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Abstract
Hair analysis is a well-established matrix in forensic toxicology, offering a valuable 
alternative or complement to traditional matrices in diverse contexts, including drug-
facilitated crimes (DFC), elder abuse, and accidental exposure in children. However, 
objective interpretation of hair drug concentrations remains challenging due to sig-
nificant inter-study variability, even for identical compounds. This study included 
hair analysis results upon the prosecutor's request over six years in the Grenoble 
Forensic Laboratory in France. Hair analysis was performed using liquid chromatog-
raphy coupled with tandem mass spectrometry (LC–MS/MS) on Sciex® 5500QT 
and Waters® TQ-XS mass spectrometers, following the French Society of Analytical 
Toxicology (SFTA) guidelines. Hair proficiency quality testing ensured reproductive 
results. This compendium describes 38 cases with hair analysis, including child's ex-
posure and chemical abuse involving both children and the elderly. The study popu-
lation predominantly involved female victims (84.2%), aged 5 months to 90 years. At 
least one substance was detected in hair in 26 cases. In twelve cases, hair analyses 
supplemented blood or urine testing. Substances identified were cocaine, THC, and 
levamisole in child exposure cases; alprazolam, diazepam, loprazolam, and tiapride in 
chemical abuse; and mainly MDMA, cocaine, paroxetine, and THC in other cases. This 
compendium contributes valuable data to the literature, enhancing the interpretation 
of hair drug concentrations across a broad spectrum of cases characterized by diverse 
age ranges, hair characteristics, timeframes, and circumstances. This work provides 
critical comparative data for interpreting findings in forensic cases.

K E Y W O R D S
DFC, drug-facilitated crime, forensic toxicology, hair analysis, mass spectrometry, MS, 
segmental analysis

www.wileyonlinelibrary.com/journal/jfo
mailto:afort2@chu-grenoble.fr
http://creativecommons.org/licenses/by/4.0/
mailto:afort2@chu-grenoble.fr


1768  |    FORT et al.

1  |  INTRODUC TION

Drug-facilitated crimes (DFC) involve the administration of psycho-
active substances to enable the commission of criminal acts. These 
offenses include drug-facilitated sexual assault (DFSA), theft, and 
physical or psychological abuse, but may also extend to situations of 
neglect, such as accidental or unintended environmental exposure. A 
concerning upward trend has been reported in recent years. Notably, 
a 2022 survey conducted by the Paris Addictovigilance Center docu-
mented an annual increase of approximately 3% in suspected cases of 
chemical submission. This observation is consistent with the growing 
body of evidence indicating a rising prevalence of DFC worldwide [1].

It is important to distinguish these offenses from incidents in-
volving chemical vulnerability or accidental toxic exposure [2]. In 
DFC, psychoactive substances are typically administered to inca-
pacitate victims, rendering them unable to consent or resist acts of 
violence. However, these crimes also affect other vulnerable pop-
ulations, potentially exacerbating existing vulnerabilities or serving 
objectives beyond simple incapacitation [3].

Infantile occult exposure to illicit drugs in domestic environments 
represents a complex clinical and medico-legal challenge. Such expo-
sure may be associated with abuse or neglect and can result in both 
short- and long-term health consequences for children. Medicinal 
products acting on the central nervous system, including analgesics, 
anxiolytics, and antipsychotics, account for approximately 30% of 
drug-related poisonings in pediatric populations. Cannabis expo-
sure is responsible for about 7% of hospital admissions for poison-
ing in children under six years of age but accounts for up to 23% of 
poisoning-related admissions to intensive care units within this age 
group [4]. Determining the route of contamination in these cases 
is particularly difficult, with possibilities including breastfeeding, 
environmental contamination, administration under duress or ex-
ploitation of vulnerability, or accidental ingestion [5–8]. The variety 
of these situations, coupled with the physicochemical properties of 
children's hair, underscores the importance of documenting cases in-
volving child abuse and accidental exposure.

Another vulnerable population that has received limited at-
tention in the literature is the elderly. Intentional intoxication in 
this group is often aimed at facilitating theft, although cases of 
abuse have also been reported [9]. Benzodiazepines, neurolep-
tics, and opiates are suggested as the most frequently implicated 
substances [10].

