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The antibiotics sulfamethoxazole (SMZ) and enrofloxacin (ENF) are commonly used in
aquaculture in China, but their effects on the primary productivity of phytoplankton are
unclear. On the basis of the fishery drug use standards (SMZ, 100mg kg~' d~'; ENF,
15mg kg~' d7), these antibiotics were put into culture ponds to observe their effects on
the phytoplankton community and primary productivity. The results showed that the
changes in phytoplankton species at SMZ and ENF sites were different. At the ENF sites,
Bacillariophyta species increased from 7 to 9, euglenophyta from 8 to 12 and cyanophyta
from 11 to 9. Chlorophyta species at the SMZ sites increased from 10 to 15 and
euglenophyta from 7 to 4. SMZ and ENF significantly promoted the number of
cyanophyta (p < 0.05). The promoting effect of SMZ was more obvious than that of
ENF. SMZ was more effective than ENF in promoting cyanophyta. The maximum number
of cyanophyta at SMZ sites was 52.39 million L™, and the concentration of SMZ was
positively correlated with the number of cyanophyta. The maximum number of cyanophyta
at ENF sites was 33.13 million L™', and the promoting effect of low concentrations was
more significant than that of high concentrations. Both SMZ and ENF promoted increased
phytoplankton biomass, consistent with the residual time of the antibiotics in the
aquaculture environment. The greatest biomass at the SMZ sites was 129.31g m™3,
and that at the ENF sites was 117.85 g m™3. The changes in the a diversity index showed
that both SMZ and ENF led to a decrease in phytoplankton biodiversity, and that SMZ was
more harmful to it. There were significant differences in the Shannon-Wiener, Pielou and
Simpson indexes of the SMZ sites within groups (o < 0.05). The B diversity index showed
that both antibiotics could change the phytoplankton habitat, but the effect of ENF on the
habitat was recoverable, while that of SMZ prevented its restoration. These data will be
valuable in protecting the ecological environment of fisheries and ensuring the safety and
stability of fishery aquatic ecosystems.
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INTRODUCTION

In recent years, antibiotics have been widely used in the
prevention and treatment of a variety of bacterial diseases
(Bialk-Bielinska et al., 2011; Johnson et al., 2015). However,
antibiotics are usually not completely metabolized (Zheng
et al, 2017). Some of them are excreted into the culture
environment through the urine and feces of aquatic animals in
the form of crude drugs or metabolites (Aks et al., 2006; Gao et al.,
2018). The antibiotics sulfamethoxazole (SMZ) and enrofloxacin
(ENF) have been found most often (Xu et al., 2006; Yan et al.,
2020), and their residues in the greatest amounts in water (Zhang
et al, 2019). The release of residual antibiotics into the
environment may affect the phytoplankton community and
endanger the safety and stability of the ecosystem.

Algae are an important part of aquatic ecosystems as primary
producers, providing oxygen and organic matter to other
aquatic organisms through photosynthesis (Laurens et al.,
2017; Farooqui et al., 2021). Changes in the number of algae
may cause changes in the dominant species and biomass of the
community, affect the stability and complexity of the
community structure, lead to habitat changes and even harm
the structure and function of the whole ecosystem (Rakowski
and Cardinale, 2016). Algae are also an important indicator in
an environmental quality assessment of an aquatic ecosystem,
and so helpful in a comprehensive and effective evaluation of
the comprehensive effects of pollutants on phytoplankton and
the whole aquatic ecosystem (Li et al., 2008; Khalil et al., 2021).
The diversity and complexity of aquatic ecosystems can be
effectively understood by observing the species composition
and quantitative changes in algae.

a and B diversity indexes are commonly used to describe the
diversity of a community. The a diversity index is mainly
concerned with the number of species in local and uniform
habitats, so describes within-habitat diversity. The B diversity
index refers to the differences in species composition or the
replacement rate of species along the environmental gradient
between different habitat communities, and so describes
between-habitat diversity, and emphasizes the change in
species diversity within the community (Baczkowski et al,
1998). The diversity index is positively correlated with the
number of species. If a region is rich in species, the value of
the diversity index is high. If the region is disturbed by external
forces, resulting in a reduction in the number of organisms and in
the ecological positions of the species remaining, it is easier for
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other species to replace them and so to maintain the stability and
balance of the ecosystem (Peng et al., 2020).

