GREEN CHEMISTRY STRATEGIES FOR NATURE-BASED REMOVAL OF EMERGING POLLUTANTS
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@® Emerging pollutants (pesticides, dyes, heavy metals, pharmaceuticals) are increasingly detected in _11 1 i | I 1 o T { E T | | oo [ aee%g"‘? _, _
agricultural runoff and wastewater, posing ecological and health risks". : : o) Y ! R e ot

@ Conventional treatment methods (chemical oxidation, adsorption, advanced filtration) are energy-intensive, e R ’ <0.0001 0.0005
expensive, and may generate toxic by-products°.

@ Microalgae-based bioremediation offers a nature-based, green chemistry strategy by coupling pollutant
removal with biomass production™.

0 Microalgae possess unique metabolic pathways enabling bioaccumulation,
degradation, or transformation of pollutants. _

@ Cultivation systems like raceway ponds and tubular photobioreactors provide N | ceRon e o | i s U G _ Messar | Bl | i
scalable platforms for wastewater treatment. INDUSTRIAL Fig 3: Microalgae strains isolated and overall pollutant removal (%) HEAVY METALS . MIcROPLASTICS
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Fig 7: Assessment of bioremediation mechanisms in microlagae isolates’*
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@ Pollutant removal efficiency

Western Asia and Northern Africa Digestion . Q Growth and biomass productivity

?53 Nutrients: Nitrate (70 — 90%), Phosphate (60 — 85%), Ammonium (65 — 80%).
e Extraction “Q, Raceway ponds: 0.2 — 0.6 g/L/d biomass productivity.

Harvest

Central Asia and Southern Asia >
('ié Pesticides: 65 — 85% removal (best with Chlorella and Scenedesmus).

Eastern and South-Eastern Asia % Tubular PBRs: 1.5 — 2.6 g/L/d, with more consistent yields. Chlorella sp. Scenedesmus sp. Arthrospira sp.

ﬁg Dyes: Up to 83% removal in PBRs due to optimized light conditions. CO: delivery

Australia and New Zealand Utilities
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% Raceway ponds performed better under nutrient-rich conditions with lower operational costs. Land cost , , , , , , , , , , —+CIRCULAR BIOECONOMY POTENTIAL
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of total capital cost (%)

& Heavy metals: 50 — 70% bioaccumulated; Scenedesmus sp. most effective.

Northern America and Europe
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Fig 1: Global overview of wastewater treatment (WHO and UNICEF)". £=== PBRs achieved higher pollutant removal but required greater energy input.
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Raceway ponds: Open, paddlewheel-driven systems operated outdoors under natural light and == o~ NERFEEEEL S R TSl =R - Surﬂight-driven { P y Y Slomass

temperature conditions. - o < g = P ’ = Natural mixing and aeratio
Tubular photobioreactors: Closed, transparent tubular modules operated under controlled aeration and Y f.-_' S, N S e s Co-cultivation friendly
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nutrients from agricultural runoff.

Demerits @ Raceway ponds: cost-effective and CO: sequestration

. Lower biomass productivity scalable.
Microalgae strain development: [solated and screened from local water source and potent strains LT o —EER——— | Contamination risks Tubular PBRs: higher removal
selected using high-throughput optimisation screening. o Y L9 SEERD | Evaporation losses o -9 o
| Light limitation efficiency and productivity.
Seasonal variability

High-value to
low-value
bioproducts

Water source: Agricultural runoff effluent, containing residual pesticides, synthetic dyes, and trace heavy

CLINATE metals, was used directly as growth medium (nutrients) with minimal pretreatment (ultrafiltration). . 1l I an e LAR PB
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Bioremediation

1
14 ¢ Growth and productivity: Measured via spectrophotometry, optical density (OD) at 750 nm and 680 nm, . ‘; ' : __" . | =1 Low contamination risk
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_ _ ot IR = N S i . Water quality improvemen Environmental sustainabilit
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)0 A, Pesticides: Quantified by High-Performance Liquid Chromatography (HPLC)?. T T TR ,, -t 2= = I ¥ Demerits FUTU RE DIRECTIONS
£, Synthetic dyes: Assessed via UV-Vis absorbance reduction. T onmene G T TR e 1227 Z Il;lclagrl]ir?aizlixeand OpEx N | o .
A2, Heavy metals: Measured using Inductively Coupled Plasma Mass Spectrometry (ICP-MS)?. —= Dyes SR . ch"ng CO:St‘:’ains & Optimize strain-pollutant specificity for targeted remediation.
Comparative assessment: Removal efficiencies (%) and biomass productivities were compared between ——* Heavy metals M L A S , V5 | " | Limited scalability ©® Scale up hybrid systems combining open ponds and PBRs for efficiency and cost-effectiveness.

systems. Data normalized to account for differences in cultivation volume and operational parameters. Fig 2: Process workflow N Y _. TsSi B | Complex operation ¢ Integrate with biorefineries for value-added products.
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