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ABSTRACT 

As highly representative pollutants among emerging pollutants, antibiotics and microplastics are 
characterized by strong bioaccumulation, difficult degradation, and high toxicity, and along with the 
increasing use, the crisis of synergy between the two is increasing. Graphene, a material with high 
specific surface area and high reactivity, has a wide range of application prospects in the field of 
water treatment, especially graphene oxide and graphene composites make the application of this 
material has a certain diversity. The research on graphene and its composites in water membrane 
treatment and catalytic degradation for the removal of microplastics and antibiotics in recent years 
is reviewed to explore the research trends and hotspots, and to explore the research prospects. 
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1. INTRODUCTION 

In the context of the global technological era, human beings have not only invented new technologies, 

but also brought new pollutants and new challenges to the environment. With the modernization and 

large-scale development of animal husbandry, antibiotics, as a class of drugs that can prevent and 

treat animal diseases, have been widely used globally due to their effective, inexpensive, and spectral 

antimicrobial properties, especially in China, where antibiotic misuse has become the norm and the 

problem of exceeding the detection limits in the aquatic environment is serious[1]. Microplastics 

(MPs), on the other hand, have become a focal point of environmental issues because of their diverse 

sources, their popularity in life, their prevalence in the environment, and their strong adsorptive 

properties that can easily adsorb other pollutants and produce synergistic effects[2]. At the same time, 

both pollutants are highly bioaccumulative, difficult to degrade, and capable of affecting bioenergetic 

metabolism and gene expression, which have attracted much international attention[3]. 

There have been many studies on the removal of antibiotics and microplastics in the aqueous 

environment[4-6]. Nanotechnology is considered to be the most promising technology for water 

purification, in which carbon nanomaterials are one of the most concerned research areas[7]. Carbon 

nanomaterials represented by graphene also show excellent application prospects. Graphene is a 

honeycomb monolayer two-dimensional planar structure formed by carbon atoms in the form of sp2 

hybridization, especially graphene oxide (GO), a monolithic dibasic nanostructure supported by the 

oxidation of natural graphene, which is rich in the π-π electronic system and rich in oxygen-containing 

functional groups[8]. Due to its huge specific surface area, strong adsorption capacity, and low 

biotoxicity, it is able to be combined with a variety of traditional methods (e.g., advanced oxidation, 

membrane separation technology, adsorption technology, etc.) for the removal of two kinds of 
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pollutants, and is highly recyclable, so it has a wide range of prospects for application in the field of 

water treatment, and has become a hotspot of attention in the industry[9]. Graphene-based materials 

technology has a better application prospect, but nowadays only fewer reviews and researches focus 

on the unified removal of two types of pollutants, graphene-based materials technology has a greater 

hope for the unified removal of composite pollutants of microplastics and antibiotics, and most of the 

removal technologies for such pollutants are mostly focused on adsorption treatment, with less 

attention paid to the prospects of the application of membrane treatment and catalytic degradation, 

therefore The purpose of this paper is to summarize and review the membrane treatment and catalytic 

degradation of graphene and graphene composites for the removal of microplastics and antibiotics in 

the aqueous environment over the past few years, which is of great significance to provide certain 

ideas and theoretical support for this field. 

2. MEMBRANE TREATMENT TECHNOLOGY FOR POLLUTANTS 

Graphene itself has certain flexibility and is one of the materials with the highest mechanical strength 

known today, which enables it to be better integrated with membrane technology. The adsorption 

effect of adsorption treatment is easily affected by factors such as environmental pH, and the 

conditions are more stringent. In contrast, membrane technology has demonstrated its advantages in 

this respect. Its physical and chemical properties are relatively stable, less affected by the environment, 

and it has higher recycling potential and reusability. At the same time, due to the advantages of low 

cost and extremely high removal efficiency, there are many studies on the combination of graphene 

and membrane technology. However, if the GO membrane without any surface modification material 

is not introduced, it will easily cause secondary pollution. Therefore, many scholars have modified 

and modified the super-hydrophilic GO and achieved good removal effect. 

Table 1 summarizes the removal efficiency of various membrane technologies for different types of 

pollutants. The data show that the removal efficiency of most membrane technologies for 

microplastics can be more than 95 %, which is an extremely excellent removal effect. It shows the 

superiority of membrane technology in the removal of microplastics. At the same time, many studies 

have found that the membrane has a good removal effect on microplastics in industrial wastewater[10 

- 11], and its environmental protection and recyclability are also excellent. This largely ensures the 

application of membrane technology in the field of water treatment, indicating its excellent 

application prospects. 