The algae growth inhibition test is one of the most common
aquatic ecological toxicity tests. Significant differences in the
effects of different antibiotics have been found in the
physiological and biochemical indexes of different algae
(Aderemi et al, 2018; Fu et al,, 2017). Barsha Roy (Br et al,
2020) reported that different concentrations of tetracycline
inhibited the growth of Scenedesmus obliquus, and (Gonzalez-
Pleiter et al., 2019a) found that Microcystis was highly sensitive to
quinolones (ciprofloxacin). The characteristics of the algae
community in the culture environment of the shallow lakes
(Peng et al.,, 2021), the marine (Chong et al, 2020) and the
river (Tian et al., 2021) have been reported in the literature, but its
structure and the potential risk of SMZ and ENF in the culture
environment are not clear. There is an urgent need for research
into the risk these antibiotics pose to product and environmental
quality. We studied the effects of SMZ and ENF on primary
productivity of phytoplankton in the culture environment, to
obtain basic experimental data and a theoretical basis to promote
the sustainable development of fisheries and to protect the
ecological environment.

MATERIALS AND METHODS
Experiment Strategy

Seven tilapia cultivation ponds with the same conditions were
selected (Table 1). One blank control site (A), three ENF sites (B,
C, D) and three SMZ sites (E, F, G) were set up. According to the
“Guidelines for the use of fishery drugs” (Ministry of Agriculture
of the People’s Republic of China, NY5071-2002) and the “Code
for the use of Enrofloxacin in aquaculture” (Ministry of
Agriculture of the People’s Republic of China, SC/T1083-
2007), SMZ (100mg kg™' d™') and ENF (15mg kg’ d7)
were fed for 5 consecutive days, once a day for SMZ and twice
a day for ENF (Mix the material feeding). According to the
national drug use standard, the SMZ withdrawal period was
30 days and the ENF withdrawal period was 10 days. Tests at
the SMZ sites lasted for 40 days and at the ENF sites they lasted
for 20 days. Eight samples of aquaculture water, sediment, tilapia
muscle, liver and intestinal contents were collected from each
pond at 1, 6, 10, 15, 20, 25, 32 and 40 days. The first sample was
the blank, and the second sampling time was the second day after
continuous feeding for 5 days. At the same time, to ensure the

TABLE 1 | Basic information of Tilapia pond.

Experimental cycle
(days)

Geographical
location

Average

40

20

20 119.87443 E

20 31.44171 N 33.1
40

40

40

G T mMmOoOOwW>

temperature ('C)

Pond area (m?) Water Tilapia Initial
depth (m) population fish weight (g)
1.8 350 + 17
1.8 360 + 19
1.7 350 + 14
1667 1.8 3600-4000 350 + 23
1.7 340 + 15
1.6 340 + 20
1.6 350 + 17
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samples representative, samples of culture water, sediment and
tilapia in each pond were collected by the five-point method. The
muscle, liver and intestinal contents were separated and packed
into plastic food bags and transported to the laboratory where
they were frozen at —20°C.

Sample Collection, Counting and

Determination of Plankton Biomass
The qualitative samples were collected with a No. 25 plankton net
and were taken back to the laboratory for observation and
classification under a 10 x 40 optical microscope (BM2000,
Jiangnan, China). A quantitative sample was collected in a
1000 ml plexiglass water collector; After standing for 24h,
30 ml was taken for microscopic examination. The taxonomy
of the phytoplankton was recorded according to the Freshwater
biota of China (ISBN:7-5027-3729-4).

