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Abstract

In the current scenario health of people has been greatly
incriminated due to heavy metal defilement.
Modernization and industrial enterprise are the major
cause for the incorporation of heavy metals in the
environment. The most precarious heavy metals which
are found to impinge water bodies are chromium,
mercury, lead, cadmium, and iron etc. Most of the
treatment techniques are found to be risk due to the
production of secondary pollutant. Such problem can be
rectified by the use of natural adsorbents which will
reduce the secondary pollutant to large extent. The most
efficacious and economic process for the removal of toxic
heavy metal is biosorption. Present investigation aims to
analyse the effluent water generated from steel plant and
remove heavy metals like iron and chromium from it
using Syzigium Cumini seed powder as adsorbent.
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1. Introduction

An emerging threat in today’s context is environmental pollution.
[1] Heavy metals are toxic pollutant, which are introduced in to the
ecosystem due to industrial technologies. [2, 3] Heavy metals such
as iron, chromium, lead, mercury and copper etc. in water bodies
cause critical health issues, which are found to be non-
biodegradable and carcinogenic [4-9].

Iron and steel industry is one of the most important and vital
industry of the present and future. Effluent water from the steel
mill contains a high concentration of heavy metals like chromium
and iron. Exposure to excess iron doses result in iron toxicity such
as diarrhoea, biphasic shock, anorexia, hypothermia, metabolic
acidosis and even death [10, 11], whereas chromium is known to
cause liver damage, mutagenic changes, neurological disorders etc.
[12] US EPA (2014) termed Chromium as potential carcinogen.
Hence, it is necessary to remediate chromium and iron
contaminated sites [13].

The metal binding capacities of biological materials have made
attention for the removal toxic heavy metals from effluent water
using adsorption technique. [14-20] This technique is found to be
effective for the removal of iron and chromium from effluent water.
[21] The natural method is found to be more advantageous due to
its highly efficient, cost-effective toxic metal removal in an eco-
friendly manner. The main objective of the present investigation is
to analyse the effluent water generated from steel plants and
remove the toxic metallic pollutants like iron and chromium using
dried Syzygium Cumini seed powder as adsorbent.

2. Materials & Methods

2.1. Area of Study

The area wunder study lies between Kavarapettai and
Gummidipoondi of Thiruvallur district, covers an area of about 550
Km and monthly mean temperature of 28°C to 45°C.
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2.2.Sample Collection

The effluent water from steel plants were collected in plastic
containers, labelled and transported to the laboratory for analysis.

2.3.Water Quality Parameters

Effluent water was analysed for Conductivity, pH, Residual free
chlorine, Hardness, Alkalinity, Iron, Chromium, Organic matter,
IITDS//’ IITSS/I’ IIDO/I’ IIBODII and IICO'DII.

2.4.Materials

2.4.1 Instruments

pH meter, Conductivity meter, Magnetic stirrer, Spectrophotometer
and Hot air oven.

24.2 Apparatus required

Standard flask, Beaker, Measuring jar, Nessler’s tube, Burette,
Pipette, Conical flask, BOD Incubator, BOD bottles and COD
Digester.

2.4.3. Chemicals Required

Buffer solutions, Potassium chloride, Hexamethylenetetramine,
Hydrazine sulphate, Chlorotex reagent, EBT, EDTA etc.

2.5.Methods

Effluent water from steel industries were treated by stirring 1000ml
of the sample water with 1g of dried Syzygium Cumini seed
powder for an hour, using magnetic stirrer at room temperature,
filtered and subjected to water quality analysis.

Conductivity, pH, turbidity, residual free chlorine, hardness, iron
and chromium content were determined by Electrometric method,
Probe and meter, Nephelometric, Chlorotex, EDTA and
Spectrometric methods respectively.

