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l. Wastewater Treatment Issues & Phosphorus

Conventional wastewater treatment plants - struggle to remove nutrient
after physical treatment - struggling with strict pollutant limitation -
methods are efficient but expensive - chemical P removal makes it
unavailable for plants uptake.

Microalgae could be applied on soils (which are deficient in organic
matter and nutrients) & also could be used for biofuel ; fix CO, €<= but its
production demand a lot of nutrients

Phosphorus is finite and non-renewable for intensive agriculture -

limited phosphate rock reserves - Critical mineral for global food

security phorus removal is needed

" - l»_

Phosphorus demand
Phosphorus fertilizer for growth

Sustainable
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aeoowimecee Proposed Solution & Objectives

General Objective Specific Objectives

To determine the, e,ffICIenCy of nutrient ° To explore the cultivation of the Chlorella vulgaris in
uptake from municipal wastewater C!nd municipal wastewater under applied treatment of
to evaluate the most efficient harvesting dilution ratios and investigate the potential value of
technique of the microalga biomass. the biomass obtained.

Conventional : _ : Investigate the efficiency of microalgal removal of
et | | B presedimenter | | Denirication precipiation nitrogen and phosphorus from pre-treated
RIS | removarorsonapanas || N2gmiomibe ainelit | [ Macorvasme municipal wastewater.

Physical-mechanical phase Biological & chemical phase
— ‘Pr;mmary Pri:a;: Amﬁ: Secondai m—— ¢ To assess the most efficient harvesting technique of
influent [ weatement [ clarifier [ tank || clarifier ~ [T fection || effluent the microalga suitable for water quality restoration,

I_f

Recycle acti-
Primary sludge vated sludge <—I—{ Secondary activated sludge

Sludge treatment F—I P is in strong chemical

bound in the sludge, it is
not uptakable by plants

biofertilizer and biofuel production.

Proposed
microalgae .
D Addition of
— gy Ca(OH),
Wastewater Preliminary Pr1rr}ary Algae SeCQndary D1s1.n— Final
influent treatement clarifier PBRs clarifier fection effluent
Primary Secondary
sludge activated sludge

=I Sludge treatment

After the physical trez?tement, Sludge is rich in N and P which
water soluble contaminants are are stored in organic bounds in it
removed by algae which is easy to uptake by plants
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oo EXperimental Settings

I Algae culturing in wastewater

Wastewater sample was collected from the primary settler at G6doll6 treatment plant.

¢ Chlorella vulgaris was cultured in a 500mL Erlenmeyer flask and was tightly corked.
¢ Respiration tubes provided continuous aeration (CO,) to the culture.

° Cultures were placed in a phytotron (20-25°C)

[ J

lllumination by 4 Osram biolux lamps; 12h/12h dark/light cycles

Comp (ml) | Control | Algael | Algae 2 — -

Wastewater 200 200 200
Algae stock 0 30 100
Distilled Water 100 70 0 LaToN® f;;j";;::t::;m, :

Azote total, NT
LCK 138

Measured Parameters

® Daily: optical density > algal biomass
(with spectrophotometer at 682nm)
PH, Electrical conductivity
¢ Initial, 1 day, 7 day: N, P concentrations — LCK 138, LCK 349 cuvette tests | LCK349

Data subjected to ANOVA; Fisher’s Protected LSD at significance level of 95%
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Results I. Biomass Growth of Chlorella vulgaris

Algae 1
y =170.23x- 85.098
1600 R? = 0.9454
1400
y =8.7531x2 + 123.05x + 193.39
1200 R? = 0.9826
'g 1000
= 800
8
£ 600 e X
= ittt
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@ ..o T e
200 ' ,..:'.3: ::: e}
@ ....n@”
O ..........
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-200

Algae 1 = 30mL Algae stock
Algae 2 = 100mL Algae stock

y=184.32x+132.12
R*=0.9738

Algae 2

y =15.81x?+59.559x + 25.572

R?=0.978
® o e
......... P .
' . .........
...... e
4 5 6
Time (days)

Increase in dry matter
of both cultures
overtime.

Algae 2 demonstrated
a faster growth rate.

Higher dry matter
weight in Algae 2.

Stationary phase in
Days from Day 6 to 7.
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ecerunomany ecvere R@SUlts . Chcmges in pH of the media

Algae 1 Algae 2 J Increase in pH of
Control p<0.001 p<0.001
p<0.001 y =0.2393x+8.4092 y =0.2306x +8.4304 Alg(]e ] & 2
y = 8.323e0011x R?2=0.783 R?=0.788 .
10,5 L R=04233 y =-0.0467x% +0.5665x+8.0821| [y = 0.0364x2+0.4855x +8.1754 overtime.
y =-0.0325x2+0.3196x +8.1065 R* =0.9024 R? =0.8667
R? = 0.6428 ' ]
100 @ . Relatively stable
.......;:_;_._-,s':ﬁ; .......... : P .
S 6 pPH in Control
9.5 @ ... ® e ® Control
T e from Day 3 to 7.
5 90 : ....... ® :‘00 Tl
o s e ’. ........................... @ o Algae 2 ° C02 Consumption
. UL il @ .
e by photosynthetic
8.0 ¢ microalgae
7.5
0 1 2 3 4 5 6 7 8

