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Abstract: Waste water from hard chrome is considered to be highly toxic due to the presence of chromium ions in
hexavalent form and this hexavalent state of chromium is more toxic to animals and humans due to its ability to
produce reactive oxygen species in cells. Such heavy metals are considered as carcinogenic to living organisms and
hence either reduction of ions to trivalent chromium or removal of ions has to be done before ejecting the waste
water into the environment. Many processes for reduction, neutralisation and removal of hexavalent chromium
have been investigated and reviewed extensively. In the present review, studies and research carried out for the
removal of chromium from waste water of hard chrome plating effluent are summarised. The study was carried
out on the aspects such as percentage removal, efficiency and optimum operating conditions in chrome removal

and reduction processes.
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Introduction

Waste water from the hard chrome plating industry
has a major share of chromium compared to other
elements. Hard chrome plating is the industrial process
of deposition of a layer of chrome on the metal surface.
The term ‘Hard Chrome’ is due to the fact that the
chrome layer deposited by this process is thicker than
any other chrome plating (Nikam, 2019). The waste
discharged from this electroplating process mainly
consists of chromic acid of hexavalent chromium ions.
It may also contain other ions of heavy metals such as
lead, copper, chromium, nickel, zinc, cadmium, etc.,
anionic compounds such as phosphates, sulphates,
chlorides, etc. and other additives including oils,
suspended solids, grease, etc. (Karegar, 2015).
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Hexavalent chromium, Cr(+6) is highly carcinogenic
in nature. But the trivalent form of chromium, Cr(+3),
is a necessary micronutrient for carrying out normal
metabolism in the human body (Owlad et al., 2009).
However, contact with hexavalent chromium will cause
acute and chronic health issues such as skin ulcers, eye
damage, kidney failure and so on. There are numerous
industrial methods of removing chromium ions
from hard chrome waste water such as precipitation,
oxidation, reduction, filtration, electrochemical
evaporation and ion exchange resins (Singh, 2008).

This study summarises the research about various
innovative processes and methods involved in the
removal or reduction of chromium in waste water
concentrating on the aspects such as percentage
chromium removal or reduction, the efficiency of the



50 Basavaraja, R.J. et al.

operation and operating conditions of the process and
these details are given in next sections.

Chromium Removal

Water is a universal requirement for commercial and
industrial applications and has been increasing day
by day. Lack of knowledge in utilising usable water
from waste without treatment leads to water pollution,
resulting in its scarcity. To overcome this problem,
process industries need to adopt modern waste water
treatment processes and methods for water purification.
There are novel physical and chemical methods for the
reduction and removal of chromium in waste water and
are discussed in the next sections.

Electrocoagulation
The electrolysis setup invented by Peng et al. (2009)
uses iron electrodes and a trial stock solution of acidic
chromium solution as an electrolytic solution. Figure 1
summarises the reaction mechanism in an electrolytic
cell. The anode which is made up of an iron electrode
oxidises iron into ferrous ions (Fe?") in the first step
and in subsequent steps hexavalent form of chromium
is converted into trivalent by reacting with ferrous ions.

High reduction efficiency was observed at 70°C, the
current density of 0.05A and electrolytic concentration
of 0.50 mL H,SO, (Peng et al., 2019). Further electro-
reduction studies were carried out by Qin et al. (2018)
and concluded that 99.96% of hexavalent chromium
was reduced after direct coprecipitation methods of
chromium trioxide. Dermentzis et al. (2013) also made
studies on electro-reduction and precipitation methods
and successfully reduced chromium ions and Chemical
Oxygen Demand (COD) when 0.04A of electricity was
supplied for 50 minutes.

