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In the present study, the adsorptive removal efficiency of CrVI from aqueous solutions was examined by using locally avail-
able clay soil amended with Azadiracta indica (AI) (Neem) and Moringa oleifera (MO) (Drum stick trees) seed shell as adsor-
bent. The amended adsorbent dosage were varied 10 through 20% in clay soil to assess the maximum percentage Cr(VI)
removal from the aqueous solutions at optimal pH (6.5) and equilibrium reaction time. It was observed that Cr(VI) adsorption
efficiency increased with the increment of both AI and MO dosage in the soil. However, AI blended clay soil showed more
pro-mising Cr(VI) removal percentage (90%) in comparison to MO amended soil at same level of the adsorbent dosage.
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Introduction
The presence of the heavy metals in the aquatic environ-

ment is becoming an increasing concern to the scientists
and engineers because of their cossosal health effects and
also potential ability in causing ecological imbalance of re-
ceiving water bodies1. Cr(VI) is a common pollutant found
into the natural water bodies close to the industrial zones
comprising of industries viz. steel and alloys, tanneries,
chrome-plating, automobiles, paints, and ammunition1. The
unscientific and indiscriminate disposal untreated and par-
tially treated effluents from the said industries are respon-
sible for water quality depletion due to rise of chromium laden
heavy metal pollutions.

According to USEPA, Cr(VI) being the priority toxic pollut-
ants and intake of such contaminant by human being is a
serious health concern because it posses carcinogenic and
teratogenic characteristics. The World Health Organization
(WHO) and IS-10500 drinking water guidelines has set maxi-
mum permissible limit of total chromium as 0.05 mg/L2.

There are several methods viz. chemical reduction and
precipitation10, flocculation11, electrolysis as well as electro-
plating method12, nano filtration process13, ion exchange
method14 etc. are commonly applied for the removal of
chromium(VI) from contaminated waters. However, in the

present study, an attempt was made to assess the adsorp-
tive removal of Cr(VI) from aqueous solutions by using clay
soil amended with Azadiracta indica (AI) (Neem) and Moringa
oleifera (MO) (Drum stick trees) seed shell.

Materials and methods:
Azadiracta indica:
Azadirachta indica is commonly known as neem or In-

dian Lilac3, which belongs to the mahogany family Meliaceae
and mainly found in the Indian subcontinent, i.e. India, Nepal,
Pakistan, Bangladesh, Sri Lanka, and Maldives4.

Moringa oleifera:
Moringa oleifera is the most widely cultured species in

the genus Moringa, which is the only genus of the family
Moringaceae5.

Preparation of the natural adsorbent:
The seed shells of the both the natural adsorbent AI and

MO were collected, they are cleaned and broken into pieces,
it is then cleaned by distilled water and air dried and later it is
grinded to required sizes. These grinded materials were then
oven dried at a temperature upto 105±5ºC for 24 h. The ad-
sorbent was then blended with the clay soil in various per-
centage of weight of the soil mass. The locally available clay
soil of about 200 g was oven dried for 3 days at 60ºC keep-
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ing in mind that temperature above this would destroy biom-
ass and minimizes volatilization of some analytes (US EPA
2002, Puget Sound). The oven dried soil samples were then
pulverized by using a wooden mallet and sieved through a
425 m sieve to form a homogenized sample as grain size
plays a notable role in determining elemental concentrations
in soil. Both AI and MO were mixed with soil in (10%, 15%
and 20%) by the weight of the clay soil taken.

