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Occurrence and human health
risk assessment of antibiotics in
cultured fish from 19 provinces
in China

Yunyu Tang, Xiaoyi Lou, Guangxin Yang, Liangliang Tian,
Yuan Wang and Xuanyun Huang*
Key Laboratory of Control of Quality and Safety for Aquatic Products, Ministry of Agriculture and

Rural Affairs, East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Shanghai, China

The occurrence of antibiotics and potential health risk of 300 cultured fish
samples from 19 provinces in China were investigated. The levels of 28
antibiotics (15 fluoroquinolones, 4 tetracyclines, 8 macrolides and rifampin)
in 8 fish species were measured through liquid chromatography electrospray
tandem mass spectrometry. As a result, 10 antibiotics were detected with an
overall detection frequency of 24.3%, and the individual detection frequency of
antibiotics ranged from 0.33 to 16.7%. The extremely high concentrations
(above 100 pg/kg) of doxycycline and erythromycin were found in the
samples. Antibiotics with high detection frequency was noticed in
largemouth bass (41.2%), followed by snakehead (34.4%) and bream (31.2%).
Specifically, Heilongjiang, Xinjiang, Qinghai and Gansu presented high
detection frequency values of more than 60%. Moreover, the highest mean
concentration was observed in Shandong, and the concentration covered from
34.8 pg/kg to 410 pg/kg. Despite the high detection frequency and levels of
antibiotics were found in samples, ingestion of cultured fish was not
significantly related to human health risks in China, according to the
calculated estimated daily intakes and hazard quotients. These results
provided us the actual levels of antibiotics in cultured fish and human health
risk assessment of consuming fishery products.

KEYWORDS

antibiotics, cultured fish, fluoroquinolones, tetracyclines, human health
risk assessment

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2022.964283/full
https://www.frontiersin.org/articles/10.3389/fcimb.2022.964283/full
https://www.frontiersin.org/articles/10.3389/fcimb.2022.964283/full
https://www.frontiersin.org/articles/10.3389/fcimb.2022.964283/full
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fcimb.2022.964283&domain=pdf&date_stamp=2022-08-02
mailto:hxyseven@163.com
https://doi.org/10.3389/fcimb.2022.964283
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#editorial-board
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#editorial-board
https://doi.org/10.3389/fcimb.2022.964283
https://www.frontiersin.org/journals/cellular-and-infection-microbiology

Tang et al.

Introduction

With the increase of human dietary demands, the aquatic
products containing high protein, nutrition and special flavor
have attracted wide attention of the world (Mishra, 2018). In the
past three decades, aquaculture industry in China exhibited a
rapidly increasing demand both in domestic and global markets.
Till now, China produces more than one-third of the global fish
supply (Cao et al, 2015; Wang et al., 2019). With over-exploited
domestic fisheries, intensive and high-density culture is adopted
to afford high yields and profits, while resulting in the increased
fish diseases and mortalities (Mallory, 2013). Therefore,
antibiotics are widely used for preventing and treating these
diseases (Kiimmerer, 2009; Hu and Cheng, 2016). However,
excessive use of antibiotics will induce the antibiotics residues in
fish and natural water environments, which may lead to the
potential human health risk caused by the ultimate
accumulation in humans via dietary consumption (Postigo
and Richardson, 2014; Wang and Helbling, 2016; Urbano
et al, 2017). Although the guidelines of antibiotics used in
aquaculture were issued by a lot of countries, the improper
sale and use of antibiotics were of frequent occurrence (Liu et al.,
2017b). On the other hand, the antibiotics contained in fish were
found from the other potential sources such as wastewater from
agriculture areas, which can persist in the aquatic environment
for a long time and transported and distributed easily via water
systems (Alhaji et al.,, 2021). Additionally, it is noteworthy that
many of antibiotics used in aquaculture are the same or similar
to those for human use, such as tetracyclines, macrolides and
rifampin. A long-term crossover of these antibiotics tended to
reduce the effects for treating infectious diseases in humans
(Zhou et al., 2021). As a result, it is necessary to investigate the
occurrence and levels of antibiotics in the cultured fish.