It was observed that the reduction ability of
hexavalent was greater at higher acidic conditions
than in neutral conditions (Peng et al., 2019). Figure 2
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Figure 1: The reaction model for the electrochemical
reduction process.
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Figure 2: Plot of chromium concentration and chromium
removal versus time for electroplating effluent water in
electrocoagulation treatment (Dermentzis et al., 2013).

represents the relationship between reduction efficiency
and metal ion concentration (Dermentzis et al., 2013).
The only disadvantage is the corrosion of ferrous
electrodes which results in frequent replacement of
electrodes leading to added running and maintenance
costs (Barakat, 2011). Chaudhary et al. (2003) found out
that the electrocoagulation method does not require any
external reducing agent while electrolytically reducing
hexavalent chromium to trivalent chromium which can
be recycled in other industrial processes. Velasco et al.
(2016) observed that there was a decrease in current
efficiency in reactions, oxygen reduction and hydrogen
evolution in the reduction of hexavalent chromium
ions at titanium electrodes. Table 1 summarises details
regarding different electrocoagulation experiments.

Adsorption

Adsorption is found to have many advantages such
as the availability of a wide range of adsorbents,
operational ease and flexibility, and better efficiency,
than the other conventional methods (Owlad et al.,
2009). Various natural adsorbents for chromium removal
include coconut shell charcoal, saw dust, bamboo waste,
neem leaves and other agricultural waste (Yogeshwaran
and Priya, 2016). Commercially available adsorbents
include graphene, carbon nanotubes and activated
carbon (Renu et al., 2017). Adsorption isotherms can
best fit into Langmuir or Freundlich model (Panda et
al., 2017).

Graphene is another form of carbon and is available
as an adsorbent in oxide form, reduced form, nano
size, etc. It possesses good chemical stability and
high surface area due to its availability in nano size
for the adsorption of a wide range of materials. Yang
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Table 1: Optimum electrolysis conditions for chromium reduction

Electrode Electrolyte Current Time Temperature Percentage Reference
supplied (4) (min) (°C) removal/reduction
Iron (Ferrous) Stock solution of Potassium 0.05 - 70 99.96 Peng et al.
dichromate and Sulphuric acid (2019)
Iron (Ferrous) Stock solution of Potassium 0.04 50 - 99 Dermentzis

dichromate, Potassium chloride
and Sodium Hydroxide

Iron (Ferrous) Waste water consisting of 0.04
nickel, chromium and copper
from electroplating industry

Titanium cathode Stock solution of Potassium -

and platinum dichromate and Sulphuric acid
anode
Graphite and Stock solution of Potassium -

platinum anode  dichromate and Sulphuric acid

Titanium cathode Stock solution of Chromium 0.25
and Stainless sulfate, Potassium dichromate
steel anode and Sulphuric acid

et al. (2013)

40 25 99.95 Qin et al.
(2018)

60 25 41 Velasco et

al. (2016)

60 25 49 Velasco et

al. (2016)

360 - 98.6 Chaudhary

et al. (2003)

et al. (2014) reported in their work showed that the
maximum chromium adsorption capacity on the surface
of graphene at pH 4 is 92.7 mg/g. The experimental
study on the adsorption of chromium using graphene
with cyclodextrin chitosan was reported by Li et al.
(2013). Table 3 summarises various forms of graphene
used in the separation of hexavalent chromium from
waste effluent by adsorption.

Song et al. (2016) concluded that the maximum
hexavalent chromium adsorption ability of wheat
along with weed Eupatorium adenophorum at 308K
was 89.22 mg per 1 gram adsorbent when pH = 1 and
the time duration was 50 minutes. Tian et al. (2018)
conducted experiments on the adsorption of ions
using Phyllostachys pubescens biomass-loaded Cu-S
nanospheres and where maximum adsorption was found
at pH 1.9. In 2018, vesicular basalt was used as an
adsorbent in experimental studies in chromium removal
and it was found that the highest adsorption was 79.20
mg/kg for 50g/L of adsorbent for the 5 mg/L of initial
concentration at pH 2 (Alemu et al., 2018).

