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A B S T R A C T   

Antibiotics are extensively used to treat human and animal diseases and are especially used in animal production 
to promote the growth performance of livestock and aquatic animals. Sulphonamides, as important drugs for 
aquatic animals, are often used in aquaculture to prevent and treat diseases. However, various antibiotics found 
in the aquatic environment exhibit varying degrees of toxicity to aquatic organisms. Antibiotics in wastewater 
produced in industrial and agricultural processes are not thoroughly removed by sewage treatment and are 
released into water, which results in varying degrees of pollution of the surrounding water environment, forcing 
people to pay attention towards the ecosystem. Several studies have investigated the impact of antibiotics on 
aquatic organisms in water environment; however, only a few studies have investigated the underlying mech-
anism. Antibiotics persisting in an aquatic environment for a long time can cause genotoxicity and histopatho-
logical changes in various aquatic organisms. Therefore, this paper reviews the sources of antibiotics in aquatic 
environment, the pollution status of sulfonamides in aquatic environment at home and abroad, and focuses on 
the research status of ecotoxicological effects of sulfonamides on aquatic organisms. Because there are not only 
antibiotic pollution, but also many other pollutants, such as heavy metals, micro plastics and other chemicals, it 
will be a challenge to determine the combined effects of antibiotics or other pollutants on aquatic organisms in 
future environmental toxicity studies.   

1. Introduction 

Antibiotics exhibit various biological activities such as inhibition of 
protein and nucleic acid synthesis [19] and DNA replication and cell 
division [58], therefore, antibiotics are extensively applied to animal 
husbandry and aquaculture to prevent and treat bacterial diseases and 
promote animal growth. However, the residual antibiotics in industrial 
and agricultural wastewater are not completely eliminated 
post-treatment at sewage treatment plants, therefore, antibiotic residues 
often persist in the water environment [50,52]. The discharge of anti-
biotics into the water environment through different channels carries 
the risk of development of drug-resistant bacteria and drug-resistant 
gene transmission [2]. Even at a very low antibiotic concentration 
(from a nanogram to a microgram per litre), antibiotic-resistant bacte-
rial strains can emerge, which can threaten human health and the 
environmental ecosystem [26]. 

The problem of persistence of antibiotic residues in water 

environment is a hotspot of ecological environment research. Presently, 
antibiotics, mainly sulphonamides and quinolines [40], can be detected 
in underground water, surface water, sewage treatment plants, drinking 
water, and many other water environments. The high detection rate of 
sulphonamides (SAs) in water environment is because of its wide use 
and strong hydrophilicity, which means that sulphonamides can easily 
enter any water environment through drainage and rainwater [10]. The 
residual sulphonamides in water environment accumulate through 
biodegradation and nonbiodegradation, and they promote the evolution 
of drug-resistant strains and affect the growth of animals and plants. 
Therefore, antibiotics that persist in the water environment inevitably 
pose a potential risk to ecosystems and humans through the food chain 
[61]. The effects of residual antibiotics in the aquatic environment on 
aquatic organisms have reported in many studies; however, limited re-
ports are available on the toxicity mechanism of residual antibiotics in 
aquatic organisms. Residual antibiotics persisting in an aquatic envi-
ronment for a long time can cause genotoxicity and negative 
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histopathological changes in aquatic organisms. Therefore, this review 
attempted to summarise the harmful effects of commonly used sulpho-
namides persisting in the aquatic environment on aquatic organisms. 

2. Physicochemical properties and types of sulfa antibiotics 

Sulfonamides (SAs) are the derivatives of ammonia benzene sulfonic 
group, and their molecular structures are composed of a benzene ring, 
para-amino group, and sulfonphthalamide group (Fig. 1). SAs have 
different properties and functions due to their different -R groups, and 
their polarity will change under different pH [43]. Except for sulfa-
guanidine (SGM) and sulfasalazine (SSZ), small-molecule SAs are 
water-soluble and have low Henry constant, which can be slightly 
adsorbed by soil, so they are easy to diffuse in the environment, but their 
properties will limit their accumulation in specific biological sites [13]. 
Sulfonamide antibiotics mainly include sulfaguanidine (SGD), sulfa-
pyridine (SPY), sulfadiazine (SDZ), sulfamethoxazole (SMX), sulfathia-
zole (STZ), sulfamerazine (SMR), sulfisoxazole (SIZ), sulfamethazine 
(SMT), sulfamethazine (SMZ), sulfamethoxypyridazine (SMP), sulfa-
chloropyridazine (SCP), and sulfadimethoxine (SDM), which were most 
commonly used in veterinary medicine. 

