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ABSTRACT:

A wastewater treatment plant (WWTP) treats the wastewater removes the harmful elements and makes the
water feasible to reuse. Life cycle assessment (LCA) is an analysis tool used for checking the product or
process impact caused to the environment throughout its full life cycle. Introducing LCA in WWTP helps in
understanding the impact caused by WWTP, although it is used for the benefit of the environment. This study
is conducted on the low-density populated area, Dhalli and Malyana (Shimla, Himachal Pradesh, India)
WWTP, here OpenLCA software is used as it is open-source software. For analysis inventory data was
collected from the WWTP site visit, government website, and databases. Both midpoint and endpoint impact
assessments were analyzed. It was observed that the maximum impact was on marine ecotoxicity, human
health (carcinogenic and non-carcinogenic), terrestrial ecotoxicity, and global warming in the midpoint impact
assessment. And in the endpoint impact assessment, the highest impact was on resource consumption. The
three main reasons for these impacts were the constant use of electricity, lack of tertiary and sludge treatment,
and lack of the reuse of treated water. In comparison, it was seen that Malyana WWTP has a higher impact

than Dhalli WWTP.

1. Introduction

Water is a fundamental element required for human
existence. If more water is used then it is necessary hence
more wastewater is generated. Any water that has been
impacted by human activity, that needs to be properly
handled and treated before being released into the
surroundings is included under the broad category of
wastewater [6]. Organic debris, suspended sediments,
nutrients (such as nitrogen and phosphorus), and
potentially dangerous microbes are commonly found in
domestic wastewater [25, 1]. On the other hand,
industrial effluent may include heavy metals and
dangerous compounds, as well as, agricultural practices
contaminate wastewater by discharging pesticides,
fertilizers, and animal feces [25, 32].

To remove impurities and pollutants from wastewater,
wastewater treatment (WWT) facilities use several
different treatment procedures [17, 33]. Physical
procedures including screening, sedimentation, and
flotation are used in primary treatment to remove big
materials [12, 24, 36]. In secondary treatment, organic
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waste is further broken down and dissolved contaminants
are eliminated using biological techniques [12, 24].
Advanced treatment techniques like filtration,
adsorption, and disinfection, guarantee the removal of
any leftover contaminants [21, 3, 18, 37].

Figure 1 represents the basic processes that are
conducted in a WWTP i.e. there are 2 main parts 1st
wastewater treatment and 2nd sludge treatment. In
wastewater treatment, pre-primary treatment is done in
which grease and large non-treated substances like
plastics, paper, etc are removed. The primary treatment
is done in which a primary clarifier (sedimentation tank)
is present where the larger sludge particles get settled and
removed. In the secondary treatment, an aeration tank is
present which is used to provide large amounts of oxygen
to micro-organisms to treat the wastewater at a faster rate
and this treated wastewater is passed to a secondary
clarifier (sedimentation tank) where the remaining
sludge is settled as coagulants are used to settle the
smaller particles. This wastewater is transferred to
tertiary treatment where it is chemically or mechanically
treated i.e. trickling filters, chlorination, and de-
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chlorination, and makes it suitable for disposal. In sludge
treatment, the sludge collected from wastewater
treatment processes is treated by anaerobic treatment
which releases biogas (methane), and then it is passed for
thickening of sludge by drying to remove water from it
and prepare it for disposal.

| Basic Process of Wastewater and Sludge Treatment

Shudge
Treatment

Flocculants
Added in Sludge

Figure 1: Basic process of wastewater and sludge
treatment

A systematic methodology known as LCA (life cycle
assessment) is used to analyze how a process or product
will affect the environment and surroundings throughout
its full life cycle [24, 12, 4, 31]. A full understanding of
the impact of a service good or process is provided by
LCA, which takes into account the impact caused by
material gathering, processing, shipping/distribution,
utilization, and disposal [25, 36, 7, 26, 33]. LCA follows
4 key steps: goal definition and scoping, inventory
analysis, impact assessment, and interpretation [36, 7, 2].
Goal definition involves establishing the objectives and
scope of the assessment, determining the boundaries, and
identifying the relevant environmental impact (EI)
categories. Inventory analysis involves quantifying both
input data & output data. Life cycle impact assessment
evaluates the impact caused by the identified inputs and
outputs. Lastly, interpretation integrates the findings
from the previous stages to draw conclusions and inform
decision-making.

