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d distribution of pesticides and
antibiotics in agricultural soils from northern
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Different types of soil samples from a typical farmland in northern China were collected and evaluated for

the presence of the pesticides and antibiotics. 47 pesticides were extracted with a quick, easy, cheap,

effective, rugged, and safe (QuEChERS) preparation method and cleanup with 50 mg C18, while 10

antibiotics were extracted with methanol/EDTA–McIlvaine buffer solution (v/v ¼ 1/1), then both of them

were analyzed with high performance liquid chromatography-tandem mass spectrometer (HPLC-MS/

MS). Total concentrations of the 47 pesticides in the soil samples ranged from not detectable (ND) to

3.8 mg kg�1. The soil exhibited relatively high ecological risk for atrazine, chlorpyrifos, tebuconazole,

difenoconazole, pymetrozine, and thiamethoxam, as over 1.0% of the sample concentrations exceeded

0.1 mg kg�1. The residual levels of the 10 antibiotics were relatively low (ND-951.0 mg kg�1).

Tetracyclines exhibited a high detection rate (20.9%), with 2.8% of the soil samples exhibiting

tetracyclines concentrations exceeding 100 mg kg�1, implying high ecological risk. The 4 sulfonamides

and 2 macrolides analyzed showed detection rates below 0.8%. Spatial changes in the distribution of

pesticides and antibiotics appear to be related to land use patterns, particularly orchards and vegetable

plots. The over-standard rate of pesticides and antibiotics in orchards was greater than that of vegetable

plots, and grain fields had the lowest over-standard rate. These data were helpful to figure out the

pollution of these pesticides and antibiotics, and provided valuable information for soil quality

assessment and risk assessment.
1. Introduction

Soil is an integral part of the environment and ecosystem. It is
an important natural resource for plant growth, and is also
a repository for the material biogeochemical cycle. It has
a high sensitivity to environmental changes,1 and is oen the
predominant sink for environmental pollution due to its
strong binding capacity.2 Furthermore, soil is also a secondary
emission source of organic pollutants because of re-
equilibration among various bulk media.3,4 “Soil pollution”
is dened as the presence of chemicals or substances in the
soil that are inappropriate and/or at a higher concentration
than normal, with adverse effects for any non-target creature.5
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directly related to food safety, human health, and sustainable
economic and social development.6,7 The Status of the World's
Soil Resources Report (SWSR) identied soil pollution as
a major threat affecting global soils and the ecosystems
services that they provide.8 It is estimated that there are
approximately 80 000 contaminated soil sites in Australia, and
approximately 1300 locations in the United States of America
that are listed in the Superfund National Priorities List.5,9 In
2014, the Chinese Environmental Protection Ministry released
a survey bulletin on the state of soil pollution in the country,
which revealed that 16.1% of all Chinese soil was polluted,
including 19.4% of farmland.10

Pesticides and antibiotics play major roles in agriculture
and livestock production, and their use has been increasing
globally in recent years.1,11 China produces more pesticides
and antibiotics than any other country, and irrational use or
even abuse occurs frequently.12–14 Due to the lack of timely
degradation, the persistence of pesticides and antibiotics in
soil has caused a series of environmental issues, including
ecological risks and damage to human health.15–18 In addition,
residual antibiotics in the soil can promote the spread of
antibiotic resistance and trigger adverse immunological reac-
tions.19 Agricultural soil pollution from pesticides and
This journal is © The Royal Society of Chemistry 2019
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Fig. 1 The sampling sites in the study area.
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antibiotics is a challenging problem that needs to be fully
addressed. The results of some studies indicate that a new
QuEChERS (quick, easy, cheap, effective, rugged and safe)
technique shows more popular than other extraction tech-
niques at the multi-residue extraction of pesticides from soil
matrices.20–22 However, for the detection of multi-residue
antibiotics in soil, buffer salt extraction and solid phase
extraction (SPE) purication are the most common
methods.15,23 Gas chromatography and liquid chromatography
combined with various detectors can analyze the broadest
spectrum of compounds, thereinto, high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS)
methods based on triple quadrupole (QqQ) analyzers are
frequently used in environmental and food analysis.21,24,25

However, few reports have been published to date that
simultaneously focus on contamination from both pesticides
and antibiotics in the environment.1,26–28 The analysis methods
in these studies are cumbersome and require relatively large
manpower, material resources and nancial resources.
Because the number of samples analyzed in these studies were
relatively less, and their contingencies were too large to
accurately reect the pollution situation in a particular region.
Furthermore, to our best to know, there is no published report
that focuses on contamination from pesticides and antibiotics
in different agricultural soil types.

