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Occurrence and Distribution of
Sulfonamides, Tetracyclines and Quinolones
in Livestock Manure in Morogoro
Municipality, Tanzania

Abstract

Antibiotics are deployed in large quantities both in human and veterinary medicine.
They have played a major role in improving human health and supporting
livestock production. However, the relevance of non-therapeutic and therapeutic
applications needs a time-to-time re-evaluation due to its significant relationship
to increased emergence of resistant pathogen strains both in humans and
animals. This is due to widespread discharge into the aquatic environment from
both domestic and agricultural sources of antibiotics which are not completely
metabolized (original compounds) or metabolites of which are recycled through
drinking water under low doses.

A study was conducted to analyze the presence of sulfonamide, ciprofloxacin
and tetracycline in swine, cattle and poultry manure in Morogoro municipality. A
total of sixty grab manure samples from poultry, swine and cattle were analyzed.
Twenty samples for each type of livestock manure were collected from Morogoro
municipality for analysis. The respective antibiotics were analyzed by ELISA. The
highest mean concentrations in manure sample were 1320.9967 + 710.06372 pg/
kg, 2083.2640 + 826.64583 pg/kgand 1573.7528 + 222.95739 ug/kg, Sulfonamide,
Ciprofloxacin and Tetracycline respectively. In overall, higher concentrations of the
antibiotics were detected in poultry and swine manure than in cattle. This indicates
heavier usage of veterinary antibiotics in poultry and swine husbandry in the study
area as compared to cattle. The findings of this study provide basic information on
the risk of environmental antibiotic contamination from animal effluents.
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Introduction

The discovery of antibiotics came as a breakthrough in treating
bacterial infections worldwide, especially in developing countries
where hygiene is sometimes insufficient. Hence they contributed
to a better life for general population. However the extended use
has resulted in antibiotic pollution of environmental water such
as rivers, surface water and ground water [1].

Antibiotics are used extensively for treatment of different
infections in humans and animals. With the rapid development of
animal husbandry, veterinary antibiotics comprise 70% of world’s
antibiotic consumption for the purpose of illness prevention and
growth promotion [1,2].

Heavy uses of veterinary antibiotics generate high levels of
antibiotics residues in the manure. For instance, chlortetracycline
was detected in swine manure with the highest concentrations
of 754.4 mg/kg in Shandong Province and concentrations for
quinolones such as norfloxacine was 225.45 mg/kg in eight
provinces of China [3,4].

More studies have reported detection of antibiotics in manure
in different parts of the world. Martinez-Carballo et al. [5]
reported the concentrations of oxytetracyclines and tetracycline
in 30 pig manure in Austria were up to 46 mg/kg and 23 mg/
kg respectively, whereas the concentrations as high as 225 mg/
kg and 1420 mg/kg of norfloxacin and enrofloxacin respectively
were found in chicken manure from China [4].
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Depending on type of antibiotics, 70%-90% of the administered
antibiotic is excreted in faeces and urine unmetabolized [1].
Manure is used as fertilizers and if antibiotics are present, they can
thereby reach the ground water or taken up by crops [6]. In 2008,
a study found that local farmers use antibiotics as prophylaxis and
treatment of common chicken diseases in Morogoro, Tanzania
[7]. This study also found that 65% of the farmers administered
the antibiotics without consulting a veterinarian and hundred
percent of the eggs investigated contained antibiotic residues.
Eggs containing antibiotic residues, sold at market are therefore a
way of involuntary exposure of general population to antibiotics.

Most livestock manure is directly or indirectly applied to an
agricultural land as fertilizers without treatment, especially in
developing countries, which constituent the main source of the
dissemination of these chemicals in soil and environments [8].
Hamster et al. [9] detected concentrations of tetracycline up
to 300 pg/kg in agricultural field fertilized with liquid manure.
Additionally Li et al. [10] found high antibiotic concentrations in
vegetable farmlands affiliated with livestock farms and detected
maximum concentrations of tatracyclines, sulfonamides and
quinolones of 242.6, 321.4 and 1537.4 ug/kg respectively.