Although the antibiotics residues in fish are at trace-level
concentrations (Cui et al., 2018), long-term exposure may raise
various human health concerns, including the enhanced
antibiotics resistance, changes in metabolism and composition
of gut microbiota (Wang et al., 2016; Canica et al., 2019). Until
now, the occurrence and levels in types of antibiotics and aquatic
species were limited in the reported articles, which cannot reveal
the antibiotics residues levels in whole aquaculture in China. Thus,
a total of 28 antibiotics, including macrolides (e.g., erythromycin),
tetracyclines (e.g., oxytetracycline), fluoroquinolones (e.g.,
enrofloxacin) and rifampin, were monitored in 300 cultured fish
samples. The emphasis of this study was placed on the occurrence
and levels of antibiotics in various fish species collected from 19
provinces in China. Moreover, the potential human health risks
associated with antibiotics were evaluated based on the calculated
estimated daily intake of the cultured fish. This study summarized
the occurrence and levels of antibiotics in cultured fish in China
and provided the human health risk assessment of consuming
these fish.
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Materials and methods
Chemicals and sample collections

High purity standards (> 97.5%) of 28 antibiotics were obtained
from Dr Ehrenstorfer (Augsburg, Germany). The detailed
information of 8 macrolides (MLs), 4 tetracyclines (TCs), 15
fluoroquinolones (FQs) and rifampin (RIF) were listed in the
Table S1. Methanol, acetonitrile and formic acid were of
chromatographic grade, purchased from Merck Ltd. (Whitehouse
Station, USA). Ultra-pure water (18.2 M€ cm quality or better) was
obtained from a Milli-Q water purification system (Millipore,
Bedford, USA). Stock solutions of each antibiotic were prepared
in methanol at 500 pg/mlL, and stored in the dark at —20°C.

The 300 fish containing 8 species, including grass carp
(Ctenopharyngodon idella), common carp (Cyprinus carpio),
crucian carp (Carassius carassius), tilapia (Oreochromis sp.),
bream (Parabramis pekinensis), largemouth bass (Micropterus
salmoides), snakehead (Channa argus) and large yellow croaker
(Larimichthys crocea) were collected from 19 provinces in China,
including Anhui, Gansu, Shandong, Shaanxi, Ningxia, Zhejiang,
Jilin, Hebei, Heilongjiang, Beijing, Guizhou, Tianjin, Liaoning,
Xinjiang, Qinghai, Shanghai, Guangdong, Hubei and Fujian
provinces (Figure 1). The proportions of samples in different
provinces and species were shown in Figures S1, S2. Each sample
contained 3-6 individuals in order to ensure the sample capacity.
The alive fish were purchased from trading markets. Then the
fish were stunned, dispatched and gutted by the butcher. After
that, muscles of several individuals were sliced and combined
into a bag as one sample. The samples were kept in a refrigerator
at —20°C for 12 hours and transferred to the laboratory by airlift.
In the lab, the samples were mixed, homogenized and stored at
—20°C in the dark prior to the analysis.

Sample preparation and
instrumental analysis

The antibiotics extraction and purification methods were
optimized according to the previous analytical method (Zhou
etal, 2012). Briefly, 5 g (+ 0.05 g) of sample were added with 0.5
mL of 0.1 mol/L EDTANa, solution and 10 mL acetonitrile,
followed by ultrasonication for 15 min. Subsequently, 5 g of
anhydrous sodium sulfate was added and the samples were
shaken by vortex mixing for 1 min. Then, the samples were
centrifuged at 4500 r/min for 10 minutes, and the supernatant
was transferred into a QuEChERS cube to degrease for
purification. The purified liquids were centrifuged at 4500
rpm/min for 10 minutes. Finally, 3 mL of solution was
combined with 1 mL water and filtered for analysis.

Antibiotics were detected by a Thermo Scientific HPLC
system and a Thermo TSQ Quantum Ultra triple-quadrupole
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Location of sampling sites in China

mass spectrometer with electrospray ionization (ESI) source
(Thermo Fisher Scientific, Waltham, USA). Chromatographic
separation was performed on an C;g column (100 mm x 4.6 mm,
2.7 um) at 40°C. The mobile phase rate was 0.3 mL/min and the
gradient elution program was described in Table S2. The
antibiotics were detected by multiple reactions monitoring
(MRM) mode with an electrospray ionization (ESI") source
and the injected volume was 10 pL. The spray voltage was
3700 V with 320°C of capillary temperature. The sheath gas and
auxiliary gas flow rate were 30 psi and 15 psi, respectively.
Details on antibiotic mass spectrometry conditions are available
in Table S3. All the operation, data acquisition and analysis were
controlled through the Thermo Xcalibur 3.1.

