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Abstract

Coca tea is available in individual tea bags from South American countries and is commonly used to combat altitude sick-
ness and fatigue. It contains small amounts of cocaine and its metabolites, benzoylecgonine and ecgonine methyl ester, and as
a result, drinkers may test positive for cocaine in urine and hair drug tests. Urine and hair collected from three volunteers who
drank one cup of coca tea, and three who drank two cups of coca tea, were analyzed for cocaine and its metabolites. Preliminary
screening results showed that for at least twelve hours post-consumption urine remained positive for cocaine-related compounds
when 300 ng/ml screening threshold was used. One individual that consumed one cup of tea screened positive for 12 h, one for
24 h, and one for 36 h. The urine samples of all three individuals drinking two cups were positive throughout the entire study
period of 36 h. GC/MS quantitation revealed that in a group of subjects drinking one cup of coca tea, one had benzoylecgonine
concentration above 150 ng/ml confirmatory threshold for 12 h, one for 24 h, and one for 36 h. All subjects drinking two cups
had benzylecgonine concentrations above the threshold for 36 h. The highest benzoylecgonine and ecgonine methyl ester con-
centrations of 3035 ng/ml and 7760 ng/ml, respectively, in a single subject who had 2 cups of coca tea were detected at 8-hour
time point. Cocaine and norcocaine concentrations in urine were low. Only one out of six individuals had cocaine detected in

hair. The samples containing cocaine were collected fourteen and twenty-eight days post-consumption.
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1. Introduction

The leaves of the cocaine-producing coca plant
Erythroxylon coca are commercially available as in-
dividual tea bags in South America and through the
Internet. The bags are steeped in hot water for several
minutes then the infusion is drunk with milk, lemon or
sugar, if desired. The packaging on the coca tea used in
this experiment boasts that the tea is “restorative and
energetic, excellent for diet” and “acts against fatigue
or altitude sickness, relieves tiredness of voice and
regulates the metabolism of carbohydrates™. In fact,

hotels in the Andean region serve coca tea to tourists
to combat altitude sickness [15].

Despite its benefits, coca leaves and extracts of
coca leaves are both Schedule 11 controlled substances
in the United States because of its alkaloid content. It
is well established that coca tea leaves and subsequent
tea preparations contain cocaine (COC), benzoylecgo-
nine (BE), and ecgonine methyl ester (EME). In hu-
mans, 75-90% of a COC dose is metabolized to BE
and EME, both of which are excreted in urine. Liver
benzoylesterase and plasma pseudocholinesterase hy-
drolyze COC to EME; BE is formed as a result of both
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chemical hydrolysis and liver methylesterase activity
[8]. A small percentage of COC is converted to nor-
cocaine (NC) by P450-mediated N-demethylation [8,
12].

Siegel et al. reported that one tea bag of Health
Inca Tea averaged 4.8 mg of COC and Mate de Coca
averaged 5.7 mg [13]. Jenkins et al. [10] demonstrated
that one cup of Peruvian coca tea contained an aver-
age of 4.14 mg COC, 0.50 mg BE, and 1.15 mg EME,
while a cup of Bolivian coca tea averaged 4.29 mg
COC, 0.26 mg BE, and 1.81 mg EME. The same study
showed that increasing the steeping time increased the
COC and EME content, while BE remained essential-
ly constant.

The presence of COC and metabolites in coca tea
is particularly of interest in urine drug testing for the
purposes of a drug-free workplace. Following the
consumption of one cup of Health Inca Tea, one in-
dividual’s peak BE concentration was 1274 ng/ml by
gas chromatography/mass spectrometry (GC/MS) [5].
Jackson et al. analyzed urine from four subjects who
drank one cup of coca tea. The group reported posi-
tive BE immunoassay results for 21-26 hours post-
consumption and maximum BE concentrations of
1.4-2.8 mg/l by GC/MS analysis [9]. One individual
drank both Peruvian and Bolivian coca tea at separate
times in the previously mentioned study by Jenkins
[10]. Peak concentrations from the Peruvian tea were
196 ng/ml of COC, 2520 ng/ml EME, and 3940 ng/ml
of BE; peak concentrations from the Bolivian tea were
587 ng/ml COC, 2314 ng/ml EME, and 4979 ng/ml
BE.

The 2004 edition of the Federal Register proposed
the addition of head hair, sweat, and oral fluid to speci-
mens appropriate for federal workplace drug testing
programs [3]. Hair cutoff levels were set at 500 pg/mg
of COC metabolites for initial testing; confirmatory
testing cutoff levels were set at 500 pg/mg for COC
and 50 ng/mg for BE. It was required that the BE/COC
concentration ratio is greater than or equal to 0.05,
OR cocaethylene (CE) or NC greater than or equal to
50 pg/mg.

Analyzing the hair of ancient coca leaf chewers,
Springfield et al. [14] found that the mean concen-
tration of COC in the samples was 0.25 ng/mg and
2.1 ng/mg for BE. Hair samples of modern day Boliv-
ian coca chewers were found to contain COC amounts
between 1.4 and 50.6 ng/mg, and BE amounts between
0.4 and 17.6 ng/mg [11].

Coca leaf chewing is an ancient practice of Andean
natives. Several leaves of the coca plant along with
ashes or other alkaline material are rolled into a packet
called a quid. The quid is placed between the gum and

cheek. Saliva saturates the quid and the alkaloids are
swallowed in the saliva for several hours [7].

Because of the addition of hair to the list of avail-
able testing specimens and the positive results of urine
testing, the aim of this study was to investigate wheth-
er one or two cups of coca tea could produce a positive
result in a hair analysis for COC and metabolites for
the cutoff levels described above. Urine samples were
also analyzed to confirm positive results. To the best
of our knowledge, there have been no reports on hair
analysis after drinking coca tea.

2. Experimental
2.1. Human subjects

Six volunteers were recruited to the study, four
men and two women. The study was reviewed and ap-
proved by the University of Illinois at Chicago Institu-
tional Review Board (IRB).

2.2. Analysis of coca tea

Delisse, Hornimans, and Trimate brands of coca tea
were available for use in this study. The origin and age
of the tea bags were unknown. To determine the alka-
loid content of the different tea bags, one bag of each
brand was steeped in 240 ml (approximately 8 ounces)
of hot water for 10 min. Aliquots of each tea (200 pl
Delisse, 40 ul Hornimans, and 60 pl Trimate diluted
to 2 ml with deionised water) were analyzed for COC,
BE and EME by GC/MS following solid phase ex-
traction (SPE) and using deuterated internal standards
(ISs). All reagents were purchased from Fisher Scien-
tific (Hanover Park, IL) and they were HPLC grade.
All analytical standards including ISs were purchased
from Cerilliant Corporation (Round Rock, TX).