Batch adsorption:
In the batch adsorption test, a pre-determined amount of

adsorbent is added with the synthetically prepared aqueous
Cr solution of different concentrations in a 120 ml polyethyl-
ene bottle. The solution was stirred on a rotary shaker at a
speed of 120 rpm for a fixed reaction time. The solution pH
was maintained to the desired value using 0.1 mol/L HCl or
0.1 mol/L NaOH. The supernatants of the agitated samples
were subsequently filtered through 0.45 m filter paper by
vacuum filtration process. The pH of the solution is main-
tained at 6.5 because pHzpc of clay soil was found to be
6.75. The residual chromium(VI) concentration was deter-
mined by using UV-Vis spectrometer at a wavelength of 540
nm by diphenylcarbazide the complexing agent. All the read-
ings were noted after 5–10 min of waiting to allow the full
colour development with respect to the blank sample. The
absorbance were noted and the concentration of
chromium(VI) were calculated from the standard calibration
curve. The contact time (t) was maintained as 2 , 6, 8 and 24
h. The initial concentration (C0) of chromium(VI) was kept as
0.5, 1, 2, 4 and 5 ppm and the adsorbent dose (W) was
considered as 0.1, 0.15 and 0.20 g/100 ml of the solution,
the pH of the solutions were varied as 2, 5, 6, 7 and 9. The
percentage of chromium(VI) removal (R%) and the solute ad-
sorption capacity (qe) of the amended soil was estimated
based on eq. (1) and eq. (2), respectively.

Co – Ce(%) R = —————×100 (1)
Co

(Co – Ce) V
qe (mg g–1) = —————— (2)

M

where Co and Ce are the initial and equilibrium concentra-
tions of the solute, respectively. All the experiments were
repeated in triplicate and the average values were consid-
ered. Adsorption isotherm studies were carried out with vary-

ing initial chromium(VI) concentrations ranging from 0.5 to 5
mg/L, the adsorbent dose was maintained as 0.2 g .

Results and discussion
pH of the solution is the most important factors influenc-

ing the adsorption process. Hence it influences the ion spe-
ciation present into the solution as well the surface proper-
ties of the adsorbent. The effect of solution pH on adsorption
of Cr(VI) is depicted in Fig. 1 and Fig. 2. The graph shows
that there is a sharp decline in the adsorption of chromium(VI)
at pH below 3, the maximum removal efficiency is shown at
a pH between (6–8) maintaining over 90% and there’s a
abrupt decrease in adsorption above pH 11.

Fig. 1. Graphical representation of effect of pH on absorption of
chromium(VI) with natural adsorbent as Azadirachta indica.

Fig. 2. Graphical representation of effect of pH on absorption of
chromium(VI) with natural adsorbent as Moringa oleifer.

In the solution chromium(VI) subsists in the forms of
H2CrO4, HCrO4

–, CrO4
2– and Cr2O7

2– at different ratios de-
pending on the solution pH. H2CrO4 preponderates at pH
less than 1.0, HCrO4

– between 1.0 and 6.5, only CrO4
2– is

stable at pH more about 6.5. The dichromate ion (Cr2O7
2–),

a dimmer of HCrO4
–, less a water molecule, forms when the

chromium concentration is exceeding 1 g/L (approximately)9.
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Comparative batch adsorption study of clay soil blended
with AI and MO.

adsorbent gets saturated with the Cr(VI) as a result desorp-
tion of Cr(VI) from the surface of the adsorbent tookplace
and thereby increased the Cr(VI) concentration in the water.

Adsorption isotherm:
Adsorption isotherms express the relationship between

the amounts of adsorbate (mg) sorbed from solution by the
adsorbent (g) at specified temperature. The Langmuir and
Freundlich isotherm model were considered in the present
study to estimate the Cr(VI) adsorption capacity of AI and
MO blended soil as shown in Table 1.

Fig. 3. Graphical representation of batch adsorption study with natu-
ral adsorbent as Azadirachta indica.

Table 2. Comparative study of Cr(VI) adsorption capacities of
different adsorbents along with AI and MO

Adsorbent Adsorption capacity
(mg/g)

Coconut tree sawdust 3.6015

Beech sawdust 16.1016

Treated sawdust of Indian Rosewood 10.0017

Hevea brasiliensis sawdust activated carbon 44.0518

Treated sawdust of Sal tree 9.5519

Mango sawdust 37.7320

Neem seed dust 65.789
Moringa olifera dust 33.44

Table 1. Langmuir and Freundlich isotherms for chromium(VI)
biosorption

Adsorbent Langmuir parameters Freundlich parameters
Qmax KL R2 n Kf R2

(mg/g) (L/mg)
AI 65.789 0.0653 0.987 1.89 0.671 0.920
MO 33.44 0.05 0.992 1.12 0.446 0.896

Fig. 4. Graphical representation of batch adsorption study with natu-
ral adsorbent as Moringa oleifer.

