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Abstract: Molasses based distilleries in India generate approximately 40 billion litres of effluents annually,
characterized by high organic load and salts, posing a major disposal problem throughout the world. The post
methanation distillery effluent (PME) being rich in plant nutrients (K, N) used as ferti-irrigation source in
agriculture is an attractive disposal option. The paper discusses the experimental results of effects of PME
application (treatments: 0, 10, 25, 50, 75 and 100 per cent) in experimental pots on yield of Cicer arietinum and
also prediction of main chemical constituents in plant material through the FT-IR analysis technique. It was
noticed that there was significant increase of 62.5% and 172.9% in seed output and seed yield respectively at
25% concentration, compared to control and beyond that concentration yield was decreased. There was a
significant increase (p<0.01) in the metal accumulation of Fe, Mn, Cu and Zn in the seeds of C. arietinum at
100% concentration of distillery effluent which was recorded as 44.06, 34.24, 31.15 and 14.26 µg g  dw1

respectively as compared to their respective controls The spectra of the seeds showed a varied range of
functional groups. 
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INTRODUCTION distillery industries in India . As per the Ministry of

India has emerged during recent years as the largest listed at the top in the “Red Category” industries [24-32].
alcohol producer in the world, which bears immense Wastewater contains significant amounts of toxic
significance as a basic chemical for rapidly advancing heavy metals, which create problems [4, 16, 17].
chemical industry and as a readily available source of Disproportionate accretion of heavy metals in agricultural
energy. Therefore, in the present scenario as well as for soils through wastewater irrigation may not only result in
future,  demand  for alcohol will increase in the country soil contamination, but also affect food quality and safety
and so also the number of distilleries producing alcohol. [8, 19].
This is clearly evident from the two-fold increase in In many developing countries including India,
number of alcohol industries in India during the last farmers are irrigating their crop plants with industrial
decade. Distilleries are one of the 17 most polluting effluents [1, 15, 26] having high level of several toxic
industries listed by the Central Pollution Control Board metals (Cu, Cd, Cr, Zn, Fe, Ni, Mn and Pb) [1, 7, 30] due to
(CPCB). In India there are around 400 distillery units with the non-availability of alternative sources of irrigation
a total production capacity of about 3800 million litres of water. It was found that the growth, yield and soil health
alcohol.  Out  of total distillery industries there are about were reduced as the effluent contains a considerable
62 sugar factories and distilleries in Uttar Pradesh [1-23]. quantity of salt. Indiscriminate use of effluent for a long
For every litre of alcohol, about 15 litre spent wash is period has a risk of deteriorating the physical and
released as wastewater so there is possibility of getting physico-chemical properties of the soil. Jadhav and
about 48 billion litres of distillery spent wash from Savant (1975) indicated that non-judicious use of DE

Environment and Forests (MoEF), alcohol distilleries are
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might adversely affect the crop growth and soil properties RESULT AND DISCUSSION
by increasing soil salinity [12]. Kathirvel (2011) noticed
that crop plants showed a positive response to all the Effluent   analysis   showed   that   it   was  alkaline
concentrations of effluent but there was increase in (pH 8.25), dark brown in colour with pungent smell and
growth, yield and biochemical attributes of Cicer high content of BOD (5980.83 mg l ), COD (21999.47 mg
arietinum at 20% concentration of effluent which was l ) TS (3263.29 mg l ), TDS (3029.55 mg l ), TSS (233.74
followed  by  40,  60,  80 and 100% concentrations [14]. mg l ), alkalinity (1441.40 mg l ), total hardness (475.77
The similar results have been reported in different crops mg l ),Chloride (748.07 mg l ), Sulphide (16.89 mg l )
[21, 34, 33, 35, 2]. Bearing in mind the above facts, a pot and EC (7.15 dSm ) [13]. Metals (Zn, Cu, Mn and Fe)
experiment was conducted to study the effect of different were also present in high level (Table 1).
concentrations of DE application on the yield An observation on seed output plant  and seed
andstructural properties of the seeds of Cicer arietinum. yield plant  in C. arietinum was reported at harvesting

