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Abstract: Seed coat of Jatropha curcas was investigated for the removal of some selected metals from aqueous 8 
solutions. The selected metal ions are Cu, Ni and Cr. In this work, impact of pH of solution and sorption time on 9 
sorption capacity was investigated. At a pH of 5.0, 6.0 and 5.0 relatively to sorption time of 120mins, 60mins and 10 
120mins respectively, 88.88%, 99.78% and 97.81% of Ni, Cu, and Cr were removed accordingly. Adsorption data 11 
analyzed using Langmuir and Freundlich models shows that Cu and Cr however followed Langmuir isotherms and 12 
not Freundlich while Ni adsorption conforms to both Langmuir and Freundlich models. This study shows that 13 
prepared biomass of Jatropha curcas husk can be used as an adsorbent for removal of Cu, Ni and Cr from 14 
wastewater or any industrial effluent. 15 
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1. Introduction 21 

The primary source of heavy metal contamination 22 
has resulted from industrial activities such as energy 23 
and fuel production, mining and smelting of 24 
metaliferous ores and post production use that contains 25 
wastes (Sarwoko and Surahmaida, 2008).Due to 26 
increased industrial activities, an alarming amount of 27 
toxic heavy metal has been released into the 28 
environment endangering natural ecosystem and public 29 
human health (Gardea –Torresday et al, 1996). 30 
Usually, the most common heavy metal contaminants 31 
according to the World Health Organization (WHO) 32 
are Cadmium, Chromium, Cobalt, Copper, Lead, 33 
Mercury, Nickel and Zinc. Because of their adverse 34 
effects on natural ecosystem, their removal has become 35 
of major concern (Okoronkwo and Olasehnde, 2007). 36 
Hexavalent chromium is widely used in many 37 
industrial processes such as electroplating, wood 38 
preservation, etc. Commercially available forms of 39 
hexavalent chromium (Cr(VI)) are potassium chromate 40 
and potassium dichromate. The chromium 41 
manufacturing industry produces a large quantity of 42 
solid and liquid waste containing hexavalent 43 
chromium. The treatment of these wastes is essential 44 
before discharging them to the environment. Cr(VI) 45 
compounds are highly water soluble, toxic and 46 
carcinogenic in mammals. In contrast, trivalent 47 
chromium is considered to be non-toxic as it 48 
precipitates at pH higher than 5.5 with the formation of 49 
insoluble oxides and hydroxides in soil and water 50 
systems (Chen and Hao, 1998; Jeyasingh and Philip, 51 
2005). Copper is a very common substance in the 52 
environment and it long term exposure can cause 53 
irritation of the nose, mouth and eyes. High intake of 54 
copper can cause liver and kidney problems which 55 