The Figs. 3 and 4 show that influence of contact time and
varying percentage of adsorbent dosage on Cr(VI) removal
from aqueous solution. Both the above graph represents that
maximum removal in both the cases were achieved at 24 h
contact time and the Cr(VI) removal percentage was found
close to 90 and 83%, respectively when 20% (by weight) AI
and MO blended with soil by weight individually and used as
adsorbent. It was observed from Figs. 3 and 4 that the re-
moval rate of chromium(VI) was rapidly increased up to 56%
(approx.) during first 2 h of agitation with 10% by weight of AI
and MO blended with clay soil. However, the removal per-
centage was gradually decreased to 30% and 55% in case
of AI and MO respectively. These trend of CrVI removal were
not observed when 15% and 20% by weight of AI and MO
blended clay soil used as adsorbent. Increase in adsorbent
percentage increased the rate of removal. Presence of more
surface functional groups and surface area due to increas-
ing percentage of adsorbent is directly proportional to Cr(VI)
adsorption22,23 which results in higher removal of Cr(VI). How-
ever due to lower adsorbent dosage the surface area of the

It was found that the Langmuir Isotherm provided better
fit (R2 = 0.987) in comparison to Freundlich isotherm (R2 =
0.92) in case of adsorption study using AI blended soil as
adsorbent. Similarly in case of MO the Langmuir isotherm
provided better fit (R2 = 0.992). Moreover, AI blended soil
showed higher potential in adsorbing Cr(VI) (Qmax = 65.789
mg/g) from aqueous solution as depicted in Table 1. A com-
parative study of Cr(VI) adsorption potential by different ad-
sorbent materials along with the adsorbents used in the
present study is depicted in Table 2. It clearly indicates that
neem seed dust blended soil has an excellent CrVI adsorp-
tion capacity and can be considered as liner material in waste
containment structures.
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Desorption study:
For the potential practical application, it is necessary to

examine the chances of desorbing Cr(VI) ions adsorbed by
the AI blended with the locally available clay soil. After the
batch adsorption test, the solutions were filtered to separate
the Cr(VI) adsorbed soil from the solutions. The AI blended
soil was then dissolved with double distilled water and pH of
6.5 was maintained. The solution is kept on the rotary shaker
for a specified time at 120 rpm at room temperature. The
concentration of Cr(VI) in the solution was measured after 12
h by using UV spectrophotometer. However, very less amount
of Cr(VI) was detected about 30% (approx.). A SEM analysis
was done to study the changes in microstructure of the soil
for both raw soil and soil after the desorption study.

The above Fig. 7(c) clearly shows a change in micro-
structure of the clay soil blended with AI after it is blended
with Cr(VI). In the Fig. 7(b) it can be seen that many irregular
surface structure of soil as well as pores are present on the
surface before adsorption. It can also be seen in Fig. 7(c)
that lots of crystals adhere on the soil surface. This phenom-

Fig. 5. Graphical representation of Langmuir adsorption isotherms for
Cr(VI) adsorption by AI.

Fig. 6. Graphical representation of Langmuir adsorption isotherms for
Cr(VI) adsorption by MO.

ena can be described as the chances of chemisorption of
the Cr(VI) on the absorbent surface. To reinforce this state-
ment the XRD test was also performed.

The XRD patterns of clay soil blended with AI before and
after contaminated with Cr(VI) adsorption are illustrated in
Fig. 8 and Fig. 9. From Fig. 9(b), it is very much evident that
clay soil with Cr(VI) exhibits more number of fine and intense
peaks. A strong peak as seen at 2 = 44.6º in Fig. 9b indi-
cates the presence of chromium in the soil.

Fig. 7. SEM Images (a) raw clay soil, (b) clay soil blended with AI
(20% by weight of soil) without chromium and (c) clay soil
blended with AI (20% by weight of soil) with Cr(VI) after des-
orption study.

Fig. 9. Enlarged view of section A-A, XRD patterns: (a) clay soil, (b)
clay soil + AI + Cr(VI).