3. Sources of antibiotics in aquatic environments 

The discharge of livestock and aquaculture wastewater is one of 
several main anthropogenic factors resulting in antibiotic pollution in 
water environment [65], such that the detected concentration of sulfa-
methoxazole (SMX) was as high as 54.83 mg/L [54]. Fig. 2 shows the 
sources of sulpha antibiotics in the water environment. Danner et al. 
[15] summarised different types of antibiotics persisting as residues in 
surface water or freshwater globally, such as quinolones, sulphona-
mides, tetracyclines, macrolides, penicillins, cephalosporins, and nitro-
imidazoles. Among these antibiotics, quinolones, sulphonamides, 
tetracyclines, and macrolides are most commonly present in the water 
environment. The aquatic toxicity of these drugs has been extensively 
studied. A study reported that the main sources of doxycycline, tetra-
cycline, oxytetracycline, and sulfamethoxazole are aquaculture and 
humans, whereas the main source of sulphadiazine and sulphame-
thylpyrimidine is animal husbandry (Li et al., 2016a). 

Hospitals discharge a large amount of antibiotics into the aquatic 
environment and thus are the main source of antibiotics. To test the 
elimination efficiency of antibiotics, researchers collected samples from 
the wastewater at a treatment plant (Loganathan et al., 2009). Afsa et al. 
[1] reported that antibiotics, mainly derived from nearby hospitals and 
sewage treatment plants, detected off Mahadia (Tunisia) in coastal 
seawater. The detection frequency of three SAs (SDZ, SMX and SMT) in 
the Mediterranean Sea is as high as 100% [1]. The release of antibiotics 
from animal husbandry into the aquatic environment is also a matter of 
concern. The use of antibiotics is not limited to humans and animal 
husbandry; they are widely used in aquaculture and orchards. Aqua-
culture is a key industry to meet human demand for aquatic products. 
Therefore, the use of antibiotics in aquaculture is increasing (Liu et al., 
2017c; Miranda et al., 2018). Simultaneously, high-resolution mass 
spectrometry screening method has been extensively applied to monitor 
the residual antibiotics in aquatic products (Turnipseed et al., 2019). 

Considering these problems, several analytical techniques have been 
developed to accurately measure the antibiotic removal efficiency in 
wastewater treatment plants. However, according to the 2017 United 

Nations World Water Development Report, wastewater treatment rates 
vary from country to country. In low-income countries, untreated 
wastewater accounts for more than 90%, which seriously threatens the 
human ecosystem. Sato et al. [47] reported that in 2013, only 62 
countries and 103 countries in the world reported wastewater reuse. The 
removal efficiency of antibiotics can be greatly improved by using 
treatment technologies such as chlorination, ultraviolet and fungal 
treatment [50]. Many studies have shown that in many cases, the re-
sidual concentration of antibiotics detected in the aquatic environment 
generally does not exceed 1 mg/L. Studies of antibiotic toxicity in fish 
have revealed the biological activity of exposure to conditions similar to 
environmental exposure. However, in order to determine the concen-
tration leading to biological toxicity, or to study the mechanism of ac-
tion of specific antibiotics in fish, the effect should also be determined at 
a concentration higher than the environment related concentration. In 
addition, fish were exposed to antibiotics under different conditions 
according to the purpose of determining the acute or chronic effects. 
Before analyzing the toxic mechanism of contaminated antibiotics on 
fish, the antibiotics that fish may be exposed to or may accumulate in 
fish tissues should be studied. 

4. Pollution status of sulpha antibiotics in water environment 

After digestion by humans and animals, approximately 30–90% of 
sulphonamides enter the environment in the form of matrix or metab-
olites [44,56]. Sulfonamide metabolites will not lose biological activity 
in water environment, and can further form other compounds under 
specific conditions [42]. According to estimates, more than 20,000 tons 
of sulphonamide antibiotics (excluding herbicides) with anti-bacterial 
properties enter the biosphere every year [44]. Sulphonamides can 
enter water environment through many routes. Several national and 
international studies have reported the presence of sulphonamide resi-
dues in various water environments (including surface water, ground-
water, drinking water, and seawater). Table 1 lists the residual mass 
concentration of sulphonamides in the water environment reported in 
literature. 

