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Findings of illicit drugs in hair of children at different ages
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Abstract
Hair is a preferred material to detect exposure or use of illegal drugs in children. In the present study, we
investigated a total of 387 hair samples for commonly applied illegal drugs of children up to 16 years. Analysis
was by liquid chromatography/mass spectrometry with LOQs of 0.01 ng/mg hair for all analytes except tetrahydro-
cannabinol carboxylic acid with an LOQ of 0.1 pg/mg hair. Results were firstly compared with our in-house statics
on results from adults’ hair, and secondly to literature data. We started from the assumption that drug concentrations
decrease with increasing age.

Results were assigned to 4 different age groups (< 1 year, 1–< 6 years, 6–< 14 years, 14–16 years). As expected, higher results
were obtained in age groups 1 and 2. The lowest concentrations were present in age group 3, whereas an increase could be
observed in group 4 except heroin. In babies, positive results may be due to in utero exposure, breast milk feeding, and a close
physical contact. All drugs under investigation such as cannabinoids, cocaine, amphetamines, and opiates have been detected in
breast milk as well as in skin excretions such as sebum, sweat and cutaneous cells. For most drugs, average concentrations in
children hair were lower than in adult hair when comparedwith our in-house statistics. Interestingly, the increase of cannabinoids,
cocaine, and amphetamines concentrations in adolescents’ hair points to a deliberate use of these drugs possibly in addition to
passive exposure. This observation shows that age groups 1 and 4 are most vulnerable if caregivers or parents are drug users, even
if the sources of positive drug findings differ.
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Introduction

Drug exposure of a child may result in physical, cogni-
tive, and behavioral problems. Many matrices including
hair have been proposed to detect in utero exposure.
Analysis of neonatal hair can reveal drug use of the moth-
er during the last trimester [1]. Possible sources are fetal
blood and amniotic fluid. In babies, positive findings may
also be due to drugs being present in the mother’s breast
milk or to environmental exposure. Especially in infants’
hair, drugs may be deposited onto the hair by drug con-
taining aerosols or dust, or by bodily contact to consum-
ing caregivers. The latter concerns transfer either through
careless handling of the drug or by sebum or sweat of the

drug-consuming individual. Also, accidental intake may
be an issue.

Knowledge on children hair physiology is very limited.
Newborns with a low birth weight generally have thinner hair
than those of normal weight [2]. After delivery, the scalp hair
being almost exclusively in the anagen stage passes to the
catagen stage, and then to the telogen stage. After delivery,
the hair is thus replaced within about 3 months. Then, the hair
growth stages are similar to that of adults. A baby’s hair has an
approximate diameter of 20μm, and that of a child of about 60
μm, whereas the diameter of adult hair averages 100 μm [3].
Blonde hair is thinner than heavily pigmented hair [4]. After
the onset of puberty, hair grows longer and more coarsely [5].

Due to the different hair morphology of babies, infants,
children, or adolescents, and a possibly closer contact to fam-
ily members in the younger age, we assumed in agreement
with previous findings that drug concentrations in hair will
decrease with increasing age of a child [6, 7]. To check our
assumption, we compiled results from hair samples of chil-
dren having been exposed to commonly used illegal drugs.
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Materials and methods

Specimens

A total of 387 hair samples from children (age up to 16 years)
which were collected between 2014 and 2018 were analyzed
for cocaine, cannabinoids, opiates, and amphetamines by
high-performance liquid chromatography/tandem mass spec-
trometry (LC-MS/MS) using an in-house method accredited
to the normDIN EN ISO/IEC 17025. All cases were related to
concerns regarding the child’s welfare by the caregivers being
identified as drug users at least in the past. Hair analysis had
been ordered from the authorities to decide on either supervi-
sion or guardianship. For the present investigation all identi-
fying information except age or sex (except one case) had
been removed before data analysis.

Results were assigned to the following 4 age groups: group
1, babies, age < 1 year, n = 21; group 2, infants, age 1–< 6
years, n = 122; group 3 children, age 6– < 14 years, n = 117;
group 4 adolescents, age 14–16 years, n = 127.

