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Fate of oxytetracycline & doxycycline in soil & underground water
By
Lama Sameeh Awartani
Supervised By
Dr. Shehdeh Jodeh

Abstract

Pharmaceutical pollution is one of the most serious types of
environmental pollution, that attracts increasing attention & lead research
studies in recent years. Because of their great impact on aquatic life, soil &
under ground water as emerging aquatic micro pollutants that have possibly
been affecting the ecological system. It could have major implications on
plants, wildlife and humans who may be directly & indirectly be
responsible of this type of pollution. In this study two antibacterials were
selected, oxytetracycline & doxycycline as examples of pharmaceuticals
that are released into the environment, both are marketed in the Palestinian
market either for human pharmaceutical industry or the veterinary one. In
this research the adsorption behavior of both pharmaceuticals on soil, the
effect of organic matter, the effect of magnesium chloride hepta hydrate
addition on polluted soil, in addition their effect on characteristics of under
ground water, all were studied using the UV-Vis spectrophotometry. The
results showed that increasing organic matter increases the adsorption of
oxytetracycline more than doxycycline, also showed that the composition
of oxytetracycline complex with magnesium ion was more stable than
doxycycline complex with magnesium. The study also revealed a higher
concentration of doxycycline in leachate water from the soil than those of
oxytetracycline, because doxycycline has higher solubility in water. It also

showed a decrease of the concentrations for both substances over time in
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leachate water due to degradation. The degradation of both pharmaceuticals
in soil & water would be produced by other substances may be harmful, as
the threat of their presence in the soil and groundwater would increase the
resistance of bacteria in the soil, in another words that would affect the

natural properties of soil and groundwater as well.
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Chapter One
INTRODUCTION

Pharmaceuticals are becoming an emerging environmental issue that
attracts increasing attention in recent years, as emerging aquatic micro
pollutants that have possibly been affecting the ecological system. These
compounds used by humans and livestock are mainly excreted through
urine in an unaltered or altered form, and prescription drugs such as
hormones, corticosteroids & antibiotics are showing up in our ground
water, soil, waterways and even in our drinking water, with or without
metabolism; they are later released into the aquatic system ', this so-called
"pharmaceutical pollution", it could have major implications on wildlife,
agriculture, humans & yet is only beginning to be studied. That's because
our conventional sewage treatments may not be looking for drugs, and

certainly don't always remove them *~.

The presence of pharmaceutical compounds in treated wastewater
and in surface waters is a growing environmental concern. Treated
wastewater is the primary mechanism by which pharmaceuticals are
introduced to the environment . When people take medication, only a
fraction is completely absorbed by the body, and the excess is excreted as
unchanged compounds or processed metabolites. With septic systems,
pharmaceutical compounds leach directly into ground water . With
municipal sewage, the compounds make their way to sewage treatment
facilities that are not equipped to degrade medicinal substances. The result

1s wastewater effluent that contains various degrees of pharmaceutical



waste, much of which goes undetected because water districts and sewage

treatment facilities are not required to test for pharmaceuticals ).

The disposal of unwanted or expired drugs is another way that
pharmaceuticals enter the wastewater stream. When people dispose of
medications, it is common to pour them down the sink or flush them down
the toilet. It is also common for people to dispose of pharmaceuticals by
throwing them in the trash, in which case they end up in landfills and may

eventually enter waterways through leachate >,

Some other typical reasons for the disposal of medications are that
the medication has expired or it’s no more needed because the problem is
solved, or house cleaning for the stored medications, & the means of

exposal are sink, toilet & trash '),

Many researches were made on the basis of evaluating the quantity

of disposed medications; others were based on pharmaceutical type *'%.

Among various kinds of pharmaceuticals, antibiotics were more
frequently detected than others. They are difficult to be removed through
common biological treatment methods. Meanwhile, they may adversely
affect key biotransformation processes of other pollutants (gentrification,

nitrogen fixation, degradation of organic compounds, etc.) .

According to recent research, variety of antibiotics were detected in
various water samples including hospital wastewater, municipal

wastewater, effluent of wastewater treatment plant, antibiotics industry
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wastewater, livestock farm mud and wastewater, surface water,

underground water and drinking water "',

This study chooses Doxycycline (DOX) and Oxytetracycline (OTC)
as an example of tetracyclines that are released into the environment, the
research investigated their adsorption onto soil, the effect of organic
matter on their adsorption onto soil, & the effect of magnesium chloride
hepta hydrate addition on polluted soil was also studied. In addition the
effect of OTC & DOX on pH of leachate water before & after pollution &
their concentrations in leachate water were measured versus time.
Oxytetracycline & Doxycycline were chosen because of their wide
application here in Palestine, high-solubility in water and high residual

toxicity.

Locally, both OTC & DOX are used in pharmaceutical
manufacturing products especially in the local veterinary sector; since they
are manufactured under many local trade names such as Oxin 50%,
Doxinal 10%, OTC & DOX belong to tetracycline antibiotics that are
indicated to treat infections caused by gram positive & gram negative
bacteria. According to Palestinian Ministry of Health tons of antibiotics are
consumed every year, the average of their consumption in both
humanitarian & veterinary sector reached 2.6 tons of doxycycline HCl &

4.5 tons of oxytetracycline HCI in the last two years.



|| Residential

Treated effluent, untreated
storm overflow, system failure

Fig (1.1): Drug flow Pharmaceuticals and their metabolites enter municipal sewage
systems and aquifers from homes, health care facilities, and farms 2,
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Chapter Two

Literature Review

2.1 Tetracyclines
2.1.1 Definition & Uses

Tetracyclines are a group of broad-spectrum antibiotics whose
general usefulness has been reduced with the onset of bacterial resistance.
Despite this, they remain the treatment of choice for some specific

indications !,

They are so named for their four (“tetra-) hydrocarbon rings (“-
cycl-’) derivation (“-ine”). More specifically, they are defined as "a
subclass of polyketides having an octahydrotetracene-2-carboxamide

n [14

skeleton" 'Y, They are collectively known as "derivatives of polycyclic

naphthacene carboxamide".

OH 0 OH i 0

Fig. (2.1): The four rings of the basic tetracycline structure 4]

Tetracyclines are antibacterials used in pharmaceutical industry &
veterinary drugs. They are indicated in the treatment of infections caused
by gram positive and gram negative bacteria, such as respiratory tract
infections, urinary tract infections, Brucellosis caused by Brucella species,

Relapsing fever caused by Borrelia sp, Infections caused by Chlamydia
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trachomatis such as uncomplicated urethral, endocervical, or rectal
infections, inclusion conjunctivitis, trachoma and lymphogranuloma
venereum, Tularemia caused by Francisella tularensis, Plaque caused by

Yersinia pestis, Cholera caused by Vibrio choleral”.

Veterinary indications includes treatment of respiratory infections:
bronchopneumonia, shipping fever (pasterellosis), atrophic rhinitis &
enzootic pneumonia in pigs, mixed infections & necrobacilliosis, gastro
intestinal infections caused by E.coli, salmonella & anaerobes, urinary
infections, (endo) metritis, acute mastitis, septicemia, infectious
polyarthritis, leptospirosis, foot rot, erysipelas, infected wounds , skin
infections (exudative epidermitis in piglets), bacterial infections secondary

to viral ones, anaplasmosis & heart water ®.

2.1.2 Historical Back Ground

The first member of the group to be discovered was chlortetracycline
(aureomycin) in the late 1940s by Dr. Benjamin Duggar, a scientist
employed by Lederle Laboratories who derived the substance from a
golden-colored, fungus-like, soil-dwelling bacterium named Streptomyces
aureofaciens. Oxytetracycline (Terramycin) was discovered shortly
afterwards by A.C. Finlay et al., it came from a similar soil bacterium
named Streptomyces rimosus. Robert Burns Woodward determined the
structure of oxytetracycline enabling Lloyd H. Conover to successfully
produce tetracycline itself as a synthetic product 'Y, The development of

many chemically altered antibiotics formed this group. In June 2005,



tigecycline, the first member of a new subgroup of tetracyclines named
glycylcyclines was introduced to treat infections which are resistant to
other antimicrobics including conventional tetracyclines '\, Doxycycline is
a member of the tetracycline antibiotics group and is commonly used to
treat a variety of infections. Doxycycline is a semi-synthetic tetracycline

invented and clinically developed in the early 1960s by Pfizer Inc. !'®'"!

2.1.3 PharmacoKkinetics

Most tetracyclines are only partially absorbed from the alimentary
tract, enough remaining in the intestine to alter the flora & cause diarrhea.
They are distributed throughout the body & cross the placenta.
Tetracyclines are excreted mainly unchanged in the urine & should be
avoided with renal function is severely impaired. Exceptionally among the
tetracyclines, doxycycline & minocycline are eliminated by nonrenal routes
& may be used in patients with impaired renal function because of this

property [20]

2.2 Oxytetracycline

Oxytetracycline was the second of the broad-spectrum tetracycline
group of antibiotics to be discovered. It is also called tetracycline. It is used

to treat bacterial infections ',

2.2.1 History

It was first found near Pfizer laboratories in a soil sample yielding

the soil actinomycete, streptomyces rimosus by Finlay et al. In 1950, a



celebrated Scottish American biochemist, Robert B Woodward, worked out
the chemical structure of oxytetracycline, enabling Pfizer to mass produce
the drug under the trade name, terramycin. This discovery by Woodward
was a major advancement in Tetracycline research and paved the way for
the discovery of an Oxytetracycline derivative, Doxycycline which is one

of the most popularly used antibiotics today !'*..

clI—H Hat

CHy
vy P Y

IUPAC Name: (4S,4aR,5S,5aR,6S,12aS)-4-(dimethylamino)-3,5,6,10,11,12a-
hexahydroxy-6-methyl-1,12-dioxo-1,4,4a,5,5a,6,12,12a-octahydrotetracene-2-
carboxamide hydrochloride

Fig. (2.2): Chemical structure of Oxytetracycline Hydrochloride [14]

2.2.2 Mode Of Action

Oxytetracycline is supplemented as oxytetracycline hydrochloride in
most medications; it works by interfering with the ability of bacteria to
produce proteins that are essential to them. Without these proteins the
bacteria cannot grow, multiply and increase in numbers. Oxytetracycline
therefore stops the spread of the infection and the remaining bacteria are
killed by the immune system or eventually die. Some strains of bacteria
have developed resistance to this antibiotic, which has reduced its

effectiveness for treating some types of infection. ¥



2.2.3 Indications

Oxytetracycline is still used to treat infections caused by Chlamydia
(e.g the chest infection psittacosis, the eye infection trachoma, and the
genital infection urethritis) and infections caused by mycoplasma

organisms (eg. pneumonia) .

Oxytetracycline is used to treat acne, due to its activity against the
bacteria on the skin that cause acne (Propionebacterium acnes). It is used to
treat flare-ups of chronic bronchitis, due to its activity against the bacteria

usually responsible, Haemophilus influenza .

Oxytetracycline may also used to treat other rarer infections, such as
those caused by a group of micro-organisms called rickettsiae (eg Q fever).
To make sure the bacteria causing an infection are susceptible to
oxytetracycline the doctor usually takes a tissue sample, for example a

swab from the infected area, or a urine or blood sample .
2.2.4 Veterinary Indications

Oxytetracycline is indicated in the treatment of respiratory
infections: bronchopneumonia, shipping fever (pasterellosis), atrophic
rhinitis & enzootic pneumonia in pigs, mixed infections & necrobacilliosis.
Gastro intestinal infections caused by E.coli, salmonella & anaerobes.
Urinary infections, (endo) metritis, acute mastitis. septicemia, infectious

polyarthritis, leptospirosis, foot rot, erysipelas, infected wounds & skin



10

infections (exudative epidermitis in piglets). Bacterial infections secondary

to viral ones. Anaplasmosis, heart water '

2.2.5 Contra Indications

Oxytetracycline 1s not indicated in cases of renal & hepatic
insufficiency, but if necessary, in such cases the dosage levels may be

reduced, also in cases of hypersensitivity to tetracyclines. ['

2.2.6 Side Effects

Heartburn, nausea & vomiting due to gastric irritation are common.
Tetracyclines including Oxytetracycline (OTC) are selectively taken up in
the teeth and growing bones of the fetus and of the children. Due to their
chelating properties with calcium phosphate. Bacterial resistance may

develop after long term use of antibiotics .

