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Abstract

The results of municipal wastewater analysis may be a matter of interest to many experts in various fields of science: chemistry,
toxicology, epidemiology, medicine, sociology and ethics. It is also possible to observe trends in use of certain kinds and quanti-
ties of pharmaceuticals and illicit drugs thanks to long-term investigation of effluents in tested communities. The results of
wastewater analysis can provide current information on the scale and trends in the use of psychoactive substances, and in the fu-
ture may allow early detection of newly introduced illicit drugs. An unambiguous interpretation of analytical results is difficult
due to the high variability of the content of psychoactive substances and the matrix of analysed samples of wastewater. Selection
of place and time of samples collection for study is extremely important, and valuable conclusions can be drawn only after
long-term monitoring of selected control points. Pharmaceuticals occurring most commonly in wastewater are: analgesics,
anti-inflammatory drugs, lipid regulating drugs, antiepileptics, beta-blockers, hormones, antibiotics and antidepressants. Among
illegal drugs, the most common (in wastewater) are those consumed the most frequently, including amphetamine and metham-

phetamine and their analogues, cannabinoids, morphine, codeine, and cocaine.
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1. Introduction

Analysis of municipal wastewater performed in or-
der to detect the presence of psychoactive substances
is a matter of interest to many research agencies that
are focused not only on eco-toxicology but also on in-
terdisciplinary studies, because the results can have
implications for epidemiological, health, social and
ethical issues. Thanks to long-term examination of
sewage, it is also possible to monitor trends in the in-
take of pharmaceuticals and drugs. The main source of
pharmacologically active substances in the aquatic en-
vironment of rivers and lakes is municipal sewage
from households and hospitals. It is obvious that the

larger the urban agglomeration the larger and more
diverse will be the quantity of generated wastewater.
Regional specificity also influences the quantity and
type of wastewater (for example atmospheric factors
and the kind of industrial plants in the vicinity could
have an influence).

Wastewater is water that has been used by house-
holds, communal utilities or by industry, which is dis-
charged into the wastewater collector through the
sewage system [6]. Household sewage, which is the
most common, is the result of water used in house-
holds to maintain personal hygiene, flush toilets, pre-
pare food, etc. It is very cloudy, grey-yellow, has
a characteristic odour and a slightly alkaline reaction.
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It contains about 40% inorganic impurities and 60%
organic impurities, in soluble and suspended forms.
One third of household wastewater occurs in the form
of suspended organic compounds. The biological oxy-
gen demand (BODS) of this kind of wastewater is from
200 to 600 mg Oy/1.

Information on the scale and type of used psycho-
active substances is obtained mainly from statistics
provided by the police, healthcare services, and gov-
ernmental and international institutions established to
combat drug-related crimes. The following institutions
may be included among them:

— General Headquarters of the Polish Police
(www.policja.pl);

— National Office for the Prevention of Drug Addic-
tion (www.kbpn.gov.pl);

— The European Monitoring Center for Drugs and
Drug Addiction (www.emcdda.europa.cu);

— Drug Enforcement Administration, U.S. govern-
mental agency established to fight against drugs
(www.dea.gov).

Commercial data on the sale of pharmaceuticals
(e.g. rankings of the most frequently prescribed medi-
cations), research papers, press publications, and sur-
veys are also useful sources of information on this
topic. These sources of data are very valuable, but they
do not usually apply to local communities, as they de-
scribe the general trends in major regions and coun-
tries. Detailed information on the local scale of the
drug problem is very difficult to obtain. For example,
information about the detention of persons suspected
of consumption or sale of drugs in the Tri-City
(Gdansk, Sopot, Gdynia) in the first quarter of 2009 is
presented in Table I (source: www.policja.pl).

The summary presented in Table I gives only frag-
mentary information on narcotic drugs sold most fre-
quently on the local drug market, and reflects the scale
of this phenomenon very roughly.

It is noted more and more often that analysis of
wastewater may be an important source of information
about the psychoactive substances used in urban com-
munities. A comprehensive report on this topic was
prepared in December 2008 by scientists co-operating
with the European Monitoring Center for Drugs and
Drug Addiction [3], which should be mandatory read-
ing for persons interested in this topic.

2. Chemical and toxicological analysis issues
A basic analytical problem in the analysis of chem-

ical compounds in wastewater is the complexity of the
matrix. This is related not only to the presence of par-

ent psychoactive substances, but also their metabo-
lites. Despite advances in analytical techniques, par-
ticularly chromatographic techniques coupled to mass
spectrometric detectors which have the ability to de-
tect substances at increasingly lower levels (1 ng/l to
several pg/l), the analysis of wastewater requires the
application of different extraction techniques for isola-
tion and enrichment of analytes (mainly solid phase
extraction, SPE). Therefore, chemical studies often
have to be directed.

3. Selection of place and time of wastewater
sampling

A very important step in any analytical procedure
is appropriate sampling, storage and transportation of
samples for analysis. In the case of wastewater analy-
sis, samples should be taken at the inlet to a sewage
treatment plant (high concentrations of psychoactive
substances are expected in the influents). Sampling of
effluents (i.e. water flowing out of the sewage treat-
ment plant) is performed in order to verify the degree
of wastewater purification or the changes of these sub-
stances in the aquatic environment. Back-calculations
of the consumption of psychoactive substances in
a given community are most reliable when they are
performed on the basis of crude wastewater analysis
(analysis of water collected at the outlet of the treat-
ment plant primarily provides information on the effi-
ciency of sewage treatment) [3]. Analysis of waste-
water from the sewage system, for example, from
aggregative collector points and even more so from the
vicinity of residential blocks and houses, may be of in-
terest to scientists, police or the media. However, such
an approach will not be of significant benefit, until
study of wastewater allows identification of the drug
user. On the other hand, control (monitoring) of places
of great significance to the community, such as mili-
tary barracks, schools, hospitals or dormitories, may
be a valuable source of information for many institu-
tions involved in public health or the fight against
drug-related crimes. Of course, the effectiveness of
monitoring of use of drugs or pharmaceuticals is asso-
ciated not only with the choice of sampling location,
but also (equally) with the sampling frequency (once
per year, month or day).