2.3. Tea consumption and sample collection

Three subjects were recruited to drink one cup of
coca tea; another three subjects were recruited to drink
two cups of coca tea at the same sitting. Delisse coca
tea bags as having the highest COC content were used
in the study (see Results). For each volunteer, one
coca tea bag was steeped in 240 ml of hot water for
10 min then drunk. For individuals consuming two
cups, a second cup was brewed in the same manner
immediately following drinking the first. Prior to con-
sumption, pencil-thick sections of head hair and urine
specimens were collected from each subject, and alig-
uots of each cup of tea were saved for later analysis.
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Urine samples were collected at 1, 2, 4, 8, 12, 24, and
36 h post-consumption. Hair sections were collected
at12hand 1, 3, 5, 14, and 28 days after coca tea con-
sumption. Subjects were asked to cut hair sections as
close to the scalp as possible from the backs of their
heads (vertex posterior). Urine and tea samples were
frozen until analysis.

2.4. Preliminary urine screening by immunoassay

The collected urine samples were allowed to thaw
then a portion (3—5 ml) was pipetted to Vacutainer™
tubes. The Beckman Coulter™ SYNCHRON LX®
System and COCM Cocaine Metabolite kit was used
according to the manufacturer’s instructions to give
a preliminary quantitation of BE. The change in ab-
sorbance was measured at 340 nm. A qualitative re-
sult was reported based on a comparison of the sample
value to the calibrated cut-off value. Samples measur-
ing equal or greater than 300 ng/ml were considered
positive; those below 300 ng/ml were negative.

2.5. Tea and urine analysis by SPE and GC/MS

Aliquots of the consumed tea samples (20 pul) were
diluted in deionised water to 2 ml and ISs were added to
a concentration of 200 ng/ml. ISs were added to 500 pl
urine aliquots to a final concentration of 800 ng/ml.
To each sample, 1 ml of 0.1M HCI, 1 ml 1.93 M acetic
acid and 8 ml of deionised water were added. Isolute
HCX (10 ml, 200 mg) (International Sorbent Technol-
ogy, U.K.) columns were conditioned with 3 ml of
methanol, 3 ml of water and 1 ml of 1.93 M acetic
acid, never allowing the column to dry. Samples were
passed through the column using a slight vacuum.
Each column was sequentially washed with 3 ml of
deionised water (dried for 1-2 min), 1 ml 0.1 M HCI
(dried for 1-2 min), and 3 ml of methanol (dried for
5 min). COC and its metabolites were eluted with
3 ml of a methylene chloride : isopropanol : ammo-
nium hydroxide (78:20:2, v/v/v) mixture. Samples
were evaporated to dryness under air and reconstituted
with 35 pl of acetonitrile. Samples were transferred to
100 pl conical inserts, placed in autosampler vials and
70 pl of BSTFA containing 1% TMCS was added for
derivatisation. Samples were capped and incubated at
60°C for 30 min.

For GC/MS analysis, 1 pl of derivatised sample
was injected (splitless mode, injector at 250°C) onto
a Hewlett-Packard 6890 series GC fitted witha HP-5MS
capillary column (30 m x 250 um x 0.25 pwm) attached
to a Hewlett-Packard 5973 mass selective detector (ion
source was kept at 230°C, quadrupole at 150°C). Ultra

high purity helium (99.999%) was used as the carrier
gas at a flow rate of 1.2 ml per min. The GC oven was
heated at 70°C for 1 min, then increased to 300°C at
20°C/min, and maintained for 2 min. The following
ions were monitored using the mass selective detector
in selective ion monitoring (SIM) mode: COC — m/z
(182), 272, 303; COC-d, — (185), 275, 306; BE — 82,
(240), 361; BE-d, — 85, (243), 364; NC — 240, (346),
361; NC-d, — 243, (349), 364; EME — (82), 96, 271;
EME-d, —(85), 99, 274. Ions in parentheses were used
for quantitation. The data were analyzed by Hewlett-
Packard Chemstation®. Six-point standard curves for
COC, NC, EME and BE in naive urine were prepared
in a concentration range of 5 ng/ml — 8000 ng/ml. In
addition, the control urine samples containing COC,
NC, EME, and BE were prepared at the concentra-
tions of 120 ng/ml and 6000 ng/ml. All standards and
controls were analyzed simultaneously with the urine
samples collected from volunteers in this study.

2.6. Creatinine analysis in urine

Creatinine was quantitated using the Beckman
Coulter SYNCHRON LX® System employing the
CREm reagent kit. Aliquots (3—5 ml) of collected
urine samples were pipetted to 10 ml Vacutainer™
sample tubes. Samples were analyzed according to
the manufacturer’s protocol. The urine sample (5.5 pl)
was mixed with an alkaline picrate solution in a ratio
of 1 part urine sample to 105 parts reagent. Absorb-
ance was measured at 520 nm between 19 and 25 s af-
ter mixing. The absorbance value was directly propor-
tional to the concentration of creatinine in the sample.

2.7. Hair analysis by SPE and GC/MS

Collected hair samples were washed with distilled
water and allowed to air dry. From the root end of the
hair sample, an approximately 2-cm segment was cut
and pulverized in a steel capsule containing two steel
balls using Crescent Wig-L-Bug mixer (Lyons, IL).
A 50 mg portion of pulverized hair was analyzed. Some
samples were too short to be divided into segments;
therefore, the entire sample was pulverized and ana-
lyzed. Deuterated COC and deuterated BE were added
to the pulverized hair to reach the final concentrations
of 2 ng/mg and 1 ng/mg, respectively. Methanol (3 ml)
was added to the hair, and the samples were sonicated
for 1 h. The samples were centrifuged at 2000 rpm
for 5 min and the methanol portion was transferred to
a new vial and refrigerated. One ml of 0.1 N HCI was
added to the pulverized hair and incubated overnight
at 55°C. Samples were allowed to cool and centrifuged
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at 2000 rpm for 5 min. The supernatant was added to
the methanol wash. To the combined washes, 1 ml of
1.93 M acetic acid and 8 ml of deionised water were
added. Standard curves ranging from 0.10 ng/mg to
5.0 ng/mg of COC and 0.03 ng/mg to 2.0 ng/mg of BE
were prepared by spiking naive hair with appropriate
quantities of both analytes. Two levels of control hair
preparations (0.6 ng/mg and 3.0 ng/mg of COC, and
0.2 ng/mg and 1.6 ng/mg of BE) were analyzed simul-
taneously with the study samples.

3. Results

3.1. Analysis of Delisse, Hornimans and Trimate
coca tea bags

The total COC and metabolites contents in the three
different types of coca tea are listed in Table 1. Based
on these results showing the highest COC content,
Delisse tea was chosen for the study to be consumed
by the study volunteers.

TABLE I. COCAINE AND METABOLITE CONTENT
PER BAG IN DELISSE, HORNIMANS, AND

TRIMATE COCA TEA
o Comme Delcgonns LN
[mg]
Delisse 53 1.7 1.1
Hornimans 1.9 0.5 32
Trimate 1.4 0.8 0.3

3.2. COC and metabolite content in consumed tea

The Delisse tea samples ingested by the subjects
were analyzed for COC and its metabolites, BE, NC,
and EME. The results are presented in Table II. The
alkaloid content is consistent with the results obtained
when Delisse tea bags were analyzed together with
Hornimans and Trimate teas. The range of COC con-
tent in a single cup was 3.1 to 5.6 mg; 4.3 mg to 5.0 mg
for BE, and 0.7 mg to 1.1 mg for EME.