Method

Depending on availability, the proximal sections of 1 to 6 cm in
length were washed twice with 5 mL light petroleum and 5 mL
methanol through shaking. After drying, the samples were
chopped into small snippets < 1 mm. Extraction was performed
with 3 mL methanol through ultrasonication at 50 °C for 4 h
following addition of respective deuterated standards. After
cooling to room temperature, 1.5 mL of the supernatant was
evaporated to dryness under nitrogen and reconstituted in 30
μL acetonitrile and 120 μL 2 mM ammonium acetate. LC-MS/
MS analysis was performed by gradient elution on a Sciex 6500
QTrap mass spectrometer (Sciex, Darmstadt, Germany) coupled
to an Agilent 1290 Infinity LC system (Agilent, Waldbronn,
Germany) equipped with a Kinetex C18 reversed-phase column
(3.0 mm ×50 mm; 2.6 μm particle size; Phenomenex,
Aschaffenburg, Germany). For data processing MultiQuant 3.0
was used (Sciex, Darmstadt, Germany). Calibration standards
ranged from 0.01 to 1.0 ng/mg hair.

The limit of quantification (LOQ) was 0.01 ng/mg hair for all
analytes except THC-carboxylic acid which was 0.1 pg/mg hair.
THC-carboxylic acid has been determined on request in a very
few cases, also depending on the availability of sufficient mate-
rial. Further validation data have been summarized in Table 1.

Results and discussion

Minimum, maximum, and median values of all analytes are
summarized in Table 2. Subsequently, the text is arranged in
decreasing frequency of findings from the following drugs or

drug groups: cannabinoids, cocaine, amphetamines, and opi-
ates (heroin).

Cannabinoids

THC being present in 112 cases was most frequently detected;
its concentrations range from 0.01 ng/mg hair to 15 ng/mg
hair. Interestingly, the median THC was highest in age group
4, albeit significantly lower compared with the median of
0.23 ng THC/mg hair derived from our in-house statistical
evaluation of adult hair specimens [8]. Also, the median value
of adolescent hair being approximately twice that compared
with the other age groups suggests that some of them had not
only be exposed to environmental cannabis but might have
used it accidentally or deliberately. It is known that the inci-
dence of parent drug use may affect the prevalence of teen
drug use [9]. Adolescence is a developmental period being
associated with increased risk-taking behaviors which pro-
mote drug use if living in an environment characterized by
caregiver substance use [10].

The finding of lower drug concentrations in age groups 1–3
is in line with results in hair samples from very young children
reported by [11]; authors tested 8 out of 12 hair specimens
from children aged 2 to 24 months positive for THC at con-
centrations ranging from 0.039 to 1.89 ng/mg hair. As already
mentioned in the introduction, drug residues in age group 1
may result from in utero as well as postnatal exposure. THC is
excreted into breastmilk in small quantities and its duration of
detection ranges from 6 days to greater than 6 weeks [12].
Also, a physical contact may lead to positive results for
THC in children hair. At present, THC as well as cannabidiol
and cannabinol have been determined from human skin resi-
dues such as skin particles, sebum, and sweat collected in
sweat patches [13] whereas THC-carboxylic acid was not de-
tectable at an LOD of 0.3 ng/patch. Due to the low number of
cases THC-positive cases along with the additional order of
determining THC-carboxylic acid (n = 4), reliable data anal-
ysis will depend on further analytical results. We are quite
aware that a thorough interpretation especially for age group
4 will not be possible until tetrahydrocannabinolic acid A,
THC-carboxylic acid and hydroxy-THC will be analyzed in
addition [14, 15]. However, these issues require to perform
further analyses which are often limited by the small amounts
of hair especially from very young children.