Time (days)

Control = No Algae
Algae 1 = 30mL Algae stock
Algae 2 =100mL Algae stock
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= PRAOERACRAR- &5 Result lll. Changes in Electrical Conductivity
— of the media

. Decrease in EC of

ontro Algae 1 Algae 2 .
A <0001 S0 Algae 1 & 2 overtime.
y =-4.3393x+1287.1 y=-47.798x+1310.8 R? = 0.9066

1400 | R? - 0.3657 R2 = 0.9308

1350 y =1.7649x%-16.693x +1299.5 V=4~3155ZXZ-78-006X+1341 y = 6.506x2-90.446x + 1378 )

1300 : o T oo * Reldtlvely stable EC
51250 3? ............................ g B, @iz @ V(]|UeS IN COntI’O| from
- R Day 3to 7.

1200
= ® Control
§1150 3 O ® Algae 1

1100 oAlger ° Utilization of dissolved

1050 ey salts, nutrients and

1000 e ions by phOtOsynthetiC

0 1 2 3 4 5 6 7 8 .
Time (days) MICrod nge

Control = No Algae
Algae 1 = 30mL Algae stock
Algae 2 = 100mL Algae stock
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. After 7 days, significant
difference was measured
45.0 N 42:5 between N removal of
= 400 356 ' control & algae treatment.
2 350 30.7 32.7
= 28.6 38%
= 30.0 Y 38% . Best removal was the lower
22.0 ey .
'% 250 87% initial algae concentration
v 20.0
+ Algae ).
S 150 | (Algae 1)
=
S 10.0 44 5.6 . Nitrogen probably was not
50
the limiting element
iy M [ ] ¢
day0 dayl day7 day0 dayl day7 day0 dayl day7
Control Algael Algae?

Control = No Algae
Algae 1 = 30mL Algae stock
Algae 2 = 100mL Algae stock
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B AGYARAGRAR- ES Changes in Total Phosphorus of the media

®  After 7 days, significant
difference between P
35 removal of control & algae
23% 2.9 treatment
30 27 1 28 27
2.4
2.5 21 21 ® Both algae treatment
= 20 observed almost complete
? T 95% 95% P removal (minimall
detection = 0.05)
1.0
0.5 0.1 01 |®* P was probably the limiting
0.0 — = element of algae growth
day0 dayl day?7 day0 dayl day7 day0 dayl  day7
Control Algael Algae?

Control = No Algae
Algae 1 = 30mL Algae stock
Algae 2 = 100mL Algae stock
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eemuoomanvieaveem EXpPerimental Settings 1. Biomass Harvesting

MICROALGAE HARVESTING BY SEDIMENTATION (Gravity)
® Added chemicals: Control (no chemical addition)
+ 6 flocculants: NaOH, KOH, Ca(OH),, K,SO,, FeSO, and CaCO;,.
® 3 concentrations: 0.001g/L, 0.01g/L and 1.0 g/L
¢ Mixing: magnetic motion stirrer at 350 rpm for 2minutes
® Measuring time : 0, 5 & 60 minutes of settling
- Turbidity levels were determined by UV/VIS spectrophotometry
(Hach Lange, DR600 at 550nm wavelength
according to 1ISO 7027-1:2016)
- Images were taken with Fujifilm X30 12 MP Digital Camera
® pH changes were determined
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Control

“““““““““““dhﬂ

001g/l  01g/L 1g/L 001g/l  011g/L 1g/L

5 min 60 min

Control

ENaOH OKOH OCaOH OK2504 @FeSO4 @CaCO3

Control 0,01g/L 0,1g/L 1.0g/L
NaOH 5,6 8,8 11,3 12,4
KOH 4,4 7,3 9,9 11,9
Ca(OH), 4,1 7,3 10,7 123
K,SO, 4,9 5,0 4,9 5,0
FeSO, 57 5,1 5,0 4,3
CaCo, 5,9 7,4 8,9 8,7

Comparison of sedimentation effectiveness of all concentrations in 5 & 60 minutes

Changes in pH during sedimentation process



B oo Conclusion & Recommendation

Pre-treated municipal wastewater contains sufficient levels of N and P, providing adequate

nutrients for microalgae growth and removal of nutrients

Growth of microalgae increased pH of culture media due to photosynthetic use of CO..

Electrical conductivity values decreased significantly in algae cultures, indicating high

nutrient consumption for growth and metabolism.

Chlorella vulgaris displayed high nitrogen removal efficiency of 88% and phosphorus

utilization efficiency of 95% after seven days.

Hydroxide-based flocculants were found to be more effective with Ca(OH), appearing to be

the most effective flocculant for sedimentation of microalgal cells.

Ca(OH), was able to reduce turbidity in short and long periods, relatively cheap and

environmentally friendly in moderate concentrations.
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