4.1. Pollution status of sulpha antibiotics in domestic water environment 

China is one of the leaders in the production and use of antibiotics. A 
large amount of wastewater containing sulphonamides is produced in 
the livestock and poultry breeding, aquaculture, and medical system, 
resulting in the discharge of sulphonamides in water environment. Ying 
[68] detected a high content of sulpha antibiotics in Dishui lake water 
samples, which accounted for more than 90% of the total detected an-
tibiotics. Ou et al. [41] detected sulphamethazine in multiple samples, 
with an average concentration of 78.3 ng/L, which was the highest 
among those of nine sulpha antibiotics detected. Luo et al. [37] studied 
the source and migration of 12 antibiotics (including tetracyclines, 
sulphonamides, quinolones, and macrolides) in the 72 km reach of 
Haihe River, China. Among these antibiotics, sulphonamides had the 
highest concentration (24–385 ng/L) and frequency (76–100%). Over-
all, the concentrations of SAs in surface water tended to be higher. For 
example, enormously high concentrations of SMX could be observed in 
the Hai River system, China (up to 4.87 μg/L) [11]. In addition, a higher 
level of SDZ was detected in the Chaobai River at 1.181 μg/L, and SMZ 
was detected in Erlong Lake of China at 2.231 μg/L [33,53]. Although 
the types of veterinary antibiotics in animal wastewater and residual 
level of surface water around the farm are related to animal species and 
have spatial differences, sulpha antibiotics account for a large propor-
tion. Various sulphonamides are present in the environment, which can 
potentially harm human health and ecosystem balance. Therefore, an 
in-depth study on the ecotoxicological effects of sulphonamides is 
necessary. 

Fig. 1. General structural of sulfonamides antibiotics.  
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4.2. Pollution status of sulpha antibiotics in water environment globally 

Because of the extensive use of sulphonamides, water environment is 
polluted globally in varying degrees by sulphonamides. From 
1999–2000, the United States Geological Survey investigated 139 rivers 
in 30 states and detected 21 antibiotics. Other countries have similar 
reports on high levels of SAs in surface water, such as in India (up to 
4.66 µg/L) [22], Korea [28], Kenya [27], and Vietnam [55]. As for 
surface water, SMX was found in high levels of 2.42 µg/L and 3.066 µg/L 
in the João Mendes River, Brazil, and Charmoise River, France, 
respectively [17,45]. The highest concentration of SMX (142.6 µg/L) 
was detected in Machakos, Kenya [27]. The concentration of SMZ was 
higher (21.3 µg/L) in the streams near concentrated animal feedlots, as 
evinced by data from Korea [28]. Sulpha antibiotics have also been 
detected in groundwater samples. For example, the highest concentra-
tion of selected antibiotics was 1.285 µg/L for SMX in Yaoundé , 
Cameroon [9]. Moreover, sulphamethoxazole, which poses an uncertain 
threat to human health, was detected in drinking water samples in the 
United States [7]. Shimizu et al. [48] detected seven sulphonamides in 
150 livestock and aquaculture wastewater and river samples from five 
tropical Asian countries (namely Vietnam, Philippines, Indonesia, 
Malaysia, and India); the results showed that the concentration of target 
antibiotics in wastewater was at sub- to low- ppb levels, and the anti-
biotics, sulphamethoxazole, lincomycin, and sulphathiazole, were pre-
sent in the highest concentration. The average content of sulphonamides 
in sewage waters was 1720 ng/L in Vietnam (Hanoi, Ho Chi Minh, Can 
Tho: n = 15), 802 ng/L in Philippines (Manila: n = 4), 538 ng/L in India 
(Kolkata: n = 4), 282 ng/L in Indonesia (Jakarta; n = 10), and 76 ng/L 
in Malaysia (Kuala Lumpur: n = 6). These concentrations were higher 
than those in the corresponding waters of Japan, China, Europe, the 
United States, and Canada. 