4. The choice of analytes and analytical method

Appropriate selection of an analytical method is as-
sociated mainly with choosing analytes whose concen-
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TABLE I. SUMMARY OF INFORMATION ABOUT DRUG-RELATED CRIMES IN THE TRI-CITY (GDANSK, SOPOT,

GDYNIA) FOR THE FIRST QUARTER OF 2009

Publication date Event description

A man possessing 83 portions of drugs (marihuana, amphetamine, ecstasy) was arrested.

3 men from Gdansk were arrested due to possession of 500 portions of amphetamine. They
98 tablets of ecstasy were found in the house of a Tri-City resident. During an earlier roadside

Officers involved in the fight against drug crimes caught a 24-year old man, who had hidden

A secret box used for storage of marijuana was found during a search of a young man’s

An 18-year old girl who had offered to sell drugs to a man who unbeknown to her was a police

officer from the drug enforcement section, was arrested. 260 doses of amphetamine were
found. On the same day, a man who was a few years older was arrested for possession of

5 tablets of ecstasy and 25 portions of white-yellow powder, which was identified as

amphetamine, were found during the search of a man wanted by the District Court in Gdansk.

Six men suspected of being drug dealers were arrested. Three of them were students of one of

the universities in Gdansk. 490 tablets of ecstasy were found in their dormitory room.

95 portions of hashish, 30 doses of marihuana and 29 portions of amphetamine were seized as

a result of a search of a 22-year old woman’s apartment. Earlier, an attempt to sell drugs by the

135 tablets of ecstasy, 90 doses of amphetamine and 28 doses of marihuana were found during

Approximately 1000 doses of amphetamine were seized by police officers. A man had thrown

the drugs over a balcony and they had landed at the feet of police officers standing below.

Two men possessing 2 g of marihuana were arrested in Sopot. The same night, a man with

30.03.2009
27.03.2009

were driving a stolen car.
23.03.2009

inspection, marihuana had been found in his car.
20.03.2009

500 portions of amphetamine and 80 doses of hashish inside a wall.
19.03.2009 A young man was arrested in Sopot for possession of 2.5 g of marihuana.
19.03.2009

apartment.
10.03.2009

210 amphetamine portions.
03.03.2009
27.02.2009
18.02.2009

woman was foiled.
18.02.2009

a road check and search of an apartment of a young resident of Gdynia.
12.02.2009 A man possessing 300 doses of amphetamine was arrested.
03.02.2009
02.02.2009

about 1 g of amphetamine was arrested in one of Sopot’s pubs.
15.01.2009

Police seized drugs (heroin, cocaine and marihuana) worth 1.5 million PLN kept hidden in one

of Gdansk’s housings estates. The drugs belonged to a criminal group operating in this area.

tration in wastewater can be used as the basis for
back-calculations. Those chosen most frequently are
illicit drugs which are (potentially) consumed most
frequently (and their metabolites) such as: benzoylec-
gonine, cocaine, morphine, 6-monoacetylmorphine,
morphine 3B-D-glucuronide, amphetamine, metham-
phetamine, methylenedioxyamphetamine (MDA),
methylenedioxymethamphetamine (MDMA), methyl-
enedioxyethylamphetamine (MDEA) and 11-nor-9-car-
boxy-A9-tetrahydrocannabolic acid (THC-COOH) [3].
Although morphine is excreted in urine as morphine
glucuronides, it occurs in municipal wastewater al-
most exclusively in the form of free morphine due to
hydrolysis caused by faecal bacteria. Likewise, 11-nor-9-
carboxy-A9-tetrahydrocannabinolic acid (THC-COOH)

does not occur in municipal wastewater as the glucu-
ronide, but in the free form.

In order to reliably monitor the changes in concen-
tration of drugs occurring in wastewater, the use of
deuterated internal standards of psychoactive substan-
ces is of particular importance. The lack of reproduci-
bility of an analytical procedure may lead to erroneous
conclusions about the monitored changes in the chem-
ical composition of sewage.

Objectives and conclusions of studies on determi-
nation of psychoactive substances in wastewater and
surface water are summarised in Table I [1, 2,4, 5, 7,
8,9,10,11, 12, 13, 14, 15].

The particular steps of the analytical procedures
shown in Table II were performed in a similar way.
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TABLE II. OBJECTIVES OF RESEARCH AND CONCLUSIONS RELATING TO THE DETERMINATION
OF PSYCHOACTIVE SUBSTANCES IN WASTEWATER AND SURFACE WATER

No. Aim of study (and determined analytes) = Conclusions

1 Determination of drugs in Italian In the Po, the major (longest) river in Italy, the following drugs
(rivers: Po, Lambro, Olona, Arno), were found: 390 g benzoylecgonine (BE) daily (which corresponds
British (the River Thames) and Swiss to 1 kg of consumed cocaine), 60 g unchanged (free) cocaine,
(Lake Lugano) surface waters; (cocaine, 38 g THC-COOH, 30 g amphetamine and 196 g methadone.
opioids, codeine, methadone, The applied analytical technique: SPE-HPLC-MS-MS. Recoveries:
cannabinoids, amphetamine and their about 80%, except THC-COOH, for which it was 69%. Overall
metabolites) [14]. variability of the method < 10%. LOD in surface water < 0.2 ng/l.

LOQ < 0.6 ng/l, except 6-acetylmorphine — 0.93 ng/l and MDA —
1.18 ng/l.

