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Sulfonamides in the environment: a review
and a case report
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Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: Sulfonamides are widely used in treatment of animals and humans but pose a risk as environmental
pollutants. An analysis of 1588 publications focused on sulfonamides is presented here. The review deals with
environmental pollution with sulfonamides, described in papers indexed in the database Web of Science from 1938
to 2011. More in depth details are presented regarding publication activity during the last ten years in which 1255
papers have been published by authors from 1100 institutions. Papers, published during the last three years and
mainly in 2011, are listed in comprehensive tables, sorted according to five criteria: reviews, contaminated niches,
risk of contamination, sulfonamide transformation and methods of analysis. Key words and shortened abstracts
direct the reader to the topics of interest. Hyperlinks to full papers, published in open access journals, are another
aid in knowledge dissemination. This design of the review article allows easy navigation through vast amounts
of information. Finally, a case report illustrates experiences from the author’s laboratory with sulfamethazine
determination in pig slurry by ELISA. The reported results highlight the need for updating the legal directives
for environmental protection.

Keywords: sulfonamides; sulfamethazine; sulfamethoxazole; environmental protection; bacterial resistance; pig
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1. Introduction

Sulfonamides are frequently used in pigs and
cattle for the treatment of bacterial diseases.
Therefore, pig and cattle farms pose a risk for the
contamination of soil and surface water with sul-
fonamides and other antibiotics. This is a good
reason for intensive research into sulfonamides,
which covers their detection, distribution, trans-
formation, and impact on microorganisms in the
surrounding environment, the development of re-
sistance of microorganisms to sulfonamides, and
the possible harmful effects on the treatment of
animal and human bacterial diseases. Sulfonamides
are unacceptable contaminants of food, which is an
another reason for the development and introduc-
tion of different methods for sulfonamide detection
in animal excrements, slurry, liquid dung, sewage
water, soil, surface and ground water, and in food-
stuffs and animal tissues. This review is not an ex-
haustive presentation of the current data. Instead,
the aim is to highlight the need for improving cur-
rent technologies for animal production from the
point of view of environmental protection, food and
water safety and human health protection. There
is no doubt that residues of pharmaceutical drugs,
sulfonamides included, are only one element of the
multiple risk factors, concerning modern industry
and advanced technology. Data that we consider as
important are presented in tables with source cita-
tions and a few descriptive words. The tables com-
prise only the most important publications from
the period of the last three years with an emphasis
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on papers published in 2011. Publications included
in this review are sorted according to five criteria
(reviews, contaminated niches, risk of contamina-
tion, sulfonamide transformation and methods for
analysis). References in the tables are described us-
ing a few words and are supplemented by full or
shortened abstracts. The List of References, com-
pleted by hyperlinks to the full text of many of the
cited articles (published in open access journals) is
available for readers on e-mail request. This novel
review design allows the easy selection of informa-
tion required by readers according to their needs
and facilitates efficient knowledge dissemination.
Our own experiences of screening for sulfonamide
repeatedly in pig slurry from four farms by ELISA
are appended as a case report in part 3 of this article.

2. Review

2.1. Database used as the source
of information

The Web of Science® database (Thomson Reuters,
New York, USA) includes publications from over
12 000 of the highest impact journals. Records have
been retrieved using the following search profile:

Topic = (sulfonamide*AND (manure OR feaces
OR slurry OR dung OR water OR environment*))
Timespan = all years or 2002-2011

Databases = SCI-EXPANDED, SSCI, A&HCI,
CPCI-S, CPCI-SSH, CCR-EXPANDED, IC.

1991 1996

2001

2006 2011

Figure 1. Papers on sulfonamides in the environment, published in journals indexed in the Web of Science database

(1567 papers have been indexed from 1991 to 2011)
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In addition to comprehensive coverage, the Web
of Science database (WOS) provide users with the
option of searching by cited references and by cit-
ing papers lists with links to the records of all pa-
pers published in the journals indexed in WOS.
Moreover, a quick and easy analysis of search re-
sults according to authors, institutions, countries,
sources (journals), year of publication, author iden-
tification, journals characteristics, impact factor,
etc., is possible.