5. Research status of the ecotoxicological effect of 
sulphonamides on aquatic organisms 

5.1. Research status of the ecotoxicological effect of sulpha antibiotics on 
microorganisms in water environment 

With the accumulation of sulpha antibiotics in the environment, 
their ecological impact is becoming increasingly obvious. As a compet-
itive inhibitor of dihydrofolate synthase that catalyses the conversion of 
para aminobenzoic acid to dihydrofolic acid (a precursor of folate syn-
thesis), sulphonamides can inhibit the synthesis of nucleic acids and 
alter the permeability of bacterial cell wall to glutamate, an essential 
component in folate synthesis [57], further inhibiting protein synthesis. 
Some researchers have investigated the impact of extensive use of sul-
phonamides on the bacterial community in the aquaculture environ-
ment by analysing the water samples and sediments of four fish ponds in 
Guangdong. A study showed that Acinetobacter exhibits the highest 
abundance (35%) among the sulphonamide-resistant strains [62]. 
Similar results were reported in sediment samples from the rivers 
affected by sewage treatment plants in India and Spain [32,39]. Some 
resistant pathogens have also emerged, which may pose a health threat 
to fishermen and aquatic product processing workers. All sulpha anti-
biotics in marine water do not exhibit strong acute toxicity to marine 
bacteria because of their low concentrations. However, because these 
compounds can interfere with biological metabolic pathways, their po-
tential harm should not be underestimated. Kim et al. [30] calculated 
the concentration of antibiotics for 50% of the maximal effect on marine 
bacteria through a 15-min luminescence inhibition experiment by using 
the following antibiotics: sulphamethoxazole (78.1 mg/L); sulpha-
chloropyridazine (26.4 mg/L); sulphathiazole (1000 mg/L); sulphame-
thazine (344.7 mg/L); and sulphamethazine (500 mg/L). 

Sulfonamides

Human Source Animal Source 

Pharmacy Medical Life Poultry and Livestock Aquaculture 

Waste Water, Residue, Garbage Landfill Feces/Urine

Sewage Treatment Plant Sludge Soil/Farmlan

Surface Water Groundwater

Drinking Water 

Fig. 2. Pollution pathways of sulphonamides in aquatic environment.  
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5.2. Research status of the ecotoxicological effect of sulpha antibiotics on 
algae and aquatic plants 

Algae and cyanobacteria, as primary producers, play an important 
role as the base of the food chain in aquatic ecosystems [66]. Among all 
aquatic organisms, algae are more susceptible than fish and crustaceans 
to the selected antibiotics, including SMX [31]. Because the algae form 
the basis of aquatic food chain, the reduction in the algal population will 
directly affect the balance of the whole aquatic ecosystem [46]. Studies 

have shown that nearly all sulphonamides can have toxic effects on 
algae, and their EC50 value ranges from 1.54 to 32.25 mg/L 
(6.1–113.55 mmol/L). The three most toxic drugs to green algae are 
sulphamethoxazole (EC50 = 6.2 μmol/L), sulphadiazine (EC50 = 4.9 
μmol/L), and sulphamethoxypyridazine (EC50 = 13.64 μmol/L). Dif-
ferences in the toxicity level of sulphonamides may be related to their 
molecular structure; the higher the number of CH3 groups in the side R 
group, the lower is the toxicity. 

The toxicity mechanism of sulpha antibiotics in plants is similar to 
that of bacterial activity inhibition, which affects plant growth by 
inhibiting the activity of dihydrofolate synthase. A few studies have 
reported the toxicity of sulpha antibiotics in aquatic plants. Addition-
ally, studies have shown that sulphamethoxazole has the strongest toxic 
effect on duckweed (EC50 = 0.081 mg/L), followed by sulphamethazine 
(EC50 = 0.248 mg/L), sulphamethazine (EC50 = 1.277 mg/L), and 
sulphathiazole (EC50 = 3.552 mg/L) [8]. 

5.3. Research status of the ecotoxicological effect of sulphonamides on 
aquatic animals 

Sulpha antibiotics can induce toxicity in aquatic animals. Fishes 
produce some electrophilic intermediates in the metabolic process of 
antibiotics, which may induce changes in the antioxidant enzyme ac-
tivity in organisms, leading to oxidative stress [59]. Most of the existing 
studies have used lower aquatic organisms as the research object, and 
the number of available studies is extremely low. Some researchers have 
used isolated acetylcholinesterase and glutathione reductase to verify 
the toxic effect of sulphonamides on the activities of key enzymes pre-
sent in the antioxidant system of fish. Although no obvious activity in-
hibition due to sulphonamides has been observed, the possibility of their 
influence on the whole redox state of cells cannot be ruled out [3]. When 
fishes are cultured in a laboratory with sulphonamides at a concentra-
tion much higher than that in the environment, obvious teratogenic and 
lethal effects could be found [35]. For example, researchers in our 
research team exposed zebrafish to different concentrations (3、6、 
12、24 mg/L) of SMX and SD. The results showed that low concentra-
tion (3 mg/L) of SMX inhibited the growth of zebrafish, while high 
concentration (24 mg/L) of SD inhibited the growth of zebrafish (un-
published). Our results show that there are significant differences in the 
negative effects of different kinds of sulfa antibiotics on aquatic animals. 