The phytoplankton counting method was obtained according
to the formula as follows:

C 30
M = X —
FgxFy 0.1

XPN

In the formula: M is the number of phytoplankton in 1L of
water; C is the area of the counter box, the unit is mm?; Fg is the
area per field of view, the unit is mm? Fy is the number of fields
passed per slice count; Py is the number of phytoplankton
actually counted by counting each sheet.

The content of Chlorophyll a was determined by the 90% acetone
method to calculate the cumulative biomass of phytoplankton. 200 ml
of the water sample was filtered and were refrigerated (—4°C) for more
than 12h. We added 3-4ml 90% acetone solution, used a
homogenate machinea (Pro200, United States ) to break the filter
paper, then centrifuged (2-16P, Sartorius, Germany) the tube for
10 min at 2460xg, Continued to volume with 90% acetone to 10 ml.
The absorbance values were measured at 630, 645, 663 and 750
wavelengths by spectrophotometer (MCL8, Shangai).

The biomass was recorded and calculated, the formula as
follows:

[11.64 (Dgg3 — D7s50) — 2.16 (D5 — D750) +0.10 (De3o — D750)] X V'
Vxé

In the formula: B is the amount of chlorophyll A (mg/m3); V is
water volume (ml); D is the absorbance value at different
wavelengths; V; is constant volume (ml); § is the cuvette
thickness.

The Detection of Sulfamethoxazole and
Enrofloxacin Antibiotics

Aquaculture water sample: 200 ml samples were taken for
extraction and concentration. The HLB solid phase extraction
column (ENF:60 mg/3 ml, Anpel, Shanghai; SMZ:500 mg/6ml,
Anpel, Shanghai) was selected and activated with 5 ml methanol
and 5 ml ultra pure water successively. Then the water sample was
added. After the water sample was drained, 5 ml methanol was
used for two times (3 ml + 2 ml) for elution, and 10 ml centrifuge
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TABLE 2 | Formula principle and evaluation criteria of a diversity index and
diversity index.

Diversity index Formula Evaluation criteria

H S <1.00 Heavy pollution

5 i 1.00-1.99 Serious pollution
2.00-2.49 Moderate pollution
2.50-3.50 Mild pollution
>3.50 No pollution
<1.00 Heavy pollution
1.00-1.99 Serious pollution
2.00-3.99 Moderate pollution
4.00-6.00 Mild pollution
>6.00 No pollution
0.00-0.30 Heavy pollution
0.31-0.50 Moderate pollution
0.51-0.80 Mild pollution
0.81-1.00 No pollution
0.01-0.10 Main dominant species
>0.1 Absolutely dominant species
0 Completely dissimilar
0.01-0.25 Extremely dissimilar
0.26-0.50 Mild similarity
0.51-0.75 Moderate similarity
0.76-0.99 Very similar
1 Complete similarity

m
m
I

o

N (N1
C C= Z.S:w NEN—U)

Cy Ci=as

In the formula: P;is the frequency of group I, P; = % S is the number of phytoplankton, N;
is the number of indiividuals of group I, N is the total number of individuals of all groups, an
is the number of phytoplankton groups in sample a, b is the number of phytoplankton
groups in sample b, ¢ is the number of public phytoplankton groups in sample an and
sample b.

tube was used to collect the elution. The eluent was diluted with
methanol to a certain scale. After shaking well, part of the eluent
was taken through a 0.22 um aperture filter membrane and
transferred to the sample bottle for testing.

Sediment samples: 2 + 0.01 g sample was weighed in a 50 ml
centrifuge tube, 10 ml 0.1% formic acid acetonitrile was added and
mixed by shaking. The sample was rotated at 2000 r min~" for
10min (Henry Troemner, United States ), and centrifuged at
10680xg for 5min (GL-22MS, Bioridge, Shanghai). The
supernatant of 5ml after centrifugation was added to the
enhanced lipid removal purification tube activated by 5 ml ultra
pure water, and then was rotated at 2000 r min™" for 5 min and
centrifuged at 2460xg for 5min. After centrifugation, the
supernatant was transferred to the Bond Elu EMR-Lipid tube
(Agilent) containing 1.7 g MgSO4, which was vibrated at 2000
r min~" for 5 min, and centrifuged at 2460xg for 5 min. The upper
organic phase was passed through a 0.22um aperture filter
membrane and transferred to a sample bottle for testing.