MATERIALS AND METHODS increase of 62.5% and 172.9% in seed output and seed

Effluent Analysis: The post-treated distillery effluent was control. The reduction in yield in other cases might be due
collected from Mohan Meakins Brewery Ltd. (MMBL) to toxic effects of excessive quantities of soluble solids
Lucknow Distillery, Uttar Pradesh, India and analyzed for and solid materials which might have affected soil
its physico-chemical properties [3]viz., colour, pH, odour, porosity due to reduced uptake of nutrients and ultimately
electrical conductivity (EC), total solids (TS), total affected growth and yield.
suspended solids (TSS) and total dissolved solids (TDS), Crop yield was reduced due to nitrogen
dissolved oxygen (DO), biochemical oxygen demand immobilization. Nitrogen and phosphorous immobilization
(BOD), chemical oxygen demand (COD), alkalinity, total by micro-organisms, due to high C: N andC: P ratio results
hardness, chloride, sulphide, residual chlorine, free CO in lower crop yield. The decrease in C: N ratio may be due2

and potentially toxic metals: zinc, manganese, copper and to microorganismsactivities, which assist in reduction of
iron[33-35]. C: N ratio [22].

Seed Yield and Output: Seed output was calculated by metal accumulation of Fe, Mn, Cu and Zn in the seeds of
multiplying the number of pods per plant by the number C. arietinum at 100% concentration of distillery effluent
of seeds per pod [27]and yield, was obtained by taking which was recorded as 44.06, 34.24, 31.15 and 14.26 µg g
seed weight on digital balance. dw respectively as compared to their respective controls

IR Spectra (FTIR Analysis): Samples were characterized FTIR spectra reveal molecular vibrations and thus
by infrared spectroscopy (IR), using FTIR (Nicolet  6700, provide structural information such as the presence andTM

Thermo Scientific, USA). In this technique the samples strength of chemical bonds and interactions. Thus, FTIR
were grounded with Potassium Bromide (KBr) in the ratio spectroscopy has utility in describing chemical reactions
of 100:1 (100 mg KBr and 1 mg sample) in an agate motor at a molecular level as the successive rearrangement of
to make the pellets by using a hydraulic press (CAP- 15T) chemical bonds and interactions.
at a pressure of ten tons. The spectra were obtained at Effect of the distillery effluent was studied on the
4000-400 cm  mid IR range. A total of 32 scans were FTIR spectra of the seeds of Cicer arietinum. It was1

recorded in the transmittance mode. For FTIR noticed that the different concentrations (0, 10, 25, 50, 75
spectroscopic measurements, the sample was powdered and 100 per cent) of the distillery effluent have varied
in an agate mortar. Spectra were collected with a total of effect on the seed spectra. The absorption bands and
32 scans (resolution 4 cm ) against a KBr background their tentative assignments are given in Table 4.1

and manipulated using the OMNIC software supplied by However, as can be seen in the Fig. 1 extensive
the manufacturer of the spectrometer. All spectra were overlapping of bands in the raw spectrum causes
smoothed using the standard “automatic smooth” difficulty in band differentiation and their assignment. The
function  of  the  above software and then the baseline region 3700-3300 cm  is characteristic for O-H and N-H
was corrected using the “automatic baseline correct” stretching vibrations [11]. The IR spectra of Cicer
function. arietinum  showed  a  band  at  3623 cm   while a band at

1

1 1 1

1 1

1 1 1

1

1

1

time (Table 2). It was revealed that there was significant

yield respectively at 25% concentration, compared to

There  was  a  significant increase (p<0.01) in the

1

(Table 3).

1

1
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Table 1: Metal Content in distillery effluent

Metals (µg ml ) Mean ± SD1

Iron 1017.37 ± 0.61
Manganese 414.88 ± 1.53
Copper 153.29 ± 2.52
Zinc 101.85 ± 3.05

Table 2: Effect of Different Concentrations of Distillery Effluent on Seed Output plant  and Seed Yield plant  of Cicer arietinum1 1

Effluent Concentrations (%) Seed Output Plant Seed Yield Plant  (g)1 1

Control 21.33 ± 2.31 0.33 ± 0.11
10 27.67 ± 3.21 0.80 ± 0.11* **

25 34.67 ± 1.53 0.91 ± 0.14** **

50 15.83 ± 2.02 0.33 ± 0.13ns ns

75 7.33 ± 3.06 0.29 ± 0.18** ns

100 3.67 ± 1.53 0.27 ± 0.10** ns

Three replicate (n=3) data are summarized asMean ± SD; ns- p>0.05, *- p<0.05, **- p<0.01. Values in parenthesis represent percentile variation