Sulpha antibiotics exert a cumulative effect on fishes. For example, 
Xu et al. [63] studied the enrichment of sulphamethazine and sulpha-
methoxazole in zebrafish and found that the maximum bioconcentration 
factor (BCF) value of fishes for sulphamethazine and sulphamethoxazole 
was 1.11 and 1.15, respectively. The BCF value represents the ratio of 
drug content in fishes (mg/kg) to the drug content in water (mg/L), 
which reflects the enrichment degree of drugs in fishes. Some re-
searchers have found the residues of sulpha antibiotics in cultured fish 
samples in China [51]. Although the residue level in seawater fish is 
lower than that in freshwater fish [23], sulphonamides have been 
detected in marine fish. For example, they have been detected in wild 
fish samples [20] in Mediterranean coastal waters and seafood samples 
[60] in South Korea. Sulphonamides can easily accumulate in other 
organisms, in addition to fishes. Hiba et al. [24] analysed 304 meat 
samples and found residues of sulphonamides in 46 samples; the mass 
concentration detected in chicken and beef samples was 151.4–1196.7 
and 109.8 μg/kg, respectively, which seriously exceeds the concentra-
tion limit specified in Europe. 

Sulfamethoxazole is one of the antibiotics with the lowest removal 
efficiency in wastewater treatment plants [50]. Sulfamethazine 
(0.2–2000 μg/L) can cause physiological changes in the whole life cycle 
of organisms, in which the embryonic stage is more sensitive than for 
adults [64]. Zebrafish were exposed to the lowest treatment concen-
tration of sulfamethazine (0.2 μg/L), the results showed that the con-
tents of SOD and MDA in zebrafish embryos increased, indicating that 
sulfamethazine caused redox imbalance in fish [64]. The results of our 

Table 1 
Concentrations of sulphonamides in the water environment.  

Sources Research area Composition and mass 
concentration1) 

Literature 
source 

Drinking water China 14.50 ng/L SMZ 
3.49 ng/L SCP 
20.82 ng/L SDZ 

[14] 

Groundwater America 0.0099–1.1100 µg/L 
SMX 

[4] 

Barcelona of 
Spain 

ND~208 ng/L SDZ 
ND~29.2 ng/L SMZ 
ND~65 ng/L SMX 

[36] 

Cameroon 1.285 μg/L for SMX [9] 
China 35.29 ng/L SMZ [70] 
America 0.015–18.000 µg/L 

SMX 
[4] 

Urban area of 
Beijing 

1.82 ng/L SMX 
2.49 ng/LSMR 

[38] 

Surface water China 4.87 ng/L SMX [11]; 
India 4.66 μg/L SMX [22] 
Korea 21.3 μg/L SMZ 

17.4 μg/L STZ 
[28] 

Vietnam < 1000 ng/L SMX [55] 
Kenya 49.9–142.6 ng/L SMX [27] 
China 1.181 μg/L SDZ [33] 
China 2.231 μg /L SMZ [53] 
Southeast China 1.605 ng/L SMZ 

1.835 ng/L SMX 
2.592 ng/L SDZ 

[67] 

France 3.066 µg/L SMX [45] 
Brazil 2.42 μg/L SMX [17] 

Seawater Northeastern 
Spain 

27.2–596.0 ng/L SMZ 
3.7–227.0 ng/L SPD 

Garcia 
et al., 2011 

Spain 160–260 ng/L SMZ 
1.5–3.1 µg/L SMX 

[25] 

Hospital wastewater 
and effluent from 
sewage treatment 
plant 

South Korea ND~189 µg/L SM 
0.047–309.00 µg/L 
SMX 
ND~403 µg/L STZ 

[49] 

Croatia 20.00 µg/L SDZ 
231.00 µg/L SMZ 

[6] 

Guangdong of 
China 

4.12–15.4 ng/L SDZ 
9.3–19.3 ng/L SMZ 
106–405 ng/L SMX 
16.3–39.6 ng/L SPD 

Zhou et al., 
2012 

Guangxi of China 19.5–187.0 ng/L SDZ 
280–600 ng/L SMZ 
2660–8600 ng/L SMM 

Zhou et al., 
2012 

South Korea 10–123 ng/L STZ 
ND~123 ng/L SMZ 
ND~270 ng/L SMX 
ND~80 ng/L SDM 

[29] 

