
1. In tro duc tion

Anal y sis of mu nic i pal wastewater per formed in or -
der to de tect the pres ence of psy cho ac tive sub stances
is a mat ter of in ter est to many re search agen cies that
are fo cused not only on eco-tox i col ogy but also on in -
ter dis ci plin ary stud ies, be cause the re sults can have
im pli ca tions for ep i de mi o log i cal, health, so cial and
eth i cal is sues. Thanks to long-term ex am i na tion of
sew age, it is also pos si ble to mon i tor trends in the in -
take of pharmaceuticals and drugs. The main source of
phar ma co log i cally ac tive sub stances in the aquatic en -
vi ron ment of rivers and lakes is mu nic i pal sew age
from house holds and hos pi tals. It is ob vi ous that the

larger the ur ban ag glom er a tion the larger and more
di verse will be the quan tity of gen er ated wastewater.
Re gional spec i fic ity also in flu ences the quan tity and
type of wastewater (for ex am ple at mo spheric factors
and the kind of industrial plants in the vicinity could
have an influence).

Wastewater is wa ter that has been used by house -
holds, com mu nal util i ties or by in dus try, which is dis -
charged into the wastewater col lec tor through the
sew age sys tem [6]. House hold sew age, which is the
most com mon, is the re sult of wa ter used in house -
holds to main tain per sonal hy giene, flush toi lets, pre -
pare food, etc. It is very cloudy, grey-yel low, has
a char ac ter is tic odour and a slightly al ka line re ac tion.
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It con tains about 40% in or ganic im pu ri ties and 60%
or ganic im pu ri ties, in sol u ble and sus pended forms.
One third of house hold wastewater oc curs in the form
of sus pended or ganic com pounds. The bi o log i cal ox y -
gen de mand (BOD5) of this kind of wastewater is from 
200 to 600 mg O2/l. 

In for ma tion on the scale and type of used psy cho -
ac tive sub stances is ob tained mainly from sta tis tics
pro vided by the po lice, healthcare ser vices, and gov -
ern men tal and in ter na tional in sti tu tions es tab lished to
com bat drug-re lated crimes. The fol low ing in sti tu tions 
may be included among them: 
– Gen eral Head quar ters of the Pol ish Po lice

(www.policja.pl); 
– Na tional Of fice for the Pre ven tion of Drug Ad dic -

tion (www.kbpn.gov.pl);
– The Eu ro pean Mon i tor ing Cen ter for Drugs and

Drug Ad dic tion (www.emcdda.europa.eu);
– Drug En force ment Ad min is tra tion, U.S. gov ern -

men tal agency es tab lished to fight against drugs
(www.dea.gov).
Com mer cial data on the sale of pharmaceuticals

(e.g. rank ings of the most fre quently pre scribed med i -
ca tions), re search pa pers, press pub li ca tions, and sur -
veys are also use ful sources of in for ma tion on this
topic. These sources of data are very valu able, but they 
do not usu ally ap ply to lo cal com mu ni ties, as they de -
scribe the gen eral trends in ma jor re gions and coun -
tries. De tailed in for ma tion on the lo cal scale of the
drug prob lem is very dif fi cult to ob tain. For ex am ple,
in for ma tion about the de ten tion of per sons sus pected
of con sump tion or sale of drugs in the Tri-City
(Gdañsk, Sopot, Gdynia) in the first quar ter of 2009 is
presented in Table I (source: www.policja.pl).

The sum mary pre sented in Ta ble I gives only frag -
men tary in for ma tion on nar cotic drugs sold most fre -
quently on the lo cal drug mar ket, and re flects the scale
of this phe nom e non very roughly. 

It is noted more and more of ten that anal y sis of
wastewater may be an im por tant source of in for ma tion 
about the psy cho ac tive sub stances used in ur ban com -
mu ni ties. A com pre hen sive re port on this topic was
pre pared in De cem ber 2008 by sci en tists co-op er at ing
with the Eu ro pean Mon i tor ing Cen ter for Drugs and
Drug Ad dic tion [3], which should be man da tory read -
ing for persons interested in this topic.

2. Chem i cal and tox i co log i cal anal y sis issues

A ba sic an a lyt i cal prob lem in the anal y sis of chem -
i cal com pounds in wastewater is the com plex ity of the
ma trix. This is re lated not only to the pres ence of par -

ent psy cho ac tive sub stances, but also their me tab o -
lites. De spite ad vances in an a lyt i cal tech niques, par -
ticularly chro mato graphic tech niques cou pled to mass
spec tro met ric de tec tors which have the abil ity to de -
tect sub stances at in creas ingly lower lev els (1 ng/l to
sev eral mg/l), the anal y sis of wastewater re quires the
ap pli ca tion of dif fer ent ex trac tion tech niques for iso la -
tion and en rich ment of analytes (mainly solid phase
ex trac tion, SPE). There fore, chem i cal stud ies of ten
have to be di rected. 

3. Se lec tion of place and time of wastewater
sam pling 

A very im por tant step in any an a lyt i cal pro ce dure
is ap pro pri ate sam pling, stor age and trans por ta tion of
sam ples for anal y sis. In the case of wastewater anal y -
sis, sam ples should be taken at the in let to a sew age
treat ment plant (high con cen tra tions of psy cho ac tive
sub stances are ex pected in the in flu ents). Sam pling of
effluents (i.e. wa ter flow ing out of the sew age treat -
ment plant) is per formed in or der to ver ify the de gree
of wastewater pu ri fi ca tion or the changes of these sub -
stances in the aquatic en vi ron ment. Back-cal cu la tions
of the con sump tion of psy cho ac tive sub stances in
a given com mu nity are most re li able when they are
per formed on the ba sis of crude wastewater anal y sis
(anal y sis of wa ter col lected at the out let of the treat -
ment plant pri mar ily pro vides in for ma tion on the ef fi -
ciency of sew age treat ment) [3]. Anal y sis of waste -
wa ter from the sew age sys tem, for ex am ple, from
aggregative col lec tor points and even more so from the 
vi cin ity of res i den tial blocks and houses, may be of in -
ter est to sci en tists, po lice or the me dia. How ever, such
an ap proach will not be of sig nif i cant ben e fit, un til
study of wastewater al lows iden ti fi ca tion of the drug
user. On the other hand, con trol (mon i tor ing) of places
of great sig nif i cance to the com mu nity, such as mil i -
tary bar racks, schools, hos pi tals or dor mi to ries, may
be a valu able source of in for ma tion for many in sti tu -
tions in volved in pub lic health or the fight against
drug-re lated crimes. Of course, the ef fec tive ness of
mon i tor ing of use of drugs or pharmaceuticals is as so -
ci ated 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 an a lyt i cal method

