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Abstract: Antibiotics as emerging pollutants are frequently detected in surface water, raising
concerns about the associated risk of antibiotic resistance genes (ARGs). Despite the widespread
apprehension, there are still research gaps in the occurrence of antibiotic pollution in surface
water and the associated ecological risks to aquatic organisms in China. Here, we established a
dataset of antibiotic pollution in surface water in China during 2018-2022, which encompassed
3 368 concentration values of 128 antibiotics reported in 124 articles. Our analysis showed that
antibiotic concentrations were predominantly in the ng/L—ug/L range, reaching up to 26 pg/L.
Notably, sulfonamides (e.g., sulfamethoxazole) and quinolones (e.g., ciprofloxacin) were
frequently reported at high concentrations. The pollution degree of antibiotics represented by
sulfamethoxazole, ciprofloxacin, roxithromycin, and tetracycline exhibited no significant
variation across different years but was lower in summer than that in spring and autumn.
Additionally, distinct spatial distribution characteristics of the pollution were observed.
According to calculation results of the aquatic ecological risk assessment model and the
weighted frequency, we proposed a list of priority antibiotics including clarithromycin,
erythromycin, sulfamethoxazole, ofloxacin, and oxytetracycline in surface water. Last but not
least, this study points out the deficiencies in current research on the occurrence and ecological
risks of antibiotics in surface water of China and provides viable screening strategies and
monitoring recommendations in this context.

Keywords: antibiotic pollutants; aquatic ecosystems; pollution status; risk assessment; priority
management
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Figure 1 The amount of publications that investigated
or referred to the occurrence of antibiotics in surface
water in China.
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Figure 2 The occurrence of antibiotics (n>15) in surface water of China. A: The reporting frequency,
detection rate (%) and total average concentration (ng/L) of antibiotics in 124 literatures. B: The average
concentration (ng/L) of antibiotics reported in individual literature (excluding undetectable cases).
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Table 1  Predicted no-effect concentration (PNEC) of antibiotics (n>40) for cyanobacteria, algae,

crustaceans and fish

Antibiotic Class PNEC (pg/L) References | Antibiotic Class PNEC (ug/L) References
Sulfamethoxazole Cyanobacteria  0.55 [39] Roxithromycin ~ Cyanobacteria / /
Algae 0.03 [40] Algae 0.05 [42]
Crustacean 0.21 [41] Crustacean 7.10 [53]
Fish 5000% [4] Fish 288 [53]
Sulfamethazine Cyanobacteria P / Erythromycin Cyanobacteria 0.02 [54]
Algae 1.23 [42] Algae 0.02 [41]
Crustacean 4.25 [43] Crustacean 0.22 [41]
Fish 3 260% [4] Fish 1 980° [4]
Sulfadiazine Cyanobacteria  0.14 [44] Clarithromycin ~ Cyanobacteria / /
Algae 2.19 [45] Algae 0.002 [41]
Crustacean 13.70 [46] Crustacean 0.04 [42]
Fish 21 8402 [4] Fish 7002 [4]
Sulfamerazine Cyanobacteria / / Tetracycline Cyanobacteria 0.09 [55]
Algae 11.90 [47] Algae 2.20 [55]
Crustacean 8207 [4] Crustacean 44.80 [46]
Fish 8 830% [4] Fish 12902 [4]
Ciprofloxacin Cyanobacteria  0.005 [48] Oxytetracycline  Cyanobacteria 0.03 [50]
Algae 2.97 [48] Algae 0.34 [45]
Crustacean 14.00 [49] Crustacean 0.18 [41]
Fish 1 553 600° [4] Fish 110 [56]
Norfloxacin Cyanobacteria  0.02 [50] Chlortetracycline Cyanobacteria 0.05 [55]
Algae 4.01 [45] Algae 1.19 [57]
Crustacean 23.00 [49] Crustacean 8.20 [58]
Fish 2 647 200% [4] Fish 78.90 [56]
Ofloxacin Cyanobacteria  0.02 [51] Trimethoprim Cyanobacteria 11.00 [50]
Algae 0.09 [40] Algae 16.00 [42]
Crustacean 3.13 [41] Crustacean 54.80 [53]
Fish 2 456 8002 [4] Fish 35902 [4]
Enrofloxacin Cyanobacteria  0.05 [51]
Algae 3.10 [52]
Crustacean 16.00 [49]
Fish 454 1007 [4]

2 Predicted using ECOSAR software; b. No data available.
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Figure 4 The risk quotient (RQ) and the weighted frequency of RQ (WFRQ) of antibiotics in surface water
(n>40) in China. The gray block in the heat map indicates the WFRQ value of zero. Due to the lack of PNEC
data of sulfamethazine, sulfamerazine, roxithromycin, and clarithromycin for cyanobacteria, the related RQ
data were not included.
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