3.3. Creatinine testing and preliminary urine
screening by immunoassay

Creatinine concentrations in urine samples collect-
ed from volunteers who consumed one cup of coca tea
ranged from 13 to 273 mg/dl (119 + 75 mg/dl). Simi-
larly, for those who had two cups ranged from 20 to

TABLE II. COCAINE AND METABOLITE CONTENT
IN COCA TEA CONSUMED BY SUBJECTS

: . Ecgonine

SAMPLE Cocaine Benzoylecgonine methyl ester

mg]  [me] [me]
Subject 1 4.8 43 1.0
Subject 2 4.9 4.3 1.0
Subject 3 5.5 4.6 1.1
Subject 4 48 43 1.0
Cup 1
Subject 4
Cup2 5.6 5.0 1.1
Subject 5 4.0 43 0.9
Cup 1
Subject 5
Cup 2 3.4 4.8 0.8
Subject 6 3.6 48 0.8
Cup 1
Subject 6
Cup 2 3.1 43 0.7
Average 4.4 4.5 0.9

260 mg/dl (128 + 83 mg/dl). One individual that drank
one cup of tea screened positive for 12 h, one for 24 h,
and one for 36 h. The urine samples of all three in-
dividuals drinking two cups were positive throughout
the entire study period of 36 h.

3.4. COC and metabolite content in urine by
GC/MS

Figure 1 shows the chromatogram of urine extract
containing COC, NC, EME, and BE. Tables III and IV
present the concentrations of COC and metabolites for
all urine samples collected. Table V presents the accu-
racy and precision of urine control preparations.

The standard curves for COC, BE, EME and NC
had correlation coefficients of at least 0.99. The con-
centrations of COC and NC in urine were low or nega-
tive for almost all specimens regardless of the amount
of coca tea consumed. Generally by 4 h post-consump-
tion no parent COC was detected in urine samples.
The highest COC concentration was 15 ng/ml at 1 h
post-consumption of two coca tea cups.

Quantitative analysis of urine samples collected in
this study revealed that one subject drinking one cup
of coca tea had BE concentration above 150 ng/ml
confirmatory threshold for 12 h, one for 24 h, and one
for 36 h. All three subjects who consumed two cups
had BE concentrations above the threshold for 36 h.

Problems of Forensic Sciences 2013, vol. 93, 450—464
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Fig. 1. Total ion chromatogram of urine containing COC, BE, EME and NC.

TABLE III. COCAINE AND METABOLITE CONCENTRATIONS IN URINE FOR SUBJECTS DRINKING ONE CUP

OF COCA TEA

Sample Ecgonine methyl ester [ng/ml] Cocaine [ng/ml] Benzoylecgonine [ng/ml] Norcocaine [ng/ml]
Subject 1 0 h Nd Nd Nd Nd
Subject 1 1 h 430 Bql 204 Nd
Subject 1 2 h 513 Bql 243 Nd
Subject 1 4 h 3751 Nd 1758 Nd
Subject 1 8 h 2394 Bql 1647 Nd
Subject 1 12 h 1305 Bql 1398 30
Subject 1 24 h 99 Bql 256 Nd
Subject 1 36 h Nd Nd 71 Nd
Subject2 0 h Nd Nd Nd Nd
Subject2 1 h 585 Bql 234 Nd
Subject22 h 1744 12 730 Nd
Subject2 4 h 2475 Nd 1235 Nd
Subject 2 8 h 1399 Nd 960 Nd
Subject2 12 h 1188 Bql 1070 Nd
Subject 224 h 8 Nd 194 Nd
Subject 2 36 h Bql Nd 249 Nd
Subject 30 h Nd Nd Nd 28
Subject 3 1 h 1495 Nd 818 31
Subject 32 h 1468 Bql 923 Nd
Subject 3 4 h 916 Bql 702 Nd
Subject 3 8 h 232 Nd 228 Nd
Subject 3 12 h 615 Nd 545 Nd
Subject 324 h Bql Nd 62 Nd
Subject 336 h 17 Nd 79 Nd

Nd — None detected; Bql — Below quantitation limit.
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TABLE IV. COCAINE AND METABOLITE CONCENTRATIONS IN URINE FOR SUBJECTS DRINKING TWO CUPS OF

COCATEA
Sample Ecgonine methyl ester [ng/ml] Cocaine [ng/ml] Benzoylecgonine [ng/ml] Norcocaine [ng/ml]
Subject 4 0 h Nd Nd Nd 36
Subject4 1 h 1285 15 567 Nd
Subject 42 h 2921 12 2579 29
Subject 4 4 h 1769 Bql 1705 27
Subject 4 8 h 2462 Bql 3383 27
Subject4 12 h 748 Nd 2450 Nd
Subject 4 24 h 91 Nd 1301 Nd
Subject 4 36 h 13 Nd 964 Nd
Subject 50 h Nd Nd Nd 28
Subject 5 1h 895 Bql 457 29
Subject 52 h 4075 7 1589 Nd
Subject 54 h 4476 Bql 1409 Nd
Subject 5 8 h 7760 5 3035 29
Subject 5 12 h 3817 Bql 2919 26
Subject 524 h 253 Bql 749 Nd
Subject 536 h 124 Nd 308 Nd
Subject 6 0 h Nd Nd Nd 29
Subject 6 1 h 5980 Bql 2299 29
Subject 6 2 h 5587 Nd 2779 Nd
Subject 6 4 h 5552 Bql 3035 Nd
Subject 6 8 h 4449 Bql 2503 Nd
Subject 6 12 h 2627 Bql 1928 Nd
Subject 6 24 h 2016 Bql 2013 27
Subject 6 36 h 113 Bql 437 Nd

Nd — None detected; Bql — Below quantitation limit.

The peak BE concentration for those drinking one
cup was 1758 ng/ml at 4 h. Compared to the one cup
group, the two cup group had significantly higher BE
concentrations. The range of BE concentrations in
urine in two cup drinkers was 308 ng/ml at 36 h to
3383 ng/ml at 8 h. BE concentrations peaked between
2 and 8 h in both study groups, and steadily declined
over time.

Like BE, EME concentrations peaked between
2 and 8 h. The maximum EME concentration in one
cup drinkers was 3751 ng/ml after 4 h and 7760 ng/ml
in those who consumed two cups.

For the purpose of normalization, the individual
urine concentrations of BE and EME were divided by
the creatinine content in each urine sample and then
by 100 to make the volume units equivalent. Figures
2 and 3 graph the BE concentrations normalized to
creatinine content over the 36 h collection period for

subjects drinking one and two cups of coca tea, re-
spectively. Figures 4 and 5 show the EME concentra-
tions normalized to creatinine content.

3.5. COC and metabolite content in hair

The standard curves used to calculate COC and BE
concentrations in hair were linear over the concentra-
tion range studied and had correlation coefficients of
0.99 and 0.93, respectively. Table V presents the ac-
curacy and precision of urine and hair control prepa-
rations. Only one out of six subjects participating in
the study had COC concentration above the proposed
500 pg/mg threshold in hair at fourteen (1.2 ng/mg)
and twenty-eight (2.4 ng/mg) days post-consumption,
but BE was not seen in any of the hair samples. COC
was not found in any other hair sample collected in
this study.

