
1. In tro duc tion

Among the sev eral hun dred chem i cal com pounds
found in can na bis prod ucts, the main are dibenzofuran
de riv a tives and com pounds con tain ing dihydroxy ben -
zene struc tures [1]. The main psy cho ac tive in gre di ent

of can na bis is the hal lu ci no genic delta-9-tetrahydro -
cannabinol (D9-THC – Fig ure 1). This com pound is
found in can na bis to gether with cannabinol (CBN) and 
cannabodiol (CBD) as well as delta-8-tetrahydro can -
nabinol (D8-THC). The main pre cur sor of D9-THC
in can na bis is delta-9-tetrahydrocannabinolic acid
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The aim of this study was to de velop and val i date chro mato graphic meth ods for de ter mi na tion of D9-THC and D9-THCA-A in
hemp and to com pare the quan ti ta tive re sults ob tained by GC-MS with the quan ti fi ca tion re sults ob tained by HPLC. 0.5 g sam ples of 
dry plant ma te rial were ex tracted with 5 ml meth a nol over night (16 h). The sep a ra tion of the sam ple com po nents was per formed by

HPLC on an RP-18e Chromolith col umn (5 mm, 100 mm) at 40°C with isocratic elu tion. The mo bile phase con sisted of a mix ture of

wa ter con tain ing 100 ml phos pho ric acid per 1 litre (pH 3) and aceto ni trile (70:30). GC-MS sep a ra tion of sam ple com po nents was

car ried out on an HP-5MS (30 m ́  0.25 mm ́  0.25 mm) col umn. Ac qui si tion was per formed in the full scan mode. The lim its of de -

tec tion (LOD) for HPLC were 0.00030% (con verted to dry hemp mat ter) for D9-THC and 0.00068% for D9-THCA-A. The cal i bra -

tion curves were lin ear both for D9-THC and THCA-A (r = 0.999) in the tested range: 0.05% (2.5 mg/ml) up to 2.0% (100 mg/ml).
The intra-as say and inter-as say pre ci sion, ex pressed as the per cent age co ef fi cient of vari a tion (CV), were 3.5% and 8.2% for

D9-THC, and 3.4% and 8.4% for D9-THCA-A, re spec tively. The limit of de tec tion (LOD) for D9-THC ob tained by GC-MS
was 0.015%. The cal i bra tion curve was lin ear (r = 0.998) in the range from 0.1% up to 0.8%. The GC-MS intra-as say pre ci sion ex -

pressed as CV was 15.3% and the inter-as say pre ci sion was 21.3%. Com par i son of the D9-THC quan ti ta tive re sults ob tained for the
real hemp sam ples by the two meth ods shows that there is a good cor re la tion be tween them (r = 0.99) and proves that it is pos si ble to

ap ply them when mea sur ing the to tal D9-THC con cen tra tion in can na bis hemp and other can na bis prod ucts e.g. can na bis resin (hash -
ish). The re sults of the study show that both de vel oped meth ods can be used in rou tine anal y sis for dis tin guish ing drug type from fi -
bre type can na bis.
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(D9-THCA-A – Fig ure 2), which de com poses to form
D9-THC at high tem per a tures. This takes place both in
the course of smok ing can na bis prod ucts and dur ing
their anal y ses per formed by gas chro mato graphic
meth ods at the high tem per a ture of the in jec tion port.
Other cannabinoids which are found in can na bis are:
cannabinolic acid (CBNA), cannabidiolic acid
(CBDA), cannabichromen (CBC), cannabigerol
(CBG), cannabigerolic acid (CBGA), cannabivarin
(CBV) and tetrahydrocannabivarin (THV). Con cen -
tra tions of par tic u lar com pounds in can na bis plants de -
pend mainly on their ge netic prop er ties as well as the
age of the plant, cli mate and cul ti va tion con di tions.
Cul ti va tion of can na bis is pro hib ited ex cept fi bre type
can na bis which may be grown upon re ceiv ing ap pro -
pri ate per mis sion from the lo cal au thor i ties.

In 2006, the ap pear ance of ge net i cally mod i fied
can na bis on the drug scene was noted. This type of
can na bis con tains small amounts of delta-9-tetra hy -
dro cannabinol (D9-THC, 9-THC) (less than 0.20%),
and large amounts of delta-9-tetrahydrocannabinolic
acid (D9-THCA-A, delta-9-THC-2-carboxylic acid,
9-THCA-A). This was one of the fac tors lead ing to the
in tro duc tion of leg is la tive steps aimed at amend ment
of the ex ist ing Act of 29 July 2005 on Coun ter act ing
Drug Ad dic tion, which (the amend ment) came into
force on 1 Feb ru ary 2007. The amend ment con cerned
the def i ni tion of fi bre type can na bis, which was
phrased as fol lows: “plants be long ing to the spe cies
Can na bis sativa L., in which the to tal con tent of del -
ta-9-tetrahydrocannabinol and delta-9-tetrahydro can -
nabinolic acid (delta-9-THC-2-carboxylic acid) in
flo w er ing and fruit ing tops of the plants from which
the resin has not been re moved is less than 0.20 per
cent when con verted to dry mat ter”. Un der the un -

amended act, only the con tent of D9-THC de ter mined
whether a given sam ple of can na bis con sti tuted an il le -
gal sub stance of abuse. Most of the meth ods used for
de ter mi na tion of D9-THC in can na bis de scribed in the
sci en tific lit er a ture are based on gas chro ma tog ra phy
and its ap pli ca tion for ju di cial pur poses. These pro -
cedures usu ally mea sure the so-called to tal D9-THC
con tent, which is the sum of the nat u ral D9-THC it self
and the ad di tional D9-THC, which is pro duced by
decarboxy lation of D9-THCA-A in the high tem per a -
ture of the gas chromatograph in jec tion port. 