The soil samples used in this study were collected in one
of China's major production areas for agricultural and side-
line products, lied between Beijing and Tianjin. The purpose
of this study is to determine the concentration, distribution,
and risk of pollution of pesticides and antibiotics in different
types of farmland soils. Soil quality standards have not yet
been established for various pesticides and antibiotics.
Therefore, this study is very important for understanding the
risk of agricultural soil pollution, and will help in developing
effective remediation strategies. It also could provide basic
data for the establishment of relevant soil quality standards
in China.

2. Materials and methods
2.1. Study sites and sampling

An intensive and large-scale soil-sampling program was con-
ducted, during which a total of 530 soil samples were
collected. The study area is located from 116�550E–117�240E,
and from 40�100N–40�220N, and the location of each sampling
site is provided in Fig. 1. ArcGIS soware was used to acquire
and mesh the spatial distribution of the orchards and vege-
table elds in the study area. The mesh distribution was
designed according to the control area and the principle of
stratied sampling. The orchard grid size was 235 � 235 m,
while the vegetable grid size was 160 � 160 m. A Global Posi-
tioning System (GPS) was used to accurately record each
location, based on the sampling map and the coordinate
position of the plot. According to the size and shape of the
sampling plots, a random sample of 10 samples was taken
following either the plum blossom method, snake method, or
chessboard method. Each sample was taken from a depth of 0–
This journal is © The Royal Society of Chemistry 2019
25 cm, and about 1 kg of soil was obtained for each sample
using the quartering method. Each sample was packed in
a sealed bag and marked before being quickly brought back to
the laboratory and stored in a refrigerator at �20 �C until
analysis.
2.2. Chemicals and reagents

Analytical reagent grade supplies of sodium chloride (NaCl),
anhydrous magnesium sulfate (MgSO4), citric acid, formic
acid, dibasic sodium phosphate, and ethylenediaminetetra-
acetic acid (EDTA) were purchased from the Beijing Chemical
Reagent Company (Beijing, PR China). HPLC-grade acetoni-
trile and methanol were purchased from Fisher Scientic
(Pittsburgh, PA, USA). An Aquapro Ultrapure Water System was
used to provide ultrapure water. Cleanert C18, primary
secondary amine (PSA), mixed anion-exchange (PAX) and
strong anion-exchange (SAX) were obtained from Agela Tech-
nologies, Tianjin, China.

Forty-seven (47) pesticides standards were purchased from
Beijing Beina Chuanglian Biotechnology Institute. Individual
stock standard solutions were prepared in acetonitrile and
stored at �20 �C. The mixed working solutions of carbofuran,
carbendazim, pymetrozine (10 mg L�1) were prepared in
acetonitrile. The other 44 pesticides (100 mg L�1) were prepared
in acetonitrile as mixed working solutions.

Standards for 10 antibiotics were purchased from the Bei-
jing Beina Chuanglian Biotechnology Institute. Erythromycin
(1000 mg L�1), roxithromycin (1000 mg L�1), chlortetracycline
(10 mg L�1), tetracycline (10 mg L�1), and doxycycline
(10 mg L�1) were prepared in acetonitrile as stock standard
solutions. Stock standard solutions of the other 5 antibiotics
(10 mg L�1) were prepared in methanol. All stock standard
RSC Adv., 2019, 9, 15686–15693 | 15687



RSC Advances Paper
solutions were stored at �20 �C. The concentration of the
purchased standard determined the concentration of the
working solution. The EDTA–McIlvaine buffer solution was
prepared by dissolving 2.8 g citric acid, 13.9 g dibasic sodium
phosphate, and 8.2 g EDTA in 200 mL of water.
2.3. Pesticides analysis