Problems of Forensic Sciences 2013, vol. 93, 450—464
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TABLE V. ACCURACY AND PRECISION OF URINE AND HAIR PREPARATIONS

Urine [ng/ml]

Cocaine Benzoylecgonine Ecgonine methyl ester Norcocaine
Target conc. 120 120 120 120
N 12 12 12 12
Mean measured conc. (SD) 116.8 (11.9) 120.4 (5.9) 111.2 (25.7) 108.5 (4.9)
% CV 10.2 4.9 23.1 4.5
% RA 2.7 0.3 -73 95
Target conc. 6000 6000 6000 6000
N 12 12 12 12
Mean measured conc. (SD) 6268 (204) 4594 (1167) 6850 (189) 5406 (157)
% CV 33 25.4 2.7 29
% RA 4.5 234 14.1 -9.9

Hair [ng/mg]

Cocaine Benzoylecgonine
Target conc. 0.6 0.2
N 7 6
Mean measured conc. (SD) 0.7 (0.06) 0.3 (0.05)
% CV 8.6 16.6
% RA 16.6 50
Target conc. 3.0 1.6
N 8 8
Mean measured conc. (SD) 3.2(0.2) 2.5(0.9)
% CV 6.2 36
% RA 6.6 56.2

Target conc. — Target concentration; Mean measured conc. (SD) — Mean measured concentration (standard deviation); CV — Coefficient

of variation [%]; RA — Relative accuracy [%].

4. Discussion

The alkaloid content observed in the Delisse tea is
consistent with the results reported in the literature by
Siegel [13] and Jenkins [10]. The Hornimans and Tri-
mate COC content (1.9 mg and 1.4 mg, respectively)
were lower than the other brands. This decrease in
COC content may be due to the age of the tea bags,
geographical area where the leaves were cultivated, or
the conditions in which the bags were stored. Because
the source and age of the bags are not fully known,
determining the factors for the content discrepancy is
difficult.

The concentration of BE and EME excreted in
urine, like the alkaloid content in the tea, is similar to
the other studies on urine analysis after drinking coca
tea. The highest urine concentration of parent COC

(15 ng/ml in two cup group) and BE (1758 ng/ml when
one cup was consumed) in our study was much lower
than the urine concentrations recorded by Jenkins et
al. after drinking one cup (587 ng/ml for COC and
3940 ng/ml of BE) [10]. In subjects 3, 4, 5, and 6 (Ta-
ble III and IV) in our study, low concentrations of NC
were detected in 0 hour urine samples. This finding is
difficult to explain and would require more studies. It
is well documented, however, that COC is present in
human environment and its metabolites can be found
in urine even after casual contact with contaminated
dollar bills, for example [5]. Higher NC concentrations
were observed in cholinesterase-deficient and alcohol
using subjects [8]. Individuals presented to the urban
emergency department because of COC overdose re-
ported by Williams et al. [16] had COC concentrations
ranging from 22 ng/ml to as high as 40 pg/ml, BE

Problems of Forensic Sciences 2013, vol. 93, 450—464
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Fig. 2. BE concentrations after consumption of one cup of coca tea normalized to creatinine content.
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Fig. 3. BE concentrations after consumption of two cups of coca tea normalized to creatinine content.

from 100 ng/ml to 3.3 mg/ml, EME from 36 ng/ml to
661 pg/ml and NC from 35 ng/ml to 2250 ng/ml.

Of the six volunteers in this study, only one had
COC detected in hair at fourteen (1.2 ng/mg) and
twenty-eight (2.4 ng/mg) days post-consumption. BE
was not found in any of the hair samples with a meth-
od’s lower limit of quantitation as low as 0.03 ng/mg
and therefore cannot constitute a positive result. The
proposed revisions to mandatory guidelines for federal
workplace drug testing programs [3] set the confirma-
tory COC threshold concentration at 0.5 ng/mg, BE
at 50 pg/mg, and the BE/COC concentration ratio to
be greater than or equal to 0.05. The Society of Hair
Testing proposed guidelines for drug testing in hair es-
tablished similar confirmatory thresholds for COC and
BE clearly requiring the presence of not only the par-

ent COC, but also at least one other analyte including
BE, NC, EME, or CE [2]. Perhaps individual variabil-
ity in the incorporation of COC and metabolites into
growing hair in this study caused only one individual
to have COC present, while the rest were negative. In
addition, the hygienic habits of these subjects, particu-
larly that one, are not known. The applied hair wash
did not normalize the subjects by removing or detect-
ing drug likely due to sources other than coca tea. It is
also possible that consuming only one or two cups of
coca tea did not generate a high enough concentration
of COC and/or metabolite to effectively incorporate
into hair. In a study involving COC users, Cairns et al.
[1] found that COC levels in hair ranged from 0.29 to
227 ng/mg. In 2008 the Department of Health and Hu-
man Services issued the revised mandatory guidelines

Problems of Forensic Sciences 2013, vol. 93, 450—464
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Fig. 4. EME concentrations after consumption of one cup of coca tea normalized to creatinine content.
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Fig. 5. EME concentrations after consumption of two cups of coca tea normalized to creatinine content.

for federal workplace drug testing programs. Accord-
ing to the document, the only specimen allowed to be
tested for that purpose is urine. The screening thresh-
old for BE was lowered to 150 ng/ml and confirmatory
to 100 ng/ml [4].

Because of the results in this study and the others
involving coca tea, those associated with drug test-
ing programs must be aware of potential instances of
testing positive for COC without actual illicit COC or
crack ingestion. While coca tea leaves are a controlled
substance in the United States, it is not difficult to pur-
chase boxes of coca tea through the Internet or bring
past customs screeners. Caution must be taken when
interpreting the positive results of a urine or hair tests
and the possibility of coca tea consumption should be
considered.
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WYKRYWANIE I OZNACZANIE KOKAINY I JEJ METABOLITOW
W MOCZU ORAZ WLOSACH PO PRZYJECIU HERBATY Z KOKI

1. Wstep

Liscie krasnodrzewu pospolitego (koki) Erythroxy-
lon coca zawierajace kokaing mozna zakupi¢ w postaci
torebek z herbata zarowno w Ameryce Potudniowej, jak
i przez Internet. Torebki sg zaparzane w goracej wodzie
przez kilka minut, a przygotowany napar jest wypija-
ny, w zaleznosci od potrzeby, z mlekiem, cytryna lub
cukrem. Na opakowaniach herbaty z koki stosowanych
w niniejszym eksperymencie znajdowaly si¢ informacje,
ze herbata jest ,,regenerujaca i energetyczna, doskonata
do diety” oraz ,,dziata przeciwko zmeczeniu i chorobie
wysoko$ciowej, tagodzi zmeczenie glosu i reguluje me-
tabolizm weglowodanow”. Faktycznie w hotelach znaj-
dujacych si¢ w rejonie And herbata z koki jest serwowa-
na turystom w celu przeciwdziatania chorobie wysokos-
ciowej [15].