Also market demands and economic incentives have resulted in
intensified greenhouse vegetable production (GVP), particularly
in developing countries; this form of intensive agriculture
has expanded worldwide rapidly. However, heavy fertilization
strongly increases production and is always adopted under
green vegetable production conditions to achieve high vegetable
production. In additional, growers of organic vegetables
primarily use manure in green vegetable production. Most green
vegetables production involves large and repeated amounts
of animal manure application and probably increases the risks
of antibiotic and antibiotic resistant bacteria. Presently, no
regulations address the presence of antibiotics in soil as well as
in the manure applied to vegetable production systems. As an
emerging class of environmental contaminants, antibiotics have
attracted increasing attention due to their adverse effects on
non-target organisms and ecological environments.

Current environmental legislations fails to cover these antibiotics
release to the environment, hence antibiotics could lead to
undesirable effects on ecosystem, as by Li et al. [11]. Furthermore,
the high concentrations of antibiotics in manure can be associated
with an increased presence of resistant bacteria in environment,
which is a major public health concern, due to the increased
occurrence of associated clinical infections (Ashbolt et al. and Luo
etal.)[12,13].

Antibiotics from animal production partly are excreted in urine
and faeces as original compounds or metabolites. They can enter
the aquatic environment through direct and indirect ways. In
indirect way, antibiotics are excreted in manure through urine
and faeces. Manure is applied to the field, enter terrestrial
environment and through leaching, reaches aquatic environment,
which is a ground water. In direct way, antibiotics are excreted in
faecal shedding, this is applied to the Greenland in terrestrial and
through run-off, antibiotics reach aquatic environment, which is
surface water (Figure 1).
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Materials and Methods
Study design

A cross-sectional study was conducted in Morogoro municipality,
in which sixty grab manure samples were collected from randomly
selected poultry, swine and cattle farms. Twenty samples from
each type of livestock were collected for antibiotics residues
analysis.

Study area and sample collection

Morogoro is a town with approximately 2, 218, 492 inhabitants
according to 2012 census. Samples were collected in Morogoro
Municipality from identified farms in duplicate. Fresh manure
samples approximately 500 grams were collected by using sterile
surgical gloves. For poultry only farms with three hundreds
chicken were selected for sampling, for swine only farms with fifty
grower pigs were selected and for cattle, farms with ten cattle
were selected randomly. All farms were managed by intensive
system. Within half an hour after sampling samples were taken
to laboratory. Faecal samples were picked with a maximum care
to avoid contamination. Only upper part of faecal which is not
in contact with floor was taken. Samples were preserved in cool
box; thermometer was included to monitor temperature and
taken to laboratory. Samples were stored at-18°C until processing.
Processing was done after two days.

Sample preparation

Solid phase extraction: One gram of manure sample was added to
a 50 ml polytetraflouoroethylene (PTFE) centrifuge tube. 10 ml of
Na2EDTA-Mc1llvaine buffer(21.00 g of citric acid monohydrate, 17.75
g of Na,HPO, and 60.50 g of Na2EDTA2H,0 in 1.625 | of distilled
water, with the pH adjusted to 4.00 + 0.05 using hydrochloric acid)
(pH 4.0) was added. The mixture was vortexed at 2500 rpm for 30s,
ultrasonicated for 10 minutes, then centrifuged at 4500 rpm for 15
min. The supernatants were decanted into 50 ml PTFE tubes. The
extraction was repeated twice.

antibiotics used in animal production

l excretion 1

manure faecal shedding

indirect entry l 1 direct entry

field greenland

I terrestrial environment I

leaching A b run-off

aquatic environment

| |

groundwater surface water

Figure 1 Veterinary antibiotic in the environment: Anticipated
exposure pathways (Nicole, 2007).
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The supernatants were combined and then decreased by 10 ml
n-hexane, centrifuged at 4500 rpm for ten minutes and then
adjusted with deionized sterile water to 250 ml. The resulting
solution was filtered twice, first by grade 5 Munktell filter paper
with particle retention of 20 um, then through a grade 120
H filter with particle retention of 1-2 um and then adjusted to
pH 4.0. This was followed by extraction with Oasis hydrophilic-
lipophilic balance (Oasis®HLB) cartridges 6 ml/500 mg from
Waters (Milford, MA, USA) using a vacuum manifold and pump.

The vacuum manifold was a Vac Master from IST (Sweden) and
pump was from ScanVac (Denmark). The drop-rate was adjusted
to 1.5 ml/min. Prior to loading cartridges were pre-conditioned
with 2 ml MeOH, followed by 2 ml of water. The eluent was fully
dried under gentle stream of nitrogen at 33°C. The evaporator
was Dionex SE500 (CA, USA). Afterwards, the samples were
reconstituted to 100 pl (0.01% formic acid in MeOH) and 900 ul
deionized water. The elution and evaporation was done in 12 ml
amber tubes. Samples were then transferred to eppendorf tubes
ready for analysis.

