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Abstract

Given the increasing severity of heavy metal contamination in aquatic environments, developing
effective remediation technologies has become particularly urgent. This study investigates the
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adsorption behavior of Scenedesmus obliquus toward Cd2+ and Zn2+, with a focus on biosorption
mechanisms and potential detoxification pathways. Experiments were conducted under varying in-
itial metal concentrations (1~16 mg/L) and pH conditions (3~7) to evaluate the microalga’s removal
efficiency for both metal ions. The results showed that Cd?* exhibited the highest adsorption effi-
ciency of 58% at pH = 7 and an initial concentration of 12 mg/L, while Zn2+ achieved optimal re-
moval at pH = 6 with a concentration of 1 mg/L. These findings indicated a degree of selective ad-
sorption behavior by S. obliquus toward the two metal ions. Fourier-transform infrared spectros-
copy (FTIR), scanning electron microscopy (SEM), and X-ray diffraction (XRD) was conducted to elu-
cidate the underlying adsorption mechanisms. FTIR spectra revealed that hydroxyl, carboxyl, and
amino groups served as the primary functional groups responsible for metal binding. SEM images
indicated structural damage to the algal cells after exposure to heavy metals, with Zn2+ causing less
disruption due to its essential role as a trace element. XRD results indicated that Cd?* can undergo
biomineralization to form stable CdS precipitates, while Zn2+ primarily forms coordination com-
plexes by binding with hydroxyl groups. Collectively, these results highlight the differential response
of S. obliquus to Cd?+ and Zn?+, providing both theoretical insight and practical reference for future
algal-based bioremediation strategies in contaminated water bodies.
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Figure 1. Adsorption efficiency of Cd** and Zn?" at varying pH values (3.0~7.0) and initial concentrations (Cd?":
4.0~16 mg/L; Zn**: 1~16 mg/L)
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Figure 2. (a)~(c) SEM images of Scenedesmus obliquus before adsorption (a), after
Cd?* adsorption (b), and after Zn>" adsorption (c)
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Figure 3. Fourier transform infrared (FTIR) spectra of Scenedesmus obliquus before and after adsorption of 12 mg/L Cd*" and
12 mg/L Zn?*" under controlled conditions (pH 7.0, 30°C)
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Figure 4. XRD patterns of Scenedesmus obliquus biomass before and after metal ion adsorption. (a) Untreated biomass; (b)
biomass exposed to 12 mg/L Cd?*; (c) biomass exposed to 8 mg/L Zn>*
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