Pomimo swoich zalet, liScie koki oraz ekstrakty z li-
$ci koki ze wzgledu na zawartos¢ alkaloidéw znajduja si¢
w Stanach Zjednoczonych na Wykazie I substancji kon-
trolowanych. Udowodniono, ze liscie kokainowej herba-
ty 1 otrzymane z nich napary zawierajg kokaing (COC),
benzoiloekgoning (BE) oraz ester metylowy ekgoniny
(EME). U ludzi 75-90% dawki COC jest metabolizowa-
ne do BE i EME, ktore sg wydalane z moczem. Benzo-
iloesteraza watroby i pseudocholinoesteraza osocza hy-
drolizujag COC do EME; BE powstaje zarowno w wyniku
hydrolizy chemicznej, jak i aktywno$ci metyloesterazy
watroby [8]. Niewielki procent COC jest przeksztatcany
do norkokainy (NC) przez zalezng od cytochromu P450
N-demetylacje [8, 12].

Siegel i in. okreslili, ze jedna torebka herbaty Health
Inca Tea zawiera $rednio 4,8 mg COC, a Mate de Coca
srednio 5,7 mg [13]. Jenkins i in. [10] dowiedli, ze jedna
filizanka peruwianskiej herbaty z koki zawiera §rednio
4,14 mg COC, 0,50 mg BE i 1,15 mg EME, a filizan-
ka boliwijskiej herbaty z koki $rednio 4,29 mg COC,
0,26 mg BE i 1,81 mg EME. Te same badania wykazaty,
ze zwigkszenie czasu parzenia skutkowalo wzrostem za-
warto$ci COC i EME, podczas gdy stezenie BE pozosta-
wato niezmienne.

Obecnos¢ COC i jej metabolitow w herbacie z koki
ma szczegodlnie znaczenie ze wzgledu na badania moczu
na obecnos$¢ $rodkéw odurzajacych w celu zachowania
miejsca pracy wolnego od narkotykéw. Po spozyciu jed-
nej filizanki Health Inca Tea maksymalne st¢zeniec BE
oznaczone metoda chromatografii gazowej polaczonej
ze spektroskopia mas (GC/MS) wynosito 1274 ng/ml
[5]. Jackson i in. analizowali mocz czterech oséob, ktore
wypily po jednej filizance herbaty z koki. Dla tej grupy

uzyskano metodg immunoenzymatyczng dodatnie wyni-
ki na obecno$¢ BE przez 21-26 godzin po konsumpcji,
a maksymalne st¢zenia BE wyznaczone metoda GC/MS
wynosity 1,4-2,8 mg/l [9]. We wspomnianych wczes-
niej badaniach Jenkins jedna osoba pita w réoznym cza-
sie zaro6wno herbatg peruwianska, jak i boliwijska [10].
Maksymalne st¢zenia uzyskane po spozyciu peruwian-
skiej herbaty wynosity 196 ng/ml COC, 2520 ng/ml
EME 13940 ng/ml BE, podczas gdy maksymalne steze-
nia po herbacie boliwijskiej wynosity 587 ng/ml COC,
2314 ng/ml EME 14979 ng/ml BE.

W Dzienniku Urzgdowym z 2004 roku zapropono-
wano dodanie wtoséw z gtowy, potu i §liny jako materia-
16w odpowiednich dla federalnych programéw badania
narkotykéw u 0sob znajdujacych si¢ w pracy [3]. Dla
wlosOw zaproponowano warto$ci progowe na poziomie
500 pg/mg dla metabolitow COC w przypadku testow
przesiewowych, a dla analiz potwierdzajacych warto-
$ci progowe zostaly ustalone na 500 pg/mg dla COC
i 50 ng/mg dla BE. Wymagano, aby stosunek stezen
BE/COC byt rowny lub wickszy od 0,05 Iub stgzenia
kokaetylenu (CE) lub NC byty réwne lub wyzsze niz
50 pg/mg.

Analizujac wlosy starozytnych uzytkownikow lisci
koki, Springfield i in. [14] odkryli, Ze $rednie st¢zenia
w probkach wynosity 0,25 ng/mg dla COC i 2,1 ng/mg
dla BE. Probki wloséw wspodtczesnych boliwijskich
uzytkownikoéw lisci koki zawieraly COC w zakresie
od 1,4 ng/mg do 50,6 ng/mg, a BE od 0,4 ng/mg do
17,6 ng/mg [11].

Zucie lisci koki to starozytna praktyka rdzennych
mieszkancow Andow. Kilka lisci rosliny koki zawija
si¢ wraz z popiotem lub innym alkalicznym materiatem
w pakiet nazywany prymka. Prymka jest umieszczona
miedzy dzigstem a policzkiem. Slina nasgcza prymke,
a alkaloidy sg wchtaniane wraz ze $ling przez kilka go-
dzin [7].

Ze wzgledu na dodanie wloséw do listy materiatow
mogacych by¢ wykorzystanych w badaniach, celem ni-
niejszej pracy bylo sprawdzenie, czy spozycie jednej
lub dwoch filizanek herbaty z koki moze skutkowaé do-
datnimi wynikami podczas analizy wloséw w kierunku
obecnosci COC i jej metabolitow dla podanych powyzej
wartosci progowych. Probki moczu réwniez analizowa-
no w celu potwierdzenia pozytywnych wynikow. Zgod-
nie z wiedzg autoréw, jak dotychczas nie opublikowano
doniesien na temat analizy wlosow po wypiciu herbaty
z koki.
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2. Cze$¢ doswiadczalna
2.1. Uczestnicy badan

W badaniach uczestniczylo szeéciu ochotnikow —
czterech m¢zezyzn i dwie kobiety. Eksperyment badaw-
czy zostal ocenione i zatwierdzony przez Zaktadowa
Rade Rewizyjna (Institutional Review Board; IRB) Uni-
wersytetu Illinois w Chicago.

2.2. Analiza herbaty z koki

W badaniach wykorzystano herbaty marek Delisse,
Hornimans i Trimate. Pochodzenie i data produkcji her-
baty byly nieznane. W celu okreslenia zawarto$ci alka-
loidow w réznych wyrobach jedna torebka kazdego pro-
duktu byta zaparzana w 240 ml (okolo 8 uncji) goracej
wody przez 10 min. Probki kazdej z herbat (200 pl De-
lisse, 40 pl Hornimans i 60 pl Trimate rozcienczone do
2 ml woda dejonizowang) analizowano w kierunku obec-
nosci COC, BE i EME metodg GC/MS po uprzednie;j
ekstrakcji do fazy statej (SPE) przy zastosowaniu deute-
rowanych wzorcow wewnetrznych (ISs). Wszystkie od-
czynniki byty o czystosci do HPLC i zostaty zakupione
w firmie Fisher Scientific (Hanover Park, IL). Wszystkie
wzorce analityczne, wlaczajac ISs, zakupiono w firmie
Cerilliant Corporation (Round Rock, TX).

