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This study was performed to determine the status and ecological risk as well as provide a basis for the prevention and control of antibiotic contamination in the drinking water sources of Anhui Province. Ultra Performance Liquid Chromatography (UPLC-MS/MS) was used to measure the detection rate and concentrations of nine antibiotics, classified as sulfonamides (SAs) or tetracyclines (TCs), in water collected from 51 sampling points and from areas with different seasonal characteristics. The risks of the main antibiotics (Sulfamethoxazole (SMZ), Doxycycline (DOC), Sulfadiazine (SDZ), Sulfamerazine (SM2), Sulfadimethoxine (SDM), Doxycycline (DOC), Tetracycline (TC), Oxytetracyline (OTC), and Chlortetracycline (CTC). to the ecosystem and human beings were evaluated using risk quotients (RQs) and target hazard quotients (THQs), respectively. Nine antibiotics were detected in tap water and surface water at concentrations ranging from 1.71 ng L−1–21.92 ng L−1 and 1.54 ng L−1–78.74 ng L−1, respectively. SMZ and DOC were detected in both tap water and surface water. Their highest detection rates in tap water were 59.1% and 63.6%, respectively, and those in surface water were 81.25% and 43.8%, respectively. SDZ, SMZ, SM2, SDM, DOC, TC, OTC, and CTC were detected in the dry and flood seasons, with levels ranging from 2.43 ng L−1–49.43 ng L−1. Among the detected target antibiotics, SMZ, SM2, TC, OTC, and CTC had higher detection rates. The total concentrations of detected antibiotics were higher in fall than in the other seasons. TC and OTC present in different water sources posed a moderate risk. SDZ present in surface water posed a higher ecological risk than that present in tap water and ground water. Meanwhile, the presence of DOC in tap water and the low risk caused by SDM in surface waters should be emphasized.
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1 INTRODUCTION
Antibiotics are a class of common natural or synthetic compounds used for the prevention and treatment of bacterial infections in humans and of diseases in livestock and aquatic system (Sanganyado and Gwenzi, 2019). In recent decades, antibiotic pollution has seriously threatened water ecosystems and human health, and the environmental pollution problems caused by antibiotics have aroused widespread concern in the world (Browne et al., 2021; Kadivarian et al., 2024). The absorption of antibiotics in the body is limited and about 60%–90% of antibiotics migrate to the environment in their prodrug form (Li et al., 2020). Ultimately, it enters the environment through a variety of pathways, posing a potential risk to ecosystems.
There are more than 200 types of antibiotics in the natural environment, which can be categorized into 10 major groups according to their different chemical structures and functions, among which sulfonamides (SAs), tetracyclines (TCs), quinolones (FQs), macrolides (MACs) and β-lactams are the five major groups of antibiotics consumed in China. Trace amounts of antibiotics are currently detected globally in groundwater, lakes, reservoirs, fish hatcheries and sediments, with contamination levels typically ranging from ng·L−1 to μg·L−1 (Chin et al., 2023). In recent years, more studies have been conducted on the antibiotic contamination status of China’s larger rivers, lakes, estuaries and other regions, such as the Pearl River (Li et al., 2018), Yangtze River (Li et al., 2019), Yellow River (Zhou et al., 2011) and Yellow Sea (Lang et al., 2019), where the presence of a variety of antibiotic contaminants has been reported in water bodies or sediments, with contamination concentrations ranging from the ND∼3,474 ng L−1 level. Antibiotics are present at low concentrations in water bodies, but because of their specific pharmacological functions and bioaccumulation capacity, they are likely to accumulate in the environment, a phenomenon called “pseudo persistence” (Bao et al., 2012). Water bodies are important sinks for antibiotics in the environment, and wastewater treatment plants act as the last line of defense against antibiotics entering the water systems (Zhang et al., 2018; Guo et al., 2022). The limited removal efficiency of antibiotics by traditional wastewater treatment processes has led to the widespread presence of antibiotics in the aquatic environment (Au et al., 2015). In China, antibiotics are more often being detected in surface water bodies (Liu et al., 2020; Wei et al., 2023). Currently, a number of countries in Europe and the United States have been actively working to identify aquatic antibiotic contamination pathways, sources of contamination and ecosystem damage, as well as countermeasures for contamination control, prevention and treatment (Proia et al., 2013; Hanna et al., 2018). As a country that produces and uses antibiotics on a large scale, China is faced with antibiotic contamination in the aquatic environment.