Fig. 8. XRD patterns: (a) clay soil, (b) clay soil + AI + Cr(VI).
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Conclusions
Based on the above experimental study the following

conclusions were drawn.
It is very much evident from the batch adsorption studies

that AI and MO seeds are good adsorbent for removing Cr(VI)
from aqueous solutions when mixed with clay soil. Maximum
adsorption of Cr(VI) is achieved performed with AI blended
with clay soil.

The excellent Cr(VI) adsorption capacity of AI blended
clay soil provides an alternative solution for using the adsor-
bent as liner material in chromium laden waste containment
structures.

References
1. Shashikant Mise and Trupti Nagendra Pati, J. Inst. Eng. India,

Ser. A, 2015, 96(3), 237.
2. WHO, Guidelines for drinking-water quality, World Health Or-

ganization, Geneva, 1963.
3. "Azadirachta indica", (GRIN), Agricultural Research Service

(ARS), United States Department of Agriculture (USDA), Re-
trieved 9 June 2017.

4. Delhi, 9 January 2015, “Union Agriculture Minister emphasises
about the potential of ‘neem’ coated urea” – via Business Stan-
dard.

5. “Moringa oleifera”, Germplasm Resources Information Network
(GRIN), Agricultural Research Service (ARS), United States
Department of Agriculture (USDA), Retrieved 11 December
2017.

6. APHA, Standard methods for the examination of water and
wastewater, 19th ed., APHA, AWWA and WFF, Washington DC,
1995, pp. 3.58-3.60.

7. Chandrima Bhadra, Supriya Pal and Kalyan Adhikari, J. Indian
Chem. Soc., 2018, 95, 1.

8. A. Naga Babu, K. Kalpana, K. Ravindhranath and G. V. Krishna
Mohan, Int. J. Environ. Sci. Technol., 2017, DOI: 10.1007/s
13762-017-1593-7.

9. Deng Lin, Shi Zhou, Luo Lu, Chen Shi-yang, Yang Ling-fang,
YANG Xiu- zhen and Liu Li-shan, J. Cent. South Univ., 2014,
21, 3918.

10. E. Parameswari, A. Lakshmanan and T. Thilagavathi, J.
Basic Appl. Sci., 2009, 3(2), 1363.

11. L. Metcalf and H. Eddy (eds.), "Wastewater engineering:
treatment of reuse", 4th ed., McGraw Hill Co., New York,
2003.

12. S. S. Chen, C. Y. Cheng, C. W. Li, P. H. Chai and Y. M.
Chang, J. Hazard. Mater., 2007, 142, 362.

13. M. T. Ahmed, S. Taha, T. Chaabane, D. Akretche, R.
Maachi and G. Dorange, Desalination, 2006, 200, 419.

14. S. A. Cavaco, S. Fernandes, M. M. Quina and L. Ferreira,
J. Hazard. Mater., 2007, 144, 634.

15. K. Selvi, S. Pattabhi and K. Kadirvelu, Bioresour. Technol.,
2001, 80(1), 87.

16. F. N. Acar  and E. Malkoc, Bioresour. Technol.,  2004,
94(1), 13.

17. V. K. Garg, R. Gupta, R. Kumar and R. K. Gupta,
Bioresour. Technol., 2004, 92(1), 79.

18. T. Karthikeyan, S. Rajgopal and L. R. Miranda, J. Hazard.
Mater., 2005, B124(1-3), 192.

19. S. S. Baral, N. Surendra and P. DasRath, Biochem. Eng.
J., 2006, 31(3), 216.

20. V. Vinodhini and N. Das, Int. J. Environ. Sci. Tech., 2010,
7(1), 85.

21. N. Ahalya, R. D. Kanamadi and T. V. Ramachandra, Elec-
tron. J. Biotech., 2005, 8(3), 258.

22. K. Kadirvelu, M. Palanivel, R. Kalpana and S. Rajeswari,
Bioresour. Technol., 2000, 74, 263.

23. S. Dhanakumar, G. Solaraj, R. Mohanraj and S. Pattabhi,
Indian Journal of Science and Technology, 2007, 1(2), 1.



424