A portion (10.0 g) of each soil sample was weighed into a 50 mL
centrifuge tube with 5 mL water, 10 mL acetonitrile, and 3 g
NaCl being added aerwards. Extraction was carried out with
a vortex mixer for 2 min followed by centrifugation for 5 min at
3800 revolutions per minute (rpm). 1 mL of the supernatant
was transferred into a 2 mL centrifuge tube containing 50 mg
of C18. The mixture was vortexed for 30 s and centrifuged at
10 000 rpm for 1 min. Aer centrifugation, the supernatant
was ltered through a 0.22 mmmembrane into an autosampler
vial for HPLC-MS/MS analysis.
2.4. Antibiotics analysis

A portion of each soil sample (2.0 g) was weighed into a 50 mL
centrifuge tube and mixed thoroughly by vortexing for 5 min
with 8 mL extracting solution (methanol/EDTA–McIlvaine
buffer solution, v/v ¼ 1/1). The sample was then centrifuged
for 5 min at 3800 rpm. 1 mL of the supernatant was ltered
through a 0.22 mm lter membrane for analysis by HPLC-MS/
MS.
2.5. HPLC-MS/MS condition

The HPLC-MS/MS system (Agilent technologies, USA) con-
sisted of a 1200 Series liquid chromatographer coupled to
a triple quadrupole mass spectrometer (6410 Triple Quad)
equipped with an electrospray ionization interface (ESI). All
target compounds were separated using a HPLC reverse-phase
C18 column (50 mm � 2.1 mm � 3.5 mm, Agilent technolo-
gies, USA). The gradient mobile phase consisted of methanol
(phase A) and 0.1% formic acid (phase B). The gradient elution
program for the 47 pesticides and 10 antibiotics was shown in
ESI (Tables S1 and S2†). The injection volume was 5 mL and the
column temperature was maintained at 30 �C. The total
chromatographic run times for the 47 pesticides and 10 anti-
biotics were 25 min and 13.5 min, respectively. The HPLC–MS/
MS was performed in multiple-reaction monitoring (MRM)
mode and positive ESI mode. The desolvation gas (N2)
temperature was maintained at 350 �C with the gas ow being
maintained at 8.0 L min�1, and the nebulizer pressure being
maintained at 35 psi. The optimized parameters of the 47
pesticides and 10 antibiotics are provided in Tables S3 and
S4.†
2.6. Date analysis

Excel 2013 was used for performing all statistical analysis.
Spatial distribution of the concentrations of pesticides and
antibiotics were plotted by ArcGIS 10.0 (ESRI, Redlands, CA,
USA).
15688 | RSC Adv., 2019, 9, 15686–15693
3. Results and discussion
3.1. HPLC-MS/MS conditions optimization

The composition of the mobile phase is an important
parameter in adjusting retention time, selectivity, and peak
shape in HPLC separation.29 Because a large spectrum of
analysed compounds has great differences between physico-
chemical properties and acid–base properties, chromato-
graphic separation using a gradient elution program.25 Most
target compounds had higher response and sharper peaks
using a gradient elution of methanol–water (containing 0.1%
formic acid) system (Tables S1 and S2†). The total ion chro-
matograms (TIC) of 47 pesticides and 10 antibiotics were
shown in Fig. 2.

The optimization of MS/MS conditions was performed to
obtain maximum sensitivity for each pesticide by introducing
individual standard solutions directly into MS/MS. In the
present study, all target compounds were both determined in
the positive mode (ESI+). MS/MS parameters were optimised
such as precursor ion, product ions, fragmentor and collision
energy (CE). The values of the MS/MS optimized parameters for
each MRM transition were shown in Tables S3 and S4.†
3.2. Sample preparation optimization

It was especially important to develop a quick, easy, and
sensitive method to prepare the samples because of the large
number of samples. Since soil contains a large amount of
natural organic matter,23 extraction and purication proce-
dures are important factors that can affect the results of the
analysis.

