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Fate and Analysis of Pharmaceutical Residues in the

Aquatic Environment

Jolanta Debska, Agata Kot-Wasik, and Jacek Namie$nik
Department of Analytical Chemistry, Chemical Faculty, Gdarisk University of Technology,

Gdarnisk-Wrzeszcz, Poland

The presence of pharmaceuticals in different compartments of the environment is a new chal-
lenge not only for technologists of water and wastewater treatment but also for analytical
chemists involved in development of new analytical methods. Many drugs are not completely
degraded in the human body. They are often excreted after only slight transformation or in
unchanged form, mainly as polar molecules (clofibric acid, primidone). It has been proved in
many studies that substances of pharmaceutical origin are not eliminated in the process of wa-
ter treatment; their biodegradation in the environment is also difficult (1). Detailed chemical
analysis of water is necessary for the safe use of water resources. It is important to identify
all pollutants present in water and, hence, to fully evaluate water quality and predict effect on
humans. The continuous improvement of analytical techniques makes it possible to identify a
wider spectrum of components and improve detection limits. A brief review of input by different
sources, and fate and analysis of pharmaceuticals, parapharmaceuticals, and their metabolites

in environment is presented.

Keywords analysis, aquatic ecosystem, emission sources, fate, pharmaceutical residues

In the past several years, one of the primary tasks of en-
vironmental chemistry has been detection, determination, and
fate studies of pharmaceuticals in different compartments of
the environment, particularly in water ecosystems (2, 3). An
important role is played in this area by analytical chemists
who develop and introduce to analytical practice procedures
for determination of traces of a wide spectrum of compounds
in samples of complex matrices.

The presence of different drugs in the environment results
from manufacturing of medical formulations and the impact
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of the pharmaceutical industry on the environment (4); dis-
charge of large quantities of expired drugs (without treatment)
by households (small scale) as well as with hospital wastewater
and wastes (much larger scale); and excretion of residues of
drugs and their metabolites by animals and humans (5, 6).

Studies on metabolism and fate of pharmaceuticals in hu-
man and animal bodies have shown that a large fraction is
excreted with feces and urine, and therefore the drugs are
present in municipal wastewater (7—10). Compounds of the
group are biodegradation resistant and are not completely elim-
inated in the process of wastewater treatment (11-14). They
are present in the environment both in unchanged form and as
metabolites.

Application of large amounts of antibiotics, hormones, anal-
gesic and sedative drugs, and different disinfection preparations
as well as difficulty in their complete inactivation in water treat-
ment is a serious problem (15-18). The use of water polluted
with pharmaceutical residues and their metabolites disturbs bal-
ance in the body and enhances dangerous resistance to drugs;
developers of new antibiotics must combat this problem (19—
22). The first reviews published on this subject have dealt with
environmental and analytical problems related to pharmaceuti-
cal residues (23-28). Figure 1 presents presence and paths of
pharmaceutical residues in the environment.
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FIG. 1. Occurrence and dispersion of components of phar-
maceuticals and parapharmaceuticals (39-43).

Many different pharmaceuticals have been detected in drink-
ing water (29-31). Underground waters can also be polluted
with substances of pharmaceutical origin as a result of surface
water infiltration and leaching by waste sites. Substances of
pharmaceutical origin are monitored in water environments by
many research centers (23, 32-36). However, the most impor-
tant problem with monitoring is lack of appropriate analytical
procedures for quantitative determination of residues of active
pharmaceutical components and their metabolites (37, 38).

CLASSIFICATION OF MEDICINAL SUBSTANCES

Development of civilization has been accompanied by an in-
crease in the number of diseases that trouble mankind. This has
been a driving force for continuous improvement of available
drugs, and development and manufacturing of new pharmaceu-
tical formulations.

The description by Galen of Pergamon, a Roman doctor of
Greek origin (ca. 130-200 A.D.), of available drugs (as many as
several hundred) formed the basis of pharmacy. Nowadays the
number of drugs in a wide sense (i.e., all substances or formu-
lations applied by people for therapeutic, preventive, and diag-
nostic purposes) is enormous and difficult to precisely evaluate
for many reasons. The number is estimated to reach 200,000 on
a global scale; there are about 5,000—10,000 formulations on
the markets of particular countries.

