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ABSTRACT

This examination assesses the possibility of using metropolitan wastewater sources as a development vehicle for
microalgae creation and wastewater treatment. To start with, the impact of the expansion of outer natural carbon on
microalgae development and wastewater treatment was contemplated. Second, genuine city wastewater from two
unique (essential and auxiliary) levels of treatment of an oxidation ditch wastewater treatment plant was utilized as a
development medium to assess both the microalgae development and wastewater treatment. Then, at that point, the
impact of light under day/night cycles was assessed utilizing genuine city wastewater. A close investigation of volumetric
biomass productivities explicit development rates and vivacious assessment of the three diverse test conditions was
performed. COD expulsion rates were 37.5 mg/L, 87.5 mg/L, and 118.75 mg/L each day while microalgae volumetric
biomass focuses were roughly 50 - 80 mg/L each day with explicit biomass development paces of 0.81, 0.89, and 1.281/d
for 125, 250, and 500 mg/L COD focuses separately. The COD evacuation, biomass creation, and explicit development
rates are lower for the city wastewater because of the poor accessibility of carbon sources. Be that as it may, microalgae
present a promising elective when the enthusiastic assessment is considered for both genuine and engineered
wastewater treatment. A sum of13.5, 17.4, and 35.2% of net energy recuperation were conceivable with microalgae
gathered in engineered wastewater at 125, 250, and 500 mg/L COD focuses, individually while an aggregate of 4.7% net
energy recuperation was conceivable with microalgae reaped in crude wastewater after book keeping for the energy
needed for wastewater treatment.
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INTRODUCTION

Water sterilization is a worldwide issue. Wastewater should be treated preceding release to stay away
from contamination of carbonaceous and supplement compounds into the getting water bodies and the
climate. As indicated by the US EPA, around 3-4% of absolute energy use in the US is used for water
treatment, delivering almost 45 million tons of ozone harming substances consistently [1]. Enacted ooze
process is the most generally utilized treatment strategy for wastewater treatment in the US.

Many methodologies might bring about energy-nonpartisan or energy-positive wastewater treatment.
These incorporate biochemical, bio-electrochemical, and thermo-compound methodologies[2]. Interest in
microalgae-based wastewater treatment has expanded lately because of its capacity to treat wastewater
without air circulation through the harmonious development of photosynthetic microalgae and
microorganisms and create biofuel feedstock. Water and energy deficiency are two significant worldwide
difficulties. One potential method for tending to both issues is to recuperate energy from wastewater
while gathering clean water for reuse. In this setting, wastewater has as of late been viewed more as an
asset than as a waste, an asset for both water and energy. In the US, around 0.5 kWh of electrical energy is
burned-through for treating one cubic meter of metropolitan wastewater utilizing the ordinary initiated
slop treatment.

Microalgae-based wastewater treatment was first concentrated by William Oswald who depicted the
fundamental job of microalgae in wastewater treatment. Microalgae have recently become appealing
because of their capacity to create important biomass that can be utilized in various modern applications.
The first objective behind utilizing microalgae for wastewater treatment was to eliminate the suspended
supplements from wastewater. Microalgae utilize light as an energy source and CO; as a carbon source
and takeup nitrogen and phosphorus for their cell capacities. Consequently, this interaction diminishes
the centralization of supplements in wastewater and adds to CO; relief. Microalgae produce oxygen, as a
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result of photosynthesis, which can be utilized by high-impact microorganisms to biodegrade natural
poisons present in the wastewater. Accordingly, microalgae can help to diminish the requirement for
mechanical air circulation during wastewater treatment. Microalgae can additionally work without even a
trace of light as a heterotrophic microorganism and use oxygen to acclimatize natural carbon.
Furthermore, microalgae treatment gives a climate that builds the demise of pathogenic organic entities
because of raised pH and antibacterial substances that might be discharged by microalgae.

Biodiesel is perceived as a great replacement for Petro diesel. The non-renewable energy source(Petro
diesel) at present becomes lacking to fulfill overall interest due to the exhaustion of its supplies and the
huge commitment of ozone-depleting substances such carbon, nitrogen, and sulfur oxides delivered
during Petro diesel burning [3,4]. Interestingly, biodiesel is viewed as a carbon impartial fuel, i.e., there is
no net out flow of CO, during its utilization. Other ecological benefits of biodiesel incorporate none
outflow of sulfur oxides (SOx), and nitrogen oxides (NOy) are altogether decreased in contrast with the
discharge from Petro diesel. In addition, Biodiesel is another option fuel to meet the wellbeing impact
necessities for the US Clean Air Act (US CAA)set up in 1990 [3].

