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ABSTRACT

Livestock effluent is known to contain significantly higher concentrations of organic matter
and challenging-to-degrade organic compounds compared to urban wastewater. This
makes the effluent treatment challenging and adversely affects nearby aquatic
environments if improperly treated. Phycoremediation uses microalgae in water and
wastewater treatment. This research aim was to evaluate pollutant removal efficiencies,
including chemical oxygen demand (COD), total suspended solids (TSS), nitrate (NOs-N),
turbidity, and phosphate (P), using microalgae Chlorella vulgaris (C. vulgaris) cultivation
systems for livestock effluent treatment. The biomass weight of C. vulgaris in the cultivation
systems was also observed. In this study, C. vulgaris was cultivated in closed cultivation
systems in 5 L water bottles with different dilutions (100%, 75%, 50%, and 25%). The water
effluent was compared to permissible values using the National Water Quality Standard
(NWQS) class Il for recreational water use. TSS was significantly removed by 61.97%, while
COD and P were removed by 39.1% and 36.4%, respectively. The biomass growth was
observed through the dry weight of the C.vulgaris. Therefore, the removal of nutrients from
cattle farm effluent by phytoremediation using C. vulgaris demonstrates potential for
treatment efficacy.
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1. INTRODUCTION

The demand for animal-based products has increased significantly, so the livestock industry has
also increased substantially [1]. Non-ruminant livestock in Malaysia is the largest population
dominated by chicken production, which is 95.9%, and 56.3% are ruminant farming, which is beef
cattle farming that is located mostly in West Malaysia. Hence, the estimated manure excreted
from this livestock in Malaysia is 17.745 million tons for 2020 [2]. Livestock wastewater is highly
concentrated with organic matter, increased nutrients, and suspended solids. Significantly, the
increased waste product due to livestock production has various implications and impacts on the
environment, climate changes, and greenhouse gases such as water pollution and eutrophication
[3]- Thus, the livestock wastewater or effluent required to go through the treatment process to
reduce the environmental impact, mitigate potential risks to human health, and prevent further
contamination of surface water and groundwater; it is crucial to address these activities as they
involve direct discharge into these water sources.

Phycoremediation is one of the bioremediation processes specifically used to treat wastewater
as a water treatment that uses algae since it provides tertiary bio-treatment at the same time
while potentially producing valuable biomass that can help for various applications apart, while
it removes organic compounds, pathogens, organic nutrient, emerging contaminants, and heavy
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metals [4]. Algae, known as eukaryotic species, is a media that has been used in phycoremediation
treatment. Most algae, including Cyanobacteria and macroalgae in treatment wastewater
including Chlorella sp., Chlamydomonas sp., Spirulina sp., Oscillatoria sp. Nostoc sp., and
Scenedesmus sp. In this study, C. vulgaris was used as a phycoremediator of livestock effluent. The
phycoremediation process with the cultivation of algae in wastewater offers the combined
advantages of greenhouse gas mitigation, wastewater treatment, and simultaneously creating
algal biomass. This biomass can be utilized for various applications such as protein supplements,
food additives, bioenergy resources (biogas and biofuels), pharmaceuticals, cosmetics, and other
valuable chemicals [5].

Previous researchers also use C. vulgaris in livestock effluent, such as cattle manure and
slaughterhouse wastewater [6]. During photosynthesis, C. vulgaris uses light and carbon dioxide
(COz) as a source of energy and carbon source to uptake phosphorus and nitrogen for their
cellular respiration [7]. Hence, it helps reduce the concentration of nutrients, increases the death
of pathogenic organisms, and reduces the need for mechanical aeration during wastewater
treatment to meet the dissolved oxygen (DO) requirement. Due to its robustness, high oil content,
mixotrophic culturing environment, high growth rate under varied complicated settings, and
tolerance to high levels of heavy metals, C. vulgaris offers enormous potential as future industrial
bioenergy producers and for phycoremediation of different wastewater quality [8].

2. MATERIAL AND METHODS
2.1 Experimental setup

In this research, a closed system using 5 L. water bottles was set up to cultivate C. vulgaris. Four
bottles were used, each with different ratios of filtrated water to livestock effluent for dilution, as
shown in Table 1. Treatment 1 (T1) was served as a control with no livestock effluent added.
Dilution is required to avoid inhibiting microalgae growth due to high organic concentration in
the effluent [9]. The experimental setup is illustrated in Figure 1. About 25 mL volume of C.
vulgaris was added to each bottle to cultivate. Aeration is provided by an air pump connected to
an air-line tube with an air stone, creating oxygen-filled bubbles for circulation. To facilitate
photosynthesis, LED lights were used for a consistent 10-hour per day using a timer. Temperature
was controlled with a thermostat and fan, maintaining an optimal temperature range of 25 °C -
28 °C. The duration of cultivation was set for 12 days, followed by C. vulgaris harvesting. The
experiment was replicated twice.