In cases of delayed detection or repeated intoxication, hair anal-
ysis has emerged as a valuable forensic tool. It extends the detection 

window for xenobiotic exposure to several months, complementing 
conventional blood and urine analyses in toxicological investigations 
and providing a longer-term perspective on substance exposure. 
However, limitations such as potential external contamination, low 
analyte concentrations, variable drug incorporation and hair growth, 
the impact of cosmetic treatments, and difficulties in data interpreta-
tion must be considered. Therefore, meticulous sample collection, val-
idated analytical methods, and cautious interpretation of the results 
in conjunction with other toxicological and investigative findings are 
necessary. Furthermore, reference data for interpreting drug concen-
trations in hair are sometimes lacking in the scientific literature.

In this context, the present study aims to compile and analyze 
cases of DFC and familial exposures identified through hair analy-
sis at Grenoble Alpes University Hospital from 2019 to 2024. This 
compendium seeks to contribute to the understanding and interpre-
tation of forensic cases involving hair analysis, particularly within 
the context of chemical abuse in vulnerable populations and familial 
exposures.

2  |  MATERIAL S AND METHODS

2.1  |  Case inclusion

Hair collection and analysis were performed upon prosecutor's 
request. Cases were included over 6 years from January 2019 to 
December 2024.

2.2  |  Hair collection

Hair collection was performed by a trained professional (a toxicolo-
gist or a forensic pathologist), at least 4 to 6 weeks after potential 
exposure. This interval allowed sufficient time for the hair segment 
formed during the exposure period to emerge from the scalp, given 
an average hair growth rate of approximately 1.0 cm per month, 
thereby enabling detection of incorporated substances in the proxi-
mal segment [11]. Sample collection was conducted in accordance 
with established good practice guidelines [12]. A lock of hair was 
isolated using a string and cut as close to the scalp as possible from 
the vertex posterior region, using scissors previously cleaned with 
an alcohol-free wipe. When scalp hair was unavailable, hair from 
other body sites was collected. The collected lock was secured to a 
sheet of white paper by taping both ends of the string, ensuring that 
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the adhesive did not come into contact with the hair. The proximal 
(root) end was clearly indicated. The hair sample was then placed 
in a labeled envelope before being shipped to the Grenoble Alpes 
University Hospital (CHUGA) Pharmacology, Pharmacogenetics, and 
Toxicology Laboratory. Samples were stored at room temperature 
upon analysis.

2.3  |  Preparation of hair samples

Each lock of hair was described with the following parameters: color, 
total length and weight with and without the string. The orientation of 
hair samples was preserved thanks to the string at the proximal end of 
the lock of hair. External decontamination was performed by washing 
the hair samples twice in dichloromethane. In each step, samples were 
placed in a beaker and manually agitated for 1 min before being blot-
ted dry with absorbent paper. Hair alignment was verified prior to and 
following the decontamination procedure. The portion to be analyzed 
was cut into several segments when it was possible. Segments were 
then finely chiseled into pieces of less than 2 mm and homogenized. 
Analyses were carried out on test samples ranging from 10 to 20 mg; 
concentrations were normalized based on the ratio between the actual 
hair mass analyzed and the mass used for the calibration standards. 
Sample preparation was identical for all analytical methods and has 
been previously described in detail [13]. 20 mg of hair were fortified 
with 10 μL of internal standard at 0.1 mg/L for psychotropic medica-
tion, 4 μL at 1.0 mg/L for amphetamines, opiates, cocaine (AOC), and 
4 μL at 0.1 mg/L for cannabinoids. After the addition of 400 μL of 
MeOH, samples were placed in an ultrasonic wash for 10 min and then 
incubated overnight at 55°C for AOC and cannabinoids, and at ambient 
temperature for psychotropic medication. Following centrifugation for 
20 min at 25,000 rpm, the supernatant was evaporated to dryness 
under a gentle stream of nitrogen and reconstituted with 200 μL of 
mobile phase A prior to chromatographic analyses.

2.4  |  Analytical toxicology procedures

Following SFTA guidelines [14], several analytical methods were 
carried out depending on the context and prosecutor's request 
(Table  2). Both hair extracts and decontamination wash solutions 
were analyzed to assess and document the possibility of external 
contamination.

2.4.1  |  Quantitative LC–MS/MS methods for 
illicit and sedative drugs

Four quantitative methods were carried out on the different 
segments.

