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The widespread use of antibiotics in animal and human medication has raised
global concerns over environmental contamination caused by antibiotic residues.
This research investigated the occurrence of 12 kinds of antibiotics belonging to
three groups, sulfonamides (SAs), tetracyclines (TCs), and fluorogquinolones (FQs),
in chicken manure and the surrounding soil from different chicken farms in
Hangzhou, South China, were detected in the samples via ultra-performance
liquid chromatography-mass  spectrometry  (UPLC-MS/MS) and the
contamination characteristics of each type of antibiotic and the correlations
between each antibiotic and environmental factors were analyzed to identify
the key influencing factors. An ecological risk assessment of antibiotics in the soil
environment was conducted using the risk quotient (RQ) method to analyze the
potential hazard level. The results indicated that: the total concentration of FQs
was much higher than those of SAs and TCs in chicken manures and the soil
samples. The mean concentration of FQs (39.17 pug-kg™), TCs (34.37 pyg-kg™), and
SAs (20.24 pg-kg™) in chicken manure were significantly higher than those in the
soil samples. Ciprofloxacin (CIP) was the main antibiotics detected in manure
(19.42 uyg-kg™) and the soils samples (near soil: 18.42 ug-kg™, far soil:
10.29 pg-kg™), followed by enrofloxacin (ENR), tetracycline (TC), and ofloxacin
(OFL). The redundancy analysis (RDA) showed that moisture content (MS), total
organic carbon (TOC) and total nitrogen (TN) had a greater influence on the
antibiotic concentration in the soil samples. Basis on the calculated risk quotient
(RQs) values, the risk assessment indicated Sulfamerazine (SD) and
Sulfamethoxazole (SMX) in soil posed a high risk, while trimethoprim (TMP), TC,
CIP, and OFL in soils posed a medium or low risk. This research provides control
and environmental monitoring data about chicken farms and scientific
information that can be used to alleviate antibiotics pollution.
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1 Introduction

The volume of livestock farming in China has dramatically
increased since the beginning of the 21st century. In 2017, the total
amount of livestock and poultry manure discharged in China was 1.64 x
109 t (FW) (Liu et al,, 2020). Animal manure is an agricultural resource,
that plays an important role in improving soil fertility and crop
productivity (Peng et al., 2022). Antibiotics, are a class of naturally
occurring, partially or fully synthesized compounds that can inhibit
microorganisms, reproduce, or kill microorganisms (Wu et al., 2022).
They are widely used in the prevention and treatment of infectious
diseases in livestock and for promoting the animal growth (Li et al,
2015; Qiao et al., 2018; Chen et al,, 2021). However, antibiotics applied
to livestock are not fully absorbed by them, and up to 30%-90% of
residual compounds are excreted through livestock manure or urine
(Hanna et al,, 2018). Owing to the limited availability of treatment
processes and a lack of effective surveillance practices, the antibiotics
that are present in manure are not completely eliminated (Congilosi and
Aga, 2021). Animal manure may contain antibiotic residues and heavy
metals residues (Muhammad et al., 2020; Sorinolu et al., 2021), when
routinely applied to soil as a fertiliser, this manure can have indirect and
direct toxic effects on microorganisms, animals and plants. Animal
manure can also induce the emergence and spread of antibiotic-
resistance genes that threatening human health (Binh et al, 2018;
Ben et al,, 2019; Zhang et al., 2023).

Studies have shown that tetracyclines (TCs), quinolones (QNs), and
sulfonamides (SAs) antibiotics are particularly widely used (Sachi et al.,
2019). Oxytetracycline (OTC) and tunicamycin (CTC) were the two
most frequently recovered antibiotics in animal manure (Zhi et al,
2020). Fluoroquinolones (FQs) are widespread antimicrobial agents and
have become the third most consumed antibiotic across the globe (Liu
et al, 2022). They account for 17% of the global market (Van Boeckel
et al,, 2014) and are considered to be highly dangerous to plants, algae,
and bacteria (Fang et al, 2023). Oxytetracycline (OTC) and
tunicamycin (CTC) were the two antibiotics most frequently
recovered from animal manure (Xu et al, 2023). As typical
veterinary drugs, fluoroquinolone antibiotics (FQs) are widely used
in the field of livestock and poultry breeding, however, these FQs escape
to the surrounding soil through various pathways, polluting the soil
through long-term accumulation (Zhan et al., 2023). SAs have a wide
range of antimicrobial effects on Gram-negative and Gram-positive
bacteria. TCs antibiotics are a group of broad-spectrum antibiotics with
the same parent nucleus and are extremely widely used in clinical
practice. In 2018, statistics from the Chinese Veterinary Yearbook of
Animal Husbandry showed that TCs antibiotics accounted for the
highest annual proportion of the administered veterinary antibiotics at
45.9%. Different categories of antibiotics in soil are largely influenced by
their physicochemical properties. Due to their weak sorption to soil, SA
residues are frequently detected in environmental media, such as surface
water, groundwater, and even soil pores in livestock farms (Chen et al,,
2021). It is important to note that residues of SAs residues in soil can be
taken up by plants used in aquaculture and that grazing animals may be
at risk. The TCs antibiotics are chemically stable and their relatively
high solid-liquid sorption partition coefficient (K4) makes them more
susceptible to accumulation by sorption in soil, which means that they
may be present in the soil for months to years (Jechalke et al., 2014).
Consequently, livestock manure serves as an important reservoir of
antibiotics in the aquaculture environment and is a major source of
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antibiotic emissions to the surrounding environment (Du et al., 2020).
When untreated manure and urine from intensive poultry and other
livestock operations are directly applied to the land, the antibiotics
contained therein enter the soil and may migrate to deeper soil layers or
nearby surface waters via vertical and lateral water flows, respectively (Li
et al, 2023). In addition, the soil used for the long-term storage of
livestock manure also accumulate heavy metals, leading to adverse
effects on soil quality (Qian et al., 2018). However, data on the residues
of FQs, TCs, and SAs residues on farms are limited.