For LCA studies ISO 14044 and ISO 14040:2006
standards are together used for analysis and detailed
studies for each step and process are mentioned in those
standard codes [10]. By assuring completeness, 1SO
standards compliance, and reproducibility, life cycle
assessment (LCA) delivers credibility and inspires
confidence in its findings. The worldwide aspect of LCA
promotes global materials management that is
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sustainable and continuously improving. By creating
and freely disseminating knowledge, LCA also
encourages economies of scale, which benefits all parties
[13].

It is becoming more common to utilize LCA to compare
avoided and induced impacts and identify trade-offs
when adopting new technologies [22]. LCA in waste
management investigates potential environmental effects
across the waste life cycle, from generation to disposal
[19]. LCA aids decision-makers in choosing the
optimum management plan with the fewest
environmental effects [19]. Since the first published
cases, energy and resource use have been the main topics
of LCA studies on wastewater treatment [22]. Numerous
LCA works compare various treatment phases and
methodologies, or focus on particular case studies, to
treat residual water and the methods that are utilized [27].

LCA was used in the 1990s for the first time in WWTP
[4]. The improvement of municipal WWTP operations,
the evaluation of various sludge treatment options, and
the advancement of technology for wastewater recycling
can easily be linked to LCA research. LCA data can
assist in the selection of more environmentally friendly
designs and operational procedures and aids in
pinpointing major causes of environmental pressures [5,
20, 31]. This circumstance explains why accurate
techniques are required to assess and compare the
environmental performances of wastewater treatment
facilities. Since there are so many impacts to consider—
including the toxicity and ecotoxicity of treated water
and sludge, energy consumption, the greenhouse effect,
eutrophication, etc. [30]. Energy/electricity consumption
is the basic cause of the impacts that occurred during the
WWT [9]. Greenhouse gas (GHG) emissions, fuel
depletion, and ozone depletion (OD) became one of the
important impacts of electricity consumption [9]. Due to
several Els of WWTP, it is preferred to make a
sustainable WWTP, and the reuse of energy or generated
energy like biogas or producing fertilizers for agriculture
will reduce the EI which can be easily calculated using
LCA methods.

The article follows a structured approach to
comprehensively analyze the impact of wastewater
treatment plants (WWTPs), specifically focusing on
wastewater treatment plant present in Dhalli and
Malyana in Shimla, Himachal Pradesh, India, the impact
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assessment need to be conducted so as to understand the
effect of different impact categories of these WWTP in
surrounding. The study employs OpenLCA software to
conduct a detailed life cycle impact assessment, which
includes both mid-point and end-point impact
assessment categories. A comparison of life cycle
assessment of Dhalli WWTP and Malyana WWTP is
also conducted as the storage capacity of both treatment
plants are different as Dhalli is a small WWTP having
designed capacity of 0.76 MLD and Malyana is large
WWTP having design capacity of 3.22 MLD.

2. Study Area and Life Cycle Inventory Collection

Study Area: Dhalli WWTP works under the process of
an extended aeration tank system. 2 Wards are
connected under this STP namely Ward 20 and 21. Its
designed capacity is equal to 0.76 MLD The number of
connections laid in the ward is equal to 869 and the
length of the network is 18.55 km. In this plant, there is
one aeration tank, 2 sedimentation tanks, and a sludge
bed. Figure 2 represents the site images of Dhalli
WWTP.

(©

Figure 2(a, b, c): WWTP of Dhalli site visit
[Environmental parameters of Dhalli, Shimla:- Average
Temperature: 0°C -20°C in winters and 15°C — 30°C in

1482

summers; Precipitation: Snow and rain is common;
Elevation: 2276meters; Area (2020): 1.38 km2;
Population Density (2020): 553 people per km2; Total
Population (2020): 764]
(https://geoig.io/places/Dhalli/J9XFnx2gbS)

Malyana WWTP also works under the process of an
extended aeration tank system. Malyana WWTP covers
the wastewater generated from the Malyana and Sanjauli
area. There are a total of 8 wards under this STP namely
17, 18, 19, 21, 24, 25, 27, 28. It was constructed for a
design capacity of about 3.22 MLD. The number of
connections in the ward is equal to 3050 with a network
length of about 68.5 km. Here as the capacity is high it
has 2 aeration tanks, 3 sedimentation tanks, and a sludge
bed. Figure 3 shows the site images of Malyana WWTP.

