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Certain industries like electroplating industries release a very high amount of
metals to the environment. The metals include Cr, Ni, Fe, Hg and Zn. But their
concentration and presence highly depends upon the type of method used for
plating. As the electroplating industries are in small scale, advanced treatments
like ion-exchange, reverse osmosis, electrodialysis are costly and at the same
time, methods like chemical precipitation, coagulation, flocculation etc. are less
effective and has a disadvantage, of sludge formation (Namasivayam and
Ranganathan, 1995). Adsorption is a sludge free process and had undergone many
improvements. Activated carbon prepared from various sources has been used in
the adsorption based wastewater treatment units (Sureshkumar, 2000). In the
present study, carbon prepared from the maize cob, which is an agricultural waste
available in plenty in tropical country like India, is used for the removal of metal
ions from electroplating industry effluents.

MATERIALS AND METHODS

Maize (= corn) cob used in the present study, was collected from the field,
chopped and sun dried for 24 h. One part of pulverized cob was mixed with 1.8
parts of concentrated H,SQy, in an airtight container and carbonized in a hot air
oven at 80° + 5°C for 12 h. The carbonized material was washed under tap water
to remove free acid. The resultant was soaked in 1% (w/v) sodium bicarbonate
solution overnight to remove any residual acid. The material was washed with
distilled water and dried at 80°C for 6 h. It was then ground and sieved at 125 —
250 p particle size.

The electroplating industry effluent used in the present study was collected from a
local small scale electroplating plant in pre cleaned 5 litre plastic containers. The
metal contents, Fe, Ni and Cr were estimated by standard methods (APHA, 1995).

Batch mode adsorption studies were carried out to determine the adsorption of
metals present in the effluent on to maize (=corn) cob carbon. The effluent was
diluted to different concentrations and to each 50 ml, 100 mg of adsorbent was
added, agitated in a rotary shaker at 150rpm for predetermined time intervals at
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30°C. The adsorbate and adsorbent were separated by centrifugation at 10,000
rpm for 20 min. Remaining metals were analysed spectrometrically (APHA,
1995). Langmuir plot from the data was drawn and adsorption constant (Q,) was
calculated from the slope of the curve. For pH studies, the effluent was adjusted to
pH ranging from 2 - 10 using dilute HNO; or NaOH. The fixed dosage of
adsorbent was taken with the pH adjusted effluent and agitated for an equilibrium
time.

In column studies the adsorbent (3g) was packed in a glass column (45 X 2.2 cm)
and effluent was passed through the column. Flow rate was fixed as 10 ml/ min.
Fractions were collected at regular intervals and analysed for metal contents. Data
were used to plot of BDST curves and adsorption rate constant (N,) was
calculated from the plot.

Toxicity of treated and untreated effluents was studied against Zea mays seeds.
Seeds were placed in Petri dishes lined with germination sheets soaked in
different concentrations of treated and untreated effluents. Plates were incubated
in a BOD incubator at 27° + 2°C (ISTA,1966). Percent germination and vigour
index were calculated from germinating seeds (Abdul - Baki and Anderson,
1973). To determine phytotoxicity of effluents, Z. mays seedlings were raised in
sand trays irrigated with different concentrations of treated and untreated
effluents. After ten days, growth parameters, viz., root length, shoot length, root
biomass, shoot biomass and total biomass were calculated. From the data, effluent
tolerant index and phytotoxicity were calculated (Turner and Marshal, 1972).
Data were analysed using Duncan's multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION

Increase in contact time increased the metal uptake but remained constant after an
equilibrium time. Equilibrium time varied with metals due to the difference in
initial metal concentration and affinity of adsorbent for a particular metal ion. In
diluted effluents, iron adsorption reached a maximum at 90 minutes; whereas, for
Ni and Cr and undiluted effluent it was 105 min (Fig. 1).

The experiment was carried out with different adsorbent dosage up to equilibrium
time. It was noted that after the adsorbent dosage level of 300mg/50ml, adsorption
remained constant (Fig. 2). Consequently, this adsorbent dosage level was
selected for further studies.

Results revealed that adsorption varied with pH with different metals. Maximum
adsorption of Fe was observed at pH 6 to 7, Ni at > 9 and Cr between 3 to 4 (Fig
3). Based on data obtained, the optimum conditions for removal of metals from
the effluent were standardized.