Singh and Tiwari (1997) conducted studies on the
adsorption of hexavalent chromium on carbon slurry
obtained from chemical industry. The porous nature
of these carbon particles helps in better adsorption
due to more surface area. Table 2 shows the details of
Langmuir isotherm constants and reaction equilibrium
constants from studies conducted by Singh and Tiwari

(1997). In Table 2, the values of equilibrium constant
(K,) in g/dm® and free energy change (AG®) in kcal/mol
is shown at different temperature. Langmuir constants
Q° and b in Table 2 indicate adsorption capacity and
change in apparent heat during adsorption respectively.
Figure 3 represents the plot of Langmuir isotherm of
adsorption of hexavalent chromium by carbon slurry.
Here C, and q, are, respectively, the concentration (g/
dm?) and quantity of solute adsorbed per unit mass of
adsorbent (mg/g) at equilibrium conditions (Singh and
Tiwari, 1997).

Singh et al. (1997) also recovered chromium by
burning the used carbon slurry at 500-600°C. The
obtained filtrate was filtered and reusable hexavalent

Table 2: Langmuir Constants at different Temperatures
at pH =2.5 (Singh and Tiwari, 1997)

Temperatures (= 0.5°C)
30°C 45°C 60°C

Values

Langmuir Constants

b 0.1779 0.2133 0.2661
Q° 24.05000 25.1515 25.6417
Equilibrium Constants

K¢ (g/dm?) 6.0720 7.6577 8.9992
AG® (kcal/mol) -1.0860  -1.2742  -1.4538
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Figure 3: Adsorption isotherm for hexavalent chromium
adsorption on carbon at different temperatures. pH: 2.5,
contact time: 90 min (Singh and Tiwari, 1997).

chromium was obtained (Singh and Tiwari, 1997).
Sunil et al. (2014) studied the effects of the amount of
adsorbent and time of contact on the percentage removal
of hexavalent chromium using activated charcoal. When
the quantity of adsorbent was increased, the percentage
of chromium adsorbed increased but the adsorptive
capacity decreased. The amount of chromium removed
was proportional to contact time (Sunil et al., 2014).

In fact, Sunil et al. (2014) concluded that many
natural adsorbents such as wheat barn, neem leaves
and groundnut shells showed maximum adsorption
efficiency under high acidic conditions of pH 2.

Sharma et al. (2016) group utilised discarded potatoes
(Solanum tuberosum) for adsorption at an optimum
temperature of 25°C. When Berihun et al. (2017)
studied chromium adsorption using coffee husk, they
found that efficient adsorption of hexavalent chromium
was 98.19% at 60 min contact time, 80 mg/L initial
concentration, 2 pH, 3 g/L of adsorbent dose and at
200 rpm.

Table 3: Hexavalent chromium removal using various graphene based adsorbents

Type of adsorbent Concentration pH of Contact Adsorbent Adsorbent  Percentage References
of metal solution  time  taken (g/L) load Cr(v)
(mg/L) (min) (mg/g) removal (%)

Graphene oxide prepared 10-80 4.0 40 0.005-0.01 - 92.8 Mondal and

from graphite Chakraborty
(2020)

Chitosan grafted 10-125 2.0 420 2 104.4 96 Pradeep et al.

graphene oxide (2019)

Graphene nanosheets 12-34 3.0 90 1 - 70 Li et al., 2016

coated by iron

Graphene oxide coated 10-100 4.0 120 0.125-2.5 45 - Lingamdinne

with nickel ferrite et al., 2015

Graphene oxide with - 1.0 45 - 82.4 93 Ma et al., 2015

acrylate co polymer

of dimethylaminoethyl

methacrylate

Graphene sand 10-20 1.5 90 10 2859.4 93 Dubey et al.,

composite (GSC) 2015

Graphene- 45-100 3.0 120 - 101 83. Luetal., 2014

magnetitenanocomposites

Graphene 10-52 5.0 12 - 43.7 96.65 Yang et al., 2014

Modified Graphene 50-100 2.0 60 400 21.57 98.2 Wu et al., 2013

with Cetyltrimethyl
ammoniumbromide
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A new composite comprising glucosamine, chitosan
and ceramic alumina was prepared and experimented
on chromium waste water and reported 153.85 mg/g of
optimum adsorption capacity by adopting the Langmuir
model (Boddu et al., 2003).