Figure 3(a, b, ¢, d): Malyana municipal WWTP site
visit [As this plant cover Malyana and Sanjauli
wastewater so environmental parameters is of both
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together:- Average Temperature: 0°C -20°C in winters
and 15°C — 30°C in summers; Precipitation: Snow and
rain is common; Elevation: 2276meters; Area (2020):
4.38 km2; Population Density (2020): 711.18 people
per km2; Total Population (2020): 3115]
(https://geoig.io/places/Sanjauli/1\VVfDINPDhI)

3. Life Cycle Inventory Collection

The process for conducting a life cycle assessment is by
gathering information on the process or product whose
LCA is being conducted. In this case, the LCA of the
WWTP process was conducted so all the information and
the data about wastewater (design capacity, humber of
tanks, process used in treatment of wastewater, BOD and
COD), chemicals used to treat and emitted after
treatment (chlorine, coagulant, flocculent, aluminum,
hydrogen carbonate, etc), power/energy used (unites
used per day from meter readings), gas emission (CO2,
CO, NH3, N, O, etc), and area covered was collected
(sewer grid area). Here the construction and demolition
information are not taken as the LCA is for only the
process used in the treatment of wastewater. This
information about the quantity collected is called
inventory data.

Here the inventory data was gathered and summarized
from the site visit, government website, and different
databases. A database is an organized gathering of
information and data that is used to evaluate a product's,
process's, or service's environmental effects throughout
its full life cycle. It is used for LCA and often contains
data on several environmental indicators, including
energy use, emissions of greenhouse gases, consumption
of water, and other pertinent factors linked to various
activities and materials used during a product or process
life cycle. The database namely ecoinvent v3.7.1 and
agribalyse v3.0.1 is used. The French Environment and
Energy Management Agency (ADEME) offers the
Agribalyse 3.1 LCI database for the agricultural and food
industry, the data from WFLDB and Ecoinvent are used
in Agribalyse 3.1
(https://nexus.openlca.org/database/Agribalyse). More
than 18000 trustworthy life cycle inventory datasets from
various industries are available in the ecoinvent database,
these include, among other industrial sectors, agriculture
and animal husbandry, architecture and construction,
plastics and chemicals, energy, forestry and wood,
metallurgy, textiles, transport, tourist accommodations,
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waste treatment and recycling, and water supply
(https://ecoinvent.org/the-ecoinvent-database/).

After the collection of data assessment is conducted is
called as LC Impact assessment. LCIA is of two types
i.e., midpoint and endpoint. The endpoint approach
assesses the effects on the environment at the level of
areas of protection (AoP), including human health,
ecosystems, and resources. The midpoint approach, in
contrast, evaluates the environmental impact at a point in
the cause-and-effect chain between the release of a drug
or the usage of a resource and the endpoint level [8].
Figure 4 represents the importance of both midpoint and
endpoint assessment as the midpoint covers the
environmental parameter and the endpoint gives the
conclusion of those midpoint impacts.

Midpoint Impact Category Damage Pathways Endpomt Impact Category

Particulatc Matter
Tncrease in
Tonizing Rafiation Reospiraory Discaso
— hg.f:::}nc:':?
Human Toricity (cancer) Damage to Humen
Y fncreasein Other Health
Global Warming = F——
WaterUse R Malnutrition
Freshwater Ecotoxicity ‘\§ Damageto
Freshwater Eutrophication N\ Freshwater Species —
D Ecoaeas
Terrestrial Ecotoxicity Damage to Marine
Terrestrial Acidification Species
Land Use/Tansformation Increased Extraction
Marino Ecotoxicity Costs D"“Ri‘ﬂ.‘fw“iﬁi‘;“”
Mineral Resources oauaufw Encrgy
Fossil Resources