Cocaine

The second highest occurrence was with cocaine at median
values ranging from 0.078 to 0.14 ng cocaine/mg hair (n =
75). The maximum concentrations of cocaine determined in
age groups 1 and 4 were higher than those reported by Pichini
et al. [16] (range 0.15–3.81 ng cocaine/mg hair, n = 23) of 2-
to 10-year-old children presenting to an urban pediatric
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emergency department without suggestive signs or symptoms
of drug ingest ion. In the present inves t igat ion,
benzoylecgonine could be detected in all samples except one
being positive for cocaine. As cocaine is known to readily
arise from environmental exposure and prone to form
benzoylecgonine by hydrolysis, an assessment of drug use is
usually based on norcocaine and cocaethylene concentrations.
Related to the number of positive results for cocaine,
norcocaine and cocaethylene were detectable in 50 and 33%
of specimens from age group 1, respectively. For deliberate
use which appears unlikely in this age group, results may
reflect exposure through related parties. According to the find-
ings of Cone at al. [17], cocaine is the major analyte in sweat,
whereas metabolites are excreted in lower amounts.
Therefore, physical contact may be a likely source just like
in utero exposure or ingestion via breast milk. Beside cocaine,
all major metabolites had also been detected in random breast
milk samples [18]. Percentages decreased to 23% for
norcocaine and to 14% for cocaethylene in age group 3, prob-
ably pointing to a decreasing contact with their caregivers.
Compared to our in-house statistics, percentages in age groups
2 and 3 were all lower compared with those for norcocaine
and cocaethylene being 71% and 78% in adult samples [8].
However, in group 4 there was again an increase in percent-
ages for both norcocaine and cocaethylene as already ob-
served for THC, reaching 35% for norcocaine and 29% for
cocaethylene, and suggesting active use beside environmental
exposure.

Amphetamines

Amphetamine (alone), methamphetamine, and 3,4-
methylenedioxymethamphetamine (MDMA) could be

detected in 65, 9, and 41 specimens, respectively. The con-
centration range for methamphetamine was far lower than that
observed in the study of Castaneto et al. [19] where metham-
phetamine was detected in 67 samples of children (1 month to
18 years) at concentrations of 0.1–22 ng methamphetamine/
mg hair suspected to be environmentally exposed to house-
hold drug intake. This may partly be due to the low number of
methamphetamine positive cases but also to a severe exposure
of the children in clandestine laboratories. Maximum values
of all drugs were detectable in age group 4, where a deliberate
or accidental use seems most probable. This is also reflected
by respective median values of group 4 for methamphetamine
and MDMA, but not for amphetamine. The median values for
amphetamine and methamphetamine in all groups was always
lower than those being available from our in-house statistical
evaluation on adults’ hair [8]. However, the median MDMA
concentration in group 4 matches that from our in-house sta-
tistics of adults (0.51 versus 0.52 ng MDMA/mg hair),
pointing towards a preferred use of MDMA compared with
amphetamine and methamphetamine already at a younger
age. This may reflect the increase of MDMA use in adoles-
cents in the last few years [20]. Amphetamines have been
detected in both skin excretions as well as in breast milk, but
at high dosages may impair milk production [21, 22].

Opiates (heroin)

Proving positive for 6-acetylmorphine as the primary metab-
olite of heroin, exposure to the drug could be identified in 16
cases. Interestingly, there was no positive finding for heroin,
6-acetylmorphine or morphine in age group 4. This is in line
with observations in the USA where young adults aged 18–25

Table 1 Validation data:
calibration range, lower limits of
detection, and quantification [ng/
mg] and accuracy [%]

Analyte Calibration range
(ng/mg)

Limit of detection
(ng/mg)

Lower limit of
quantification
(ng/mg)

Accuracy
(%)