2 Evaluation of the intake of drugs Estimated daily amounts of psychoactive substances and their
of abuse on the basis of sewage analysis metabolites conveyed by wastewater, expressed in mg per
in Milan, Lugano and London (cocaine, 1000 persons:
heroin, .cannabino.ids, amphetamines Milan Lugano London
and their metabohtes) [15] Cocaine 15714 109+23 140+ 10

BE 390 £ 63 267 +52 296+ 18
Morphine 32+3 102+15 173+29
THC 202 43+10 50+21
Amphetamine 2.7+2.8 - 24+5
Methamphetamine 4.5+ 1.6 - 24+03
The applied analytical technique: SPE-HPLC-MS-MS.

3 Determination of “acidic” drugs The occurrence of naproxen and ibuprofen was shown both in
in wastewater by gas chromatography, crude and purified wastewater (influent and effluent of a sewage
preceded by derivatisation (ibuprofen, water treatment plant). Quantification limits of the analytical
ketoprofen, naproxen, diclofenac) [10].  procedure for 500 ml of sewage water ranged from 20 to 50 ng/l.

The recoveries ranged from 90 to 115%. The applied analytical
technique: SPE-GC-MS-MS.

4 Analysis of pharmaceuticals ' The highest concentrations of pharmaceuticals were (g x day’l):
in wastewater and assessment of their anti-inflammatory drugs: ibuprofen — 56.3; naproxen — 37.0;
treatment process by means of diclofenac — 27.3; lipid regulating drugs: Gemfibrozil — 54.3;
a new-type bioreactor ) diuretics: Hydrochlorothiazide — 33.7; B-blockers: atenolol — 21.0.
(anti-inflammatory drugs, analgesics, Moreover, the study revealed that the treatment of pharmaceuticals
lipid regulating drugs, antibiotics, with the bioreactor gives better results than conventional
psychotropic drugs, antiepileptics, purification. The applied analytical technique:
B-blockers, antidiabetic drugs, SPE-HPLC-MS-MS.
antihistaminic drugs and diuretics) [9].

5 Stereoisomer quantitative analysis Treated and crude sewage collected at two points (influents and

of B-blockers (atenolol, metoprolol,
propranolol) in wastewater by
HPLC-MS-MS [8].

effluents) were subjected to study. The obtained results in the
purified wastewater were: atenolol: 160—1100 ng/l, metoprolol:
170-520 ng/l, propranolol: 20-92 ng/l. The study also revealed
that the microbial processes responsible for degradation of atenolol
are stereoselective, and they depend on the season. The applied
analytical technique: SPE-HPLC-MS-MS. Recoveries: 67-106%.
LOD: 2-17 ng/l.
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6 Analysis for pharmaceuticals, personal ~ The occurrence of amphetamine, cocaine and its metabolite —
care products and illegal drugs in benzoylecgonine (BE) was studied in two rivers, River Taff and
surface waters of South Wales River Ely. In the River Taff, both illegal drugs were found at
(antibacterial drugs, anti-inflammatory concentrations at the level of ng/l. Similar concentrations of these
drugs, analgesics, antiepileptics, substances were obtained in a study performed in Italy.
B-blockers, H2 receptor antagonists, Benzoylecgonine concentration in the River Taff was 10 times
diuretics, cardiac glycosides, higher than its parent compound, cocaine. Similarly to the River
Angiotensin-II receptor antagonists, Taff, BE concentration in the River Ely was also high; however,
calcium channel blockers, lipid cocaine was not detected in water collected from this river and
regulating drugs, antidepressants, illegal ~amphetamine concentration was also low. The applied analytical
drugs: amphetamine, cocaine, technique: SPE-UPLC-MS-MS.
benzoylecgonine) [5].

7 Analysis of acidic drugs in the effluents  Samples were collected from three wastewater treatment plants.
of wastewater treatment plant by means ~ Naproxen, ibuprofen, diclofenac, fenoprofen, gemfibrozil,
of LC-ESI-MS-MS (bezafibrate, indometacine and bezafibrate were below the limit of detection
clofibric acid, diclofenac, fenoprofen, in each of these samples. The applied analytical technique:

gemfibrozil, ibuprofen, indometacine, SPE-HPLC-MS-MS. Recoveries: 58.9—91.5%. LOD: 5-20 ng/ml.
ketoprofen, naproxen) [13].

8 Testing for the presence of selected The study was performed on samples collected at three sewage
acidic drugs in sewage treatment plants  treatment plants over 4—7 consecutive days. It was shown that
in Switzerland (mefenamic acid, 50% of mefenamic acid is eliminated and 80% of ibuprofen is
ketoprofen, ibuprofen, diclofenac, removed in the sewage treatment process. Long periods of rainfall
clofibric acid) [11]. induce a decrease in removal of ibuprofen and ketoprofen. The

concentrations of mefenamic acid, ibuprofen and diclofenac are
higher (150-2000 ng/l) in effluents than in surface water.
Analytical technique applied: SPE-GC-MS-SIM. Recoveries:
about 68-91%. LOD 5-15 ng/l. LOQ 15-50 ng/I.

9 Monitoring of cannabinoids, opiates and The occurrence of drugs was shown in most of the analysed
their metabolites in surface water and samples, with median values in the influents: codeine — 69 ng/I,
wastewater in Catalonia (Spain); morphine — 63 ng/l, EDDP — 28 ng/l, methadone — 18 ng/l and
(normorphine, morphine, codeine, THC-COOH — 57 ng/l. The median values for surface water were:
norcodeine, EDDP (2-ethylidene- codeine — 76 ng/l, morphine — 12 ng/l, EDDP — 31 ng/l,

1,5-dimethyl-3,3-diphenylpyrrolidine), = methadone — 9 ng/l. The applied analytical technique:
methadone, heroin, 6-acetylmorphine, SPE-UPLC-MS-MS. Recovery >70%. LOQ — ng/l level.

fentanyl, THC-COOH, THC) [2]. LOD 0.04-3.8 ng/l.