The aim of the study was to de velop and val i date
chro mato graphic meth ods for de ter mi na tion of
D9-THC and D9-THCA-A in hemp and to com pare the
to tal D9-THC con tent mea sured by GC-MS and HPLC, 
in which the con cen tra tions of the two com pounds are
de ter mined sep a rately. In this pa per an a lyt i cal pro ce -
dures were adapted to meet the re quire ments of the act
in the above men tioned area.

2. Ma te ri als and meth ods

2.1. Drug sam ples

Study ma te ri als were hemp sam ples seized by the
Po lice.

2.2. Stan dards 

Delta-9-tetrahydrocannabinol (5 mg/ml so lu tion)
and delta-9-tetrahydrocannabinolic acid (10 mg, in sub -
stantia) were pur chased from Lipomed AG (Swit zer -
land), and 1,3-chlorophenylpiperazine – mCPP (5 g)
from Sigma-Aldrich (Po land).

2.3. Chem i cals

Acetonitrile and meth a nol (HPLC gra di ent grade)
was pur chased from Merck (Ger many).

2.4. De ter mi na tion of delta-9-tetrahydrocan na binol
and delta-9-tetrahydrocannabinolic acid in
hemp by high per for mance liq uid
chro ma tog ra phy with di ode ar ray de tec tion
(HPLC-DAD)

0.5 g hemp sam ples, af ter pul ver is ing in a ho mog e -
nizer (IKA-Werke, Ger many) were ex tracted with
5 ml meth a nol over night (16 h). The ex tract was cen -
tri fuged, di luted 20 times (50 ml ex tract + 950 ml mo -
bile phase), and ana lysed by high per for mance liq uid
chro ma tog ra phy with di ode ar ray de tec tion (HPLC-
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Fig. 1. Delta-9-tetrahydrocannabinol (D9-THC).
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Fig. 2. Delta-9-tetrahydrocannabinolic acid (D9-THCA-A).



DAD). Anal y sis was per formed by an HPLC Elite
LaChrom L-2000 Sys tem (VWR Merck-Hitachi, Ja -
pan). Chro mato graphic sep a ra tion was car ried out on
a Chromolith RP-18e (5 mm, 100 mm, Merck), us ing
the isocratic com po si tion of the mo bile phase. The mo -
bile phase con sisted of wa ter con tain ing 100 ml phos -
pho ric acid per 1 litre (pH 3) and acetonitrile (70:30,
v:v). The mo bile phase flow rate was 1 ml/min. The
 injection vol ume was 20 ml. The di ode ar ray de tec tor
op er ated in the range 200-400 nm. The ac qui si tion
time was 11 min utes. Quan ti ta tive anal y sis was based
on l = 210 nm for D9-THC and 220 nm for
D9-THCA-A [2].

2.5. De ter mi na tion of delta-9-tetrahydrocannabinol
in hemp by gas chro ma tog ra phy cou pled to
mass spec trom e try (GC-MS)

For the pur poses of anal y sis by gas chro ma tog ra -
phy cou pled to mass spec trom e try (GC-MS), the hemp 
methanolic ex tracts were di luted 20 times with meth a -
nol af ter ad di tion of 10 ml of in ter nal stan dard – mCPP
(1000 mg/ml). Anal y sis was per formed us ing an HP
6890 se ries gas chromatograph cou pled to a mass spec -
trom e ter (Agilent 5973 Net work Quadrupole MSD,
Agilent Tech nol o gies, USA). The gas chromatograph
was equipped with a split/spitless in jec tor which was
main tained at 250oC. In jec tion (1 ml) was per formed
automatically in the splitless mode. Chro mato graphic
sep a ra tion was per formed on an HP-5MS (Agilent
Tech nol o gies, USA; length: 30 m, in ner di am e ter
0.25 mm, film thick ness 0.25 mm) cap il lary col umn.
The flow of the car rier gas (he lium) was 1.0 ml/min.
The col umn tem per a ture programme con sisted of
3 seg ments. The tem per a ture of the col umn was main -
tained at 75oC for 1 min, then ramped at 25oC/min to
275oC, and main tained for 9 min. The mass spec trom e -
ter was op er ated in pos i tive ion is ation mode (EI) and
the en ergy beam was 70 eV. The de tec tor op er ated in
full scan mode 40–600 m/z. Ac qui si tion time was
17 min utes. Quan ti ta tive anal y sis was based on the in -
ten sity of the an a lyt i cal sig nal for m/z = 299 (D9-THC)
and m/z = 154 (in ter nal stan dard – mCPP).

3. Re sults and di scuss ion

3.1. De vel op ment of pro ced ure for de term ina tion
of D9-THC and D9-THCA-A by me ans of
HPLC

The first stage in the de vel op ment of a pro ce dure
for de ter mi na tion of D9-THC and D9-THCA-A by

means of HPLC was ap pli ca tion of ini tial chro mato -
graphic pa ram e ters which had pre vi ously been used to
mea sure D9-THC in hemp and can na bis resin un der the 
Act on Coun ter act ing Drug Ad dic tion that was in force 
be fore the last amend ment. The pa ram e ters are shown
in Ta ble I.

TA BLE I. INITIAL HPLC METHOD PARAMETERS

Col umn RP-8 LiChrospher –
100 mm, 5 mm 

Mo bile phase AcCN:H2O (70:30, v/v)

Col umn tem per a ture 30oC

Ac qui si tion time 11 min

In these con di tions, there was tail ing of the chro -
mato graphic peak cor re spond ing to the D9-THCA-A
stan dard in the ob tained chromatogram (Fig ure 3). So,
the chro mato graphic col umn was re placed with a mono -
lithic RP-18e Chromolith col umn (100 mm, 4.6 mm,
Merck, Ger many). 