could eventually lead to death. Copper does not 56 
breakdown in the environment and because of this it 57 
can accumulate in plants and animals. On copper-rich 58 
soil only limited numbers of plants has a chance of 59 
survivals because copper interrupt the activities of the 60 
soil as it negatively influence the activities of 61 
microorganism, earthworms and the decomposition of 62 
organic matter (Lenntech, 2011). Nickel is used 63 
majorly in the preparation of alloys. In human, Nickel 64 
uptake will boost when people eat large quantities of 65 
vegetable from polluted soil. High uptake of Nickel is 66 
associated with high chance of development of cancer 67 
associated with respiration system. It is essential to 68 
remove heavy metals from waste water, so that their 69 
disposal into water bodies does not cause toxicity to 70 
inhabiting body. The conventional methods of metal 71 
removals from waste water, such as precipitation, 72 
adsorption and  ion exchange are expensive and may 73 
not work well at low concentration of metal ions 74 
(Ahluwalia and Goyal, 2005; Alpana et al, 2007). 75 
Many researchers have generated considerable interest 76 
to pursue better methods or techniques which could be 77 
cost effective to remove heavy metals from the 78 
environment of which great attention has been given to 79 
the use of both living and non- living biological 80 
materials for the remediation of toxic metals ions from 81 
industrial waste water, (Okoronkwo and Olasehinde, 82 
2007; Volesky and May-Philips, 1995; Carvalho et al., 83 
1994). One of these technologies is bioremediation, 84 
which is the use of biological system (such as plants, 85 
bacteria, fungi, etc) in various applications of waste 86 
treatment and remediation of pollutants. 87 
Bioremediation can be engaged for specific 88 
contaminants or general approach, such as reduction of 89 
BOD and odour from organic rich sediment (Chang et 90 
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al., 2002). The problem existing with bioremediation 91 
and bioaccumulation of toxic metals is that the metals’ 92 
valence or oxidation state may be biologically 93 
converted, how it be, the metal is still present and poses 94 
an environmental threat. The processes of 95 
bioremediation rely on microorganism which 96 
precipitates or solubilizes the metal ions (Gardea- 97 
Torresday et al.1996). 98 
     An innovative technology that is gaining 99 
momentum in the environment field is 100 
phytoremediation. P hytoremediation is the use of plant 101 
to remove toxic contamination from the environment 102 
(Okoronkwo and Olasehinde, 2007) has shown the 103 
potential of Tithonia diversifolia for the removal of 104 
lead from contaminated water. Mueller et al (1995) 105 
also have shown the potential use of Datura innoxia 106 
and Lycopersicon peruvianum to biotransform TNT 107 
waste. Also heavy metals accumulates on plants been 108 
realized in the process termed phytoextraction which 109 
help to remove the heavy metals from the soil. 110 
Sarwoko and Surahmaida, 2008 reported the use of 111 
Jatropha curcas L. for phytoremediation of lead and 112 
cadmium from polluted soil. 113 
   Jatropha curcas which is also known as physic plant 114 
is found growing on uncultivated land in most part of 115 
Africa and could be used as hedge plant .The plant is 116 
cherished for its medicinal value and the cake can be 117 
used as livestock feed if properly processed. Jatropha is 118 
resistant to drought and pest and produces seeds 119 
containing 27-40% of oil (Achten et al., 2007) the plant 120 
oil is widely use for Biofuel (biodiesel) production.  121 
  Hence this study aimed at assessment of the prepared 122 
husk of Jatropha curcas plant in the removal of 123 
Copper, Chromium and Nickel from aqueous solution. 124 
 125 
2. Materials and method 126 
2.1 Sampling and biomass preparation 127 
Jatropha Curcas fruits were collected from roadside 128 
along Akure-owo expressway in April 2007. The fruits 129 
were harvested from the plants stems .The seed were 130 
removed from the fruits and the nuts were remove and 131 
handpicked to remove impurities. The residue (nuts) is 132 
then oven dried at 90-95% and then blended using 133 
grain mill blender to acquire uniform sample size. Ten 134 
grams of Jatropha Curcas biomass was washed twice 135 
with 0.1m HCL by vortexing and with deionized water 136 
to remove any debris or biomolecules that might 137 
possibly interact with the metal ions. After each 138 
washing, samples were centrifuged at 760rpm for 139 
15mins to obtain pellets (Gradea-Torrsday et al., 1998; 140 
Okoronkwo and Olasehinde, 2007). The washed 141 
biomass was dried and weighed to account for loss. 142 
 143 
2.2 pH profile study  144 

Two fifty milligrams of the washed biomass were 145 
carefully weighed separately into nine (9) beakers. 146 
Each portion of the biomass was suspended in 147 
deionized water to obtain a concentration of 5mg of 148 
biomass per ml of solute (i.e. 50mg in 1000ml of 149 
deionized water) and stirred to form a homogenous 150 
mixture. Suspension of the first beaker is designed for 151 
pH values 1 – 4 separated by 1 unit. Suspension of the 152 
second beaker is for pH 1 – 9 and the solutions are 153 
equilibrated for 10 mins as described by Okoronkwo 154 
and Olasehinde (2007). Two aliquots of 2ml were 155 
transferred from the suspensions to clean tubes each 156 
time the pH value was adjusted. Nitric acid (HNO3) 157 
and Sodium hydroxide (NaOH) solutions (both of 158 
0.1N) were used for the pH adjustment. 159 

The suspension in each test tube was centrifuged 160 
for 10 minutes at 150rpm and the supernatant was 161 
discarded. Already prepared 0.1M of the metal 162 
solutions with pH values ranging from 1 – 9 were 163 
separated into different containers corresponding to 164 
each pH level. The pH for each solution was adjusted. 165 
2ml aliquot was transferred from each solution to a test 166 
tube containing the biomass and corresponding to its 167 
pH level. After an hour, the test tubes were centrifuged 168 
for 15 minutes at 760rpm (Okoronkwo and Olasehinde, 169 
2007), and the supernatant was transferred to clean 170 
sample tubes for metal analysis. 171 
 172 
2.3 Time dependency  173 