Ap pro pri ate se lec tion of an an a lyt i cal method is as -
so ci ated mainly with choos ing analytes whose con cen -
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tra tion in wastewater can be used as the ba sis for
back-cal cu la tions. Those cho sen most fre quently are
il licit drugs which are (po ten tially) con sumed most
fre quently (and their me tab o lites) such as: benzoylec-
gonine, co caine, mor phine, 6-monoacetylmorphine,
mor phine 3b-D-glucuronide, am phet amine, meth am -
phe t amine, methylenedioxyamphetamine (MDA),
methylenedioxymethamphetamine (MDMA), methyl -
enedioxyethylamphetamine (MDEA) and 11-nor-9-car-
boxy-D9-tetrahydrocannabolic acid (THC-COOH) [3].
Al though mor phine is ex cre ted in urine as mor phine
glucuronides, it oc curs in mu nic i pal wastewater al -
most ex clu sively in the form of free mor phine due to
hy dro ly sis caused by fae cal bac te ria. Like wise, 11-nor-9- 
carboxy-D9-tetra hydro cannabinolic acid (THC-COOH)

does not oc cur in mu nic i pal wastewater as the glu cu -
ronide, but in the free form.

In or der to re li ably mon i tor the changes in con cen -
tra tion of drugs oc cur ring in wastewater, the use of
deuterated in ter nal stan dards of psy cho ac tive sub stan -
ces is of par tic u lar im por tance. The lack of reproduci -
bility of an an a lyt i cal pro ce dure may lead to er ro ne ous
con clu sions about the mon i tored changes in the che m -
i cal composition of sewage. 

Ob jec tives and con clu sions of stud ies on de ter mi -
na tion of psy cho ac tive sub stances in wastewater and
sur face wa ter are summarised in Ta ble II [1, 2, 4, 5, 7,
8, 9, 10, 11, 12, 13, 14, 15].

The par tic u lar steps of the an a lyt i cal pro ce dures
shown in Ta ble II were per formed in a sim i lar way.
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TA BLE I. SUMMARY OF INFORMATION ABOUT DRUG-RELATED CRIMES IN THE TRI-CITY (GDAÑSK, SOPOT,

GDYNIA) FOR THE FIRST QUARTER OF 2009

Publication date Event description

30.03.2009 A man possessing 83 portions of drugs (marihuana, amphetamine, ecstasy) was arrested.

27.03.2009 3 men from Gdañsk were arrested due to possession of 500 portions of amphetamine. They
were driving a stolen car. 

23.03.2009 98 tablets of ecstasy were found in the house of a Tri-City resident. During an earlier roadside
inspection, marihuana had been found in his car. 

20.03.2009 Of fi cers in volved in the fight against drug crimes caught a 24-year old man, who had hid den
500 por tions of am phet amine and 80 doses of hash ish in side a wall. 

19.03.2009 A young man was arrested in Sopot for possession of 2.5 g of marihuana.

19.03.2009 A se cret box used for stor age of mar i juana was found dur ing a search of a young man’s
apart ment.

10.03.2009 An 18-year old girl who had of fered to sell drugs to a man who un be known to her was a po lice
of fi cer from the drug en force ment sec tion, was ar rested. 260 doses of am phet amine were
found. On the same day, a man who was a few years older was ar rested for pos ses sion of
210 am phet amine portions.

03.03.2009 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 Gdañsk.

27.02.2009 Six men sus pected of be ing drug deal ers were ar rested. Three of them were stu dents of one of
the uni ver si ties in Gdañsk. 490 tab lets of ec stasy were found in their dor mi tory room.

18.02.2009 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
woman was foiled.

18.02.2009 135 tablets of ecstasy, 90 doses of amphetamine and 28 doses of marihuana were found during
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 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.

02.02.2009 Two men pos sess ing 2 g of mar i huana were ar rested in Sopot. The same night, a man with
about 1 g of am phet amine was ar rested 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 Gdañsk’s housings estates. The drugs belonged to a criminal group operating in this area.
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TA BLE 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 
(rivers: Po, Lambro, Olona, Arno),
British (the River Thames) and Swiss
(Lake Lugano) surface waters; (cocaine, 
opioids, codeine, methadone,
cannabinoids, amphetamine and their
metabolites) [14].

In the Po, the major (longest) river in Italy, the following drugs
were found: 390 g benzoylecgonine (BE) daily (which corresponds 
to 1 kg of consumed cocaine), 60 g unchanged (free) cocaine, 
38 g THC-COOH, 30 g amphetamine and 196 g methadone. 
The applied analytical technique: SPE-HPLC-MS-MS. Recoveries: 
about 80%, except THC-COOH, for which it was 69%. Overall
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 
of abuse on the basis of sewage analysis 
in Milan, Lugano and London (cocaine,
heroin, cannabinoids, amphetamines 
and their metabolites) [15].

Estimated daily amounts of psychoactive substances and their
metabolites conveyed by wastewater, expressed in mg per
1000 persons:
                                 Mi lan       Lugano    Lon don
Cocaine                    157 ± 14  109 ± 23   140 ± 10
BE                            390 ± 63  267 ± 52   296 ± 18
Morphine                   32 ± 3    102 ± 15   173 ± 29
THC                           20 ± 2      43 ± 10     50 ± 21
Amphetamine            2.7 ± 2.8        –          24 ± 5
Methamphetamine     4.5 ± 1.6        –         2.4 ± 0.3
The applied analytical technique: SPE-HPLC-MS-MS.

3 Determination of “acidic” drugs 
in wastewater by gas chromatography,
preceded by derivatisation (ibuprofen,
ketoprofen, naproxen, diclofenac) [10].

The occurrence of naproxen and ibuprofen was shown both in
crude and purified wastewater (influent and effluent of a sewage
water treatment plant). Quantification limits of the analytical
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 
in wastewater and assessment of their
treatment process by means of 
a new-type bioreactor
(anti-inflammatory drugs, analgesics,
lipid regulating drugs, antibiotics,
psychotropic drugs, antiepileptics,
b-blockers, antidiabetic drugs,
antihistaminic drugs and diuretics) [9].