BOD was determined by incubating the sample at a specified
temperature for 5 days

Biochemical Oxygen Demand = (D1-D2) - (C1-C2) F / P

Where, D1 = Initial dissolved oxygen content of the diluted sample
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D2 = Dissolved oxygen content of the diluted sample after
incubation

C1 = Initial dissolved oxygen content of the seeded diluted
water.

C2 = Dissolved oxygen content of the seeded diluted
sample after incubation

P = Decimal fraction of the sample used.

COD of the water samples was determined using KoCr,O7/ H>SO,4
as the oxidizing agent.

3. Results & Discussion

3.1 Results
Table-1
Industrial Waste Water Quality Analysis Report
EFW1 EFW2 SDTF
Parameter BT | AT | BT AT ISW PS OLI
pH 74 | 5.6 8.3 6.9 5.5-9 5.5-9 5.5-9
Electrical 6038 | 7956 | 4017 | 4090 | 1000 1000 1000
Conductivity
(ns)
Turbidity 56 | 121 | 21 5.0 1-5 1-5 1-5
(NTU)
Residual Free Nil | Nil | Nil | Nil 0.2 0.2 0.2
Chlorine (ppm)
Total Hardness | 754 | 760 | 322 | 380 | 120-170 | 120-170 | 120-170
(ppm)
Ca-Hardness 500 | 460 | 200 | 180 | 60-180 | 60-180 | 60-120
(ppm)
Mg- 254 | 300 | 122 | 200 | 10-100 | 10-100 | 10-100
Hardness(ppm)
P-Alkalinity 0 0 26 0 20-200 | 20-200 | 20-200
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(ppm)

M-Alkalinity 62 | 50 | 202 | 80 - - -
(ppm)

Chloride (ppm) | 26 | 25 | 1.4 | 1.2 250 250 250
Chromium 102 | 2 96 | 1.5 0.1 0.1 0.1
(ppm)

Iron (ppm) 79 | 30 | 590 | 139 0.3 0.3 0.3
Organic Matter 0 0 0 0 2 2 2
(ppm)

TDS (ppm) 6 2 8 3 500 500 500
TSS (ppm) 08 | 26 | 04 | 18 25 25 25
DO (ppm) 3 5 4 6 6.5-8 | 65-8 | 6.5-8
CPD (ppm) 16 | Nil | 12 - 250 250 250
BOD (ppm) 6 1.5 4 Nil 30 30 30

SG-Syzigiumcumini; EFW1-Kamatchi Steel plant; EFW2- Hi Tech
Carbon Pvt. Ltd.;

AT- After Treatment; BT- Before Treatment

Effluents from two different steel plants near Gummidipoondi area
were collected and analysed for various water quality parameters.
A cost effective and eco-friendly way of treating the waste water
was followed using bio sorbent (i.e.) Syzygium Cumini seeds and
the treated water was again subjected to water quality analysis to
identify the extent of removal of impurities. The analysed
parameter with standard specifications is tabulated in Table 1.

3.2. Discussion

3.2.1. Acidity & Alkalinity

Concentration of hydrogen ions in water can be measured in terms
of pH. [22] Acceptable range of pH suggested by ISI, WHO & IS is
6.5 - 8.5. pH of the investigated sample ranges from 7.4-8.3 (Fig. 1).
But after treatment it was able to observe a change in medium from
alkaline to acidic. It is interesting to note that acidic constituents of
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Syzygium Cumini seeds neutralizes the basic constituents of waste
water and making it as acidic.

PH

B BT AT

10

O N & O

EFW1 EFW2

Fig. 1: pH of the EFW1 & EFW?2

3.2.2. Electrical Conuctivity

Electrical conductivity gives a measure of salt concentration in
water. The increase in conductivity of the investigated samples on
treating with Syzygium Cumini seed is due to the presence of
calcium and magnesium metal ions in Syzygium Cumini fruit and
seed which has increased the conductivity of the investigated
samples. This can also be accounted to be due to the change of
medium from basic to acidic.