An ultra performance liquid chromatography tandem mass
spectrometry (LC-MS/MS, Agilent 6420, United States ) was used
to analyze the two selected antibiotics. Standard curves were
plotted with the gradient concentrations of 1, 5, 10, 20 and 50 pg
L™". The regression coefficients of SMZ and ENF were all greater
than 0.998 and 0.9996, respectively. The recovery rates of SMZ
and ENF were 78.3-98.4% and 81-112% respectively. The limits
of detection and quantification were less than 0.01 pg L™" for
sulfamethoxazole and 0.2 ug L™" for enrofloxacin.
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TABLE 3 | Phytoplankton species composition in a typical tilapia pond.

Cyanophyta
Microcystis incerta
Microcystis marginata

Microcystis pseudofilamentosa

Microcystis flos-aquae
Chroococcus minutus
Chroococcus turgidus
Chroococcus limneticus
Anabaena circinalis
Anabaena osicellariordes
Anabaenavi gueri
Parasitophyta microphylla
Merismopedia punctata
Merismopedia tenuissima
Merismopedia convolute
Phormidium tenue
Oscillatoria princeps
Anguina oscillatoria
Anabaenopsis.sp
Chrysophyta
Synuraceae urelin
Xanthophyta
Tribonema.sp

Bacillariophyta
Cyclotella catenata
Cyclotella asterocostata
Cyclotella meneghiniana
Synedra uina

Synedra pulchella
Synedra acusvar
Navicula avenacen
Navicula exigua
Melosira varians
Melosira granulata
Melosira granulata var. spiralis
Nitzschia longissima
Nitzschia lorenziana
Nitzschia acicularis
Cymbella cymbiformis
Stephanodiscus medius
Surirella ovalis
Pyrrophyta
Gymnodinium aerucyinosum
Peridinium umbonatum
Mitratum cyaneum
Gymnodinium cyaneum

Species name

Euglenophyta
Trachelomonas felix
Trachelomonas pulcherrima
Trachelomonas abrupta
Trachelomonas curta
Euglena geniculata
Euglena virids

Euglena deses

Euglena thinophila
Euglena acus

Euglena spirogyra
Phacus pleuronectes
Phacus tortifolius
Phacus tortus

Phacus longicauda
Phacus helicoides
Phacus anomalus
Phacus ovalis

Phacus triqueter
Khawkinea acutecaudata
Khawkinea variabilis
Lepocinclis ovum
Lepocinclis marssonii
Strombomonas rotunda

Strombomonas acuminata
Strombomonas fusiformis
Peranema.sp
Cryptophyta
Chroomonas caudata
Chroomonas acuta
Cryptomons erosa
Cryptomons ovata
Chlorophyta

Chilorella vulgaris
Scenedesmus armatus
Scenedesmus quadricauda
Scenedesmus bicaudatus
Scenedesmus bijuba
Scenedesmus dimorphus
Scenedesmus javaensis
Pediastrum simplex
Pediastrum duplex
Pediastrum tetras
Pediastrum boryanum
Pediastrum biradiatum
Crucigenia tetrapedia
Crucigenia quadrata
Crucigenia rectangularis

Antibiotics Affect Primary Productivity

Coelastrum reticulatum
Coelastrum microporum
Cosmarium obsoletum
Cosmarium laeve
Arthrodesmas convergens
Staurodesmus cuspidatus
Staurastrum manfeldtii
Tetraedron trilobulatum
Tetraedron hastatum