The high est con cen tra tions of pharmaceuticals were (g ´ day–1):
anti-in flam ma tory drugs: ibuprofen – 56.3; naproxen – 37.0;
diclofenac – 27.3; lipid reg u lat ing drugs: Gemfibrozil – 54.3;
di uret ics: Hy dro chlo ro thi a zide – 33.7; b-blockers: atenolol – 21.0.
More over, the study re vealed that the treat ment of pharmaceuticals 
with the bioreactor gives better re sults than con ven tional
pu ri fi ca tion. The ap plied an a lyt i cal technique:
SPE-HPLC-MS-MS.

5 Stereoisomer quantitative analysis 
of b-blockers (atenolol, metoprolol,
propranolol) in wastewater by
HPLC-MS-MS [8].

Treated and crude sewage collected at two points (influents and
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
care products and illegal drugs in
surface waters of South Wales
(antibacterial drugs, anti-inflammatory
drugs, analgesics, antiepileptics,
b-blockers, H2 receptor antagonists,
diuretics, cardiac glycosides,
Angiotensin-II receptor antagonists,
calcium channel blockers, lipid
regulating drugs, antidepressants, illegal 
drugs: amphetamine, cocaine,
benzoylecgonine) [5].

The occurrence of amphetamine, cocaine and its metabolite –
benzoylecgonine (BE) was studied in two rivers, River Taff and
River Ely. In the River Taff, both illegal drugs were found at
concentrations at the level of ng/l. Similar concentrations of these
substances were obtained in a study performed in Italy.
Benzoylecgonine concentration in the River Taff was 10 times
higher than its parent compound, cocaine. Similarly to the River
Taff, BE concentration in the River Ely was also high; however,
cocaine was not detected in water collected from this river and
amphetamine concentration was also low. The applied analytical
technique: SPE-UPLC-MS-MS.

7 Analysis of acidic drugs in the effluents
of wastewater treatment plant by means
of LC-ESI-MS-MS (bezafibrate,
clofibric acid, diclofenac, fenoprofen,
gemfibrozil, ibuprofen, indometacine,
ketoprofen, naproxen) [13].

Samples were collected from three wastewater treatment plants.
Naproxen, ibuprofen, diclofenac, fenoprofen, gemfibrozil,
indometacine and bezafibrate were below the limit of detection 
in each of these samples. The applied analytical technique:
SPE-HPLC-MS-MS. Recoveries: 58.9– 91.5%. LOD: 5–20 ng/ml.

8 Testing for the presence of selected
acidic drugs in sewage treatment plants
in Switzerland (mefenamic acid,
ketoprofen, ibuprofen, diclofenac,
clofibric acid) [11].

The study was performed on samples collected at three sewage
treatment plants over 4–7 consecutive days. It was shown that
50% of mefenamic acid is eliminated and 80% of ibuprofen is
removed in the sewage treatment process. Long periods of rainfall
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/l.

9 Monitoring of cannabinoids, opiates and 
their metabolites in surface water and
wastewater in Catalonia (Spain);
(normorphine, morphine, codeine,
norcodeine, EDDP (2-ethylidene-
1,5-dimethyl-3,3-diphenylpyrrolidine),
methadone, heroin, 6-acetylmorphine,
fentanyl, THC-COOH, THC) [2].

The occurrence of drugs was shown in most of the analysed
samples, with median values in the influents: codeine – 69 ng/l,
morphine – 63 ng/l, EDDP – 28 ng/l, methadone – 18 ng/l and
THC-COOH – 57 ng/l. The median values for surface water were:
codeine – 76 ng/l, morphine – 12 ng/l, EDDP – 31 ng/l, 
methadone – 9 ng/l. The applied analytical technique:
SPE-UPLC-MS-MS. Recovery >70%. LOQ – ng/l level. 
LOD 0.04–3.8 ng/l.

10 Psychoactive substances in the
wastewater of northern Spain
(amphetamine, methamphetamine,
MDA, MDMA, MDEA
(methylenedioxyethylamphetamine),
cocaine, BE, ketamine, D-lysergic acid
diethylamide, fencyclidine, fentanyl,
caffeine, nicotine, paraxanthine,
cotinine) [4].

The following substances were detected in the influents of the
wastewater treatment plant: cocaine 4.0 ng/l–4.7 mg/l, its
metabolite 0.9 ng/l –7.5 mg/l, amphetamine 2–688 ng/l,
methamphetamine 3–277 ng/l. The concentrations in the effluents
were: cocaine 1.0 ng/l–0.1 mg/l, BE 0.1 ng/l–1.5 mg/l, amphetamine 
4–210 ng/l, methamphetamine 3–90 ng/l. The applied analytical
technique: SPE-UPLC-ESI-MS-MS. LOD 0.1–300 ng/l. 
LOQ 0.2–850 ng/l.

11 Co caine and its me tab o lites in waste and 
sur face wast ers across Bel gium
(co caine, benzoylecgonine, ecgonine
methyl es ter) [12].

Sam ples col lected from 28 rivers and 37 sew age treat ment plants
across Bel gium were ana lysed. The de ter mined co caine
con cen tra tions were from <1 to 753 ng/l, benzoylecgonine <1 to
2258 ng/l, ecgonine methyl es ter – be low the de tec tion limit. The
high est con cen tra tions were dem on strated in sam ples col lected in
the vi cin ity of large cit ies, and dur ing week ends. The con cen tra tion 
of BE was em ployed to cal cu late the amount of con sumed co caine. 
The ap plied analytical technique: SPE-HPLC-MS.



Usu ally, 100 ml to 1000 ml sam ples of (waste)wa ter
were col lected and stored in dark am ber glass bot tles
at 4°C. These sam ples were of ten acid i fied to approx.
pH 2, us ing HCl [11, 14, 15] or H2SO4 [13]. Then the
sam ples of wastewater were fil trated, fol lowed by ex -
trac tion. Deuterated an a logues of the tested psy cho ac -
tive sub stances were added to the sam ples, since in -
strumental anal y sis was per formed us ing a mass spec -
tro met ric de tec tor in each case. Solid phase ex trac tion
(SPE) was ap plied to ex trac tion and en rich ment of the
analytes from an aque ous ma trix. A mix ture of sor -
bents, con tain ing sil ica gel mod i fied by the octadecyl
phase and poly mer ion exchangers (e.g. Oasis MCX-
[1, 5, 14] and Oasis HLB [2, 4, 7, 8, 9, 10, 12] man u -
fac tured by Wa ters Com pany), were used as SPE col -
umn fill ings. When the in stru men tal anal y sis was per -
formed by gas chro ma tog ra phy, the analytes were
deri vatised us ing an MTBSTFA re agent [10].