Figure 4: Relation between midpoint and endpoint
impact assessment in ReCiPe
(https://www.rivm.nl/en/life-cycle-assessment-

Ica/recipe)

For midpoint impact assessment ReCiPe Midpoint (E)
method was used. ReCiPe, short for "Revised Method for
Life Cycle Impact Assessment" (ReCiPe), is a popular
technique for carrying out Life Cycle Impact Assessment
(LCIA) in the context of Life Cycle Assessment (LCA).
For evaluating the potential environmental effects of
different emissions and consumption of resources across
the course of a product or process life cycle, ReCiPe
offers a collection of character development criteria and
methodology. And for endpoint impact assessment
Pfister et al 2010 (ReCiPe) was used.
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LCA and LCIA are conducted in OpenLCA Software.
The inventory data containing the information, values,
and units is put into a new process created in the
Ecoinvent database. Once complete data is entered
accurately then there is an option for calculating the
impact assessment. The pop-up appears as shown in
Figure 5 for calculating the LCIA of the process. There
we will select the parameters i.e., midpoint and endpoint,
and the preferred method i.e., ReCiPe Midpoint (E) and
Pfister et al 2010 (ReCiPe) one by one respectively.

| 12 calculation properties o %

| calculation properties

{  Please select the properties for the calculation

Allocation method

Impact assessment method @ Pfister et al 2010 (ReCiPe)

Normalization and weighting set

Calculation type O Quick results @ Analysis ) Regionalized LCIA O Monte Carlo Simulation

[include cost calculation

[[] Assess data quality

Figure 5: Calculation properties pop-up in OpenLCA

4. Result and Discussion
Midpoint Impact Assessment of Dhalli WWTP

Midpoint impact assessment is calculated automatically
by software by selecting the physical allocation method
(Figure 5) and selecting the ReCiPe Midpoint (E)
method. Each impact categories have its own units and
the results obtained are compared to an equivalent
example global warming is compared to CO, whereas
ozone formation is compared to NOy, etc. Each impact
categories have their own importance, although
sometime the lowest impact causing categories get
neglected. From the result it can be observed that the
highest impact is on marine ecotoxicity and the least
impact is caused by stratospheric ozone depletion. After
calculating table 1 shows the result of the midpoint
impact assessment of Dhalli WWTP in a tabular form.
As a result, value of all the impact assessments and
impact categories are positive which shows that it's
causing a harmful impact but the difference in each value
is quite high so to represent it in figure so the log 10 of
each value is taken to get a proper graphical image.
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Table 1 Dhalli WWTP midpoint impact assessment

Impact

category Reference unit Result

Marine kg 1,4-DCB 36.289174

ecotoxicity (Dichlorobenzene) | 23

Human non-

carcinogenic 30.933456

toxicity kg 1,4-DCB 78

Human

carcinogenic 1.2266503

toxicity kg 1,4-DCB 38

Terrestrial

ecotoxicity kg 1,4-DCB 0.4662321
0.0999108

Global warming | kg CO2 eq 67

Fossil resource 0.0187950

scarcity kg oil eq 1

kBq Co-60 eq

lonizing (kilobecquerel 0.0063826

radiation Cobalt — 60 eq) 66

Freshwater 0.0043759

ecotoxicity kg 1,4-DCB 34
0.0039966

Land use m?a crop eq 75

Mineral

resource 0.0016217

scarcity kg Cu eq 46

Water 0.0009648

consumption m3 59

Ozone

formation,

Terrestrial 0.0003401

ecosystems kg NOx eq 12

Ozone

formation, 0.0003317

Human health kg NOx eq 58

Terrestrial 0.0002745

acidification kg SO2 eq 67

Fine particulate

matter 0.0002019

formation kg PM2.5 eq 98

Freshwater 3.1592E-

eutrophication kg P eq 05

Marine 3.7896E-

eutrophication kg N eg 06

Stratospheric 1.31482E-

ozone depletion | kg CFC11 eq 07

The highest impact was on marine ecotoxicity, human
non-carcinogenic toxicity, human carcinogenic toxicity,
terrestrial ecotoxicity, and global warming. One of the
conman reasons was the high amount of electricity
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consumption. Another cause for marine ecotoxicity,
human non-carcinogenic and human carcinogenic was
the large amount of chemicals used and lack of tertiary
treatment as there are small amounts of heavy metal
present in wastewater.