In this study, five differently sized chicken farms in Hangzhou,
China, were selected and three types of samples were collected. These
samples were taken from fresh chicken manure, surrounding near soil,
and control soils from further away (far soils) on the chicken farms.
Three major antibiotic classes (TCs, SAs, and FQs) were detected in the
samples via ultra-performance liquid chromatography-mass
spectrometry (UPLC-MS/MS) and the contamination characteristics
of each type of antibiotic and the correlations between each antibiotic
and environmental factors were analyzed to identify the key influencing
factors. An ecological risk assessment of antibiotics in the soil
environment was conducted using the risk quotient (RQ) method to
analyze the potential hazard level. This study provides a theoretical basis
for preventing and controlling antibiotic contamination in livestock and
poultry farming and information that can be used to improve the
regulation of veterinary antibiotics on farms.

2 Materials and methods
2.1 Sample collection

Five large-scale chicken farms in Hangzhou were selected, namely,
Lin’an Ailuo Poultry Co. Ltd. (S1), Fuyang Gu Xiang ecological farm
(S2), Tonglu Shehong Poultry Co., Ltd. (S3), Tonglu Sishan Poultry
Professional Cooperative (S4), and Fuyang Shuangjiang base (S5)
(Figure 1). Three types of sample were collected. These were
samples from the chicken manure, peripheral near-soil samples
from the soil surrounding each chicken farm (10 m distance) and
control soil samples from the soil in the area 50 m away from each
chicken farm. Soil subsamples (at a depth of 0-20 cm in a 100 m* area)
were collected near the chicken farms. Eight parallel samples were taken
as representative samples. The soil samples were put into valve bags,
then stored in a refrigerator, and transferred to the laboratory, whereas
the fresh manure samples were placed in plastic containers to be
transferred to the laboratory. Before testing for antibiotics, all
samples were freeze-dried at the temperature of —60°C and sieved.
They were stored at —20°C until further analysis.

2.2 Chemicals and materials

In view of the widespread use of antibiotics in farms, 12 antibiotics
from three classes were selected as target screening compounds in this
study (TABLE. 1). These consisted of five SAs: sulfadiazine (SD),
sulfamethoxazole (SMX), sulfachlorpyridazine (SCP), sulfadimidine
(SM2), and trimethoprim (TMP); 4TCs: tetracycline (TC),
chlortetracycline (CTC), oxytetracycline (OTC), and doxycycline
(DC); and three FQs: enrofloxacin (ENR), ciprofloxacin (CIP) and
ofloxacin (OFL). The 12 kinds of antibiotics were purchased from the
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FIGURE 1

Sampling sits of chicken farms in Hangzhou city, China.

National Institute for the Control of Pharmaceutical Products, Beijing,
China (purities >96%). Isotopically labeled internal standards were also
obtained. These were tetracycline-d6 (TTCd6) and ciprofloxacin-d8
(CFX) from Witega (Berlin, Germany), and sulfadiazine-d4 (SDZ-d4)
from the Laboratory of the Government Chemist (London, UK). HPLC
grade methanol, for mic acid, and acetonitrile were obtained from
Fisher Scientific (Waltham, MA, United States); hydrochloric acid
(HCl) (guaranteed grade) was purchased from Nanjing Chemical
Reagent Co., Ltd. (Nanjing, China); and disodium ethylenediamine
tetraacetate (Na,EDTA) was purchased from Sinopharm Chemical
Reagent Co., Ltd. (Shanghai, China). Unless special mention, the
adopted chemicals belonged to analytical grade or above.