Electrical conductivity

HBT mAT
10000
5000
0 o~
EFW1 EFW2

Fig. 2: Electrical conductivity of the EFW1 & EFW2
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3.2.3. Turbidity

Particulate waste generated by industrial processes affect
transparency of effluent water. Turbidity causes biological
contamination and affect effectiveness of chlorination (Fig. 3) [23].

Turbidity

N BT mAT

15
10

EFW1 EFW2

Fig. 3: Turbidity of the EFW1 & EFW2

3.2.4. Hardness

Calcium and magnesium salt content in water can be measured in
terms of hardness. Hardness of the investigated samples was found
to be in the range of 322-754ppm (Figs.4-6). But treatment of water
using Syzygium Cumini seed powder causes an increase in
hardness. This is accounted to be due to the release of more
magnesium ions in water, which is formed by the reaction of
compounds of magnesium with active constituents of Syzygium
Cumini seeds. This fact is also observed from an increase in
magnesium hardness [24].

Total hardness

B BT WAT
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Fig. 4: Total hardness of the EFW1 & EFW2
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Ca - Hardness
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Fig. 5: Ca-Hardness of the EFW1 & EFW?2
Mg-Hardness
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Fig. 6: Mg-Hardness of the EFW1 & EFW2
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3.2.5. Alkalinity

No phenolphthalein alkalinity was observed in EFW1 whereas a
small value of 26ppm was observed in EFW2. But after treating the
waste water with Syzygium Cumini seeds, P-alkalinity is
completely removed (Fig 7).

Methyl orange alkalinity of the investigated sample was found to
be in the range of 62-202ppm. But an extreme reduction in M-
alkalinity in the range of 50-80ppm was observed after treating
with Syzygium Cumini seed powder, suggesting the best
coagulating and adsorbent character of Syzygium Cumini seed

(Fig. 8).

P-Alkalinity
B BT HAT
30
20
10
0
EFW1 EFW2
Fig. 7: P-Alkalinity of the EFW1 & EFW2
M-Alkalinity
B BT HAT
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o _ mm

EFW1 EFW2

Fig. 8: M-Alkalinity of the EFW1 & EFW?2
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3.2.6. Chloride

Excess chloride content in water causes laxative effect. The
investigated samples were found to have chloride content in the
range of 1.4-1.6ppm. But a reduction in chloride content was
observed after treatment with the sorbent Syzygium Cumini seed
powder (Fig. 9).

Chloride

B BT B AT
2.5
1.5

0.5

EFW1 EFW2

Fig. 9: Chloride content present in the EFW1 & EFW?2

3.2.7. Chromium

Chromium contamination in water creates a lot of health hazard
such as respiratory cancer, kidney damage, asthma, liver damage,
nose irritation and damage etc. Syzygium Cumini seed powder is
acting as a very good adsorbent for the removal of Chromium from
water. This is accounted to be due to the fact that addition of
Syzygium Cumini seed powder makes the medium(water) acidic,
which is favourable for the adsorption of chromium from water.
Hence an extreme reduction in the chromium content was observed
after treating effluent water with Syzygium Cumini seed powder
and hence it can be advised for the complete removal of chromium
from effluent water by increasing the acidity of medium(Fig. 10).

10



Rajam et al Removal of Iron and Chromium from Effluent Water

Chromium
BT = AT
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EFW1 EFW2
Fig. 10: Chromium content present in the EFW1 & EFW2
3.2.8. Iron

Iron in water does not cause danger to human health or
environment but gives rust colour, metallic taste and can stain linen
and food industry products. But molecular studies show that iron
toxicity causes toxic effect on intracellular organelles, particularity
mitochondria and lysosomes. Excess iron intake can cause cellular
damage and alteration of genetic structure of phenotype (Fig. 11).

Iron
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Fig. 11: Iron content present in the EFW1 & EFW2
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The investigated samples were found to have iron content in the
range of 79-590ppm before treatment where as an extreme
reduction of iron content in the order to 30 to 139ppm was
observed after treatment, which is indicating an excellent adsorbent
character of Syzygium Cumini seeds and better results were
observed in the removal of iron compared to other impurities.
Hence Syzygium Cumini seed may be used for the complete
removal of iron from water.

