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Different kinds of pharmaceutical compounds (PhC) are used in veterinary medicine. Intensive bovine
production involves the use of growth promoters that reach the environment through animal excreta.
The most widely used growth promoter in Argentina is monensin, an ionophore antibiotic. In this work,
the influence of soil organic matter and soil water content on the degradation of monensin was analysed.
Results obtained show that both parameters are in direct relation with the degradation of monensin in soils.
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1. Introduction

Environmental pollution by organic compounds has been extensively studied over the last 30
years. The transport and fate of pesticides and surfactants in the environment have been widely
analysed [1–5]. However, pharmaceutical compounds (PhCs) in environmental matrices are one
of the most recent research areas being considered as an international hotspot [6]. Only few and
isolated reports can be found in the literature before 1990. Though the main effect of some PhCs
in the biological target is well known, the authors had difficulty finding published literature about
the concentration of these compounds in the environment and their possible effect on the biota
[7–12].

Different analytical methods for the determination of PhCs in the environment have been
developed. However, in the last decade, high-performance liquid chromatography (HPLC) coupled
with electrospray ionisation tandem mass espectrometry (ESI/MS/MS) has become the analytical
technique of choice for the determination of polar environmental pollutants, and is especially
suitable for environmental analysis because of its selectivity and sensitivity [13,14].

The type of production system in any part of the world is generally defined by the production
cost and the profit obtained from that product. Meat production systems in Argentina were tradi-
tionally extensive, based on the use of natural or implanted pastures as a feeding source, with low
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animal density and cattle grazing on large areas. In the last 15 years, the growth in world food
demand and the improvement of the cost-profit relation of soybean production caused many areas
previously used for animal feeding purposes to be turned over to soybean crops instead. Nonethe-
less, during this period, bovine stock was not modified in a significant way, suggesting an increase
in intensive bovine production systems. Expansion of soybean crops produced a decrease in the
available grazing area and an increase in the number of CAFOs (concentrated animal feeding
operations). These intensive systems are characterised by a high animal density (15–40 m2 per
animal) [15]. Cattle is confined and fed concentrated diets based on a high proportion of grains
(corn, sorghum, oats, wheat, soybean, sunflower), a minimal amount of forage, and a mineral sup-
plement containing salts of copper, calcium, cobalt, manganese, zinc, sodium, iron and growth
promoters. These growth promoters are usually antibiotics added to food in sub-therapeutic doses.
Most of them belong to the ionophore family. Ionophore antibiotics are polyethers produced by
different Streptomyces strains and exhibit antibacterial and coccidiostatic activity [16].

Feed is the major cost for the farmer; thus, the success of intensive production systems will
depend on a shorter fattening process. For this reason, the use of growth promoters is widespread,
as they improve feeding efficiency. This allows the animal to reach slaughter weight faster,
diminishing their time on the farm.

In previous works in our laboratory, identification of the most important pharmaceuticals used
in intensive breeding systems was achieved. The most widely used growth promotor in Argentina
is monensin. Its use has grown exponentially in the last 15 years. Monensin (Figure 1) is an
ionophore polyether antibiotic produced by Streptomyces cinnamoniensis [17]. Growth promo-
tion with sodium monensin was phased out in the European Union in January 2006 [18]. The total
dose of monensin as a growth promoter in cattle is 300 mg/animal/day. Since the oral absorption
is 50% [16], 150 mg/animal/day is excreted in the manure without any modification. In the year
2001, 267,900 animals were fed for at least 3 months in feedlots, prior to slaughter in the province
of Buenos Aires. Therefore, it may be estimated that about 3.6 tons of monensin over a surface
of 307,571 km2 reaches the environment every year [15]. Preliminary studies on the sorption of
monensin to solid matrices were performed in our laboratory in order to assess the risk of contami-
nation of the water bodies geographically close to intensive cattle production systems. The results
observed suggest a strong dependence of the monensin behaviour in solid matrices on their nature,
more specifically, on their organic matter content, because an increase in organic matter involves
an increase in the variety and amount of interactions between the drug and the matrix [19].

The aim of this study was to evaluate the degradation of monensin on soils at different water
content to complement sorption studies.

Since sorption on soils with low organic matter content appeared to be lower, the potential
risk of contamination of water bodies should be greater in the Salado River lower drainage basin,
where intensive bovine production systems have increased in the last few years. In that area,
soils are poor in organic matter and groundwater is shallow. The results described in this paper
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Figure 1. Monensin structure.
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contribute to a better knowledge of monensin environmental behaviour in different soils and water
content conditions.