2.3 Analysis of the antibiotics

Sample pretreatment was conducted according to a preceding
reported method (Hernando et al., 2006; Chen et al, 2018). Add 1 g
soil sample into a 50 mL centrifuge tube, and then 15 mL of mixed
extraction solution (methanol: EDTA-Mcllvaine = 2:1). The mixture
was shaken for 20 min, extracted by ultrasonic extraction at low
temperature for 15 min, centrifuged for 15 min (4,000 r-min™"), and
collect the supernatant. The extraction was repeated three times and the
supernatant was combined and diluted to 450 mL with water. The
supernatant was then extracted with a solid phase extraction column
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activated by 6 mL of methanol and 6 mL of ultrapure water at a about
2-5mL-min" at loading rate. Next, wash the column with 6 mL of
ultrapure water and dry under vacuum for 30 min at negative pressure
and elute with 3 mL methanol. Blow the eluate by nitrogen to nearly dry
and then re-dissolved it with 1 mL of methanol. The sample was
vortexed and shaken for 5 min and then the sample was fixed and
passed through 0.22 pm organic filter membrane for analysis by UPLC.

The target antibiotics were analyzed via ultra-high performance
liquid chromatography (UPLC, Thermo Ultimate, Waltham, MA,
United States), together with a triple quadrupole mass spectrometer
(MS, Thermo TSQ Quantum Access MAX, Walthman, MA,
United States) equipped with an electrospray ionization (ESI)
source in multiple reaction monitoring (MRM) mode. A total of
10 uL of the redissolved extracted was injected into the
chromatographic system. The target antibiotics were separated by
a C18 column (1.7 mm x 100 mm, 5 um, Thermo, Waltham, MA,
United States) maintained at 35°C. The flow rate for gradient elution
was 0.20 mL-min™" with phase A (Milli-Q water with 0.1% (v/v)
formic acid) and Phase B (acetonitrile).

2.4 Quality control and quality assurance

Laboratory quality assurance and quality control methods (QA/
QC) were implemented to ensure analytical quality, including
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TABLE 1 Predicts the unaffected concentration of target antibiotics in soil.

10.3389/fenvs.2023.1241405

Category Antibiotics Abbreviation CAS ECso/mg-L"  PENChare/Mg-L"  Ky/Lkg'  PNECi/ug-kg™
Sulfonamides (SAs) Sulfamerazine SD 68-35-9 0.11 0.11 14 0.15
Sulfachlorpyridazine Neoiy 80-32-0 3225 32.25 0.9 29.03
Trimethoprim TMP 738-70-5 6.9 6.9 7.4 51.06
Sulfadimidine SM2 57-68-1 1.27 1.27 2.4 3.05
Sulfamethoxazole SMX 723-46-6 0.03095 0.03095 1.15 0.05
Tetracyclines (TCs) Oxytetracyline OTC 79-57-2 1.04 1.04 417 433.68
Tetracycline TC 64-75-5 0.09 0.09 1,093 98.37
Doxycycline DOX 564-25-0 0.316 0.316 725 229.1
Chlortetracycline CTC 57-62-5 0.219 0.219 1,280 280.32
Fluoroquinolones (FQs) Ciprofloxacin CIP 85721-33-1 1.1 1.1 417 458.7
Ofloxacin OFL 82419-36-1 0.021 0.021 1,471 30.89
Enrofloxacin ENR 93106-60-6 0.049 0.049 260 12.74

Note: The target antibiotic EC50 data are from the EPA ECTOX, database of the US, environmental protection.

solvent blanks, method blanks, quantification limits (MQLs),
substitution use, recovery of spiked samples and duplicate
analysis. Perform recovery tests with performed with chicken
manure and soil (n = 3), and the recoveries for antibiotics in
manure and soil ranged from 72% to 107% and 65%-116%,
respectively. The relative standard deviation (RSD) percentages of
the spiked measurements in manure and soil ranged from 1.3% to
13.4% and 2.4%-25.8%, respectively. Three samples were used to
the The
concentrations were calculated using the internal standard

obtain mean concentrations. target compounds
method. During the instrumental analysis, solvent blanks,
procedure blanks, and known standards were injected every
15 samples to confirm the accuracy and reliability of the

instruments.

2.5 Ecological risk assessment of the
antibiotics

The RQ method was adopted to assess the potential risk of
residues from the 12 antibiotic residues in soil to ecosystem
resistance selection. The calculation of the expected no effect
concentration in soil (PNECgy) in this study, taking EU
Technical Guideline Document on Risk Assessment and other
relevant literature for reference.

The RQ values for the antibiotics were calculated as follows 1).