The Polish pharmaceutical industry consists of 274 manu-
facturers, mostly small or very small producers. There are 10
large plants producing synthetic drugs and 10 plants producing
drugs of natural origin. Although this is only small fraction of
Polish industrial activity (with respect to the amount as well as
the value of products), it employs 25,000 workers and manu-
factures 2,500 products valued at U.S. $2.5 billion.

The large diversity of the medicinal substances used in
present-day pharmacology makes classification necessary. Ta-
ble 1 presents classification of drugs according to pharmaco-
logical activity and brief characteristics of particular classes
(45).

THE MOST POPULAR DRUGS

In Poland, many drugs can be purchased without a prescrip-
tion; this influences sales to a high degree. According to the
literature, each Pole buys 29 drugs a year on average (49). The
available data on the drugs most often sold in the Tricity, Poland
(common name for the three neighboring cities of Gdarsk,
Sopot, and Gdymia), drugstores are presented in Table 2. Those
most often applied are analgesics, antipyretics, and antibiotics.
They are used as remedies for different problems, in different
doses, and have different side effects. Some are multicomponent
formulations.

The seriousness of the problem of pharmaceutical overuse
by people in Poland and in other countries can be seen from
the intensive discussion about it in many periodicals. The data
show that in Europe the largest quantities of pharmaceuticals
are applied by the French; the Polish are second on the list.
To a high degree this can be related to availability of drugs. In
Germany, 35% of all drugs are purchased without prescription,
in Poland 31%; the situation is more strongly controlled in Spain
where 94% of drugs must be prescribed (49).

Figure 2 presents the purchase (as diagrams) of drugs by a
statistical inhabitant in selected countries. The Polish belong
to leading group in this respect. In Europe, only the French
buy more drugs than the Polish. Every third pharmaceutical
in Germany can be purchased without prescription; in Spain,
every nineteenth. The buying structure in Poland is closer to
the German model than to the Spanish one. The drugs avail-
able without prescription are not harmless. Applied regularly
in large doses, they can damage internal organs of the human
body. Analgesics with a plus sign (4) contain phenacetin, which
can damage mucosa and cause bleeding in alimentary track.
Applied for a long time in large doses, they can cause serious
kidney and liver damage. This can also lead to serious allergy,
cardiac failure, and respiratory problems.

Paracetamol is less harmful than tablets with a plus sign;
however, if used for a long time, it causes the same effects—first
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FIG. 2. The number of packages of pharmaceuticals bought
by a statistical inhabitant in selected countries.
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TABLE 1

Characteristics of the Main Classes of Drugs

No. Drug group Application Additional information
1. Drugs applied in diseases  Antitussive drugs, antiasthmatic drugs, Some available without prescription
of respiratory system expectorants. Used to help remove retained
secretion or foreign body from respiratory
track
2. Drugs used in diseases of ~ Drugs stimulating gastric secretion, drugs Often accessible without prescription
alimentary track applied in chronic peptic ulcer disease, (especially laxatives, antidiarrheal agents,
hepatopathy and cholepathy, also laxatives, and antiemetics)
antidiarrheal agents, antiemetics
3. Drugs producing effects Neurotransmitters, neurohormone, Often applied in hospitals
on nervous system psychetropic drugs, sedatives, hypnagogues,
antiepileptic drugs, analgesics, antipyretic
drugs, anti-inflammatory drugs, general
anesthetics (46)
4. Drugs producing effects Cardiac drugs, agents used in coronary heart —
on circulatory system disease, hypotensive blood agents,
and affecting blood vasodilators, drugs affecting blood
coagulability coagulability, blood substitutes
5. Diuretics Applied in chromic and acute renal failure, Often used in hypertension treatment,
hepatic cirrhosis, pulmonary edema poisoning, to cause forced diuresis
Diuretics of sulfonamide class, drug sparing
potassium, xanthic diuretics, osmotic
diuretics
6. Autocoids Histaminic receptor (H; and H;) blocking —
drugs, drugs belonging to agonists and
antagonists of serotoninergic receptors (47)
7. Drugs affecting peripheral Sympathomimetic and sympatholytic agents,  Also applied in chronic diseases (migraine,
nervous system parasympathomimetic and asthma) and in ophthalmology
parasympatholytic agents, drugs affecting
vegetative system ganglia, muscle relaxant,
local anesthetics
8. Hormones Substances regulating functions of internal Though availability of these drugs is
organs by stimulating and inhibiting controlled by physicians, the amount used
biochemical processes. Produced in the increases from year to year. In Great
body, major part is secreted by endocrine Britain, the state program is presently
glands directly to blood. In health care, also implemented; it is based on sale of
synthetic analogues of hormones are used. contraceptive tablets without prescription.
This group of compounds includes Similarly the Noruegian government
estrogens (e.g., ethinyl estradiol) and decided to distribute free contaceptive
gestagens (e.g., ethynodiol) which are basic tablets among school-age girls
oral contraceptives (48)
9. Vitamins Biologically active organic substances are The human body is not able to produce other

