) 37..81 mg/kg 100 

 Lead (Pb) 22.11 mg/kg 100 

 Cobalt (Co) 10.75 mg/kg 50 

 Chromium (Cr) 8.11 mg/kg 50 

 

 

Table2. Heavy metals Concentration in Borehole water and Industrial waste water 

HeavyMetals 

 (mg/kg) 

Borehole water 

 (BW) 

Industrial waste  

water (IWW) 

Recommended value  

(WHO, 2006) 

Fe 0.21 4.02 0.3 

Zn 1.02 3.55 2 

Cu 0.12 1.57 0.2 

Pb 2.11 6.11 5 

Co 0.02 0.89 0.05 

Cr 0.05 0.42 0.1 

 

Growth performance of Ricinus communis 

grown in industrial waste water 

Table 3 showed the effect of industrial waste 

water on the growth performance of Ricinus 

communis seedlings. The seedlings grown in soil 

irrigated with100% IWW had highest growth 

performance at 12 weeks after transplanting for 

seedling heights (18.22 cm), leaf area 

(137.19cm2). Stem diameter (2.11mm) and leaf 

production (26.10) while those grown in soil 

irrigated with 100% borehole water had lowest 

growth performance in seedling heights (11.02 

cm), leaf area (92.11cm2), Stem diameter 

(0.90mm) and leaf production (12.84).  

 

Table 3: Mean values of growth performance of Ricinus communis at 12 WAT 

Treatment Seedling height 

cm 

Leaf Area 

 cm2 

Stem Diameter 

 mm 

Leaf 

production 

100% BW 11.02d 92.11e 0.90c 12.84e 

75% BW+25 % IWW 13.81c 111.01d 0.99c 18.10d 

50% BW+ 50% IWW 15.55b 119.23c 1.56b 21.03c 

25% BW+75% IWW 17.01a 129.22b 1.89a 24.22b 

100% IWW 18.22a 137.19a 2.11a 26.10a 

BW= Borehole water; IWW- Industrial waste water; WAT- weeks after Transplanting 

Values with different letters within the same columns are significantly different from each other’s at P≤0.05 
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Heavy metals concentration in soils after the 

experiment 

Table 4 presented the concentrations of 

determined heavy metals in soils from each of 

the treatment after the experiment. The 

concentrations of the heavy metals from all the 

treatments were Fe (89.87 - 95.81 mg/kg), Zn 

(28.98 – 35.69mg/kg), Cu (22.51- 27.99mg/kg), 

Pb (16.21 – 20.95mg/kg), Co (6.01 – 8.99 

mg/kg) and Cr (3.01 – 5.01mg/kg) were lower 

when compared to their concentration in soils 

before the experiment Fe (112.86 mg/kg), Zn 

(48.29mg/kg), Cu (37.81mg/kg), Pb 

(22.21mg/kg), Co (10.75mg/kg) and Cr 

(8.11mg/kg) as presented in Table 3. 

 

              Table 4. Heavy metals concentration in soils after the experiment 

Treatment                          Heavy metals in mg/kg 

Fe Zn   Cu Pb Co Cr 

100% BW 89.87c 28.98c 22.51c 16.21c 6.01c 3.01bc 

75% BW + 25 % IWW 90.11c 29.10c 22.98c 16.47c 6.23c 3.57b 

50% BW+ 50% IWW 91.07c 30.56c 23.13c 17.35c 6.49c 3.65b 

25% BW +75% IWW 93.01b 32.91b 25.67b 18.11b 7.67b 4.71a 

100% IWW 95.81a 35.69a 27.99a 20.95a 8.99a 5.01a 

BW= Borehole water; IWW- Industrial waste water 

Values with different letters within the same columns are significantly different from each other’s at P≤0.05 

 

 

Table 5. Heavy metal concentrations in Riccinus communis seedling’ parts 

Treatments Plant’s part 
     Heavy metal concentrations in mg/kg 

Fe Zn  Cu Pb Co Cr 

100% BW shoot 15.10 9.11 10.00 2.20 1.12 1.47 

Root 13.00 6.90 7.13 1.61 1.00 1.30 

 