On the new col umn, tail ing of the D9-THCA-A
peak was  got rid of, but the ac qui si tion time (11 min)
ap peared to be shorter than the re ten tion time of the
analyte. Since anal y sis time is one of the key fac tors in
ef fi ciency of rou tine lab o ra tory anal y ses, the tem per a -
ture of the col umn oven was raised up to 40oC in or der
to shorten it. The ob tained chromatograms are shown
in Fig ure 4. The shape of the D9-THCA-A peak was
sym met ri cal and its re ten tion time was less than 11 mi -
n utes, as re quired.

Ta ble II shows the sum ma rised fi nal op ti mal chro -
mato graphic pa ram e ters ob tained dur ing the de vel op -
ment of the HPLC method, which were sub se quently
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Fig. 3. HPLC chromatogram of D9-THCA-A stan dard on an
RP-8 LiChrospher col umn.



used for de ter mi na tion of D9-THC and D9-THCA-A in
hemp and can na bis resin.

TA BLE II. FINAL HPLC PARAMETERS 

Col umn RP-18e Chromolith –
100 mm, 6 mm 

Mo bile phase AcCN:H2O (70:30, v/v)

Col umn tem per a ture 40oC

Ac qui si tion time 11 min

3.2. Val i da tion of HPLC method

3.2.1. Spec i fic ity and se lect ivity

Fig ure 5 shows chro mato graphic sep a ra tion of
D9-THC and D9-THCA-A per formed on an RP-18e
Chromolith col umn at 40oC. In these con di tions good
sep a ra tion of the two com pounds was achieved as well 
as sym met ri cal peak shapes.

Fig ures 6 and 7 show HPLC chromatograms ob -
tained dur ing the anal y ses of oreg ano and to bacco re -
spec tively, which are some times added to mar i huana.
No in ter fer ing peaks were ob served in the range of the
re ten tion times of D9-THC and D9-THCA-A, which
might in flu ence de ter mi na tion of the analytes. Fig -
ure 8 shows typ i cal chromatograms ob tained by the
anal y sis of real hemp sam ples (mar i huana) at wave -
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Fig. 4. HPLC chromatogram of D9-THCA-A stan dard on an
RP-18e Chromolith col umn at 40oC.

Fig. 5. Chro mato graphic sep a ra tion of D9-THC and

D9-THCA-A on an RP-18e Chromolith col umn at 40°C.

Fig. 6. HPLC chromatogram of oreg ano.

Fig. 7. HPLC chromatogram of to bacco.

a

b

Fig. 8. Real hemp sam ple chromatogram a) at 210 nm, and
b) at 220 nm.



lengths of 210 and 220 nm, which were used to de ter -
mine D9-THC and D9-THCA-A, re spec tively. Fig ure 9
shows UV spec tra of the two analytes in the 200–
400 nm wave length range. In the pre sented con di tions, 
the com po nents of the ex tracted ma trix of the real
hemp sam ples did not in ter fere with chro mato graphic
peaks of the tar get com pounds.

3.2.2. Lim its of de tect ion and qu ant ifi cat ion
(LOD, LOQ)

Lim its of de tec tion and quan ti fi ca tion for both
com pounds were de ter mined based on cal i bra tion
curves in a low con cen tra tion range from 0.02% to
0.2% of D9-THC and D9-THCA-A, in which the LOD
and LOQ were ex pected to lie. Val i da tion cal cu la tions
were per formed with Merck’s Valistat soft ware. The
limit of de tec tion (LOD) ob tained by the HPLC meth -
od was 0.0003% (con verted to dry hemp mat ter) for
D9-THC and 0.0007 % for D9-THCA-A. The limit of
quan ti fi ca tion (LOQ) ob tained by the same method
was 0.0027% for D9-THC and 0.006 % for D9-THCA-A.

3.2.3. Lin ear ity

Lin ear ity was checked for D9-THC as well as for
D9-THCA-A in the range: 0.05% (2.5 mg/ml) – 2.0%
(100 mg/ml). Cor re la tion coefficients (r2) of the cal i -
bra tion curves were higher than 0.999 for both com -
pounds.

3.2.4. Pre ci sion

Inter-as say and intra-as say pre ci sion was eval u ated 
by ana lys ing 5 rep li cates of ho mogen ised hemp per -
formed on 6 dif fer ent days. Intra-as say and inter-as say
pre ci sion ex pressed as cor re la tion of vari a tion (CV)
was 3.5% and 8.2% for D9-THC and 3.4% and 8.4%
for D9-THCA-A, re spec tively. 

3.3. Val i da tion of the GC-MS method

Dur ing the anal y sis of hemp by GC-MS, at the high 
tem per a ture of the GC in jec tor, D9-THCA-A is decar -
boxylated to D9-THC, there fore only one com pound
was de ter mined in this pro ce dure. The ob tained re sults 
of de ter mi na tion of D9-THC in fact cor re sponded to
the sum of D9-THC and D9-THCA-A con cen tra tions.
The lim its of de tec tion and quan ti fi ca tion were de ter -
mined based on the cal i bra tion curve drawn up in the
nar row range from 0.025% to 0.2% (D9-THC con tent
in dry hemp mat ter). The limit of de tec tion (LOD) of
D9-THC achieved by GC-MS was 0.015%, and the
limit of quan ti fi ca tion (LOQ) was 0.113%. The cal i -
bra tion curve was lin ear (r = 0.998, equa tion of the
curve y = 0.0931x – 0.0984) in the range from 0.1% to
0.8%. The intra-as say pre ci sion achieved for GC-MS
ex pressed by cor re la tion of vari a tion CV was 15.3%
and the inter-as say pre ci sion was 21.3%. Pre ci sion
was mea sured in the same way as it was for the HPLC
method.

