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ABSTRACT

Heavy metal contamination has been implicating the health of people to a large extent. Of heavy metals,
chromium is of high importance due to its toxicity. The site contaminated with chromium necessitates a potential
remediating method for its removal. Adsorption of chromium has been widely studied and plant parts can be used as
potential remediators. Hence, the objective of the present study is study the chromium adsorption properties of
Syzygium cumini bark in aqueous solutions. The adsorption properties of the plant were studied under various
conditions such as pH, contact time, initial metal ion concentration and adsorbent dosage. The maximum adsorption
was observed at pH 4.0 with 1g of bark, onto which 46.82 mg of chromium in 2 hours. The adsorption of chromium
was found to be stable and no desorption was found to occur at any pH. The optimization studies showed that
increasing or decreasing of the adsorbate concentration decreased the amount of chromium adsorption. And also it
was observed that the adsorption was linear and increased with time.
Keywords: Syzygium cumini, Chromium adsorption, Optimization of adsorption, stable adsorption.
1. INTRODUCTION

The concentration of chromium in the environment is increasing rapidly due to its use in leather,
electroplating, steel, cement, pigments and refractories (Mishra et al., 2009). Chromium existing as Cr (V1) is known
to cause ulcer, liver damage, pulmonary congestion and odema (Raji and Anirudhan, 1998). Also, Chromium has
been termed as a potential carcinogen by the US EPA (2014). Hence, there exists a need to remediate the sites
contaminated with chromium especially water bodies where the maximum chromium concentration has been limited
to 100pg/l (Lalvani, 1998). For removal of chromium from aquatic bodies, various methods has been studied, of
which, adsorption using has been promising (Gupta and Babu, 2006).

Activated carbon is the most widely used adsorbent and is reported to have high efficiency in the sorption
of Cr (V1) (Bailey, 1999). However its use in industries is restricted mainly due to its high cost. Hence low cost
natural adsorbents are of demand and are studied widely for the adsorption of metals. However, the lacuna is that
these natural adsorbents are less efficient in adsorbing high concentrations of metal ions. Thus, there exists a need
for a low cost natural material for adsorption of high concentrations of chromium. Our previous report indicated that
the leaves of Tamarindus indica were able to adsorb upto 56% of 1000mg/lI Chromium in 30 min with 4g/L adsorbent.
However, the adsorption was not steady and desorption was found to occur with the course of time. Hence, a stable,
high efficiency natural adsorbent is required for the adsorption of chromium.

The efficiency of Syzygium cumini bark is thus studied in the present study for adsorption of chromium. S.
cumini is commonly called as Jamun or jambul and belongs to the family Myrtaceae. Adsorption of chromium using
Syzygium cumin has been largely studied with the seeds (Singh et al., 2015; Sibichakkaravarthi and Vinitha Judith,
2015; Laxminarayana and Reddy, 2012) and bark (Singh et al., 2014). However, the efficiency of adsorption is very
low.Hence, the study intends to evaluate the adsorption efficiency of Syzygium cumini bark at high concentrations
of Chromium.

2. MATERIALS AND METHODS

Sample collection and preparation: The bark scrapings of Syzygium cumini were collected from Chennai, Tamil
Nadu, India. The collected bark sample was washed and shade in room temperature for 6 days. The dried bark was
powdered and sieved to obtain uniform size of 300pum. (ASTM-E11 No.50)
Preparation of effluent sample and optimization of adsorbate concentration: The collected effluent was
analysed for concentration of chromium using DPC method (APHA, 2005) where it forms a purple coloured solution
on reaction.The absorbance of the solution was read at 540 nm after 20 min. The effluent was then diluted to obtain
an initial adsorbate concentration 1000mg/L) was appropriately diluted to form concentrations of 250, 500, 750 and
1000mg/L. 100ml of the effluent of varying adsorbate concentrations (250, 500, 750 and 1000mg/L) were taken
separately in a 250ml conical flask containing 1g of the adsorbent samples. The mixture was stirred gently in a stirrer
at 150rpm for 60min and allowed to settle for 10min. The solution was then filtered using Whatman filter paper and
the concentrations of the metal ions in the filtrate were analysed by DPC method using UV spectrophotometer. The
amount of chromium adsorbed was calculated using the following equation:
q=(C0—Ce) V/W
where, g amount of Cr(VI) adsorbed by the adsorbent (mg/g),
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Co is the initial concentration of Cr(\VI) and Ce is the concentration of chromium at equilibrium (mg/ml),

V is the initial volume of chromium solution (ml),

And W is the weight of the adsorbent (g).

Optimization of pH, agitation time and adsorbent concentration: The effluent with desired adsorbate
concentration was taken further for the optimization of pH, agitation time and adsorbent concentration. For this,
100ml of effluent was taken in conical flask and the pH was adjusted to 2, 3, 4, 5 and 6 with 1IN HCI or 1N NaOH.
Varying amounts of adsorbents such as 0.5, 1.0, 1.5 and 2 g were studied in each of the pH range. This reaction setup
was prepared for agitated at 200rpm for different times such as 30, 60, 90 and 120min. After treatment at the above
said conditions the metal ion concentration was estimated.

3. RESULTS AND DISCUSSIONS

The adsorption of chromium was initially performed with various concentrations of chromium, to optimize
the concentration of chromium to be used for the study. Since, Cr (VI) released in the effluents is of high
concentrations, ranging from 0.5 to 270, 000 (mg/L) and large volume (Patterson, 1985; Huang et al., 2009; Nriagu
et al., 1988) an efficient method for removal of chromium from such water is required. The present study was
conducted in real time effluents to study the efficiency of removal.