delivered to the body with food. Some can
be produced in the body directly from
precursors (provitamins). Some vitamins
are soluble in fat (e.g., A, D, E, K)

vitamins (, A, E, C, By, B, B¢, B2, folic
acid, pantothenic acid; these vitamins can
be supplied with food only or as
mineral-vitamin formulations

(Continued on next page)
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TABLE 1

Characteristics of the Main Classes of Drugs (Continued)

No. Drugs group Application Additional information
while some are soluble in water (e.g., C, B,
folic acid). Vitamin deficiencies cause of
avitaminosis. The human body is not able to
produce vitamins or produces them in
insufficient quantities. Sunlight (ultraviolet
radiation) stimulates formation of vitamin
D; in the alimentary track are bacteria
which produce vitamin K and biotin
10. Drugs affecting pathogenic Disinfectants, sulfonamides, derivatives of These drugs are often abused despite a
microorganisms nitrofuran and chinolon, antibiotics, prescription being necessary to purchase
antitubercular drugs, leprostatic agents, them. Moreover, these compounds are
antifungal and antiviral agents often components of household chemistry
Some find wide application in surgery for
disinfection of skin, hands, and surgical
instruments. They are used to disinfect
drinking water and water used for some
other purposes. They are effective in therapy
of many bacterial and mycotic infections
11. Aanticarcinogenic drugs Mainly chemotherapeutics of high cytostatic =~ Treatment of malignant diseases is one of the
activity, but also of considerable toxicity most difficult tasks of contemporary
leading to unwanted symptoms medicine. Alarming increases in tumor
incidences, especially in industrialized
countries make it necessary to develop new
methods of malignant disease control. The
present health care systems possess over
90 drugs used to control such diseases
12.  Immunomodulating drugs  They act on immune body processes inhibiting —

immune reactions (immunosuppresive
drugs) or stimulating immunological
reactions (immunoregulatory agents). This
group includes formulations containing
antigens in the form of weakened or killed
microorganisms (vaccines)

of all damage of liver and kidney. It is a component of many
medicines available without prescription and advertised in
mass media. Calcipirin, polopirin, and aspirin applied regularly
for a long time can damage liver, kidney, and mucosa of ali-
mentary track. Application of large doses of some vitamins can
also be harmful and even carcinogenic. Lorafen and relanium
are psychotropic drugs available by prescription only, but often
prescribed. They have strong drug addictive properties. Their
overuse can be fatal. Applied for a long time, relanium can
irreversibly damage brain and cause memory atrophy.

PHARMACEUTICAL PATHS IN THE ENVIRONMENT
The amounts of the drugs sold evidence their prevailing use;

hence, the risk of presence of substances of pharmaceutical

origin in the environment (50, 51). Pharmaceuticals’ release

to and dispersion in wastewater as well their fate in treatment
plants can be quite different. A majority of drugs is excreted
from the human body in unchanged or metabolite form; those
unused are simply eliminated and enter wastewater treatment
plants in a nonmetabolized form.