Chemicals

Pure antibiotics salts of sulfonamides, tetracycline and quinolones
(Ciproflaxacin) were purchased from Sigma-Aldrich (Augsburg,
Germany). RIDASCREEN kits (Ridascreen sulfonamides (R3004),
Ridascreen tetracycline (R3505) and Ridascreen quinolones/
chinolones (R3113) were purchased from R-Biopharm AG,
(Darmstadt, Germany). Analytical level methanol was purchased
from Sigma-Aldrich (Augsburg, Germany) and HPLC grade water
was purchased from Sigma-Aldrich (Augsburg, Germany).

Enzyme-linked immunosorbent assay basis

Sulfonamides: The basis of the test is the antigen-antibody
reaction. The micro titter wells are coated with capture antibodies
directed against anti-sulfonamide antibodies. Standard or sample
sulfonamide conjugate and anti-sulfonamide antibodies are
added. Free sulfonamides and sulfonamide conjugate compete
for the sulfonamide antibody binding sites (competitive enzyme
immunoassay). At the same time, the anti-sulfonamide antibodies
are also bound by the immobilized capture antibodies. Any
unbound conjugate is then removed in washing step. Substrate/
chromogen is added to the wells and incubated. Bound conjugate
converts the chromogen into a blue product. The addition of the
stop solution leads to a color change from blue to yellow. The
measurement is made photo metrically at 450 nm. The absorption
is inversely proportional to the sulfonamide concentration in the
sample.

Tetracycline: The basis of the test is the antigen-antibody
reaction. The micro titter wells are coated with tetracycline-
protein-conjugate. Tetracycline standards or sample solutions
and anti-tetracycline antibodies are added. Free tetracycline
and immobilized tetracycline compete for tetracycline antibody
binding sites (Competitive Enzyme Immunoassay). Any
unbound antibody is then removed in washing step and enzyme
labeled secondary antibody, which is directed against the anti-
tetracycline antibody, is added. After removing unbound enzyme
labeled antibodies by a washing step, substrate/chromogen is
added to the wells and incubated. Bound conjugate converts the

© Under License of Creative Commons Attribution 3.0 License
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chromogen into a blue product. The addition of the stop solution
leads to a color change from blue to a yellow. The measurement
is made photo metrically at 450 nm. The absorption is inversely
proportional to the tetracycline concentration in the sample.

Quinolones: The basis of the test is antigen-antibody reaction.
The wells are coated with a capture antibodies directed against
anti-quinolone antibodies. Standards or sample solutions of
ciprofloxacin enzyme conjugate and anti-quinolones antibodies
are added. Free quinolones and ciprofloxacin conjugate compete
for the quinolone antibody binding sites. (Competitive enzyme
immunoassay). At the same time the anti-quinolone antibodies
are also bound by the immobilized capture antibodies. Any
unbound conjugate is then removed in washing step. Substrate/
chromogen is added to the wells and incubated. Bound conjugate
converts the chromogen into a blue product. The addition of
stop solution leads to a colour change from blue to yellow. The
measurement is made photo metrically at 450 nm; the absorption
is inversely proportional to the quinolone concentration in the
sample.

Analytical procedure

Standard solutions used to generate standard curves for
sulfonamide and quinolones were included in ELISA Kkits.
They were diluted to final concentrations ready for use. The
concentrations were 0,1,3,10,30 100 pg/l and O, 0.5, 1.5, 3, 6
and 18 pg/I sulfonamide and quinolones respectively. Standard
solutions for tetracycline were provided as concentrates. In order
to produce tetracycline standards ready for use, 50 pl standard
concentrate was diluted with 450 ul sample buffer, all were
included in kits. Each 50 pl of the following standard concentrate
0,0.5,1.5, 3, 6, 18 ug/l were diluted with 450 pl sample buffer to
make 0, 0.05, 0.15, 0.3, 0.6 and 1.8 pg/I final concentrations. R?
for the standard curves were 0.994, 0.944 and 0.991 sulfonamide,
quinolones and tetracycline respectively.