2.2.7 Interactions

Avoid using or diluting oxytetracycline with aluminum, magnesium
& calcium containing solutions or with penicillins & cephalosporins. Using
tetracyclines with aminoglycosides may decrease the bactericidal activity

of aminoglycosides. !'

2.3 Doxycycline

Doxycycline is a member of the tetracycline antibiotics group and is

commonly used to treat a variety of infections & for veterinary uses. It is a

semi synthetic tetracycline. ['”]
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2.3.1 History

Doxycycline was developed in the early 1960s by Pfizer Inc. and
marketed under the brand name vibramycin. Vibramycin received FDA
approval in 1967, becoming Pfizer's first once-a-day broad-spectrum

antibiotic ',

H H
CH, ©H LM _
IUPAC Name: (4S,4aR,5S,5aR,6R,12aS)-4-(dimethylamino)-3,5,10,12,12a-

pentahydroxy-6-methyl-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-
carboxamide

Fig. (2.3): Chemical structure of Doxycycline (4]

2.3.2 Mode of Action

Doxycycline 1s supplemented as doxycycline hydrochloride or
hyclate (mono hydrate complex with ethanol) in most medications. Like
other tetracyclines, doxycycline works out by blocking protein synthesis &
preventing the binding of aminoacyl-tRNA to the ribosome. Its action is
bacteriostatic (preventing the growth of bacteria) rather than killing

(bactericidal). 2!
2.3.3 Indications

Doxycycline is effective against a broad range of Gram-positive and

Gram-negative bacteria and Rickettsia. It is indicated in the treatment of
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inflammatory diseases & Lyme disease,”* ! ehrlichiosis ***"! and Rocky
Mountain spotted fever. In fact, because doxycycline is one of the few
medications shown to be effective in treating Rocky Mountain spotted
fever (with the next best alternative being chloramphenicol), doxycycline is
indicated even for use in children for this illness. Otherwise, doxycycline is
not indicated for use in children under the age of 8 years. Doxycycline, like
other antibiotics, will not work for colds, flu, or other viral infections.
Doxycycline may also be used to treat and prevent Escherichia coli, spotted
fever, folliculitis, acne, shigella species, respiratory tract infections caused
by haemophilus influenzae, respiratory tract and urinary tract infections,
Upper respiratory infections caused by streptococcus pneumoniae, & in

cases of malaria prophylaxis. '

2.3.4 Veterinary Indications

Doxycycline is also indicated for veterinary use against infections
caused by gram positive & gram-negative bacteria & against anaplasma in
poultry, turkey & cage birds. It is also indicated in the treatment of
respiratory tract ornithosis & psittacosis ocular infections caused by

chlamydia psittaci or mycoplasma "%,

2.3.5 Contra Indications

Doxycycline is contraindicated in cases of pregnancy, especially

during the last half of pregnancy period or to children under the age of

eight. It is also not indicated in cases of sensitivity to tetracylines '* %,
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2.3.6 Side Effects

Cautions and side effects are similar to other members of the
tetracycline antibiotic group. However the 10% risk of photosensitivity
skin reactions is of particular importance for those intending long-term use
for malaria prophylaxis because it can cause permanent sensitive and thin
skin '*! Long treatment with Doxycycline HCI may affect the growth of

intestinal bacteria. & may also cause vomiting & diarrhea!'**'!.

2.3.7 Interactions

Doxycycline is not to be administered with aluminum, calcium,
magnesium containing compounds '), or with iron containing compounds
or with anti-diarrheal compounds containing kaolin & pectin or bismuth &
laxatives, since it reduces the G.1.T absorption of doxycycline, or drug with
sodium bicarbonate since it affects its absorptivity, or with the antibiotics
(Penicillin, cephalosporin & aminoglycosides) because it may decrease the

[16]

bactericidal activity of them Doxycycline may interact with

anticoagulants and its effectiveness is lowered by over the counter antacids

and bismuth subsalicylate, barbiturates, the anticonvulsants carbamazepine
and phenytoin .
In addition, if it is used in conjunction with the anesthetic

methoxyflurane there can be severe or fatal kidney damage *'.
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2.4 Antibiotics in Animal Husbandry

Antibiotics have been used in animal husbandry for more than half a
century now. They are administered to all species of food animals,

including fish, for three types of use:

i) Therapeutic use is aimed at curing infected animals. The substances are
administered through injection, feed or water. If groups of animals are
treated, it may be that some are not diseased or are in a subclinical stage of

the disease.

ii) Prophylactic use is aimed at preventing a disease. The substances are
typically administered through feed to groups of animals. Although not
diseased yet, some of the animals may be subclinical or can be expected to
become infected. This is likely in situations when animals are moved to
different environments with different pathogens, as e.g. from breeding to

fattening units.

iii) Subtherapeutic use is aimed at growth promotion or increased feed
efficiency. As in prophylactic use, the substances are administered through
feed, but at lower doses. While neither an actual nor an expected disease is
the indication for this type of use, it may have the side effect that diseases

are prevented, i.e. become less likely **!.

The use of antibiotics in animal husbandry is associated with a
number of benefits and risks, which are described in brief in the next

subsection.
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Benefits and Risks

There are three areas in which benefits of the application of
antibiotics in animal husbandry can be identified: food safety and quality,

costs and efficiency, and environmental effects.

1) Improved food safety and quality can be observed due to healthier
animals in general and thus due to reduced pathogen contaminations of

animal products >,

i1) Cost reduction due to lower loss rates and productivity gains, e.g.

enhanced growth in fattening animals .

ii1) As a consequence of the above mentioned increases in productivity and
feed efficiency, antibiotics contribute to reduced emissions of nitrogen,

phosphorus and methane per unit of output *'>*1,

Although critical voices have been raised since the very beginning of
antibiotic use in agriculture, it has only been in the past decade that the

risks of antibiotics have received considerable public attention .

Possible hazards relate to the furthering of zoonotic pathogens, which can
spread from animals to humans and thus pose a threat to consumers who
may get infected from contaminated food. Well known bacteria of that type
are salmonella, listeria and campylobacter. Other possible hazards are
toxicity and allergenicity of antibiotic substances, i.e. residues in food as a
food safety issue, and development of antibiotic-resistant pathogens in

. 2 4
humans and animals ?% 3334,
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Antibiotics for therapy, prophylaxis or growth promotion

!

Farm animals

Feces /

/ \W'ildlife

Soil

Farm Workers

Transport

Slaughter ‘

Processing |

Handling ‘
Storing ‘

Wastewater

v

Surface and Household and Y
Ground Water ¥ Hospital Waste

Meat and Dairy
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Grain, Fruits and i

Vegetables
Companion
< Animals

Humnans

Fig. (2.4): The flow of resistance from bacteria in farm animals to humans 1321

2.5 Antibiotics in the Aquatic & Terrestrial Environment

People all over the world prescribes millions of doses of prescription
drugs, Livestock are given millions more. But after the pill has been
swallowed or the injection taken, the active components of the drugs do not
become inert or completely absorbed by the body. After the excretion of
drugs from the body, pharmaceuticals start to appear again in waste water,

soil & under ground water.

In a statistical research, it was found that humans consume 235
million doses of antibiotics each year, livestock & poultry producers
administered more than 21 million pounds of antibiotics to animals in the

year 2004 alone ",
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Current estimates are still being gathered, but a study conducted in
1999-2000 by the US geological survey (USGS) found that most
waterways contain at least some antibiotics, steroids, synthetic hormones or
other common drugs. Out of 139 streams in 30 states, it was found that
about 80% contained trace amounts of contaminants, half of the streams
contained seven or more chemical compounds, one third of the streams
contained 10 or more compounds & one water sample contained 38

chemicals ¢,

2.5.1 Tetracyclines in Soil

Sorption of tetracyclines in soil was reported in many studies,
Tetracycline Residues in Soil Fertilized with Liquid Manure by High-
Performance Liquid Chromatography with Electrospray lonization Tandem
Mass Spectrometry °7, A global perspective on the use, sales, exposure
pathways, occurrence, fate and effects of veterinary antibiotics (VAs) in the

environment %

, Column studies to investigate the fate of veterinary
antibiotics in clay soils following slurry application to agricultural land %),
Sorption of Tetracycline and Chlortetracycline on K- and Ca-Saturated Soil

[40]

Clays, Humic Substances, and Clay—Humic Complexes ", Adsorption

characteristics of tetracycline by two soils: assessing role of soil organic

matter (411 .

2.5.2 Tetracyclines in Under Ground Water

Tetracyclines were detected in environmental water samples using

various analytical techniques, such as liquid chromatography with
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1421 other studies focused

fluorometric detection & solid phase extraction
on the study of behavior of tetracyclines in the presence of sulfonamides
and measured their adsorption coefficients in soil & leaching to the
underground water 1*)] the study shows that tetracyclines and sulfonamides
show distinctly different environmental behaviors. One explanation may be
their different sorption coefficients in soil, indicating (in part) their
different mobilities in the ecosystem. Tetracycline resistance genes were
also has been detected in the underground water, in which it was an

indication of the presence of tetracyclines in the underground water **!.

2.5.3 Sources of Antibiotics in the Environment

In spite of all of the benefits of having a healthy microbial
population, antibiotics and antibacterial agents are added to the
environment at a rate of over a million pounds per week. There are several
routes of entry of antimicrobial agents into the environment. Studies have
shown that introduction by these routes has changed the antibiotic
susceptibility of the microbes in those environments and/or changed the

predominant microbes.

« Sewage. The antibiotics that we take in are not all processed by our
bodies. Some of them are expelled as waste and wind up in our waste
water treatment plants. Of bacteria isolated from sludge remaining after
wastewater treatment at one plant, 46.4% were resistant to multiple
antibiotics. Sewage from hospitals and pharmaceutical plants has been

shown to contribute to antibiotic resistance in treatment plants. Rivers
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contaminated with urban effluent and agricultural runoff have also been
shown to have greater antibiotic resistant bacterial populations than
areas upstream of the contamination source. Antibiotic resistance in
streams 1is also indirectly selected for by an increase in industrial wastes

containing heavy metals.

Medical waste. The dispensing of antibiotics in a medical facility
inevitably leads to waste. Discharge from hospitals has been shown to
cause an increase in bacterial populations resistant to certain antibiotics

such as oxytetracycline.

Microbes are becoming resistant to antibiotics due to environmental

pollution, overuse of antibiotics, and antibacterial agents.

Production. Antibiotic sales total more than $8 billion worldwide each
year. That is 50 million pounds produced each year, 25 million pounds
of which are prescribed for human use. Discharge of wastewater from
pharmaceutical plant has been associated with an increase in the
prevalence of single- and multiple-antibiotic resistance in indicator

organisms.

Household products. Over 700 “antibacterial” household products have
been introduced in the past five years. These include such items as sweat
socks, toothpastes, kitchen plastics, cement and paints. The more
common antibacterial ingredients in these formulations are triclosan,

quartenary ammonium compounds, alcohol, and bleach. Microbes
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resistant to each of these compounds have been documented in nature
and in some human pathogens. These products wind up in the sewage or

landfill after being used in our households.