Before active substances are absorbed by the body, they must
be released from the application form (tablets, pills, supposito-
ries). Then they are absorbed in the body from the alimentary
track (on oral or rectal application), hypodermic injections, and
intramuscular tissues (on tissue application). Drugs can also
permeate through skin or mucosa other than the mucous mem-
brane of alimentary track (e.g., in the vagina and conjunctival
sac). Vapors, gases, and small solid particles applied in the
form of aerosols or suspended matter can be absorbed through
lungs.
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Most drugs undergo biotransformation to more hydrophilic
products since only such compounds can be excreted by
kidneys—the main path of drug removal from the body. Com-
pounds that are only sparingly soluble in body fluids and not
absorbed in the alimentary track, and also water-soluble elec-
trolytes, are excreted in a nonchanged form. Biotransformation
that takes place mainly in the liver leads to loss of pharmacolog-
ical activity of the drug. The activity of enzymes in the process
depends on sex (more drugs are metabolized faster by men),
age, physiological state, disease, and the presence of enzymatic
inhibitors in the body that block metabolism of drugs and en-
zymatic inductors that enhance biotransformation of drugs.

Some drugs (e.g., phenylbutazone, morphine, and nicotine)
have the capability of self-induction or enhancing their own
metabolism on long-term application (this is the main reason
for tolerance to drugs). The metabolites formed are generally
inactive. However, some show pharmacological activity; parac-
etamol or phenacetin metabolites can be examples of this
(52).

Chemical reactions in the process of biotransformation are
grouped into two stages. To the first-stage reaction are classi-
fied the reactions of oxidation, reduction, and hydrolysis. The
compounds formed are metabolites with polar groups reactive
in the second stage. Secondary processes are included among
the second-stage reactions termed “reactions of conjugation” or
“coupling with endogenic compounds.” The second-stage prod-
ucts are generally soluble in water; they are easily excreted with
urine. The first-stage metabolites sometimes show activity of

an original drug, but second-stage ones are generally inactive.
The drugs are excreted from the body via kidneys with urine,
liver with bile (to a lower degree with saliva), intestines, lungs
(volatile compounds), or skin with perspiration.

A majority of pharmaceuticals is excreted from the body
through kidneys, percolating through glomeruli or selectively
through spiral tubules. Only a peptide-bonded fraction can
be excreted through glomerulis. Excretion intensity depends
on kidney blood flow and permeability of glomerulis. Tubule
excretion is based on active transport of some substances to
urine—in such a way, penicillins, many sulfonamides, salicy-
lates, phenylbutazone, and others are excreted. This kind of ex-
cretion can be blocked by specific inhibitors (e.g., probenecid
blocks penicillin excretion).

A successively important step in the fate of pharmaceuticals
is connected with wastewater treatment plants. In the process of
wastewater treatment, pharmaceuticals and their metabolites:

e can be mineralized by microorganisms to CO, and
H,O0 (e.g., aspirin);

e can remain in treated wastewater at lower or higher
concentration, depending on lipophilicity and other
properties (e.g., ionic bonds); part of a substance will
be trapped in sludge. If the sludge is used as fertilizer,
pharmaceuticals can be dispersed over arable land;

e can be neither trapped nor degraded in wastewater
treatment plants and easily be transported to water en-
vironments.

PHARMACEUTICALS USED BY MAN

PHARMACEUTICAL
DISPOSED TO
SEWAGE WITH
URINE

~=

DIRECT DISPOSAL

OF
PHARMACEUTICAL
TO SEWAGE

~ =

SEWAGE TREATMENT PLANT

SLUDGE DISPERSED
ON FIELDS

WATER USED FOR
FIELD IRRIGATION

L=l b

EFFECT ON SOIL
MICROORGANISMS {

=== UNDERGROUND

“““ > SURFACE
WATER
===--% DRINKING
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FIG. 3. Predicted paths of pharmaceuticals present in treated wastewater (53, 54).



12: 32 17 January 2011

Downl oaded At:

PHARMACEUTICAL IN AQUATIC ENVIRONMENT 57

An unknown part of pharmaceuticals unused by humans
goes to sewers as a surplus of medical substances. On reaching
wastewater treatment plants, their fate will be identical to those
excreted from organisms. The only difference is that wastewa-
ter will not contain pharmaceutical metabolites. Predicted paths
of pharmaceuticals present in treated wastewater are shown in
Figure 3.