2. Experimental

2.1. Materials

Monensin sodium salt (90% purity) and the derivatising agent vainillin were purchased from
Sigma–Aldrich (Seelze, Germany).Analytical grade methanol, dichloromethane and sulfuric acid
were obtained from Sigma–Aldrich. Stock solution was prepared by weighing and dissolving 5 mg
of monensin in 100 mL of methanol. Calibration standards were prepared by a serial dilution of
the stock solution with methanol.

2.2. Solid matrices

Two soils were sampled in the soil surface layers (0–15 cm). Soil A was collected from the Salado
River basin (Roque Perez County). This soil is a typicArgentinian Hapludolls of the Salado Basin.
One of the biggest feedlots of the Buenos Aires province (Senasa Sep–08) is located in Roque
Pérez County, where shallow groundwater is found at a depth of between 3 and 10 metres [20].
Soil B was collected from an urban park area (the campus of the School of Veterinary Medicine,
University of Buenos Aires), far away from animal breeding zones. Soil A is a loam type with
lower organic matter and clay content than soil B, a clay loam type soil.

Soil samples were air dried, ground and passed through a 2 mm sieve and stored in closed
containers at room temperature (20–25 ◦C).Analysis was performed within one week of collection.

Soils were analysed for extractable phosphorus (Bray–Kurtz 1 method), pH (1:2.5 soil:water
ratio), organic carbon (Walkley–Black method), organic nitrogen (micro-Kjeldhal) and clay con-
tent (Bouyoucous method) by standardised methods [21,22]. The results of the soil analyses are
shown in Table 1.

Soils were spiked with monensin and homogenised (24 μg/g final concentration). The soil
(20 g dry wt) was weighed into 100 mL glass recipients, and ion free water was added to achieve
80% field capacity. Soils were placed in a dark cabinet at 22–25 ◦C and in aerobic medium. The
cabinet floor was covered with water in order to maintain the moisture of the soils. All the samples
were weighed daily and water was added if necessary to maintain the 80% field capacity moisture
level. Finally, extractions at 0, 7, 14, 21, 33, 40, 47 and 54 days were made. All the tests were
conducted in triplicate. Experiments with soil B were also performed with extraction times of 0,
70, 188 and 212 hours.

In another experiment, samples were spiked with monensin in order to assess the relevance
of soil water content in the persistence of the antibiotic. Air dried soil A (200 g, 11.3% of field
capacity) was spiked with 3.2 mg of monensin (16 ppm). Samples (20 g) were weighed and water
was added to achieve 80% and 100% of field capacity, respectively. The samples with 80% and
100% of field capacity were placed in a dark cabinet with a layer of water on the floor in order

Table 1. Soil analysis.

OM % OC % ON % C/N P (ppm) pH EC (dS m−1) Clay % Silt % Sand % Soil type

Soil A 3.80 1.90 0.22 8.64 6.94 6.2 0.38 15 46.7 38.3 Loam
Soil B 9.38 4.69 0.36 13.03 6.23 7.1 0.72 33 46 22 Clay loam

Note: OM, organic matter; OC, organic carbon; ON, organic nitrogen; C/N, carbon/nitrogen ratio; P, phosphorus; EC, electric conductivity.
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to maintain their moisture. The samples with 11.3% field capacity (without water addition) were
placed in a different cabinet, without water. All the cabinets were kept at 20–25 ◦C. After 7 days,
all samples were extracted and analysed. Determinations were performed in triplicate; the relative
error was <1.0% for them all.

2.3. Extraction procedure and monensin analysis

The Folch method [23] was adapted for the extraction. This method was employed to extract
monensin in feed mineral supplement with almost quantitative recovery. Briefly, the spiked sam-
ples were suspended in methanol:water (90:10 v/v), mixed (Waring Blender) for 15–30 min
and filtered. pH was adjusted to 7.5–8.0 with 0.5% NaOH and extracted with dichloromethane
(3 × 20 mL). Extracts were dried and redissolved in methanol (20 mL) for analysis. Matrices
without the addition of the drug were used as blanks. In previous work in our laboratory this
method showed a direct relationship between the organic matter content in the sample and the
amount of drug extracted [19].

Monensin was analysed spectrophotometrically after derivatisation with vainillin [24]. The
extracts (or standard monensin) were mixed with vainillin reagent in a 9:1 ratio and heated at
60 ◦C for 25 min. After cooling at room temperature, samples were read at 518 nm (JASCO 7850).