Sprayed on crops. About 300,000 pounds of antibiotics are used in plant
production each year. They are sprayed on high-value crops such as fruit
trees to prevent bacterial infections. This can select for resistant bacteria
on crops. Not all of the spray remains on the fruit. Most of the
antibiotics are washed into the soil and eventually end up in the ground

water.

Animal production. Antibiotics are commonly added at subtherapeutic
levels to animal feeds as growth promoters. They are also added to
fishery waters. About 24 million pounds of antibiotics are fed to animals
every year. Due to this practice antibiotic resistance in foods has become
a health concern. Bacteria such as drug resistant Salmonella
typhimurium, Escherichia coli and Enterococcus have increased
clinically as animal antibiotic use has risen. It is also possible that our
normal gut microbiota have gained antibiotic resistance from antibiotic-
exposed food animals. A popular theory is that vancomycin resistant
strains of the bacterium Enterococcus (VRE), a major cause of
postsurgical infections, have arisen in Europe due to the use of the
antibiotic avoparcin as an animal growth promoter. At least one study,
however, shows that in minced beef and pork, VRE occurs very rarely.

The use of oxytetracycline in aquaculture has been shown to cause a
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seasonal shift in bacterial species towards Enterobacteriaceae and is

. . . e . . 45
associated with increased antibiotic resistance !,

2.5.4 Bacterial Resistance on the Rise

The World Health Organization (WHO) has recently identified
antibiotic resistance as a major problem for public health on a global scale.
While overuse and inconsistent application in human medicine have been
found to be probably the most important sources of risk, the use of
antibiotics in animal husbandry may also contribute to the problem.
However, both the complexity of the issue and the lack of data prove to be
serious obstacles on the way to evaluating the possible risks from that

32, 33 . .
32331 There has been worries about the massive

source of resistance
amounts of antibiotics used to treat livestock may be creating antibiotic-
resistant microbes. "There's a whole other source of pharmaceutical
pollution that really needs attention, and that's livestock use, which
generates an estimated 500 million tons of waste each year," says Dana W.
Kolpin, a research hydrologist at U.S. Geological Survey (USGS) who
studies emerging contaminants in the environment. Kolpin points out that
livestock manure is full of antibiotics, synthetic and biogenic hormones,
and other veterinary medicines. Farmers use sludge generated by sewage
treatment plants as a fertilizer and a source of nutrients for crops, but this

material also contains excreted medications "2,

Experts claim that
bacterial resistance will make possible infectious disease epidemics more

potent and deadly than any have been experienced in human history.
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However, with global travel and widespread commerce, drug resistance can
be expected to spread steadily to all parts of the world. Developing
countries might thus suffer the worst consequences because of the poor
state of their health services and their inability to pay for alternatives to
cheap antibiotics. Pharmaceutical companies should see that it is in their
own interest to minimize drug use and pollution of the environment, since

avoiding the spread of resistance will keep their medicines effective longer

[46, 47]

It was reported that 150 genes are known to be responsible for the
development of resistance, which may occur in seven different modes or
strategies. Furthermore, resistance capabilities do not remain contained
within the bacteria population where they were developed. They may not
only be inherited, but can also be transferred to other bacteria through so
called plasmides which have stored the genetic information on one or more
resistance. This transfer is not restricted to organisms of the same species
but may also happen between different bacterial species. This process is the
cause of cross resistance, which may occur both within and between
pathogen and non pathogen strains, which might also serve as resistance
reservoir for pathogens. Antibiotics affect the spreading of resistance by
heritage or transfer through the selective pressure they exert on bacterial
populations. The presence of an antibiotic substance alters the environment
in favour of those bacteria that are resistant to it "**. Figure 2.4 describes
the direct proportion between the use of antibiotics & the formation of

resistance strains.
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Fig. (2.5): The relationship between antibiotic use and increase in antibacterial
resistance *’!

2.6 Adsorption onto Soil
2.6.1 Adsorption Process

Adsorption is a surface phenomenon that is defined as the increase in
concentration of substance at an interface between two phases which can be
solid-liquid. Adsorption from solution onto solid occurs as a result of one
two characteristic properties for a given solvent-solute-solid system. The
primary driving force for adsorption may be consequence of (solvent
disliking) character of the solute to the solvent, or high affinity of the solute
for the solid ", The second primary driving force for adsorption results
from a specific affinity of the solute for the solid, where the atoms at the

solid's surface are subjected to unbalanced forces of attraction which are
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normal to surface plane and are merely extension of the forces acting
within the body of the material and ultimately responsible for the
phenomenon of adsorption P!, The adsorption process includes electrical
attraction of the solute to adsorbent, Van- der Waals attraction or of

chemical nature.

Physical adsorption dose not involve sharing or transferring of
electrons & maintains the individuality of interacting species. The
interactions are fully reversible where adsorption occurs at the same
temperature and the process may be slow because of diffusion effects, but
chemical adsorption involves chemical bonding and is irreversible. In
physical adsorption molecules are free to undergo translation movement
within the interface, but in chemical adsorption, molecules are considered
not to be free to move on the surface where they are attached to active
centers. Therefore in chemical adsorption molecules being saturated when
each active center is occupied and adsorption dose not exceed beyond the
first layer, but it is possible that additional physical adsorption occurs P,
The heat of physical adsorption is low compared to that of chemical

adsorption & chemical interaction between adsorbent & adsorbate is

favored by high temperature.

Most adsorption phenomena are combination of the three adsorption

forms that is the several forces often interact to cause concentration of

particular solute at an interface ).
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2.6.2 Adsorption Equilibrium Isotherms

Adsorption equilibrium is a physic-chemical aspect which
determines the ultimate adsorption capacity. As the adsorption process
proceeds, the adsorbed solute tends to desorbs into solution. Ultimately
equal amounts of solute are absorbed & desorbed simultaneously, where no
change can be observed in the solute concentration. Consequently the
adsorption process attains equilibrium state called adsorption equilibrium.
The equilibrium position is characteristic of the entire system, the solute,

adsorbent, solvent, temperature, pH, and so on [53]

. At this equilibrium
position, there is a defined distribution of solute between the solid and the
liquid phases, also the adsorbed quantity usually increase of solute

concentration.

The presentation of the amount of solute adsorbed per unit of
adsorbent as a function of the equilibrium concentration of adsorbent in the
bulk solution under a set of experimental conditions is termed as the

adsorption isotherm.

The shape of an isotherm gives qualitative information about the
adsorption process. These can be broken down into four main classes, each
of which can include several relatively minor variations P* > fig 2.6

shows Giles 1sotherm classifications.

I- S class: of the four main types, it is the most difficult to explain fully,

since the shape appears to depend upon the interaction of a number of
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factors. It is indicative of vertical orientation of adsorbed molecules at
the surface.

L class: the normal isotherm, it may be said to occur with majority of
system. Usually indicative of molecules adsorbed flat on the surface of
the solid or vertically oriented adsorbed ions with particularly strong
inter molecular attraction or adsorption of ionic micelles.

H class: high affinity, this is a special case of the previous class caused
by very high solute affinity (high affinity ion exchange with low-affinity
ions) and produced by adsorption of large units or chemical adsorption.
C class: constant partition, linear curves, where the solute penetrates the
solid more readily than the solvent & tends to open up the structure. In

other words, the solute rather than solvent initiates adsorption.

Several types of isotherms relations may occur. The most common

relationship is in which adsorption from solution leads to the deposition of

apparent single layer of solute molecules on the solid surface. Occasionally

multi molecular layers of solute may be adsorbed. The Langmuir &

Freundlich isotherms are valid for single layer, where as Brunauer Emmett

& Teller (BET) isotherm represents multilayer adsorption. Both Langmiur

&

BET equations are limited by the assumption of unifom energies of

[51]

adsorption on the surface = .
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Fig. (2.6): Giles isotherm classification (541

The Langmuir equation is expressed as "

X X bCe 2.1)

Where:
m: weight of adsorbent (mg, g)

C.: equilibrium concentration of the solute.
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Xm: amount of solute adsorbed per unit weight of adsorbent required for
monolayer coverage of the surface. (maximum capacity for monolayer

capacity).

b: a constant related to the heat of adsorption, 1/unit weight.

For linearization of the equation (2.1), it can be written in the form:

Ce. ) | T O (2.2)
X/m bX, Xm
or
1 1 1 1 (2.3)
= + .
X/m Xm bx,, C.

Any of these equations may be used to evaluate b & x,,, from

experimental data using graphic or linear least squares analysis 7).

Freundlich adsorption equation is perhaps the most widely used

mathematical description of adsorption in aqueous systems. The Freundlich

equation is expressed as **/:

X (2.4)

Where

x: amount of solute adsorbed (mg, mole)
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Xm: weight of adsorbent (mg, g)

C.: equilibrium concentration of solute

K: constant, a measure of adsorption capacity
(1/n): constant, a measure of adsorption intensity

It 1s generally stated by Helby (1952) that values of n in the range 2-10
represent good adsorptions . Estimation of these constants is possible by

simple transformation of equation (2.4) to logarithmic form:
log x/'m =log k + 1/n log C, (2.5)

Plotting log x/m versus log C. a straight line is obtained with a slope

of 1/n, and log k is the intercept.

Although the Freundlich equation has no theoretical basis, it has
been found to be more adaptable to the adsorption data than the
theoretically derived Langmuir equation; this is due to the fact that the
majority of adsorption processes do not comply the Langmuir equation

assumption of existence of monolayer in the adsorption of solute solution

[60]

The Brunauer-Emmett-Teller (BET) equation is commonly written

as shown in equation 2.6"!;
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X xm BCe (2.6)

m (Cs - Ce) [1 + (B - I)Ce/cs]

Where x, m, x, & C. have the same meaning as Langmuir's
1sotherm. B is a constant describing the energy of interaction between the
solute & the adsorbent surface, and Cs is the solubility of solute in water at
a specified temperature. The transformation of equation (2.6), shows that a
plot of the left side against C./C, should give a straight line having slope
(B-1)/x,B & intercept 1/x,,B:

C. 1 B-1) C (2.7)

= +

x(Cs—Co) XmB XmB C

The adsorption isotherms are useful in predicting the amount of
adsorbent needed in a batch process for producing a desired residual solute

level.
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Chapter Three

Research Methodology

3.1 Experimental Work

The experimental work in this research depended basically on
determining the concentration of residues of oxytetracycline HCl &
doxycycline HCI versus time in soil & leachate water (in which it was
considered here as the underground water) after adsorption for 24 hours.
Samples of soil & leachate water were analyzed by UV-Vis
spectrophotometer at different periods of time at constant temperature; in
addition the effect of MgCl, addition on soil was studied also. The room
temperature recorded ranged between 18°C - 22°C. Each measurement in
this study was the average of three readings to ensure that consistent values
were obtained. All the glassware used were cleaned & dried before each
measurement. Standard readings were obtained for oxytetracycline HCl &
doxycycline HCI and plotted against absorbance readings, in order to

calculate the concentrations of both substances in soil & leachate water.
3.2 Materials & Methods
Soil Column Preparation

In this study seven soil columns were prepared from PVC plastic, the
dimensions were 1 meter long & 6 inches in diameter, the soil was gathered
from 600 m” area located on the top of Mount Gerizim in Nablus city, far
away from any expected source of contamination with any pharmaceuticals

type. Randomly, and from different sites, the soil was collected, mixed &
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filled inside the columns; two kilograms were taken & sieved for the soil
analysis before any treatment. The soil columns are then washed with
distilled water to ensure that the pH of outgoing water from each column is

neutral.
3.3 Soil Analysis

The soil used for chemical analysis was sieved in 2 mm sieve, and
dried at 105°C. Several tests were conducted on soil before any treatment

with pharmaceuticals.
3.3.1 Soil Texture (Hydrometer Test)

The particle size distribution of a soil expresses the proportions of
the various size classes (clay < 0.002 mm, silt 0.002-0.02 mm and sand
0.02-2.0 mm particle size), commonly represented by weight percentages
of the total soil. The proportions of these fractions are determined by
Hydrometer method (Bouyoucos 1962) based on the Stokes's Law which
states that the rate of fall of particles in a suspension is directly proportional

61 2] The soil was sieved using 2mm sieve, and dried at

to their size
105°C for 24 hours by Elle oven. The soil texture was determined by

ASTM 152-H hydrometer.
3.3.2 Moisture

The results of soil analysis were calculated on the basis of an oven

dried sample weight. Therefore, the moisture analysis was executed before
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any other analysis. The results on the basis of the air-dry weight were

multiplied by a moisture correction factor (mcf).