Endpoint Impact Assessment of Dhalli WWTP

Calculation of the Endpoint by the system was done by
using the Pfister et al 2010 (ReCiPe) method. Table 2
represents the result of the endpoint impact assessment
of Dhalli WWTP.

Table 2 Dhalli WWTP endpoint impact assessment

Impact category | Reference unit | Result
Resources $ surplus 0.000162666
Human Health DALY 6.54781E-10
Ecosystem

Quality species*year 8.11389E-12

The resource consumption was highly impacted due to
the high consumption of electricity, land use, and
resources required for manufacturing chemicals.

Midpoint Impact Assessment of Malyana WWTP

Calculation of the midpoint is done by software using the
ReCiPe Midpoint (E) method. The results observed were
similar to the Dhalli WWTP. The cause and the order of
impact are the same as that of Dhalli WWTP. But
Malyana WWTP is a large WWTP so the construction
and the pipe manufacturing and distribution also cause
the high impact. The results of the midpoint impact
assessment of Malyana WWTP are represented in Table
3.

Table 3 Malyana WWTP midpoint impact

lonizing radiation kBg Co-60 eq | 11443623.31
Freshwater

ecotoxicity kg 1,4-DCB 8241163.825
Mineral resource

scarcity kg Cu eq 3341962.837
Water consumption m3 1762749.775
Land use m2a crop eq 4125360.465
Terrestrial

acidification kg SO2 eq 417806.1123
Ozone formation,

Terrestrial

ecosystems kg NOx eq 366956.2177
Ozone formation,

Human health kg NOx eq 353461.2109
Fine particulate

matter formation kg PM2.5eq | 224401.4977
Freshwater

eutrophication kg P eq 55735.46372
Marine

eutrophication kg N eqg 3271.695074
Stratospheric ozone

depletion kg CFClleq | 45.42209063

assessment

Reference
Impact category unit Result
Marine ecotoxicity kg 1,4-DCB 74608096073
Human non-
carcinogenic toxicity | kg 1,4-DCB 63309056235
Human carcinogenic
toxicity kg 1,4-DCB 1627831939
Terrestrial
ecotoxicity kg 1,4-DCB 1228222587
Global warming kg CO2 eq 130390484.7
Fossil resource
scarcity kg oil eq 27129766.66
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Endpoint Impact Assessment of Malyana WWTP

Similar results were observed in Malyana WWTP after
applying the Pfister et al 2010 (ReCiPe) method for
endpoint impact assessment. As the construction of tanks
and distribution and manufacturing of pipe is in large
amounts it adds to the resource consumption impact.
Table 4 shows the endpoint impact assessment results of
Malyana WWTP.

Table 4 Malyana endpoint impact assessment

Impact

category Reference unit | Result
Resources $ surplus 142807.9609
Human Health DALY 0.554623449
Ecosystem

Quality species*year 0.008038645

Comparison of LCA of Dhalli and Malyana WWTPs

For comparing the two treatment plants the main criteria
will be the amount of wastewater treated per day. On
comparing the results of both plants, it was seen that
Malyana WWTP causes a higher impact as compared to
Dhalli WWTP because of having a high capacity of
wastewater in MLD (million liters per day). Malyana
WWTP treats about 3.22 MLD which is consuming a
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huge source of resources and chemicals. Dhalli and
Malyana being less densely populated areas it was seen
that small-scale is more efficient than large-scale WWTP
for low population density areas. Figures 6 & 7 represent
a graphical comparison of both midpoint and endpoint
impact assessment of Dhalli and Malyana (Shimla,
Himachal Pradesh) WWTPs. Some of the reasons are as
follows:

1. Large-scale WWTP collects wastewater from
larger areas so a larger amount of grid pipes lay
over the area for collection of waste-water which
increases the construction impact and cost.