3.2.1. Sample preparation optimization for the 47 pesti-
cides. As the water content in soil in general is low, it is
necessary to add water before pesticide extraction to hydrate
the sample and improve the extraction of the more polar
pesticides. Acetonitrile is oen used as an extraction solvent
for multi-residue analysis because it provides higher recov-
eries, less interference, and fewer co-extracted matrix compo-
nents than other solvents.30 Because some of the 47 pesticides
analyzed in this study was acidic and/or highly polar (such as
bentazone), a simple study was conducted to compare extrac-
tion efficiency between 0.1% formic acid and water, and to
compare extraction efficiency between NaCl with salting out
and NaCl without salting out. The results showed that
a combination of 5 mL water and 10 mL acetonitrile with NaCl
salting out provided the best recovery (Fig. S1†). PSA and C18
are the most commonly used adsorbents for disperse solid
phase extraction (d-SPE) clean-up during residue analysis. PSA
is a weak anion exchanger that can remove various organic
acids and fatty acids, as well as the target acidic pesticides31

and C18 is used to extract the nonpolar, weak polarity, and
medium polar compounds. Since the 47 pesticides analyzed
here contain target acidic pesticides, C18 was selected for d-
SPE clean-up.

3.2.2. Sample preparation optimization for the 10 antibi-
otics. Extraction of the antibiotics from the soil samples was
performed using a methanol/EDTA–McIlvaine buffer solution
This journal is © The Royal Society of Chemistry 2019



Fig. 2 The total ion chromatograms (TIC) of 47 pesticides (a) and 10 antibiotics (b) at a spiked level of 1 mg kg�1.
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(v/v ¼ 1/1) based on the study of Chen et al.,32 and the
extraction solvent volume and extraction time were optimized.
The results were displayed in Fig. S2 and S3,† revealing that
using 8 mL of extraction solvent extract 5 minutes returned the
best recovery. SAX23 and PAX are anion-exchange sorbents that
can remove the anions in the soil samples. Due to the low
response observed when using SAX in this experiment, PAX
was selected for optimization. The recoveries of the 10 anti-
biotics was low under different PAX dosages (Fig. S4†).
Considering that PAX can not only absorb impurities as
a cleaner, but also adsorb the target compounds as an adsor-
bent. Therefore, the PAX adsorbent was eluted with different
elution solvents, and the results showed that the recoveries of
the 10 antibiotics was still low (Fig. S5†). An experiment was
then performed to optimize the activation solvent. The
recoveries of antibiotics were performed better aer activation
with methanol (Fig. S6†). Only two macrolides displayed
a lower recovery rate without cleaning-up, while four sulfon-
amides had a lower recovery rate with methanol-activated
cleaning. Furthermore, skipping the cleaning-up step was
relatively quick, convenient, and economical. Therefore, the
decision was taken not to go through the cleaning-up process.
3.3. Method validation

Linear calibration curves were obtained for each of the 47
pesticides and 10 antibiotics by plotting their average peak
areas against concentration. A series of matrix standard solu-
tions were diluted using a soil blank matrix extract. The ranges
of the seven-point calibration curve for the 47 pesticides and
the 10 antibiotics were 0.001–1 mg L�1 and 0.002–0.2 mg L�1,
respectively. The calibration curves showed good linearity,
with typical correlation coefficients (R2) between 0.9929–1. The
limit of detection (LOD) was dened as the concentration with
a signal-to-noise ratio (S/N) of 3.33 The LODs of the target
compounds ranged from 0.01 mg kg�1 to 2.00 mg kg�1. In order
to evaluate the method's accuracy and precision, three to four
fortied levels with ve duplicates were conducted in the soil
samples. The results for the 47 pesticides and 10 antibiotics
were listed in Tables S3 and S4.† The fortied recoveries for
the majority of the compounds ranged from 70% to 120%.
This journal is © The Royal Society of Chemistry 2019
Only nicosulfuron (average recovery was 11%), pymetrozine
(45%), erythromycin (48%), and roxithromycin (39%) showed
lower recoveries, the results of these compounds were cor-
rected according to the recoveries. Relative standard devia-
tions (RSDs) in all cases were below 20%. The recovery and
precision results were satisfactory except for nicosulfuron,
pymetrozine, erythromycin, and roxithromycin, according to
the residue analysis quality control guide.34
3.4. Pesticide residues in soil samples