A porcelain crucible was placed in Ari J. Levy oven at a temperature
of 105° C and it was left for 2 hours, then cooled down to room
temperature in a desiccator, the weight of the empty crucible was recorded.
Ten grams of soil sample were weighed in the crucible; the crucible was
placed for 12 hours in the oven at 105° C. Then cooled down to room
temperature in a desiccator and reweighed again. The moisture content (M)
& moisture correction factor (mcf) were calculated using the following

. 63, 64
equatlons[ » 64,

M (moisture content) % =  (B-C)x100%

(C-A)

Where:

A: Empty crucible weight

B: Sample + Crucible weight before drying

C: Sample + Crucible weight after drying

mcf (moisture correction factor) = 100+M (%)

100
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3.3.3 pH

Twenty five grams of an oven dried - sieved soil were weighed,
transferred into 100 ml beaker; 50 ml of distilled water were added while
stirring for one hour using Freed Electric magnetic stirrer. The pH meter
(Metrohm, 827 pH Lab—Omega symbol) was calibrated using pH buffer

4.0, 7.0 & 9.0, then the pH of suspension was measured ©°+%!,

3.3.4 Organic Carbon (Walkely and Black 1934)

One gram of the sieved soil was weighed & transferred into 500 ml
conical flask, 10 ml of IN K,Cr,O; and 20 ml of conc. H,SO, were added,
swirled carefully then it was let to stand for 30 minutes. Slowly 200 ml
distilled water and 10 ml H;PO, were added. Then 1 ml of diphenylamine
indicator was added and the resulted suspension was titrated against 0.5 N
ferrous ammonium sulphate solution until green color started appearing
indicating the end point. The carbon content was calculated using the

following equation [°*¢7]

Organic Carbon (%) = 10(B-S) x 0.39 x mcf

BxW

Where,

B = ml of ferrous ammonium sulphate solution used for blank.

S = ml of ferrous ammonium sulphate solution used for sample.
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mcf = moisture correction factor.

W = sample weight (g).

0.39 = conversion factor (including a correction factor for a supposed 70%

oxidation of organic carbon.

% of organic matter = 1.72 X % of organic carbon

3.3.5 Total Nitrogen (Kjeldhal Method)

Nitrogen in soil/sediments is mostly present in the organic form with
small quantities of ammonium and nitrate. This method measures only
organic and ammoniacal form, therefore nitrate is excluded. The sample is
digested in a catalyst mixture which converts all N into ammonium
sulphate. The distillation of ammonia (librated after sodium hydroxide is
added to ammonium sulphate), over boric acid and titrated against

standardized acid to determine nitrogen.

One gram of the soil sample was placed in digestion tube. A 10 ml
sample of conc. H,SO, was added & swirled until the acid was mixed with
the sample. The sample was allowed to cool. Two & a half grams of a
catalyst mixture (containing K,SO,, CuSO45H,0, TiO, & anatase) was
added & the mixture was heated until the digestion mixture becomes clear,
and then boiled gently for 5 hrs. The mixture was allowed to cool & 20 ml
of deionized water were added slowly with shaking. The tube was swirled
to bring any insoluble material into the suspension then the tube was

transferred to the distillation apparatus. The tube was rinsed three times
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with water to complete the transfer. A 5 ml sample of boric acid (20 gm/Lt)
was added into 250 ml conical flask, and the flask was placed under the
condenser of the distillation apparatus in such a way that the end of the
condenser was dipped into the solution. Twenty ml of NaOH (10 mol/Lt)
was added to the funnel of the apparatus and the alkali was run slowly into
the distillation chamber. About 100 ml of the condensate was distilled. The
condenser was rinsed and few drops of indicator (0.1 g of bromocresol
green, 0.02 g of methyl red in 100 ml ethanol) was added to the distillate &
titrated with sulfuric acid to the violet end point. The percent nitrogen was

calculated using the following equations °*:

%N= (Vi-Vo) Xc(H)XMy X100 %

m X m;
Where:
V;: is volume, in ml, of the H,SO, used in the titration of soil sample.
Vy: 1s volume, in ml, of the H,SO, used in the titration of blank test.

c(H"): is the concentration of H' in the H,SO, in mol/Lt (e.g 0.01 mol/Lt of
H,S0, is used, c(H") = 0.02 mol / Lt).

My: is the molar mass of N, in g/mol (= 14)
m: is the mass of the test sample

my: 1s the dry residue, expressed as g/100gm on the basis of oven dried

material.
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3.4 Calibration Curves

A standard calibration curves for both oxytetracycline & doxycycline
were performed by preparing diluted solutions of oxytetracycline HC1 &

doxycycline HCI standards, both were purchased from KEMPEX, Holland.

100 mg of oxytetracycline HCI reference standard & 100 mg of
doxycycline HCI reference standard were accurately weighed each of
which alone, transferred into 100 ml volumetric flasks, distilled water was
added to volume & stirred until completely dissolved. Several dilutions
were made of each of them by taking 1ml, 2ml, 3ml, 4ml & 5ml from stock
solution & transferred into 50 ml volumetric flasks. Distilled water was
added to volume. Absorbance readings were recorded at 353 nm for

oxytetracycline HCl & at 270 nm for doxycycline HCI.

3.5 Optimum Time for Oxytetracycline & Doxycycline Adsorption

onto Soil

The purpose of this task is to determine the optimum time for the
process of adsorption of both oxytetracycline HCL & doxycycline HCl
onto soil to reach equilibrium. Two samples for oxytetracycline HCI
solution were prepared & another two samples for doxycycline HCI, all
four samples were prepared in 125 ml Erlenmeyer flask containing 5
grams of oven dried sieved soil, & 50 ml of 0.005% (v/v) of each
tetracycline solution. All samples were covered with Teflon screw caps &

mounted on Comfort Hetro Master Shaker at room temperature. All
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samples were kept for 1, 2, 4, 6, 12, 24 & 36 hrs. Soil particles were
allowed to settle then centrifuged using Hermel Z200A Centrifuge for 3000
rpm for 10 mins. After centrifuging, absorbance readings were recorded at
353 nm for oxytetracycline HCI & at 270 nm for doxycycline HCI using
UV-1601 PC, SHIMADZU spectrophotometer. It should be mentioned that
two samples were prepared for each pharmaceutical in order to confirm the

results.

3.6 Isotherms

The most widely used equation to fit empirical data from solute —
solvent adsorbent system is the Freundlich equation. Due to its simplicity
& versatility in fitting data from systems, Freundlich relation ship will be
used in this study to describe the quantitative adsorption of tetracyclines

onto soil.

Six different concentrations 0.003%, 0.004%, 0.006%, 0.008%,
0.01% & 0.012% (w/v) of each oxytetracycline HCl & doxycycline HCI1
solutions were prepared, each in 125 ml Erlenmeyer flask, 5 grams of
oven-dried sieved sample were added to each flask, 50 ml of each
concentration for each substance were added to each flask, all samples
were covered with Teflon screw caps & mounted on Comfort Hetro Master
Shaker for 24 hrs. Soil was let to settle, & centrifuged at 3000 rpm for 10
mins. Absorbance readings were recorded at 353 nm for oxytetracycline
HCI sample solutions & at 270 nm for doxycycline HCI sample solutions

using UV-1601 PC, SHIMADZU spectrophotometer.
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3.7 Polluting Soil with Oxytetracycline HCI & Doxycycline HCI

Seven columns were prepared for the pollution process; each was
labeled according to the pollutant type & its quantity. The first column was
considered as blank, i.e. nothing but distilled water was added to it. The
second one was polluted with oxytetracycline HCI as a raw material; a
solution containing (3.75 gm of oxytetracycline HCl/ Lt) was prepared &
added to the column, therefore it was labeled (OTC 1), the third column
contained 7.5 gm of Oxin 50% powder / Lt (Oxin 50% contained
500mg/gm of oxytetracycline HCI, a product of the Palestinian Company
for Veterinary Pharmaceuticals, Ramallah.), the column was labeled (OTC
2), the forth column, contained 15 gm of Oxin 50% powder / Lt solution,

and it was labeled (OTC 3).

The remaining three columns were polluted using doxycycline HCI
in the following manner, the first one was polluted with a solution
containing (0.75 gm/Lt) of doxycycline HCI raw material and the column
was labeled (DOX 1). The second one, was polluted with a solution
containing (7.5 gm of Doxinal 10% powder /Lt) added to the column
(Doxinal 10% contained 100 mg / gm of doxycycline as HCI, a product of
Palestinian Company for Veterinary Pharmaceuticals) & labeled as (DOX
2). The last one contained a solution of 15 gm of Doxinal 10% powder / Lt,
and the column was labeled (DOX 3). The quantity of the drugs added has
been taken from the dosage printed on the label of each product; the dosage

was multiplied fifteen times in OTC 1, OTC 2, DOX 1 & DOX 2 & thirty
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times in OTC3 & DOX 3. The addition of pharmaceutical quantities was
based on their dosages printed on labels of each drug. And It should be
mentioned that doubling doses were a result of the frequent use of
medications, and the dosages are approved by the Department of Drug

Control in the Palestinian Ministry of Health.

3.8 Water Addition to Soil Columns

After the addition of pharmaceuticals to the columns, equal amounts
of distilled water were added to each column, the addition continued until
the emergence of drugs in leachate water from each column, the total
amount of distilled water added was 1.8 Lt to each soil column. Soil
columns were left for 24 hrs to ensure a complete adsorption process to

soil.

3.9 Collecting & Storage of Soil & Leachate Water Samples

Water samples were collected & kept in well closed HDPE plastic
bottles, and stored in a refrigerator (at 7°C). HDPE plastics are known for
their low adsorption properties, low moisture absorption, and high tensile
strength. HDPE 1is also non-toxic and non-staining and meets FDA and

USDA certification %,

Each soil column was divided into three zones (0-20 cm, 20-60 cm &
60-100 cm). Samples of soil were collected from each zone, and kept in
well closed HDPE plastic jars for analysis; all jars were stored at room

temperature (recorded temperature was 20°C).
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3.10 Instrumentation

Absorbance readings of both oxytetracycline HCl & doxycycline
HCl were detected using UV-VIS HITACHI, model no: U/ 2001.
According to the USP 2007, oxytetracycline HCI has absorbance at 353
nm, & doxycycline HCI has absorbance at 270 nm, therefore readings of
absorbance for both substances were taken at the mentioned wavelengths.
Their absorbances wavelengths were confirmed using HPLC (Hitachi,

Merk).

3.11 Polluted Soil Analysis

Soil samples were classified by region, from which the samples were
taken; oxytetracycline HCl & doxycycline HCI absorbance readings were
measured from 0-20 cm, 20-60 cm & from 60-100 cm in blank, OTC 1,
OTC 2, OTC 3, DOX 1, DOX 2 & DOX 3 columns. The soil samples were
prepared as follows: 20 gm of polluted soil were weighed by Precisa,
205A-SCS, Swiss made electrical balance, transferred in to 250 ml conical
flask, 100 ml of distilled water were added & stirred for 30 minutes using
Freed Electric magnetic stirrer, the suspension was filtered through

Whatman filter papers no. 42, quartz cells were used during analysis.