RQ = MEC/PNEC (1)

where MEC represents measured environmental concentration,
pgkg', and PNEC represents the predicted no-effect
concentration (Nie et al, 2015) used for antibiotic resistance
selection, pg-kg"'. Antibiotic toxicity data for soil are scarce and it
is difficult to estimate PNEC,.; values. Therefore, the PNEC values
for antibiotics in soil were calculated using Equation 2 based on the
PNEC values for antibiotics in water bodies:
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PNECsoil = PNECwater X deoil (2)

where PNEC,,; and PENC,,..; were used to predict the no-effect
concentration of antibiotic resistance selection in soil and water
environments, respectively, the PNEC,,.r values (Table 1) were
derived by collecting data from either notational or chronic
toxicology experiments in conjunction with the US EPA ECTOX
database, and K, was the soil-water partition coefficient, L-kg™.

PNEC,uer = EC50/AF 3)

where EC50 is the acute toxicity reference factor, i.e., (Leung et al,
2012), the half maximum effect concentration (mg-L™'), and AF is
the assessment factor, which is calculated using the five classification
methods proposed in the EU Technical Guideline Document on
Risk Evaluation. The target antibiotic data are based on only one
short-term test and there are studies showing that the risk
assessment AF for acute toxicity test is 1,000 and the chronic
toxicity test risk assessment AF is 100. Therefore, the AF was
taken to be 1,000 after comprehensive consideration (Bengtsson-
Palme and Larsson, 2016). In order to maximize the estimation of
the effect of antibiotics in soil, the lowest K; value for various soil
types in previous studies was selected as PNEC,,; for each antibiotic
soil in this study. The risk levels were classified into low risk (0.01 <
RQ < 0.1), medium risk (0.1 < RQ < 1), and high risk (RQ > 1)
(Hernando et al., 2006).

2.6 Soil properties

The pH, total phosphorus, total nitrogen, and organic matter in
chicken manure were determined using the standard “Organic
Fertilizer” (NY525-2012) (Ministry of Agriculture of PRC, 2012).
The pH, total nitrogen, total phosphorus and organic matter in soil
also determined according to “Soil Agrochemical Analysis” (Bao,
2000). Total nitrogen and phosphorus were determined by an
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TABLE 2 Total detection levels of three classes of antibiotics in chicken farms and surrounding soil.

Sampling sites Moisture Total nitrogen/ Total phosphours/ Total organic
content/% g-kg-1 g-kg-1 carbon/%
SM1 manure 631 +0.01 65.13 + 0.56 35.26 + 0.76 19.42 + 0.87 52.08 + 0.16
SM2 manure | 7.06 + 0.02 71.49 + 1.42 2137 + 1.04 12.36 + 0.92 37.71 + 0.14
SM3 manure | 8.14 +0.02 68.92 + 0.73 27.66 + 0.83 1154 + 0.57 4235 + 025
SM4 manure | 652 +0.01 7341 % 1.25 4848 + 1.15 18.94 + 0.88 38.98 + 0.18
SM5 manure | 6.67 +0.01 67.89 + 0.84 4051 + 0.94 2007 + 0.52 3347 + 0.13
Mean values of SM 6.94 +0.75 69.37 + 3.41 34.66 + 2.26 16.47 + 3.04 40.92 + 5.84
SN1 Near soil | 7.14 + 0.02 12.45 + 0.12 0.76 + 0.02 0.65 + 0.03 0.95 + 0.01
SN2 Near soil | 5.57 +0.01 11.68 + 0.09 1.18 + 0.05 1.17 + 0.04 1.76 + 0.03
SN3 Near soil | 5.26 +0.03 16.47 + 0.13 247 +0.03 2.28 + 0.02 265 + 0.04
SN4 Near soil | 6.75 +0.01 17.07 + 0.18 1.28 + 0.02 2.19 + 0.03 211 + 0.03
SN5 Near soil | 7.04 +0.03 19.63 + 0.20 3.13 +0.05 0.48 + 0.02 1.29 + 0.02
Mean values of SN 6.35+0.19 15.46 + 2.17 1.76 + 0.04 1.35 + 0.01 1.75 + 0.04
SF1 Far soil | 7.11+0.03 8.42 +0.13 0.78 + 0.01 057 + 0.03 1.97 +0.02
SF2 Far soil | 523 +0.01 9.06 + 0.017 0.63 + 0.02 0.72 + 0.03 1.48 + 0.04
SF3 Far soil | 6.14+0.02 6.83 + 0.15 1.54 + 0.03 043 + 0.02 0.78 + 0.02
SF4 Far soil | 6.97 +0.02 1454 + 035 0.89 + 0.03 0.49 + 0.01 0.74 + 0.05
SF5 Far soil | 6.15 +0.02 10.48 + 027 1.28 + 0.04 041 + 0.03 052 + 0.02
Mean values of SF 632 +0.02 9.87 + 1.18 1.02 + 0.32 052 + 0.13 1.10 + 0.61

automatic continuous flow analyzer (AA3), and organic matter was
determined by the potassium dichromate capacitance method. The
soil properties are shown in Table 2.