The main objective of this paper is to treat wastewater with the help of Phytoplanktons and produce
Biodiesel as an alternative source of renewable energy, which is the need of the hour.

MATERIAL AND METHODS

Materials

The microalgae Chlorella vulgaris biomass was taken from Research and Department center Faridabad.
The medium used in the cultivation of the microalgae was BG-11 This medium stimulates the growth of
Chlorella vulgaris preventing the growth of others so the population of Chlorella vulgaris is increased by
cultivations. The microalgae growth media composition is as follows: CaCl, (25 mg/L), NaCl(25 mg/L),
NaNOs (250 mg/L), MgS0O4 (75 mg/L), KH,PO4 (105 mg/L), K;HPO4 (75 mg/L),and 3 mL of trace metal
solution with the following concentration was added to the 1000 ml ofthe above solution: FeClz (0.194
g/L), MnCl; (0.082 mg/L), CoCl> (0.16 g/L), Na2M004¢2H.0(0.008 g/L), and ZnCl, (0.005 g/L) .All the
chemicals were kindly provided by Ramjas College Delhi University.

Methods

Setting up wastewater medium to grow microalgae

Instrumental methods

Digital thermometer, Nephelometer, pH meter, COD digester were used, There are several other methods
also used for analysis of water such as EDTA Titration method, physically observation, Calorimetric
method, Wrinkler Titrimetric azide method.

Physiochemical properties of Dairy waste effluent was done by the following method such as COD
digester, Titrimetric (EDTA),Flame Photometry, Colorimetric (SPADNS)

And the analysis part has also been done by the following analytical method such as Atomic absorption
spectrometry, and NMR spectrometer.

Microalgae growth evaluation

Culture advancement was noticed each 24hrs by assessing the cell center by hemocytometer by cell count
using an optical amplifying focal point and an including the chamber.

Extraction of Algal Oil.

Algal Oil was extracted from dry algal biomass through a sonicator using Bligh and Dyer method.
Transesterification

Production of Biodiesel was checked through TLC and GC mass spectroscopy and later on analyzed its
Physiochemical properties and chemical shift through NMR.

RESULT AND DISCUSSION

BOD is the Biochemical Oxygen Demand, comparable to the proportion of split up oxygen required by
Organic elements for energetic disintegration of normal matter present in the water.

COD is the Chemical Oxygen Demand and is the mass centralization of Oxygen indistinguishable from the
proportion of a foreordained Oxidant eaten up by deteriorated or suspended matter when a water test is
treated with that Oxidant under portrayed conditions.
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Table 1: Pond Water Analysis

S. Parameter Instruments and Methods Pond Water Pond Water after
No. before cultivation
cultivation
1. Temperature Digital Thermometer 32°C 31°C
2. Colour Physically observed Pale Yellow Pale Yellow
3. Odor Physically observed Fishy odor Fishy odor
4. Turbidity Nephelometer 17 NTU 17 NTU
5. pH pH Meter 8.60 7.2
6. Total hardness Titrimetric (EDTA) 650 mg/L 642 mg/L
7. Total alkalinity Colourlndicator Titration 553.8 mg/L 529.7 mg/L
8. Phosphate Colorimetric Method 0.016 mg/L 0.012 mg/L
(Stannous Chloride
Ammonium Molybdate)
9. DO Winkler’sTitrimetricazide 6.63 mg/L 6.95mg/L
modification (iodometric)
10. BOD Titration method 20.0 mg/L 19.0 mg/L
11. COD COD Digester 8 mg/L 7.2 mg/L
Table 2. Physiochemical properties of Dairy waste effluent
Instrument and Value after
. Value before -
Particulars Methods cultivation(mg/L) cultivation
(mg/L)
1. | Colour Physically Observed Dirty White Dirty White
2. | BOD Titration 30 12-22
3. | COD COD Digester 250 120.76
4. | Calcium Titrimetric (EDTA) 100 87
5. By difference between 14.60
Magnesium | Total Hardness and Calcium | 16.60
Hardness
6. | Fluoride Colorimetric (SPADNS) 1000 900
7. | Potassium Flame Photometry 75.6 73.6
Table 3. Analytical report of Tap Water to make BG-11
S. No,| Property/Component Instrument and | Value before | Value after
Methods cultivation cultivation
1. Temperature Digital Thermometer | 12.5°C 10.5°C
2. pH Value pH Meter 7.4 7.0
3. Dissolved Oxygen Winkler’s Titrimetric | 0.1 mmol/L 0.01 mmol/L
Azide Modification
(iodometric)
4., Total hardness Titrimetric (EDTA) 29.20dH 26.2°dH
5. Nitrate Nitrate paper Strip 0.1 mmol/L 0.04 mmol/L
6. Manganese Atomic  absorption | 0 mmol/L 0 mmol/L
spectrophotometer
7. Iron Atomic  absorption | 0.002 mmol/L 0.0006 mmol/L
spectrophotometer
8. Copper Atomic  absorption | 0.001 mmol/L 0.001 mmol/L
spectrophotometer
9. Calcium Titrimetric (EDTA) 3.0 mmol/L 2.0 mmol/L
10. | Magnesium By difference | 2.4 mmol/L 1.4 mmol/L
between Total
Harness and Calcium
Harness
11. | Sodium Flame Photometry 0.2 mmol/L 0.1 mmol/L
12. | Potassium Flame Photometry 0.1 mmol/L 0.1 mmol/L
13. | Pressure Barometer 1002.0 hPa 962.0 hPa