Heroin 0.01–1.0 0.005 0.01 7.3

6-Acetylmorphine 0.01–1.0 0.003 0.01 8.9

Morphine 0.01–1.0 0.003 0.01 6.0

THC 0.01–1.0 0.003 0.01 4.2

Amphetamine 0.01–1.0 0.004 0.01 6.5

Methamphetamine 0.01–1.0 0.003 0.01 8.4

MDMA 0.01–1.0 0.003 0.01 9.8

MDA 0.01–1.0 0.003 0.01 15.1

Cocaine 0.01–1.0 0.002 0.01 7.2

Benzoylecgonine 0.01–1.0 0.002 0.01 9.9

Norcocaine 0.01–1.0 0.002 0.01 8.3

Cocaethylene 0.01–1.0 0.002 0.01 8.6

THC Δ9 - tetrahydrocannabinol , MDMA 3,4-methylenedioxymethamphetamine, MDA 3,4-
methylenedioxyamphetamine
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Table 2 Drug findings in hair of
4 different age groups of children
(1, < 1 year; 2, 1–< 6 years; 3, 6–<
14 years; 4, 14–16 years) and in
adults (in-house statistics) for
comparison [8]; minimum, maxi-
mum, and medium values are
given (ng/mg hair)

Analyte Age
group

Number Minimum
value

Maximum
value

Median
value

Heroin 1 1 - - 0.04

2 9 0.01 0.04 0.02

3 2 0.02 0.03

4 0

Adults 131 0.01 135 0.60

6-Acetylmorphine (metabolite
of heroin)

1 2 0.01 0.02

2 10 0.01 0.41 0.02

3 4 0.01 0.37 0.04

4 0

Adults 226 0.01 277 0.74

Morphine (metabolite of
heroin)

1 1 0.01

2 6 0.01 0.03 0.01

3 3 0.01 0.03 0.01

4 0

Adults 155 0.01 36.1 0.82

THC 1 3 0.01 0.31 0.02

2 34 0.01 0.70 0.04

3 25 0.01 0.74 0.03

4 50 0.01 15.2 0.07

Adults 1571 0.01 35.8 0.23

Amphetamine (alone) 1 3 0.03 1.70 0.09

2 24 0.01 15 0.18

3 16 0.01 1.9 0.38

4 22 0.06 4.1 0.19

Adults 394 0.05 306 0.65

Methamphetamine 1 2 0.1 1.5

2 3 0.02 0.05 0.04

3 2 0.01 0.06

4 2 0.01 2.7

Adults 137 0.05 123 4.00

MDMA 1 3 0.01 0.71 0.17

2 3 0.02 0.20 0.14

3 6 0.05 1.69 0.30

4 29 0.08 41.6 0.51

Adults 584 0.05 82.4 0.52

MDA (metabolite of MDMA) 1 2 0.01 0.02

2 1 0.01

3 4 0.01 0.01 0.01

4 28 0.01 3.60 0.02

Adults 417 0.01 6.22 0.03

Cocaine 1 6 0.01 5.40 0.07

2 31 0.02 20.0 0.15

3 21 0.01 2.80 0.10

4 17 0.03 15.0 0.14

Adults 876 0.05 592 1.81

Benzoylecgonine
(metabolite/degradation
product of cocaine)

1 6 0.01 0.71 0.01
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among had used heroin far more frequently in the past year
than teens aged 12–17 [23].

Heroin itself was detectable in very low concentrations in
groups 1–3 in 12 cases ranging from 0.01 to 0.04 ng/mg hair.
Regarding the summarized molar concentration of 6-
acetylmorphine and morphine, group 1 appeared to be most
exposed compared with the other groups, possibly due to in
utero as well as environmental exposure after birth. Exposure
may be via the placenta, breastmilk, and inhalation of smoked
heroin [24].

Also, the highest median concentrations of both heroin
and 6-acetylmorphine were detectable in age groups 1–2
indicating again a closer bodily contact of younger chil-
dren to their consuming caregivers or parents. Heroin and
metabolites may preferably be transferred via sweat or
sebum to children’s hair. This assumption is supported
by findings from Cone et al. [16]; the working group
observed heroin being the major analyte excreted in
sweat, and 6-acetylmorphine appeared rapidly after heroin
administration and continued to increase in sweat samples
while the content of heroin decreased suggesting hydroly-
sis of heroin in sweat. Comparing the present data to that
of our in-house statistics on ranges in adult hair, median
concentrations in adult hair were grossly more than 20
times higher (0.60 ng heroin/mg hair, 0.74 ng 6-
acetylmorphine/mg hair) compared with the present result
[8]. However, the median concentration of morphine,
which is preferably used to assess drug consumption be-
havior, was about 70 times higher compared with that in
our present population, which again provides evidence of

drug transfer via sweat or sebum to childrens’ hair for
excretion of morphine into sweat is significantly lower
than for both, heroin and 6-acetylmorphine [25].