Ion Exchange

In 2015, a research group experimented on chromium
using an ion exchange method with Tulsion A-27(MP)
resin and it was reported that 80.5% of Cr(VI) removal
from waste water by using 14 cm bed height at the flow
of 1 mL/min within the flow concentration of Cr(VI)
was 1145 mg/L (Karegar, 2015). But this process cannot
be used for waste water of chromium concentrations as
it fouls the resins (Barakat, 2011).

Membrane Separation

Kocurek et al. (2014) studied reverse osmosis using the
membrane separation method for chromium removal.
RO98pHt membrane, made of a thin polyamide layer
on a polypropylene support material, was used in the
process of reverse osmosis. The rejected liquid from
membrane separation had almost 100% of chromium
ions when 100 mg/L model solution was processed at
20°C and a pressure of 1.5 MPa (Kocurek et al., 2014).
Table 4 gives details on the relationship of operating
pressure with the pore size of the membrane and the
type of filtration used in membrane-based separation of
chromium removal.

Table 4: Pressure-driven membrane separation
processes (Kocurek et al., 2014)

Method of Size range Operating pressure

separation (nm) (MPa)
Microfiltration >100.0 <0.5
Ultrafiltration 10.0-100.0 0.5-1.0
Nano filtration 1.0-10.0 1.0-4.0
Reverse osmosis 0.1-1.0 3.0-10.0

Advancements and New Methods

Several research works are being conducted based
on membranes doped with adsorbents. One such
research by Nayak et al. (2020) on polyvinyl chloride
polysulphone doped with TiO, nanoparticles revealed
that a maximum of 87 £ 5 % rejection of Cr (VI) was
obtained at 100 kPa pressure in an acidic medium.
The membrane was reusable upto three cycles with the

capability of 70% rejection of chromium ions (Nayak
et al., 2020). TiO, nanoparticles used were synthesised
by the method of functionalising 4-amino benzoic acid
with polyvinyl chloride using sol-gel process and later
PVC was spread equally over matrix of polysulphone.
The final membrane colour was yellowish saffron and
porous in nature thus providing better efficiency (Nayak
et al., 2020).

But nanoparticles may add up to the cost of membrane
fabrication. Hence cheaper adsorbents such as carbon
and graphene could be used in a matrix of cellulose
acetate-polystyrene membrane. Reverse osmosis using
these membranes may be industry efficient and could
be applicable to continuous processes.

Conclusions

This review investigates potential methods to remove
chrome from wastewater by the electroplating process.
The electro-reduction studies report that high efficiency
of up to 99.96% of hexavalent chrome was reduced
by direct precipitation methods at 70°C with a current
density of 0.05A. The adsorption techniques have
advantages due to the wide range of commercially
available adsorbent materials. The graphene based
adsorption is capable of up to 96 % of chrome removal
from waste water by maintaining pH 2 and a contact
time of 420 min. lon exchange lacks chrome removal
due to the limitations of resins. Membrane-based
hexavalent chrome separation research work reports
that 100% of chromium ions separation at 20°C and
operating pressure 1.5 Mpa is possible. Advanced
methods such as membranes doped with adsorbents have
revealed that a maximum of 87% hexavalent chromium
separation is possible. There are many techniques for
hard chrome waste water treatment, further studies have
to be conducted for the implementation of methods at
a large scale in industries. Desorption and regeneration
of adsorbent are observed to be a bottleneck for various
adsorption techniques. Also, disposal of adsorbents,
electrodes and ion exchange resins is a serious problem
for the environment and further research is needed for
safe disposal.