Fifty ml of solution containing a concentration of 174 
5mg of biomass per ml of suspension was prepared and 175 
its pH was adjusted to 6.0 for Cu and 5.0 for both Cr 176 
and Ni adsorption with NaOH. The solutions were 177 
centrifuged at760rpm for 15mins and the supernatant 178 
was discarded. Re-suspension of the biomass pellet 179 
under continuous stirring by rocking took place with 180 
50ml of 0.1mM metal solution. Two 2ml aliquot were 181 
taken from the stirred suspension and transferred to 182 
clean test tubes at time intervals of 5, 10, 15, 30, 60, 90 183 
and 120 mins for the three metal sample solutions. The 184 
maximum time frame used in this experiment is 120 185 
mins for the three metals of interest. The test tube 186 
samples were centrifuged and the supernatant were 187 
transferred to clean sample tubes for metal content 188 
analysis. 189 
 190 
2.4 Metal analysis 191 

Perkin Elmer model 3110 Atomic absorption 192 
spectrometer with deuterium background subtracted 193 
was used for the metal ions analysis. Modified methods 194 
used for analysis were adopted from the Perkin Elmer 195 
model 3110 manual. Analytical data resulting from the 196 
AAS analysis was computed statistically prior to 197 
interpretation of the data. 198 
 199 
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3. RESULT AND DISCUSSION 200 
The sorption of solution from aqueous solution 201 

plays a significant role in water control .it is therefore 202 
important to know and be able to predict the adsorption 203 
capacity of various biomass in other to know how 204 
much to give in term of various parameter to achieve 205 
the best of adsorption for various waste water 206 
treatment. 207 
 208 
3.1 Sorption kinetics 209 

To determine an appropriate contact time between 210 
Jatropha curcas biomass and the three metal ion of 211 
interest which are Cr, Cu and Ni .The adsorption 212 
capacity as a function of time and pH, shows that 213 
sorption took place very rapidly for the three metals 214 
and in the first 5mins and therefore continued at a 215 
slower rate until equilibrium was reached in a contact 216 
time of 60mins for Cu and 120mins for both Cr and Ni. 217 
Fig.1 shows various adsorptions of Jatropha curcas to 218 
the metals of interest. Cu, with initial concentration of 219 
6.354ppm and a pH of 6.0 from this Fig.1, it shows that 220 
the adsorption increases until 6.34ppm of initial 221 
concentration has been removed which amounted to 222 
99.78% of the initial concentration has been removed 223 
which was at a sorption time of 60mins and there about 224 
at about 90mins sorption time reduced to 6.22ppm. 225 
Niveta J. et al (2008) found that Jatropha curcas seed 226 
coat was able to remove 82-89% of Cu (II) from a 227 
solution containing a copper concentration of (20-50%) 228 
at sorption equilibrium of 80mins, and most copper 229 
was adsorbed between pH of 4-5 and thereafter 230 
decreased drastically. In this study, the higher 231 
percentage of Cu (II) removal could be as a result of 232 
modification of biomass with 0.1 M NaOH. As 233 
reported by Low et al (2002), treatment of spent grain 234 
with NaOH greatly enhanced Pb and Cd sorption. Also, 235 
Okoronkwo and Olasehinde (2007) reported that 236 
treatment of Tithonia diversifolia with NaOH also 237 
increases its sorption capacity compared to the 238 
unmodified biomass. The Fig1 shows that, for Cr, after 239 
a sorption time of 5mins 96.6% of the initial 240 
concentration has been adsorbed, and increased 241 
thereafter to 97.8% at equilibrium time of 120mins. 242 
The adsorption Ni to the biomass at a pH of 5.0, from 243 
the graph, it shows that 63% of Nickel has been 244 
adsorbed from the solution after a sorption time of 245 
5mins and thereafter it increased to the maximum at the 246 
equilibrium at the sorption time of 120mins, where 247 
88.76% of Ni was adsorbed. Namasivayam et al (2007) 248 
reported that Jatropha curcas biomass at a pH of 5.0 249 
and a contact time of 180mins, adsorbed 97.0% of 250 
Ni(II). This was as a result of increased sorption time. 251 
3.2 pH Profile study 252 
It is well known fact that pH of the medium affects the 253 
solubility of the metal ions and the concentration of the 254 

counter ions on the functional group of the biomass 255 
(Gardea-Torresdey et al., 1998). pH is one of the most 256 
important environmental factors which influence not 257 
only site dissociation, but also the solution chemistry of  258 
heavy metals. It has been reported that adsorption 259 
increases as the pH of the solution increases (Yin et al, 260 
1999). Fig 2 shows the effect of pH on the uptake of 261 
Cu, Cr and Ni by the Jatropha curcas biomass. From 262 
Fig 2, the uptake of Cr and Ni increases as the pH of 263 
the solution increases until a pH of 5 which was the 264 
optima pH for Cr and Ni adsorption and further 265 
increase in pH after 5.0 the adsorption decreases but it 266 
was not so for Cu which it’s optimum pH was 6.0 for 267 
maximum adsorption and further increase in pH 268 
decreases the sorption capacity of the biomass. 269 
 270 
3.3 Adsorption isotherm 271 
 272 
Analysis of the isotherm data is important in order to 273 
develop an equation that accurately represents the 274 
results and which could be used for design purposes 275 
(Niveta Jain et al, 2008). This also gives information 276 
for the comparison of different biomaterials under 277 
different operational conditions (Okoronkwo and 278 
Olasehinde, 2007). The adsorption data obtained for 279 
chromium, copper and nickel, using Jatropha curcas 280 
biomass as adsorbent were analyzed using Freundlich 281 
and Langmuir equations. 282 
 283 
 The linear form of Langmuir’s equation is written as: 284 
 285 