The details of the limits of detection (LOD) and quantitation
(LOQ) for all antibiotics were listed in Table S1. The antibiotic
residues in fish muscle showed a good linearity in a wide range of
concentrations and corresponding correlation coefficient (R?)
ranged from 0.990 to 0.999. The recoveries of antibiotics were in
the range of 70%—-115% with the relative standard deviations (RSD)
belowing 15%.

Daily exposure dose

With the aim to investigate the antibiotic residues for daily
exposure doses in edible fish, the estimated daily intake (EDI) of
individual antibiotic was calculated according to the following
equation (Chen et al., 2020):

CxCI
EDI = 1)
BW
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where EDI (ug/(kg bw d)) is the estimated daily intake of the
antibiotic in fish; C (ug/kg) means the concentration of the
antibiotics detected in fish samples; CI (kg/day) is the daily
intake of aquatic products (0.056 kg in the Fifth China Total Diet
Study); BW (kg) stands for the body weight of the consumer
(60 kg, average adult weight).

Health risk assessment

Hazard quotients (HQ) is calculated as the ratio of EDI to
acceptable daily intake (ADI), indicating the risk of individual
antibiotic. In addition, hazard index (HI) is used to reflect
cumulative health risks for total selected antibiotics. The HI is
calculated as the sum of HQ, showing the cumulative risk of total
antibiotics in samples. The formulas are calculated as follows:

HQ = o HI = [ HO @
ADI

The ADI values are available from the literature or the
authorities, as detailed in Table SI. In general, HQ > 1
indicates a high risk to health, while HQ < 1 indicates a
tolerable daily intake dose (Fang et al., 2021).

Statistical analysis
The detection frequency and mean concentration of

antibiotics were calculated. The samples of which antibiotics
concentration below the limit of detection (LOD) were not
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counted for detection frequency. The values of antibiotic lower
than the LOD were replaced with those of LOD/2 when the EDI
was calculated (Zeng et al., 2020).

Results and discussion

Detection concentration and frequency
of antibiotics

Aquatic products provide abundant nutrition and protein to
human consumption, which have been a part of daily diet. To
assure the food safety, it is crucial to continuously monitor the
occurrence and levels of antibiotics in aquatic products
(Aubourg, 2018; Ni et al., 2021). Therefore, we determined the
residues of 28 antibiotics in 8 consumable fish species from 19
provinces in China. The antibiotics with concentration below
LOD were not listed in Table 1. As shown in Table 1, an overall
detection frequency of antibiotics was 24.3%, and the individual
antibiotic frequency ranged from 0.33% to 16.7%. Among 4
antibiotic classes, the FQs were detected in the samples with the
highest detection frequency of 16.3%. This observation was
consistent with previous investigations that the FQs were
frequently detected in cultured aquatic products, indicating
their common occurrence in the commercial fish (He et al,,
20165 Liu et al., 2022). Consideration of the ciprofloxacin as the
main metabolite of enrofloxacin (Xu et al., 2006; Elezz et al.,
2019), the sum of the detection frequency for ciprofloxacin and
enrofloxacin was calculated to evaluate the sample. As a result,
98% of the positive samples were detected containing
enrofloxacin, ciprofloxacin or both antibiotics, with the

TABLE 1 Detection frequency of antibiotics in different fish species.