Closterium parvulum var. angustum

Closterium gracile

Closterium gracile var. elongatum

Westella botryoides
Selenastrum bibraianum
Chlamydomonas.sp
Oocystis.sp
Micractinium pusillum
Actinastrum hantzohii
Schroederia spiralis

Dictyosphaerium ehrenbergianum

Gonium.sp
Kirchneriella lunaris

Analysis of Ecological Diversity Index
The biodiversity index is used to express the relationship between
the number and species of mixed biological communities
composed of many kinds of organisms, and reflects the
complexity of biological communities or habitats (Diaz et al,
2020). The effects of SMZ and ENF on the species and quantity of
phytoplankton were analyzed by a and P diversity indexes, and
the ecological characteristics of phytoplankton in the culture
environment were evaluated comprehensively (Ers et al., 2020).
The a diversity index, including Shannon-Wiener index (H),
Pielou index (E), Simpson’s diversity index (C) and Margalef
richness index (D). The B diversity index included the Jaccard
index (Cj). The calculation formulas and evaluation criteria of the
above indexes are shown in Table 2.

Data Processing and Statistical Analysis
The data were analyzed by Microsoft Excel 2013 (United States )
and SPSS 25 software (Chicago, United States ), and plotted by
Origin 2021 (Northampton, United States ) function and Heml
Heatmap drawing software (United States ).

RESULTS

Effects of Sulfamethoxazole and
Enrofloxacin on Phytoplankton Species in

an Aquaculture Environment

We found 109 species in the eight phyla Chlorophyta,
Cyanophyta, Bacillariophyta, Euglenophyta, Cryptophyta,
Pyrrophyta, Xanthophyta and Chrysophyta. The species

Chodatella wratislaviensis

composition of the phytoplankton is shown in Table 3.
Among them were 38 Chlorophyta species, accounting for
34.9% of the total phytoplankton species; Euglenophyta were
second with 26 species, accounting for 23.9% of the total
phytoplankton species. The numbers of species from other
phyla were 18, 17, 4, 4, 1 and 1 in Cyanophyta,
Bacillariophyta, Cryptophyta, Dinoflagellata, Chrysophyta
and Xanthophyta, respectively. The number of algae species
at the SMZ sites was similar to that at the ENF sites. We found
101 species of algae at the SMZ sites, including 36 species of
Chlorophyta, 23 species of Euglenophyta, 17 species of
Bacillariophyta and 15 species of Cyanophyta. The ENF
sites held 98 species of algae, including 34 species of
Chlorophyta, 24 species of Euglenophyta, 15 species of
Bacillariophyta and 15 species of Cyanophyta, and the
species number of  cryptomophyta, dinoflagellata,
chrysophyta and xanthophyta remained the same at both
sites. Four phytoplankton species related to the two
antibiotic sites were 4, 4, 1 and 1, respectively.

After SMZ and ENF entered the aquaculture environment,
there were significant differences in the number of phytoplankton
species of Cyanophyta, Chlorophyta, Bacillariophyta and
Euglenophyta (Figure 1). After adding ENF for 5days, the
Bacillariophyta and Euglenophyta species increased on the 6th
day, the number of Bacillariophyta species increased from 7 to 9
and returned to their initial levels on the 10th day, while the
number of Euglenophyta species increased from 8 to 12 on the
15th day. This indicated that ENF promoted the growth of
Bacillariophyta and Euglenophyta and was positively
correlated with them. In the early stage of ENF dosage there
was no significant effect on Cyanophyta species, but the number
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FIGURE 1 | Effects of sulfamethoxazole and enrofloxacin on phytoplankton species.
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FIGURE 2 | Effects of sulfamethoxazole and enrofloxacinon on phytoplankton population changes.

of Cyanophyta species decreased from 11 to 9 on the 10th day
as antibiotic concentrations fell. ENF had no significant effect
on Chlorophyta species. The effect of SMZ was opposite to that
of ENF. We found that Cyanophyta and Bacillariophyta
species remained at 10 and 7, respectively, with no

significant change. The number of Chlorophyta species
increased from 10 species on day 1-15 species on day 25,
then declined. SMZ inhibited the growth of Euglenophyta, and
the number of Euglenophyta decreased from seven species on
day 1-4 species on day 10.
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SMZ site biomass

160

140 4

Chlorophyll a content (g/m?)
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FIGURE 3 | Effects of sulfamethoxazole and enrofloxacinon on
phytoplankton biomass.