5. Back-cal cu la tions 

Re sults of de ter mi na tion of psy cho ac tive sub -
stances and their me tab o lites in wastewater can be
used to es ti mate the in take of drugs or pharmaceuticals 
in the com mu nity. Be sides know ing the con tent of
psy cho ac tive sub stances in wastewater, some ad di -
tional in for ma tion is re quired to per form the cal cu la -

tion. Es ti ma tion of co caine con sump tion based on
knowl edge of benzoylecgonine con cen tra tion can be
used as an ex am ple [3]. The de ter mined con cen tra tion
of benzoylecgonine has to be mul ti plied by the cor rec -
tion fac tor k = 2.33 in or der to es ti mate the cor re spond -
ing co caine con cen tra tion. Tak ing into ac count the
flow rate of wastewater (in m3/day), the mass of co -
caine con sumed by the com mu nity pro duc ing the sew -
age (e.g. in g co caine per day) can be cal cu lated. The
cor rec tion fac tor k was es ti mated from the fol low ing
re la tion ship [3]:

k
k

k
M

U

=
×

=
100

233
%

.  ,

where: kM – the mo lar mass ra tio of co caine to ben -
zoylecgonine (kM = 1.05); kU – the av er age mo lar frac -
tion (as a per cent age) of the par ent sub stance that is
ex creted in urine, e.g. for co caine ex cre tion as ben -
zoylecgonine (kU = 45%). 

Sim i lar co ef fi cients were de ter mined for other
drugs (Ta ble III) [3]. This al lows us to per form back-
cal cu la tions.

When es ti mat ing the in take of her oin based on the
de ter mined con cen tra tion of mor phine, the cal cu la tion 
er ror is even greater com pared to other drugs, be cause
it should be taken into ac count that mor phine and co -
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12 De ter mi na tion of il licit drugs and their
me tab o lites in sur face wa ter and ur ban
wastewater by means of the
ul tra-HPLC-MS-MS method
(am phet amine, meth am phet amine,
MDA, MDMA, MDEA, co caine,
cocaethylene, benzoylecgonine,
norbenzoylecgonine, norcocaine,
THC-COOH) [1].

Sam ples of crude and treated wastewater as well as sur face wa ter
were col lected. This method al lows the de tec tion of sub stances at
ng/l lev els (LOD). It was shown that the in take of drugs in creased
dur ing week ends and (en ter tain ment) events. The high est
con cen tra tions were: MDMA 27.5 mg/l and benzoyloecgonine 
10.5 mg/l. Re cov er ies for wa ter sam ples: 70–120%. Pre ci sion 
RSD < 20%. Lin ear ity of the method was tested by three-fold
anal y sis of 6 di lu tions of stan dards (2–70 mg/l for am phet amine
and its an a logues, 0.5–25 mg/l for co caine and its me tab o lites,
20–600 mg/l for THC-COOH). LOQ for sur face wa ter:
am phet amines 30 ng/l, co caine and me tab o lites 10 ng/l and
THC-COOH 300 ng/l. These val ues were ap prox i mately fif teen
times higher in crude wastewater (in flu ents), whereas three times
higher in the effluents. The applied analytical technique:
SPE-UPLC-MS-MS.

13 Macrolide an ti bi ot ics and il licit drugs as 
the con tam i na tion from small ur ban
wastewater treat ment plants
(azithromycin, roxytromycin,
claritromycin as well as
meth am phet amine and ec stasy) [7].

Sam ples of wastewater were col lected on dif fer ent days (n = 6)
from 9 Au gust 2006 to 9 March 2007. The lev els of de ter mined
sub stances var ied from be low the de tec tion limit to 300 ng/l. The
con cen tra tions in in flu ents were higher than in effluents.
Azithromycin was de tected in each ana lysed sam ple, at
con cen tra tions rang ing from 4 to 300 ng/l. Claritromycin was
de tected only in one sam ple of in flu ent (110 ng/l), whereas
roxytromycin was not de tected in any sam ple. Meth am phet amine
was de tected in all six sam ples of in flu ent and in three sam ples of
effluents, while MDMA was de tected in four sam ples of in flu ents
and in no sam ples of effluents. The ap plied an a lyt i cal tech nique:
SPE-HPLC-ESI-MS.



deine (which is me tabo lised to mor phine) can be taken
for ther a peu tic purposes. 

As sum ing 100 mg as an av er age drug dose, the re -
sults of cal cu la tions pre sented above can be ex pressed
as the num ber of doses per day per 1000 in hab it ants.
One should re mem ber that these cal cu la tions are only
very rough es ti mates, be cause they are based on mean
val ues (for ex am ple, the frac tions of sub stances ex -
creted in urine are de ter mined for non-ad dicted per -
sons). In the case of the above-men tioned av er age
value of kU = 45% for the per cent age of benzoylec-
gonine ex creted in urine in re la tion to co caine, the
range of val ues was from 30 to 50%, de pend ing on
age, gen der, body weight, ac tiv ity of kid neys and liver, 
in ter ac tion with other sub stances (e.g. al co hol), the de -
gree of de pend ence and the ge netic de ter mi nants [3].

6. In ter pre ta tion of re sults

The un cer tainty in back-cal cu la tions of drug in take 
on the ba sis of de ter mined con cen tra tions of me tab o -
lites of psy cho ac tive sub stances is very high, and this
is linked with the many fac tors af fect ing the ki net ics of 
drugs in hu mans (such as the route of ad min is tra tion,
de gree of de pend ence, urine pH, dis eases, age, sex).
Phe nom ena such as tor ren tial rain, un con trolled pol lu -
tion by chem i cals from in dus trial plants lo cated in the
vi cin ity, large scale events and con certs also in flu ence
this un cer tainty. Sam ples of wastewater col lected dur -
ing these pe ri ods will cer tainly not re flect the av er age
in take of pharmaceuticals or drugs by the ana lysed
com mu nity. Re sults of long term mon i tor ing of psy -
cho ac tive sub stances in wastewater would pro vide
much more use ful in for ma tion; they could also be used 

in as sess ment of the im pact of anti-drug ac tions on the
be hav iour of the com mu nity and the ef fect of law
enforcement interventions on the supply and con -
sump tion of drugs in given urban areas.