2.3. Spozycie herbaty i pobieranie probek

Trzy osoby wypity po jednej filizance herbaty z koki,
a trzy kolejne wypily jej po dwie filizanki. Ze wzgledu
na najwyzsza zawarto§¢ COC w herbacie Delisse, w ba-
daniach wykorzystano torebki z herbatg tej marki (zob.
wyniki). Kazdy ochotnik wypit jedng herbate uzyskana
przez zaparzenie torebki w 240 ml goracej wody przez
10 min. W przypadku oséb wypijajacych dwie filizan-
ki, druga byla przygotowywana w taki sam sposob od
razu po wypiciu pierwszej. Przed spozyciem od kazdego
ochotnika pobrano probki wloséw z glowy o grubosci
olowka oraz probki moczu. Probki kazdej ze spozywa-
nych herbat rowniez zabezpieczono do dalszych badan.
Probki moczu pobierano po 1, 2, 4, 8, 12, 24 1 36 godzi-
nach od spozycia herbaty. Proby wlosow pobierano po
uplywie 12 godzin oraz 1, 3, 5, 14 1 28 dni po konsumpcji
herbaty z koki. Badanych poproszono o $cigcie prob wio-
sow jak najblizej skory z tylu glowy (vertex posterior).
Probki moczu i herbata zostaty zamrozone do czasu ana-
lizy.

2.4. Wstepna analiza przesiewowa moczu metoda
immunoenzymatyczna

Zebrane probki moczu rozmrozono, po czym ich
cz¢$¢ (3-5 ml) przeniesiono do probdwek Vacutainer.

Wstepna analizg ilosciowa przeprowadzono przy zasto-
sowaniu aparatu Beckman Coulter SYNCHRON LX oraz
zestawu COCM Cocaine Metabolite zgodnie z instruk-
cja producenta. Zmiana absorbancji byla mierzona przy
dhugosci fali 340 nm. Wynik jako$ciowy stwierdzano na
podstawie porownania wartosci probki do skalibrowanej
warto$ci progowej. Probki, ktérych stezenie bylo rowne
lub wigksze niz 300 ng/ml, uwazano za pozytywne; po-
nizej 300 ng/ml okreslano jako negatywne.

2.5. Analiza herbaty i moczu przy zastosowaniu
metod SPE i GC/MS

Probki spozywanych herbat (20 pl) rozcienczano
woda dejonizowana do 2 ml, po czym dodawano ISs
do osiggnigcia stgzenia 200 ng/ml. Do 500 pl moczu
dodawano ISs, osiggajac koncowe stezenie 800 ng/ml.
Do kazdej probki dodawano 1 ml 0,1 M roztworu HCI,
1 ml 1,93 M kwasu octowego i 8 ml wody dejonizowa-
nej. Kolumny Isolute HCX (10 ml, 200 mg; Internatio-
nal Sorbent Technology, Wielka Brytania) kondycjono-
wano kolejno 3 ml metanolu, 3 ml wody i 1 ml 1,93 M
kwasu octowego, nie pozwalajac im wyschnaé. Probki
przepuszczano przez kolumny pod zmniejszonym cisnie-
niem. Kazda kolumng przemywano kolejno 3 ml wody
dejonizowanej (suszenie przez 1-2 min), 1 ml 0,1 M
HCI (suszenie przez 1-2 min) i 3 ml metanolu (suszenie
przez 5 min). COC i jej metabolity byly wymywane przy
uzyciu 3 ml mieszaniny chlorek metylenu : izopropanol :
wodny roztwdr amoniaku (78:20:2, v/v/v). Probki odpa-
rowywano do sucha w strumieniu powietrza, a nastgpnie
rozpuszczano w 35 pl acetonitrylu, po czym przenoszono
do stozkowych wktadek o pojemnosci 100 pl umieszczo-
nych we fiolkach do automatycznego podajnika probek.
W celu ich derywatyzacji dodawano 70 ul BSTFA zawie-
rajacego 1% TMCS. Nastepnie probki zakapslowywano
i inkubowano w temperaturze 60°C przez 30 min.

Analize GC/MS prowadzono przy zastosowaniu chro-
matografu gazowego (GC) Hewlett-Packard serii 6890
wyposazonego w kolumne kapilarng HP-5MS (30 m x
250 pm x 0.25 pum) i potaczonego z selektywnym de-
tektorem masowym Hewlett-Packard 5973 (zrodto jo-
néow utrzymywano w temperaturze 230°C, a kwadrupol
w temperaturze 150°C). Do aparatu nastrzykiwano 1 pl
zderywatyzowanej probki (tryb bez podziatu, temperatu-
ra dozownika 250°C). Przeptyw gazu no$nego, ktorym
byt ultraczysty hel (99,999%), wynosit 1,2 ml/min. Piec
GC utrzymywano w temperaturze 70°C przez 1 min, po
czym wzrastata ona o 20°C/min do osiggni¢cia tempera-
tury 300°C, ktora byta utrzymywana przez 2 min. Selek-
tywny detektor mas pracujacy w trybie monitorowania
wybranych jonow (SIM) rejestrowal nast¢pujace jony:
COC - m/z (182), 272, 303; COC-d, — (185), 275, 306;
BE - 82, (240), 361; BE-d, — 85, (243), 364; NC — 240,
(346), 361; NC-d, — 243, (349), 364; EME — (82), 96,
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271; EME-d, — (85), 99, 274. Jony podane w nawiasach
stosowano w analizie ilosciowej. Dane byly analizowa-
ne przez oprogramowanie Hewlett-Packard Chemsta-
tion. Szesciopunktowe krzywe kalibracyjne w zakresie
stezen 5 ng/ml-8000 ng/ml dla COC, NC, EME sporza-
dzono dla probek moczu o0sob niestosujacych kokainy.
Ponadto przygotowano kontrolne probki moczu zawie-
rajace COC, NC, EME i1 BE w stezeniach 120 ng/ml
1 6000 ng/ml. Wszystkie probki wzorcowe oraz kontrol-
ne analizowano rownoczesnie z probkami moczu zebra-
nymi od ochotnikéw uczestniczacych w badaniach.

2.6. Analiza kreatyniny w moczu

Kreatyning oznaczano przy uzyciu aparatu Beckman
Coulter SYNCHRON LX i zestawu odczynnikéw CREm.
Czes$¢ (3—5 ml) pobranego moczu przenoszono do probo-
wek Vacutainer o pojemnosci 10 ml. Probki analizowano
zgodnie z instrukcjg producenta. Probki moczu (5,5 ul)
mieszano z alkalicznym roztworem pikrynianu w stosun-
ku 1 czg$¢ moczu do 105 czg$ci odezynnika. Absorbancje
mierzono przy dtugosci fali 520 nm pomiedzy 19 a 25 s
po zmieszaniu. Warto$¢ absorbancji byta wprost propor-
cjonalna do stezenia kreatyniny w probcee.