3. Results and discussion

The sorption and the persistence of a particular organic xenobiotic in the environment are essen-
tial to evaluate their potential contamination effect. The latter parameter is normally expressed as
the degradation half-life. The first study on the degradation of monensin in the environment was
performed in 1984 [25]. Although it was the pioneer study into monensin degradation, the extrac-
tion procedure and monensin analysis is not clearly explained in the paper. In laboratory studies
with manure-amended soils, a half-life of 13.5 days was estimated for monensin, whereas in field
studies, shorter half-lives of 3.3 and 3.8 days were observed in manure-amended and unamended
soils, respectively [26]. In another report, a half-life in soil of 2 days was estimated with slight
differences in two soils with organic matter of 1.7% and 4.4% respectively and at field capacity
[27]. In the present work, degradation experiences were performed with two soils of different
characteristics (Table 1). The results of monensin concentration (mean of three determinations) at
each extraction time, together with its coefficients of variance, are shown in Table 2. Considering
the interactions of the compound with the components of the soil, results are expressed as the
fraction remaining from the monensin concentration determined at time 0 (soilA: 22.07 μg/g, soil

Table 2. Monensin degradation in soils A and B.

Soil A Soil B

Time Monensin CV Fraction Time Monensin CV Fraction
(days) (μg/g) (%) remaining (hours) (μg/g) (%) remaining

0 22.07 7.47 100 0 14.77 0.29 100
7 18.36 3.26 83.2 70 12.56 2.76 85.0

14 16.27 0.67 73.7 140 5.80 2.62 39.3
21 10.17 0.64 46.1 188 1.67 2.59 11.3
33 8.00 0.70 36.2 212 1.13 5.73 7.7
40 6.09 2.14 27.6
47 6.03 1.79 27.3
54 4.19 3.61 19.0
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Figure 2. Monensin degradation in soils A and B.

B:14.77 μg/g). Reduction of monensin concentration is slow in soil A (3.8% of organic matter
content), and seems to follow a first order decay function (R2: 0.9715): C = C0e−kt , where C

is the monensin concentration at time (t), C0 is the initial monensin concentration and k is the
monensin degradation rate constant. Using this model, the half-life was calculated as 22.7 days
(Figure 2). On the other hand, soil B, with higher organic matter content (9.38%), showed a steady
degradation of the compound. After 7 days, the amount of monensin present in the matrix was
16%. For this reason, a second experiment was designed in order to determine the half-life time
of monensin in soil B. The extractions were performed at shorter times, in order to observe the
reduction of the concentration of monensin in the soil. In this case, the fast decay of monensin to
values lower than the limit of quantification prevented the correct determination of the half-life,
which was estimated at 4.2 days, following a linear regression model (R2: 0.9895) (Figure 2).

The results described above suggest a correlation between degradation of monensin and organic
matter content. No previous reports of half-life higher than 14 days in laboratory experiments with
soils or field studies with unamended soils have been found in the literature. Soil A, characteristic
of the lower Salado River basin, in the Flooding Pampa, is a silty soil, with low organic matter,
while soil B is a soil with a higher content of organic matter and humic substances, as its higher
C/N ratio [28] shows (Table 1). This fact can explain the difference in degradation observed, since
the occurrence of microorganisms in soils is related to soil carbon and nitrogen. Without added
substrate or amendment, soil organisms generally metabolise at low rates. Soil humus represents
a source of organic nutrients available for microorganisms [9]. On the other hand, both soils also
differ in clay content. Most nutrients are associated with clay or silt particles, which also retain
soil moisture efficiently. Therefore soil B offers a more favourable habitat for organisms.

Soil moisture content varies considerably in any soil, and soil organisms must adapt to a wide
range of soil moisture contents. Biodegradation is the breakdown of organic compounds through
microbial activity. Biodegradable organic compounds serve as a substrate for microbes, and their
bioavailability, which is one important aspect of the biodegradation, depends largely on water.

The influence of soil water content on monensin degradation was analysed in three conditions
(air dried soil, 80% and 100% field capacity) using soilA, where degradation processes are slower.
After 7 days, samples were analysed for monensin content. The results obtained clearly show the
relevance of soil water content in monensin persistence (Figure 3).

In the air dried soil (11.3% field capacity) no degradation was observed, while at 100% field
capacity, 25% of the compound was degraded, with all other abiotic parameters (temperature, pH,
soil texture) having the same values.
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Figure 3. Monensin degradation in soil A after 7 days vs. field capacity.