Cal cu la tions re lat ing to the in take of psy cho ac tive
sub stances on the ba sis of wastewater anal y sis are usu -
ally un der es ti mated. This re sults mainly from dif fi cul -
ties in es ti ma tion of their losses in the sew age net work
sys tem, which is as so ci ated with deg ra da tion in a dy -
namic sys tem with many vari able physicochemical pa -
ram e ters. In or der to im prove the ac cu racy of de ter-
mination of psy cho ac tive sub stances in wastewater,
cor rec tion fac tors based on model stud ies should be in -
tro duced, e.g. by de ter min ing the sta bil ity of these sub -
stances in wastewater stored for sev eral days at 4°C [3].
De spite many in flu enc ing fac tors and sources of un -
cer tainty, the rel a tive stan dard de vi a tion of the re sults
of drugs de ter mi na tion in sew age did not ex ceed 20%,
both in stud ies per formed over 7 days (<16%) and over 
3 weeks (<19%) [3].

7. Con clu sions

The ex am i na tion of wastewater may in the fu ture
be a mat ter of in ter est for: ad dic tion treat ment cen tres,
agen cies in volved in fight ing against dop ing in sport
or against drug-re lated crimes, phar ma ceu ti cal com pa -
nies, in sti tu tions where the mon i tor ing of the be hav -
iour of a spe cific so cial group is very im por tant (pris -
ons, army, schools), de part ments of fo ren sic med i cine
and other in sti tu tions. Up-to-date in for ma tion on the
scale of and trends in the in take of pharmaceuticals
and il licit drugs may pro vide an op por tu nity for early
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TA BLE III. CORRECTION FACTORS USED IN BACK-CALCULATIONS

Parent drug Substance determined 
in wastewater 

Re la tion of the de ter mined sub stance
to the par ent drug

kM kU k

Cocaine Benzoylecgonine
Cocaine

Major metabolite
Parent drug (present in lower
concentration in wastewater)

1.05 45% 2.33

Heroin Morphine
6-acetylmorphine

Major, but non-specific metabolite
Specific metabolite (present in lower
concentration in wastewater)

1.29 42% 3.08

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



de tec tion of new drugs being introduced onto the nar -
cot ics market. 

An un am big u ous in ter pre ta tion of an a lyt i cal re -
sults is dif fi cult due to the high vari abil ity of the con -
tent of psy cho ac tive sub stances and the ma trix of ana-
lysed sam ples of wastewater. The se lec tion of place
and time of sam ple col lec tion for study is ex tremely
im por tant, and valu able con clu sions can be drawn
only af ter long term mon i tor ing of preselected control
points.

The pharmaceuticals oc cur ring most com monly in
wastewater are: an al ge sics and anti-in flam ma tory drugs
(e.g. paracetamol, acetylsalicylic acid, ibuprofen, na -
proxen, diclofenac), lipid reg u lat ing drugs (e.g. feno -
fibrate), antiepileptics (e.g. carbamazepine), beta-
blockers (e.g. metoprolol, propranolol), hor mones
(e.g. EE2, estradiol), an ti bi ot ics (e.g. pen i cil lin) and
an ti de pres sants (e.g. fluoxetine). Among il licit drugs,
the most com mon are those used the most fre quently:
that is am phet amine and meth am phet amine and their
an a logues, delta-9-THC, mor phine and co deine, and
co caine.
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1. Wstêp

Anal iza œcie ków ko mun alny ch prze prow adz ana w celu
wy kryc ia ob ecno œci sub stanc ji psy choa kty wnych jest
przedmio tem za int ere sow ania wie lu oœr odków na uko wo-
ba dawc zych nie tyl ko zwi¹za nych z ekot oksy kol o gi¹, lecz
tak¿e in terd ysc ypli narn ych, po niew a¿ jej wy niki mog¹ byæ
roz pat rywa ne rów nie¿ jako pro blemy epi d emi olog icz ne,
zdro wot ne, spo³ecz ne oraz etyczne. Dziê ki pro wad zonym
przez d³u¿szy czas ba dan iom œc iek ów mo ¿li wa jest te¿ ob -
serw acja ten denc ji zwi¹za nych z il oœci¹ za ¿ywanych le ków
i na rkotyków. Zród³em sub stanc ji far mak olo gic znie czyn -
nych znaj duj¹cych siê w œrod owisku wod nym rzek i je zior
s¹ g³ów nie œc ieki ko mun alne po chodz¹ce z go spod arstw
do mow ych oraz szpi tali. Jest oczyw iste, ¿e im wiêks za
aglom era cja miej ska, tym iloœæ po wstaj¹cych œc ieków bê -
dzie wi êksza i bar dziej ró¿ norodna. Spe cyf ika da nego re -
jonu wp³ywa ró wni e¿ na il oœæ i ro dzaj œc ieków (np. wp³yw
cz ynników at mosf ery cznych czy ro dzaj prze mys³u rozwi -
niêtego w pobl i¿u miast).

Œcie ki to wody zu¿ yte w go spod arst wach do mow ych,
urz¹dze niach ko mun alny ch lub w pr zem yœle, kt óre s¹ od -
prow adz ane do od biorn ika œc ieków za po œredn ict wem
sie ci ka nal iza cyj nej [6]. Œcie ki by towo-go spod arcze,
z kt órymi na jczê œciej mamy st yczn oœæ, po wstaj¹ z wód
wy kor zyst ywan ych w go spod arst wach do mow ych do
utrzym ywa nia hi gieny osob ist ej, sp³ukiw ania urz¹dzeñ
sa nit arny ch, przy got owy wan ia posi³ków itp. S¹ one bar -
dzo mêt ne, maj¹ sza ro¿ó³te za barw ienie,  charakterys -
tyczny za pach i od czyn lek ko za sad owy. Za wier aj¹ oko³o 
40% za niec zyszczeñ nie organ iczny ch i 60%  organicz -
nych w po staci roz puszc zalnej i za wies in. Ws kaŸn ik bio -
log iczne go za pot rzebo wan ie na tlen (BZT5) tych œcie-
 ków wy nosi od 200 do 600 mg O2/l, z cze go 1/3 wy stê -
puje w po staci za wies in or gan iczny ch.

In form acje o ska li i ro dzaju za ¿ywa nych sub stanc ji
psy choa kty wnych po chodz¹ g³ów nie z da nych sta tys -
tyczny ch do starc zany ch przez z oœrodki po lic yjne, s³u¿bê 
zdro wia oraz spe cjaln ie powo³ane in styt ucje rz¹dowe
i mi êdz ynaro dowe powo³ane do wal ki z prz estêpczoœci¹
nar kot ykow¹. Przyk³ada mi takich instytucji mog¹ byæ
m.in.:
– Komenda G³ówna Policji (www.policja.pl);
– Krajowe Biuro ds. Przeciwdzia³ania Narkomanii

(www.kbpn.gov.pl);
– Europejskie Centrum Monitorowania Narkotyków

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

– Amerykañska Agencja Rz¹dowa do spraw Walki
z Przestêpczoœci¹ Narkotykow¹ (Drug En force ment
Ad min is tra tion) (www.dea.gov).
Cen nym Ÿród³em wie dzy na ten te mat s¹ ró wnie¿

dane ko merc yjne do tycz¹ce wi elkoœci sp rzeda¿y le ków
(np. li sty ran king owe z naj czêœ ciej prze pis ywa nymi na
re cept ach le kars twami, ba dan ia na ukowe i pu blik acje
pra sowe oraz badania ankietowe.