Effects of Sulfamethoxazole and
Enrofloxacin on the Number of
Phytoplankton in an Aquaculture

Environment

There were significant differences between the two antibiotics on
the number of Cyanophyta compared with Bacillariophyta,
Chlorophyta and Euglenophyta. The main results were: both
SMZ and ENF greatly increased the number of Cyanophyta. The
promoting effect of SMZ was more obvious than that of ENF, and
the promoting effect of antibiotics on Cyanophyta was related to
its concentration in the culture environment. Taking into account
the difference in the initial habitat of each pond, pond A was
selected as a blank group without any treatment. The results
showed that the numbers of four species of algae in the blank site
remained stable throughout the experimental period, and the
number of Cyanophyta was stable at 7-11 million L7
(Figure 2A). The number of Cyanophyta at the SMZ sites
almost doubled and was 25.54 million L' on the first day.
The number began to decrease after increasing to 52.39
million L™" on the sixth day, and fell to its lowest value on the
20th day. At this time, the number of Cyanophyta stabilized at
about 12 million L', which was half of the initial level. The
number of Cyanophyta at the ENF sites almost doubled, from
16.31 million L™" on the first day to a peak of 33.13 million L™" on
the tenth day, then began to decrease slowly and returned to the
initial level on the 20th day.

The concentrations of the two antibiotics in different media in
the aquaculture environment varied with time (Figures 2B,C).
The concentration of antibiotics was its highest on the sixth day
after feeding. SMZ was completely degraded in tilapia after about
20 days, and ENF was completely degraded in tilapia after about
10-12 days. Analysis of specific algae species revealed that the
sites tested with the two antibiotics were mainly characterized by
the outbreak and growth of Anabaena circinalis; Chroococcus
turgidus; Chroococcus limneticus; Merismopedia  punctata;
Merismopedia tenuissima and Merismopedia convolute, but
there were differences. The number of Cyanophyta at the SMZ

Antibiotics Affect Primary Productivity

sites was at its highest on the sixth day, and the concentration of
SMZ was the highest at this time; while the number of
Cyanophyta at the ENF sites was highest on the tenth day,
and the withdrawal period of ENF was 10 days. The results
showed that there was a positive correlation between the
concentration of SMZ and the number of Cyanophyta; that is,
the higher the concentration of SMZ, the better its promoting
effect on Cyanophyta. Although ENF was also able to increase the
number of Cyanophyta, the effect of low concentrations was more
significant than that of high concentrations.

The biomass of phytoplankton changed with the alterations in
species and quantity. Compared with the blank site, the
phytoplankton biomass at the SMZ and ENF sites increased
significantly, and the cumulative biomass at the SMZ sites was
its highest on the 20th day, with the highest value of 129.31 g/m’
(Figure 3). The cumulative biomass at the ENF sites reached its
highest value of 117.85 g/m® on the tenth day, and then began to
decrease. The phytoplankton biomass on the 20th day at the ENF
sites was 63.77 g/m?, which was close to the initial level (62.49 g/
m?), but the phytoplankton biomass at the 40th day at the SMZ
sites was 91.91 g/m®, which was different from the initial level
(63.28 g/m®). The change in phytoplankton biomass was
consistent with the residual time of antibiotics in the culture
environment, and the cumulative biomass increased because
antibiotics greatly promoted the growth of Cyanophyta in the
culture environment. When the promoting effect of antibiotics on
Cyanophyta disappeared after their complete degradation, the
cumulative biomass of phytoplankton decreased.