Total organic carbon was also studied on the three layers of blank
column, OTC 1, OTC 2, OTC 3, DOX 1, DOX 2 & DOX 3 columns. Using
Walkely and Black (1934) test method, the organic carbon in the sample is

oxidized with potassium dichromate and sulphuric acid. The excess
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potassium dichromate is titrated against ferrous ammonium sulphate. One g
of polluted soil was weighed & transferred into a 500 ml conical flask, 10
ml of (1 N) K,Cr,0; & 20 ml of conc. H,SO, were added. Swirled
carefully and it was allowed to stand for 30 minutes. Slowly 200 ml of
distilled water & 10 ml of H;PO, were added. Then 1 ml of diphenylamine
indicator was added and the solution was titrated against 0.5 N ferrous
ammonium sulphate solution until green color started appearing indicating
the end point. The organic carbon was calculated according to following

equation 1+ °%;

Organic Carbon (%) = 10(B-S) % 0.39 x mcf

BxW

Where

B = ml of ferrous ammonium sulphate solution used for blank.

S = ml of ferrous ammonium sulphate solution used for sample.

mcf = moisture correction factor.

W = sample weight (g).

0.39 = conversion factor (including a correction factor for a supposed 70%

oxidation of organic carbon.

The effect of addition of another substance on polluted soil such as

magnesium chloride hepta-hydrate (MgCl,.7H,0) was also studied,
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magnesium chloride is used in pharmaceutical formulations, since
magnesium is a chelating metal, it forms complexes with tetracyclines, so
the effect of its addition on oxytetracycline & doxycycline concentrations
was measured versus time at room temperature. The concentration of the
added magnesium chloride hepta-hydrate was 1% on all soil samples. Soil
samples were taken from 0-20 cm zone in OTC 2 & DOX 2, twenty grams
of polluted soil was weighed and transferred into 250 ml conical flask, 100
ml of distilled water & 1 gm of MgCL,.7H,O (purchased from Merk,
analytical grade) were added. Stirred for 30 minutes, before every reading,
the solution was filtered through Whatman filter paper no. 42, and the

absorbance was measured at different time intervals at room temperature.

3.12 Polluted Water Analysis

The leachate polluted water were collected & transferred into HDPE
plastic bottles, and stored at 7 °C. Polluted water was filtered using
Whatman filters no. 42. pH readings were recorded before & after soil
pollution. At different time intervals, absorbance readings were recorded at
wavelength 353 nm for oxytetracycline HCI & at 270 nm for doxycycline
HCI. pH readings were recorded before & after pollution for all columns,

using Hanna Instruments - pH meter.
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Chapter Four

RESULTS & DISCUSSION

The results of this work are represented in a graphical and tabular
form. Discussion of the results follows each part of the experimental work.
Results were devoted to understand the behavior & fate of oxytetracycline
HCI & doxycycline HCI as examples of tetracyclines in soil & underground

water including their adsorption in soil.
4.1 Soil

Samples of soil were analyzed in order to evaluate the soil texture,
moisture, organic matter, pH & nitrogen content. Table 4.1 presents the
results obtained for these tests (each result was the average of three
readings obtained & all calculations in this chapter were based on dried
basis). And the Fig 4.1 shows a graph obtained for the hydrometer test for
the soil sample.

Table (4.1): Soil texture, moisture content, moisture correction factor,
pH, organic carbon, organic matter & nitrogen present for soil before
pollution

71.6% clay, 6.16% silt,

Soil Texture 22.24% sand

Moisture 2.6%
Moisture correction factor (mcf) 1.026
pH 7.13

Organic Carbon % 2.45%
Organic Matter % 4.21%

Nitrogen Content 0.155%
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Fig. (4.1): Particle Size Distribution Curve (Hydrometer Test) 71.6% clay, 6.16%
silt & 22.24% sand

4.2 pH Measurements for the Leachate Water Before & After

Pollution

After the washing process with distilled water was done, pH readings

for the leachate water were recorded before addition of pharmaceuticals in

table 4.2.

Table (4.2): pH readings for leachate water before & after pollution
Soil
Column
pH before
pollution

pH after
pollution
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From the above table, it's obviously that all pH readings were near
7.0, the neutral pH, so that soil pH had neutral effect on the adsorption
medium neither acidic nor basic. Except for both pharmaceuticals,
oxytetracycline HCl & doxycycline HCl have an acidic character after
dissolving in distilled water, therefore after pharmaceuticals addition, soil
media was expected to be slightly acidic since both pharmaceuticals used

were as the hydrochloride derivative.

42711 it was observed that the

According to other researches
adsorption of tetracyclines in the native forms of montmorillonite clay
decreases with increasing pH in the order pH 1.5 > 5.0 > 8.7 > 11.0. This
trend is consistent with cationic exchange interactions that are dominant at
lower pH values when tetracyclines have a net positive charge. On the

other hand, adsorption of tetracyclines to soil could occur in acidic & basic

media, and it is greatly dependent on the pH of soil.

4.3 Optimum Time for Oxytetracycline HCl & Doxycycline HCI

Adsorption onto Soil

The purpose of this task is to determine the optimum time for the

process of adsorption of both tetracyclines onto soil to reach equilibrium.

Tables (4.4) & (4.5) shows concentrations (Conc.) of oxytetracycline
& doxycycline solutions after addition of 50 ml of 0.005% w/v of each of
prepared solutions, each with 5 grams of soil sample at different mixing

times (1, 2, 4, 6, 12, 24 & 36 hours) equilibrium occurred after 24 hours of
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adsorption for both oxytetracycline HCI & doxycycline HCI. Figures from

4.2 - 4.5 contains plotted graphs of In pharmaceutical concentration vs time

intervals.

Table (4.3): Concentrations of oxytetracycline HCI solution at different

times

Time (hours)

Conc. of oxytetracycline
HCI1 (mol/L) in the first
sample

Conc. of oxytetracycline
HCI (mol/L) in the second
sample

1.58 X107

2.26 X107

1.42 X107

1.39 X10?°

1.17 X107

1.22X10°

9.75 X10®

1.06 X10?°

9.12 X10°®

9.52 X10°®

8.16 X10®

9.03 X10°

8.15 X10°¢

9.04 X10°

Table (4.4): Concentrations of doxycycline HCI solution at different

times

ime (hours)

Conc. of doxycycline
HCI (mol/L) in first
sample

Conc. of doxycycline HCI
(mol/L) in the second
sample

1.59 X107

1.65 X107

1.40 X107

0.98 X107

1.31 X10?

0.87 X107

6.52 X10°

7.96 X10°

5.56 X10°

7.62 X10°

4.56 X10°

6.77 X10®

4.55 X10°

6.76 X10°
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Fig. (4.2): Plot of In concentration of oxytetracycline HCI vs time for

1* Sample
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Fig. (4.3): Plot of In concentration of oxytetracycline HCI vs time for

2" Sample
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Fig. (4.4): Plot of In concentration of doxycycline HCI vs time for

1* Sample
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Fig. (4.5): Plot of In concentration of doxycycline HCI vs time for

2" Sample

According to the above results, the optimum time for adsorption was
after 24 hours of adsorption, both oxytetracycline & doxycycline
adsorptions followed first order kinetic, R values (correlation coefficient)
of both samples 1 & 2 for oxytetracycline & doxycycline readings were

close to 1.
4.4 Adsorption Isotherms

The equilibrium adsorption data could be described by the

Freundlich adsorption equation (4.1):
x/m =k (Co)"" (4.1)

The Freundlich equation constants "k" & "n" could be obtained form

the empirical Freundlich adsorption equation (4.1):

Where:
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x/m: amount adsorbed (mol/g soil)

x: mol of compound adsorbed

m: weight of soil (g)

Ce: equibrium concentration (mol/L)

k & n: Freundlich adsorption constants.

The Freundlich constant "k" is related to the extent of adsorption and
has been used to correlate adsorption data to various parameters associated
with adsorbent, in this case soils, and to various physical parameters e.g.

solubility of the adsorbed compound.

The isotherm equilibrium results are shown in tables (4.6) (4.7),
figures (4.6) & (4.7), as the amount adsorbed against the equilibrium
concentrations after 24 hours of adsorption. Readings were recorded until
36 hours, no changes in concentrations were observed after 24 hours for all
samples. All concentrations were converted into mol/L.

Table (4.5): Equilibrium concentrations (C. ) & amount of
oxytetracycline HCI adsorbed per gm of soil (x/m)

x/m Ce
mol/gm of soil) (mol/L)

9.54X10™

1.34 X102

1.31X10°

1.50 X102

2.13 X107

1.55 X107

2.95 X107

1.60 X10~

3.71 X107

1.71 X10~

4.46 X107

1.92 X10~
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Table (4.6): Equilibrium concentrations (C. ) & amount of doxycycline
HCIl adsorbed per gm of soil (x/m)

x/m C.
(mol/gm of soil) (mol/L)
7.24 X10™ 5.63 X107
1.51 X107 7.35 X107

2.34 X107 8.89 X107
3.16 X107 1.02 X10™
3.89 X107 1.23 X10~
478 X107 1.42 X107

5
4.5
4 y = 0.8415x0-8971 g
R*=0.969
3.5 e

2 s

x/m
N
(6]

R’ V.o V.00 Y. RA Ve
Ce mol/L
Fig. (4.6): Plot of C, vs x/m for oxytetracycline HCI]

6
5

y=0.7283x1051
a R?2=0.9998

x/m

/

eny LYYe L ASA Voo ¥ VoYY IRt

1 ./'

Cemol /L
Fig. (4.7): Plot of C, vs x/m for doxycycline HCI
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Freundlich isotherm constants (k & n) for oxytetracycline HCl &
doxycycline HCl & the correlation coefficient "R" were obtained from
Figures 4.6 & 4.7 and listed in table 4.8.

Table (4.7): Freundlich isotherm constants (k & n) & the correlation
coefficient R for oxytetracycline HCl & doxycycline HCI

Substance

Oxytetracycline HCI1
Doxycycline HCI

However, in many environmental applications, the linear form of the
Freundlich isotherm applies. For the linear adsorption isotherm when 1/n =
1. From table 4.8, n values for both oxytetracycline HCl & doxycycline

HCI1 were found to be close to 1.

4.5 The Effect of Organic Matter

Organic matter influences physical & chemical properties of soil
often to critical extent. Organic matter is essential to coarse-grained

materials for providing nitrogen and higher cation exchange capacities [’*.

Tables 4.9 & 4.10, shows that the organic matter content in the soil used in
this study ranges between 3.02% - 5.93%, which is considered a moderate
organic matter-soil, it also shows the influence of soil organic matter
content on adsorption of oxytetracycline HCl & doxycycline HCI in blank,
OTC1, OTC2, OTC 3, DOX1, DOX2 & DOX3, which was an evident for

all results.
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Comparison of soil depth & the content of organic matter with
concentrations of both tetracyclines measured were plotted in figures 4.10 -

4.16.

All concentrations were plotted in the form of mol/Lt; they were
calculated from the standard curves of oxytetracycline HCI & doxycycline

HCI standard solutions, figures 4.8 & 4.9.