3.4. Com par i son of D9-THC and D9-THCA-A
de term ina tion re sults ob tai ned by me ans of
HPLC and GC-MS

In or der to com pare HPLC and GC-MS meth ods
and their ap pli ca bil ity in the de ter mi na tion of the main
psy cho ac tive com po nents of can na bis, par al lel anal y -
ses of 64 real mar i huana sam ples were per formed by
the two meth ods us ing pre vi ously de vel oped and val i -
dated pro ce dures. The re sults of D9-THC and
D9-THCA de ter mi na tions by HPLC were added and
to tal val ues were com pared with the re sults achieved
by GC-MS. The cor re la tion be tween them was stud ied
(Fig ure 10).
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Fig. 9. a) D9-THC UV spec trum in 200–400 nm and
b) 9THCA-A UV spec trum in 200–400 nm.



D9-THC con cen tra tions de ter mined by GC-MS
were in the range 1.6–19.6% (mean 7.4%) in dry hemp
mat ter. D9-THC con cen tra tions de ter mined by HPLC
were in the range 0.1–9.6% (mean 1.0%) in dry hemp
mat ter. D9-THCA-A con cen tra tions mea sured by HPLC
were in the range 0.7–13.7% (mean 7.4%) in dry hemp
mat ter. To tal D9-THC con tent (sum of D9-THC and
D9-THCA-A) de ter mined by HPLC was in the range
0.8–23.0 % (mean 8.4%) in dry can na bis mat ter. Com -
par i son of the D9-THC de ter mi na tion re sults in real
hemp sam ples achieved by the two meth ods showed
a good cor re la tion be tween them (r = 0.93), which
shows that they can be ap plied to de ter mi na tion of the
to tal con cen tra tion of both tar get com pounds in hemp
and other can na bis prod ucts e.g. can na bis resin (hash -
ish). The lin ear cor re la tion line go ing through the
point (0,0); (the equa tion of the curve y = 0.8581x)
shows that GC-MS con cen tra tion re sults are about
86% of the re sults ob tained by the HPLC method.
Lower D9-THC con cen tra tions ob tained by GC-MS
anal y sis in com par i son with to tal D9-THC con tent re -
sults ob tained by HPLC may be due to the in com plete
ther mal decarboxylation pro cess of D9-THCA-A to
D9-THC [3]. This is due to the fact that the only way to
ac cu rately de ter mine the to tal D9-THC con cen tra tion
is to mea sure the two tar get com pounds sep a rately and
then add them to each other. De ter mi na tion of the to tal
D9-THC con tent by gas chro ma tog ra phy af ter decar -
boxylation en ables only mea sure ment of the min i mal
con tent rather then the ex act to tal con cen tra tion of
D9-THC. De ter mi na tion of to tal D9-THC is a more ac -
cu rate mea sure of the po ten tial psy cho ac tive prop er -
ties of the ana lysed can na bis, hemp or resin sam ple [3].

4. Con clu sions

1. The re sults of the stu dy show that both deve lop ed
GC-MS and HPLC met hods can be used in ro utine
anal ysis for di sting uis hing drug type from fi bre
type can nab is.

2. The HPLC met hod al lows de term ina tion of both
com pou nds men tion ed in the le gal de fin iti on of
hemp, i.e. del ta-9-te trah ydr ocan nabi nol (D9-THC,
9-THC) and del ta-9-te trah ydr ocan nabi nol ic acid
(D9-THCA-A, del ta-9-THC-2-car boxyl ic acid,
9-THCA-A).

3. The pre cis ion of the HPLC met hod is better than
that of GC-MS. The HPLC met hod is also more
sen sit ive than GC-MS (lo wer LOD and LOQ). 
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Fig. 10. Cor re la tion of to tal D9-THC de ter mi na tion re sults
achieved by GC-MS and HPLC.
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1. Wpro wad zenie

Spoœ ród kil kus et zwi¹zków che miczn ych wy kryt ych
w pro dukt ach otrzym ywa nych z ko nopi do najw a¿niej -
szych na le¿¹ po chodne di benz ofu ranu oraz zwi¹zki za -
wier aj¹ce uk³ady di hyd roksy ben zenu [1]. G³ów nym psy -
cho akt ywnym sk³ad nik iem ko nopi jest ha luc yno gen ny
del ta-9-te trah ydr okan nabi nol (D9-THC – ry cina 1). Wy -
stê puje on na jcz êœciej z kan nab ino lem (CBN) i  kanabo -
dio lem (CBD) oraz z del ta-8-te trah ydr okan nabi nol em
(D8-THC). Na jwa¿ nie jszym pre kus orem D9-THC w roœ -
lin ach ko nopi jest kwas te trah ydr okan abi nol owy
(D9-THCA-A – ry cina 2), kt óry rozk³ada siê do D9-THC
w po dwy ¿szonej tem per atu rze. Ma to miej sce zaró wno
w trak cie pa len ia pr odu ków ko nopi, jak i w toku ich  ana -
li zy me tod ami chro mat ogr afii ga zow ej w por cie na strzy -
k owym, gdzie pa nuje wy soka tem per atu ra. In nymi kan -
na bin oid ami wys têp uj¹cymi w ko nop iach s¹: kwas kan -
nab ino lowy (CBNA), kwas kan nab idi olowy (CBDA),
kan nab ich romen (CBC), kan nab ige rol (CBG), kwas kan -
nab ige rol owy (CBGA), kan nab iwa ryna (CBV) i  tetra -
hydrokannabiwaryna (THV). Za wart oœæ po szcz egó lnych 
zwi¹zków w ro œlin ach za le¿y przede wszyst kim od ich
uwarun kowañ gen tyczn ych, lecz tak ¿e od wie ku roœ lin,
war unków kli mat yczny ch i spo sob ów uprawy. Uprawa
ko nopi jest za bron iona z wyj¹tkiem uprawy ko nopi
w³ók nistych, kt óra mo¿e siê od byw aæ po uzys kaniu od -
pow iedni ch ze zwo leñ.