Zou et al. found that GO has a certain inhibitory effect on microbial uptake of antibiotics. GO and 

sulfamethoxazole ( SMZ ) can form a complex, which also reduces the uptake of SMZ by bacteria, 

thereby controlling the spread and pollution of antibiotic resistance genes[12].Therefore, GO has a 

wide application prospect in the direction of antibiotic removal. Nowadays, the field of membrane 

technology treatment of antibiotics is mostly aimed at the modification and preparation of GO, and 

shows its extremely effective removal effect in Table 2, with a retention rate of up to 100 %. In other 

studies, the removal efficiency of antibiotics is also above 70 %. Especially in the study of Gao et al., 

the membrane allows a large number of required nutrients to pass through[13], an effect that has not 

been paid attention to or cannot be achieved in the study of other graphene membranes, which 

provides a great possibility for its practical application. 

3. CATALYTIC DEGRADATION OF POLLUTANTS 

In addition to the adsorption treatment and membrane treatment technologies that have been studied 

more, emerging pollutants can also be effectively decomposed or destroyed into non-toxic small 

molecule substances under sunlight, visible light or ultraviolet(UV)irradiation. As a promising 

catalyst, graphene has excellent conductivity in terms of storage and rapid electron transport due to 

its uniform dispersion of large specific surface area, narrow band gap energy and excellent 
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conductivity. Now, some studies have explored its effect in the removal direction of microplastics 

and antibiotics. 

Table 1 summarizes different photocatalytic technologies based on graphene materials. The results 

show that this technology can achieve a certain removal effect of microplastics in water, and 

individual technologies can also be efficiently removed, but the overall removal effect is not ideal. In 

addition, some scholars have studied the environmental toxicity of graphene-based nanocomposites 

as photocatalysts. In the study of El-Wakeil et al., the new material has less microbial toxicity to 

humans and the environment. It is a hybrid nanocomposite that is safe for humans and the 

environment. 

In Table 2, we summarize the catalytic degradation efficiency of various graphene-based and 

graphene-based nanocomposites. The results show that different treatment technologies have 

different removal effects on different types of antibiotics. In the study of Kang et al. and Jiang et al., 

the catalytic degradation efficiency of nickel nanoparticles doped porous graphene ( Ni @ NPG ) and 

graphene-modified electro-Fenton catalytic membrane is excellent[14 - 15], but the degradation effect 

of other materials is not ideal. Because this kind of technology is extremely friendly to the 

environment, it is not easy to produce secondary pollution, and most of the photocatalytic degradation 

under ultraviolet irradiation is simple. It shows its good application prospect, so this kind of 

technology still has great potential. 

 

Table 1 Removal of microplastics 

Materials and methods Processing 

principle 

Pollutants Removal effect References 

GO-PVA-based composite 

membrane 

membrane HDPE-MP 95% Dey et al. 

[16] 

Holey rGO-based 

membranes 

membrane MPs 99.9% Yang et al. 

[11] 

Graphene oxide tuned by 

laser bombardment 

membrane 10μm polyvinyl 

chloride 

99% Sun et al. 

[17] 

A covalent adaptable 

network based graphene in 

water-remediating 

membranes 

membrane MPs 97% Sen et al. 

[18] 

composite membrane 

rGO/PAN 

membrane MPs 82% Fryczkowska 

et al. [10] 

GO-CuO2、GO-MnO and 

GO-TiO2 

Photocatalytic 

degradation 

Polyethylene 

granules 
48.06%、39.54% 

and 50.46% 

I. Uogintė et 

al.[19] 

Ag/TiO2/rGO 

photocatalyst 

Photocatalytic 

degradation 

MPs 76% Fadli et al. 

[20] 

a novel HNCP based on 

rGO@SiO2.Fe3O4 

Photocatalytic 

degradation 

terephthalate 

microplastic 

64% El-Wakeil et 

al. [21] 
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Table 2 Removal of antibiotics 

Materials and 

methods 

Processing 

principle 

Pollutants Removal effect Reference

s 

GO-MPD10.5 and 

GO/1GO-

MPD0.5 

membrane 

membrane ciprofloxacin 93.35 ± 3.62% and 95.48 ± 

2.97% 

Zhou et al. 

[22] 

ofloxacin  85.89 ± 6.52 and 88.21 ± 

3.67% 

GO/CNC 

membrane 

membrane sulfamethoxazole 74.8％ Gao et al. 

[13] levofloxacin 90.9％ 

norfloxacin 97.2％ 

GO-CMC film membrane oxytetracycline 102.05mg/g(the maximum 

adsorption capacity） 

Juengchar

eonpoon et 

al. [23] oxolinicacid 256.68mg/g(the maximum 

adsorption capacity) 

trimethoprim 370.93mg/g(the maximum 

adsorption capacity) 

PS-DVB 

membrane 

membrane tetracycline 22.79mg/g(the maximum 

adsorption capacity) 

retention rate reached 100%. 