10.3389/fcimb.2022.964283

concentration ranging from 2.17 ug/kg to 90.8 pg/kg
(Figure 2), which were lower than the maximum residue limit
(MRL) of 100 pg/kg for the sum of the concentration for these
two antibiotics. As shown in Figure S3, the sum of the
concentration for enrofloxacin and ciprofloxacin lied during
1.0-10.0 pg/kg at the ratio of 77.6%. Similar observations were
also reported in sediment (Chen et al., 2015), water (Liang et al.,
2013) and the other organism (Li et al., 2012; Zhang et al., 2021).
These results indicated that there may be several possible reasons
for the high frequency of enrofloxacin, such as the predominant
antibiotics used for cultured fish (Ministry of Agriculture, 2007),
the antibiotics contamination of the environment (Xu et al.,
2018) and other additive (health care products, organic fertilizers
and/or vitamin additives) (Song et al., 2017; Li et al., 2018).
The detection frequency of TCs was 6.33% in this study.
Among 4 monitored TCs, doxycycline was the dominant
antibiotic, accounting for 4.33% of the detection frequency. It
is noteworthy that 53.8% of samples detected on TCs presented
high concentrations of doxycycline above 50 ug/kg (Figure 2).
Moreover, three samples showed relatively high concentrations
of 106 pg/kg, 111 pg/kg and 410 ug/kg on doxycycline, which
were higher than the MRL of 100 pg/kg. Generally, the antibiotic
concentration in commercial fish was below the MRL, but few
exceptions exceeding the limits were reported (Kang et al., 2018;
Liu et al,, 2018). Additionally, Griboff et al. (2020) reported that
the MRL for doxycycline was exceeded in 44% of the fish
samples from supermarkets and aquaculture farms in
Argentina. These observations may be ascribed that
doxycycline was frequently used during the growth and adult
stages of fish, leading to the high concentration of doxycycline in
culture water, which resulted in the bioaccumulation in cultured

Antibiotics % (N)* grass common crucian  tilapia bream largemouth snakehead  large yellow
(n=300) carp carp carp bass croaker
Oleandomycin 0.33 (1) - - - - - - - 2.38 (1)
Erythromycin 0.33 (1) - - - - - - - 2.38 (1)
Azithromycin 0.67 (2) - - - - - 11.8 (2) - -
Macrolides® 1.00 (3) - - - - - 11.8 (2) - 4.76 (2)
Oxytetracycline 0.33 (1) - - - - - - - 2.38 (1)
Chlortetracycline 2.00 (6) - 6.52 (3) 2.38 (1) 7.41 (2) - - - -
Doxycycline 4.33 (13) 1.61 (1) 13.0 (6) 2.38 (1) - 6.25 (2) - 9.38 (3) -
Tetracyclines® 6.33 (19) 1.61 (1) 19.6 (9) 476 (2) 741 (2) 625 (2) N 9.38 (3) -
Ciprofloxacin 1.33 (4) - 2.17 (1) - - 3.12 (1) - 6.25 (2) -
Enrofloxacin 16.7 (48) 16.1(10) 10.9 (5) 9.52 (4) 185 (5) 219 (7) 29.4 (5) 25.0 (8) 9.52 (4)
Enoxacin 0.67 (2) - 2.17 (1) - - - - 3.12 (1) -
Fuoroquinolonesb 16.3 (49) 16.1 (10) 13.0 (6) 9.52 (4) 18.5 (5) 21.9 (7) 29.4 (5) 25.0 (8) 9.52 (4)
Rifampin 0.67 (2) 1.61 (1) - - - 3.12 (1) - - -
Total 24.3 (73) 19.4 (12) 30.4 (14) 14.3 (6) 25.9 (7) 31.2 41.2 (7) 34.4 (11) 14.3 (6)
(10)

%% (N), detection frequency, % (the number of positive detection). -, < limits of detection (LODs).

“Sum of frequency in corresponding category for individual.
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FIGURE 2

Concentrations of antibiotics in the positive samples.

fish (Zhang et al, 2021). Compared with the doxycycline,
oxytetracycline (0.33%) and chlortetracycline (2.00%) showed
low detection frequency, with the concentrations in the range of
32.8-85.8 pg/kg. However, high levels of oxytetracycline and
chlortetracycline were found in USA (Done and Halden, 2015),
Spain (Grande-Martinez et al.,, 2018) and Nigeria (Alhaji et al,
2021). Griboff et al. (2020) reported that the extensive use of TCs
would lead to antibiotic resistance by some bacterial species
in aquaculture.

The MLs are commonly used as feed additives in fish
cultivation for growth promotion and disease prevention and
treatment (Zhao et al., 2010; Liu et al., 2017b). MLs accounted
for a minor detection frequency of 1.00% in all samples. Among
the 8 MLs, oleandomycin, erythromycin and azithromycin were
detected in 0.33%, 0.33% and 0.67% of the samples, respectively.
It should be noted that only one sample was detected on
erythromycin, but its concentration was up to 206 ug/kg,
together with the concentration of 25.4 ug/kg on
oleandomycin. Two samples showed the concentrations of
30.2 pg/kg and 11.5 ug/kg on azithromycin (Figure 2),
respectively. In this regard, Chen et al. (2015) reported that
erythromycin was the main antibiotic with the concentrations
ranging from 2498 to 15,090 ug/kg in the adult Fenneropenaeus
penicillatus from Hailing Island. However, much lower
concentrations of 3.5-12 pg/kg were detected in cultured fish
2018). These
observations indicated that the large difference of