Fakt po jaw ienia siê na ryn ku nar kot yko wym ko nopi
mo dyf iko wan ych ge net ycznie za wier aj¹cych nie wielk ie
ilo œci del ta-9-te trah ydr okan nabi nolu (po ni¿ej 0,20%),
a po siad aj¹cych du¿¹ za wart oœæ kwa su del ta-9- te trahy -
dro kann abi nol owe go (D9-THCA-A, kwas del ta-9-THC-
2-kar boks ylo wy), wp³yn¹³ na pod jêcie kro ków  legisla -
cyj nych w celu no wel iza cji Ustawy z dnia 29 lip ca
2005 ro ku o prze ciwd zia³aniu nar kom anii, któ ra wesz³a
w ¿yc ie w dniu 1 lu tego 2007 roku. Zmia na do tyc zy³a de -
fin icji ko nopi w³ók nis tych, kt óra otrzyma³a brzmie nie:
„ro œliny z ga tunku ko nop ie siew ne (Can nab is sa tiva L.),
w kt órych suma za wartoœci del ta-9-te trah ydr okan nabi -
nolu oraz kwa su te trah ydr okan nabi nol owe go (kwas del -
ta-9-THC-2-kar boks ylo wy) w kwia tow ych lub owo cuj¹ -
cych wierz cho³kach roœlin, z który ch nie usuni êto ¿y wi -
cy, wy nosi po ni¿ ej 0,20% w prze lic zeniu na such¹ masê”. 
Po przedn ia wer sja tej ustawy de fin iowa³a ko nop ie w³ók -

nis te jako ro œli ny, w kt óry ch tyl ko zaw artoœæ D9-THC de -
term iono wa³a, czy dana pr óbka zie la ko nopi st ano wiæ bê -
dzie w œw iet le ustawy œrodek odu rzaj¹cy. 

Wiêk szo œæ opis ywa nych w li ter atu rze me tod  ozna -
cza nia za wartoœci D9-THC w pro dukt ach ko nopi ba zuje
na chro mat ogr afii ga zow ej i jej za stos owa niu w anal izie
prod ukt ów ko nopi dla ce lów s¹do wych. Pro ced ury te za -
zwyc zaj wy znac zaj¹ st ê¿en ie tzw. ca³ko wit ego D9-THC,
na kt óre sk³adaj¹ siê na tur alna za war toœci D9-THC oraz
do datk owo D9-THC, tworz¹cy siê w wy niku de karb oksy -
lac ji D9-THCA-A w wy sok iej te mep ratu rze in iekt ora chro -
mat ogr afu ga zow ego. Anal ity czne rozr ó¿n ienie D9-THC
od jego pre kurs ora jest mo¿ liwe przy za stos owa niu me -
tody GC po uprzedn iej de ryw aty zac ji an ali tów. Ce lem
pra cy by³o oprac owa nie i wa lid acja chro mat ogr afic znych 
me tod oznac zania D9-THC i D9-THCA-A w zie lu ko nopi
oraz po rów nanie wy nik ów anal izy iloœ cio wej ca³ko wit e -
go D9-THC me tod¹ GC-MS oraz me tod¹ HPLC, gdzie
osobn emu oznac zeniu pod leg aj¹ oba zwi¹zki nieza le¿ -
nie. Ni niejs za pra ca do stos owa³a pr akty kê anal ity czn¹ do 
wymo gów ustawy w wy¿ej omaw ianym za kres ie.

2. Ma ter ia³y i me tody

2.1. Próbki narkotyków

Ma ter ia³ ba dany sta nowi³y pró bki nar kot yków w po s -
taci su szu ro œlinnego bêd¹cego zie lem ko nopi, za bezp ie -
cz one przez policjê.

2.2. Sub stanc je wzor cowe

Del ta-9-te trah ydr okan nabi nol (ro ztwór 5 mg/ml) i kwas
del ta-9-te trah ydr okan nabi nol owy D9-THCA-A (w for mie
sub stanc ji, 10 mg) zo sta³y za kup ione w fir mie Li pom ed
AG (Szwaj car ia), a 1,3-chlo rof eny lop ipe raz yna – mCPP
(5 g) w fir mie Sig ma-Al dr ich (Pol ska).

2.3. Pod staw owe od czynn iki che miczne

Acet oni tryl oraz me tan ol (o cz yst oœci gra dient owej
HPLC) za kup iono w fir mie Merck (Niem cy).

PORÓWNANIE OPRAC OWA NYCH I ZWA LID OWA NYCH
CHRO MAT OGR AFIC ZNYCH ME TOD (HPLC, GC-MS) OZNAC ZANIA

DEL TA-9-TE TRAH YDR OKAN NABI NOLU (D9-THC) I KWA SU

DEL TA-9-TE TRAH YDR OKAN NABI NOL OWE GO (D9-THCA-A) 
W ZIE LU KO NOPI    
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2.4. Wy znac zanie za wart oœci 
del ta-9-te trah ydr okan nabi nolu oraz kwa su 
del ta-9-te trah ydr okan nabi nol owe go w zie lu 
ko nopi me tod¹ wy sok osp rawnej chro mat ogr afii
cie czow ej z de tekcj¹ dio dow¹ (HPLC-DAD)