DETERMINATION OF RESIDUES OF
PHARMACEUTICALS AND THEIR METABOLITES IN
ENVIRONMENTAL SAMPLES

Modern analytical methods allow determination of complex
substances at very low concentration levels (ppb, ppt) (55).
However, all the while intensive research is being conducted to
improve the existing methods and develop new methods which
could give the best information on water pollution (56, 57).
Due to the studies of many different researchers, 25 different
pharmaceuticals were determined in environmental samples in
1996; the number increased to 68 in 1999.

Progress in this area is possible thanks to development and
introduction to practice of increasingly new analytical proce-
dures that permit researchers to determine trace and ultratrace
analytes in samples of a complex matrix. It must be stressed,
however, that the most important step is sample preparation (58)
and methodological achievements in this area play a crucial role
in solving problems of obtaining knowledge on:

e concentration level of pharmaceuticals and their
metabolites in different compartments of the environ-
ment;

e dispersion of pharmaceuticals in the environment;

¢ metabolism of drugs;

e efficacy of utilization processes and treatment of
wastewater containing pharmaceuticals.

Table 3 presents the techniques of sample preparation for de-
termination of substances of pharmaceutical origin and their
metabolites. The concentration ranges of the compounds in dif-
ferent samples are also given.

Due to the high matrix complexity and low level of ana-
lyte concentration, a sample preparation step is necessary and
very important (82—-84). The isolation and enrichment tech-
niques most often used in the case of analytes of pharmaceuti-
cal origin belong to solid phase extraction (SPE); solid phase
microextraction (SPME); and liquid/liquid extraction (LLE).
Supercritical fluid extraction (SFE) was also applied to iso-
late selected pharmaceuticals from water (diazepam, oxazepam,
testosterone, naproxen, indomethacin, ketoprofen, tolmetin)—
recoveries were at the level of 70-90% (85).

Determination of pharmaceuticals and parapharmaceuticals
in environmental samples requires very sensitive and selective
techniques of final analysis (86). At present chromatographic

techniques, especially high-performance liquid chromatogra-
phy (HPLC) and gas chromatography (GC), are mainly used.
The indispensable part of an analytical instrument is an ap-
propriate detector allowing detection of active pharmaceuticals
at very low concentration. The detection system most often used
for the purpose is mass spectrometry (MS) in the case of HPLC
as well as GC, less often flame ionization detection in GC, and
diode array detection and fluorescence detection in HPLC.

The Known Techniques of Sample Preparation
and Final Analysis of Pharmaceutical Residues in
Environmental Samples

Each analytical procedure consists of many interdependent
operations which should be precisely planned if the final result
is to reflect the real content of a determined substance in the
sample. The collected samples are subjected to successive op-
erations in situ or in the laboratory. The operations are aimed at
(58): sample preservation, isolation and/or enrichment of ana-
lytes, transport and storage of samples or extracts, and clean-up
and possible reduction of extract volumes. Figure 4 presents a
scheme of steps of the analytical procedure for determination
of pharmaceutical residues.

No doubt the final determination and identification are gen-
erally conducted with the use of GC/MS as well as LC/MS
in different configurations and modifications (§7-93). Depend-
ing on sample type and analyte characteristics, different pro-
cedures and reagents in the extraction step were used. Short

SAMPLING

CONSERVATION

ISOLATION/PRECONCENTRATION

DERIVATIZATION

CLEAN-UP

4 ZmZ 4>mMm>X 4mxX T

STORAGE

ZO0—-——=H>»0-rr>»r<

ANALYSIS

IDENTIFICATION

EVALUATION OF DATA

FIG. 4. Steps of analytical procedure for determination of
pharmaceutical residues.
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Water sample 200-1000mL
Sample pretreatment

Acidification to
pH=1.7 (HCl)

Filtration: glass
filters (0.7 pm)