2.7. Analiza wlosow przy zastosowaniu metod SPE
i GC/MS

Zebrane probki wlosow przemywano wodg destylo-
wana, po czym suszono. Odciety od strony cebulek wlo-
sow segment o dtugosci okoto 2 cm mielono w stalowe;j
kapsule zawierajacej dwie kulki przy uzyciu mtynka
Crescent Wig-L-Bug (Lyons, IL). Analizie poddawano
50-mg porcje sproszkowanych wlosow. Niektore probki
byly zbyt mate, aby mogty zosta¢ podzielone na segmen-
ty; w tym przypadku cate probki mielono i analizowano.
Deuterowang COC i deuterowang BE dodawano do zmie-
lonych wlosow do osiggnigcia koncowych stezen, odpo-
wiednio: 2 ng/mg i 1 ng/mg. Nast¢pnie wlosy zalewano
metanolem (3 ml) i poddawano dziataniu ultradzwickow
przez 1 h. Probki wirowano przy 2000 obr/min przez
5 min, a roztwory metanolowe przenoszono do nowych
fiolek 1 umieszczano w lodowce. 1 ml 0,1 N kwasu sol-
nego dodawano do zmielonych wlosow i inkubowano
przez noc w temperaturze 55°C. Probki pozostawiono
do ochtodzenia, po czym wirowano przy 2000 obr/min
przez 5 min. Supernatant tgczono z roztworem meta-
nolowym. Do polaczonych roztworéw dodawano 1 ml
1,93 M kwasu octowego i 8 ml wody dejonizowane;j.
Krzywe kalibracyjne w zakresie od 0,10 ng/mg do
5,0 ng/mg dla COC i od 0,03 ng/mg do 2,0 ng/mg dla BE
przygotowywano przez dodanie odpowiednie ilosci obu
analitow do wlosow pobranych od 0sob nieprzyjmujacych
kokainy. Prébki wlosow kontrolnych przygotowane dla
dwoch pozioméw (0,6 ng/mg i 3,0 ng/mg dla COC oraz

0,2 ng/mg i 1,6 ng/mg dla BE) analizowano rownoczes-
nie z badanymi probkami.

3. Wyniki

3.1. Analiza herbat z koki Delisse, Hornimans
i Trimate

Calkowita zawarto§¢ COC 1 metabolitow w trzech
réznych rodzajach herbaty z koki zostata przedstawiona
w tabeli I. Na podstawie tych wynikéw stwierdzono naj-
wyzsza zawartos¢ COC w herbacie Delisse, ktora zostata
wybrana do dalszych badan.

3.2. Zawarto$¢ COC i metabolitow w spozywanej
herbacie

Probki spozywanej przez ochotnikoéw herbaty Delisse
analizowane byly na obecnos¢ COC 1 jej metabolitow:
BE, NC i EME. Wyniki przedstawiono w tabeli II. Za-
warto$¢ alkaloidow byta zgodna z wynikami uzyskany-
mi wczesniej, kiedy probki herbaty Delisse analizowa-
no wraz z herbatami Hornimans i Trimate. Zawartos¢
COC w jednej filizance miescita si¢ w zakresie od 3,1
do 5,6 mg, BE od 4,3 mg do 5,0 mg, a EME od 0,7 mg
do 1,1 mg.

3.3. Badania kreatyniny i wstgpna przesiewowa
analiza moczu metodg immunoenzymatyczng

Stezenia kreatyniny w probkach moczu pobranych
od ochotnikow, ktorzy spozywali jedna filizanke herbaty
z koki, wahaly si¢ w zakresie od 13 do 273 mg/dl (119 +
75 mg/dl). Podobnie w przypadku tych oséb, ktore wypi-
ty dwie filizanki, wartosci te znajdowaly si¢ w zakresie
od 20 do 260 mg/dl (128 £ 83 mg/dl). W wyniku przesie-
wowej analizy moczu u jednej osoby, ktéra wypita jedna
filizanke herbaty, uzyskano pozytywne odczyty przez
12 h, u kolejnej przez 24 h, a u ostatniej przez 36 h. Prob-
ki moczu u kazdego z trzech badanych, ktorzy wypili po
dwie filizanki, byly pozytywne przez caly 36-godzinny
okres badan.

3.4. Zawarto$¢ COC i metabolitow w moczu
oznaczona metodg GC/MS

Rycina 1 przedstawia chromatogram ekstraktu mo-
czu zawierajacego COC, NC, EME i BE. W tabelach III
i IV przedstawiono stezenia COC i jej metabolitow we
wszystkich zebranych probach moczu. Tabela V przed-
stawia doktadnos$¢ i precyzje kontrolnych prob moczu.

Krzywe kalibracyjne dla COC, BE, EME i NC
charakteryzowaly si¢ wspolczynnikami korelacji nie-
mniejszymi niz 0,99. W moczu wykazano niskie steze-
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nia COC i NC lub uzyskano ujemne wyniki dla prawie
wszystkich prob, niezaleznie od ilosci spozywanej her-
baty z koki. Generalnie po 4 h od przyjgcia w moczu
nie wykrywano zwigzku macierzystego COC. Najwyz-
sze stezenie COC wynosito 15 ng/ml i zostato oznaczo-
ne po 1 h od spozycia dwoch filizanek herbaty z koki.

W wyniku ilo$ciowej analizy zebranych prob moczu
u jednego badanego pijacego jedng filizanke herbaty
z koki wykazywano st¢zenia BE powyzej wartosci pro-
gowej 150 ng/ml przez 12 h, u kolejnego przez 24 h,
a u ostatniego przez 36 h. U wszystkich trzech osob, kto-
re wypily po dwie filizanki, stezenia BE byly wyzsze od
wartosci progowej przez 36 h.

Maksymalne stezenie BE u o0sob pijacych jedna fi-
lizanke z koki wynosito 1758 ng/ml i byto osiagnicte
w 4. godzinie badania. W poréwnaniu z grupa osob pi-
jacych jedna filizanke, w grupie pijacej dwie filizanki
stwierdzono znacznie wyzsze stezenia BE. Stezenia BE
w moczu 0so6b pijacych po dwie filizanki miescily sig¢
w zakresie od 308 ng/ml w 36 h do 3383 ng/ml w 8 h.
BE osiaggata najwyzsze st¢zenia pomiedzy 2 a 8 h u 0sob
w obu badanych grupach, po czym jej ilos¢ malata
z uptywem czasu.

Podobnie jak w przypadku BE, maksymalne st¢zenia
EME osiggane byly miedzy 2 a 8 h. Maksymalne steze-
nie EME w grupie 0sob pijacych jedng filizanke wyno-
sito 3751 ng/ml po 4 h i 7760 ng/ml u osob, ktore pity
dwie filizanki.

W celu normalizacji poszczegolne stg¢zenia BE i EME
w moczu podzielono przez zawarto$¢ kreatyniny w kaz-
dej préobce moczu, a nastgpnie przez 100, aby uzyskac
réwnowazne jednostki objetosci. Ryciny 2 i 3 obrazuja
stezenia BE znormalizowane do zawartosci kreatyniny
przez 36-godzinny okres eksperymentu u 0sob pijacych
odpowiednio jedna i dwie filizanki herbaty z koki. Ryci-
ny 415 przedstawiaja stezenia EME znormalizowane do
zawartosci kreatyniny.