10 Psychoactive substances in the The following substances were detected in the influents of the
wastewater of northern Spain wastewater treatment plant: cocaine 4.0 ng/l-4.7 ug/l, its
(amphetamine, methamphetamine, metabolite 0.9 ng/l 7.5 ug/l, amphetamine 2—688 ng/l,

MDA, MDMA, MDEA methamphetamine 3-277 ng/l. The concentrations in the effluents
(methylenedioxyethylamphetamine), were: cocaine 1.0 ng/1-0.1 pg/l, BE 0.1 ng/l-1.5 ng/l, amphetamine
cocaine, BE, ketamine, D-lysergic acid ~ 4-210 ng/l, methamphetamine 3-90 ng/l. The applied analytical
diethylamide, fencyclidine, fentanyl, technique: SPE-UPLC-ESI-MS-MS. LOD 0.1-300 ng/1.

caffeine, nicotine, paraxanthine, LOQ 0.2-850 ng/l.

cotinine) [4].

11 Cocaine and its metabolites in waste and  Samples collected from 28 rivers and 37 sewage treatment plants
surface wasters across Belgium across Belgium were analysed. The determined cocaine
(cocaine, benzoylecgonine, ecgonine concentrations were from <1 to 753 ng/l, benzoylecgonine <1 to
methyl ester) [12]. 2258 ng/l, ecgonine methyl ester — below the detection limit. The

highest concentrations were demonstrated in samples collected in
the vicinity of large cities, and during weekends. The concentration
of BE was employed to calculate the amount of consumed cocaine.
The applied analytical technique: SPE-HPLC-MS.

Problems of Forensic Sciences 2009, vol. LXXIX, 327-337
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12 Determination of illicit drugs and their
metabolites in surface water and urban
wastewater by means of the
ultra-HPLC-MS-MS method
(amphetamine, methamphetamine,
MDA, MDMA, MDEA, cocaine,
cocaethylene, benzoylecgonine,
norbenzoylecgonine, norcocaine,
THC-COOH) [1].

13 Macrolide antibiotics and illicit drugs as
the contamination from small urban
wastewater treatment plants
(azithromycin, roxytromycin,
claritromycin as well as
methamphetamine and ecstasy) [7].

Samples of crude and treated wastewater as well as surface water
were collected. This method allows the detection of substances at
ng/l levels (LOD). It was shown that the intake of drugs increased
during weekends and (entertainment) events. The highest
concentrations were: MDMA 27.5 ng/l and benzoyloecgonine
10.5 pg/l. Recoveries for water samples: 70—120%. Precision
RSD <20%. Linearity of the method was tested by three-fold
analysis of 6 dilutions of standards (2—70 pg/l for amphetamine
and its analogues, 0.5-25 pg/l for cocaine and its metabolites,
20-600 pg/l for THC-COOH). LOQ for surface water:
amphetamines 30 ng/l, cocaine and metabolites 10 ng/l and
THC-COOH 300 ng/l. These values were approximately fifteen
times higher in crude wastewater (influents), whereas three times
higher in the effluents. The applied analytical technique:
SPE-UPLC-MS-MS.

Samples of wastewater were collected on different days (n = 6)
from 9 August 2006 to 9 March 2007. The levels of determined
substances varied from below the detection limit to 300 ng/l. The
concentrations in influents were higher than in effluents.
Azithromycin was detected in each analysed sample, at
concentrations ranging from 4 to 300 ng/l. Claritromycin was
detected only in one sample of influent (110 ng/l), whereas
roxytromycin was not detected in any sample. Methamphetamine
was detected in all six samples of influent and in three samples of
effluents, while MDMA was detected in four samples of influents
and in no samples of effluents. The applied analytical technique:
SPE-HPLC-ESI-MS.

Usually, 100 ml to 1000 ml samples of (waste)water
were collected and stored in dark amber glass bottles
at 4°C. These samples were often acidified to approx.
pH 2, using HCI [11, 14, 15] or H,SO,4 [13]. Then the
samples of wastewater were filtrated, followed by ex-
traction. Deuterated analogues of the tested psychoac-
tive substances were added to the samples, since in-
strumental analysis was performed using a mass spec-
trometric detector in each case. Solid phase extraction
(SPE) was applied to extraction and enrichment of the
analytes from an aqueous matrix. A mixture of sor-
bents, containing silica gel modified by the octadecyl
phase and polymer ion exchangers (e.g. Oasis MCX-
[1, 5, 14] and Oasis HLB [2, 4, 7, 8, 9, 10, 12] manu-
factured by Waters Company), were used as SPE col-
umn fillings. When the instrumental analysis was per-
formed by gas chromatography, the analytes were
derivatised using an MTBSTFA reagent [10].

5. Back-calculations

Results of determination of psychoactive sub-
stances and their metabolites in wastewater can be
used to estimate the intake of drugs or pharmaceuticals
in the community. Besides knowing the content of
psychoactive substances in wastewater, some addi-
tional information is required to perform the calcula-

tion. Estimation of cocaine consumption based on
knowledge of benzoylecgonine concentration can be
used as an example [3]. The determined concentration
of benzoylecgonine has to be multiplied by the correc-
tion factor £=2.33 in order to estimate the correspond-
ing cocaine concentration. Taking into account the
flow rate of wastewater (in m*/day), the mass of co-
caine consumed by the community producing the sew-
age (e.g. in g cocaine per day) can be calculated. The
correction factor k was estimated from the following
relationship [3]:
0
o= Far 100% 535

U

where: k), — the molar mass ratio of cocaine to ben-
zoylecgonine (ky, = 1.05); ky— the average molar frac-
tion (as a percentage) of the parent substance that is
excreted in urine, e.g. for cocaine excretion as ben-
zoylecgonine (ky = 45%).

Similar coefficients were determined for other
drugs (Table IIT) [3]. This allows us to perform back-
calculations.