Ce/qe = Ce/a + 1/ab 286 
 287 
where a (mg/g) is the maximum amount of metal ion 288 
per unit mass to form a complete monolayer on the 289 
surface and b is the equilibrium adsorption constant 290 
Plot of Ce/ qe versus Ce fitted with a linearised straight 291 
line with slope of 1/a, and intercept is 1/(ab) (Dahiya et 292 
al., 2008). The adsorption data from chromium, copper 293 
and nickel were represented in Fig 3, 4, and 5. From 294 
these figures, it shows that the adsorption data of 295 
chromium, copper and nickel conforms to Langmuir 296 
isotherm.  297 
 298 
Freundlich equation is given by: 299 
 300 

qe = KfCe
1/n

 301 
 302 
The linearization of the above equation gives: 303 
 304 

Log qe = Log Kf + 1/n Log Ce 305 
 306 
where KF and 1/n are the Freundlich constants 307 
characteristics of the system, indicating the adsorption 308 
capacity and the adsorption intensity, respectively. Plot 309 
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of log qe versus log Ce, ought to be linear. The 310 
representation of the adsorptions in fig 6 and 7 show 311 
that only the adsorption data of nickel conforms to 312 
Freundlich isotherm. 313 
 314 

 315 
Fig.1 Percentage bound of Ni, Cu and Cr in Time 316 
dependency study 317 
 318 

 319 
Fig.2 Effect of pH profile on metals binding on 320 
Jatropha curcas biomass nuts 321 

 322 
Fig.3 Langmuir Isotherm for the response of Cr 323 
absorbed by Jatropha curcas biomass 324 

 325 
Fig.4 Langmuir Isotherm for the response of Cr 326 
absorbed by Jatropha curcas biomass 327 

 328 
Fig.5 Langmuir Isotherm for the response of Cu 329 
absorbed by Jatropha curcas biomass 330 

 331 
Fig.6  Freundlich Isotherm for the response of Cu 332 
absorbed by Jatropha curcas biomass 333 
 334 

Statistical data shown in Fig. 9,10 and 11(see 335 
supplementary material) shows that the adsorption 336 
pattern of Cu vs Cr  using prepared biomass of 337 
Jatropha curcas at varying pH of 1-9 which  gives R2 338 
values  of 0.879 while that of Ni vs Cr and Cu vs Ni 339 
gives 0.325 and 0.365 respectively.The results from 340 
these statistical analysis indicates that there is a strong  341 
correlation associated with the sorption capacities of  342 
both Cu and Cr (R2≈ 0.88) with increase in pH 343 
suggesting similar behavioural pattern in their sorption 344 
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mechanism. Similar observation  was also reported by 345 
Singh et al(2007) where Pb and Cu exhibit relatively 346 
high sorption capacity with  increasing pH values. 347 
Further studies could focus on understanding clearly 348 
the reasons for this strong  relationship observed. This 349 
will enable us make further recommendation for the 350 
use of this biomass in effective treatment of 351 
wasterwater contaminated with both Cr and Cu.This 352 
suggestion agrees with Dahiya et al (2008) 353 
findings.This also implies that the biomass is an 354 
homogenous material for the sorption studies for 355 
chromium and copper (Dahiya et al.,2008). 356 

 357 
Fig.7 Freundlich Isotherm for the response of Ni 358 
absorbed by Jatropha curcas biomass 359 
 360 
4. Conclusion 361 
The pretreated biomass of Jatropha curcas husk has 362 
shown effectiveness towards the adsorption of heavy 363 
metals from solution. This husk of Jatropha curcas is 364 
disposed as waste in biodiesel setup, and the biomass 365 
preparation can be encourage to commercial standard 366 
to replace the commercial carbon used for the removal 367 
of heavy metals from waste water. This is because it 368 
cost is lower compared to the commercial carbon, and 369 
also reduce the reliance on imported carbon and 370 
encourage the exploitation of biomass for sustainable 371 
economic development. 372 
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