Acknowledgement

The authors would like to thank RV College of
Engineering, Bengaluru, for providing the facilities
required to write this review article.



54 Basavaraja, R.J. et al.

References

Alemu, A., Lemma, B., Gabbiye, N., Alula, M.T. and M.T.
Desta (2018). Removal of chromium (VI) from aqueous
solution using vesicular basalt: A potential low cost
wastewater treatment system. Heliyon, 4(7): 1-8.

Barakat, M.A. (2011). New trends in removing heavy metals
from industrial wastewater. Arabian Journal of Chemistry,
4(4): 361-377.

Berihun, D. (2017). Removal of chromium from industrial
wastewater by adsorption using coffee husk. Journal of
Material Science & Engineering, 06(02): 11-16.

Boddu, V.M., Abburi, K., Talbott, J.L. and E.D. Smith (2003).
Removal of hexavalent chromium from wastewater using a
new composite chitosan biosorbent. Environmental Science
& Technology, 37(19): 4449-4456.

Chaudhary, A.J., Goswami, N.C. and S.M. Grimes (2003).
Electrolytic removal of hexavalent chromium from
aqueous solutions. Journal of Chemical Technology &
Biotechnology, 78(8): 877-883.

Dermentzis, K., Christoforidis, A., Valsamidou, E.,
Lazaridou, A. and N. Kokkinos (2013). Removal of
hexavalent chromium from electroplating wastewater by
electrocoagulation with iron electrodes. Global NEST
Journal, 13(4): 412-418.

Dubey, R., Bajpai, J. and A K. Bajpai (2015). Green synthesis
of graphene sand composite (GSC) as novel adsorbent for
efficient removal of Cr (VI) ions from aqueous solution.
Journal of Water Process Engineering, 5: 83-94.

Karegar, S. (2015). Treatment of wastewater from chrome
plating industry by ion exchange method. International
Journal of Research in Engineering and Technology,
04(07): 393-401.

Kocurek, P., Kolomaznik, K. and M. Batinova (2014).
Chromium removal from wastewater by reverse osmosis.
WSEAS Transactions on Environment and Development,
1:12-16.

Li, L., Fan, L., Sun, M., Qiu, H., Li, X., Duan, H. and C.
Luo (2016) Adsorbent for chromium removal based on
graphene oxide functionalized with magnetic cyclodextrin—
chitosan. Colloids and Surfaces B: Bio-interfaces, 107:
76-83.

Lingamdinne, L.P., Koduru, J.R., Choi, Y.L., Chang, Y.Y. and
J.K. Yang (2015) Studies on removal of Pb (II) and Cr (I1I)
using graphene oxide based inverse spinel nickel ferrite
nanocomposite as sorbent. Hydrometallurgy, 165: 64-72.

Lv, X., Xue, X., Jiang, G., Wu, D., Sheng, T., Zhou, H. and X.
Xu (2014) Nanoscale zero-valent iron (nZVI) assembled
on magnetic Fe;O0,4/graphene for chromium (VI) removal
from aqueous solution. Journal of Colloid and Interface
Science, 417: 51-59.

Ma, H.L., Zhang, Y., Zhang, L., Wang, L., Sun, C., Liu,
P., He, L., Zeng, X. and M. Zhai (2015) Radiation-
induced graft copolymerization of dimethylaminoethyl

methacrylate onto graphene oxide for Cr(VI) removal.
Radiation Physics and Chemistry, 124: 159-163.

Malvin, S.S., Jayanta, B. Sankalp, R., Needhidasan, S.,
Hemant, S.S. and N.D. Pradeep (2019). Efficient
removal of chromium(VI) from aqueous solution using
chitosan grafted graphene oxide (CS-GO) nanocomposite.
International Journal of Biological Macromolecules, 121:
285-292.