Filtration: glass ; Acidification to
filters 1 pm pH=2
PH=7.5

Elution: MeOH SPE column: RP-18

e .. Anrichment: Solid - Phase Extractionﬂ(SPvE). o,

SPE column: RP-18 SPE column: SDB ’

Evaporation to dryness in
. gentle stream nitrogen.
“.Redissolution in n-C¢Hyg, -

Elution: (CH,),0

Elution: MeOH Elution: MeOH/CH,Cl, ;

Derivatization of analytes ... v,

CH:N, TMSH

MSTFA CH;N,at -15°C ,_
GC-MS analysis
Procedure for the ﬁ Procedure for the " Procedure forthe “_ Procedure for the k
determination of determination of determination : determination of
diclofenac and ibuprofen, hydroxy- carbamazepine and ibuprofen (98)
clofibric acid (66) ibuprofen and { diazepam (60)

" carboxy-ibuprofen
' (75) '

FIG. 5. Schematic representation of the analytical procedures employed for determination of residues of pharmaceuticals with

the use of gas chromatography/mass spectrometry (GC/MS).

characteristics of the methods applied in analytical laborato-
ries around the world for the determination of substances of
pharmaceutical origin in aqueous samples are presented below.

Preparation of Aqueous Samples for Determination
of Substances of Pharmacological Origin
with the Use of GC/MS

Gas chromatography coupled with mass spectrometry is
widely used in analysis of organic environmental pollutants
(94-97). The reason is the increasing requirements of reliabil-
ity of the results. The mass spectrometer permits researchers
to obtain qualitative information on the compounds separated
and ensures specificity of final analysis. Generally, two modes
of operation of MS as a GC detector are applied: full scanning
and selective ion monitoring (SIM).

GC/MS was employed to determine such substances of phar-
maceutical origin as:

e chloramphenicol
e diazepam

e diclofenac

¢ hydroxyibuprofen

e ibuprofen

o carbamazepine

¢ carboxyibuprofen
e acetylsalicylic acid
o salicylic acid

¢ metoprolol

e naproxen

e primidone

Figure 5 presents a schematic diagram of procedures of aque-
ous sample preparation for determination of nonsteroidal anti-
inflammatory drugs (NSAIDs) with the use of GC for final
analysis.

Aqueous Sample Preparation for Determination
of Substances of Pharmaceutical Origin with the
Use of HPLC-MS

High-performance liquid chromatography is an increasingly
popular technique for final separation and qualitative and quan-
titative determination of analytes isolated from environmen-
tal samples (99-102). Liquid chromatography coupled with
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MS was employed to determine the following substances of
pharmaceutical origin:

e naproxen

e ibuprofen

¢ diclofenac

¢ diazepam

e carbamazepine

¢ antibiotics (penicillins, tetracyclines, sulfonamides,
macrolide antibiotics)

¢ norfloxacin and ciprofloxacin

Figure 6 presents schematically different techniques of aque-
ous sample preparation for final analysis of NSAIDs and antibi-
otics by LC. As can be concluded from the scheme, multistep
procedures of aqueous sample preparation are laborious and
time consuming. The variety of operations and steps leads to
final results that can be characterized by large error. Therefore
validation or testing of applicability of the procedures proposed
is crucial. Matrix reference materials are usually used for this
purpose.

As mentioned above, the problems of determination of phar-
maceutical residues in the environment have been developing
for a few years and no reference material has been prepared
which could be applied in these studies. Therefore, validation
becomes a real challenge. The literature data have shown that,
due to cycling of pollutants including pharmaceutical residues

among different environmental compartments, bottom sedi-
ments are an integral part of the aqueous ecosystem and they
have been analyzed as well as aqueous samples (103—-105). Un-
doubtedly the next object of interest to analytical chemists will
be biota samples since, only then, will it be possible to deter-
mine the cycling of these pollutants in a given ecosystem.

OCCURRENCE OF PHARMACEUTICAL RESIDUES
IN DIFFERENT PARTS BIOSPHERE (DRAIN WATER,
SURFACE WATER, SEDIMENTS)

The information on detection of pharmaceuticals and their
metabolites in environmental samples has been increasing (106,
107). Available data are presented in Table 4.