2.7 Statistical analysis

IBM PASW Statistics 18.0 (Chicago, 111, United States) was
adopted to analyze all the statistics. Antibiotic concentrations were
compared using the Kruskal-Wallis nonparametric test and
statistically ~ significant differences considered to be
significant at p < 0.05. A redundancy analysis (RDA) was
performed to evaluate the relationship between physicochemical

were

properties and antibiotic concentrations in the physicochemical
environment of the soil in and around the chicken farms.

3 Results

3.1 Occurrence of antibiotics in chicken
farms and in the surrounding soil

The detailed concentrations and detection frequencies of the
12 antibiotics on the five typical chicken farms are shown in Table 3.
The detection frequencies of the 12 antibiotics were up to 100% in
manure, indicating that antibiotics were widely present in the manure
samples. Ciprofloxacin recorded the highest concentration of
19.23 ugkg™" (dry weight, dw), followed by ENR and OFL with
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average concentrations of 14.62 and 5.33 pgkg™, respectively. The
12 antibiotics were present at lower concentrations and detection
frequencies in the surface soil than in the chicken manures, among
which the detection frequencies of nine antibiotics (SD, SMX, CIP, TC,
DC, TMP, ENR, and OFL) reached 100% in near soil, indicating that
these antibiotics were widely present in the near soil where CIP
(1842 pgkg™") and ENR (12.38 ug-kg™') were the most prevalent
antibiotics. In terms of the far soil, the concentrations of target
antibiotics and the detection frequencies showed seven antibiotics
(SD, SMX, TC, OTC, CIP, ENR, and OFL) reached 100%, with mass
fractions of 0.81, 039, 3.56, 1.06, 10.29, 7.28, and 2.67 ugkg”,
respectively. Noticeably, CIP and ENR had much higher mass
fractions than the other antibiotics in manure and the soil samples.
Among the five SAs, SD had a higher mass fraction than the other four
SAs in manure and the soil samples. The TC mass fraction was the
highest detected in chicken manure and soil. Overall, the mass faction of
the three antibiotic classes followed the order: FQs > TCs > SAs.
Furthermore, the highest antibiotic concentrations were found in
chicken manure, followed by near soil and far soil.

3.2 Properties distribution of antibiotics
across the chicken farms and in the
surrounding soil

Figure 2 shows that FQs were the largest contributors of the

antibiotics in chicken manure and soil. Among the FQs, CIP was
the major component in chicken manure and the soil from the five
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TABLE 3 Total detection levels of three classes of antibiotics in chicken farms and surrounding soil.

Antibiotics Chicken manure Near soil Far soil

Occurance Maximum/  Minimum/  Average/  Occurance Maximum/ ~ Minimum/  Average/  Occurance Maximum/  Minimum/  Average/

Rate/% Hg-kg™ Hg-kg™ Hg-kg™ Rate/% Hg-kg™ Hg-kg™ Hg-kg™ Rate/% Hg-kg™ Hg-kg™ Hg-kg™

SMX 100 1.09 0.05 0.63 100 0.96 0.02 0.52 100 0.82 0.01 0.39
SM2 100 0.10 0.02 0.06 82 0.08 <LOD 0.04 81 0.06 <LOD a 03
SCP 100 0.77 0.12 0.45 74 0.63 0.07 0.35 43 0.48 <LOD 0.22
TMP 100 1.88 0.04 1.14 100 1.68 0.03 0.97 47 1.54 <LOD 0.59
XSAs 5.06 1.07 3.52 417 0.85 294 3.38 0.48 2.03

TC 100 19.05 2.86 9.06 100 17.71 1.88 7.36 100 6.33 2.39 3.56
OTC 100 6.67 0.49 1.52 100 5.35 0.18 1.13 100 3.32 0.31 1.06
CTC 100 32 1.79 2.50 100 2.89 1.37 2.07 94 2.64 0.48 1.47
DOX 100 3.46 073 1.35 83 2.36 <LOD 0.99 5S 1.65 <LOD a 83
XTCs 245 7.96 14.43 2223 5.92 11.55 10.02 5.12 691
CIP 100 32.83 4.15 19.23 100 28.73 2.51 18.42 100 17.87 2.18 10.29
ENR 100 41.78 2.08 14.62 100 27.96 1.96 12.38 100 18.1 1.75 7.28
OFL 100 9.18 1.75 5.33 100 11.1 1.47 3.57 100 4.32 1.08 2.67
2FQs 67.96 9.11 39.17 51.15 6.52 34.37 30.21 5.13 20.24

Note: < LOD, indicates below detectable of limit.