TCs and SAs antibiotics are widely used in human treatment, animal disease control and agricultural feed additives because they are broad-spectrum, stable, economical, easy to use and have good bactericidal effects. They can be transferred to water bodies by various means and can accumulate in water bodies for a long time, resulting in high residual concentrations. Drinking water intake is an important way for antibiotics to enter the human body. Therefore, antibiotic residues in drinking water sources need to be emphasized. In this study, we investigated the amount of five SAs and four TCs contaminated in the main drinking water sources in Anhui Province; not only focusing on the distribution and concentration of antibiotics in aquatic environments, but also evaluating the ecological and human health risks comprehensively, to understand the impacts of antibiotic contamination from a holistic perspective. In addition, the effects of different seasons on antibiotic concentration and distribution were considered, which helps to understand the contribution and impact of seasonal changes on antibiotic pollution in water bodies. The results of this study can extend and enrich the existing databases related to environmental monitoring and contribute to better monitoring and control of antibiotic pollution in the aquatic environment in the future. It provides a scientific basis for the development of strategies for the prevention and control of antibiotic pollution, which is invaluable to policy makers and environmental protection agencies.
2 MATERIALS AND METHODS
2.1 Sample collection
Anhui Province is part of the East China region, spanning the Huaihe River and Yangtze River to the north and south. It is located in the transition area between the warm temperate zone and the subtropical zone, and has a warm and humid climate with four distinct seasons. The average annual precipitation in the province is about 1,200 mm. In terms of the regional distribution, there is generally more precipitation in the south than in the north, and more in the mountains than in the plains. The precipitation in the northern part of Anhui Province is about 750–800 mm, that in the central part of Anhui Province is about 800–1,000 mm, that in the area along the river is about 1,100–1,400 mm, and that in the southern part of Anhui Province is about 1,600 mm. The total water resources of the province account for about 68 billion cubic meters. The main rivers of the province are Huaihe River, measuring 66,900 square kilometers, Yangtze River at 66,000 square kilometers, and Qiantang River at 6,500 square kilometers.
Sample collection was conducted during four different periods of sampling August and December 2011, March and May 2012, respectively. Tap water was collected from pipelines in residential areas, and surface water was collected from drinking water source protection areas. The distribution map of sampling sites is presented in Figure 1; Supplementary Table S1. Sampling Sites 1, 2, and 3 represent Shushan Lake, Dongpu, and Dafangying Reservoir water source protection zones, respectively (Supplementary Figure S1). The water samples were collected below 0.5 m of the water surface. At each site, three water samples were collected at different points using a stainless steel water collector. The samples were mixed, and 1 L was placed in a wide-mouth brown. The samples were transported back to the laboratory as soon as possible and stored at 4°C for 48 h for determination.
[image: Figure 1]FIGURE 1 | Sampling sits of water in Anhui province, China.
2.2 Sample pretreatment
A total of 0.5 L of water sample was filtered using a 0.45-μm membrane. To the filtered water, 0.5 g of disodium ethylenediaminetetraacetic acid was added, and the pH of the water sample was adjusted to 3.0 using 1 mol L−1 dilute hydrochloric acid. The Oasis HLB (500 mg, 6 mL) solid-phase extraction columns were activated with 6 mL of methanol and 12 mL of ultrapure water in turn. The water samples were then upsampled at a flow rate of ∼5–10 mL min−1. After sampling, the column was washed with 5 mL of ultrapure water, dried for 10 min, and then eluted with 6 mL of methanol. The eluate was collected in a 10 mL volumetric flask, blown to near dryness with nitrogen, dissolved in 1.0 mL of methanol-water solution with a volume ratio of 15:85, and then passed through a 0.22-μm filter membrane for analyses using the machine.