When estimating the intake of heroin based on the
determined concentration of morphine, the calculation
error is even greater compared to other drugs, because
it should be taken into account that morphine and co-
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TABLE III. CORRECTION FACTORS USED IN BACK-CALCULATIONS

Parent drug Substance determined Relation of the determined substance ky kuy k
in wastewater to the parent drug
Cocaine Benzoylecgonine Major metabolite 1.05 45% 2.33
Cocaine Parent drug (present in lower
concentration in wastewater)
Heroin Morphine Major, but non-specific metabolite 1.29 42% 3.08
6-acetylmorphine Specific metabolite (present in lower
concentration in wastewater)
Amphetamine Amphetamine Major excretion product 1.0 30% 3.3
Methamphetamine ~ Methamphetamine Major excretion product 1.0 43% 2.3
MDMA MDMA Major excretion product 1.0 65% 1.5
Cannabis THC-COOH Major metabolite of THC 0.91 0.6% 152

deine (which is metabolised to morphine) can be taken
for therapeutic purposes.

Assuming 100 mg as an average drug dose, the re-
sults of calculations presented above can be expressed
as the number of doses per day per 1000 inhabitants.
One should remember that these calculations are only
very rough estimates, because they are based on mean
values (for example, the fractions of substances ex-
creted in urine are determined for non-addicted per-
sons). In the case of the above-mentioned average
value of ky = 45% for the percentage of benzoylec-
gonine excreted in urine in relation to cocaine, the
range of values was from 30 to 50%, depending on
age, gender, body weight, activity of kidneys and liver,
interaction with other substances (e.g. alcohol), the de-
gree of dependence and the genetic determinants [3].

6. Interpretation of results

The uncertainty in back-calculations of drug intake
on the basis of determined concentrations of metabo-
lites of psychoactive substances is very high, and this
is linked with the many factors affecting the kinetics of
drugs in humans (such as the route of administration,
degree of dependence, urine pH, diseases, age, sex).
Phenomena such as torrential rain, uncontrolled pollu-
tion by chemicals from industrial plants located in the
vicinity, large scale events and concerts also influence
this uncertainty. Samples of wastewater collected dur-
ing these periods will certainly not reflect the average
intake of pharmaceuticals or drugs by the analysed
community. Results of long term monitoring of psy-
choactive substances in wastewater would provide
much more useful information; they could also be used

in assessment of the impact of anti-drug actions on the
behaviour of the community and the effect of law
enforcement interventions on the supply and con-
sumption of drugs in given urban areas.

Calculations relating to the intake of psychoactive
substances on the basis of wastewater analysis are usu-
ally underestimated. This results mainly from difficul-
ties in estimation of their losses in the sewage network
system, which is associated with degradation in a dy-
namic system with many variable physicochemical pa-
rameters. In order to improve the accuracy of deter-
mination of psychoactive substances in wastewater,
correction factors based on model studies should be in-
troduced, e.g. by determining the stability of these sub-
stances in wastewater stored for several days at 4°C [3].
Despite many influencing factors and sources of un-
certainty, the relative standard deviation of the results
of drugs determination in sewage did not exceed 20%,
both in studies performed over 7 days (<16%) and over
3 weeks (<19%) [3].

7. Conclusions

The examination of wastewater may in the future
be a matter of interest for: addiction treatment centres,
agencies involved in fighting against doping in sport
or against drug-related crimes, pharmaceutical compa-
nies, institutions where the monitoring of the behav-
iour of a specific social group is very important (pris-
ons, army, schools), departments of forensic medicine
and other institutions. Up-to-date information on the
scale of and trends in the intake of pharmaceuticals
and illicit drugs may provide an opportunity for early
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detection of new drugs being introduced onto the nar-
cotics market.

An unambiguous interpretation of analytical re-
sults is difficult due to the high variability of the con-
tent of psychoactive substances and the matrix of ana-
lysed samples of wastewater. The selection of place
and time of sample collection for study is extremely
important, and valuable conclusions can be drawn
only after long term monitoring of preselected control
points.

The pharmaceuticals occurring most commonly in
wastewater are: analgesics and anti-inflammatory drugs
(e.g. paracetamol, acetylsalicylic acid, ibuprofen, na-
proxen, diclofenac), lipid regulating drugs (e.g. feno-
fibrate), antiepileptics (e.g. carbamazepine), beta-
blockers (e.g. metoprolol, propranolol), hormones
(e.g. EE2, estradiol), antibiotics (e.g. penicillin) and
antidepressants (e.g. fluoxetine). Among illicit drugs,
the most common are those used the most frequently:
that is amphetamine and methamphetamine and their
analogues, delta-9-THC, morphine and codeine, and
cocaine.
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SCIEKI KOMUNALNE JAKO ZRODLO AKTUALNEJ INFORMACJI
O SUBSTANCJACH PSYCHOAKTYWNYCH STOSOWANYCH

W SPOLECZNOSCIACH MIEJSKICH

1. Wstep

Analiza $ciekéw komunalnych przeprowadzana w celu
wykrycia obecnosci substancji psychoaktywnych jest
przedmiotem zainteresowania wielu osrodkow naukowo-
badawczych nie tylko zwiazanych z ekotoksykologia, lecz
takze interdyscyplinarnych, poniewaz jej wyniki moga by¢
rozpatrywane rowniez jako problemy epidemiologiczne,
zdrowotne, spoteczne oraz etyczne. Dzigki prowadzonym
przez dhuzszy czas badaniom $ciekow mozliwa jest tez ob-
serwacja tendencji zwiazanych z iloscia zazywanych lekow
i narkotykow. Zrodlem substancji farmakologicznie czyn-
nych znajdujacych si¢ w srodowisku wodnym rzek i jezior
sa glownie $cieki komunalne pochodzace z gospodarstw
domowych oraz szpitali. Jest oczywiste, ze im wigksza
aglomeracja miejska, tym ilo$¢ powstajacych sciekow be-
dzie wigksza i1 bardziej r6znorodna. Specyfika danego re-
jonu wptywa rowniez na ilos¢ i rodzaj $ciekow (np. wptyw
czynnikéw atmosferycznych czy rodzaj przemystu rozwi-
nigtego w poblizu miast).