3.2.9 Total Dissolved Solids

Presence of Calcium, magnesium, sodium, potassium etc. in water
acts as its salinity indicator. Investigated samples were found to
have very low TDS, which is in the range of 6-8ppm (Fig. 12). A
reduction in the TDS was observed after treating with Syzygium
Cumini seed powder.

TDS

H BT HAT

10

EFW1 EFW2

Fig. 12: TDS present in the EFW1 & EFW2

3.2.10. Dissolved Oxygen

Organic pollutants in water reduces its dissolved oxygen content
which affect aquatic life.

A very low range of DO in the range of 3- 4 ppm was observed in
the effluent collected from steel plant but these values are
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improved to some extent in the range of 5.0 to 6.0ppm after treating
with Syzygium Cumini seed powder (Fig. 13).

DO

EFW1 EFW2

O R N W H U1 O N

HBT HAT
Fig. 13: DO ofthe EFW1 & EFW?2

3.2.11. Biological Oxygen Demand

Degradable organic waste in water is measured in terms of BOD.
Investigated samples were found to have BOD values in the range
of 4-6ppm, but after treatment using Syzygium Cumini seeds
organic wastes are completely removed, indicating an excellent
coagulating nature of Syzygium Cumini seeds (Fig. 14).

BOD

H BT HAT

o N & O ©®

EFW1 EFW2

Fig. 14: BODof the EFW1 & EFW2
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3.2.12. Chemical Oxygen Demand

Amount of toxicity, non-biodegradable and chemically oxidizable
waste present in effluent water can be measured using COD value.
[25-30] The investigated samples were found to have COD value in
the range of 12-16 ppm, which indicates the presence of chemically
oxidizable impurity. But an extreme reduction in the COD values
were observed after treatment with Syzygium Cumini seed

powder, indicating an excellent adsorption power of the selected
adsorbent (Fig. 15).

COD

N BT mAT
20
15

10

EFW1 EFW2
Fig. 15: Chloride content present in the EFW1 & EFW2

Conclusion

Effluent water of two different steel plants from Gummidipoondi,
Thiruvallur district were collected and its pollutants were analysed
by measuring electrical conductivity, pH, Turbidity, FRC, TDS, TSS,
hardness, alkalinity, chloride, chromium, iron, organic matter, DO,
BOD, & COD using standard methods. Conventional technologies
are found to be cost prohibitive and having inadequate efficiencies
for the removal of heavy metal ion. Metal binding capacity of
biological materials directed attention for the removal of toxic
heavy metals from effluent water. In the present investigation
Syzygium Cumini seed was dried, pulverised and treated the
waste water collected from steel plants using magnetic stirrer for 1
hour. The treated water was analysed for various water quality
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parameters using standard methods. After treatment it was found
that almost all the impurities were removed and also investigated
that Syzygium Cumini can be used for the removal of iron,
chromium, BOD and COD to maximum extent because of its
excellent metal binding capability than other bio sorbents.

References

[1] P. H. Gleic, ed. Water in Crisis: A Guide to the World's
Freshwater Resources, Oxford University Press, 13 (1993).

[2] Y. Hao, Y. M. Liu, The influential factors of urban PM2. 5
concentrations in China: a spatial econometric analysis, J. Clean.
Prod. 112, 1443 - 1453 (2016).

[3] H. A. Alalwan, M. N. Abbas, Z. N. Abudi, A. H. Alminshid,
Adsorption of thallium ion (T1+3) from aqueous solutions by
rice husk in a fixed-bed column: experiment and prediction of
breakthrough curves, Environ. Technol. Innov.12, 1-13 (2018).