The field capacity in soils with a mean annual precipitation between 900–1000 mm could
remain as high as 80% during the rainy season. According to the results shown in Figure 3, the
degradation profile of monensin in soil A will be deeply modified (>15%) during this part of the
year. In contrast, during times of drought the surface layer of soil can achieve the condition of air
dried soil, when no degradation was observed after 7 days.

4. Conclusions

Knowledge of the facts that affect the fate and transport of the ionophore monensin in the Province
of Buenos Aires (Argentina) is essential to assess the risk of contamination of the water bodies
geographically close to intensive cattle production systems. Sorption to soils and persistence in the
environment are two key characteristics of any pollutant. Retention of monensin shows a strong
dependence on the organic matter content of solid matrices. The results obtained in the present
paper show that persistence is also related to the organic matter content of the soil. An increase of
150% in organic carbon content leads to a 5.5-fold diminution in monensin half-life. Water soil
content is another factor that strongly influences the degradation rate of this ionophore antibiotic,
when other abiotic parameters remain constant. An increase of 20% in the water content leads
to an increase of 33% in monensin degradation time. The analysis of organic matter and water
content of soils is of importance in assessing the potential risk of contamination by monensin.

The results described above and the different half-life values of monensin found in the literature
suggest that organic matter content, water and microbial flora are the most important parameters
in the degradation of monensin in the soil.

Further studies are required to fully understand the influence of these parameters and how their
modification may maximise the degradation rate of monensin.

Acknowledgements

The authors are indebted to the University of BuenosAires and CONICET (Consejo Nacional de Investigaciones Científicas
y Técnicas) for financial support. N.Y. thanks UBA for a fellowship and Vet. Benjamín Uberti for helpful discussions.
M.J.L.C. and A.F.C. are research members of CONICET.

References

[1] N.O. Crossland, D. Bennet, C.J.M. Wolff, and R.P.J. Swannell, Evaluation of models used to assess the fate of
chemicals in aquatic systems, Pestic. Sci. 17 (1986), pp. 297–304.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
C
a
s
t
r
o
,
 
M
a
r
i
a
n
o
 
J
.
 
L
.
]
 
A
t
:
 
1
6
:
3
1
 
2
0
 
J
u
n
e
 
2
0
1
0



Chemistry and Ecology 33

[2] V. Petit, R. Cabridenc, R.P.J. Swannell, and R.S. Sokhi, Review of strategies for modelling the environmental fate of
pesticides discharged into riverine systems, Environ. Int. 21 (1995), pp. 167–176.

[3] J.M. Quiroga, D. Sales, and A. Gómez-Parra, Experimental evaluation of pollution potential of anionic surfactants
in the marine environment, Water Res. 23 (1989), pp. 801–807.

[4] V.A. Shcherbakova, K.S. Laurinavichius, and V.K. Akimenko, Toxic effect of surfactants and probable products
of their biodegradation on methanogenesis in an anaerobic microbial community, Chemosphere 9 (1999), pp.
1861–1870.

[5] A. Fernández Cirelli, C. Ojeda, M.J.L. Castro, and M. Salgot, Surfactants in sludge-amended agricultural soils: A
review, Environ. Chem. Lett. 6 (2008), pp. 135–148.

[6] A.B.A. Boxall, L.A. Fogg, P.A. Blackwell, P. Kay, E.J. Pemberton, and A. Croxford, Veterinary medicines in the
environment, Rev. Environ. Contam. Toxicol. 180 (2004), pp. 1–91.

[7] P. Jjemba, The potential impact of veterinary and human therapeutic agents in manure and biosolids on plants grown
on arable land: A review, Agric. Ecosyst. Environ. 93 (2002), pp. 267–278.

[8] S. Thiele-Bruhn, Pharmaceutical antibiotic compounds in soils – a review, J. Plant. Nutr. Soil Sci. 166 (2003),
pp.145–167.

[9] L. Lissemore, C. Hao, P. Yang, P.K. Sibley, S. Mabury, and K.R. Solomon, An exposure assessment for selected
pharmaceuticals within a watershed in Southern Ontario, Chemosphere 64 (2006), pp. 717–729.

[10] N. Watanabe, T.H. Harter, B.A. Bergamaschi, Environmental occurrence and shallow ground water detection of the
antibiotic monensin from dairy farms, J. Environ. Qual. 37 (5) (2008), pp. S78–S85.