Firstly, a targeted method of benzodiazepines and related prod-
ucts (29 anxiolytics and/or hypnotic molecules) and secondly a tar-
geted method of sedative psychotropic medication (24 molecules 

neuroleptics and/or anti-histamines) were performed. A methanolic 
extract obtained after incubating the segments for 12 h in methanol 
at room temperature was analyzed using LC–MS/MS on a Kinetex® 
column (XB-C18 100 Å; 50 × 2.1 mm; Phenomenex, 2.6 μm). A com-
prehensive description of the chromatographic conditions and MS 
parameters is provided in Table S1.

Then, a method for AOC and metabolites and lastly a method for 
cannabinoids were performed, as previously described [15], on a LC 
system (Shimadzu, Kyoto, Japan) consisting of two LC-20AD quater-
nary pumps and two LC-20AD XR quaternary pumps equipped with 
a SIL-20AC XR autosampler and a CTO-20AC column compartment. 
Cannabinoids separation was performed with an online sample puri-
fication on a pentafluorophenyl (PFP) Kinetex column 5 μm × 2.1 mm 
× 50 mm (Phenomenex Aschaffenburg, Germany) and a chromato-
graphic separation was performed on an XB C18 analytical column 
Kinetex 5 μm × 2.1 mm × 50 mm (Phenomenex, Aschaffenburg, 
Germany). AOC and metabolites separation were managed on a sin-
gle biphenyl column Kinetex 3 μm × 2.1 mm × 100 mm (Phenomenex, 
Aschaffenburg, Germany).

Detection for the four methods was performed on an API 5500 
tandem mass spectrometer (Sciex, Toronto, Canada) equipped with 
a Turbo Ion Spray® source. Quantification was achieved in the mul-
tiple reaction monitoring (MRM) mode, with one transition for quan-
tification and one transition for confirmation per analyte and one ion 
transition per internal standard.

2.4.2  |  Screening LC–MS/MS methods for 
medications and NPS

Two qualitative screening methods were also performed as already de-
scribed [16]. The acquisition consisted of 2 scheduled targeted screen-
ings containing 349 drugs and 166 new psychoactive substances 
(NPS), respectively. Ultrahigh performance liquid chromatography 
(UPLC) was performed on an I-class Acquity system (Waters Milford, 
USA). Chromatographic separation was achieved using an Acquity HSS 
T3 column (100 mm x 2.1 mm, 2.5 μm) (Waters). Qualitative targeted 
screening was performed on a Xevo TQ-XS (Waters).

2.4.3  |  Methods validation

A blank hair sample was tested in each batch to ensure no contami-
nation has occurred.

Internal quality controls were conducted for a series of assays, 
encompassing both commercial IQCs specific to our laboratory and 
three in-house IQCs using spiked drug-free head hair.

Accuracy, precision, lower limits detection (LOD) and lower limits 
of quantification (LOQ) are reported in Supplemental Information 
(Table S2).

Hair proficiency quality testing ensured reproductive results, 
with programs such as Arvecon DHF or French Society of Analytical 
Toxicology SOUCHI with satisfactory results.
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2.5  |  Ethics

This study concerns forensic toxicological analysis at the request 
of the law enforcement authorities or a magistrate. Because this 
study used only routinely collected, de-identified data, it did not 
require any ethics committee approval, and informed consent 
was waived in accordance with French regulations for mandatory 
reporting by health care professionals (Article R5132-102 of the 
Public Health Code).

3  |  RESULTS

3.1  |  Population description

Between 2019 and 2022, a total of 38 cases involving hair analy-
ses were identified. These included investigations of child exposure, 
chemical abuse affecting both children and elderly individuals, as 
well as other forensic cases arising from diverse circumstances. The 
demographic characteristics of the study population are summarized 
in Table 1. At least one substance was detected through hair analysis 
in 26 cases. Among these positive cases, blood and urine samples 
were also available in 12 instances and were generally within 24 h of 
the last suspected exposure.

The scope of toxicological analyses varied across cases, depend-
ing on the specific requirements outlined in the judicial requisitions 
(Table 2).

The substances most frequently identified differed according 
to case category: cocaine and THC were predominant in cases of 
child exposure, alprazolam was most commonly detected in chem-
ical abuse cases, and MDMA and cocaine were prevalent in other 
miscellaneous forensic investigations.