Effects of Sulfamethoxazole and
Enrofloxacin on a Diversity of
Phytoplankton in an Aquaculture

Environment

After SMZ and ENF were fed into the culture environment, the
diversity index of the phytoplankton decreased (Table 4). The
higher the diversity index, the richer the biodiversity of the
species, and vice versa. The results showed that both SMZ and
ENF were able to reduce the biodiversity of phytoplankton. At the
same time, we found that the values of the Shannon-Wiener,
Margalef richness and Pielou indexes at the SMZ sites were lower
than those at the ENF sites, which indicated that SMZ was more
harmful to phytoplankton biodiversity. Moreover, the values of
the three indexes at the SMZ sites were their lowest on the sixth
day; the lowest values were 2.32 + 0.43, 3.93 + 0.92 and 0.65 +
0.09, respectively. The lowest values at the ENF sites, however,
were 2.67 £ 0.14, 5.03 + 0.98 and 0.71 + 0.04, respectively, on the
10th and 15th days, which was consistent with the maximum
number of Cyanophyta. Analysis of a diversity index showed that
the Shannon-Wiener, Pielou and Simpson diversity indexes at
the SMZ sites were significant different within groups (p < 0.05),
but there was no significant difference in each index at the ENF
sites. The difference between SMZ groups verified the conclusion
that the antibiotics aggravated the degree of water pollution by
changing the structure of the algae community. According to the
evaluation criteria of the a diversity index, SMZ will exacerbate
the degree of water pollution of culture ponds, and many indexes
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show that the water quality of culture ponds changes from
mild pollution to moderate pollution after SMZ enters the
culture environment. ENF does not intensify the degree of
water pollution of culture ponds, and ENF sites always
maintain mild levels of pollution. When the Simpson
diversity index of the SMZ sites exceeded 0.1 on the 6th
and 11th days, the Simpson diversity index of the ENF sites
exceeded 0.1 on the 10th day, which was consistent with the
time when the number of Cyanophyta reached their peak at
both the SMZ and the ENF sites. At this time, Cyanophyta
was absolutely dominant in phytoplankton, other species
with narrow nutritional niches had died out, the
community structure tended to be simple, and both
stability and biodiversity decreased.

Effects of Sulfamethoxazole and
Enrofloxacin on p Diversity of

Phytoplankton in a Culture Environment
The habitats of phytoplankton communities at different
times at the sites tested with the two antibiotics are shown
in Figure 4. Compared with the blank site, the comprehensive
Jaccard index of the SMZ and ENF sites on the sixth day was
0.30-0.46 (mild similarity); that of the ENF sites increased to
0.60-0.75 with the passage of time (moderate similarity),
while that of the SMZ sites was still 0.30-0.50. The results
showed that both antibiotics could affect the community
structure of phytoplankton and change the habitat, but
that the community could recover from the effects of ENF.
The Jaccard index value increased gradually with the passage
of time, remaining unchanged until the end of the
recommended withdrawal period. The changes in habitat
and biomass of phytoplankton at the SMZ and ENF sites
were consistent. At the ENF sites they returned to their initial
levels. Those at the SMZ sites, however, could not be
completely restored and the phytoplankton community
structure changed, so the cumulative biomass was different
from the initial level.

DISCUSSION

The aquaculture industry has long been plagued by a variety of
bacterial diseases. The emergence of antibiotics to avoid the
impact of such diseases on aquaculture species can effectively
improve the economies of fisheries (Ming et al.,, 2020). Their
widespread use, however, has also caused many environmental
problems. These include the phenomenon of antibiotic residues
in the culture environment, which is becoming increasingly
serious (Zhao et al., 2019). Attention is often only paid to the
food health and safety problems caused by the residues of
antibiotics in the cultured species, and their harmful effects on
the culture environment is ignored (Ana et al,1987).
Phytoplankton are the cornerstones of aquatic ecosystems but,
at present, research into the effects of antibiotics on
phytoplankton primary productivity in culture environments
has not yielded clear results.
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FIGURE 4 | Effects of sulfamethoxazole and enrofloxacinon on habitat of culture ponds.