‘e e eyz

SOYTYeT $£202'SAUR4/685S°0T


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1241405

Zha et al. 10.3389/fenvs.2023.1241405
A
Chicken manure
FQs
Near soil - TCs
5 sAs
Far soil
0% 20% 40% 60% 80% 100%
B
Far soil
Near soil
Chicken manure
1 1 1 1
0% 20% 40% 60% 80% 100%
FIGURE 2

Composition of antibiotics in the Chicken manure and surrounding soil in 5 different chicken farms of Hangzhou, China. (A) Proportion of
concentration of 3 classes antibiotics. (B) Proportion of concentration of individual antibiotic.

different chicken farms, where it accounted for 33.65%, 37.70%, and
35.26% of Y FQs concentrations in chicken manure, near soil, and far
soil, respectively, followed by ENR, TC, and OFL. The SM2 fraction was
the lowest in the manure and soil samples. Overall, the distribution
characteristics of the 12 antibiotics in chicken manure and soil were
consistent, which suggests that the pollution sources affecting the
chicken farms and surrounding soil are similar.

According to Figure 3 and the Kruskal-Wallis nonparametric test,
significant differences were observed for the total concentration of
antibiotics and Y FQs, TC, CIP, ENR, and OFL, on the five different
chicken farms in Hangzhou (p < 0.05). The total concentrations of
antibiotics, and TC and OFL in chicken manure were significantly
higher than that in the soil samples (p < 0.05), and ) FQs, CIP, and ENR
in chicken manure and near soil were significantly higher than those in
far soil samples (p < 0.05). The results showed a tendency for antibiotic
contamination to migrate to the surrounding soil.

3.3 Relationship between the soil
characteristics and antibiotics
concentrations

An RDA was used to evaluate the influence of environmental

factors (pH, water content (MS), total nitrogen (TN), total
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phosphorus (TP), total organic carbon (TOC) on antibiotic
concentrations in soils around the chicken farms. Figure 4 shows
that in the I and II axes explained 53.44% and 6.59% of the total
variance of the data for the 12 antibiotic concentrations in the soil
samples, respectively, or 60.03% in total. The cumulative
explanation of the relationship between antibiotic concentration
and soil physicochemical factors amounted to 64.6%.

Therefore, axes I and II reflect the relationship between
antibiotic concentration and environmental factors to some
extent (Figure 4). The length of the rays in the RDA plot
represents the magnitude of the model contribution: the longer
the ray, the greater the contribution. The angle of the ray represents
its correlation and the cosine of the angle is equal to the correlation
coefficient between the two. The longer the vertical projection of the
environmental factor ray on the antibiotic concentration ray, the
greater the effect on the antibiotic concentration. Finally, the longer
the vertical projection of the environmental factor rays on the
antibiotic concentration rays, the greater the effect on the
antibiotic concentration. The ray distribution of the 12 antibiotics
in the soil samples around the chicken farm is shown in Figure 4.
The correlation between TCs, SAs, and FQs antibiotics is not
obvious, and the distribution of the antibiotics except for TCs is
relatively concentrated. The rays for the environmental factors (TN,
TP, MS, TOC, and pH) were longer and explained 14.00%, 2.4%,
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Box and whisker plots of antibiotics in the urban soil in different function areas of Hangzhou. Note: The horizontal black line in the box represented
the median value and the low and upper edges of the box mark the 25th and 75th percentiles, respectively. The whiskers extending from the box show the
highest and lowest values. “Singular values are represented by “circles,” which were beyond the 150th percentile of the difference between 25th and 75th

percentiles.

24.5%, 14.00%, and 4.8% of the variability in antibiotic
concentrations, respectively. Among them, TP had a strong
positive correlation with DXC, MS had a strong positive
correlation with SD, TMP and TN had a positive correlation
with DXC, pH had a positive correlations with SMX and TOC
had a positive correlation with TC. In conclusion, there was no
significant pattern between the different antibiotics and most of the
single environmental factors.
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3.4 Ecological risk assessment of antibiotics

Combined with Figure 5, the RQ values for SMX, SD, and
ENR in the near soil were much higher than 1 and all of them
represent a high risk, among which the RQ values for SMX and
SD reached 10.85 and 7.17, respectively, and both of them pose
the highest ecological risk. The ecological risks due to SMX and
SD in the far soil were the highest, the RQ values were much

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1241405

Zha et al.