2.3 Analytical conditions
The column used was the ACQUITY Ultra Performance Liquid Chromatography (UPLC), BEH C18 column (1.7 μm, 2.1 mm, 100 mm). The mobile phase was 2:98 of methanol: water (V/V) + 0.1% formic acid for phase A and methanol + 0.1% formic acid for phase B. The flow rate was 0.15 mL min−1. The injection volume was 10 μL. The column temperature was 30°C. The gradient elution conditions are presented in Table 1.
TABLE 1 | Gradient elution program of UPLC.
[image: Table 1]2.4 Quality assurance and control
The quantitative analysis of the samples was performed using the internal standard method. The calibration curves of three points were selected for quantification. Working standard solutions of 5, 10, 20, 50, 100, and 500 ng L−1 were prepared, which presented a good linear relationship (r > 0.995). Blank, blank spiking, and matrix spiking were set up to ensure the feasibility of the assay method. Three blank spiked samples and three matrix spiked samples were analyzed using the same method as that of the water samples. The average recoveries of antibiotics spiked with 20, 200, and 1,000 ng L−1 ranged from 78.00% to 92.00%, 82.00%–104.00%, and 81.07%–113.59%, respectively. Their relative standard deviations (RSD) were ∼1.09%–10.18%, ∼0.18%–10.08%, and ∼1.10%–5.83%, respectively. Compared with reported methods, the current method is reproducible, has high accuracy and precision, and can meet the detection requirements.
The quantitative analysis of the samples was performed using the internal standard method. The calibration curves of three points were selected for quantification. Working standard solutions of 5, 10, 20, 50, 100, and 500 ng L−1 were prepared, which presented a good linear relationship (r > 0.995). Blank, blank spiking, and matrix spiking were set up to ensure the feasibility of the assay method. Three blank spiked samples and three matrix spiked samples were analyzed using the same method as that of the water samples. The average recoveries of antibiotics spiked with 20, 200, and 1,000 ng L−1 ranged from 78.00% to 92.00%, 82.00%–104.00%, and 81.07%–113.59%, respectively. Their relative standard deviations (RSD) were ∼1.09%–10.18%, ∼0.18%–10.08%, and ∼1.10%–5.83%, respectively. Compared with reported methods, the current method is reproducible, has high accuracy and precision, and can meet the detection requirements.
2.5 Ecological risk assessment of the antibiotics
In this study, the ecological risk assessment of typical drinking water sources in Anhui Province was carried out using the risk quotient (RQ) method according to the EU technical guidance document on environmental risk assessment (Gueriti et al., 2008). The calculation formula is as follows:
The RQ values for the antibiotics were calculated as follows Eq. 1.
[image: image]
where MEC is the measured environmental concentration (ng·L−1). The maximum value of the measured antibiotic concentration was selected. PNEC is the Predicted No Effect Concentration (ng·L−1). These data were obtained from the literature, and the PNEC values of the most sensitive species were selected. Due to the lack of toxicity data for MAR, FLX, and SMM, the PNEC values could not be obtained, and the ecological risk assessment was not carried out. A low risk level is defined as 0.01 ≤ RQ < 0.1, a medium risk level as 0.1 ≤ RQ < 1, and a high risk level as RQ ≥ 1 (Hernando et al., 2006).
2.6 Health risk assessment
In this study, the health risk of antibiotics in typical water sources in Anhui Province to different age groups was assessed. The primary method used for the assessment was the health risk quotient (RQH) of pollutants ingested by the drinking water route. The quantitative assessment of the impact of antibiotic contamination on health was made using the following formula Eq. 2:
[image: image]
where MEC is the measured concentration of antibiotics (μg·L−1). Based on the principle of maximum risk control, the maximum concentration of measured antibiotics was selected. DWEL is the equivalent value of antibiotics per liter of drinking water (μg·L−1). The formula for calculating DWEL is as follows Eqs 3, 4:
[image: image]
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where ADI is the average acceptable daily intake (μg·kg−1·d−1). The data were obtained from the literature. HQ is the maximum risk and was calculated as the average daily intake (μg·kg−1·d−1).