Langmuir isotherm was applied for the present study to estimate the adsorption
capacity of the prepared carbon. Langmuir isotherm is valid for monolayer
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Figure 1. Effect of contact time on removal of metal ions from electroplating industry
effluent (Adsorbent dosage: 100mg / 50 mL ; pH : 1.5)
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Figure 2. Effect of adsorbent dosage on removal of metal ions from electroplating industry
effluent (Contact time: 105 min ; pH: 1.5)
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Figure 3. Effect of pH on removal of metal ions from electroplating industry effluent
(Contact time:105 min ; Adsorbent dosage: 300mg/50mL)

adsorption onto a surface containing a finite number of identical sites (Langmuir,
1918). It is represented by the following equation.

Ce/qe=1/Qob+ Ce/ Qomrmmmmmmnmmav M

Where, C., is the equilibrium concentration (mg / L)
e, is the amount adsorbed at equilibrium time (mg / g) and
Q, & b are Langmuir constants related to adsorption capacity and energy

of adsorption respectively.

The plots of Ce/qe Vs C. are linear showing that adsorption of metals follows
Langmuir isotherm model (Fig .4). The adsorption capacity (Q, ) was calculated
to be 57.53 and 66.67 mg / g for Ni and Cr respectively; Fe was removed
completely by the carbon. This shows that maize cob carbon is most effective
than other adsorbents including, Peanut hull carbon (Q, = 53.68), Granular
activated carbon (Q, = 1.49), Red mud (Q, = 15.00), Fe(IIT) / Cr(III) hydroxide
(Qo = 22.94), Blast furnace slag (Q, = 55.75), Bituminas coal (Q, = 6.47),
Manganese oxide treated Bituminas coal (Q, = 7.29), H,O; treated bituminas coal
(Qo = 8.12), Clay treated with NaCl (Q, = 14.54), Clay treated with HCI (Q, =
10.93), Rice hull (Q, = 5.58) and Rice hull treated with dye stuff (Q, = 6.16) in
removing Ni (Il) (Periasamy and Namasivayam, 1995; Zouboulis and Kydros,
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Figure 4. Langmuir plot for metal removal
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Figure 5. Break through curve for metal ions

1993; Namasivayam and Ranganathan, 1994; Dimitrova, 1996; Suemitsu et.al.,
1986; Hawash et.al., 1994; Singh and Rawat, 1997). In case of Cr(VI) adsorption
also, maize cob carbon proves to be effective when compared to Fe(IlI) / Cr(III)
hydroxide (Q,= 1.43) (Ranganathan, 1993).

Data in figure 5 revealed that there is a 100% removal of Cr and Ni upto 30 ml
and for Fe up to 70 ml of inflow of the effluent into the column. Up to 300 ml of
inflow there is a steady removal after which there is a slight decline. The Bed —
Depth - Service - Time model (BDST), proposed by Hutchins (1975) is a simpler
method to correlate the service time, t with process variables in fixed bed
adsorber. Figure 6 shows a linear plot, fixed bed removal of metals obey the
BDST model. Adsorption rate constant ( N,) was calculated from the slope of the

BDST curves. N, values were 10.62, 31.05 and 58.83 for Ni, Cr and Fe
respectively. The comparison of overall adsorption capacity of batch mode data
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Figure 6. BDST curve for metal ions

(Q,) with those column (N,), revealed batch mode treatment to be more effective
than column treatment. Hence the effluent was treated in batch mode in large
scale at optimum conditions and the toxicity of treated effluent was tested against
a plant system.

Results obtained in the effluent toxicity studies revealed that even the undiluted,
raw effluent was not acutely toxic to seed germination, but affected the length of
embryonic axis. Heale and O'rmrod have found retarded growth of maple, dog
wood. honey suckle and pine by application of Ni at 20 mg/L. Seed germination,
plant growth, root nodulation and productivity of lentil plants were adversely
affected by Ni(Il) particularly at high concentrations (Khan etal, 1987).
Similarly, development of root and shoot were also greatly inhibited. Total
biomass production was adversely affected (100%) by 75% diluted effluent.
However, treatment with maize cob carbon reduced the effluent toxicity to
biomass production by 50 per cent (Table. 1). The plant toxicity parameters,
vigour index, phytotoxicity and effluent tolerant index also revealed that toxicity
was reduced by 50 per cent by maize cob carbon treated effluent diluted to 75 per
cent (Table). The study implies that maize cob carbon may be used to treat
electroplating industry effluent after proper dilution.
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