1.0

sSm4
[e)

RDA2(6.59%)

©
<

RDA1(53.44%) 1.0

FIGURE 4

Redundant analysis of three major classes of antibiotics and
environmental factors. Note: Blue rays represent antibiotics, red rays
represent environmental factors; SM represents chicken manure
samples, SN and SF represent near and far soil samples,
respectively.

higher than 1, and both represent a high risk. Therefore, SMX and
SD were the most important antibiotics in the chicken farm soil.
The RQ values for SM2, SCP, TMP, TC, CIP, and OFL in the near
soil were in the range 0.01-1 and represent a low to medium risk.
The RQ values for OTC, CTC, and DXC were all less than
0.01 and represent no risk at the moment. The RQ values for
SM2, TMP, TC, CIP, ENR, and OFL in the far soils were in the
range 0.01-1. They represent a medium-low risk and should be
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TABLE 4 Ecological risk difference of 3 major antibiotics in the near-soils and
control remote soils around the chicken farm.

Chicken farms RQY SAs RQYTCs RQY FQs
S1 0.49 0.01 0.02
$2 8.52 0.04 0.69
s3 2.59 0.11 0.03
S4 534 0.04 0.95
S5 271 0.02 0.51

taken seriously as they are harmful to soil microorganisms to
some extent. The RQ values for SCP, OTC, CTC, and DXC were
all less than 0.01, which means that they pose no risk at the
moment.

The difference in the total contents of the three major
antibiotics between the near and far (control) soils around the
chicken farms was calculated to exclude the effect of exogenous
antibiotics and to assess the effect of antibiotics on the
surrounding near soils due to the chicken farms. Table 4
shows that the total RQ values for Y SAs, Y TCs, and Y FQs in
the near soil from the different chicken farms were greater than
those of the control far soil, indicating that the control far soil on
the chicken farms was not contaminated by external sources of
SAs. Table 4 shows that the RQ values for the near soil around the
chicken farms are higher than those of the control far soil, which
may be related to the fact that the near soil around the farms can
be directly exposed to chicken manure. The antibiotics contained
in chicken manure can be directly transported and transformed
into the peripheral near soil.

—
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Risk quotient of predominant antibiotics in the soils near the chicken farm (A) and in the remote control soil (B).
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4 Discussion

4.1 Antibiotic contamination characteristics
in manure and soil

The number and detection rates for the 12 antibiotics in manure
were much greater than that in soil (TABLE 2). Their mean
concentrations in manure and soil were in descending order:
FQs > TCs > SAs respectively. Overall, the antibiotics with high
concentrations in manure were also present at relatively high levels
in the soil, which means their pollution sources are relatively similar.

In comparison with the other antibiotics, the higher K4 value for
FQs indicates lower mobility and a tendency to accumulate in the
soil. The SAs are widely used in livestock and aquaculture, and
although they are used in small amounts, their detection
concentrations in water are generally large due to their highwater
solubility and their poor adsorption to soil and sediment
(Ostermann et al.,, 2014; Wegst-Uhrich et al., 2014). The TCs
and FQs are widely used as additives in livestock farming to
prevent animal disease and promote animal growth, while SAs
are relatively less used in intensive livestock farming (Chen et al.,
2021). This may be the cause of the low concentration of SAs in this
study. Among them, TCs have a strong affinity for soil particles and
can be stably adsorbed to them. The concentration of TCs in this
study was much lower than that of a previous study, indicating that
TCs were relatively less applied on chicken farms in this study area.
In terms of individual antibiotics, CIP was the major component in
the chicken manures and soils from the five different chicken farms
and accounted for more than 30% of the ) FQs concentrations. Arun
et al. indicated that CIP contributed to 55%-75% of the total FQs in
dumpsite soil from Chennai City, China (Arun et al., 2020), which
was consistent with our results. The higher CIP concentrations
might be due to its longer half-life (2,310 + 1,155 days) (Walters
et al,, 2010) in soil and lower log octanol-water partition (log Ko,)
coefficient (0.28) (Arun et al., 2020). The CIP molecule contains
one-C=0, one-COOH, and one-N(CHj3), and one-CONH,, which
are all strongly adsorbed to soil. The prevalence of ENR, TC, and
OFL could be due to their high rates of production and consumption
rates in the Hangzhou area. Zhao et al. (2010) found that the
concentrations of all SAs concentrations were measurable and the
maximum SD concentration in chicken manure was 4.11 mg-kg'l,
which was much higher than in this study (1.77 mgkg™) (Tu et al,
2020). In conclusion, the concentration and frequency of detection
of the different antibiotics are mainly related to their use patterns,
characteristics, and environmental behavior.