Mondal, N.K. and S. Chakraborty (2020). Adsorption
of Cr(VI) from aqueous solution on graphene oxide
(GO) prepared from graphite: Equilibrium, kinetic and
thermodynamic studies. Applied Water Science, 10(61):
1-10.

Nayak, V., Soontarapa, K., Balakrishna, R.G., Padaki, M.,
Zadorozhnyy, V.Y. and S.D. Kaloshkin (2020). Influence of
TiO, charge and BSA-metal ion complexation on retention
of Cr (VI) in ultrafiltration process. Journal of Alloys and
Compounds, 832: 1539-1586.

Nikam, M.S.T. (2019). Analysis of hard chrome plating process
to reduce rejections using PDCA cycle. International
Research Journal of Engineering and Technology, 06(09):
8-18.

Owlad, M., Aroua, M.K., Daud, WM.A.W. and S. Baroutian
(2009). Removal of hexavalent chromium-contaminated
water and wastewater: A review. Water Air and Soil
Pollution, 200(1-4): 59-77.

Panda, H., Tiadi, N., Mohanty, M. and C.R. Mohanty (2017).
Studies on adsorption behavior of an industrial waste
for removal of chromium from aqueous solution. South
African Journal of Chemical Engineering, 23: 132-138.

Peng, H., Leng, Y., Cheng, Q., Shang, Q., Shu, J. and J. Guo
(2019). Efficient removal of hexavalent chromium from
wastewater with electro-reduction. Processes, 7(1): 41.

Qin, X.Y., Chai, M.R., Ju, D.Y. and O. Hamamoto (2018).
Investigation of plating wastewater treatment technology
for chromium, nickel and copper. IOP Conference Series:
Earth and Environmental Science, 191: 0120-06.

Renu, Agarwal, M. and K. Singh (2017). Heavy metal
removal from wastewater using various adsorbents: A
review. Journal of Water Reuse and Desalination, 7(4):
387-419.

Sharma, P.K., Ayub, S., Tripathi, C.N. and S. Ajnavi (2016).
Removal of chromium (vi) from aqueous solutions using
discarded Solanum tuberosum as adsorbent. International
Journal of Engineering and Science, 6(11): 2319-6483.

Singh, A.L. (2008). Removal of chromium from waste water
with the help of microbes: A review. E-Journal of Science
& Technology, 16:1.

Singh, V.K. and P.N. Tiwari (1997). Removal and recovery
of chromium(vi) from industrial waste water. Journal of
Chemical Technology & Biotechnology, 69(3): 376-382.

Song, D., Pan, K., Tariq, A., Azizullah, A., Sun, F., Li, Z. and
Q. Xiong (2016). Adsorptive removal of toxic chromium
from waste-water using wheat straw and Eupatorium
adenophorum. Plos One, 11(12): e0167037.



Reduction of Chromium in Waste Water From Hard Chrome Plating Processes: A Review 55

Sunil, H., Karthik, K.V., Pradeep, H.N. and K.S. Mahesh
(2014). Removal of chromium (VI) metal ions from
waste water using alternative adsorbents - A comparative
study. International Journal of Scientific and Research
Publications, 4(1): 1-9.

Tian, A., Xiaojun, J. and L. Qingyu (2018). Chromium
removal from industrial wastewater using Phyllostachys
pubescens biomass loaded Cu-S nanospheres. Open
Chemistry, 16(1): 842-852.

Velasco, G., Gutiérrez-Granados, S., Ponce de Leodn, C.,
Alatorre, A., Walsh, F.C. and 1. Rodriguez-Torres (2016).
The electrochemical reduction of Cr(VI) ions in acid
solution at titanium and graphite electrodes. Journal of
Environmental Chemical Engineering, 4(3): 3610-3617.