75% BW + 25 % IWW shoot 15.61 9.99 10.20 2.45 1.13 1.50 

Root 13.14 7.04 7.29 1.55 1.12 1.31 

50% BW + 50 % IWW shoot 16.00 10.01 10.22 2.56 1.17 1.71 

Root 13.01 7.20 7.38 1.45 1.14 1.41 

25% BW + 75 % IWW shoot 17.00 10.41 10.51 2.60 1.25 1.95 

Root 12.97 7.05 7.11 1.43 1.15 1.60 

100% IWW shoot 17.20 10.37 11.01 2.70 1.30 1.90 

Root 13.36 7.54 7.00 1.41 1.15 1.71 

BW= Borehole water; IWW- Industrial waste water 

 

Heavy Metal Concentration in the Ricinus 

communis seedling’ parts 

 Heavy metal concentrations in Ricinus 

communis’ parts after the experiment are 

presented in Table 5. The results showed that 

there is variation in heavy metal concentrations 

in the shoot and roots of the plants. The heavy 

metal concentrations in shoots of the plants after 

the experiment from all the treatments were Fe 

(15.10 – 17.20mg/kg); Zn (9.11 - 10.37mg/kg); 

Cu(10.00 -11.01mg/kg); Pb (2.20 -2.70mg/kg); 

Co (1.12 - 1.30mg/kg) and Cr (1.47 -1.71mg/kg) 

while their concentrations in roots were Fe 

(13.00 – 13.36mg/kg); Zn (9.11 - 10.37mg/kg); 

Cu(10.00 -11.01mg/kg); Pb (2.20 -2.70mg/kg); 

Co (1.12 - 1.30mg/kg) and Cr (1.47 -

1.71mg/kg). 

 

Remediation potential of Ricinus communis 

for heavy metals 

The potential of Ricinus communis seedlings to 

accumulate and translocation heavy metals into 

their various parts was assessed using 

bioaccumulation factor (BAF) and translocation 

factor (TF) presented in Table 6 and 7 

respectively. The higher values of BAF were 

observed from Cr (0.72-0.88), Zn (0.50-58) and 

Cu (0.64- 0.88) from Ricinus communis 

seedlings while the lowers values of BAF were 

observed in Fe (0.32-0.36), Pb (0.20-0.24) and 

Co (0.27-0.36) as shown in Table 6.  

 

 

 

5 

 

 



 

 JOURNAL OF RESEARCH IN FORESTRY, WILDLIFE AND ENVIRONMENT, VOLUME 14, NO. 3, SEPTEMBER, 2022 

 

HEAVY METALS UPTAKE OF Ricinus communisL. GROWN IN SOIL IRRIGATED WITH INDUSTRIAL WASTE WATER 
 

Table 6: Value of Bioaccumulation factor of Ricinus communis 

Treatment 
                         Heavy metals in mg/kg 

Fe Zn   Cu Pb Co Cr 

100% BW 0.32 0.55 0.76 0.24 0.35 0.88 

75% BW + 25 % 

IWW 

0.32 0.58 0.76 0.24 0.36 0.79 

50% BW+ 50% IWW 0.32 0.56 0.76 0.23 0.36 0.85 

25% BW +75% IWW 0.32 0.53 0.68 0.22 0.31 0.75 

100% IWW 0.36 0.50 0.64 0.20 0.27 0.72 

BW= Borehole water; IWW- Industrial waste water 

 

The values of translocation factor (TF) for 

the heavy metals are presented in Table 7. 

The values of TF for the heavy metals 

ranged from 1.09 to1.82. The values of TF 

are greater than one indicating high 

potential of the plants for transferring heavy 

metals from the roots into their shoots. 

. 