2. As the scale of WWTP increases the amount of
electricity consumption also increased

3. The treatment of wastewater coagulants,
flocculants, and chlorination is done using
chemicals, so as the amount of WW 1's the
quantity of chemical usage also 1's leads to higher
production of chemicals.

Midpoint Impact Categorise in Log

Log values of midpoiat iznpact

—m—Malyana 2 17.56° 22.903[15.062[12.913[23.197 3.838]11.498) 2.417911.582] 19.53 |13.302)
——Dhalli__|-8.507-3.974]-5.432-10.36]-2.303[0.2043[3.4318]-5.054[-5.523(3.591 5 -12 48[ -6.424 -8.011|-7.986|-15.84] -8.2 |-0.763]-6.944]

Figure 6: Comparison of midpoint impact assessment of
Dhalli and Malyana WWTP

Endpoint Impact Categories in Log

e

s
e
=

g values of endpoint impact
S

Ecosyste Human Resources
m Quality Health
'8 Log(Dhalli result)  |-25.53744332|-21.14672055|-8.723812695

¥ Log(Malyana Result) |-6.077431896|-1.901621369| 10.56069112

Figure 7: Comparison of endpoint impact assessment
of Dhalli and Malyana WWTP
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5. Conclusion

It can be seen that the maximum impact caused by the
treatment process used in Dhalli and Malyana WWTP is
marine ecotoxicity, human non-carcinogenic, terrestrial
ecotoxicity, and global warming. As both treatment plant
uses only sedimentation and aeration treatment process
along with chlorination, the absence of a tertiary
treatment process may lead to the direct emission of the
chemicals used for treatment and the heavy metals that
are present in very small quantity. The constant use of
electricity is a major impact-causing source of marine
ecotoxicity, human non-carcinogenic, and Global
Warming. The minimum impact is caused by the
eutrophication potential and ozone depletion as the
treatment plant removes the nutrients. The endpoint
results of both LCA showed that there is an impact in the
order of resources > human health > ecosystem quality
because it constantly uses electricity as well and the land
area is occupied. After comparing both the Dhalli and
Malyana WWTP it was observed that the Dhalli plant
causes very less impact as compared to Malyana WWTP.
Hence developing a small-scale treatment plant in a less
densely populated area appears to be more beneficial
than a large-scale WWTP.

Refrences

1. Abn, J.W. and Lim, M.H., 2009. Characteristics of
Wastewater from the Pulp. Paper Industry and Its
Biological Treatment Technologies. Resources
Recycling, 18(2), pp.16-29.

2. Bai, S., Wang, X., Zhang, X., Zhao, X. and Ren,
N., 2017. Life cycle assessment in wastewater
treatment: influence of site-oriented normalization
factors, life cycle impact assessment methods, and
weighting methods. RSC advances, 7(42),
pp.26335-26341. doi: 10.1039/c7ra01016h.

3. Comber, S.D.W. and Gunn, A.M., 1996. Heavy
metals entering sewage-treatment works from
domestic  sources. Water and  Environment
Journal, 10(2), pp.137-142. doi: 10.1111/j.1747-
6593.1996.tb00023.x.

4. Corominas, L., Foley, J., Guest, J.S., Hospido, A,
Larsen, H.F., Morera, S. and Shaw, A., 2013. Life
cycle assessment applied to wastewater treatment;
state of the art. Water research, 47(15), pp.5480-
5492.doi: 10.1016/j.watres.2013.06.049.


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(1), 1480-1488 | ISSN:2251-6727

10.

11.

12.

13.

1487

Costa, D., Quinteiro, P. and Dias, A.C., 2019. A
systematic review of life cycle sustainability
assessment:  Current  state, methodological
challenges, and implementation issues. Science of
the total environment, 686, pp.774-787. doi:
10.1016/j.scitotenv.2019.05.435.

Crini, G. and Lichtfouse, E., 2018. Wastewater
treatment: an overview. Green adsorbents for
pollutant removal: fundamentals and design, pp.1-
21. doi: 10.1007/978-3-319-92111-2.