Pr óbki su szu ro œlinnego o ma sie 0,5 g po   rozdrob-
 nieniu w ho mog eni zat orze (IKA-Wer ke, Sta uf en, Niem -
cy) eks trah owa no 5 ml me tan olu przez noc (16 go dzin).
Eks trakt od wir owa no, ro zci eñc zono 20-krot nie (50 ml
eks traktu + 950 ml fazy ru chom ej), a na stêpnie pod daw a -
no anal izie me tod¹ wy sok osp rawnej chro mat ogr afii cie -
czow ej z de tekcj¹ dio dow¹ (HPLC-DAD). Do anal izy
u¿yw ano apar atu HPLC Elite La Chrom L-2000 Sys tem
(VWR Merck-Hi tac hi, To kio, Ja pon ia). Roz dzia³u sk³ad -
n ików pró bki do kon ywa no na ko lumn ie Chro mol ith
RP-18e (Merck, 5 mm, 100 mm) przy izok raty cznym
sk³adzie fazy ru chom ej, któr¹ sta nowi³a mie szan ina wo -
dy z do datk iem 100 ml 85% kwa su fos for owe go na litr
wody (pH 3) oraz acet oni try lu w sto sunku  objeto œci o -
wym 70:30. Przep³yw fazy ru chom ej by³ sta³y i wy nosi³
1 ml/min. Ko lumna by³a ter mos tato wana w tem per atu -
rze 40°C. Na strzyk od bywa³ siê po przez au tom aty czny
po dajn ik pr óbek, a jego ob jêto œæ wy nosi³a 20 ml. 

De tekt or zbie ra³ wid mo spek trof oto met ryc zne w za -
kres ie d³ug oœci fal 200–400 nm. Czas akwiz ycji wy nosi³
11 mi nut. An alizê il oœciow¹ prze prow adz ono dla d³ugoœ ci
fali l = 210 nm dla D9-THC i 220 nm dla D9-THCA-A [2].

2.5. Wy znac zanie za wart oœci 
del ta-9-te trah ydr okan nabi nolu w zie lu ko nopi
me tod¹ chro mat ogr afii ga zow ej sp rzê ¿onej ze
spek trom etri¹ mas (GC-MS)

Do anal izy me tod¹ chro mat ogr afii ga zow ej  sprzê -
¿onej ze spek trom etri¹ mas (GC-MS) eks trakt rozc ieñ -
czono 20-krot nie me tan olem po do dan iu 10 ml roz tworu
mCPP o stê ¿eniu 1 mg/ml jako wzor ca wewn êtrznego.
Prób ki pod daw ano anal izie, wy kor zyst uj¹c chro mat ogr af 
ga zowy se rii HP 6890 GC Sys tem spr zê¿ony ze spek -
trom etr em mas (Agil ent 5973 Ne twork Mass  Selec tive
De tector bêd¹cy kwa drup olo wym anal iza tor em mas) fir -
my Agil ent Tech nol ogi es (Sta ny Zjed noc zone). Chro -
mat ogr af ga zowy wy pos a¿ony by³ w do zown ik typu
z po dzia³em/bez po dzia³u utrzym ywa ny w tem per atu rze
250°C. Na strzyku pr óbki (1 ml) do kon ywa no  automa -
tycz nie sys tem em bez po dzia³u. Chro mat ogr afic zny roz -
dzia³ sk³adn ików pró bki nas têpowa³ na ko lumn ie kapi -
lar nej HP-5MS (Agil ent Tech nol ogi es, Sta ny  Zjedno -
czone; d³ugo œæ: 30 m, œre dnica wew nêtrzna 0,25 mm,
gru boœæ fil mu 0,25 mm). Ga zem no œnym by³ hel, kt órego
przep³yw przez kolumnê wy nosi³ 1,0 ml/min. Pro gram
tem per atu rowy ko lumny sk³ada³ siê z 3 se gmen tów.
Tem per atu ra pocz¹tkowa ko lumny (75oC) by³a utrzym y -
wa na przez 1 min, nastêpnie wzra sta³a li niowo z sz ybko œ -

ci¹ 25oC/min do 275oC i przez 9 min nie zmie nia³a swo jej
war toœci. De tekt or ma sowy pra cowa³ w try bie  pozy tyw -
nej jo niz acji elekt rono wej (EI), a energ ia wi¹zki bom -
bard uj¹cych ele ktro nów wy nosi³a 70 eV. De tekt or maso -
wy pra cowa³ w try bie ska now ania ca³ego za kresu mas od
40 do 600 m/z. Czas akwiz ycji wy nosi³ 17 mi nut. Anal iza 
iloœ cio wa oparta by³a na inten sywnoœci sy gna³u  anli -
tycznego dla jo nów m/z = 299 (THC) i m/z = 154 (wzo -
rzec wew nêtrzy mCPP).

3. Wy niki i dys kus ja

3.1. Oprac owa nie pro ced ury oznac zania D9-THC 
i D9-THCA-A me tod¹ HPLC

Oprac owa nie pro ced ury oznac zania D9-THC i D9-THCA-A 
me tod¹ HPLC ro zpoczêto od za stos owa nia  po cz¹tkowych
pa rame trów chro mat ogr afic znych w wa run k ach, w  któ rych
wy kon ywa ne by³y uprzedn io oznac zenia D9-THC w zie lu
i ¿y wicy ko nopi w cza sie obow¹zy wan ia Ustawy o prze -
ciwd zia³aniu nar kom anii sprzed no wel iza cji. Pa ram etry
te umieszc zono w ta beli I.