The above result has shown that Phytoplanktons are very useful in treating wastewater.
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GC-MS analyses
FAME was examined by GC-MS (Agilent Technologies) an HP5890 gas chromatograph-mass spectrometer
(Hewlett-Packard) fitted with 60-m250-mm SP-2340 slender segments (Supelco). GC conditions included
transporter gas (He), section temperature (50°C to 250°C), and run time (35 minutes). The ID of a wide
range of immersed and unsaturated parts in extricates was conveyed and contrasted and the lipid profile
of FAME of Algal Oil.

NMR recording

All the 1H NMR spectra were recorded on a 400 MHz NMR Spectrometer equipped with a twofold
broadband test (1H/C13). The courses of action were prepared by dissolving around 5 mg of microalgae
eliminated in 1 ml of CDCI3 containing internal standards TMS. Instrument limits, for instance, loosening
up delay (RD) and beneficiary addition (RG) were progressed and 900 PW changed following enough
relax the centers to get the quantitative spectra. All the spectra were fused triple later suitable stage and
baselines corrections, and ordinary essential powers were taken for quantitative examinations.

All the spectra were analyzed triple later proper stage and baselines cures, and typical vital powers were
taken for quantitative assessments.

Figure 3. 400 MHz 1H NMR spectra of C.vulgaris blue and C.vulgaris yellow wavelength of algal biomass
(BG11) after ultrasonic extraction
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Figure 4. 400 MHz 1H NMR spectra of C. sorokiniana blue and C. sorokiniana Yellow wavelength of algal
biomass (BG11) after ultrasonic extraction.
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Fatty acid Profile of Algal extract by GC/MS

Fatty Acid Profile (FAME) of algal concentrate by GC-MS examination was differentiated and unsaturated
fat profile of a couple of vegetable oils (Jatropha, Rapeseed). The results so obtained were seen according
to the idea of the unsaturated fat profile, however, the level of each part moved as included in Table 4. As
seen, the C 16: (N = 1-4) and C (18:1) content is exceptionally high in algal concentrates. Nevertheless, the
substance of C (18:3) is seen as under 4 % in all of the algal models which is ordinarily higher in jatropha,
rapeseed, sunflower oil, etc Oleic destructive substance C (18:1) in the concentrates were considered in
the extent of 10.4-34.9 % which is in like manner present in the typical vegetable oils. The C (18:2)
linoleic destructive substance is in the extent of 5.6-23.4 % which is essentially as low when stood out
from jatropha (36.6%) and rapeseed.
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Table 4 Fatty Acid Profile of C. vulgaris(CV) and C. sorokiniana (CS) in different medium