[4] 1. Y. El-Sherif, S. Tolani, K. Ofosu, O. A. Mohamed and A.
K.Wanekaya, Polymeric nanofibers for the removal of Cr (III)

from tannery waste water,]. Environ. Manag. 129, 410-413
(2013).

[5] Y. Zou et al. Environmental remediation and application of
nanoscale zero-valent iron and its composites for the removal of
heavy metal ions: a review, Environ. Sci. Technol. 50, 7290-7304
(2016).

[6] G. Tjandraatmadja, et al. Sources of critical contaminants in
domestic ~wastewater: contaminant contribution from
household products (2008).

[7] M. Taseidifar, F. Makavipour, R. M. Pashley and A. F. M.
M.Rahman, Removal of heavy metal ions from water using ion
flotation, Environ. Technol. Innov. 8, 182-190 (2017).

[8] W. R.Garcia-Nino, J.Pedraza-Chaverri, Protective effect of
curcumin against heavy metals-induced liver damage, Food
Chem. Toxicol. 69, 182-201 (2014).

[9] C. E. Borba, R. Guirardello, E. A. Silva, M. T.Veit and C. R.
G.Tavares, Removal of nickel (II) ions from aqueous solution by
15


http://www.oup.com/us/catalog/general/subject/EarthSciences/Oceanography/?view=usa&ci=9780195076288
http://www.oup.com/us/catalog/general/subject/EarthSciences/Oceanography/?view=usa&ci=9780195076288
http://dx.doi.org/10.1016/j.jclepro.2015.05.005
http://dx.doi.org/10.1016/j.jclepro.2015.05.005
http://dx.doi.org/10.1016/j.eti.2018.07.001
http://dx.doi.org/10.1016/j.eti.2018.07.001
http://dx.doi.org/10.1016/j.eti.2018.07.001

Mapana - Journal of Sciences ISSN 0975-3303

biosorption in a fixed bed column: Experimental and theoretical
breakthrough curves, Biochem. Eng. J. 30, 184-191 (2006).

[10] K. Mishra, K. Gupta, U N. Rai, Bioconcentration and
phytotoxicity of chromium in Eichhornia crassipes,]. Environ.
Biol, 30(4), 521-26 (2009).

[11] D. Sponza, N.Karaolu,Environ. Int. 27(7), 541-553 (2002).

[12] C. Raji, T. S.Anirudhan, Batch Cr (VI) removal by
polyacrylamide-grafted sawdust: Kinetics and
thermodynamics, Water Research, 32(12), 3772-3780 (1998).

[13] S. B. Lalvani, T. Wiltowski, A. Hubner, A. Weston,N. Mandich,
Removal of hexavalent chromium and metal cations by a
selective and novel carbon adsorbent. Carbon, 36, 1219-1226
(1998).

[14] A. Galadima, Z N.Garba,L. Leke, M N. Almustapha, I K.
Adam,Domestic Water Pollution among Local Communities

in Nigeria- Causes and Consequences, European Journal of
Scientific Research,52(4), 592-603 (2011).

[15] E. Faith, J. Atser, E. Samuel, Water Resource Management in
the Niger Delta Region of Nigeria: The Role of Physical
Planning, International Review of Social Sciences and
Humanities,3(1), 51-61(2012).

[16] S. Singh, A. Tripathi, S K. Srivastava, R. Prakash, Biosorption of
Chromium (VI) on Ficus racemose bark powder,International ]
of Chemistry &Applications,5(4), 237-249, (2013).

[17] A. Ozer, H. S. Altundogan, M.Erdem, F.Tumen, A study on the
Cr (VI) removal from aqueous solutions by steel wool,
Environmental Pollution, 97 (1-2), 107-112, (1997).

[18] M. Lotfi, N. Adhoum, Modified activated carbon for the
removal of copper, zinc, chromium and cyanide from

wastewater,Separation and Purification Technology, 26 (2-3),
137- 146 (2002).