SUMMARY

The rapid increase in interest about problems of emission,
dispersion, and transformation of pharmaceutical residues in
the environment has become one of the most important chal-
lenges for analytical chemists and also the driving force behind
development of new analytical procedures.

The main attention of analytical chemists is focused on:

e possibility of determination of a wide spectrum of
substances of pharmaceutical origin at low levels of
concentration in one analytical cycle;

Water sample 200-250 mL
Sample pretreatment

Filtration: Filtration:
glass filters (0.7 pm) glass filters (1 pm)
Acidification: pH=7

Acidification :
pH=2 (HCI)

Filtration: glass
filters 0.45 um
pH=3 (H:80) 7 ™

" SPE column: .
; LiChrolut EN
. Elution: (CH3);0&MeO!

'SPE column: RP-18
’ Elution: MeOH

o Einrichment: Solid - Phase Extraction (SPE)........

" SPE column: Lle)!utEN | .
E Elution: MeOH " SPE column: EN, RP-18, HLB .

. . i Elution: MeOH
to dryness in gentle

Evaporation to dryness in gentle *

T 5, stream nitrogen.

., streum nitrogen.  * . Redissolution in phosphute buffer
“....._Redissohiionin MeOH.~*

% Evaporation to dryness in gent|

Evaporation to dryness in gentle
" streum nitrogen.

% stream nitrogen.
“.. Redissolutionin phosphute buffer

“.. HPLC-ESI-MS analysis .~
’ Procedure forthe “_i Procedure for the i Procedure forthe .\ procedure for the i
determination of %  determination of determination of determination of
ketoprofen, carbamazepine, antt{n'ot 1s- ibuprofen,
: ibuprofen, diazepam (60) (penicillins, naproxen,
. diclofenac, salicylic ; tetracyclines, diclofenac, and

acid (79)

sulfonamides[69])f “carbamazepine(63)

FIG. 6. Schematic representation of the analytical procedures used to determine residues of pharmaceuticals in aqueous samples
with the use of high-performance liquid chromatography-electrospray ionization-mass spectrometry (HPLC-ESI-MS).
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TABLE 4
Occurrence of Pharmaceuticals in the Environment
Place
Analyte Concentration (town, region, country) Year Reference
Wastewater (ug/l)

Ketoprofen 0.38 Germany 1996 (108)
Ibuprofen 34 Germany 1996 (108)
2,5-Dihydroxybenzoic acid 0.59 Germany 1996 (108)
Salicylic acid 0.14 Germany 1996 (108)
Carbamazepine 0.27-1.47 Stuttgart, Germany 1999 (109)
Amantadine
Diclofenac
Primidone
4-acetylaminoantipyrine
NSAIDs 0.1-1 Rio de Janeiro, Brazil 1999 (110)
Indomethacin 0.95 Rio de Janeiro, Brazil 1999 (110)
Ibuprofen 0.37 California, USA 2000 (111)
Carbamazepine 2.1 California, USA 2000 (111)
178-Estradiol 0.002 California, USA 2000 (111)
Estrogens 0.003 Michigan, USA 2000 (111)
Ibuprofen 2.8 (influent) Spain 2001 (112)

0.9 (effluent)
Naproxen 3.6 (influent) Spain 2001 (112)

1.9 (effluent)
Ciprofloxacin 0.25-0.41 Switzerland 2001 (113)
Norfloxacin 0.27-0.37 Switzerland 2001 (113)
Glutaraldehyde 170-3700 Rouen, France 2002 (114)
Ibuprofen 9.9 (influent) Spain 2002 (112)

2.15 (effluent)
Naproxen 4.8 (influent) Spain 2002 (112)

2.7 (effluent)
Clofibric acid 0.005 (effluent) Greece 2002 (115)
Propyphenazone 0.2 (influent) Greece 2002 (115)
Diclofenac 0.56 (influent) Greece 2002 (116)

0.01-0.36 (effluent)
Clofibric acid 0.23 USA 2002 (117)
Sunscreen agents 8.2-9.9 Greece 2002 (118)
Naproxen — Maur, Switzerland 2003 (119)
Ibuprofen — Maur, Switzerland 2003 (119)
178-Estradiol 0.0003-0.0025 Japan 2003 (120)
Estron 0.0025-0.034 Japan 2003 (120)