Table 1: Ratio (%) of treatment water.
Treatment Filtered water Livestock effluent

T1 100% (5 L) 0%

T2 75% (3.75 L) 25% (1.25 L)
T3 50% (2.5 L) 50% (2.5 L)
T4 25% (1.25 L) 75% (3.75 L)

2.2 Samples and Analysis

The livestock effluent was collected from a buffalo pond at Taman Agrovet in Padang Besar, Perlis.
The samples were then examined for their physiochemical properties, including pH, chemical
oxygen demand (COD), total dissolved solids (TDS), total suspended solids (TSS), turbidity,
dissolved oxygen (DO), phosphate (P), and nitrate (NO3-N) before being used in the microalgae
cultivation systems. The samples were analyzed using a multiparameter probe (Hydrolab DS5X
and YSI) and HACH Spectrophotometer DR2900 according to APHA procedures [10].
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Figure 1: Experimental setup, a) Outer look of closed-system: 1. Air tube line, 2. Fan 5V, b) Inside of
closed-system: 5 L culture bottle, 2. LED light, c) Control panel:
1. Thermostat, 2. Control airflow valve, 3. Air pump, 4. Timer.

During the C. vulgaris cultivation, the samples were collected and examined for pH, COD, P, and
NO3-N removal every three days until the end of the cultivation duration. By the end of 12 days,
the C. vulgaris were harvested by filtration method using a Whatman glass microfiber filter with
a diameter of 25 mm and a gooch crucible of 25 mL to analyze the biomass weight. Most
microalgae strains are harvested using filtration techniques, which produce about 5-27% of solid
concentration after harvest and recover 70-90% of the algal biomass [11]. The COD, P, and NOs-
N removal efficiency (RE) were evaluated using the following formula:

(Co—-Ci)
0

RE (%) = x 100% (1)
where Co is the nutrient concentration of the influent, and Ci is the nutrient concentration of the
effluent. The significance of the treatments was analyzed using an ANOVA statistical analysis.

2.3 Chlorella vulgaris Biomass

The C. vulgaris biomass was observed by using the dry weight method. First, a pre-weighed filter
paper is prepared by weighing a clean and dry filter paper using a precision balance, and its initial
weight is recorded. Then, a 20 mL volume of the C. vulgaris culture was collected and adjusted
based on the expected biomass concentration. The culture was then poured onto the pre-weighed
filter paper, allowing the liquid to pass through while retaining the biomass on the filter. The filter
paper with the biomass was then carefully transferred to a drying oven, set at a temperature of
60 °C. The filter paper with the biomass was dried in the oven until a constant weight was
achieved, which may take several hours. After cooling to room temperature, the filter paper with
the dried biomass was reweighed using the precision balance, and the final weight was recorded.
The dry weight of the C. vulgaris biomass was calculated by subtracting the initial weight of the
filter paper from the final weight. This calculation provides an accurate measure of the solid
component of the biomass without the influence of water content. The dry weight measurement
obtained from the sample represents the mass of C. vulgaris biomass [12].

3. RESULTS AND DISCUSSION

3.1 Livestock effluent physicochemical properties

Table 2 presents the physicochemical properties of the livestock effluent collected from Taman
Agrovet, Padang Besar, Perlis. The parameters examined include pH, DO, COD, TSS, turbidity, P,

and NO3z-N. The concentration values were compared with the National Water Quality Standard
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(NWQS) class II for recreational water use as regulated by the Department of Environment
(DOE), Malaysia [13].

The pH and TSS values of the livestock effluent samples were within the acceptable range set by
NWQS. However, the concentration of NO3-N, P, COD, and turbidity values exceed the NWQS class
I1limit, indicating a nonconformity of the requirements. Therefore, the livestock effluent samples
require further treatment to enhance the pollutant water quality. The availability of nutrients in
the samples offers the suitability of the effluent to be utilized as a nutrient source in C. vulgaris
cultivation.

Table 2: Initial concentration reading for each parameter of physicochemical properties compared to
National Water Quality Standard Malaysia class II.