from other typical aquaculture (Chen et al,

concentrations in aquatic products might be ascribed to the
different potential source of MLs, including disease treatment,
residues in sediments and/or water of aquaculture ponds and
feeds additives (Zhang et al., 2023).
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Rifampin is widely used to treat bacterial infections and
tuberculosis as a human antibiotic (Lu et al., 2009; Seung et al.,
2004). Besides, rifampin can prevent the RNA production by
bacteria to resist vaccinia virus (Norton and Holland, 2012;
Charity et al., 2007). It is reported that rifampin can effectively
control the bacterial diseases of fish, such as edwardsiellosis and
columnaris disease (Olivares-Fuster & Arias, 2011). At present,
there are no relevant policies, regulations and standards for its
use in China. However, it is found that rifampicin is being used
in aquaculture (Li et al., 2020). It is noteworthy that rifampin can
easily enter the edible tissues of aquatic products due to the fat
soluble characters, resulting in accumulations in human body,
which tends to promote the antibiotic resistant bacteria (Rico
2012) and health risk to human, such as the skin
discoloration, pruritus, nausea or vomiting (Zaki et al., 2013).

et al,

Among 300 samples, a frequency detection of rifampin was just
0.67% with the concentration of 5.2 ug/kg and 6 ug/kg,
respectively. In regard to such low frequency detection, it
could be considered little health risk associated with
rifampin residues.

Concentration and detection frequency
of fish species

Overall, at least one antibiotic was tested positive in each fish
species. As shown in Table 1, the detection frequency of
antibiotics in fish species was all higher than 10%. The
largemouth bass showed the highest detection frequency of
41.2%, resulting from 29.4% of FQs and 11.8% of MLs.
However, the antibiotic concentrations of largemouth bass
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were just detected in the ranges of 2.77-30.2 pg/kg (Figure 54).
The detection frequency of 34.4% was found in snakehead, with
25.0% of FQs and 9.38% of TCs detection. The distributions of
the positive snakehead samples were 45.5%, 45.5% and 9.00% in
the concentration ranges of 1.0-10.0 ug/kg, 10.0-50.0 pg/kg and
50.0-100.0 pg/kg (Figure 3), respectively. Similar detection
frequency was observed in bream and common carp for 31.2%
and 30.4%, respectively. However, 50% of the detected
concentration values appeared in the range of 50.0-100.0 pg/
kg for common carp. Among the whole fish species, the tilapia,
grass carp, crucian carp and large yellow croaker showed lower
detection frequency of 25.9%, 19.4%, 14.3% and 14.3%,
respectively. Whereas, high concentration of 410 pg/kg on TCs
was detected for grass carp, and 231 pg/kg on MLs for large
yellow croaker. In terms of rifampin, the detection frequency of
1.61% and 3.12% were noticed for grass carp and
bream, respectively.

It is noteworthy that largemouth bass had the highest
detection frequency than those of other fish species due to the
severe microbial infectious diseases, leading to huge economic
loss in largemouth bass farming (Deng et al., 2011; Ma et al.,
2013). The lowest detection frequency occurred in crucian carp
and large yellow croaker, which was mainly attributed to the low
frequency of FQs. The FQs were detected in all fish species and
showed relatively higher detection frequency than any other
antibiotics. This observation indicated that the consumption of
FQs in fish farm was relatively high in China (Zhang et al., 2012)
and FQs were used in various fish species (Liu et al.,, 2018). Gao
et al. (2012) reported that the actual maximum used
enrofloxacin was mainly acted as feed additives in aquaculture
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among the FQs. Amidst all of fish species, common carp had
high detection frequency (19.6%) and concentration (34.8—111
ug/kg) of TCs in this study, although high concentrations of TCs
manly appeared in benthic fish species (Liu et al., 2018). Types
and species of aquatic fish and/or aquaculture environments
may serve as an explanation for the different detection frequency
of the antibiotics in cultured fishes.