Pow y¿s ze Ÿród³a da nych s¹ bar dzo cen ne, ale z regu³y 
nie do tycz¹ spo³ec znoœci lo kaln ych, gdy¿ opis uj¹ one
ogól ne tren dy w wiêk szych re gion ach i pa ñstw ach.
 Szcze gó³owe in form acje o lo kaln ej ska li zja wis ka pro -
blemu nar kot yko wego jest bar dzo trud no uzys kaæ. Dla
przyk³adu in form acje o za trzym aniu osób po dejr zany ch
o przyj mow anie lub sprze da¿ narko tyk ów w Trójm ieœ cie
w pierw szym kwar tale 2009 r. za mieszc zono w ta beli I
(Ÿród³o: www.po lic ja.pl). Ze staw ienie to daje jed nak tyl -
ko frag ment ary czn¹ info rmac jê o najc zêœc iej sprze daw a -
ny ch œrodk ach odu rzaj¹cych na lo kaln ym rynku nar ko -
ty kow ym i bardzo szacunkowo odzwierciedla skalê zja -
wis ka.

Coraz cz êœci ej za uwa¿a siê, i¿ anal iza œcie ków ko -
mun alny ch mo¿e byæ bar dzo wa¿ nym Ÿród³em in form acji 
o sub stanc jach psy choa kty wnych sto sow any ch w  spo -
³eczno œci ach miej skich. Ob szerny ra port na ten te mat zo -
sta³ przy got owa ny w grud niu 2008 roku przez na ukow -
ców wspó³pra cuj¹cych z Eu rop ejsk im Cen trum Mo nit o -
ro wan ia Na rko tyk ów i Nar kom anii [3], któ rego lek tura
po winna byæ obo wi¹zko wa dla osób zainteresowanych
niniejszym tematem.

2. Problematyka analizy
chemiczno-toksykologicznej

Pod staw owy pro blem anal ity czny sta nowi  skompli -
ko wana ma tryca zwi¹zków che miczn ych obecn ych
w œcie kach. Z pro blem em tym zwi¹zany jest te mat ob ec -
noœci nie tyl ko sub stanc ji wyj œciow ych, ale tak ¿e met a -
boli tów sub stanc ji psy choa kty wnych. Po mimo roz woju
tech nik anal ity cznych, a zw³asz cza tech nik chro mat ogr a -
fic znych sprz ê¿o nych z de tekcj¹ spek trom etr ii mas, które 
da³y mo¿l iwoœæ wy kryw ania sub stanc ji na co raz ni¿-
 szych po ziom ach st ê¿eñ (od 1 ng/l do kil ku mg/l), w przy -
padku anal izy œcie ków ist nieje kon iecz noœæ sto sow ania
tech nik eks trakc yjny ch do izol acji i wzbo gac ania  ana -
litów (przede wszyst kim eks trakc ji do fazy sta³ej SPE).
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W zwi¹zku z tym czê sto ba dan ia che miczne trze ba ukie -
runkowaæ. 

3. Wyb ór miej sca i cza su po bier ania pr óbek
œc ieków

Bar dzo wa¿ nym etap em ka¿d ej pro ced ury anal ity cz -
nej jest w³aœci we po bran ie i za bezp iecz enie pr óbek do
anal izy. W przy padku anal izy œcie ków nale ¿y pobi eraæ
ich prób ki w miej scu wlo tu do oczyszc zalni œcieków
(spo dziew ane du¿e stê ¿enie sub stanc ji psy choa kty w -
nych). Po bier anie pr óbek wody po oczyszc zeniu wód po -
wierzchn iowy ch wy kon uje siê w celu spraw dzen ia stop -
nia oczyszc zenia œcieków lub prze mian tych sub stanc ji
w œro dowis ku wod nym. Ob lic zenia re tros pekty wne (ang. 
back-cal cul ati on) od nosz¹ce siê do il oœci za ¿ywanych
sub stanc ji psy choa kty wnych w da nej spo³ec znoœci s¹
naj bard ziej wia ryg odne, jeœ li s¹ uzys kane na pod staw ie
anal izy œcie ków su row ych (anal iza wody po bran ej na
wy loc ie z oczyszc zalni daje przede wszyst kim  informa -
cjê o skutec znoœci oczyszc zenia œcieków) [3]. Anal iza
œcie ków po chodz¹cych z sie ci ka nal iza cyj nej, np. ze zbior -
czych punkt ów ko lekt oro wych, a tym bar dziej w  umiej -
sco wionych pobli¿u bloków miesz kaln ych i domów,
mo¿e byæ przed miot em za int ere sow ania nie tyl ko nau -
kowców, ale tak ¿e org anów œci gania czy przed staw ici eli
mediów. Pro blem ten nie bêd zie istotny, dopóki w przy -
padku ba dan ia œc iek ów nie bê dzie mo ¿li wa ident yfi kac ja
osoby za¿y waj¹cej nar kot yki. Z dru giej stro ny taka ob -
serw acja miejsc szczególnego zna czen ia dla spo³ecznoœ -
ci, ta kich jak ko szary woj skowe, szko³y, domy aka de-
mic kie czy szpi tale, mo¿e stan owiæ bar dzo cen ne Ÿród³o
in form acji dla wie lu in styt ucji zaj muj¹cych siê zdro wiem 
pu bliczn ym lub walk¹ z pr zestêp czoœci¹ nar kot ykow¹.
Ocz ywi œcie mo¿ liw oœæ sku teczn ego mo nit oro wan ia za -
¿yw ania na rko tyk ów czy le ków jest zwi¹zana nie tyl ko
z wy bor em miej sca po bran ia pr óbek, ale ta k¿e w ró wnym 
stop niu z czês totliwoœci¹ po bier ania pr óbek (raz na rok,
mie si¹c czy dzieñ).