2.2. Basic analysis of publications
on sulfonamides in the environment

The search using the above mentioned profile (see
2.1, Topic =) resulted in the retrieval of 1588 re-
cords. Twenty one papers have been published from
1938 to 1990. The number of published papers pro-
gressively increased in the years from 1991 to 2011
when 1567 papers were published (Figure 1). Two
hundred papers were published in 2011.

During the last ten years 1255 papers have been
published. Original papers (articles) comprised
94.4% of this number. The articles have been
published in 385 journals by 3845 authors resid-
ing in 69 countries and affiliated to 1100 institu-
tions. The most productive authors, institutions
and countries (Top 10) are presented in Table 1.
Journals, which in the last ten years have published
more than 20 papers (more than 1.5% of the total)
are listed in Table 2.

2.3. Important review articles published
in recent years

Review articles, published in 2009, 2010 and
2011, are presented in Table 3. All important
topics are covered, e.g., general information on
common types of sulfonamides polluting the
environment (Baran et al. 2011; Zhang and Li
2011), sample preparation (Namera et al. 2011;
Samanidou and Karageorgou 2011), and analytical
methods used for sulfonamide detection, namely
HPLC (Seifrtova et al. 2009; Tolika et al. 2010),
capillary electrophoresis (Garcia-Campana et
al. 2009; Pinero et al. 2011), and immunoassays
(Nesterenko et al. 2009). Some reviews deal with
resistance (Le-Minh et al. 2010; Jury et al. 2011),
or the degradation of different pollutants, sulfona-
mides included (Sharma 2010). The same topics

Table 1. The most productive authors, institutions and
countries with regard to publications on sulfonamide in
the environment (Web of Science, 1255 papers indexed
from 2002 to 2011)

Item Number of papers

Authors (3845 in total)

Supuran CT 52
Scozzafava A 39
Barcelo D 17
Ebinghaus R 16
Jones PG 16
Blaschette A 15
Thiele-bruhn S 15
Moers O 14
Ahrens L 13
Innocenti A 13

Institutions (1100 in total)

University Florence 51
Chinese Academy of Sciences 46
University Valencia 25
Environment Canada 21
Colorado State University 19
Nankai University 18
Technical University 18
Carolo-Wilhelmina, Braunschweig

University Roma La Sapienza 16
University Toronto 16
CSIC (Consejo Superior 14
de Investigaciones Cientificas, Spain)

US Geological Survey 14
Countries (69 in total)

USA 251
P.R. China 189
Germany 156
Spain 110
Italy 91
Canada 84
Japan 70
India 42
England 41
France 34
Switzerland 34

can be found also in original papers, presented in
Tables 4 to 7 (topics in the left column, abstracts
in the middle).
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Table 2. Journals with the most papers on sulfonamides in the environment (Web of Science, 1255 papers indexed

from 2002 to 2011, journals in total 385)

Item

Number of papers

Journal of Chromatography A

Environmental Science Technology

Chemosphere

Journal of Agricultural and Food Chemistry
Analytical and Bioanalytical Chemistry

Analytica Chimica Acta

Bioorganic Medicinal Chemistry Letters

Science of the Total Environment

Zeitschrift fur Anorganische und Allgemeine Chemie

Water Research

76 (6.1%)
65 (5.2%)
52 (4.1%)
39 (3.1%)
34 (2.7%)
28 (2.2%)
28 (2.2%)
22 (1.8%)
22 (1.8%)
21 (1.7%)

7%

2.4. Main sources of soil and water
contamination by sulfonamides: pig
and cattle manure, slurry and liquid
dung, hospital waste water and sewage