Prze prow adz aj¹c anal izê wzor ca D9-THCA-A w tych
wa runk ach, uzys kano chro mat ogr am przed staw iony na
ry cin ie 3, kt óry cha rakt ery zowa³ siê „ogon owa niem” pi -
ku po chodz¹cego od anal itu. W zwi¹zku z tym zmie niony 
zo sta³ ro dzaj ko lumny chro mat ogr afic znej na kolu mnê
mo nol ity czn¹ fir my Merck typu RP-18e Chro mol ith
(100 mm, 4,6 mm). Na no wej ko lumn ie po zbyto siê
efektu „ogon owa nia” piku, na tom iast okaza³o siê, ¿e czas 
akwiz ycji da nych (11 min) by³ kr ótszy ni¿ czas re tenc ji
wzor ca D9-THCA-A. Poni ewa¿ czas anal izy jest jed nym
z klu czow ych czy nnik ów jeœ li cho dzi o wyd ajnoœæ prze -
prow adz anych anal iz w ru tyn owy ch ba dan iach la bor ato -
ryj nych, to w celu skrócen ia go tem par atu ra ter mos ta-
to wan ia ko lumny zo sta³a pod nies iona do 40oC. Uzys ka -
ny chro mat ogr am przed staw iono na ry cin ie 4. Uzys kano
sy met ryczny pik chro mat ogr afic zny dla tego zwi¹zku,
a jego czas re tenc ji mi eœci³ siê w ¿¹da nym za kres ie 11 mi -
nut.

W ta beli II przed staw iono su mar ycznie fi nalne pa -
ram etry chro mat ogr afic zne uzys kane w cza sie oprac o -
wy wan ia me tody, a na stê pnie wy kor zyst ywane w cza sie
oznac zania D9-THC i D9-THCA-A w zie lu i ¿yw icy ko -
nopi.

3.2. Wa lid acja me tody HPLC

3.2.1. Sp ecy ficznoœæ i se lek tywnoœæ

Na ry cin ie 5 przed staw iony zo sta³ roz dzia³ chro mat o -
gr afic zny D9-THC i D9-THCA-A uzys kany na ko lumn ie
RP-18e Chro mol ith przy tem per atu rze 40oC. W za stos o -
wa nych wa runk ach uzys kano do bry roz dzia³ tych dwó ch
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zwi¹zków i sy met ryczne ich kszta³ty. Ry ciny 6 i 7 przed -
staw iaj¹ od pow iednio chro mat ogr amy uzys kane w tra cie
anal izy zio³a oreg ano i ty ton iu, kt óre by waj¹ do daw ane
do ma rih uany. Nie za obs erwo wano ¿a dny ch pi ków w za -
kres ie cz asów re tenc ji D9-THC i D9-THCA-A, które by
mog³yby mieæ wp³yw na oznac zenie anali tów. Ry cina 8
przed staw ia ty powe chro mat ogr amy uzys kane w trak cie
anal izy rze czyw ist ych pró bek zie la ko nopi (ma rih uany)
wy kre œlo ne dla d³ug oœci fali 210 i 220 nm, przy kt óry ch
oznac zany by³ od pow iednio D9-THC i D9-THCA-A. Ry -
cina 9 przed staw ia wid ma spek trof oto met ryc zne obu
anali tów w za kres ie 200–400 nm. W przed staw iony ch
wa runk ach sk³ad niki eks trah owa nej ma trycy pr óbek rze -
czyw ist ych zie la ko nopi nie in terf ero wa³y z pi kami chro -
mat ogr afic znymi oznac zany ch zwi¹zków.

3.2.2. Gra nica wyk ryw alnoœci i oznaczalnoœci 
(LOD, LOQ)

Gr ani cê wy kry waln oœci i oz nac zaln oœci dla obu
zwi¹zków wy znac zono na pod staw ie krzy wej ka lib racy j -
nej w ni skim za kres ie od 0,02% do 0,2% D9-THC
i D9-THCA-A, w kt órym spo dziew ano siê LOD i LOQ.
Obl iczeñ wa lid acy jnych do kon ywa no przy u¿ yciu  opro -
gramowania Va lis tat fir my Merck. Gra nica wyk ryw al -
noœci (LOD) uzys kana me tod¹ HPLC wy nosi³a 0,0003%
(w prze lic zeniu na such¹ masê zie la ko nopi) dla D9-THC
i 0,0007% dla D9-THCA-A. Gra nica ozn acz alnoœci (LOQ)
uzys kana t¹ me tod¹ wy nosi³a 0,0027% dla D9-THC
i 0,006 % dla D9-THCA-A. 

3.2.3. Li nio woœæ

Li nio woœæ me tody spraw dzono zarów no dla D9-THC, 
jak i dla D9-THCA-A w za kres ie st ê¿eñ od 0,05%
(2,5 µg/ml) do 2,0% (100 mg/ml). Dla uzys kany ch krzy -
wych ka lib racy jnych ob lic zono wspo³czyn nik ko rel a -
cji (r2), kt óry mia³ wa rto œæ po wy¿ ej 0,999. 

3.2.4. Pre cyz ja

Prec yzjê wewn¹trz grup ow¹ i zewn¹trz grup ow¹
 okreœ lano po przez an alizê ka ¿dorazowo 5 pr óbek zho -
mog eno zow ane go ma ter ia³u ro œli nnego (zie la ko nopi)
w okres ie 6 dni. Pre cyz ja wewn¹trz grup owa i zewn¹trz -
grup owa wyr a¿ona w jako pro cent owy wspó³czyn nik
zmie nnoœci (CV) wy nosi³a od pow iednio 3,5% i 8,2% dla
D9-THC, oraz 3,4% i 8,4% dla D9-THCA-A. 