As shown in Figure 3, the concentrations of positive samples
were mainly located in the region of 1.0-10.0 ug/kg for the
majority of fish species. The common carp samples contributed
the high occurrence and levels of antibiotics contamination,
showing the proportion of 50% in 50.0-100.0 pg/kg and 14.3%
over 100 pg/kg. Moreover, the concentrations beyond 100 pg/kg
were also detected in grass carp and large yellow croaker with
8.3% and 16.7% of positive samples, respectively. These
observations indicated that fish species afforded an effect on
the antibiotic distribution. Meanwhile, the concentrations
differed among various aquatic species might be associated
with the different antibiotics bioaccumulation.

Concentration and detection frequency
of provinces

The detailed antibiotic detection frequency of provinces is
summarized in Table 2. Anhui, Shaanxi, Ningxia and Fujian
provinces were not listed due to no antibiotics detection in these
provinces. The highest detection frequency of antibiotics was
66.7% obtained from Heilongjiang (Figure S5), with the
concentrations ranging from 2.64 ug/kg to 85.8 ug/kg

[ J1.0-10.0 pgkg  []10.0-50.0 pg/kg
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FIGURE 3
Distributions of concentration in different aquatic species.
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TABLE 2 Detection frequency of antibiotics in relation to province.

10.3389/fcimb.2022.964283

Sites % (N)* Macrolides (%/n) Tetracyclines (%/n) Fuoroquinolones (%/n) Rifampicin (%/n)
Beijing 333 (4) - 16.7 (2) 16.7 (2) -
Shandong 36.0 (9) - 36.0 (9) - -
Zhejiang 20.8 (5) - 4.17 (1) 16.7 (4) -
Jilin 15.4 (2) - - 154 (2) -
Hebei 18.8 (3) - - 18.8 (3) -
Heilongjiang 66.7 (6) - 333 (3) 33.3(3) -
Gansu 55.6 (5) - - 55.6 (5) -
Guizhou 60.0 (3) - 20.0 (1) 40.0 (2) -
Tianjin 111 (1) - 111 (1) -
Liaoning 20.0 (8) - 20.0 (8) -
Xinjiang 64.7 (11) - 58.8 (10) 5.88 (1)
Qinghai 62.5 (5) 25.0 (2) 37.5 (3) -
Shanghai 6.67 (2) - 6.67 (2) - -
Guangdong 26.7 (8) 3.33 (1) 3.33 (1) 16.7 (5) 3.33 (1)
Hubei 10.0 (1) - 10.0 (1) -

% (N), sum of frequency in provinces, % (the number of positive detection). -, < limits of detection (LODs).

(Table 3). The total detection frequency in Xinjiang, Qinghai,
Guizhou and Gansu were 64.7%, 62.5%, 60.0% and 55.6%
respectively. Among above five provinces, Heilongjiang also
showed the highest mean concentration of 83.5 pg/kg,
followed by 74.7 pg/kg in Qinghai (Table S5). The rest of three
provinces owned similar mean concentrations of antibiotics in
the range of 55.1-59.6 pg/kg. Shandong had 36.0% of positive
samples totally detected on TCs, with the highest mean
concentration of 88.2 ug/kg TCs among overall 19 provinces,

TABLE 3 Concentrations of antibiotics in different provinces.

Sites N (n)*
Beijing 12 (4)
Shandong 25 (9)
Zhejiang 24 (5)
Jilin 13 (2)
Hebei 16 (3)
Heilongjiang 9 (6)
Gansu 9 (5)
Guizhou 5(3)
Tianjin 9 (1)
Liaoning 40 (8)
Xinjiang 17 (11)
Qinghai 8 (5)
Shanghai 30 (2)
Guangdong 30 (8)
Hubei 10 (1)

“N, the number of sample in sites; (n) the number of positive sample.
"The concentration for positive detection.
“Antibiotic concentrations below LOD were replaced with those of LOD/2.
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containing the high concentrations of 111 pg/kg, 157 ug/kg and
410 ug/kg (Figure S5). Shanghai presented the low detection
frequency of 6.67% with the mean concentration of 52.3 ug/kg.
The detection frequency of 10.0-33.3% was found in other
provinces, and the mean concentrations lied in the range of
52.6-66.0 ug/kg.