2

\

\

Absoebance
[=Y
(9]

4

Concentrationin mg /ml

Fig. (4.8): Standard calibration curve for oxytetracycline HCI1

3.5

2.5 /
1.5 /

Absorbance
N

e ] et N Y

Concentrationin mg /ml

Fig. (4.9): Standard calibration curve for doxycycline HCI
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Table (4.8): Represents concentrations of oxytetracycline HCI in
different soil depths compared with organic matter content

Soil
Column

oTC1
(3.75 gm/Lt)

OTC 2
(7.5 gm/Lt)

OTC3
(15 gm/L¢t)

Concentration of
oxytetracycline
found in mol /Lt

Organic
matter

7.87 X 107

4.41 X107

0.01 X 10
0.201 X 102

10.08 X 10

0-20cm

0.01 X102
5.201 X 107

20—-60 cm

17.08 X 10

60 —-100 cm

0.02X 107

Table (4.9): Represents concentrations of doxycycline HCI in different
soil depths compared with organic matter content

Soil
Column

DOX 1

(0.75 gm/L¢)

DOX 2
(7.5 gm/Lt)

DOX 3
(15 gm/Lt)

Concentration of
doxycycline HCI
found in mol /Lt

Organic
matter

23.93X 107

5.50%

3.36 X 107

5.102%

0.02X 107
8.890 X 10~

4.445%
4.94%

154X 10°

5.348%

0-20cm

14.41 X 107
9.91 X 107

5.256%

20—-60 cm

17.1 X 10

60 —-100 cm

15.22 X 10
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Fig. (4.10): Organic matter content in blank soil column, no traces for any of
tetracyclines detected
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Fig. (4.11): Organic matter content in OTC 1 column & concentrations measured
for oxytetracycline HCI
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Fig. (4.12): Organic matter content in OTC 2 column & concentrations measured
for oxytetracycline HCI
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Fig. (4.13): Organic matter content in OTC 3 soil column & concentrations
measured for oxytetracycline HCI1
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Fig. (4.14): Organic matter content in DOX 1 soil column & concentrations
measured for doxycycline HCI
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Fig. (4.15): Organic matter content in DOX 2 column & concentrations measured
for doxycycline HCI
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Fig. (4.16): Organic matter content in DOX 3 column & concentrations measured
for doxycycline HCI

From the results of this part of research the role of organic matter
content was noticeable; both pharmaceuticals were distributed along the
columns. In OTC1 & DOX1 soil columns highest concentrations were
obtained in area 0-20 cm were high percentage of organic matter was
found. In addition chelating to surface metals can be another factor for the
presence of large amounts of tetracyclines on surface, this was proven in

73,74
researches >4,

In OTC2 & OTC3 soil columns higher concentrations were found in
area 0-20 & 40-60 cm, organic matter content was increased by the
presence of drug matrix which contributed in adsorption to soil. Little
amount of oxytetracycline was found in area 40-60 in the previous three

columns, which was an indication of oxytetracycline low mobility in soil

[75]

In DOX2 & DOX3 soil columns, doxycycline concentrations were
distributed all over the columns, especially in areas from 40-60 cm & 60-

100 cm, indicating a higher mobility of doxycycline than oxytetracycline in
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soil. On the other hand, doxycycline HCI has higher solubility in water
(50mg/ml) than oxytetracycline HCI (50mg/50ml), so it was expected that

doxycycline HCI has higher mobility through soil than oxytetracycline.

Organic matter may be an important sorbent phase in soils and
sediments for pharmaceutical compounds that can complex metals by the
formation of ternary complexes between organic matter ligand groups and
pharmaceutical ligand groups "°. Several investigations had shown that
there i1s a major adsorption of tetracyclines by reference soil components,
such as clays (Kulshestra et al. 2004) and hydrous oxides of soil (Figueroa

and Mackay 2005; Gu and Karthikeyan 2005) ",
4.6 Effect of MgCl,.7H,0O addition to soil

As known light, temperature, moisture & duration of storage

[77] In this part of research the effect

influence the stability of tetracyclines
of magnesium chloride hepta-hydrate (MgCl,.7H,0) addition on polluted
soil was studied. Magnesium ions form complexes with oxytetracycline &
doxycycline in the ratio of 1:1 complexes. Absorbance readings were
measured at room temperature (recorded 22°C) versus time. All readings

were transformed into molar concentrations & were recorded in tables 4.9

& 4.10, and plotted against time in figures 4.17 — 4.18.

In many researches the effect of ionic strength on tetracycline

adsorptions was studied, in order to determine the bioavailability of

[78, 79]

tetracyclines , or stability of complexes formed. Adsorption of



59

tetracyclines and metals on soil minerals strongly affects their mobility.
According to another research the effect of copper II with tetracyclines
adsorption on soil was studied, it was found that increasing adsorption of
TC (tetracyclines) and Cu(Il) on montmorillonite as they coexist in the
normal pH environment may thus reduce their mobility’*”. Another one
suggested that calcium salts promoted oxytetracycline sorption at alkaline

pHs likely by a surface-bridging mechanism *"

. Magnesium was chosen
in this research as chelating metal, it forms complexes with tetracyclines.
Magnesium concentrations in soil are measured in ppm or ppb, but its
concentration may be increased due to other factors. In some countries
magnesium is used as deicer, in this way large quantities of MgCl, is used
to de-ice roads. In addition magnesium chloride is also used in
pharmaceutical industry for its chelating ability & its low health risk, as
other contaminants it can reach the soil & affect its natural characteristics.
For the above mentioned reasons, magnesium chloride was chosen as an

example of chelating metal that forms complexes with tetracyclines.

Table (4.10): Concentrations of oxytetracycline-Mg complex measured
at 353 nm at room temperature

Concentration
(mol/L)
2.70 X 10
270X 10
2.70 X 10
2.70 X 10
270X 10
1.31X 10"
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Table (4.11): Concentrations of doxycycline-Mg complex measured at
270 nm at room temperature

Concentration
(mol/L)
1.35X 107
0.51 X 10
0.27 X 10
0.183 X 10
0.113 X 10
0.161 X 10

0.3
e | ® * * . «

o2 AN
0.15 \

0.1

concentranion mol/L

0.05

Y¢ ¢A \Al RN YEA

Time (hours)

Fig. (4.17): Plot of concentration of oxytetracycline-Mg complex measured at 353
nm at room temperature

0.016

0.014 \
0.012
0.01 \

0.008 \

0.006 \

oo ~e—
0.002 ——

Yé £A VY \R RS YEA
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Fig. (4.18): Plot of concentration of doxycycline-Mg complex measured at 270 nm
at room temperature
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From the results of the previous experiment in section 4.6, the rate of
hydrolysis & degradation of doxycycline complex was higher compared to
that of oxytetracycline complex during the same period of time.
Oxytetracycline showed a tendency to form complexes in which fewer
protons are bound than in those with doxycycline. This equilibrium
difference between oxytetracycline and doxycycline might be because

doxycycline has a better pharmacodynamic effect relative to that of OTC

(82]

4.7 Polluted Water Analysis

The leachate water that flowed from each soil column was kept in
well closed HDPE containers, & stored in refrigerator (at 7°C), all were
analyzed by UV-Vis spectrophotometer, absorbance readings were
recorded, then transformed into concentrations (mol/L) using standard
calibration curves, then all were plotted against time. Figures from 4.19 -
4.24 shows a plot of In [A], where A is the concentration of tetracycline
(mol/L) for every absorbance reading from each column measured at
different times, straight lines were obtained for both oxytetracycline HCl &
doxycycline HCIl, which was the indication of first order hydrolysis

reaction.

Tables 4.13 - 4.18 shows the concentration [A] measured in (mol/L)

versus time in hours.

In general, hydrolysis rates of tetracyclines increased as pH and

temperature, but in this part of experiment pH & temperature were fixed.
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Table (4.12): Measured concentrations of polluted water flowed from
OTC1 versus time

Time (hours) [A] mol/L
7.93X 107

784X 107
745X 107
6.64X107

6.23 X107
583X 107

543X 107
442X 107
422X10°
402X 10"
201X107
1.06 X 10~
0.8X 10"

Time (hours)

Y 1 Ak A \Al a1 'Y Vé¢ AT A o o SRS 4 vy

In[A]

P
* o

-6 \\
=-0.1862x-4.3362

2 : * o

-8

Fig. (4.19): In[A] versus time for polluted water flowed from OTC1
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Table (4.13): Measured concentrations of polluted water flowed from
OTC2 versus time

Time (hours) [A] mol/L
0 4.40 X 10~

3 420X 107
6 402X 107
24 2.81 X107
48 2.01 X 107
72 1.97 X 107
96 1.95X 107
1.89 X 10
1.87 X 107
1.84 X 107
1.79 X 107
1.79 X 107
1.72 X 107

Time (hours)

3 6 24 48 72 96 120 144 168 336 504 672

In[A]

¢ _o o

_ ——
° ® ¢ & 9o o o o

-7

Fig. (4.20): In[A] versus time for polluted water flowed from OTC2
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Table (4.14): Measured concentrations of polluted water flowed from
OTC3 versus time

Time (hours) [A] mol/L
0 1.48 X 10~

3 1.44X 107
6 120X 107
24 1.13X 107
48 1.01 X 10°
72 0.79 X 10
96 0.62 X 107
0.52 X 107
0.33 X 107
0.21 X 107
0.15X 107
0.09 X 107
0.04 X 107

Time (hours)

In[A]

-8
R2=0.9131
-10 ’—
-12

Fig. (4.21): In[A] versus time for polluted water flowed from OTC3
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Table (4.15): Measured concentrations of polluted water flowed from
DOXT1 versus time

Time (hours) [A] mol/L
0 4.05X 10~

3 3.97 X 107

6 3.65 X 107
24 3.53 X 107
48 3.50 X 107
72 3.46 X 107
96 3.26 X 107
3.01 X 107
2.88 X 107
2.61 X 107
2.52 X 107
2.4X 107
2.38X10°
Time (hours)
-2.8
29 00— 33— 624 46— 72 96 120 144 168 336 504 672
-3
-3.1
— 32 —01«1\
Z 33 D o o
3.4 \_\!
-3.5 {\’\
-3.6 > \‘\
37 e
-3.8

Fig. (4.22): In[A] versus time for polluted water flowed from DOX1
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Table (4.16): Measured concentrations of polluted water flowed from
DOX?2 versus time

Time (hours) [A] mol/L
0 0.1438

3 0.1432
0.1331
0.1212
0.1114
0.0962
0.0919
0.0914
0.0881
0.0875
0.0825
0.0801
0.0793

Time (hours)

] 3 6 24 48 72 96 120 144 168 336 504 672
-0.5

-1.5

i D

2.5 "\O_H‘O\Q\

In [A]

-3

Fig. (4.23): In[A] versus time for polluted water flowed from DOX2
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Table (4.17): Measured concentrations of polluted water flowed from
DOXA3 versus time

Time (hours) [A] mol/L
0 0.239

3 0.238
0.230
0.221
0.209
0.196
0.172
0.165
0.143
0.136
0.133
0.129
0.124

Time (hours)

] 3 6 24 48 72 96 120 144 168 336 504 672

In [A]

S

-2.5

Fig. (4.24): In[A] versus time for polluted water flowed from DOX3

As prescribed in the above tables, the concentration measured of
oxytetracycline in polluted water was in OTC1 was the highest among the
three OTC columns, which was another evidence for the role of organic

matter in increasing adsorption onto soil.
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On the other hand, doxycycline concentrations in polluted water
were found to be highest in DOX3, in spite of the presence of organic
matter, but the effect of hydrophilicity of doxycycline & its high mobility
were dominant over the organic matter effect, which was an indication that
doxycycline can reach under ground water more easily than
oxytetracycline. Although oxytetracycline has low mobility in soil but it
can be found in surface & under ground water ™!, And the presence of
oxytetracycline in higher concentrations in soil layers is probable to be due

to organic matter effect & chelation with metal ions.

Hydrolysis of oxytetracycline HCl & doxycycline HCI in polluted
water followed first order kinetic as prescribed in the plotted graphs

straight lines were obtained after plotting In[A] vs time.

In other researches, kinetics of tetracyclines degradation follow first

order rates ¥ and known degradation products were used to confirm that

degradation had occurred in polluted under ground water *1,
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Conclusions & Recommendations

Conclusions

Pharmaceuticals have been found in soil & underground water in
many countries, but little is known about the occurrence and the fate of
them in the environment. Investigation of adsorption characteristics of
antibiotics in soils is of great importance environmentally, because such a
process 1s associated with the ecotoxicity, degradation, transportation, and

bioaccumulation of antibiotics in the soil environment.