3.5. Zawarto$¢ COC i metabolitow we wlosach

Krzywe kalibracyjne stosowane do obliczania ste-
zenia COC i BE we wtosach byly liniowe w catym za-
kresie badanych stezen i charakteryzowaty si¢ wspot-
czynnikami korelacji odpowiednio 0,99 i 0,93. Tabela V
przedstawia doktadnos$¢ i precyzje dla kontrolnych prob
moczu i wlosow. Tylko w przypadku jednego z szesciu
ochotnikow uczestniczacych w badaniu uzyskano steze-
nie COC powyzej zaproponowanego dla wlosow progu
500 pg/mg w czternastym (1,2 ng/mg) i dwudziestym
6smym (2,4 ng/mg) dniu po przyjeciu herbaty, ale w zad-
nej z prob wloséw nie wykazano BE. COC nie zostata
wykryta w zadnej z pozostatych prob wloséw pobranych
podczas opisanych tu badan.

4. Dyskusja

Zawartos¢ alkaloidow w herbacie Delisse byta zgod-
na z wynikami opisanymi w literaturze przez Siegela [13]
i Jenkins [10]. Zawarto§¢ COC w herbatach Horniman
i Trimate (1,9 mg i 1,4 mg) byla nizsza niz w produk-
tach innych marek. Nizsza zawartosci COC mogta zostac
spowodowana nieokreslona data produkcji herbaty, ob-
szarem geograficznym, gdzie liscie byty uprawiane lub
warunkami, w ktorych torebki z herbatg byty przecho-
wywane. Poniewaz pochodzenie i data produkcji torebek
z herbatg nie byty w pelni znane, okreslenie czynnikow,
ktore spowodowaly te rozbieznosci, stanowi trudnose.

Stezenia BE i EME wydalanych z moczem, jak i za-
warto$¢ alkaloidow w herbacie, byty zblizone do opisa-
nych w innych pracach po§wigconych badaniom moczu
po wypiciu herbaty z koki. Najwyzsze st¢zenia w moczu
macierzystej] COC (15 ng/ml w grupie pijacej dwie fili-
zanki) i BE (1758 ng/ml w przypadku spozycia jedne;j fi-
lizanki) oznaczone w przedstawionych tu badaniach byty
znacznie nizsze niz stezenia w moczu wspomniane przez
Jenkins i in. po wypiciu jednej filizanki (587 ng/ml dla
COC 13940 ng/ml dla BE) [10]. W badaniach opisanych
Ww niniejszej pracy w zerowych probach moczu ochotni-
kéw nr 3, 4, 51 6 (tabela III i IV) wykryto niskie steze-
nia NC. Wynik ten jest trudny do wyjasnienia i wymaga
dalszych badan. Jest jednak dobrze udokumentowane, ze
COC jest obecna w srodowisku cztowieka i jej metabo-
lity mozna znalezé w moczu nawet po przypadkowym
kontakcie z zanieczyszczonymi banknotami dolarowy-
mi [5]. Podwyzszone stgzenia NC obserwowano u 0sob
z niedoborem cholinesterazy oraz uzywajacych alkoho-
lu [8]. U osob, ktore trafity do miejskiego oddziatu ra-
tunkowego z powodu przedawkowania COC, Williams
iin. [16] oznaczyli COC w zakresie stezen od 22 ng/ml
do tak wysokiego, jak 40 pg/ml, BE od 100 ng/ml do
3,3 mg/ml, EME od 36 ng/ml do 661 pug/ml i NC od
35 ng/ml do 2250 ng/ml.

Wsrod szesciu ochotnikéw biorgeych udziat w tym
badaniu, tylko u jednego wykryto COC we wlosach
w czternastym (1,2 ng/mg) i dwudziestym 6smym
(2,4 ng/mg) dniu po konsumpcji. W zadnej z prob wio-
sow nie stwierdzono BE powyzej dolnej granicy ozna-
czalnosci metody wynoszacej 0,03 ng/mg i w zwigzku
z tym nie moga one stanowi¢ wyniku dodatniego. Pro-
ponowane zmiany do obowiazujacych wytycznych fede-
ralnych programéw antynarkotykowych, a dotyczacych
badania 0s6b w miejscu pracy [3], ustanawiaja progi wy-
magajace potwierdzenia obecnosci COC w wysokosci
0,5 ng/mg i BE — 50 pg/mg, za$ stosunek stezen BE/COC
powinien by¢ wigkszy lub rowny 0,05. Stowarzyszenie
Badan Wtosow (The Society of Hair Testing) zapropono-
wato w wytycznych do badania narkotykow we wtosach
podobne progi wymagajace potwierdzenia obecnosci nie
tylko COC, ale takze co najmniej jednego innego analitu
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—BE, NC, EME lub CE [2]. By¢ moze zmienno$¢ osob-
nicza podczas wbudowywania si¢ COC i metabolitow do
rosnacych wloséw spowodowala, ze w badaniach tylko
u jednej osoby wykazano COC, podczas gdy pozostate
wyniki byly ujemne. Dodatkowo nie sg znane nawyki
higieniczne badanych, a w szczego6lnosci wspomniane;j
wyzej osoby. Zastosowana procedura mycia wlosow nie
doprowadzita do ujednolicenia materiatu pochodzacego
od ochotnikéw bioracych udzial w badaniach przez usu-
ni¢cie kokainy obecnej we wlosach, ale pochodzacej ze
zrodet innych niz herbata z koki. Mozliwe jest rowniez, ze
spozycie tylko jednej lub dwoch filizanek herbaty z koki
nie prowadzi do wystgpienia wystarczajaco wysokiego
stezenia COC i/lub metabolitow, ktore moglyby by¢ sku-
tecznie wbudowane we wlosy. Cairns i in. [1] wykazali
w badaniach z udzialem uzytkownikow COC, zZe steze-
nia tego zwigzku we wlosach miescity si¢ w zakresie od
0,29 do 227 ng/mg. W 2008 roku Departament Zdrowia
i Opieki Spotecznej wydatl poprawione obowiazkowe
wytyczne dla federalnych programéw dotyczacych ba-
dania narkotykow u os6b w miejscu pracy. Wedlug tego
dokumentu jedynym materialem, ktory moze by¢ stoso-
wany w tym celu, jest mocz. Warto$¢ progowa dla BE
w metodach przesiewowych zostala obnizona do
150 ng/ml, a dla potwierdzajacych do 100 ng/ml [4].

Ze wzgledu na wyniki uzyskane w przedstawionych
tu badaniach oraz w innych, zwigzanych z herbatg z koki,
osoby uczestniczace w programach testowania narkoty-
kow muszg by¢ swiadome mozliwosci uzyskania po-
zytywnych wynikéw dla COC, ktore nie sa wynikiem
przyjecia nielegalnej COC lub kraku. Podczas gdy liscie
koki sg substancja kontrolowang w Stanach Zjednoczo-
nych, zakup pudetek herbaty z koki przez Internet lub
ich przemyt podczas odprawy celnej nie stanowi prob-
lemu. Nalezy zachowaé¢ wigc ostroznos$¢ przy interpre-
tacji pozytywnych wynikéw badan moczu lub wlosow,
a mozliwo$¢ konsumpcji herbaty z koki powinna by¢
takze brana pod uwage.
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