Case report

Further, to put forward our introductory assumption, subse-
quent specimens obtained from male and female siblings in-
cluding 3 boys and 2 girls (aged 1–8 years) from a family were
detailed. Results obtained at the first collection date and after a
6-month period are summarized in Table 3. At the first sam-
pling date, in each of the 5 samples, cocaine including major
metabolites, amphetamine, and THC were tested positive.
THC-carboxylic acid was present in none of the samples;
due to the small amount of hair available, the analyte could
not be determined from the sample of the 5-year-old child at
the time of first testing. The higher cocaine concentrations of
the two youngest children may be explained through a closer
contact to the drug-consuming mother. In addition, differ-
ences between boys and girls could be noticed; however, a
conclusive explanation cannot be given.

Six months later, a second hair sample was collected for
drug analysis (Table 3). In contrast to the first analysis, am-
phetamine was not detectable in any of the samples collected
at the second date. Cocaine and benzoylecgonine were detect-
able in one sample only, but neither norcocaine nor
cocaethylene were still present. In the specimen of this female
twin, the highest cocaine and benzoylecgonine concentrations
were measured in the first sample. However, concentrations of
THC had increased meanwhile compared with the first time of

Table 2 (continued)
Analyte Age

group
Number Minimum

value
Maximum
value

Median
value

2 30 0.01 2.90 0.02

3 31 0.01 0.52 0.01

4 17 0.01 5.40 0.02

Adults 876 0.01 152 0.27

Norcocaine (metabolite
of cocaine)

1 3 0.01 0.05 0.03

2 16 0.01 0.03 0.01

3 5 0.01 0.02 0.01

4 6 0.01 0.4 0.01

Adults 624 0.01 11.7 0.06

Cocaethylene (metabolite
of cocaine)

1 2 0.01 0.04 0.03

2 6 0.01 0.03 0.01

3 3 0.01 0.01 0.01

4 5 0.01 0.01 0.01

Adults 690 0.01 13.7 0.09

THC Δ9 -tetrahydrocannabinol, MDMA 3,4-methylenedioxymethamphetamine, MDA 3,4-
methylenedioxyamphetamine
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collection. Also, traces of THC-carboxylic acid were detect-
able in the hair of the three younger children. Except the “co-
caine” positive sample of the female twin, there was a decreas-
ing tendency in THC concentrations with increasing age.

The changes in drug findings could be explained by the
children having been taken from the cocaine-consuming par-
ent to the cannabis-consuming parent after the first sample
collection, this thesis is also supported by the findings of
THC-carboxylic acid. This change in caregiver’s drug habits
may support external contamination of the children hair. This
is in line with the findings of Pragst et al. [26] showing that
drugs being smoked or available as a powder are deposited to
a higher degree onto children hair compared with those taken
as a solid or fluid preparation. Also, authors showed a decreas-
ing concentration with increasing age for nearly all drugs un-
der investigation, which may result from a closer physical
contact and a less resistant cuticle of the hair in the young age.

Conclusion

The present study provides evidence that with an increasing
age of the child, the risk of being exposed to drugs from drug
consuming caregivers or environmental exposure through
smoke, dust, or drug residues decreases. Especially in babies,
in utero exposure, breast milk or a close physical contact is a
likely source of drug findings in hair. The increase of drug

concentrations in adolescents’ hair, especially of cannabi-
noids, amphetamines, and cocaine, suggests an accidental or
deliberate use of the drug, possibly in addition to a passive
exposure. Results also revealed heroin being a less attractive
drug for adolescents which is supported by epidemiological
data.
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