Parameter Unit National Water Quality Standard Initial concentration
pH - 6-9 8.14+0.48
Turbidity NTU 50 26730

TSS mg/L 50 0.0058+0.0017
NO3-N mg/L 7 36.43+1.41

P mg/L 0.2 3.35+0.26

DO mg/L 5-7 4.39+0.19

COD mg/L 25 596+244

3.2 Phycoremediation treatment efficiency

Livestock effluent wastewater commonly contains high concentrations of COD [14]. The presence
of high COD concentration may result in oxygen depletion, which can harm aquatic organisms
and impact the taste and odor of the water. Figure 2 displays a line graph representing COD
concentration over 12 days in phycoremediation treatment using C. vulgaris. The graph shows a
significant removal in COD during the initial three days for all systems and achieved the highest
removal of nitrate in the T3 treatment with 39.10% removal. In contrast, T1 maintains relatively
stable COD removal in the control systems, indicating minimal reduction since no effluent is
present. The removal for T2 and T4 demonstrate noticeable declines in COD values over time.
This indicates that C. vulgaris might assimilate the organic compounds in the effluent, resulting in
adrop in COD concentration within the three days of the cultivation. The removal percentage was
significantly lower than [14], where the COD achieved 62.30% COD removal by cattle farm
effluent. Therefore, the COD in livestock effluent was utilized by C. vulgaris. Statistical analysis (P
< 0.05) confirms a significant difference in COD reduction among the treatment percentages.
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Figure 2: COD removal.
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Naturally, nitrogen is accessible in the form of nitrate, urea, ammonium, and peptones. This study
examines the nitrate concentration as a nitrogen function [15]. Nitrogen is a macronutrient for
the growth of microalgae. Figure 3 displays the nitrate removal during the phycoremediation
treatment using different dilutions. The removal starts growing after 3 days for T3 and T4. The
T2 treatment shows the highest nitrate removal efficiency with 68.3%, while T4 has the lowest
removal efficiency with 36.7%. Even if the effluent is unavailable in T1, the nitrate concentration
rises slightly until day 9. Microalgae function to convert inorganic nitrogen to organic form by an
assimilation process that can be performed by all eukaryotic microalgae, which require inorganic
nitrogen in the form of nitrite (NO2’), nitrate (NO3), and ammonia (NH4)[11]. The maximum
nitrate removal rate can be achieved up to 84.68% by cultivating C. vulgaris in distillery
wastewater [16]. Statistical analysis suggests no significant difference (p>0.95) among the
treatments.
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Figure 3: Nitrate removal.

Phosphorus is another key element for microalgae growth and other cellular activities[16]. Figure
4 displays a bar graph illustrating P concentration in livestock effluent on the initial day (Day 0)
and Day 12. By Day 12, the T1 treatment decreased slightly to 2.96 with 17.78% removal
efficiency. Significant decreases were observed in the T2 and T3 treatments, with 90.67% and
36.39% removal, respectively. The T4 treatment showed the lowest removal, with 20.97%
removal. The bar graph indicates that T2 and T3 effluent treatments were more effective in
reducing P levels, with no significant difference among treatment percentages according to the
ANOVA test (p> 0.05). The substantial reduction in phosphorus levels in the C. vulgaris cultivation
systems is because this nutrient has been absorbed by C. Vulgaris microalgae as a necessary
nutrient for its growth. Furthermore, it can be said that phosphorus concentration is often a
limiting nutrient in microalgae growth [12], and the cells can integrate and accumulate this
nutrient, declining the amount of phosphate in the wastewater.

3.3 Biomass weight observation

Figure 5 presents a graph depicting the dry weight of C. vulgaris biomass in livestock effluent
during phycoremediation, considering different concentrations. Analysis reveals trends in
biomass growth and the influence of livestock effluent dilution on dry weight. Initially, all
treatments displayed low biomass compared to the control, T1. By Day 3, biomass increased,
particularly in the T2, T3, and T4 concentrations. On Day 6, biomass continued to rise, with the
T4 concentration exhibiting the highest dry weight. On Day 12, biomass levels stabilized, with T3
and T4 displaying similar dry weights. These findings suggest that higher livestock effluent
concentrations positively affect C. vulgaris biomass growth during phycoremediation. The
statistical analysis P-value supports the significance of this treatment.
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Figure 4: Phosphorus concentration.
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Figure 5: Biomass Dry weight C. vulgaris.

4. CONCLUSION

The experiment treated livestock effluent using C. vulgaris for phycoremediation.
Physicochemical properties were characterized and compared to National Water Quality
Standard class II. Parameters assessed included pH, nitrate, turbidity, TSS, TDS, P, COD, and DO.
pH, TSS, and DO met standards, while further treatment was needed for other parameters. The
phycoremediation treatment of livestock effluent using C. vulgaris showed promising results with
39.10% COD removal, 68.3% nitrate removal, and 90.67% phosphorus removal. Biomass
production of C. vulgaris was highest on day 6. Overall, the experiment demonstrated the
potential of phycoremediation using C. vulgaris for treating livestock effluent. It highlighted the
influence of various factors on the growth and removal efficiency of pollutants, emphasizing the
importance of proper dilution levels and favorable conditions for successful remediation.