Sulfonamide: Fifty microliters of each standard and for each
prepared sample were added to micro plate wells of ELISA plate
in duplicate. Fifty microliters of conjugate was added to each
well. Then 50 pl of antibody was added to each well, mixed
gently by shaking the plate and incubated for one hour at room
temperature. The solution in the wells was the discarded by
decanting and the micro plate was tapped three times in blotting
paper to ensure complete removal of the fluids. The wells were
washed by filling with 250 pl of washing buffer and discarding
by decanting and this was repeated three times. One hundred
microliters of substrate/chromogen was added to each well,
mixed well gently by shaking the plate and incubated for 15
minutes at room temperature in a dark chamber. Then 100 pl of
stop solution was added and mixed gently by shaking the plate.
Absorbance was read at 450 nm, 30 min after adding the stop
solution.

The results were expressed in percentages of the maximum
absorbance (B/B0%), using the following equation:

B o Absorbance standard | sample <100
Z o=
B0 Absorbance at Zero standard concentration

In order to obtain the sulfonamide concentrations in the sample,

3



2017

Journal of Zoonotic Diseases and Public Health

the B/B0% values were interpolated on the calibration curve built
with six sulfonamide standard solutions. Obtained concentrations
of sulfonamides were multiplied by dilution factor and expressed
as equivalents.

Tetracycline: Fifty microliters for each sample and each of
the standard concentration were added in micro plate wells in
duplicate. Fifty microliters of anti-tetracycline antibody solution
was then added to each well. The plates were incubated at
room temperature for one hour after mixing by shaking plates.
The solution in the wells was discarded by decanting and the
micro plate was tapped three times on blotting paper to ensure
a complete removal of the fluids. The wells were washed three
times with 250 pl washing buffer. One hundred microliters of
enzyme conjugate was then added to each well, mixed gently
and incubated at room temperature for 15 minutes. Then one
hundred microliters of the stop solution was added to each well,
mixed well by gently shaking the plate manually. Absorbance was
read at 450 nm, after thirty minutes. The results were expressed
as in sulfonamide above.

Quinolones: Fifty microliters of each standard or sample
solution were added in each well of micro plate in duplicate.
Fifty microliters of conjugate was added to each well. Then fifty
microliters of antibody was added to each well of micro plate.
Mixed gently by shaking the plate manually and incubated for one
hour in refrigerator (2°C -8°C). The solution in wells was discarded
and the micro plate was tapped three times on blotting paper
to ensure complete removal of solution from wells the wells
were filled with 250 pl of washing buffer. The liquid again was
poured out and the wash step was repeated three times. One
hundred microliters of substrate/chromogen was added to each
well and mixed gently by shaking plate, incubated for 15 minutes
at room temperature in the dark. Then on hundred microliters
of stop solution was added to each well of ELISA micro plate,
mixed gently by shaking the plate, absorbance was measured at
450 nm, after thirty minutes. The results were expressed as in
sulfonamide above.

Results and Discussion

Results

The traditional chromatographic methods sometimes linked
with mass spectrophotometry technologies are most frequently
used for manure, soil and water and sediments antibiotics
residues analysis. They can be employed for both screening
and quantitative analysis. Immunochemical methods such as
ELISA are cost-effective and can serve as the tools for both
semi-quantitative and screening of antibiotic residues from
environmental samples.

Recovery: The recovery rates for spiked samples were 55.13%-
90.3%, 60-115% and 45%-92.5% sulfonamide, tetracycline and
quinolones respectively.

Limit of detection and Limit of quantification: The calculated
limits of detections (LOD) in this study were 55.01, 26.96 and 78.43
ug/kg quinolone, sulfonamide and tetracycline respectively. Limit
of quantifications (LOQ) were 136.07 pg/kg quinolones, 42.57
ug/kg sulfonamide and 206.4 pg/kg tetracycline.

Vol. 1 No. 1:5

According to results, in the poultry manure the highest mean
concentration detected was that of quinolone and the lowest
mean concentration was that of sulfonamide (Figure 2). In
swine manure, sulfonamide and tetracycline were detected
at high level while quinolone was detected at lowest mean
concentration (Figure 3). In cattle quinolone was detected at high
level followed by tetracycline (Figure 4). In general tetracycline
and quinolones usage is higher compare to sulfonamide. Also
according to findings antibiotics usage is heavier in poultry and
swine than in cattle in study area, this may be the same trend
in Tanzania, because swine and poultry keeping has become
source of income in urban and peri-urban areas. This shows the
risk of environmental contamination by antibiotic residues from
livestock effluents (Figure 5).
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Discussion

In Tanzania legislations regarding antibiotic drug application in
farm animals as well as monitoring and control of their residues
are not adequately enforced. The inadequacy has probably led
to the reported high rates of antimicrobial residues in livestock
products. For instance, chicken eggs tested in Morogoro were
found to be 100% positive to antimicrobial residues [7]. In the
same region, studies have shown that there is an elevated
level of antimicrobial residues in milk, beef and chicken meat
[14]. Additionally, 50% of broiler tissues tested were positive
to antimicrobials, whereas 70% of chicken farms visited were
positive to selected antimicrobial residues [15].