Hu et al. 

[24] 

ciprofloxacin 46.69mg/g(the maximum 

adsorption capacity) 

retention rate reached 100%. 

Graphene sponge 

electrodes doped 

with atomic boron 

and nitrogen 

Electrochem

ical 

degradation 

sulfamethoxazole

, trimethoprim, 

ofloxacin, and 

erythromycin 

79%-98% in 10 mM 

phosphate buffer and 46%-

85% in tap water. 

Ormeno-

Cano et al. 

[25] 

Ni@NPG 

catalysts 

catalytic 

removals 

sulfachloropyrida

zine 

100% SCP removal from 

water in 30 min 

Kang et al. 

[15] 

N-TiO2/graphene 

layered materials 

Photocatalyt

ic 

degradation 

norfloxacin, 

sulfamethazine, 

oxytetracycline 

and 

chlortetracycline 

Removal efficiency greater 

than 45% 

Zhao et al. 

[26] 

Graphene 

modified electro-

Fenton catalytic 

membrane 

Photocatalyt

ic 

degradation 

in-situ Removal efficiency of 90% Jiang et 

al.[14] 

 

4. CONCLUSION 

Graphene has shown unprecedented potential and feasibility in removing pollutants in water 

environment due to its huge specific surface area, strong adsorption capacity and easy modification. 

The research of modified graphene and three-dimensional graphene also makes the research results 

in this direction more diversified and practical. However, most studies now focus on the single 

removal effect and adsorption treatment of microplastics and antibiotics by graphene materials. There 

is a lack of relevant research on the composite pollutants and co-removal of the two, and there is a 

lack of diversity in treatment technology. In addition, in terms of evaluating the removal effect of 

graphene materials, the laboratory mostly uses simulated microplastics and simulated water 

containing antibiotics to conduct experiments, but does not evaluate the effect of graphene on the 
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removal of two types of pollutants in the actual water environment according to the actual water body, 

resulting in the actual application. The treatment effect is not ideal. In addition, there are relatively 

few studies on the synergistic effect and mechanism of microplastics and antibiotics. In summary, 

further research is needed in the future, and the development of this work also has important 

theoretical guidance and practical significance. 

REFERENCES 

[1] SHAO Y, WANG Y, YUAN Y, et al. A systematic review on antibiotics misuse in livestock and aquaculture and 

regulation implications in China [J]. Science of The Total Environment, 2021, 798: 149205. 

[2] HASAN ANIK A, HOSSAIN S, ALAM M, et al. Microplastics pollution: A comprehensive review on the sources, 

fates, effects, and potential remediation [J]. Environmental Nanotechnology, Monitoring & Management, 2021, 16: 

100530. 

[3] WANG F, XIANG L, SZE-YIN LEUNG K, et al. Emerging contaminants: A One Health perspective [J]. The 

Innovation, 2024, 5(4): 100612. 

[4] KARA N, SARI ERKAN H, ONKAL ENGIN G J A L. Characterization and Removal of Microplastics in Landfill 

Leachate Treatment Plants in Istanbul, Turkey [J]. 2022, 56: 1535 - 1548. 

[5] SANTOS L V D S, MEIRELES A M, LANGE L C. Degradation of antibiotics norfloxacin by Fenton, UV and 

UV/H2O2 [J]. Journal of Environmental Management, 2015, 154: 8-12. 

[6] ZHA J, HUANG Y, CLOUGH P T, et al. Corrigendum to “Green production of a novel sorbent from kaolin for 

capturing gaseous PbCl2 in a furnace” [J. Hazard. Mater. 404 (2021) 124045] [J]. Journal of Hazardous Materials, 

2021, 406: 124763. 

[7] YU J-G, ZHAO X-H, YU L-Y, et al. Removal, recovery and enrichment of metals from aqueous solutions using 

carbon nanotubes [J]. Journal of Radioanalytical and Nuclear Chemistry, 2014, 299(3): 1155-1163. 

[8] TANG J, HUANG Y, GONG Y, et al. Preparation of a novel graphene oxide/Fe-Mn composite and its application 

for aqueous Hg(II) removal [J]. Journal of Hazardous Materials, 2016, 316: 151-158. 

[9] LIANG - M, YANG - S, HAN - G, et al. - Research progress of the application of graphene-based materials in the 

treatment of water pollutants %J - New Carbon Mater [J]. 2019, - 34(- 3): - 220. 