China 14.8 µg/L SDZ 
580.4 µg/L SD 

[16] 

China 4.7 µg/L SDZ [12] 
Lake water Beibu gulf of 

China 
1.81–15.90 ng/L SMX 
0.34–6.57 ng/L SMZ 
0.24–4.80 ng/L SDZ 

[69] 

River water Pearl River 
Estuary 

11.9 ng/L SMR、 
13.9 ng/L SMX 

[21] 

Main river of 
Hongkong 

3.1 µg/L SMX、 
3.2 µg/L SPY 

[16] 

Beijing-Tianjin- 
Hebei region of 
China 

3.8 ng/L SMZ、 
11.6 ng/L SMX 

[12] 

Note：1) ND means not detected. 
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research team also found that exposure of zebrafish to low concentration 
(3 mg/L) of SMX decreased the activity of SOD and increased the con-
tent of MDA in liver, while exposure to high concentration (12 mg/L) of 
SMX significantly decreased the activity of SOD and increased the con-
tent of MDA. (unpublished). Compared with single exposure, repeated 
exposure to sulfamethazine resulted in greater changes in antioxidant 
enzyme activity. Exposure of zebrafish to sulfamethoxazole at a con-
centration of 260 ng/L increased the mortality of zebrafish and 
increased intestinal inflammatory cytokines such as TNF- α And IL-1 
gene expression, and reduced the number of intestinal goblet cells 
[71]. However, our results showed that exposure of zebrafish to low 
concentrations (3 mg/L) SMX did not affect IFN, IL-8 and TNF- α mRNA 
expression, while exposure of zebrafish to 6–9 mg/L SMX decreased the 
expression of the above genes in liver. (unpublished). Under standard 
culture conditions, tilapia were exposed to sulfamethoxazole at a con-
centration of 260 ng/L, the results showed that exposure to sulfameth-
oxazole changed nutritional metabolism and inhibited the innate 
immune system [34]. In addition, sulfamethoxazole increased the 
transcription of SOD in the intestine and liver of tilapia, and increased 
cytokines such as IL-1 β and TNF- α mRNA expression [34]. These results 
suggest that sulfamethoxazole may cause genotoxicity to fish tissues. 
Thus, some sulfa antibiotics will cause physiological and genetic 
changes of fish even at low concentration, and even if they will not affect 
the survival of fish. Therefore, long-term exposure of fish to sulfa anti-
biotics should be avoided; further research is needed to understand the 
clear provisions for the use of sulfonamides near the aquatic 
environment. 

6. Conclusion 

Sulpha antibiotics are widely used globally as veterinary drugs and 
feed additives, as well as for the treatment of human diseases. Although 
the half-life of sulpha antibiotics is short, it causes a ‘false persistence’ 
phenomenon owing to their frequent use and continuous entry into the 
environment. Sulpha antibiotics entering the natural environment are 
adsorbed and degraded; however, the drugs that do not undergo 
decomposition pollute the natural environment and pose a threat to the 
ecological environment and human health. Sulphonamides remaining in 
water and sediments directly or indirectly exert ecotoxicological effects 
on microorganisms, algae, plants, and fishes in water. Although the low 
concentration of sulpha antibiotics in the environment does not cause 
obvious acute toxicity to aquatic animals and plants, their cumulative 
effect poses a potential threat to human health. To reduce the environ-
mental harm of sulphonamides, countries throughout the world should 
focus on managing the sulphonamide pollution and reducing sulpho-
namide discharge from the source. This review covers a comprehensive 
knowledge of the toxicity of antibiotics that can be exposed to aquatic 
microorganisms. Among many aquatic organisms, it is well known that 
fish are not as sensitive as aquatic microorganisms. However, recent 
studies have shown that antibiotics may affect fish health even at acute 
or chronic environmental exposure levels. Therefore, this review sug-
gests that fish raised in water that may contain some antibiotics should 
be eaten carefully. In addition, there are not only antibiotic pollution, 
but also many other pollutants, such as heavy metals, micro plastics and 
other chemicals in the water environment. Therefore, in the future 
environmental toxicity research, we should pay attention to the 
comprehensive impact of antibiotics and other pollutants on aquatic 
organisms. 
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