Surface water (ng/1)

Diclofenac 90 Men River, Germany 1998 (108)
Bezafibrate 100 Men River, Germany 1998 (108)
Clofibric acid 30 Men River, Germany 1998 (108)
Ibuprofen 20 Men River, Germany 1998 (108)
Gemifibrozil 20 Men River, Germany 1998 (108)
NSAIDs 2040 Rio de Janeiro, Brazil 1999 (108)
Ethinyl estradiol 0.04 Tiber River, Italy 2000 (107)
Estron 1.5 Tiber River, Italy 2000 (107)
Ibuprofen 200400 Leipzig, Germany 2000 (121)
Steroids 1-13 River Danube, Germany 2000 (122)

(Continued on next page)
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TABLE 4
Occurrence of Pharmaceuticals in the Environment (Continued)

Place
Analyte Concentration (town, region, country) Year Reference
Ibuprofen 5-15 Lakes, Switzerland 2000 (119)

80 Rivers, Switzerland
Naproxen 10 Lakes, Switzerland 2000 (119)

10-400 Rivers, Switzerland
Diclofenac 10 Lakes, Switzerland 2000 (119)

20-150 Rivers, Switzerland
Carbamazepine 35-60 Lakes, Switzerland 2000 (119)

30-250 Rivers, Switzerland
Estron 0.2-17 Thames River, Great Britain 2001 (123)
Codeine 17-123 Lake Mead, USA 2001 (124)
Carbamazepine 14-35 Lake Mead, USA 2001 (124)
Diazepam 3-62 Lake Mead, USA 2001 (124)
Primidone 11-130 Lake Mead, USA 2001 (124)
Trimethoprim 300-710 USA 2001 87)
Testosterone 210 USA 2001 (87)
Progesterone 200 USA 2001 (87)
Bisphenol A 16-500 Germany 2001 (125)
4-Nonylphenol 6-135 Germany 2001 (125)
cis-Androsterone 210 USA 2001 (87)
Sotalol 560 Germany 2001 (126)
Phenazone 25 Germany 2001 (126)
Diclofenac 590 Germany 2001 (126)
Carbamazepine 900 Germany 2001 (126)
Sulfamethoxazole 410 Germany 2001 (126)
Androstenodione 127 Fenholloway River, USA 2001 (127)
Chlortetracycline 690 USA 2001 (87)
Ciprofloxacin 30 USA 2001 87)
Lincomycin 730 USA 2001 87)
Oxytetracycline 340 USA 2001 &7
17 8-Ethinyl estradiol 830 USA 2001 87)
Tetracycline 110 USA 2001 (87)
Caffeine 24.1-41.2 Miami River, Florida, USA 2002 (128)
Caffeine 7.69-11.9 Biscayne Bay, Florida, USA 2002 (128)
Norfloxacin 5-12 Switzerland 2002 (113)
Ciprofloxacin 5-12 Switzerland 2002 (113)
Ibuprofen, naproxen — Aabach Moenchaltorf River, 2003 (119)

Aa Uster River, Switzerland
Sewage sludge (mg/kg of dm)

Ciprofloxacin 0.27-2.42 Untreated raw sludge, Switzerland 2002 (113, 129)
Norfloxacin 0.27-2.37 Untreated raw sludge, Switzerland 2002 (113, 129)
Ciprofloxacin 2.1-24 Sludge-treated soil, Switzerland 2002 (113, 129)
Norfloxacin 2-2.4 Sludge-treated soil, Switzerland 2002 (113, 129)
e limitation of the number of laborious and time- least reduce, the danger of false results. The ana-
consuming operations composing given analytical lytical results would then be the basis of conclu-
procedures; sions on occurrence and stability of pharmaceuti-
o validation of analytical procedures; cals in the environment. This could be an important
e possibility of immunoanalysis applications (130) that guide for developers of pharmaceuticals at least as po-
could reduce the number of operations in the sam- tent as those available now, but more friendly to the

ple preparation step in order to eliminate, or at environment.
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