HQ is the highest risk, calculated as 1; AB is the gastrointestinal absorption rate, calculated as 1; FOE is the frequency of exposure (350 days·a−1), calculated as 0.96; BW is the body mass per capita (kg); and DWI is the daily water intake (L·d−1). The BW and DWI data were obtained from the Chinese Population Exposure Parameters Manual. When RQH < 0.01, the risk level was negligible; when 0.01 < RQH < 0.1, the risk level was low; when 0.1 < RQH < 1, the risk level was moderate; and when RQH > 1, the risk level was high (Dai et al., 2021).
2.7 Statistical analysis
Sampling maps were drawn using ArcGIS 10.2. The basic data were analyzed using IBM-SPSS statistics 22. A one-way ANOVA was performed to determine the differences in antibiotic content of the drinking water sources in different areas of Anhui Province. The Turkey’s test was used to test the significance of the differences. An independent samples T-test was used to analyze the seasonal differences in the total amount of antibiotics in the drinking water sources of Anhui Province.
3 RESULTS
3.1 Detection rate and detection value of target antibiotics in drinking water
The detection rates and detection values of target antibiotics in the drinking water sources of Anhui Province are shown in Figure 2. The detection concentrations of the eight target antibiotics showed the following trend: SDZ > SDM > SM2 > OTC > TC > SMZ > CTC > DOC. SMZ and DOC had the highest detection rates of 68.6% and 54.9%, respectively, but the mean values of the detected contents were relatively low. The detected concentrations of SDZ and SDM were 46.37 ng L−1 and 30.44 ng L−1, respectively. They were, however, detected only at five sampling points and had the lowest detection rates (9.80%).
[image: Figure 2]FIGURE 2 | The detected ratio (%) of 9 antibiotics and the difference of the average content.
3.2 Detection rates and values of nine antibiotics in different water sources
As shown in Figure 3A, the order of the detection rate of the nine antibiotics in tap water was DOC (63.6%) > SMZ (59.1%) > OTC (40.10%) > SM2 (14.00%) > CTC (5.5%) > TC (4.5%). SDZ, SCP, and SDM were not detected in tap water. The order of detection of the nine antibiotics in ground water was SMZ (64.3%) > DOC (50%) > SM2 (42.90%) > OTC (35.70%) > CTC (28.60%) > TC (14.000%) > SDM (7.20%) > SDZ (7.1%). SCP was not detected. The order of detection of the nine antibiotics in surface water was SMZ (81.25%) > DOC (43.80%) > SM2 (37.50%), CTC (37.50%) > SDZ (25.00%), SDM (25.00%), TC (25.00%), CTC (25.00%), and SCP was not detected.
[image: Figure 3]FIGURE 3 | The concentrations (ng·L−1) and frequency (%) of 9 antibiotics in drinking water sources. (A) The detected ratio (%) of 9 antibiotics in drinking water sources. (B) The difference of the average content in drinking water sources.
As shown in Figure 3B, the average contents of SAS in different categories of drinking water sources were in the order of surface water (30.98 ng L−1) > ground water (7.49 ng L−1) > tap water (4.07 ng L−1), and the average contents of TCs in different categories of drinking water sources were in the order of surface water (30.98 ng L−1) > ground water (7.49 ng L−1) > tap water (4.07 ng L−1). The average concentrations of TCs in different categories of drinking water sources was surface water (11.59 ng L−1) > ground water (8.29 ng L−1) > tap water (8.11 ng L−1). There was little difference in the concentrations of TCs detected in ground water and tap water. There was a high level of antibiotic detection in tap water, and the order of detection was SAS (36.40%) > TCS (28.40%). For ground water, the order of detection was TCS (32.00%) > SAS (24.30%), and for surface water, it was SAS (33.75%) > TCS (32.80%).