Tetracyclines enter the environment in significant concentrations via
repeated fertilizations with liquid manure or via treated animal drinking
water, build up persistent residues, and accumulate in soil. Therefore,
tetracyclines may have a potential risk and investigations on the

environmental effects of these antibiotics are necessary.

The adsorption of tetracycline antibiotics can occur via physical
mechanisms such as hydrogen bonding, Vander Waals forces, and/or
chemical mechanisms including cationic exchanges, protonation,
electrostatic interactions, coordination, and complexation. Furthermore,
the adsorption of tetracycline can be characterized by 2 processes of
different kinetics: a fast initial adsorption to outer surfaces, followed by a
slow penetration by slow diffusion into interlayers between clay minerals

and micropores.

The adsorption isotherm curves have the C-type isotherm according

"n.n

to Giles classification & fit to Freundlich isotherms. The values of "n" in
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Freundlich equation were close to "one", indicating good adsorption for

both pharmaceuticals.

Freundlich constant "k", in the Freundlich equation indicates the
tendency of a particular compound to be adsorbed on soil particles, the

greater the Freundlich constant "k" the greater the adsorption.

The physical properties such as solubility of the adsorbate has been
found to affect Freundlich constant & thus adsorption tendency, as the

degree of solubility increases Freundlich constant decreases.

The less soluble oxytetracycline HCI has been found to be more

adsorptive than doxycycline HCI & thus has higher k value.

pH values of the leachate water before pollution were almost neutral,
but after pollution process was done all water samples collected indicated a
slightly acidic media, that contributed in better adsorption of tetracyclines

on soil.

This laboratory experiment studied several factors affected the
adsorption of tetracyclines on soil, the effect of organic matter was found to

contribute of tetracycline adsorption.

Oxytetracycline HCl was more affected by the presence of organic
matter than doxycycline HCI, this is due to high solubility & high mobility
of doxycycline with water. Hydrophobicity & hydrophilicity of organic
compounds can be considered another factor of controlling mobility inside
soil layers & contributing in pharmaceutical pollution of under ground

water.
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Effect of complex formation may help in sustaining pharmaceutical
residues inside soil matrix; this can affect the soil texture, pH & bacterial
activity. Since complexation may reduce the bacterial activity of

tetracyclines to some extent.

Oxytetracycline HCl has been found to be more affected by the
presence of Mg”" jons in soil forming more stable complexes, than

doxycycline HCI.

Tetracyclines can reach to under ground water or surface water
through several mechanisms, which may lead to bacterial resistance genes
& pharmaceutical residues; Tetracyclines can form toxic residues after
degradation & hydrolysis in water, as shown in this experiment the
concentrations of both pharmaceuticals decreased with time due to
degradation. Degradation followed first order rate for both tetracyclines,

afterwards these degrades can be transferred to humans & wildlife.
Recommendations

To restrict pharmaceutical pollution, it is recommended to:
1-Use microbs in manure can minimize pharmaceutical pollution.

Waste from treated animals should be stored in a warm moist place
for long as possible before spreading it into fields. This gives the beneficial
soil microbes an opportunity to act on an antibiotic, before it has the chance

to leach into soils & waterways.
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2-Establishing Take Back Programs

Pharmacies & health communities accept unwanted & expired

pharmaceuticals. These programs are now applied in Europe.

3-Green Pharmacy or getting back to Mother Nature

Using herbal medications can minimize pharmaceutical pollution, if

they end up to soil or water systems, causing exposure to organisms that

have been adapted to these products naturally.

4-More researches in this regard should be carried out:

Further investigation into the fate of tetracyclines in the environment

(e.g. degradation rates, local and global distribution, bioavailability).

Further improvement and validation of the employed methods for the

analysis of tetracyclines in soil, water and liquid manure.

Development of methods or techniques to accelerate the degradation of

tetracyclines in slurry.

Development of analytical methods for other frequently used veterinary

drugs including their metabolites (e.g. sulfonamides).

Development of suitable ecotoxicological test methods, especially for

antibiotics (acute effects / antibiotic resistance).

Relevant case studies with realistic concentration range to perform

environmental risk assessment.



73

References

1- Hiroshi Yamamoto, Yudai Nakamura & others, Persistence and
partitioning of eight selected pharmaceuticals in the aquatic
environment: Laboratory photolysis, biodegradation, and sorption
experiments. University of Tokushima, Faculty of Integrated Arts and

Sciences, Tokushima 770-8502, Japan.

2- Matthew Kotchen, James Kallaos a, Kaleena Wheeler a, Crispin Wong
a, Margaret Zahller, Pharmaceuticals in wastewater: Behavior,
preferences, and willingness to pay for a disposal program. Journal

of Environmental Management 90 (2009) 1476—1482.

3- http://www.drugbank.ca/drugs/DB00595

4- http://en.wikipedia.org/wiki/Oxytetracycline

5- http://www.bnf.org, British National Formulary 45, March 2003,
published by the Royal Pharmaceutical Society of Great Britain and the
BMJ Group.

6- http://www.pharmafocus.com

7- Xianghua Wen, Yannan Jia, Jiaxi Li, Degradation of tetracycline and
oxytetracycline by crude lignin peroxidase prepared from
Phanerochaete chrysosporium — A white rot fungus. Department of
Environmental Science and Engineering, Tsinghua University, Beijing

100084, PR China.



74

8- http://www.online pharmacy, for prescription drugs
9- http://www .Drugstore.com
10- http://www.pharmacytimes.com

11- Engineering department, Prescription Drug Pollution May Harm

Humans, Aquatic Life, Johns Hopkins University.

12- Bethany Halford, Pharmaceuticals have been finding their way into
our environment for a long time, but just what are they doing
there, C & EN chemical engineering news, February 25, 2008
,Volume 86, Number 08, pp. 13-17.

13- International Union of Pure and Applied Chemistry. "Tetracyclines"

Compendium of Chemical Terminology. Internet edition.
14- http://en.wikipedia.org.
15-http://www.druglib.com, drug information portal.

16- Dana G.Allen, Jhon K. Pringle, Dale A. Smith with Kirby Pasloske

'""Hand book of veterinary drugs", 2" edition.

17- Olson MW, Ruzin A, Feyfant E, Rush TS, O'Connell J, Bradford PA
(June 2006). Functional, biophysical, and structural bases for
antibacterial activity of tigecycline. Antimicrobial agents and
chemotherapy 50 (6): 2156-66. doi:10.1128/AAC.01499-05. PMID
16723578



75

18- Sweet RL, Schachter J, Landers DV, Ohm-Smith M, Robbie MO
(1988). Treatment of hospitalized patients with acute pelvic
inflammatory disease: comparison of cefotetan plus doxycycline
and doxycycline. Am. J. Obstet. Gynecol. 158 (3 Pt 2): 736-41. PMID
3162653.

19- Gjennaess H, Holten E (1978). Doxycycline (Vibramycin) in pelvic
inflammatory disease. Acta Obstet Gynecol Scand 57 (2): 137-9.
PMID 345730.

20- D.R. Laurence, P.N. Bennett, M.J. Brown, Clinical Pharmacology, g™
edition, page 207-208.

21-http://www.cbwinfo.com/Pharmaceuticals/Doxycycline.html
22-http://www.medicinenet.com/doxycycline/article.htm

23-Nadelman RB, Luger SW, Frank E, Wisniewski M, Collins JJ, Wormser
GP (1992). Comparison of cefuroxime axetil and doxycycline in the

treatment of early Lyme disease. Ann. Intern. Med. 117 (4): 273-80.

24- Nadelman RB, Nowakowski J, Fish D, et al. (2001). Prophylaxis with
single-dose doxycycline for the prevention of Lyme disease after an
Ixodes scapularis tick bite. N. Engl. J. Med. 345 (2): 79-84.

http://content.nejm.org/cgi/content/full/345/2/79.

25- Karlsson M, Hammers-Berggren S, Lindquist L, Stiernstedt G,

Svenungsson B (1994). Comparison of intravenous penicillin G and



76

oral doxycycline for treatment of Lyme neuroborreliosis. Neurology

44 (7): 1203-7.

26- Weinstein RS (1996). Human ehrlichiosis. Am Fam Physician 54 (6):

1971-6.

27- Karlsson U, Bjoersdorff A, Massung RF, Christensson B (2001).
Human granulocytic ehrlichiosis--a clinical case in Scandinavia.

Scand. J. Infect. Dis. 33 (1): 73-4.

28-Andreas Bocker (FH Neubrandenburg und Universitdt GieBBen), The use
of antibiotics in animal husbandry, public health, and the
precautionary principle. www.uni-hohenheim.de/i410b/download

/gewisola/papers/boecker.pdf

29-CDUFA (1999): The Use of Drugs in Food Animals — Benefits and
Risks. Committee on Drug Use in Food Animals, Panel on Animal
Health, Food Safety, and Public Health, National Research Council.
Washington, D.C.:  National = Academy  Press. www.uni-

hohenheim.de/i410b/download/gewisola/papers/boecker.pdf

30- BOLDUAN, G. (1998): Fiitterung der Absetzferkel ohne
Leistungsforderer? LAF-Informationen, 6 (1), p. 73-80. www.uni-

hohenheim.de/i410b/download/gewisola/papers/boecker.pdf

31- FEFANA (2000): Antibiotics and Digestive Enhancers. European
Federation of the Animal Feed Additive Manufacturers, January

Ist, 2000. (http://www.fefana.be/index.html)



77

32-JAMROZ, D., SKORUPINSKA, J., ORDA, J., WILICZKIEWICZ, A.
(1998): Einfluss von antibiotischen Leistungsforderern auf die
Eiproduktion und -qualitat, wie auch auf die N- und P-Verwertung
bei Legehennen (Impact of antibiotic growth promoters on egg

production and quality, as well as on N- and P-emissions of laying

chicken). Archiv fiir Gefliigelkunde, 62 (5), pp. 200-208.

33- WHO (1997): Antibiotic Use in Food-Producing Animals Must Be
curtailed to Prevent Increased Resistance in Humans. Press Release

WHO/73, October 20th, 1997.

34-WHO (1998): Antimicrobial Resistance. Fact Sheet No 194, May
1998.

35-http://www.sixwise.com, Pharmaceutical Pollution: What it is, and
How Pharmaceutical Pollution Threatens Your Health. Newsletters,

February 2006 , 16.

36-http://www.purewatergazette.net/pharmaceuticalsinwater.htm,  report

from Water Technology Magazine, 3/13/2002.

37-Gerd Hamscher, Silke Sczesny, Heinrich Hoper, and Heinz Nau,
Determination of Persistent Tetracycline Residues in Soil Fertilized
with  Liquid Manure by  High-Performance  Liquid
Chromatography with Electrospray Ionization Tandem Mass

Spectrometry. Anal. Chem., 2002, 74 (7), pp 1509-1518.



78

38-Ajit K. Sarmah, Michael T. Meyer and Alistair B.A. A global
perspective on the use, sales, exposure pathways, occurrence, fate
and effects of veterinary antibiotics (VAs) in the environment.

Chemosphere Volume 65, Issue 5, October 2006, Pages 725-759.

39-Paul Kay, Paul A. Blackwell and Alistair B.A. Column studies to
investigate the fate of veterinary antibiotics in clay soils following
slurry application to agricultural land. Chemosphere. 2005

Jul;60(4):497-507. Epub 2005 Feb 23.

40- Jutta R. V. Pils, and David A. Laird, Sorption of Tetracycline and
Chlortetracycline on K- and Ca-Saturated Soil Clays, Humic
Substances, and Clay—Humic Complexes. Environ. Sci. Technol.,

2007, 41 (6), pp 1928-1933.