In this study, all three selected antibiotics were detected in faeces
of all selected animal species at varying degrees. Farmers in
developing countries freely use antibiotics despite their limited
knowledge about antibiotics. Economic incentives drove their
decision to use antibiotics. Diseases are rarely diagnosed; farmers
either use antibiotic that seemed to work previously or switch
antibiotics until they find one that seems to cure the disease.

In the past decade many efforts have been concentrated in
developing multi residue methods by which residues levels can
be monitored [16,17]. However it is necessary taking into account
not only the detectable compounds, but also their identity.

The mean concentrations of antibiotics (Sulfonamide, tetracycline
and quinolones) are summarized in Table 1. The highly detected
analyze in poultry manure was quinolones, followed by
tetracycline and the least detected analyzed was sulfonamide.
In swine manure sulfonamide was highly detected followed by
tetracycline and quinolones respectively. While in cattle manure
the detection was in order of quinolones, tetracycline and
sulfonamides.

The highest level of antibiotics detected in this study was in
line with other studied conducted previously in the different
parts of the world, although they were low, probably this is due
to low intensification in the study area. The concentrations of
tetracycline ranged from 82 + 78, 516 pg/kg, quinolones 36 + 51,
912 pg/kg and 12 + 5773 pg/kg sulfonamide in poultry manure
in Malaysia. Again it was found that the highest concentration of

© Under License of Creative Commons Attribution 3.0 License
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Table 1 Mean concentrations of antibiotics in manure.

Manure Drug Mean

Swine

tetracycline in poultry manure in five cities of Khuzestan province
in Iran was 5, 360 ug/kg and the lowest concentration was 500
ug/kg, while the highest concentration was 13,770 ug/kg and
lowest was 47 pg/kg in cattle manure [18].

In eight provinces in China concentrations of these three
antibiotics in poultry, swine and cattle manure were as follows:

In Pig and cattle manure a maximum of 33980 pg/kg and minimum
29000 pg/kg quionolone and 59590 pg/kg for tetracycline. Also, a
concentration of 1, 420, 760 ug/kg quinolones and 6, 040 pg/kg
sulfonamide in chicken manure.

The impact of antibiotics administered to animals in terrestrial
and aquatic environment depends not only on the used amount
and the type of administration, but also on animal husbandry
practices, metabolism within the animal, manure handling and
storage and degradation rates in it. However, knowledge about
the extent of occurrence of antibiotics, their transport and fate in
the environment is lacking [19].

The main concern of extended use of antibiotics and their
shedding into environment is the promotion of resistance in
bacteria of human and veterinary importance. Commensally
and environmental bacteria can serve as a feasible reservoir of
resistance genes for pathogenic bacteria. Antibiotics released
in the environment can enhance the formation of single, cross-
and even multiple resistance in pathogens, commensally and
environmental bacteria [20]. There is still a gap of reliable
studies on the relationship between antibiotic residues and the
occurrence of resistant bacteria [21-30].

Conclusion

This study presents a viable method for analysis of selected
antibiotics, quinolones, sulfonamides and tetracycline in pig,
chicken and cattle manure samples from intensively managed
livestock in study area. Manure from Pig, Poultry and Cattle from
Morogoro municipality have significant concentrations of these
selected antibiotics. These results suggest regular monitoring
of antibiotics pollutants in the environment from manure is
required. Some control measures should be designed urgently to
prevent the associated risks to humans from the excessive use of
antibiotics through water contaminations.

Even if the occurrence, effects and fate of antibiotics have been
put in the perspective of scientific interest, still little is known
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about actual risk to both humans and the environment. Huge
gap still exist in the understanding of interaction between
residues, metabolites and resistance promotion after excretion.
Appropriate use of antimicrobials in livestock production will
preserve efficacy of existing antibiotics, support animal health
and welfare and limit the risk factors of transferring antibiotic
resistance to animals and humans.
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