3.3 Seasonal differences of antibiotic levels in drinking water source protection areas
The concentrations of antibiotics measured in different seasons in the Hefei drinking water source protection zones are presented in Table 2. Except for SCP, which was not detected, all the antibiotics were detected in both the dry (September, October and November) and flood seasons (April, May and June). The average values ranged between 2.43 ng L−1 and 49.43 ng L−1. In fall, SAS was detected at the range of 37.31 ng L−1–78.74 ng L−1. During the other seasons, however, SAS was detected at a lower level or not detected. TCS was not detected in the summer but was detected during the other seasons at levels ranging from 1.68 ng L−1–21.19 ng L−1. Higher levels were detected in winter. Only SAs drugs were detected in fall, but the concentration detected was higher, resulting in a higher total concentration of antibiotics detected in fall. The total concentration of antibiotics detected at Sampling Site 1 was higher than that at Sampling Sites 2 and 3. Two SAs and four TCs were detected in the winter, with a higher concentration of OTC. The total concentration of antibiotics at Sampling Site 3 was higher than that at Sampling Sites 1 and 2. In spring, only SMZ, TC, and CTC were detected, with SMZ and TC being detected at all three sampling sites and CTC being detected only at Sampling Site 2. This resulted in higher total antibiotic concentrations in Sampling Site 2 than in Sampling Sites 1 and 3. In the summer, SMZ and OTC were detected at all three sampling sites, and DOC and CTC were detected only at Sampling Site 3, resulting in higher total antibiotic concentrations in Sampling Site 3 than in Sampling Sites 1 and 2. Total antibiotic levels were higher in Sampling Site 3 than in Sampling Sites 1 and 2.
TABLE 2 | The concentrations (ng·L−1) in water samples.
[image: Table 2]3.4 Seasonal differences in antibiotic composition
The compositional characteristics of antibiotics detected in the reservoir during the different seasons are shown in Figure 4. Four target antibiotics were detected in fall, winter, and summer, while only three target antibiotics were detected in spring. Among the detected target antibiotics, SMZ, SM2, TC, OTC, and CTC had higher detection rates.
[image: Figure 4]FIGURE 4 | Seasonal differences in antibiotic composition.
3.5 Risk evaluation of antibiotics in drinking water source protection zones
The RQ values of seven of the nine antibiotics in tap water were in the order TC > OTC > DOC > SDZ > CTC > SM2 > SMZ. SCP and SDM were not detected (Figure 5). The RQ values of seven of the nine antibiotics in ground water were in the order TC > OTC > DOC > SDM > CTC > SMZ > SM2. SDZ and SCP were not detected. The RQ values of seven of the nine antibiotics in surface water were in the order TC > OTC > DOC > SDM > CTC > SMZ > SM2. SCP and SCP were not detected. The RQ values of eight of the nine antibiotics in surface water were in the order: TC > OTC > SDM > DOC > SDZ > SM2 > SMZ > CTC. SCP was not detected. The RQ values of TC and OTC in different water sources are clearly of concern.
[image: Figure 5]FIGURE 5 | Risk evaluation of antibiotics in drinking water (A) tap water (B) ground water (C) surface water.
RQ values of antibiotics in different water sources were in the range of 1.00 × 10−5 to 2.41 × 10−1. The RQ values of TC were in the range of 0.85 × 10–1 to 2.41 × 10−1, with the maximum value exceeding 0.2, which is of medium risk. This medium risk of TC in tap water and surface water appeared at Sampling Points S9 and S7, respectively. In addition, we found that the RQ values of tap water at S1, S2, S3, S4, S7, S11, S12, and S14, of ground water at S2, S3, S9, S10, and S11, and of OTC in surface water at S7 and S8 were all greater than 0.01, indicating low ecological risk. The ecological risk caused by SDZ in surface water was higher than that of tap water and round water. Surface waters at S11, S12, S13, and S14, however, showed a low risk with RQ values higher than 0.01. The ecological risk caused by DOC in tap water was higher than that in ground water and surface water. In addition, the number of tap water sampling points with low risk was significantly higher than those for ground water and surface water. The RQ values of SMZ, SM2, and CTC in different water sources were less than 0.01, showing no direct ecological risk. In summary, the low risks caused by OTC and OTC in different water sources, DOC in tap water, and SDM in surface water also need to be emphasized.