Sample/ CSBG- | CSpond CS CV BG- Ccv Ccv Rapeseed | Jatropha
carbon 11 water Milk 11 Pond Milk
No. wastewater water wastewater
C14:0 2.8 1.4 3.3 1.17 0.4 1.1 0.2 -
C15:0 0.54 1.1 1.9 0.84 0.6 0.7 - -
C16:0 36.58 68.6 42.9 22.8 26.3 48.4 4.2 13.5
Cle6:1 2.8 2.7 2.5 1.5 2.2 2.4 - 0.8
C18:0 2.4 8.9 5.5 1.22 3.3 9.7 2.4 6.8
C18:1 19.9 12.5 18.6 8.6 35.9 17.4 65.3 41.3
C18:2 13.6 6.6 24.4 25.46 9.8 19.5 17.9 35.6
C18:3 13.18 1.5 3.7 4.8 8.5 3.3 9.3 0.3

Table 4 shows the degree of drenched FAME in different mediums of both species. According to
discernment (Table 5) clearly, the proportion of drenched unsaturated fat esters is extremely high when
appeared differently to vegetable oils of rapeseed (6.6 %) and jatropha (120.3%). In the current survey it
is captivating to observe that C (18:0) is unusually high (10.7%) in the species C. vulgarisBG-11medium
when diverged from jatropha oil (2.7%). Further, it was noted in C (16:1) the effect of different nutrient
recurrence was fantastically high in both the algal packs in 1235 (BG-11) and 265 (BG-11) independently.

Table 5 Fatty acid component in two different species of Chlorella grown in different mediums
medium Species 1 (1230) Species 11 265
Saturated | Unsaturated | Saturated | Unsaturated

BG-11 61.2 38.4 59.2 46.6
Pond water | 79.6 20.2 30.2 38.4
Tap water | 42.12 35.58 59.91 38.06

1H NMR Analysis of Algal Biomass Extracts

The assignment of Biodiesel was made based on 1D NMR spectral information. On examining 1H spectra
of biodiesel created by algal development in BG11 medium, we got the tops between the range of 1.5ppm
to 2.5 ppm of it is displayed in Fig 4.3. The development of NMR spectral information of algal
development in BG-11 medium between the range of 1.5ppm to 2.5 ppm displayed in fig 4 and 5,
obviously showed the arrangement of Biodiesel. On examining 1H spectra of biodiesel delivered by algal
development in pond water, we got the peaks between the range of 1.7ppm to 2.8 ppm of it. The
development of NMR spectral information of algal development in pond water between the range of
1.7ppm to 2.8 ppm displayed in fig 4 and 5 showed the production of Biodiesel.

3.5. Analyses of lodine Value.

The polyunsaturated unsaturated fats/esters (PUFA/E) content and iodine regards (Iv) have been
surveyed reliant upon conditions given under: (Table 6).

Iv=14.75 (5 5.65) lon (NMR)

IVAOCS=0.9976 VC16:1 + 0.898 V C18:1 + 1.8098 V C 18:2 + 2.7343 C18:3(GCMS)

where lon is the essential powers of valuable social occasions of unsaturation (CH=CH) engineered shift
areas. Results got by these circumstances are referred to in the Tables 4 to 6.

The total lipids content (TAG and FFA) is higher in eliminating from biomass obtained from algal 265 and
1230 autonomous of supplement medium. The iodine regard (IV) of the moves is in the extent of 6 to 28g
12/100g. It is according to the dissemination of C18:N (N=1-3) unsaturated fats and the proportion of
submerged unsaturated fats in the concentrates. The higher unsaturated fats esters, for instance, C20:5
and C22:6 are seen as absent as attested by GC and NMR examinations.

Table 6. lodine values as calculated by NMR and GC-MS

Sample/lodine Value CV pond CV tap Ccv CS pond CS Tap CS
water water BG-11 water water BG-11
medium medium
NMR (ppm)(CH=CH) 33.18 6.28 28.92 30.97 9.589 14.46
(5.75-5.0ppm)
GC-MS (%) 82.9 46.9 53.2 54.93 46.9 38.4
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CONCLUSION

The current review shows results and examination of various examples like Pond water, Mother dairy
waste, and tap water to make BG-11 medium for algal development. Likewise examined different
boundaries of the unsaturated fat profile of Chlorella vulgaris and Chlorella sorokiniana in the various
mediums by the GC-Mass spectroscopy and done the hydrolysis of strong biomass for FAME change.
There is likewise a clarification of 1D NMR for showing the arrangement of Biodiesel as triplet between
the range of 1.5ppm to 2.5ppm for the algal development in BG11 medium and the arrangement of
Biodiesel as triplet between the range of 1.7ppm to 2.8ppm for the algal development in pond water.
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