Curran, M.A., 2013. Life cycle assessment: a
review of the methodology and its application to
sustainability. Current Opinion in Chemical
Engineering, 2(3), pp.273-277. doi:
10.1016/j.coche.2013.02.002.

Dong, Y.H. and Ng, S.T., 2014. Comparing the
midpoint and endpoint approaches based on
ReCiPe—a study of commercial buildings in Hong
Kong. The International Journal of Life Cycle
Assessment, 19, pp.1409-1423.

Emmerson, R.H.C., Morse, G.K., Lester, J.N. and
Edge, D.R., 1995. The life-cycle analysis of small-
scale sewage-treatment processes. Water and
Environment Journal, 9(3), pp.317-325.
Finkbeiner, M., Inaba, A, Tan, R., Christiansen, K.
and Klippel, H.J., 2006. The new international
standards for life cycle assessment: 1SO 14040 and
ISO 14044. The international journal of life cycle
assessment, 11, pp.80-85.

Finnveden, G., Hauschild, M.Z., Ekvall, T,
Guinée, J., Heijungs, R., Hellweg, S., Koehler, A.,
Pennington, D. and Suh, S., 2009. Recent
developments in life cycle assessment. Journal of
environmental management, 91(1), pp.1-21. doi:
10.1016/j.jenvman.2009.06.018.

Gernaey, K.V., Van Loosdrecht, M.C., Henze, M.,
Lind, M. and Jgrgensen, S.B., 2004. Activated
sludge wastewater treatment plant modelling and
simulation: state of the art. Environmental
modelling & software, 19(9), pp.763-783. doi:
10.1016/j.envsoft.2003.03.005.

Guinee, J.B., Gorree, M., Heijungs, R., Huppes, G.,
Kleijn, R., van Oers, R.L., Wegener, L., Sleeswijk,
A., Suh, S., de Haes, H.U. and De Bruijn, H., 2001.
Life cycle assessment, an operational guide to the
ISO standards. Part 2a: guide. The Netherlands:
Ministry of Housing, Spatial Planning and the

14.

15.

16.

17.

18.

19.

20.

21.

22.

Environment  (VROM) and Centre of
Environmental Studies, Lieden University..
Guinee, J.B., Heijungs, R., Huppes, G., Zamagni,
A., Masoni, P., Buonamici, R., Ekvall, T. and
Rydberg, T., 2011. Life cycle assessment: past,
present, and future. doi: 10.1021/es101316v.

Hou, P., Xu, Y., Taiebat, M., Lastoskie, C., Miller,
S.A. and Xu, M., 2018. Life cycle assessment of
end-of-life  treatments  for  plastic  film
waste. Journal of Cleaner Production, 201,
pp.1052-1060. doi: 10.1016/j.jclepro.2018.07.278.
Jacquemin, L., Pontalier, P.Y. and Sablayrolles, C.,
2012. Life cycle assessment (LCA) applied to the
process industry: a review. The International
Journal of Life Cycle Assessment, 17, pp.1028-
1041. doi: 10.1007/s11367-012-0432-9.

Kaur, R., Wani, S.P., Singh, A.K. and Lal, K,
2012, May. Wastewater production, treatment and
use in India. In National Report presented at the
2nd regional workshop on Safe Use of Wastewater
in Agriculture (pp. 1-13).

Kesari, K.K., Soni, R., Jamal, Q.M.S., Tripathi, P.,
Lal, J.A,, Jha, N.K,, Siddiqui, M.H., Kumar, P.,
Tripathi, V. and Ruokolainen, J., 2021.
Wastewater treatment and reuse: a review of its
applications and health implications. Water, Air, &
Soil Pollution, 232, pp.1-28.

Khandelwal, H., Dhar, H., Thalla, A.K. and
Kumar, S., 2019. Application of life cycle
assessment in municipal solid waste management:
A worldwide critical review. Journal of cleaner
production, 209, pp.630-654.

Kovaci¢ Lukman, R., Omahne, V. and Krajne, D.,
2021. Sustainability assessment with integrated
circular economy principles; A toy case
study. Sustainability, 13(7), p.3856.