Scieki to wody zuzyte w gospodarstwach domowych,
urzadzeniach komunalnych lub w przemysle, ktore sa od-
prowadzane do odbiornika $ciekéw za posrednictwem
sieci kanalizacyjnej [6]. Scieki bytowo-gospodarcze,
z ktorymi najczgsciej mamy styczno$é, powstaja z wod
wykorzystywanych w gospodarstwach domowych do
utrzymywania higieny osobistej, sptukiwania urzadzen
sanitarnych, przygotowywania positkow itp. Sa one bar-
dzo mgtne, maja szarozolte zabarwienie, charakterys-
tyczny zapach i odczyn lekko zasadowy. Zawieraja okoto
40% zanieczyszczen nieorganicznych i 60% organicz-
nych w postaci rozpuszczalnej 1 zawiesin. Wskaznik bio-
logicznego zapotrzebowanie na tlen (BZTS) tych $cie-
kéw wynosi od 200 do 600 mg O,/1, z czego 1/3 wyste-
puje w postaci zawiesin organicznych.

Informacje o skali i rodzaju zazywanych substancji
psychoaktywnych pochodza gtéwnie z danych statys-
tycznych dostarczanych przez z osrodki policyjne, stuzbg
zdrowia oraz specjalnie powolane instytucje rzadowe
i migdzynarodowe powotane do walki z przestgpczoscia
narkotykowa. Przykladami takich instytucji moga by¢
m.in.:

— Komenda Glowna Policji (www.policja.pl);
— Krajowe Biuro ds. Przeciwdzialania Narkomanii

(www.kbpn.gov.pl);

— Europejskie Centrum Monitorowania Narkotykow

i Narkomanii (www.emcdda.europa.eu);

— Amerykanska Agencja Rzadowa do spraw Walki
z Przestepczoscia Narkotykowa (Drug Enforcement
Administration) (www.dea.gov).

Cennym zrodtem wiedzy na ten temat sa rowniez
dane komercyjne dotyczace wielkosci sprzedazy lekow
(np. listy rankingowe z najcze$ciej przepisywanymi na
receptach lekarstwami, badania naukowe i publikacje
prasowe oraz badania ankietowe.

Powyzsze zrodta danych sa bardzo cenne, ale z reguty
nie dotycza spolecznosci lokalnych, gdyz opisuja one
ogo6lne trendy w wigkszych regionach i panstwach.
Szczegdtowe informacje o lokalnej skali zjawiska pro-
blemu narkotykowego jest bardzo trudno uzyskaé. Dla
przyktadu informacje o zatrzymaniu 0séb podejrzanych
o przyjmowanie lub sprzedaz narkotykéw w Trojmiescie
w pierwszym kwartale 2009 r. zamieszczono w tabeli |
(zrodto: www.policja.pl). Zestawienie to daje jednak tyl-
ko fragmentaryczna informacj¢ o najcz¢sciej sprzedawa-
nych $rodkach odurzajacych na lokalnym rynku narko-
tykowym i bardzo szacunkowo odzwierciedla skalg zja-
wiska.

Coraz czgséciej zauwaza sig, iz analiza $ciekow ko-
munalnych moze by¢ bardzo waznym zrodlem informacji
o substancjach psychoaktywnych stosowanych w spo-
tecznos$ciach miejskich. Obszerny raport na ten temat zo-
stal przygotowany w grudniu 2008 roku przez naukow-
cOw wspolpracujacych z Europejskim Centrum Monito-
rowania Narkotykoéw i Narkomanii [3], ktorego lektura
powinna by¢ obowiazkowa dla oséb zainteresowanych
niniejszym tematem.

2. Problematyka analizy
chemiczno-toksykologicznej

Podstawowy problem analityczny stanowi skompli-
kowana matryca zwiazkéw chemicznych obecnych
w sciekach. Z problemem tym zwiazany jest temat obec-
nosci nie tylko substancji wyj$ciowych, ale takze meta-
bolitow substancji psychoaktywnych. Pomimo rozwoju
technik analitycznych, a zwlaszcza technik chromatogra-
ficznych sprz¢zonych z detekcjq spektrometrii mas, ktore
daty mozliwos¢ wykrywania substancji na coraz niz-
szych poziomach stezen (od 1 ng/l do kilku pg/l), w przy-
padku analizy $ciekow istnieje konieczno$é stosowania
technik ekstrakcyjnych do izolacji i wzbogacania ana-
litow (przede wszystkim ekstrakcji do fazy stalej SPE).
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W zwiazku z tym czgsto badania chemiczne trzeba ukie-
runkowac.

3. Wybér miejsca i czasu pobierania probek
Sciekéw

Bardzo waznym etapem kazdej procedury analitycz-
nej jest wlasciwe pobranie i zabezpieczenie probek do
analizy. W przypadku analizy $ciekéw nalezy pobierac
ich probki w miejscu wlotu do oczyszczalni $ciekow
(spodziewane duze stgzenie substancji psychoaktyw-
nych). Pobieranie probek wody po oczyszczeniu wod po-
wierzchniowych wykonuje si¢ w celu sprawdzenia stop-
nia oczyszczenia $ciekow lub przemian tych substancji
w srodowisku wodnym. Obliczenia retrospektywne (ang.
back-calculation) odnoszace si¢ do ilosci zazywanych
substancji psychoaktywnych w danej spotecznosci sa
najbardziej wiarygodne, jesli sa uzyskane na podstawie
analizy $ciekdw surowych (analiza wody pobranej na
wylocie z oczyszczalni daje przede wszystkim informa-
cje o skutecznosci oczyszczenia sciekow) [3]. Analiza
sciekow pochodzacych z sieci kanalizacyjnej, np. ze zbior-
czych punktow kolektorowych, a tym bardziej w umiej-
scowionych poblizu blokéw mieszkalnych i domow,
moze by¢ przedmiotem zainteresowania nie tylko nau-
kowcow, ale takze organdw $cigania czy przedstawicieli
mediow. Problem ten nie bedzie istotny, dopdoki w przy-
padku badania $ciekow nie bedzie mozliwa identyfikacja
osoby zazywajacej narkotyki. Z drugiej strony taka ob-
serwacja miejsc szczegdlnego znaczenia dla spotecznos-
ci, takich jak koszary wojskowe, szkoty, domy akade-
mickie czy szpitale, moze stanowi¢ bardzo cenne zrodto
informacji dla wielu instytucji zajmujacych si¢ zdrowiem
publicznym lub walka z przestepczoscia narkotykowa.
Oczywiscie mozliwo$¢ skutecznego monitorowania za-
zywania narkotykéw czy lekdéw jest zwigzana nie tylko
z wyborem miejsca pobrania probek, ale takze w rownym
stopniu z czgstotliwoscia pobierania probek (raz na rok,
miesiac czy dzien).