Table 3: Accumulation of Metals (µg g  dw) in Seed of Cicer arietinum grown on different concentrations of Distillery Effluent 1

Effluent Concentrations (%) Fe Mn Cu Zn

Control 11.04 ± 1.17 8.95 ± 1.64 7.64 ± 1.18 4.14 ± 1.47
10 18.59 ± 1.32 14.10 ± 1.17 11.48 ± 1.15 s6.97 ± 1.18** ** ** ns

25 21.22 ± 1.02 18.49 ± 1.34 12.89 ± 1.60 7.67 ± 1.68** ** ** *

50 25.75 ± 1.22 22.39 ± 1.73 19.51 ± 1.43 9.80 ± 1.20** ** ** **

75 29.11 ± 1.63 27.19 ± 1.79 21.82 ± 1.98 11.09 ± 1.02** ** ** **

100 44.06 ± 1.72 34.24 ± 1.06 31.15 ± 1.07 14.26 ± 1.05** ** ** **

*Data in replicate (n=3) are summarized asMean ± SD; ns- p>0.05, *- p<0.05, **- p<0.01

Table 4: Assignment of IR absorption bands in the spectra of Cicer arietinum L. seeds at different concentration of distillery effluent

Effluent Concentration (%)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- Tentative Assignments/
0 10 25 50 75 100 Interpretation

3793.4,3772.6, 3770.6, 3421.4 3732.1 3438.0 3731.9, 3666.9, 3639.6, 3437.0 3731.5,3701.1, 3666.4, 3634.5 3422.4 3731.3, 3699.7, 3665.6, 3430.4 O-H and N-H stretching
3732.1,3666.4, vibration (amino acids)
3639.5,3578.6
3436.1

2922.0 2853.9 2961.6, 2923.1 2854.2 2954.8, 2923.0 2853.8 2922.7 2854.3 2924.2 2857.0 –CH, –CH  and –CH2 3

2924.1 2856.6 carbon to hydrogen
stretching vibration
(Chlorophyll groups)

2398.2,2354.0, 2396.2, 2398.5, 2398.5,2353.8, 2319.6, 2229.3 2449.5,2424.0, 2399.4,2353.2, 2469.3,2423.7, CC and CN triple bond
2319.4, 2237.5 2353.6, 2316.8 2353.8, 2318.6, 2319.3, 2235.4 2400.0,2353.6, (Nitriles)

2234.8 2319.3, 2237.1

- 1788.4, 1733.8 1787.2, 1730.6 1730.7 1728.8 - C=O of COOH, C=O
or Ketonic Carbonyl

1688.3, 1641.2 1670.3, 1638.5 1640.9 1671.5, 1640.7 1638.0 1636.9 C=O stretching of
amide groups (amide I)
quinine, C=O stretching
of H-bonded
conjugated ketons

1574.0, 1546.6 1507.8 1546.6, 1500.5 1546.6, 1539.0,  1501.5 1540.6 1541.6 COO symmetric stretching,–

N-H deformation &
C=N stretching
(amide II band);
C=C of aromatic rings

1499.2, 1452.0, 1417.8 1447.7 1414.6 1446.4, 1414.3 1423.5 1412.8 Methylene C-H bend;
1447.0,  1412.8 Aliphatic C-H,

Aromatic ring stretch
and COO–

anti-symmetric stretching
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Table 1: Continued

1388.7 1390.4 1389.2 1388.2 1386.8 1325.0 Aliphatic C-H group

1151.5 - 1160.3, 1104.6 1161.0, 1103.0 1153.1 1145.8 S=O in sulfone groups
1064.9, Carboxylic acids,

esters, ethers, alcohols
and anhydrides

1033.5 1020.9 1025.5 1025.3 1065.9 1028.4 C-O stretching of
polysaccharides and
Si-O-asymmetric stretch

907.1 956.2 - 900.7 - - C-O stretching of
polysaccharides

- 882.5 890.0 - 893.1 898.4, 894.7 Hydrogen bonded
OH- deformation in
carboxhyl groups