Kulak, M., Shah, N., Sawant, N., Unger, N. and
King, H., 2017. Technology choices in scaling up
sanitation can significantly affect greenhouse gas
emissions and the fertiliser gap in India. Journal of
Water, Sanitation and Hygiene for
Development, 7(3), pp.466-476. doi:
10.2166/washdev.2017.005.

Larsen, H.F., 2018. LCA of wastewater
treatment. Life Cycle Assessment: Theory and
Practice, pp.861-886.


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(1), 1480-1488 | ISSN:2251-6727

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

1488

Mahgoub, M.E.S.M., van der Steen, N.P., Abu-
Zeid, K. and Vairavamoorthy, K., 2010. Towards
sustainability in urban water: a life cycle analysis
of the urban water system of Alexandria City,
Egypt. Journal of Cleaner Production, 18(10-11),
pp.1100-1106. doi: 10.1016/j.jclepro.2010.02.009.
Morsy, K.M., Mostafa, M.K., Abdalla, K.Z. and
Galal, M.M., 2020. Life cycle assessment of
upgrading primary wastewater treatment plants to
secondary treatment including a circular economy
approach. Air, Soil and Water Research, 13,
p.1178622120935857. doi:
10.1177/1178622120935857.

Muralikrishna, 1.V. and Manickam, V., 2017.
Industrial wastewater treatment technologies,
recycling, and reuse. Environmental management,
pp.295-336. doi: 10.1016/B978-0-12-811989-
1.00013-0.

Naushad, M. ed., 2018. Life cycle assessment of
wastewater treatment. CRC Press.

Pasqualino, J.C., Meneses, M., Abella, M. and
Castells, F., 2009. LCA as a decision support tool
for the environmental improvement of the
operation of a municipal wastewater treatment
plant. Environmental science & technology, 43(9),
pp.3300-3307.

Pillay, S.D., Friedrich, E. and Buckley, C.A., 2002.
Life cycle assessment of an industrial water
recycling plant. Water Science and
Technology, 46(9), pp.55-62. [Online]. Available:
https://iwaponline.com/wst/article-
pdf/46/9/55/426421/55.pdf

Raghuvanshi, S., Bhakar, V., Sowmya, C. and
Sangwan, K.S., 2017. Waste water treatment plant
life cycle assessment: treatment process to reuse of
water. Procedia CIRP, 61, pp.761-766. doi:
10.1016/j.procir.2016.11.170.

Renou, S., Thomas, J.S., Aoustin, E. and Pons,
M.N., 2008. Influence of impact assessment
methods in wastewater treatment LCA. Journal of
cleaner production, 16(10), pp.1098-1105.

Rezaei Kalvani, S., Sharaai, A.H. and Abdullahi,
I.LK., 2021. Social consideration in product life
cycle for product social
sustainability. Sustainability, 13(20), p.11292.
Singh, A., 2021. A review of wastewater irrigation:
Environmental implications. Resources,

33.

34.

35.

36.

37.

Conservation and Recycling, 168, p.105454. doi:
10.1016/j.resconrec.2021.105454.

Suer, J., Traverso, M. and Jager, N., 2022. Review
of life cycle assessments for steel and
environmental analysis of future steel production
scenarios. Sustainability, 14(21), p.14131.
Tillman, A.M., 2000. Significance of decision-
making for LCA methodology. Environmental
impact assessment review, 20(1), pp.113-123.
[Online]. Available:
www.elsevier.com/locate/eiarEl Aprocedure
Tillman, A.M., Svingby, M. and Lundstrém, H.,
1998. Life cycle assessment of municipal waste
water systems. The international journal of life
cycle assessment, 3, pp.145-157.

Yildirim, M. and Topkaya, B., 2012. Assessing
environmental impacts of wastewater treatment
alternatives for small-scale communities. CLEAN—
Soil, Air, Water, 40(2), pp.171-178. doi:
10.1002/clen.201000423.

Yin, H., Qiu, P., Qian, Y., Kong, Z., Zheng, X.,
Tang, Z. and Guo, H., 2019. Textile wastewater
treatment  for  water reuse: a  case
study. Processes, 7(1), p.34. doi:
10.3390/pr7010034.


http://www.jchr.org/