[10] FRYCZKOWSKA B, PRZYWARA L. Removal of microplastics from industrial wastewater utilizing an 

ultrafiltration composite membrane rGO/PAN application [J]. DESALINATION AND WATER TREATMENT, 

2021, 214: 252-262. 

[11] YANG L, YE X, CAO X, et al. Deploying holey rGO-based membranes for MPs removal [J]. Journal of Water 

Process Engineering, 2022, 48: 102875. 

[12] ZOU W, LI X, LAI Z, et al. Graphene Oxide Inhibits Antibiotic Uptake and Antibiotic Resistance Gene Propagation 

[J]. ACS Applied Materials & Interfaces, 2016, 8(48): 33165-33174. 

[13] GAO H, WANG Y, AFOLABI M A, et al. Incorporation of Cellulose Nanocrystals into Graphene Oxide Membranes 

for Efficient Antibiotic Removal at High Nutrient Recovery [J]. ACS Applied Materials & Interfaces, 2021, 13(12): 

14102-14111. 

[14] JIANG W-L, XIA X, HAN J-L, et al. Graphene Modified Electro-Fenton Catalytic Membrane for in Situ 

Degradation of Antibiotic Florfenicol [J]. Environmental Science & Technology, 2018, 52(17): 9972-9982. 

[15] KANG J, ZHANG H, DUAN X, et al. Nickel in hierarchically structured nitrogen-doped graphene for robust and 

promoted degradation of antibiotics [J]. Journal of Cleaner Production, 2019, 218: 202-211. 

[16] DEY T K, JAMAL M, UDDIN M E. Fabrication and performance analysis of graphene oxide-based composite 

membrane to separate microplastics from synthetic wastewater [J]. Journal of Water Process Engineering, 2023, 52: 

103554. 

[17] SUN J, XIONG Y, JIA H, et al. Superb microplastics separation performance of graphene oxide tuned by laser 

bombardment [J]. Journal of Hazardous Materials, 2024, 461: 132599. 

[18] SEN GUPTA R, MANDAL S, MALAKAR A, et al. Graphene oxide offers precise molecular sieving, structural 

integrity, microplastic removal, and closed-loop circularity in water-remediating membranes through a covalent 

adaptable network [J]. Journal of Materials Chemistry A, 2024, 12(1): 321-334. 

[19] UOGINTĖ I, PLESKYTĖ S, SKAPAS M, et al. Degradation and optimization of microplastic in aqueous solutions 

with graphene oxide-based nanomaterials [J]. International Journal of Environmental Science and Technology, 2023, 

20(9): 9693-9706. 



 

35 

[20] FADLI M, IBADURROHMAN M, SLAMET S. Microplastic Pollutant Degradation in Water Using Modified TiO 

2 Photocatalyst Under UV-Irradiation [J]. IOP Conference Series: Materials Science and Engineering, 2021, 1011: 

012055. 

[21] EL-WAKEIL A S, AGEBA M F, SALAMA W M, et al. Removal of microplastic contaminants by a porous hybrid 

nanocomposite and using the earthworms as a biomarker for the removal of contaminants [J]. Journal of Industrial 

and Engineering Chemistry, 2024, 130: 533-546. 

[22] ZHOU H, GONG J, LI J, et al. Cross-Linked and Doped Graphene Oxide Membranes with Excellent Antifouling 

Capacity for Rejection of Antibiotics and Salts [J]. ACS Applied Materials & Interfaces, 2023, 15(6): 8636-8652. 

[23] JUENGCHAREONPOON K, WANICHPONGPAN P, BOONAMNUAYVITAYA V. Graphene oxide and 

carboxymethylcellulose film modified by citric acid for antibiotic removal [J]. Journal of Environmental Chemical 

Engineering, 2021, 9(1): 104637. 

[24] HU Y, CHEN Y, GUO Y, et al. Preparation of High Flux GO/PS-DVB/PAN Membrane by Filtering Layer-by-

Layer Assembly Method for Adsorption of Antibiotics from Water [J]. Journal of Inorganic and Organometallic 

Polymers and Materials, 2023, 33(8): 2292-2304. 

[25] ORMENO-CANO N, RADJENOVIC J. Electrochemical degradation of antibiotics using flow-through graphene 

sponge electrodes [J]. Journal of Hazardous Materials, 2022, 431: 128462. 

[26] ZHAO W, DUAN J, JI B, et al. Novel formation of large area N-TiO2/graphene layered materials and enhanced 

photocatalytic degradation of antibiotics [J]. Journal of Environmental Chemical Engineering, 2020, 8(1): 102206. 

 