16



Advanced and Sustainable Technologies (ASET)

REFERENCES

Nik Daud, N. N., & Anijiofor, C. S. Livestock wastewater generation and farm management:
the gap analysis. In III International Conference on Agricultural and Food Engineering, vol
1152 (2016, August) pp. 265-272.

Zayadi, R. A. Current outlook of livestock industry in Malaysia and ways towards
sustainability. Journal of Sustainable Natural Resources, vol 2, issue 2 (2021) pp. 1-11.
Moekti, G. R. Industrial livestock production: A review on advantages and disadvantages. In
IOP conference series: Earth and Environmental Science, vol 492, issue 1 (2020, April) p.
012094.

Gupta, S. K, Sriwastav, A., Ansari, F. A, Nasr, M., & Nema, A. K. Phycoremediation: an eco-
friendly algal technology for bioremediation and bioenergy production. Phytoremediation
potential of bioenergy plants, (2017) pp. 431-456.

Ummalyma, S. B., Pandey, A., Sukumaran, R. K., & Sahoo, D. Bioremediation by microalgae:
current and emerging trends for effluents treatments for value addition of waste streams.
Biosynthetic technology and environmental challenges, (2018) pp. 355-375.

Viegas, C., Goncalves, M., Soares, L., & Mendes, B. Bioremediation of agro-industrial effluents
using chlorella microalgae. In Technological Innovation for Cyber-Physical Systems: 7th
IFIP WG 5.5/SOCOLNET Advanced Doctoral Conference on Computing, Electrical and
Industrial Systems, DoCEIS 2016, Costa de Caparica, Portugal, April 11-13, 2016,
Proceedings 7, (2016) pp. 523-530.

Otondo, A., Kokabian, B., Stuart-Dahl, S., & Gude, V. G. Energetic evaluation of wastewater
treatment using microalgae, Chlorella vulgaris. Journal of Environmental Chemical
Engineering, vol 6, issue 2 (2018) pp. 3213-3222.

Znad, H., Al Ketife, A. M., Judd, S., AlMomani, F., & Vuthaluru, H. B. Bioremediation and
nutrient removal from wastewater by Chlorella vulgaris. Ecological Engineering, vol 110,
(2018) pp. 1-7.

Vaishnav, S., Saini, T., Chauhan, A., Gaur, G. K., Tiwari, R., Dutt, T., & Tarafdar, A. Livestock
and poultry farm wastewater treatment and its valorization for generating value-added
products: Recent updates and way forward. Bioresource Technology, (2023) p. 129170.
APHA, AWWA, WEF, “Standard Methods for Examination of Water and Wastewater,”
Washington. Am. Public Heal. Assoc., (2012).

Umamaheswari, J., & Shanthakumar, S. Efficacy of microalgae for industrial wastewater
treatment: a review on operating conditions, treatment efficiency and biomass
productivity. Reviews in environmental science and bio/technology, vol 15, (2016) pp. 265-
284.

Salgueiro, J. L., Perez, L. Maceiras, R, Sanchez, A, & Cancela, A. Bioremediation of
wastewater using Chlorella vulgaris microalgae: Phosphorus and organic matter.
International Journal of Environmental Research, vol 10, issue 3 (2016) pp. 465-470.
Department of Environment, Environmental Requirements: A Guide For Investors, 11th ed.,
no. October. Putrajaya: Ministry of Natural Resources and Environment, Malaysia, (2010).
Lv, ], Liu, Y., Feng, ], Liu, Q., Nan, F., & Xie, S. Nutrients removal from undiluted cattle farm
wastewater by the two-stage process of microalgae-based wastewater treatment.
Bioresource technology, vol 264, (2018) pp. 311-318.

Juneja, A., Ceballos, R. M., & Murthy, G. S. Effects of environmental factors and nutrient
availability on the biochemical composition of algae for biofuels production: a review.
Energies, vol 6, issue 9 (2013) pp. 4607-4638.

Li, F., Amenorfenyo, D. K., Zhang, Y., Zhang, N,, Li, C., & Huang, X. Cultivation of chlorella
vulgaris in membrane-treated industrial distillery wastewater: Growth and wastewater
treatment. Frontiers in Environmental Science, vol 9, (2021) p.770633.

17