4. Wybér analitéw i metody analitycznej

Wiasciwy wybor metody analitycznej zwiazany jest
glownie z wyborem odpowiednich analitow, ktorych oz-
naczone stezenie w $ciekach dawatoby podstawe do obli-
czen retrospektywnych. Najczesciej sa to narkotyki po-
tencjalnie najczgSciej zazywane i ich metabolity, takie
jak: benzoiloekgonina, kokaina, morfina, 6-monoacety-
lomorfina, 3p3-D-glukuronid morfiny, amfetamina, met-
amfetamina, metylenodioksyamfetamina (MDA), mety-
lenodioksymetamfetamina (MDMA), metylenodioksy-
etyloamfetamina (MDEA) i kwas 11-nor-9-karboksy-A9-
tetrahydrokannabinolowy (THC-COOH) [3]. Wprawdzie

morfina jest wydalana z moczem w postaci glukuronidow
morfiny, jednak w $ciekach komunalnych w wyniku hy-
drolizy przeprowadzonej przez bakterie fekalne wystgpuje
prawie wylacznie w postaci wolnej morfiny. Kwas THC-
COOH, podobnie jak w przypadku morfiny, w $ciekach
komunalnych nie wystgpuje jednak jako glukuronid, lecz
w wolnej postaci.

W celu miarodajnego monitorowania zmian stgzen
narkotykow obecnych w Sciekach szczegdlnie istotne jest
stosowanie deuterowanych wzorcéw wewngtrznych sub-
stancji psychoaktywnych. Brak odtwarzalnosci stosowa-
nej procedury analitycznej moze prowadzi¢ do mylnych
wnioskow zwigzanych z monitorowanymi zmianami
w sktadzie chemicznym $ciekow.

Cel badan oraz wnioski dotyczace oznaczania sub-
stancji psychoaktywnych w $ciekach oraz wodach po-
wierzchniowych zestawiono w tabeli I [1, 2,4, 5,7, 8, 9,
10, 11, 12, 13, 14, 15].

W procedurach analitycznych oméwionych w ta-
beli II poszczegdlne etapy byty realizowane bardzo po-
dobnie. Zwykle pobierano probki wodne o objetosci od
100 do 1000 ml i przechowywano je w butlach szklanych
o ciemnym, bursztynowym zabarwieniu i w temperaturze
+4°C. Probki wodne czesto zakwaszano do pH ok. 2 za
pomoca HCI[11, 14, 15] lub H,SO, [13]. Probki sciekow
przed ekstrakcja byly filtrowane. Do probek dodawano
deuterowane analogi badanych substancji psychoaktyw-
nych, gdyz w kazdym przypadku analizy koncowej do-
konywano z wykorzystaniem detektora spektrometrii
mas. Etap ekstrakcji i wzbogacania analitow z matrycy
wodnej byt realizowany z zastosowaniem ekstrakcji do
fazy stalej (SPE), przy czym jako wypelnien kolumienek
SPE uzywano mieszanych sorbentow zawierajacych zel
krzemionkowy modyfikowany faza oktadecylowa i po-
limerowych wymieniaczy jonowymiennych (np. Oasis-
MCX [1, 5, 14] i Oasis HLB [2, 4, 7, 8, 9, 10, 12] firmy
Waters). W przypadku, gdy analiz¢ koncowa wykonywa-
no z wykorzystaniem chromatografii gazowe;j, anality de-
rywatyzowano za pomocg odczynnika MTBSTFA [10].

5. Obliczenia retrospektywne

Oznaczanie substancji psychoaktywnych i ich meta-
bolitow w $ciekach daje podstawe do proby oszacowania
ilosci narkotykoéw czy lekéw zazywanych w danej spo-
tecznosci. Podstawa takich obliczen jest nie tylko ozna-
czona zawarto$¢ substancji psychoaktywnych w $cie-
kach, ale takze znajomo$¢ kilku dodatkowych danych.
Przyktadem takiego szacowania moze by¢ obliczenie zu-
zycia kokainy na podstawie znajomosci stgzenia benzo-
iloekgoniny [3]. Oznaczone stezenie benzoiloekgoniny
nalezy przemnozy¢ przez wspotczynnik korekcyjny
k = 2,33, aby uzyska¢ odpowiadajace stgzenie kokainy,
co przy znajomosci przeptywu objetosciowego $ciekéw
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(w m*/dzien) daje informacje o masie kokainy zazywanej
przez spoteczno$é, od ktoérej pochodza Scieki (np. w jed-
nostkach g kokainy/dzien). Wspoétczynnik korekcyjny &
zostal oszacowany z nastgpujacej zaleznosci [3]:

k,, -100%

k= =233,

U

gdzie: ky,— stosunek masy molowej kokainy do benzoilo-
ekgoniny (ky, = 1,05); ky — $redni udziat substancji wy-
dalanej do moczu — np. benzoiloekgoniny w stosunku do
wyjsciowej kokainy (k= 45%). Podobne wspodtczynniki
wyznaczono dla innych narkotykéw (tabela IIT) [3], co
daje mozliwos$¢ wykonania obliczen retrospektywnych.