3.6 Health risk assessment of antibiotics in protected drinking water sources
The health risks caused by antibiotic contamination in different water sources ranged from 1.00 × 10−3 to 7.53 × 10−3 (Figure 6). These values, which are much less than 1, indicate that the residues of these antibiotics are not apparent health hazards to human beings. Overall, the health risk values of the seven antibiotics in tap water were higher than those in surface water and ground water. The health risks of the antibiotics were all higher for adults than for children, which may be related to the higher intake by adults, and were greater for males than for females. The antibiotic with the highest risk quotient in both ground water and surface water was SM2. It had an RQH value greater than 1. The risk posed by SM2 to human health is, therefore, moderate. The RQH values of SDZ, SM2, DOC, and TC in tap water; SDZ in surface water; and DOC, TC, OTC, and CTC in ground water were greater than 0.1, indicating that the risk posed by these antibiotics to human health is low. The smallest risk quotients for tap water, ground water, and surface water were found for SMZ, SDM, and CTC, respectively.
[image: Figure 6]FIGURE 6 | The RQH value of antibiotics in drinking water source protection zones (A) tap water (B) ground water (C) surface water.
4 DISCUSSION
DOC, TC, OTC, and CTC were detected in this study but, overall, their concentrations were lower than SAs. A large amount of SAs are, therefore, being consumed and discharged in the area (Liu et al., 2020). SDZ was found to be the main SAs in the water source of the Yangtze River (Nanjing section). This is similar to our finding; that is, SDZ showed the highest detected concentration. In addition, the large presence of SAs in ground water may be attributed to their weak adsorption to soil, low biodegradability, high mobility (Strauss et al., 2011), and possible further release into wastewater and ground water through runoff or leaching (Wegst-Uhrich et al., 2014; Li et al., 2021). SAs have a highly stable and hydrophilic structure, are not easily degraded and diffuse easily in water (Li et al., 2023). TCs are widely used in livestock and aquaculture, but the concentration in the water column is relatively low, probably due to the relatively short half-life of tetracycline antibiotics and their easy adsorption by the substrate during migration. (Chen et al., 2019). The detected SAs concentrations were, therefore, higher than TCs.
SDZ is mainly used as a veterinary drug, and it is one of the SAs approved for use in aquaculture (Sarmah et al., 2006). The prominent use of SDZ in aquaculture may be related to the high detection rate in the water bodies of this study area. The use rate of SMZ in China is higher than that in other countries, such as Canada (Nasuhoglu et al., 2011). Liu et al. (2018) detected that the concentration and detection frequency of SMZ in lakes and rivers in China were high. In contrast, SMZ concentrations were low in the major water sources of Anhui Province, reflecting differences in antibiotic use in the region.
Chen et al. (2019) found that TCs and OTCs were detected at a frequency of up to 100% in the water bodies of Anqing region, while SMX and SMZ were not detected in any of the samples. QNs and TCs were detected with a higher frequency in the water and accounted for 50.8% and 36.8% of the total antibiotic concentration, respectively. The concentration and types of antibiotics in water varied, therefore, from region to region. Four types of TCs were detected in the ground water of major cities in China. The highest cumulative concentration of OTC, TC, CTC, and DXC tetracyclines was 447.11 ng L−1. The highest concentration of TCs was detected in the ground water of Jianghan Plain (605. 51 ng L−1). TCs are one of the most widely used classes of antibiotics (Hu et al., 2008; Fernando et al., 2016; Ahmed et al., 2017). They are widely used as veterinary drugs in China due to their low cost and side effects. All four TCs were detected in this study, but the detected concentrations of TCs were lower than those of SAs in the Anhui water sources. This may be due to the high adsorption and degradation capacity of TCs (Kuemmerer, 2009; Xu et al., 2014).