Contamination of the environment, mainly
soil and surface water, is a worldwide problem.
Pharmaceuticals, used for the treatment of cat-
tle and pigs in large scale units are excreted by
animals into manure or liquid dung and in this
way kilograms of drugs can be transfered to fields
under cultivation or pasture. Part of the pollut-
ants is absorbed to the soil, while another portion
is flushed by rain water into the draining system
and finally into surface water. The environmental
load may be very serious. Many different factors,
often variable over time, play a role. The most
important factors determining the intensity of
environmental contamination are the following:
number of animals in the facility, requirements
for their treatment, drugs used for treatment, the
technology used for fertilization, field surface, soil
type, weather, etc. The highest concentrations are
reported in animal and hospital sewage waters
and near reservoirs outlets. Sulfamethazine and
sulfamethoxazole are preferred for the treatment
of animals and humans, respectively. Seventeen
papers (12 of them published in 2011) are present-
ed in Table 4. Two older publications should not
be omitted if interest is focused on sulfonamides
in the environment as veterinary drugs and one
wishes to obtain a global perspective on the use,
sales, exposure pathways, occurrence, fate and ef-

4

fects of veterinary antibiotics in the environment
(Sarmah et al. 2006; Sukul and Spiteller 2006).

2.5. The risk posed by sulfonamides in soil
and water

Twelve papers published in 2011 have fur-
ther supported the body of literature indicat-
ing that sulfonamides and other antimicrobial
drugs are present in high concentrations and
pose a real risk not only by inducing bacte-
rial resistance but also by a direct impact on
bacteria and plants. Selected papers published
from 2009 to 2011 on this topic are presented
in Table 5. Sulfonamides affect soil microor-
ganisms, which have an important role in many
soil functions and plant physiology. Antibiotic
resistance genes are studied most commonly in
E. coli isolated from soil and water contami-
nated with antibacterial drugs (Graves et al.
2011; Karczmarczyk et al. 2011; Persoons et al.
2011). A dose-dependent effect of sulfadiazine
on the soil microbial community and microbial
biomass has been described (Hammesfahr et
al. 2011), and the toxicity of the products of
the electrochemical oxidation of sulfamethox-
azol on the marine bacterium Vibrio fischeri
has been demonstrated (Dirany et al. 2011).
Screening for the phytotoxicity of antibiotics
revealed that sulfamethoxazole belongs to the
most potent antibiotics and that carrot is the
most sensitive plant species (Hillis et al. 2011).
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2.6. Movement and transformation
of sulfonamides in soil and water

The technology of manure or dung use and dis-
tribution and the responsibilities of farm managers
to the workers handling manure, which represents
both a valuable fertilizer and a dangerous waste
product, is an area which should receive critical
attention. Consideration should be given to pos-
sible harmful effects, not only indirect ones such
as medical problems arising from the treatment of
infections due to resistant bacteria, but also direct
losses on a plant and in animal production on the
farm in question. Therefore, both legal directives
for the use of antibiotics and knowledge dissemi-
nation among farm managers, veterinarians and
ecologists should be constantly reviewed and under
the control of state authorities. Recent research has
focused on the movement of pollutants in the envi-
ronment and their degradation and transformation.
Fifteen papers addressing these issues published in
2011 are presented in Table 6.

2.7. The most frequently used methods
for sulfonamide detection

All the aforementioned efforts are inconceiv-
able without analytical methods for sulfonamide
detection and financial resources for their devel-
opment, validation and application. An insepa-
rable part of the whole problem is a sound legal
base for the directives used to treat infections
in humans and animals and the most effective
waste management with respect to all aspects of
the problem, e.g., health, food production and
consumer and environmental protection. Very
sophisticated, precise, accurate and reliable in-
strumental methods are available together with
relatively simple and fast methods, which are suit-
able for large scale procedures performed prefer-
ably in a well equipped laboratory or applicable
on site and giving results within minutes. Both
sets of techniques should be utilized with a good
understanding of their respective advantages and
disadvantages and without any prejudice because
the methods should not be in competition. The
only criteria for their application must be that
the deliver the correct answer in the right place
with acceptable costs. There is no doubt that both
high tech instrumentation and the most current
knowledge on the application of bioassays and na-