Sulfamethoxazole and Enrofloxacin Cause
the Outbreak Mechanism of Cyanobacteria

Population

We found that both SMZ and ENF can affect the primary
productivity of phytoplankton to different degrees. Change in
primary productivity was mainly due to the more obvious
increase in the number of Cyanophyta than of other
phytoplankton. The reason for this phenomenon may be that
neither SMZ nor ENF can induce the formation of reactive
oxygen species (ROS) (Ling et al, 2015). Chenshan (Shan
et al.) found that ROS is an intracellular by-product of aerobic
metabolism, and that the toxicity of antibiotics is related to the
increase in ROS formation at an early stage. The formation of
ROS and the imbalance in cellular antioxidant defense
mechanisms will lead to oxidative stress and to protein, lipid
and DNA damage, so SMZ and ENF have no inhibitory effect on
cyanobacterial cells (Gomes et al., 2016; Mullineaux et al., 2018).
EC50 (the median effective toxicity concentration with a 50%
effect in the blank group) is a standardized parameter for
evaluating different compounds to clarify their toxicity
(Gonzalez-Pleiter et al., 2019b) found that the EC50 value of
ENF in Microcystis aeruginosa cells was lower than 1 mg L7,

indicating that, at the current environmental level, the antibiotic
may lead to its ecological risk being classified as “toxic to aquatic
organisms”. The EC50 values of SMZ and other antibiotics are
0.985-630 mg L', which are higher than those of quinolones,
macrolides and tetracyclines (Rajaniemi et al., 2005). Therefore, it
is an antibiotic with less cytotoxicity to cyanobacteria. Our results
showed that the number of cyanobacteria at the SMZ sites was
higher than at ENF sites, which was consistent with the
experimental results.

Sulfamethoxazole and Enrofloxacin
Aggravate the Eutrophication of

Aquaculture Water Environment

After SMZ and ENF entered the aquaculture water body, the
dominant species of the algae community changed. This affected
the community structure, caused the habitat to change and finally
led to a change in the nutritional status of the water body. There is
a certain correlation between the dominant population and the
nutritional status of the water body (Wyta et al.): for example, the
appearance of a large number of Chrysophyta often reflects that
the water body is Oligotrophic; and Cyanophyta, Chlorophyta
and Chlorophyta indicate a eutrophic water body (Dokulil et al.,
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2003; Parus and Karbowska, 2020). The results showed that
cyanobacteria comprised the dominant community at SMZ
and ENF sites, and we inferred that aquaculture water using
SMZ and ENF was strongly eutrophic. At the same time, and by
evaluating the water bodies by indicator species, the emergence of
a large number of Anabaena (Rajaniemi et al., 2005) species at the
initial stage of SMZ and ENF entry led to a deterioration in water
quality. Water quality improved with the natural degradation of
the antibiotics and the self-purification capacity of indicator
species such as Scenedesmus (Rosas et al., 1993) and Spirulina
(Liu et al,, 2018). The a and P diversity indexes showed that the
biodiversity of the phytoplankton community decreased and the
water quality deteriorated at the sites tested with the two
antibiotics, which was consistent with the evaluation results of
indicator species.

CONCLUSION

SMZ and ENF have significant-and different—effects on the primary
productivity of phytoplankton in the culture environment. These
two antibiotics cause water pollution by affecting the species and
quantity of phytoplankton and changing the dominant species and
community structure. The degree of water pollution caused by SMZ
was higher than that of ENF, and the habitat change caused by ENF
was not restored during the drug withdrawal period. This endangers
the living environments of aquatic organisms and increases the
dietary risk from fishery products. Our test results and actual
production management needs indicate that we should pay more
attention to, and better manage, these two antibiotics in the fishery
culture environment. This will help in reducing the environmental
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