In this study, only a small concentration of antibiotics was detected in the ground water. This is consistent with previous reports of the influence of livestock waste on antibiotics in ground water as well as with the findings of the Xuzhou study (Bartelt-Hunt et al., 2011). The comparison shows that antibiotic concentrations in the surface water of Anhui Province are low or moderate compared to other regions. This could be attributed to fewer pollutant sources, higher temperatures, and high summer rainfall in the middle and lower reaches of the region. Summer rainfall in the middle and lower reaches of the Yangtze River Basin was low, and the concentrations of most antibiotics in Anhui Province were similar to the concentrations in Anqing and the Huaihe River Basin. Overall, the concentrations of SAs and TCs in the Hefei drinking water were low.
In this study, the total antibiotic concentrations of SAs and TCs showed the following trend: surface water > ground water > drinking water. The detection frequency of SAs were in the order drinking water > ground water > drinking water, and the antibiotic detection frequency of TCs showed a trend of surface water > ground water > drinking water. Comparing the three sources, the quality of drinking water is better. The total concentration of TCs detected was low. On the one hand, the nature of TCs in the aquatic environment is unstable. They are easily degraded by light, bacteria, and other microorganisms, and sediments can adsorb TCs, resulting in a low concentration of TCs in the aquatic environment (Lundborg and Tamhankar, 2017). On the other hand, drinking water sources are usually highly protected under the advocacy of relevant authorities. In addition, due to the dilution effect of rainwater during periods of abundant water, light can enhance photolysis and microbial metabolism, resulting in low concentrations of TCs in the region (Wang et al., 2021). More than six TCs species were detected in the ground water in Henan Province (Zhang et al., 2024), which is higher than that detected in the present study. In the present study, the detection frequency of TCs was the highest in surface water, and this may be because surface waters are more influenced by anthropogenic activities. The surface water in this study area may also have poor mobility, resulting in TCs being less easily degraded (Zhang, 2020). In the present study, the detection rate of TCs in different water sources of Anhui Province was lower than that of SAs. This may have been due to the high adsorption and degradability of TCs. Overall, the antibiotics in drinking and surface water were predominantly SAs. This finding is similar to that reported by Yan and X et al. Typically, TCs are rarely detected in natural waters, where they have a strong tendency to degrade. The detection rate of SAs in different drinking water sources was, therefore, higher than that of TCs. SAs have also been detected in many parts of the world, such as Korea, Germany, Spain, the United States of America, and Taiwan. The widespread presence of SAs in ground water may be attributed to their weak soil adsorption capacity, low biodegradability, and high mobility (Strauss et al., 2011).
In this study, lower concentrations of TCs and SAs were detected, which is mainly due to the relatively good water quality and protection of drinking water sources in Anhui Province, and the enhanced dilution effect of rainwater during the period of abundance of water, high temperatures, and strong light leading to enhanced photolysis and microbial metabolic activity, However, the types of contaminants found in this testing and detection rates should not be ignored.
5 CONCLUSION
In this study, nine antibiotics were detected in the drinking water sources of Anhui Province. The detection rate of SAs was higher than that of TCs. Levels of antibiotics in drinking water sources were moderate or low compared to other studies. The highest concentration of antibiotics appeared in flood seasons. Among the detected target antibiotics, SMZ, SM2, TC, OTC, and CTC had higher detection rates. Based on exposure to a single compound, the risk assessment suggested moderate risks from TC and OTC in different water sources. The ecological risks caused by SDZ in surface waters were higher than those in tap water and ground water. At the same time, the low risk caused by DOC in tap water and SDM in surface water should be emphasized. No risk to human health was found in the drinking water sources of Anhui Province. The long-term risks of antibiotics to aquatic life and human health should, however, not be ignored. Future studies should include additional explanatory variables to discuss the seasonality of antibiotic contamination and the effects of this contamination on bacterial growth or antibiotic resistance in freshwater systems. This study provides a scientific basis for the prevention and control of antibiotic pollution and provides additional data for environmental monitoring of drinking water sources.
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