773.3 774.0 Methylene -(CH2)
660.4, 645.5 608.7 661.2 621.2 660.2 613.3 664.7, 623.1 666.1, 604.9 661.2, 617.2 n- rocking (n  3) C-H

bending vibrations,
Si-O-Si stretching vibration

544.8 - 542.0 585.4, 544.8 526.3 535.0 C-O-O, P-O-C bonding
441.5, 415.3 435.8 443.8, 405.6 449.7, 411.4 479.2, 418.6 465.7, 416.7 (aromatics) phosphates

wavenumber 3650, 3622, 3644, 3624 and 3626 cm 1232 and 1216 cm  bands in all samples predict the1

respectively was observed for seeds of Cicer treated with presence of ester carbonyl [31]. The C-O-C groups exhibit
10, 25, 50, 75 and 100 % concentration of distillery strong  bands  at  1095 cm   and very strong bands at
effluent. This is mainly due to free (non-bonded) O-H 1101 cm  respectively. The absorption bands at 1100-
stretching vibrations in the former spectrum as compared 1000 cm  in the fingerprint region indicate several modes
to the bonded O-H in the latter [6, 29]. such as C-H deformation or C-O or C-C stretching,

Different functional groups with different wave pertaining to carbohydrates. Carbohydrates in the seeds
number showed various vibrations. A very strong band were the major constituents of these absorption bands
at 3443-3414 cm , 3384 cm  and 3220 cm  is attributed [18].1 1 1

to an O-H and N-H stretching vibration (amino acids) The very strong peak at 1032 cm  and 1039 cm  in
band [25]. The 2960 cm  band indicates the presence of the spectrum also indicates the starch content in the1

–CH, –CH  and –CH  carbon to hydrogen stretching sample. The stronger the relative intensity of the band,2 3

vibration band. the higher is the chemical constituents. The secondary
In all concentrations it was noticed that the bands at peaks at 770-922 cm  are assigned as characteristic

2920, 2921 cm  are due to the stretching vibration of absorption of the carbohydrate [28]. 1

–CH  and –CH  group indicating chlorophyll groups [5]. The absorbance bands at 837-721 cm  represent C-H3 2

In response to distillery effluent there was change in in plane and out of plane bending for the benzene ring
the protein and carbohydrate content indicated by a and bands at 553-633 cm  represent C-O-O and P-O-C
decrease in the intensity of absorption bands especially bending of aromatic compounds (phosphates) [24]. At
in the 1800-800 cm  region. This region is specific for fingerprint region, the weakest band are C-H bending1

protein and carbohydrates [10]. vibrations, Si-O-Si stretching vibration and Methylene -
A very strong band at 1672-1638 cm  is indicative of (CH2)n- rocking (793-778 cm ) and C-O-O, P-O-C1

C=O carbonyl stretching (secondary amides). There is a bonding (aromatics) phosphates (526-417 cm ). Broad,
medium band at 1385-1383 cm  which represents the moderately intense absorption in the low frequency1

aliphatic C-H group, while a band at 1027-1024 cm region suggest the presence of carboxylic acid dimmer,1

indicates the presence of C-O stretching of amines or amides, all of which shows out of plane bending
polysaccharides and Si-O-asymmetric stretch. The 1632, region. If the region is extended to 1000 cm , absorption
1640 and 1629 cm  bands are due to stretching vibrations bands  characteristic  of alkene structures are included.1

of carbonyl group characteristic of the secondary amides The infrared spectrum is able to identify not only the
and other compounds containing C=0 group [20]. The major components in organic materials, but also to find
strong bands at 1434 cm  and 1411 cm  represent the some differences among them. These differences may be1 1

bending vibrations of CH indicative of the lignins. The due to the effluent concentrations.
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Fig. 1: FT-IR Spectra of plant seed of gram (Cicer arietinum L.) samples in control (G ) and different effluent1

concentrations (G -G ) [Effluent Concentrations: G =0%, G =10%, G =25%, G =50%, G =75% and G =100%]2 6 1 2 3 4 5 6
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CONCLUSION 9. CPCB,2012. http://www.cpcbenvis.nic.in/newsletter/

From this analysis, we may conclude that the yield of
gram was decreased at higher concentration and only
some minor changes have occurred in chemical
constituents of its seeds. The % transmittance increased
with the increase in the effluent concentration indicating
that effluent have some adverse impact at higher
concentration. Even though the plant is exposed to the
different concentrations of distillery effluent, only minor
changes in its constituents are noticed which suggests
that the plants have a protective mechanism.
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