 

                 Table 7: Value of Translocation Factor (TF) of Ricinus communis 

Treatment 
                         Heavy metals in mg/kg 

Fe Zn   Cu Pb Co Cr 

100% BW 1.16 1.32 1.40 1.34 1.12 1.13 

75% BW + 25 % IWW 1.18 1.43 1.40 1.58 1.01 1.15 

50% BW+ 50% IWW 1.23 1.39 1.38 1.76 1.02 1.21 

25% BW +75% IWW 1.30 1.48 1,48 1.82 1.09 1.22 

100% IWW 1.29 1.38 1.57 1.29 1.13 1.11 

BW= Borehole water; IWW- Industrial waste water 

 

 

DISCUSSION 

According to the textural triangle (Whiting et al., 

2011), the texture of the topsoil can be classified 

as loamy sand.  The concentrations of the heavy 

metals in the soils are within the recommended 

value given by Kabata-Pendias (2011), Adriano 

(2001) and FAO (2003). Heavy metal 

concentrations in the soils are in the oder of Fe> 

Cu> Zn> Pb> Co> Cr. . Heavy metals 

concentrations in industrail waste water were 

higher than the recommended values given by 

WHO (2006) for irrigation water.  The 

concentration of heavy metals in the borehole 

water were lower than the recommended 

values.The high values observed in the growth 

parameters of Ricinus communis seedlings could 

be attributed to the soil being rich in organic 

matter whichis the source of most of the nitrogen 

and phosphoruswhich enhances soil fertility and 

promote plant growth(Ideriah et al., 2010). 

 

Plants needs not only  macronutrients such as N, 

P, K, S, Ca, and Mg but also essential 

micronutrients such as Fe, Zn, Mn, Ni and  Cu. 

Metals such as Pb, Co and Cr can also be of 

benefits to plants but when they are in excess 

they can be toxic to plants.Plants have developed  

highly explicit techniquess to take up, 

translocate, and store these nutrients in their 

tissue parts  (Lasat, 2002).  The observed 

reduction in the concentrations of the studied 

metals in soils after the experiment may be 

attributed to the metal uptake by potting media 

before planting and after harvest might indicate 

the uptake of this metal by Ricinus communis 

seedlings.  Bioavailability depends on metal 

solubility in soil solution.  According to Rosselli 

et al., (2003), the bioavailability and mobility of 

heavy metals to plants depends on their 

solubility in soil solution.  The uptake of these 

metals by the studied plants may be due to the 

readily available of the heavy metals in soluble 

form (industrial waste water).   Thus, Ricinus 

communis seedlings are able to uptake the metals 

into their roots and transfer them into the shoot. 

This also agreed with the reports of Liu et al., 

(2015) and Yargholi et al., (2008); that the 

removal of heavy metals in soils depend on the 

ability of the plants to absorb the metals and 

transfers it into their shoots thus preserving the 

soils and sustaining the environment. The higher 

concentrations of heavy metals observed in 

shoots of Ricinus communis seedlings than the 

roots agreed with the findings of Akintola et al 
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(2021a).  This was attributed that plant species, 

time of harvest, soil types, bioavailability, 

mobility and solubility of heavy metal 

concentrations in the soils.  The values of BAF 

and TF in plants greater than one according to 

Yoon et al. (2006) have the potential to be used 

as phytoremediation.  Bioaccumulation factor 

values observed from Fe, Cu, Zn, Pb,Co and Cr 

in Ricinus communis classified the plants as 

accumulators (Akintola t al., 2021b; 

Padmavathiamma and Li, 2007, Madanan et al, 

2021;Yadavet al., 2009). Plants with TF values 

> 1 are classified as high-efficiency, plants with 

TF< 1 are classified as low-efficiency plants for 

metal translocation from the roots to 

shoots(Madananet al, 2021;Yadavet al., 

2009).The values of TF (>1) for the studied 

heavy metals, classified Ricinus communis as 

high efficiency (phytoextractor) plants. Thus, 

the plants have the ability to uptake the metals 

from the soils to the roots and transfer them into 

their shoots.   

 

CONCLUSION 

This study assessed the potential of Riccinus 

communis to uptake heavy metals from the soil 

irrigated with industrial waste water. Results of 

study indicated no toxic effects of the heavy 

metals on growth parameters of Ricinus 

communis seedlings. Reductions in the heavy 

metals’ concentration in soils after the 

experiment indicate the uptake of the metals by 

the plants. Bioaccumulation and Translocation 

factors of the heavy metals classified Ricinus 

communis as accumulator and high efficiency 

phytoextractor plants. This study has shown the 

efficacy of Ricinus communis to uptake heavy 

metals and transfers it into its tissue parts.    
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