3.2  |  Cases of child's exposure to narcotics

Thirteen cases of substance exposure in children were identified, 
including four family-related cases and two isolated incidents. 
The toxicological findings for these cases are summarized in 
Table 3.

3.2.1  |  Cases 1.1 and 1.2

A 9-month-old girl presented to the emergency department by her 
parents for evaluation of otitis. Cocaine was detected in her blood 
and urine. Hair analysis, conducted seven days post-initial biological 
sampling (and last known exposure), revealed cocaine and its me-
tabolite, BZE, in two hair segments. Hair samples from the mother 
also showed consistent concentrations of cocaine and its metabolite 
across all segments. Additionally, THC, CBN, and CBD were uni-
formly detected in all maternal hair segments, including those cor-
responding to pregnancy.

3.2.2  |  Cases 2.1 to 2.3

A 3-year-old child, who had been placed in the care of her aunt, was 
referred to the emergency department after traumatic lesions were 
observed by nursery staff while the child was temporarily under her 
mother's supervision. The child's medical history was notable for a 
neurodevelopmental disorder of undetermined etiology, character-
ized by microcephaly, delayed motor development, behavioral distur-
bances with persistent agitation, episodes of self-injurious behavior, 

TA B L E  1  Population characteristics.

Variable (N = 38)
Percentage 
(%N)

Sociodemographic

Mean age (age range) 26 y.o. 
(5 months–90 y.o.)

Sex

Female, n 32 84.2%

Male, n 6 15.8%

Status

Victim, n 29 76.3%

Perpetrator, n 8 21.1%

Minor with risky behavior, n 1 2.6%

Positives cases 26 68.4%

Victims' contexts

Location

Home, n 13 72.2%

Public place, n 5 27.8%

Missing data 11

Forensic situation

Child exposure, n 7 53.8%

Chemical abuse, n 6 46.2%

Children, n 3 50.0%

Elderly, n 3 50.0%

Missing data 16

Hair samples characteristics

Hair type

Scalp, n 37 97.4%

Other, n 1 2.6%

Mean sample's weight (min-
max) (mg)

649 (27.9–2343)

Hair color

Brown, n 23 60.5%

Dark, n 8 21.1%

Light, n 7 18.4%

Hair treatment

Participants without hair 
bleaching, n

27 71.1%

Participant with hair 
bleaching, n

11 28.9%

Note: Values in italics indicate “missing data”.
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TA B L E  2  Scope of toxicological analyses performed according to judicial requisitions.

Case Matrice
BZD and related 
products

Sedative psychotropic 
medication

AOC and 
metabolites Cannabinoid NPS

Child's exposure

1.1 Hair No No Yes (JR) No No

Blood & urine Yes (JR) Yes (JR) Yes (JR) Yes (JR) Yes (JR)

1.2 Hair No No Yes (JR) Yes (JR) No

Blood & urine No No Yes (JR) Yes (JR) No

2.1 Hair Yes (JR) Yes (JR) Yes (JR) Yes (JR) Yes (JR)

Urine Yes (JR) Yes (JR) Yes (JR) Yes (JR) Yes (JR)

2.2 Hair No No Yes (JR) No No

2.3 Hair No No Yes (JR) No No

3.1 Hair No No Yes (JR) Yes (JR) No

Blood & urine Unknown Unknown Yes (NR) Unknown Unknown

3.2 Hair Yes (JR) Yes (JR) Yes (JR) Yes (JR) No

Blood & urine Yes (JR) Yes (JR) Yes (JR) Yes (JR) Yes (JR)

4.1 Hair No No Yes (JR) Yes (JR) No

4.2 Hair No No Yes (JR) Yes (JR) No

4.3 Hair No No Yes (JR) Yes (JR) No

4.4 Hair No No Yes (JR) Yes (JR) No

5 Hair Yes (JR) Yes (JR) Yes (JR) Yes (JR) No

6 Hair

Blood & urine Yes (JR) Yes (JR) Yes (JR) Yes (JR) Yes (JR)

Abuse in children

1.1 Hair Yes (JR) Yes (JR) No No No

1.2 Hair Yes (JR) Yes (JR) No No No

2 Hair Yes (JR) Yes (JR) No No No

Urine Yes (NR) Yes (NR) Unknown Unknown Unknown

Abuse in the elderly

3 Hair Yes (JR) Yes (JR) Yes (JR) Yes (JR) Yes (JR)

Blood & urine Yes (JR) Yes (JR) Yes (JR) Yes (JR) Yes (JR)