3.3. Wa lid acja me tody GC-MS

W trak cie anal izy zie la ko nopi me tod¹ GC-MS w wy -
sok iej te mep ratu rze in iekt ora do chod zi do de karb oksy -
lac ji D9-THCA-A do D9-THC, st¹d oznac zanie obejmo-
wa³o tyl ko je den zwi¹zek. Uzys kane wy niki oz nac zeñ

D9-THC od pow iada³y w rz ecz ywis toœci su mie za wartoœci 
D9-THC i D9-THCA-A. Gra nice wyk ryw alnoœci i  ozna -
czalnoœci wy znac zono na pod staw ie krzy wej ka lib racyj-
nej sporz¹dzo nej w w¹skim za kres ie od 0,025% do 0,2%
(za wart oœæ D9-THC w su chej ma sie zie la ko nopi). Gra -
nica wyk ryw alnoœci (LOD) D9-THC uzys kana me tod¹
GC-MS wy nosi³a 0,015%, a gra nica ozn acz alnoœci (LOQ)
0,113%. Krzy wa ka lib racy jna by³a li niowa (r = 0,998,
 rów nanie krzy wej y = 0,0931x – 0,0984) w za kres ie od
0,1% do 0,8%. Pre cyz ja wewn¹trz grup owa uzys kana dla
me tody GC-MS wy ra¿ ona wspó³czyn nik iem zmie nno œci
CV wy nios³a 15,3% a pre cyz ja zewn¹trz grup owa 21,3%.
Pre cyzjê wy znac zano anal ogi cznie jak dla me tody
HPLC.

3.4. Po rów nanie wy nik ów oznac zania D9-THC 
i D9-THCA-A me tod ami HPLC i GC-MS

W celu po rów nan ia me tody HPLC z GC-MS i ich
 przydatnoœci w oznac zaniu g³ównych psy choa kty wnych
sk³adn ików ko nopi, prze prow adz ono równ oleg³e anal izy
64 rze czyw ist ych pró bek ma rih uany tymi dwie ma  meto -
dami, sto suj¹c oprac owa ne i zwa lid owa ne wc zeœ niej pro -
ced ury. Wy niki oz nac zeñ D9-THC i D9-THCA me tod¹
HPLC zsu mow ano i por ówn ano z wy nik ami otrzym any -
mi me tod¹ GC-MS, ba daj¹c, jaka jest ko rel acja mi êdzy
nimi (ry cina 10).

St ê¿en ia D9-THC wy znac zone me tod¹ GC-MS mi eœ -
ci³y siê w za kres ie 1,6–19,6% (œr ednia 7,4%) w su chej
ma sie zie la. Stê ¿enia D9-THC wy znac zone me tod¹ HPLC 
mi eœci³y siê w za kres ie 0,1–9,6% (œr ednia 1,0%) w su -
chej ma sie zie la. Stê ¿enia 9THCA-A wy znac zone me -
tod¹ HPLC mi eœci³y siê w za kres ie 0,7–13,7% (œred -
nia 7,4%) w su chej ma sie zie la. Ca³ko wita za war toœæ
D9-THC (suma D9-THC i D9-THCA-A) wy znac zona me -
tod¹ HPLC mi eœci³a siê w za kres ie 0,8–23,0% (œr ed -
nia 8,4%) w su chej ma sie zie la. Por ównanie wyn ików
oznac zenia zawar toœci D9-THC w próbk ach  rzeczywis -
tych uzys kany ch tymi dwie ma me tod ami wy kaza³o dobr¹ 
ko rel acjê mi êdzy nimi (r = 0,93), co wska zuje, ¿e mo¿na
je stos owaæ do oznac zania ca³ko wit ego st ê¿e nia tego
zwi¹zku w zie lu i in nych pro dukt ach ko nopi, np.  haszy -
szu. Ró wna nie pro stej prze chodz¹cej przez punkt (0,0);
y = 0,8581x wska zuje, ¿e stê¿ enia otrzym ane me tod¹
GC-MS maj¹ œr ednio wa rtoœæ oko³o 86% wa rtoœci st ê¿eñ
otrzym any ch me tod¹ HPLC. Za ni¿one wa rtoœci st ê¿eñ
D9-THC wy znac zone me tod¹ GC-MS w po równaniu
z ca³ kowitym st ê¿e niem D9-THC mog¹ byæ zwi¹zane
z nie ca³ko wit ym ter miczn ym pro ces em de karb oksy lac ji
D9-THCA-A do D9-THC [3]. Wy nika z tego, ¿e je dyn ym
spo sob em dok³ad nego wy znac zenia ca³ko wit ego st ê¿e -
nia D9-THC jest oznaczn ie dwóch sk³adników  oddziel -
nie, a na stêpnie ich zsu mow anie. Wy znac zenie ca³ko-
wi tej za war toœci D9-THC me tod ami chro mat ogr aii ga -
zow ej po de karb oksy lac ji po zwala uz yskaæ co na jwy ¿ej
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mi nim aln¹ za war toœæ ni¿ dok³adne st ê¿e nie  ca³kowitego
D9-THC. Wy znac zenie ca³ko wit ej za war toœci D9-THC
jest bar dziej dok³adn¹ miar¹ okr eœlenia  poten cjalnych
psy choa kty wnych w³aœc iwoœ ci ba dan ej pr óbki pr odu ków 
ko nopi, czy te¿ zie la ko nopi lub ¿y wicy [3].

4. Wnio ski

1. Wy niki wska zuj¹, ¿e obie me tody na daj¹ siê do ru -
tyn owy ch anal iz i mo¿na je wyko rzystaæ w celu ro z -
ró¿ nienia ko nopi w³ók nis tych od ko nopi in nych ni¿
w³ókniste. 

2. Me toda HPLC po zwala na wy znac zenie za wart oœci
obu zwi¹zków wy mien iony ch w ustaw owej de fin icji
zie la ko nopi w³ók nis tych, tj. del ta-9-te trah ydr okan -
nabi nolu (D9-THC, 9-THC) oraz kwa su del ta-9-te tra -
h ydr okan nabi nol owe go (D9-THCA-A, kwas del ta-
9-THC-2-kar boks ylo wy, 9-THCA-A).

3. Pre cyz ja me tody HPLC jest lep sza ni¿ me tody GC-
MS. Me toda HPLC jest czul sza ni¿ GC-MS (ni¿ s ze
wart oœci LOD i LOQ).     
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