Wu, Y., Luo, H., Wang, H., Wang, C., Zhang, J. and Z. Zhang
(2013). Adsorption of hexavalent chromium from aqueous
solutions by graphene modified with cetyl-trimethyl
ammonium bromide. Journal of Colloid and Interface
Science, 394: 183-191

Yang, S., Li, L., Pei, Z., Li, C., Ly, J., Xie, J., Wen, B. and
S. Zhang (2014). Adsorption kinetics, isotherms and
thermodynamics of Cr(Ill) on graphene oxide. Colloids
and Surfaces A: Physicochemical and Engineering
Aspects, 457: 100-106.

Yogeshwaran, V. and A. Priya (2016). Removal of hexavalent
chromium (Cr6+) using different natural adsorbents -
A review. Journal of Chromatography & Separation
Techniques, 08(06): 1-20.



Asian Journal of Water, Environment and Pollution

Volume 19 Number 3 May, 2022

Contents

Editorial

U Snapshots

Predicted Rainfall, Surface Runoff and Water Yield Responses to Climate Change in the
Phetchaburi River Basin, Thailand
Ketvara Sittichok, Jutithep Vongphet and Ousmane Seidou
An Overview on Chemical Contaminants of Wastewater and Their Current Removal Techniques
Nurul Nagirah Shukor, Nurul Fatehah Roslan, Norizan Mohd Nurazzi, Siti Shazra Shazleen,
Mohd Nor Faiz Norrrahim, Victor Feizal Knight and Norazman Mohamad Nor
Leaching of Sulphate From Biochar and Phosphogypsum-Biochar for the Treatment of
Acidic Red Soil
Lipsa Panda, Manish Kumar and Abanti Pradhan
Methods for Contaminated Water Biotesting
Shengnu Qiu, Margarita Ivanova, Dmitriy Spitsov and Dmitry Gura
Assessment of Nutrient Contents in River Waters Introduced to Beni Haroun Dam, North
East Algeria
N. Bouchareb, W. Boudraa, K. Boudeffa, M. Lalaoui and S. Bousbia
Sawdust as Low-Cost Adsorbents for the Removal of Heavy Metals From Water
Md. Ahmaruzzaman
Guidelines for Effective Industrial Waste Management of the Industrial Business Sectors
Seree Thongkong, Sakrapee Worawattanaparinya and Thanin Silpcharu
Assessment of Seasonal and Spatial Variation of the Organic Carbon and Nutrients in the
Ghaghara River Sediment
Nirdesh Kumar Ravi, Sandeep Kumar Gautam, Jaya Tiwari and Pawan Kumar Jha
Current Challenges in Seismic Drilling Operations: A New Perspective for Petroleum Industries
Omar Dheyauldeen Salahdin, Salih Mahmood Salih, Abduladheem Turki Jalil, Surendar
Aravindhan, Mohammed Mustafa Abdulkadhm and Hui Huang
The Effect of Toxoplasmosis on Pregnant Women and Its Diagnosis by
“VIDAS Test of IgG Avidity”
Meena S. Farman and Marwa A. Akoul
Water Quality Assessment Using Multivariate Statistical Techniques: A Case Study of Devika
Stream of Udhampur District in Lower Shivalik Region
Monu Kumar, Sandeep Kumar Gautam, Pawan Kumar Jha, Romesh Kumar Atri,
Sanjeev Kumar and Jaya Tiwari
Creating a Soil Map Using Digital Soil Mapping on the Example of the Diurtiulinsky
Municipal District
Elina Shafeeva, llnur Miftakhov, Marat Ishbulatov and Oleg Lykasov
Household Solid Waste Management in a Developing World: An Overview
Madhumita Ghosh Datta
Study Significance of Low Plasma Homocysteine or Hypohomocysteinemia and Some
Parameter to Syndrome Associated with COVID-19 in Basrah City, Iraq
Mohammed Salam Salman, Igbal J. Alassadi and Ahmed K. Alasadi
Environment News Futures

15

23

31

37

45

51

59

69

75

79

89

97

103
109