4.2 Effect of soil characteristics on the
distribution of antibiotics in soil

Soil factors, such as heavy metal content, pH, and TOC, in
addition to the specific characteristics of the antibiotics, have also
been found to influence the adsorption of antibiotics in solid
environmental matrices (Vasudevan et al., 2009). The soil pH is
recognized as an important influential factor for that antibiotics
adsorption onto soil, and can determine the form of veterinary
antibiotics present (Hu et al.,, 2019) The TCs are a class of acid-base
amphoteric compounds that are susceptible to denaturation

Frontiers in Environmental Science

10

10.3389/fenvs.2023.1241405

reactions under both acidic and alkaline conditions. They are
relatively stable under acidic conditions, but their degradation is
promoted under alkaline conditions (Ben et al., 2019). In our study,
the pH ranged from 5.23 to 7.14, which indicated a weak acid soil
(TABLE 2). The chemical form of TCs in the soil at the sampling
sites used in this study was relatively stable and not greatly
influenced by other environmental factors. The RDA analysis
showed that the SMX concentration in the soil was positively
correlated with pH, but the remaining antibiotics were only
weakly correlated with pH. SD and sulfachloropyridazine (SCP)
adsorption in Galician soils was significantly and positively
correlated with soil organic matter content, clay ratio and cation
exchange capacity (CEC) (Conde-Cid et al., 2019). Gao et al. (2012)
showed that NOR concentration and TOC were significantly and
positively correlated in the surface soil samples from Shanghai (Gao
et al, 2012). Our results showed that TC concentration was
positively correlated with TOC, which indicated that there was a
correlation between antibiotic concentration and soil organic carbon
content. NOR, OFL, and CIP concentrations in top soils from
Beijing were not significantly correlated with TOC (Gao et al,
2012), which was consistent with our findings. The reason for
the inadequate relation to TOC may result from the easy
adsorption of FQs onto metal oxides and soil minerals (Liu et al,
2022). However, this study suggests that there is a relationship
between TOC and FQs in the soil. In addition, antibiotics undergo a
series of degradation reactions after entering the soil, including
photolysis, hydrolysis and biodegradation, which are important
transformation processes. Usually, temperature, moisture, soil
type and other factors affect the degradation of antibiotics in soil
(Jiang, 2016). Studies have shown that the degradation of SAs in soil
is mainly due to hydrolysis and biodegradation, and that the main
degradation modes for TCs are photolysis and microbial
degradation. Therefore, the concentrations of different antibiotics
in the soil are influenced by a combination of soil microorganisms
and environmental conditions such as light, water content, and soil
properties.

4.3 Risk assessment of antibiotics in soil

This research showed that, the RQ values for SMX and SD in the
surrounding near and far soils were much greater than 1 (Figure 5),
with meant that they posed a high ecological risk. Studies have found
that the excretion of SAs in animal manure was up to 90% and that
this resulted in high environment drug exposure levels (Qian et al.,
2022). Therefore, the serious ecological risks posed by SD and SMX
may be related to the direct migration and transformation of
antibiotics contained in chicken manure into the surrounding
near soil. In this study, the RQ values of the far-soil and near-
soil ENR were larger than 1, which is consistent with the results of
the study by Gu et al. (2020). ENR is a chemically synthesised
bacteriostatic agent belonging to the FQ class, which includes the
four most-used antibiotics in China and are frequently detected in
the water and environment (Zhang et al.,, 2023). Owing to their long
half-life and strong adsorption capacities, they are retained in animal
manure for a long periods, leading to a higher probability of
translocation to the surrounding soil. In addition, FQs are
amphiphilic compounds with strong ligands fluorine atoms,
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carboxyl groups, amino groups, and ion-exchanged carboxyl groups,
which can interact with the soil through different mechanisms, and
have a strong adsorption capacity in the soil (Chen et al., 2018).
Overall, the RQ values of the proximal soils around chicken farms
were higher than those of the farther and control soils, which could
be related to the antibiotics contained in chicken manure being
directly transported and transformed into the surrounding proximal
soil (Wei et al.,, 2018).

5 Conclusion

The three major antibiotics are commonly detected in chicken
manures and the soil, and the concentrations of these antibiotics
were in descending order: chicken manure samples > near-soil
samples > far-soil samples in the different sampling points, and
the total concentrations of TCs, SAs, and FQs tended to decay
sequentially, suggesting that there is a possibility of migration to the
soil. The RDA showed that MS, TOC and TN had a greater influence
on the antibiotic concentration in the soil samples. The ecological
risk of near soil samples around chicken farms is higher than that of
far soil samples. TC, CIP and OFL in soils posed a medium or low
risk. The RQ difference of remote soil showed that each chicken
farm had polluted the surrounding soil to different degrees. Basis on
the calculated RQ values, the results of the risk assessment revealed
that SD and SMX in soils pose a high risk, whereas TMP, TC, CIP,
and OFL pose a medium or low risk. Additional studies are need to
investigate the human exposure risk to antibiotics from organic
vegetables grown near chicken farms.
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