Comparing with those in typical aquaculture provinces, such
as Guangdong, Hubei and Fujian, the detection frequency of
antibiotics in provinces located in the regions where were a great

Range (ug/kg)® Mean (pug/kg)*

3.54 - 96.6 64.4
34.8 — 410 88.2
2.39 - 32.8 53.3
2.59 - 758 58.0
3.11 - 8.04 52.9
2.64 -85.8 83.5
473 - 244 57.6
2.89 - 40.2 59.6

5.61 52.6
2.63 - 5.72 52.7
2.72 - 109 55.1
2.17 - 90.8 74.7
13.1 - 16.2 52.3
2.70 - 76.1 66.0

9.06 52.9
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distance away from the aquatic farmed areas (Figure 1), were
obviously higher (55.6-66.7%), including Heilongjiang, Gansu,
Guizhou, Xinjiang and Qinghai. This observation may be
rationalized by the fact that the antibiotics were applied during
the transportation to ensure the survival rate of the fish.
Moreover, as mentioned above, the high concentrations
mainly occurred in Shandong. The concentration of 33.3% of
positive samples exceeded 100 ug/kg in Shandong and 12.5% in
Guangdong (Figure S5), which may be ascribed to significant
effects of aquaculture environment and drug-using habits in fish
farmed areas (Kang et al., 2018; Zhang et al., 2021). These results
suggested that the fish with illegal antibiotics use and/or
insufficient withdrawal time were marketed in these regions
(Menkem et al., 2019).

The FQs were observed in almost all provinces except for
Shandong and Shanghai, and the mean concentration was in the
range of 7.5 ug/kg to 25.1 pg/kg (Table S5). The TCs were
detected in 7 provinces and the mean concentration in the range
of 40.3-76.2 ug/kg. MLs were just found in Qinghai and
Guangdong, with the mean concentration of 9.09 pg/kg and
11.7 ug/kg, respectively. RIF just accounted for a minor
proportion of 5.88% and 3.33% in Xinjiang and Guangdong,
respectively. Compared with previous research, the levels of FQs
in this study were obviously lower than those of samples from
Liao River, Haihe River and Baiyang Lake (Bai et al., 2014; Liu
et al., 2017a; Chen et al., 2018), while the mean concentrations of
TCs were comparable to those of farmed fish in Dalian and
Hubei in China (Liu et al., 2013; Liu et al., 2018), Spain (Chafer-
Pericas et al, 2011), and rainbow trout in Iran (Barani and
Fallah, 2015), but it was much higher than those in Liao River
Bay (Bai et al, 2014). These observations suggested that the

10.3389/fcimb.2022.964283

different concentration of antibiotics may be associated with the
different pollution levels in these regions.

Estimated daily intake and health
risk assessment

Consumption of antibiotic-contaminated aquatic products may
cause potential risks to human health. The MRL was set for the
antibiotic residues in animal food to assess the health risk for human
consumption (Ministry of Agriculture, 2019). Fish consumption
would pose a potential health risk when the values of antibiotic
residues in edible fish were higher than its MRL. The MRLs for
doxycycline and erythromycin in fish were 100 and 200 pg/kg wet
wt, respectively. In the present study, the high concentrations of
doxycycline were 106 pg/kg and 111 pg/kg in common carp, 410 pg/
kg in grass carp and 206 pg/kg of erythromycin in large yellow
croaker. These results indicated that consumption of these
contaminated fish might pose health risks to humans.

Additionally, the potential human health risks should also be
evaluated based on the dietary exposure of these antibiotics. In this
respect, hazard quotient (HQ) was calculated by comparing the
estimated daily intake (EDI) with the acceptable daily intake (ADI)
established by WHO to assess the potential health risks associated
with human consumption of contaminated fish (Boonsaner and
Hawker, 2013; Liu et al,, 2017b). Hence, the EDI and HQ were
calculated to evaluate the health risk assessment of cultured fish in
various aquatic species and provinces in this study. The calculated
EDI values of the individual antibiotics ranged from 4.9x10* to
1.3x107% pg/(kg bw d) (Table S6). Although the detection frequency
of FQs was the highest, the calculated HQ was just 4.5x107 due to

TABLE 4 HQ of 28 antibiotics based on the estimated daily exposure dose per aquatic species.