The validated method was applied to detect and quantify
residues of the 47 pesticides in 530 soil samples. The total
concentrations of the 47 pesticides detected in soil samples
ranged from ND to 3.8 mg kg�1. There were high detection
rates of pesticides in vegetable plots and orchards, with an
average detection rate of 10.1% for the 12 insecticides, an
average detection rate of 9.9% for the 17 fungicides, and an
average detection rate of 3.4% for the 18 herbicides, indicating
that the insecticides and fungicides were used in vegetable
elds and orchards were more than herbicides. The detection
rates of 37 of the pesticides were low (0–9.2%) at all sample
sites. Among these 37 pesticides, tricyclazole, halosulfuron-
methyl, nicosulfuron, pyrazosulfuron-ethyl, and
cloransulam-methyl were not detectable. Tricyclazole is
a special fungicide for the control of rice blast, however as rice
is not grown in the area its absence is perhaps unsurprising.
Cloransulam-methyl is used to control broad-leaved weeds in
soybean elds, and similarly none of the sampling areas
covered soybean elds. Halosulfuron-methyl, nicosulfuron,
and pyrazosulfuron-ethyl are all sulfonylurea herbicides that
are typically used a low dosage and exhibit a moderate-to-rapid
degradation rate in soil.35

So far, countries or organizations have not given the risk
management and control standards for various pesticides in
agricultural soils except exachlorocyclohexanes (HCHs) and
dichlor-diphenyltrichloroethanes (DDTs). Therefore, this
article referred to the risk screening value (0.1 mg kg�1) of
HCHs and DDTs in agricultural land in China, and applies it
to the risk assessment of other pesticides.36 Risk screening
values refer to the value of the main pollutants in the soil
RSC Adv., 2019, 9, 15686–15693 | 15689



Fig. 3 The detection rate (the sum of standard rate and over standard rate) of 47 pesticides (reference standard is 0.1 mg kg�1).
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when they may have adverse effects on the quality and safety
of agricultural products, crop growth, or the soil's ecological
environment. The detection rate (the sum of standard rate
and over-standard rate) of these pesticides was showed at
Fig. 3. There were 10 pesticides with concentrations
exceeding 0.1 mg kg�1, of which atrazine (the over-standard
rate was 3.4%) should be noted in particular. The ecolog-
ical risks of atrazine, chlorpyrifos, tebuconazole, difenoco-
nazole, pymetrozine, and thiamethoxam were relatively high
in the soil samples, as over 1.0% of the sample concentra-
tions exceeded 0.1 mg kg�1. The spatial distribution and
pollution levels of these six pesticides were shown in Fig. 4.
These results showed that more than 60.0% of the locations
where concentrations were above standard levels were in
orchards, and the rest were mostly located in vegetable elds.
Samples taken from grain elds rarely exceed the standard.
These results indicated that the largest volumes of pesticides
were used in orchards.

More than 66.7% of the samples that gave higher than
standard atrazine concentrations were located in the same
town. A previous study found that atrazine is unexpectedly
persistent in soil,37 indicating that it can accumulate in
farmland due to repeated application, causing high residues.
Chlorpyrifos and thiamethoxam are highly effective, broad-
spectrum, and long-lasting insecticides. Difenoconazole and
tebuconazole are highly effective, broad-spectrum, low-
toxicity, and systemic fungicides.38 Pymetrozine has been lis-
ted as an alternative to highly toxic pesticides in recent years,
and exhibits high efficiency, low toxicity, high selectivity, and
environmental friendliness, resulting in extensive usage.39

Atrazine and chlorpyrifos are listed as endocrine disruptors
with moderate-to-high toxicity.40 Therefore, it is necessary to
strengthen the monitoring of soil environments, to coordinate
monitoring of agricultural products, and to improve the
awareness of safe pesticide use by local farmers. In principle,
measures should be taken for safe utilization. Furthermore,
further study is needed on the effects of pesticide mixtures on
15690 | RSC Adv., 2019, 9, 15686–15693
human health, taking into account possible synergetic inter-
actions at low concentrations.41
3.5. Antibiotics residues in soil samples