W przypadku szacowania ilo$ci zazywanej heroiny na
podstawie oznaczonej zawartosci morfiny takie obliczenie
jest obarczone jeszcze wigkszym bigdem w stosunku do
pozostatych narkotykow, gdyz nalezy uwzgledni¢ mozli-
wo$¢ zazywania terapeutycznie morfiny oraz kodeiny
(ktora metabolizuje do morfiny).

Przy zalozonej $redniej dawce narkotyku ok. 100 mg
mozna powyzsze wyniki obliczen przedstawic¢ jako licz-
be dawek przyjmowanych dziennie na 1000 mieszkan-
cow. Nalezy pamigtaé, ze powyzsze obliczenia sa bardzo
szacunkowe, gdyz opieraja si¢ na przyjgciu wartosci
$rednich (np. udziaty substancji wydalanych do moczu sa
wyznaczane dla 0sdb nieuzaleznionych). W przypadku
wyzej omowionej $redniej, wartosci ky = 45% udziatu
wydalanej do moczu benzoiloekgoniny w stosunku do
kokainy, zakres zmiennosci wynosi 30-50% w zalez-
nos$ci od wieku, ptci, masy ciata, prawidtowosci dziatania
nerek i watroby, interakcji z innymi substancjami (np. al-
koholem), stopnia uzaleznienia czy uwarunkowan gene-
tycznych [3].

6. Interpretacja wynikéw

Niepewno$¢ obliczen retrospektywnych opierajacych
si¢ na zuzyciu narkotykow okreslanym na podstawie
oznaczanych st¢zen metabolitow substancji psychoak-
tywnych jest bardzo duza, co zwiazane jest z wicloma
czynnikami majacymi wptyw na kinetykg przemian nar-
kotykow w organizmie ludzkim (m.in. droga podania,
stopien uzaleznienia, odczyn moczu, choroby, wiek,
pte¢). Na niepewnos¢ t¢ wplyw wywieraja rowniez zja-
wiska typu: ulewne deszcze, niekontrolowane zanieczysz-
czenie chemikaliami z okolicznych zaktadéw przemy-
stowych czy masowe imprezy rozrywkowe i koncerty
muzyczne. Probki $ciekdw pobieranych w takim czasie
na pewno nie beda odzwierciedlaly przecigtnego zuzycia
lekow czy narkotykow przez badane spotecznosci. Mo-
nitorowanie stgzen substancji psychoaktywnych w $cie-
kach w dluzszym czasie dawaloby znacznie wigksze
mozliwo$ci interpretacji wynikow, okreslania wptywu
akcji antynarkotykowych na zachowania spotecznosci

czy oddzialywania interwencji organdéw $cigania na po-
daz i zuzycie narkotykow w danych aglomeracjach.

Obliczenia dotyczace zazywania substancji psycho-
aktywnych na podstawie analizy $ciekow sg zwykle nie-
doszacowane, co wynika gtéownie z trudnych do okres-
lenia strat tych substancji w sieci kanalizacyjnej zwiaza-
nych z ich degradacja w dynamicznym uktadzie o wielu
zmiennych parametrach fizykochemicznych. W celu po-
prawienia doktadno$ci oznaczen stezen substancji psy-
choaktywnych w $ciekach powinno si¢ wprowadzié
wspotczynniki korekcyjne z badan modelowych np. po-
przez okreslenie stabilnos$ci tych substancji w $ciekach
przechowywanych przez kilka dni w temperaturze +4°C
[3]. Pomimo tak wielu zmiennych i zrodet niepewnosci
uzyskiwane w badaniach wyniki oznaczania narkotykow
w $ciekach nie przekraczaja 20% wartosci wzglednego
odchylenia standardowego zar6wno w badaniach pro-
wadzonych w ciagu 7 dni (<16%), jak i w ciagu 3 tygodni
(<19%) [3].

7. Podsumowanie

Potencjalne zainteresowanie badaniem $ciekdw moga
w przyszto$ci wykaza¢ m.in. o$rodki zajmujace si¢ le-
czeniem uzaleznien, walka z dopingiem w sporcie czy
z przestgpczoscia narkotykowa, firmy farmaceutyczne,
instytucje, w ktorych kontrola zachowania okreslonych
grup spotecznych stanowi bardzo wazny cel (wigzienia,
wojsko, szkotly) oraz zaktady medycyny sadowej. Aktu-
alna informacja o skali i trendach w zazywaniu lekow
i narkotykdw w przysztosci moze da¢ mozliwo$¢ wczes-
nego wykrywania nowych narkotykéw wprowadzanych
na rynek narkotykowy.

Jednoznaczna interpretacja wynikow analizy jest
utrudniona ze wzgledu na duza zmienno$¢ zawartosci
substancji psychoaktywnych i matrycy probek sciekow.
Niezwykle istotny jest wybor miejsca i czasu pobrania
probek do badan, a wartoSciowe wnioski mozna wy-
ciaga¢ dopiero po dluzszym monitorowaniu wyselek-
cjonowanych punktéw kontrolnych.

Najczesciej wystepujace leki i narkotyki w $ciekach
to: leki przeciwbolowe i przeciwzapalne (np. paraceta-
mol, kwas acetylosalicylowy, ibuprofen, naproksen, di-
klofenak), regulujace poziom lipidow we krwi (np. feno-
fibrat), przeciwpadaczkowe (np. karbamazepina), beta-
blokery (np. metoprolol, propranolol), hormony (np. EE2,
estradiol), antybiotyki (np. penicylina) czy przeciwde-
presyjne (np. fluoksetyna). Wérdd narkotykéw mozna
wymienié¢ te najczgsciej zazywane, a wigc: amfetamina,
metamfetamina i ich analogi, delta-9-THC, morfina i ko-
deina oraz kokaina.
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