41-Bao Yanyu, Zhou Qixing, Wang Yingying. Adsorption characteristics
of tetracycline by two soils: assessing role of soil organic matter,

Australian Journal of Soil Research, May, 2009.

42- M. Granadosl, M. Encabol, R.Compaiiél and M. D. Prat,
Determination of Tetracyclines in Water Samples Using Liquid
Chromatography with Fluorimetric Detection, Chromatographia,

vol. 61, 471-477, may 2005.

43-HAMSCHER Gerd,; THERESIA PAWELZICK Heike;
HOPER Heinrich; NAU Heinz; Different behavior of tetracyclines

and sulfonamides in sandy soils after repeated fertilization with



79

liquid manure, Environmental toxicology and chemistry,

2005, vol. 24, pp. 861 - 868.

44- Roderick I. Mackie ab; Satoshi Koike a; Ivan Krapac c; Joanne Chee-
Sanford d; Scott Maxwell e; Rustam 1. Aminov , Tetracycline
Residues and Tetracycline Resistance Genes in Groundwater

Impacted by Swine Production Facilities, Animal Biotechnology,

Volume 17, Issue 2 November 2006 , pages 157 — 176.

45- Maura Meade. Microbes: What They Do & How Antibiotics Change

Them. An Action Bioscience.org , original article, January 2007.

46- Mary Desaulniers, End Times Prophecy and Infectious Diseases
Pharmaceutical Waste, Superbugs and Body Ecology. Sep 11, 2009.

www.suite101.com.

47- United Nations System —Wide Earthwatch. Antibiotic resistance from
environmental pollution. http://earthwatch.unep.net/

emergingissues/health/antibioticresistance.php

48- Andreas Bocker, The use of antibiotics in animal husbandry, public
health, and the precautionary principle and (Antibiotikaeinsatz in
der Tierhaltung: Verbraucherschutz, 6ffentliche Gesundheit und
das  Vorsorgeprinzip). https://www.uni-hohenheim.de/i410b

/download /gewisola/papers/boecker.pdf

49- Nwosu. V.C. Antibiotic resistance with particular reference to soil

microorganism. Res. Microbial, 152 (2001).



80

50- Ruthven D. M. (1984). Principles of adsorption and adsorption

processes. Jhon Wiley & sons. New York.

51- Weber, Jr. W. J. (1972). Physiochemical processes for water quality

control. Wiley-Interscience, New York.

52- Coulson, J. M. & Richardson, J. F. (1971). Chemical engineering V.3,

Pergamon Press Ltd., Headington Hill Hall. Oxford.

53- Aly, O. M. & Faust, S. D. (1964). Studies on the fate of 2,4-D & ester
derivatives in natural surface water. J. Agric. Food Chem., 12 (6),

541-6.

54- Giles, C. H. et al. (1960). Studies in adsorption part XI. A system of
classification of solution adsorption isotherm, J. of chem.. Sci.,

3973-92.

55- Giles C. H. & Smith, D. A. (1974). General treatment and
classification of the solute adsorption isotherm, J. Coll. Inter. Sci.,

47,755.

56- Young D. M., & Crowel, A. D. (1962). Physical adsorption of gases.

Butterwoeths, London.

57- Rubin, A. J. & Mercer, D. L. (1984). Principles of free and complex
metals from solution by activated carbon. In adsorption of
inorganics at solid liquid interfaces, (Eds. M. A. Anderson & A. J.

Rubin), Ann Arbor Science Pub. Inc. Michigan.



81

58- Freundlich, H. (1926). Colloid and capillary chemistry. Methunen

and Co., London.

59- Helby, W. A. (1952). Adsorption isotherm studies, chem.. Eng., 59,
153-158.

60- Pandy, M. P. (1987). Investigation of the use of coal for removal of

mercury from water, Unpublished Ph. D. Thesis, Kanpur L.I.T, India.

61- Bouyoucos G.J. 1962. Hydrometer method improved for making

particle size analysis of soils. Agron. J.54: 464.

62- Willey, Laboratory Manual for the Examination of Water, Waste
Water and Soil, 3rd Completely Revised Edition, 1999.

63- Buurman P., B. Van Langer and E.J. Velthrost, 1996. Manual for soil

and water analysis. Backhuys Publishers, Leiden, The Netherlands.

64-Dhyan Singh, P.K.Chhonkar, R.N. Pandey, 1999. Soil, plant & water
analysis — A method manual. IARI, New Delhi.

65- USSL. 1954. Diagnostic and improvement of saline and alkali soils.

USDA Handbook 60.

66-Walkely A.J. and I.A. Black. 1934. Estimation of soil organic carbon

by the chromic acid titration method. Soil sci. 37:29-38.

67- Jackson, M.L. 1962. Soil chemical analysis. Prentice Hall of India Pvt.
Ltd. New Delhi.



82

68-Mahmoud Ali Haitali, M.Sc thesis, An-Najah university (Sorption
characteristics of nonionic surfactant triton X-100 in soil

contaminated with diesel) 2009.

69- United States Pharmacopeia, USP 2007.

70-  http://www.boedeker.com/polye p.htm. Boedeker Plastics, Inc.

Polyethylene Specifications Texas / USA.

71- Pankaj Kulshrestha, Rossman F. Giese, Jr. and Diana S. Aga,
Investigating the Molecular Interactions of Oxytetracycline in Clay
and Organic Matter: Insights on Factors Affecting Its Mobility in
Soil. Environ. Sci. Technol., 2004, 38 (15), pp 4097—-4105.

72- Philip B. Durgin. Organic matter content of soil after logging of Fir
& redwood forests. Research Note PSW-346. United States

Department of Agriculture, (October 1980) Berkeley California.

73- Jutta R. V. Pils and David A. Laird, Sorption of Tetracycline and
Chlortetracycline on K- and Ca-Saturated Soil Clays, Humic
Substances, and Clay—Humic Complexes. Environ. Sci. Technol.,

2007, 41 (6), pp 1928-1933.

74-Cheng Gu, K. G. Karthikeyan. Interaction of Tetracycline with
Aluminum and Iron Hydrous Oxides, Environ. Sci. Technol., 2005,

39 (8), pp 2660-2667.

75- Diana S. Aga, Seamus O'Connor, Steve Ensley, José O. Payero, Daniel

Snow, and David Tarkalson. Determination of the Persistence of



83

Tetracycline Antibiotics and Their Degradates in Manure-
Amended Soil Using Enzyme-Linked Immunosorbent Assay and
Liquid Chromatography—Mass Spectrometry, J. Agric. Food
Chem., 2005, 53 (18), pp 7165-7171.

76- Allison A. MacKay and Brian Canterbury. Oxytetracycline Sorption
to Organic Matter by Metal-Bridging. Environmental Engineering
Program, Univ. of Connecticut, J Environ Qual 34, pages: 1964-1971
(2005).

77-G. D. Ovcharova and A. P. Arzamastsev. Stability of tetracycline
hydrochloride. Pharmaceutical chemistry journal, volume 14, no. 7,

July 1980.

78- Luc Lambs, Brigitte Decock-Le Reverend, Henryk Kozlowski,
Guy Berthon. Metal ion-tetracycline interactions in biological fluids.
9. Circular dichroism spectra of calcium and magnesium
complexes with tetracycline, oxytetracycline, doxycycline, and
chlortetracycline and discussion of their binding modes. Inorg.

Chem., 1988, 27 (17), pp 3001-3012.

79- Bjern T. Lunestad, Jostein Goksayr. Reduction in the antibacterial

effect of oxytetracycline in sea water by complex formation with
magnesium and calcium. DISEASES OF AQUATIC ORGANISMS,
volume 9, pp 67-72. 1990.

80- Yu-Jun Wang, De-An Jia, Rui-Juan Sun, Hao-Wen Zhu and Dong-

Mei Zhou, Adsorption and Cosorption of Tetracycline and



84

Copper(I) on Montmorillonite as Affected by Solution pH.
Environ. Sci. Technol., 2008, 42 (9), pp 3254-3259.

81- Raquel A. Figueroa, Allison Leonard, and Allison A. MacKay,
Modeling Tetracycline Antibiotic Sorption to Clays. Environ. Sci.

Technol., 2004, 38 (2), pp 476—483.

82- Marta Novak-Pékli, Mansour El-Hadi Mesbah and Gabor Peth,
Equilibrium studies on tetracycline-metal ion systems. Journal of
Pharmaceutical and Biomedical Analysis, volume 14, Issues 8-10, June

1996, Pages 1025-1029.

83-Michele E. Lindsey, Michael Meyer, and E. M. Thurman. Analysis of
Trace Levels of Sulfonamide and Tetracycline Antimicrobials in
Groundwater and Surface Water Using Solid-Phase Extraction
and Liquid Chromatography/Mass Spectrometry, Anal. Chem.,
2001, 73 (19), pp 4640-4646.

84- Richeng Xuan , Lestley Arisi , Qiquan Wang, Scott R. Yates , Keka C.
Biswas, Hydrolysis and photolysis of oxytetracycline in aqueous
solution. Journal of Environmental Science and Health, Part B,

Volume 45, Issue 1 January 2010, pages 73 — 81.

85- Keith A. Loftin, Craig D. Adams, Michael T. Meyer and Rao
Surampalli, Effects of Ionic Strength, Temperature, and pH on
Degradation of Selected Antibiotics. March 2008, Published in J

Environ Qual 37: pp378-386.



Ayl gl Lol Aaals
Ll b jall 408

OS99 9 (Sl 535 oS o) ale Jla
agh g2l olsall g 4y a0 A

e

L;.'MJ\QQ AAAA@AMLJ

il )

B Baad .3

Oa slaasl) B pdiualall 40 o Jguaad) clatlaial YiaSind da g b oda cuasd
Cosbaad — Gl A gl) el daaly 8 Llad) cilud ol 448
2010



(=)

A gal olall g A il B cplSilas i 939 ClSiled 35 S Aol JLa
e
BT JEVETY JVWRPN
) )
Baga Basd .

uadlal)

iy Lda 5y ola Ty 2 ) gl gl gl pladl e sl gl ey
Ayl g A gl slall e o 8l alaal Glldg ¢ ualall gl b Al cilud ) Cila Yl
) 58 05 3 — gl s ) gl g bl Y deang o il iad (A sal) oladll
O—e (e s L) 5 A jall sda 8.l e g gl e Gigoa 8 Ll g g pdlal)
U Lagd s iy ¢ Sl gy ISl il Uiale Las 5 3,000 claliaal
At a1 e ey sl Ay il Ay e delia el 8 o) s Apidasdil] (3 gul
ilee o s el Bl oy 5l A L Legd aaliaady) gl A 5
b Lepaliand o aaall diebis pspina)l &S50k 25a g il Gl (aliaasy!
S padi o 8 clpaailiad 5 Al slad) e Laa il A 0 GllXSy ¢ &Ll 4 1)
UV-Vis ) el e s all ghm il G5 84n 2830 bl al eVl
Ca 2 Ay saand) 30l B0l 5 ol iy a8 LA Al o328 & (Spectrophotometer
0SS o i LS el € sn sale o ST S 58 € Bl (abians) dlee
e S S e e UL ST S o gindd) gl e S S (S Sna
Oo Aadi il slaal) 8 il S salal el 38 5 asa s Al iy LS Lo spuiiall
Al ISl €50 B Gy Sl g ISl 5l B0l (g i jiall Gl e 4
e ookl € 5 8 Lalln Load @ yell LS el b

s Al b bl ile Jlad o) L legllat Canns e jiall slall 3 gl 5
olaall g 4y il 8 Legiliy jlad o LS 3 jlm (4580 a8 (5 5al o ge die iy (o adls e Ll
ails e AT B nrs Legd Bl (B 33 sa sal LS Aaglie (e 2 of 4l e R sal)

P A sal) olaall g Apaplall & i pallad o S5