In the 530 soil samples analyzed, the residual levels of the 10
antibiotics were relatively low (ND-951.0 mg kg�1). The
detection frequencies of the 4 sulfonamides and 2 macro-
lides were below 0.8%, while the tetracyclines exhibited
a high detection rate (20.9%). These results are consistent
with the ndings of a previous study.42 The tetracyclines
(949.4 mg kg�1) had the highest accumulation, followed by
macrolides (71.6 mg kg�1) and sulfonamides (19.7 mg kg�1),
and the sulfonamides were rarely detected. The spatial
distribution and concentrations of the tetracyclines at all
sites were illustrated in Fig. 5. The ecological risk of these
four tetracyclines in the soils was relatively high, 2.8% of the
sample concentrations exceeded the ecotoxic effect trigger
value (100 mg kg�1) setted by the Steering Committee of the
Veterinary International Committee on Harmonization.43

The results showed that many of the samples exceeding the
ecotoxic effect trigger value were located in orchards, indi-
cating that animal manures were most frequently used in
orchards. It is necessary to further investigate factors such as
the environmental fate of pollutants, plant uptake, and
human exposure to antibiotics. Furthermore, the occurrence
of antibiotic resistance should not be ruled out even if the
measured concentrations of the antibiotics in the soil
samples fall below the trigger value of 100 mg kg�1 for risk
assessment.44 Several studies had reported previously that
tetracyclines exhibit the highest detection rates, with
oxytetracycline exhibiting the highest concentration.43,45,46

However, in this study, chlortetracycline showed the highest
concentration of the tetracyclines (942.0 mg kg�1, oxytetra-
cycline was measured at 338.3 mg kg�1, doxycycline at 333.6
mg kg�1 and tetracycline at 139.4 mg kg�1). This difference
may result from the common use of chicken manure and
sheep feces in the study area; manure was being used at
This journal is © The Royal Society of Chemistry 2019



Fig. 4 Spatial distribution and pollution levels of atrazine, chlorpyrifos, tebuconazole, difenoconazole, pymetrozine and thiamethoxam in the
studied area.
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40.0% of the sampling sites, of which 32.3% featured chicken
manure and sheep manure. The maximum predicted half-
lives of the tetracyclines had been reported as 2.19 years,42
This journal is © The Royal Society of Chemistry 2019
indicating that these compounds can accumulate in farm-
land through the repeated application of biosolids; they may
then become persistent in soil. In order to prevent further
RSC Adv., 2019, 9, 15686–15693 | 15691



Fig. 5 Spatial distribution and pollution levels of tetracyclines in the
studied area.
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diffusion of antibiotics, soil amendment with compost can
be used to enhance the adsorption of tetracyclines and
reduce their mobility, thereby decreasing the environmental
risks they pose.47
4. Conclusions

This study established two analytical methods to separate
determine 47 pesticides and 10 antibiotic residues in 530 soil
samples collected in a typical farm area in northern China.
Total concentrations of 47 pesticides in the soil samples
ranged from ND to 3.8 mg kg�1, and total concentrations of
10 antibiotics ranged from ND-951.0 mg kg�1. Atrazine,
chlorpyrifos, tebuconazole, difenoconazole, pymetrozine,
and thiamethoxam should be noted as over 1.0% of the
sample concentrations exceeded 0.1 mg kg�1. Tetracyclines
exhibited a high detection rate (20.9%), with 2.8% of the soil
samples exhibiting tetracyclines concentrations exceeding
100 mg kg�1. These compounds could pose a potential risk.
Soil samples from orchards most frequently exhibited
concentrations exceeding standards, followed by vegetable
plots, grain elds rarely returned concentrations exceeding
the standards. These implied that pesticides and organic
fertilizers are more frequently used in orchards than other
land use types. Furthermore, it should not be ruled out that
synergetic interactions effects of pesticide and antibiotics
mixtures on human health can occur at low concentrations.
In order to decrease the environmental risks, measures
should be taken for safe utilization. The monitoring of soil
environment should be strengthen and the monitoring of
agricultural products should be coordinated.
15692 | RSC Adv., 2019, 9, 15686–15693
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