The results indicated that the adsorption increased linearly with concentration and hence, 1000mg/L was
chosen as optimum concentration for the study as shown in Table 1. The evaluation of chromium was performed
using 1, 5-diphenyl carbazide with UV-spectroscopy (APHA 2005), as not much difference was observed between
the estimated chromium in this method to that estimated using Atomic absorption Spectroscopy. Using 1000 mg/L
concentration of chromium, the experiment was carried out in batches of 200mL solutions. The adsorption of
chromium was evaluated under various hydroxyl ion concentrations. The results indicated that the adsorption was
enhanced when the hydroxyl ion concentration was increased from pH 2 to pH 4, beyond which there was a decrease
in adsorption efficiency. The zero point of charge or the pH at which the chromium ions remain in equilibrium is pH
6.0 and below (Cotton and Wilkinson, 1980; Greenwood and Earnshaw, 1984; Swietlik, 1998; Darko et al., 2011)
and hence the experiment was restricted to pH 2-6, as beyond this pH the chromium ions exist as hydroxides or
chromate ions (Amarasinghe and Williams, 2007; Gebrehawaria et al., 2014). Adsorption is based on the exchange
of ion species between the adsorbent and the adsorbate. Here the metal species (Cr (V1)) is positively charged below
pH 6.0 and the surface of the bark powder is also protonated and exchange occurs between the surface of the
adsorbent and the metallic salt (Yu et al., 2003).

The contact time plays a crucial role in adsorbing the metal species onto the surface of the adsorbent. The
adsorption of chromium was studied in a time interval of 30 min upto 120 min under all hydroxyl ion concentrations.
The results showed that the adsorption was rapid initially and obtained a mere equilibrium with time.The rapid
adsorption of the chromium ions initially, is largely due to the large number of vacant sites present at the surface of
the adsorbent initially (Wang et al., 2008; Mezenner, 2009) whereas these sites are occupied with time and thus slows
the rate of adsorption (Owamah, 2014).

The present study indicates that the adsorbate dosage had role in the rate of adsorption, as it was observed
that adsorbate dose of 1g showed maximum adsorption. The adsorption of chromium increased when the adsorbate
dose was increased from 0.5 g to 1g for 150 ml solution of 1000mg/L chromium. However, beyond this there was a
decrease in adsorption efficiency. The initial increase may be due to increase in surface area of the sorbent, thus
making it probable that the chromium ions are adsorbed onto the adsorption sites, increasing the efficiency of
adsorption (Nameni et al., 2008). However, beyond 1g of adsorbent, the efficiency of adsorption decreased similar
to our previous study (Muthulakshmi et al., 2016) which may be largely due to crowding of adsorbent particles
(Kumar and Kirthika, 2009).

The adsorption was found to be greater than previous reports using Syzygium cumini. The bark of S. cumini
was reported to adsorb 31mg/L of chromium (Singh et al., 2014), however in the present study, the adsorption was
46mg/L of chromium. Figure 1 represents Percentage Adsorption of Cr (V1) by S. cumini bark with respect to various
adsorbent mass and contact times at different pH.

Table.1.Percentage Adsorption of Cr (V1) by S. cumini bark with respect to various adsorbent mass and
contact times at different pH

Adsorbent concentration 30 min 60 min | 90 min | 120 min
(per 100 mL)/ Time
pH 2.0 0.5¢ 1.43 8.91 11.38 17.62
1g 15.05 22.38 29.71 33.37
1.59 1.33 10.49 19.64 24.22
29 3.67 5.18 6.69 12.44
pH 3.0 0.5¢ 9.75 16.45 23.15 26.50
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1g 31.35 35.17 38.99 40.90

1.5¢9 20.58 25.79 31.05 33.68

29 18.38 23.93 29.48 32.25

pH 4.0 0.5g 13.29 19.52 25.74 28.86
19 40.23 42.87 4551 46.82

1.5¢9 29.71 33.74 37.78 39.80

29 21.42 26.57 31.71 34.28

pH 5.0 0.5g 10.84 17.40 23.95 27.23
19 29.56 33.61 37.67 39.70

1.5¢9 24.72 29.42 34.12 36.48

29 10.43 17.05 23.66 26.96

pH 6.0 0.5g 2.37 12.05 15.74 21.58
1g 13.68 22.52 31.36 35.78

1.5g 13.01 20.61 28.21 32.01

29 3.71 11.28 21.85 27.13

Adsorption at pH 2.0 Adsorption at pH 3.0 Adsorption at pH 4.0 Adsorption at pH 5.0 Adsorption at pH 6.0
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Flgure 1. Percentage Adsorptlon of Cr (V1) by S. cumini bark with respect to various adsorbent mass and
contact times at different pH

4. CONCLUSION

The present study investigates the adsorption of Chromium by bark of Syzygium cumini. The effluent was
diluted to obtain 250, 500, 750 and 1000 mg/L concentration of chromium. It was observed that the adsorption
percentage increased with concentration and hence 1000 mg/L was chosen as optimum concentration for further
studies. The effect of pH and adsorbent concentration on adsorption of chromium was evaluated. The results showed
that maximum adsorption was at pH 4.0 with adsorbent concentration 1g/100 mL. The adsorption was found to
increase with time and at 2 h, maximum adsorption of 46% was reached during the time interval studied. The
maximum adsorption of 46mg/g of adsorbent is a considerable rate, and activation of the sample may yield higher
adsorption capacity.
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