4. Wybór analitów i metody analitycznej

W³aœ ciwy wy bór me tody anal ity cznej zwi¹zany jest
g³ównie z wy bor em od pow iedni ch an ali tów, kt óry ch oz -
nac zone stê¿e nie w œciek ach dawa³oby podst awê do obli -
c zeñ re tros pekty wnych. Na jczê œciej s¹ to nar kot yki po-
ten cjaln ie naj czêœc iej za¿ ywane i ich me tab oli ty, ta kie
jak: ben zoi loek gonina, ko kai na, mor fina, 6-mo noa cety-
lo morf ina, 3b-D-glu kur onid mor finy, am fet ami na, me t -
amf eta mina, me tyl eno dio ksyam fet ami na (MDA),  mety -
le nod ioksy met amf etam ina (MDMA), me tyl eno dio ksy-
etylo amf eta mina (MDEA) i kwas 11-nor-9-kar boksy-D9-
te trah ydr okan nabi nol owy (THC-COOH) [3]. Wpraw dzie 

mor fina jest wy dal ana z mo czem w po staci gl ukur onidów 
mor finy, jed nak w  œcie kach ko mun alny ch w wy niku hy -
drol izy  prze prowa dzonej przez bak ter ie fe kalne wy stêp uje 
pra wie wy³¹cz nie w po staci wol nej mor finy. Kwas THC-
COOH, po dobn ie jak w przy padku mor finy, w œc ie k ach
 komu nalnych nie wy stêp uje jed nak jako glu kuro nid, lecz
w wol nej po staci.

W celu mia rod ajne go mo nit oro wan ia zmian stê¿eñ
narkotyków obecn ych w œciek ach szcze gólnie istotne jest 
sto sow anie deu ter owa nych wzo rców wew nêt rzn ych sub -
stanc ji psy choa kty wnych. Brak odt warz aln oœci sto sow a -
nej pro ced ury anal ity cznej mo¿e prow adz iæ do myl nych
wni osków zwi¹za nych z mo nit oro wan ymi zmianami
w sk³adzie chemicznym œcieków.

Cel ba dañ oraz wnio ski do tycz¹ce oznac zania sub -
stanc ji psy choa kty wnych w œci ekach oraz wo dach po -
wierzchn iowy ch ze staw iono w ta beli II [1, 2, 4, 5, 7, 8, 9,
10, 11, 12, 13, 14, 15].

W pro ced ura ch anal ity cznych omów ion ych w ta -
beli II po szc zególne etapy by³y re aliz owa ne bar dzo po -
dobn ie. Zwy kle po bier ano pr óbki wod ne o obj êtoœci od
100 do 1000 ml i prze chow ywa no je w bu tlach szkla nych
o ciem nym, bursz tyn owym za barw ieniu i w tem per atu rze 
+4oC. Pró bki wod ne czê sto za kwas zano do pH ok. 2 za
po moc¹ HCl [11, 14, 15] lub H2SO4 [13]. Pr óbki œc ieków
przed eks trakcj¹ by³y fil trow ane. Do pró bek do daw ano
deu ter owa ne anal ogi ba dan ych sub stanc ji psy choa kty w -
nych, gdy¿ w ka¿ dym przy padku anal izy koñc owej do -
kon ywa no z wy kor zyst aniem de tekt ora spek trom etr ii
mas. Etap eks trakc ji i wzbo gac ania anal itów z ma trycy
wod nej by³ re aliz owa ny z za stos owa niem eks trakc ji do
fazy sta³ej (SPE), przy czym jako wype³nieñ ko lum ienek
SPE u¿ ywa no mie szanych sor bent ów za wier aj¹cych ¿el
krze mionk owy mo dyf iko wany faz¹ okta dec ylow¹ i po -
lim ero wych wy mien iaczy jo now ymi ennych (np. Oasis-
MCX [1, 5, 14] i Oasis HLB [2, 4, 7, 8, 9, 10, 12] fir my
Wa ters). W przy padku, gdy anal izê koñc ow¹ wy kon ywa -
no z wy kor zyst aniem chro mat ogr afii ga zow ej, anal ity de -
ryw aty zow ano za po moc¹ od czynn ika MTBSTFA [10].

5. Ob lic zenia re tros pekty wne

Oznac zanie sub stanc ji psy choa kty wnych i ich met a -
bol itów w œci ekach daje pod stawê do pró by oszac owa nia
iloœci narko tyk ów czy leków za¿yw any ch w da nej spo -
³ec znoœci. Pod staw¹ ta kich ob liczeñ jest nie tyl ko  ozna -
czona zaw artoœæ sub stanc ji psy choa kty wnych w œcie -
kach, ale tak ¿e zna jomo œæ kil ku do datk owy ch da nych.
Przyk³adem ta kiego sza cow ania mo¿e byæ ob lic zenie zu -
¿yc ia ko kai ny na pod staw ie zna jomo œci stê ¿enia  benzo -
iloekgoniny [3]. Oznac zone stê¿e nie ben zoi loek goniny
nal e¿y prz emn o¿yæ przez wspó³czyn nik ko rekc yjny
k = 2,33, aby uz yskaæ od pow iadaj¹ce st ê¿e nie ko kai ny,
co przy zn ajo moœci przep³ywu objêtoœciowego œcieków
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(w m3/dzieñ) daje informacjê o ma sie ko kai ny za ¿yw anej
przez spo³ecznoœæ, od której po chodz¹ œc ieki (np. w jed -
nostk ach g ko kai ny/dz ieñ). Wspó³czyn nik ko rekc yjny k
zo sta³ oszac owa ny z nastê puj¹cej zale¿ noœ ci [3]:

k
k

k
M

U

=
×

=
100

233
%

.  ,

gdzie: kM – sto sun ek masy mo low ej ko kai ny do ben zoi lo -
ek goniny (kM = 1,05); kU – œre dni udzia³ sub stanc ji wy -
dal anej do mo czu – np. ben zoi loek goniny w sto sunku do
wyj œcio wej ko kai ny (kU = 45%). Po dobne wspó³czyn niki
wy znac zono dla in nych na rkotyków (ta bela III) [3], co
daje mo ¿li woœæ wy kon ania ob lic zeñ re tros pekty wnych.

W przy padku sza cow ania ilo œci za¿ ywa nej he roi ny na
pod staw ie oznac zonej zawar toœci mor finy ta kie  obli czenie 
jest obar czone jesz cze wiêk szym b³êdem w sto sunku do
po zos ta³ych na rko tyków, gdy¿ na le¿y uw zgl êdniæ mo ¿li -
woœæ za ¿yw ania te rap euty cznie mor finy oraz ko dei ny
( któ ra me tab oli zuje do mor finy).