[11] Y. Kim, J. Jung, M. Kim, J. Park, A.B.A. Boxall, and K. Choi, Prioritizing veterinary pharmaceuticals for aquatic
environment in Korea, Environ. Toxicol. Pharmacol. 26 (2) (2008), pp. 167–176.

[12] S.-C. Kim and K. Carlson, Occurrence of ionophore antibiotics in water and sediments of a mixed-landscape
watershed, Water Res. 40 (13) (2006), pp. 2549–2560.

[13] Z.L. Zhang and J.L. Zhou, Simultaneous determination of various pharmaceutical compounds in water by solid-phase
extraction-liquid chromatography-tandem mass spectrometry, J. Chromatogr. A 1154 (1–2) (2007), pp. 205–213.

[14] C. Hao, L. Lissemore, B. Nguyen, S. Kleywegt, P. Yang, and K. Solomon, Determination of pharmaceuticals in
environmental waters by liquid chromatography/electrospray ionization/tandem mass spectrometry, Anal. Bioanal.
Chem 384 (2) (2006), pp. 505–513.

[15] N.Yoshida, C. Moscuzza, C. du Mortier, M.J.L. Castro andA. Fernández Cirelli, Environmental effects of therapeutic
agents used in veterinarian medicine, in Environmental Change and Rational Water Use, O.E. Scarpati and J.A.A.
Jones, eds., Orientación Gráfica Editora S. R. L, Buenos Aires, 2007, pp. 215–223.

[16] L.M. Botana, F. Landoni, and T. Martín-Jiménez, Farmacología y Terapéutica Veterinaria, McGraw-Hill/
Interamericana, Madrid, 2002.

[17] J. Berger, A.I. Rachlin, W.E. Scott, L.H. Sternbach, and M.W. Goldberg, The isolation of three new crystalline
antibiotics from Streptomyces, J. Am. Chem. Soc. 73 (1951), pp. 5295–5298.

[18] Regulation (EC) No 1831/2003 of the European Parliament and of the Council. OJ L 268, 18.10.2003, pp. 36.
Available at http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2003:268:0029:0043:EN:PDF.

[19] N. Yoshida, M.J.L. Castro, C. du Mortier and A. Fernández Cirelli, Environmental behavior of antibiotic monensin:
Preliminary studies in Argentina, Environ. Chem. Let. 5 (2007), pp. 157–160.

[20] L. Reynoso, C. Sasal, S. Portela, A. Andriulo, Vulnerabilidad del Acuífero Pampeano a la contaminación en el norte
de la provincia de Buenos Aires. Aplicación de la metodología drastic, RIA, 34 (2005), pp. 85–99.

[21] D.L. Sparks, Methods of Soil Analysis: Part 3 – Chemical Methods. SSSA Book Series: 5, ASA, Madison, 1996.
[22] USDA, US Department of Agriculture, 1993. Soil Survey Division Staff. Soil Conservation Service. Handbook 18.
[23] J. Folch, M. Lees, and G. Sloane Stanley, A simple method for the isolation and purification of total lipids from

animal tissues, J. Biol. Chem. 226 (1957), pp. 497–509.
[24] T. Golab, S. Barton, and R. Scroggs, Colorimetric method for monensin, J. Assoc. Off. Anal. Chem. 56 (1973), pp.

171–173.
[25] A.L. Donoho, Biochemical studies on the fate of monensin in animals and in the environment, J. Anim. Sci. 58

(1984), pp.1528–1539.
[26] J.C. Carlson, and S.A. Mabury, Dissipation kinetics and mobility of chlortetracycline, tylosin and monensin in an

agricultural soil in Northumberland County, Ontario, Canada, Environ. Toxicol. Chem. 25 (2006), pp. 1–10.
[27] S.A. Sassman and L.S. Lee, Sorption and degradation in soils of veterinary ionophore antibiotics: Monensin and

lasalocid, Environ. Toxicol. Chem. 26 (2007), pp. 1614–1621.
[28] H. Anderson, W. Bick, A. Hepburn, and M. Stewart, Nitrogen in humic substances, in Humic Substances II,

M. Hayes, P. Macarthy, R. Malcolm, and R. Swift, eds., John Wiley & Sons Ltd, Chichester, 1989.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
C
a
s
t
r
o
,
 
M
a
r
i
a
n
o
 
J
.
 
L
.
]
 
A
t
:
 
1
6
:
3
1
 
2
0
 
J
u
n
e
 
2
0
1
0