[19] R. Mauri, R. Shinnar, M. D. Amore, P. Giordano, A. Volpe,
Solvent extraction of chromium and cadmium from
contaminated soils,American Institute of Chemical Engineers
Journal (AIChE), 47 (2), 509-512 (2001).

16



Rajam et al Removal of Iron and Chromium from Effluent Water

[20] A. P. Padilla, E. L. Tavani, Treatment of an industrial effluent
by reverse osmosis, Desalination,129 (1-3), 219-226 (1999).

[21] S. Gupta, B. V. Babu, Adsorption of chromium (VI) by a low-
cost adsorbent prepared from tamarind seeds, Proceedings of
International Symposiumé& 59th Annual Session of IIChE in
association with International Partners (CHEMCON-2006),
GNFC Complex. Bharuch, 27-30 (2006).

[22] P. K. Raghuwanshi, M. Mandloi, A. J. Sharma, H. S. Malviya,
S.Chaudhari, improving filtrate quality using agro-based

materials as coagulant-aid, Water Quality Res. ]J. Canada, 37,
745-756 (2002).

[23] S. A. Muyibi, L. M. Evison, Moringa oleifera seeds for softening
hard water, Water Res. 29, 1099-1105(1995).

[24] P. Sharma, P. Kumari, M. M. Srivastava, S. Srivastava, Removal
of Cadmium from aqueous system by shelled Moringa oleifera
Lam seed powder, Biores. Technol.97, 299-305(2006).

[25] S. A. Muyibi, A. M. S. Alfugara, Treatment of surface water
with Moringa oleifera seed extract and alum—a comparative

study using pilot scale water treatment plant, Intern. J.
Environ. Stud.60, 617-626 (2003).

[26] G. K. Folkard, ]J. P. Sutherland, W. D. Grant, Natural
coagulants at pilot scale, In. J. Pickford (Ed.), Water,
Environment and Management. Proceedings of the 18th
WEDC Conference, Kathmandu, Nepal, August 30-
September 3, Loughborough University Press, 51-54 (1992).

[27] EPA (Unit ed. States Environmental protection Agency) Is your
drinking water safe? Environment protection Agency, WH -
550 (570 / 9), 89-105 (1989).

[28] K. Usharani, K. Umarani, P. M. Ayyasamy, K. Shanthi, P.
Lakshmanaperumalsamy, Physical-chemical and
bacteriological characteristics of Nayyal River and ground
water quality of perur, India, Journal of applied sciences and
Environmental Management, 14(2), 29-35(2010).

17



Mapana - Journal of Sciences ISSN 0975-3303

[29] V. T. Patil, P. R. Patil, Groundwater quality of open wells and
tube wells around Amalner town of Jalgaon District,
Maharashtra, India. E-journal of chemistry, 5(1), 53-58(2011).

[30] P. Raja, M. A. Amarnath, R. Elangovan, M. Palanivel,
Evaluation of physical and chemical parameters of river
Kaveri, Tiruchirappalli Tamil Nadu, India. Journal of
Environmental Biology, 29(5), 765-768 (2008).

18



	Removal of Iron and Chromium from Effluent Water of Steel Plant using Syzygium Cumini  Seed
	Abstract
	1. Introduction
	2. Materials & Methods
	2.1. Area of Study
	2.2. Sample Collection
	2.3. Water Quality Parameters
	2.4. Materials
	2.4.1 Instruments
	2.4.2 Apparatus required
	2.4.3. Chemicals Required
	2.5. Methods

	3. Results & Discussion
	Industrial Waste Water Quality Analysis Report
	3.2. Discussion
	3.2.1. Acidity & Alkalinity
	3.2.2. Electrical  Conuctivity
	3.2.3. Turbidity
	3.2.5. Alkalinity
	3.2.6. Chloride
	3.2.9 Total Dissolved Solids
	3.2.10. Dissolved Oxygen
	3.2.11. Biological Oxygen Demand
	3.2.12. Chemical Oxygen Demand

	4. Conclusion
	References