Przy za³o¿ onej œr edn iej daw ce nar kot yku ok. 100 mg
mo¿ na pow y¿s ze wy niki ob lic zeñ pr zed stawiæ jako li cz -
bê da wek przyj mow any ch dzien nie na 1000  mieszkañ -
ców. Nale¿y pamiê taæ, ¿e powy¿ sze ob lic zenia s¹ bar dzo
sza cunk owe, gdy¿ opier aj¹ siê na przyj êciu warto œci
 œred nich (np. udzia³y sub stanc ji wy dal any ch do mo czu s¹ 
wy znac zane dla osób ni euza le¿n ionych). W przy padku
wy¿ej omów ionej œre dni ej, war toœ ci kU = 45% udzia³u
wy dal anej do mo czu ben zoi loek goniny w sto sunku do
ko kai ny, za kres zm iennoœci wy nosi 30–50% w za le¿ -
noœci od wie ku, p³ci, masy cia³a, pra wid³owo œci dzia³ania 
ne rek i w¹tro by, in ter akcji z in nymi sub stanc jami (np. al -
ko h olem), stop nia uzal e¿nienia czy uwar unkowañ gene -
tycz nych [3]. 

6. Interpretacja wyników

Ni epew noœæ ob licz eñ re tros pekty wnych opier aj¹cych 
siê na zu¿yc iu narko tyków okreœ lanym na pod staw ie
ozna c zany ch stê¿eñ metab olit ów sub stanc ji  psychoak -
tyw nych jest bar dzo du¿a, co zwi¹zane jest z wie loma
czyn nik ami maj¹cymi wp³yw na kine tykê prze mian  nar -
ko tyków w or gan izm ie ludz kim (m.in. dro ga poda nia,
stop ieñ uzal e¿nienia, od czyn mo czu, cho roby, wiek,
p³eæ). Na nie pew noœæ tê wp³yw wy wier aj¹ ró wnie¿ zja -
wis ka typu: ulewne desz cze, nie kont rolo wane za niec zysz-
 czenie che mik ali ami z okol iczny ch zak³adów prze my-
s³owych czy ma sowe im prezy roz rywk owe i kon certy
mu zyczne. Pr óbki œc ieków po bier any ch w ta kim cza sie
na pew no nie bêd¹ od zwierc iedla³y pr zeciêt nego zu ¿ycia
le ków czy na rkotyk ów przez ba dane spo³ec zno œci. Mo -
nit oro wan ie st ê¿eñ sub stanc ji psy choa kty wnych w œci e -
kach w d³u¿s zym cza sie dawa³oby znacz nie wiêks ze
mo¿ li woœci in terp reta cji wy ników, ok reœl ania wp³ywu
ak cji an tyn arko tyk owy ch na za chow ania spo³ec znoœ ci

czy od dzia³ywan ia in terw encji or ganów œc igan ia na po -
da¿ i zu ¿ycie na rkot yków w da nych aglom era cja ch.

Ob lic zenia do tycz¹ce za ¿ywania sub stanc ji  psycho -
aktywnych na pod staw ie anal izy œcie ków s¹ zwy kle nie -
dos zaco wane, co wy nika g³ów nie z trud nych do okreœ -
le nia strat tych sub stanc ji w sie ci ka nal iza cyj nej zwi¹za -
nych z ich de grad acj¹ w dy nam icznym uk³adzie o wie lu
zmien nych pa ram etr ach fi zyk och emic znych. W celu po -
praw ienia dok³ad noœci oz nacz eñ st ê¿eñ sub stanc ji psy -
choa kty wnych w œci ekach po winno siê wp rowa dziæ
wspó³czyn niki ko rekc yjne z ba dañ mo del owy ch np. po -
przez ok reœlenie st abilnoœci tych sub stanc ji w œci ekach
prze chow ywa nych przez kil ka dni w tem per atu rze +4oC
[3]. Po mimo tak wie lu zmien nych i Ÿróde³ niepe wnoœci
uzys kiwa ne w ba dan iach wy niki oznac zania narko tyków
w œciek ach nie prze krac zaj¹ 20% wart oœci wzgl êdne go
od chyl enia stan dard owe go zaró wno w ba dan iach pro -
wad zony ch w ci¹gu 7 dni (<16%), jak i w ci¹gu 3 ty god ni
(<19%) [3].

7. Pod sum owa nie

Po tenc jalne za int ere sow anie ba dan iem œc iek ów mog¹ 
w przysz³oœci wykazaæ m.in. oœrodki zaj muj¹ce siê le -
czen iem uz ale¿ nieñ, walk¹ z do ping iem w spo rcie czy
z prz estê pcz oœci¹ nar kot ykow¹, fir my far mac euty czne,
in styt ucje, w kt órych kon trola za chow ania ok reœl ony ch
grup spo³ecz nych sta nowi bar dzo wa¿ ny cel (wiê zienia,
woj sko, szko³y) oraz zak³ady me dyc yny s¹do wej.  Aktu -
al na in form acja o ska li i tren dach w za¿y waniu leków
i na rko tyk ów w przysz³oœci mo¿e daæ mo¿liwoœæ wcze s -
nego wy kryw ania no wych narkotyków wprowadzanych
na rynek narkotykowy.

Jed noz naczna in terp reta cja wy ników anal izy jest
utrudn iona ze wzglêdu na du¿¹ zmienn oœæ zawart oœci
sub stanc ji psy choa kty wnych i ma trycy pr óbek œc ieków.
Nie zwyk le istotny jest wybór miej sca i cza su po bran ia
 próbek do ba dañ, a wa rtoœ ciowe wnio ski mo¿na wy -
ci¹gaæ do piero po d³u¿ szym mo nit oro wan iu  wyselek -
cjonowanych punktów kontrolnych.

Najcz êœc iej wystê puj¹ce leki i nar kot yki w œci eka ch
to: leki prz eci wbó lowe i prze ciwz apa lne (np. pa rac eta -
mol, kwas acet ylo sal icy lowy, ibup rofen, na proks en, di -
klof enak), re gul uj¹ce po ziom li pidów we krwi (np. fe no-
 fibrat), prze ciwp ada czkowe (np. kar bam aze pina), beta-
blo kery (np. me top rolol, pro pran olol), hor mony (np. EE2,
es trad iol), an tyb ioty ki (np. pe nic yli na) czy  przeciwde -
presyjne (np. flu oks ety na). Wœr ód nar kot yków mo¿ na
wym ien iæ te naj czê œci ej za¿ ywa ne, a wiêc:  amfe tamina,
me tamf eta mina i ich anal ogi, del ta-9-THC, mor fina i ko -
dei na oraz ko kai na.     
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