notechnology must be taken into account. Papers
on sulfonamide analysis, published from 2009 to
2011 are presented in Table 7 (32 articles, 19 pub-
lished in 2011). Described therein are advances in
sample preparation, solid and solvent extraction,
microwave-assisted extraction, precolumn deri-
vatization, multiclass and multiresidue methods,
new protocols for high performance liquid chro-
matography coupled to tandem mass spectrom-
etry (HPLC-MS/MS), liquid chromatography with
fluorometric and UV detection and diode array,
capillary electrophoresis, immunochemical meth-
ods, ELISA, immunochromatography, biosensors,
flow injection with a novel potenciometric design,
differential pulse voltammetry with overoxidized
polypyrrole modified pencil graphite electrodes,
etc. For details on new publications see Table 7.
Our older review discusses antibody-based meth-
ods for environmental and food analysis (Franek
and Hruska 2005).

3. Case report

3.1. Sulfonamide presence in pig slurry
shown by ELISA

An ELISA method developed using a sensitive
polyclonal antibody (Franek et al. 1999), was used
to screen for sulfonamides in the slurry of four
pig farms. Sampling was carried out once from
ten sampling places on three farms and repeat-
edly from eight sampling places on two farms.
The liquid dung was mixed in the reservoir, if
possible, using the available technology, or two
samples were collected from different places and
then combined. ELISA was performed in dupli-
cate or triplicate. The results are presented in
Figure 2. The first run of sampling revealed high
sulfamethazine concentrations in two sampling
places on Farm 3; these then gradually decreased
in the second and third runs of sampling. A simi-
lar trend was observed in another sampling place
on the same farm; however, concentrations were
below 50 pg/kg. Nevertheless, this is strong evi-
dence that the ELISA is reliable even at very low
concentrations of sulfamethazine. The samples
of slurry from two farms (Farm 1 and Farm 2)
were sulfamethazine-free in the first sampling
and were not assessed further. A contamination
higher than 50 pg/kg was found on Farm 4 in one
sampling place during the first sampling and in
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Figure 2. Screening for sulfamethazine in pig slurry by ELISA (Franek et al., 1999). Farm 1 = sampling places 1 to 4;
Farm 2 = sampling places 5 to 7; Farm 3 = sampling places 8 to 10; Farm 4 = sampling places 11 to 18. Red columns =

sampling in February; blue columns = sampling in May; green columns = sampling in June

another place during the third sampling. A very
low contamination of liquid dung from five sam-
pling places was found in the samples, taken in
the second and third run.

The same method was also used to detect sul-
famethazine in the water and sediment from a
stream near Farm 3. Negligible concentrations
have been found, but the water was analyzed only
once and a year later the slurry was shown to be
positive. Moreover, it was not possible to take into
account the effect of the application of dung as a
fertilizer. Nevertheless, small differences between
the replicates and the appropriate values deter-
mined in spiked water and sediment allow us to
consider the ELISA suitable for the screening of
sulfamethazine contamination.

In summary, although the use of sulfonamides as
chemotherapeutics is not prohibited, environmen-
tal protection should be strictly enforced by appro-
priate legal measures which are unfortunately not
yet in force. Environmental protection authorities
should have the right to analyse samples of manure
or slurry from reservoirs on farms, and should be

informed when, where and how the manure has
been used. According to the geographical configu-
ration the sampling of surface water and sediment
from a catchment should be scheduled so as to en-
sure permanent periodical checks. This inspection
should also cover antibiotics, pesticides and known
zoonotic microorganisms, including mycobacteria
in dairy and cattle farms. The inspectors should
be supplied with standard operation protocols for
sampling and data collection and accredited labo-
ratories should be provided with methods for the
detection of key pollutants.
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