Antibiotics HQx10"  grass common crucian  tilapia bream largemouth snakehead large yellow

2 carp carp carp bass croaker
Oleandomycin 0.011 - - - - - - - 0.020
Erythromycin 0.022 - - - - - - - 0.10
Azithromycin 0.012 - - - - - 0.054 - -
Macrolides® 0.091 0.075 0.075 0.075 0.075 0.075 0.12 0.075 0.18
Oxytetracycline 0.19 - - - - - - - 0.20
Chlortetracycline 0.20 - 0.26 0.21 0.22 - - - -
Doxycycline 0.25 0.31 0.37 0.21 - 0.23 - 0.21 -
Tetracyclines® 0.83 0.87 1.00 0.79 0.78 0.79 0.75 0.77 0.76
Ciprofloxacin 0.032 - 0.028 - - 0.029 - 0.092 -
Enrofloxacin 0.12 0.14 0.16 0.036 0.31 0.066 0.061 0.14 0.039
Enoxacin 0.024 - 0.026 - - - - 0.028 -
Fuoroquinolones® 0.45 0.46 0.49 0.36 0.63 0.40 0.39 0.54 0.37
Rifampin 5.0E-06 5.38E-06 4.67E-06 4.67E-06 4.67E- 6.25E- 4.67E-06 4.67E-06 4.67E-06

06 06

Total® 1.37 1.40 1.57 1.23 1.49 1.26 1.25 1.39 1.30
*Sum of hazard quotient of antibiotics in corresponding category for individual.
*The sum of the HQ for individual antibiotic; -, < limits of detection (LODs).
Frontiers in Cellular and Infection Microbiology 08 frontiersin.org


https://doi.org/10.3389/fcimb.2022.964283
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Tang et al.

the relatively low concentrations (Table 4). The highest EDI value
was 0.041 ug/(kg bw d) obtained in TCs, which might be ascribed to
the several high concentration values detected on doxycycline. As a
result, the HQ value of TCs was 8.3x10°, suggesting no direct
detrimental effects from consumption of TCs-contaminated fish
because the HQ value was much lower than 1. It is noteworthy that
the HI values of four antibiotics classes were less than 1, indicating
that no significant risk was associated with overall antibiotics
residues from the ingestion of cultured fish for human health.

Among the different fish species, the EDI values of total
antibiotics ranged from 0.051-0.057 pg/(kg bw d) besides
common carp. The estimated daily exposures to TCs and FQs in
common carp were considerably higher than those in the other
species. Asaresult, the highest EDI and HQ values of 0.064 g/ (kg bw
d) and 1.57x10°* were found in common carp, suggesting that
ingestion of common carp would pose higher health risk than any
other fish species. Considering that HQ values of various fish species
were all lower than 1, showing that the potential risk to human health
was relatively low by consumption of fish purchased from market.
Similar risk assessment for cultured fish was observed in many other
researches (Bercu et al., 2008; Varol and Siinbiil, 2019; Zhou et al.,
2020; Ye et al, 2021). On the other hand, the HI values of
Heilongjiang and Qinghai were 2.09x107 and 2.06x1072,
respectively, which were relatively higher than those of 1.18x107
—1.84x107 in other provinces (Table S7). It can be considered that
consuming fish from these areas would not pose a health risk to
humans. However, it needs to be pointed out that the human health
risk assessment of the antagonistic or synergistic relationship among
various antibiotics should be further investigated (Kiimmerer, 2009).
Moreover, the toxicity of the metabolites and transformation were
not considered in this risk assessment (Cleuvers, 2004; Lu et al.,
2020). As a result, a larger-scale monitoring and more
comprehensive risk assessment are necessary to assess the risks
related to dietary exposure for human health in the future work.

In conclusion, the occurrence and levels of 28 antibiotics were
monitored in 300 fish samples collected from 19 provinces in China.
The overall detection frequency of antibiotics was 24.3%. The
highest detection frequency of 16.3% was for FQs and 41.2% for
largemouth bass. Moreover, the high detection frequency of more
than 60% in Heilongjiang, Xinjiang, Qinghai and Gansu. The
highest mean concentration was noticed in Shandong, and the
concentration covered from 34.8 pg/kg to 410 ug/kg. Thus, it is
necessary to do further investigation on larger-scale and
comprehensive risk assessment research to understand the
condition of antibiotic residues in aquatic products and prevent
adverse effects that may be caused by these antibiotics. In addition,
compared with the ADI proposed by WHO, the calculated EDI
values of antibiotics in various fish species and provinces were very
low, indicating no direct detrimental effects related to consuming
cultured fish for human health in China. These results provided us
the actual occurrence and levels of antibiotics in cultured fish and
human health risk assessment of consuming fishery products.
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