4 Hair Yes (JR) Yes (JR) Yes (JR) Yes (JR) No

Blood & urine Yes (Unknown) Yes (Uknown) Unknown Unknown Unknown

5 Hair Yes (JR) Yes (JR) Yes (JR) Yes (JR) No

Other cases

1 Hair Yes (NR) Yes (NR) Yes (JR) No because insufficient 
sample size (JR)

No

2 Hair Yes (JR) Yes (JR) Yes (JR) Yes (JR) No

3 Hair Yes (JR) Yes (JR) Yes (JR) Yes (JR) Yes (JR)

Urine Yes (JR) Yes (JR) Yes (JR) Yes (JR) Yes (JR)

4 Hair Yes (JR) Yes (JR) Yes (JR) Yes (JR) Yes (JR)

Blood & urine Yes (JR) Yes (JR) Yes (JR) Yes (JR) Yes (JR)

5 Hair Yes (JR) Yes (JR) Yes (NR) No No

6 Hair Yes (JR) Yes (JR) Yes (JR) Yes (JR) No

Blood & urine Yes (JR) Yes (JR) Yes (JR) Yes (JR) Yes (JR)

7 Hair Yes (NR) Yes (NR) Yes (JR) Yes (JR) No

Abbreviations: AOC, amphetamines, opiates, cocaine; BZD, benzodiazepines; GBH, gamma-hydroxybutyrate; No, analysis not performed; NPS, new 
psychoactive substances; Yes (JR), analysis performed following a judicial request; Yes (NR), analysis performed without a judicial request.



1772  |    FORT et al.

TA
B

LE
 3

 
C

as
es

 o
f c

hi
ld

's 
ex

po
su

re
 to

 n
ar

co
tic

s.

C
as

e
St

at
us

Se
x

A
ge

 
(y

ea
rs

)
Sy

m
pt

om
s

H
ai

r a
na

ly
si

s

Su
bs

ta
nc

e
Se

gm
en

t l
en

gt
h 

(c
m

) a
nd

 h
ai

r c
on

ce
nt

ra
tio

ns
 

(p
g/

m
g)

 fr
om

 ro
ot

 to
 ti

p

O
th

er
 p

os
iti

ve
 m

at
ric

es

Ti
m

e 
be

tw
ee

n 
la

st
 

ex
po

su
re

 a
nd

 h
ai

r 
sa

m
pl

in
g 

(d
ay

s)
Co

lo
r

H
ai

r 
bl

ea
ch

in
g

N
um

be
r o

f 
an

al
yz

ed
 

se
gm

en
ts

 (n
/

to
ta

l)
Bl

oo
d 

(n
g/

m
L)

U
rin

e 
(n

g/
m

L)

1.
1

C
hi

ld
F

<
1

N
on

e
21

0
Br

ow
n

N
o

10
/1

0
Se

gm
en

t l
en

gt
h

1.
05

–1
.1

0–
1.

12
–1

.0
5–

1.
08

–1
.1

2–
1.

03
a –1

.0
8–

1.
13

–0
.9

4
BZ

E 
(T

ra
ce

s)
C

oc
ai

ne
 (1

16
)

C
oc

ai
ne

17
00

–1
93

0–
26

10
–3

50
0–

45
40

–5
34

0–
54

00
a –

61
80

–6
63

0–
41

80
A

ce
ta

m
in

op
he

n 
(n

m
)

BZ
E 

(3
21

)

BZ
E

39
7–

45
0–

75
9–

99
1–

15
60

–2
21

6–
21

10
a –2

88
0–

24
77

–2
81

4
A

ce
ta

m
in

op
he

n 
(n

q)

N
ic

ot
in

e 
(n

q)

Li
do

ca
in

e 
(n

q)

1.
2

Su
sp

ec
te

d 
co

ns
um

er
 

(m
ot

he
r)

F
32

–
–

Br
ow

n
N

o
18

/1
8

Se
gm

en
t l

en
gh

t
1.

20
–1

.0
4–

1.
05

–1
.0

6–
1.

10
–1

.0
5–

1.
20

–1
.2

0–
​

1.
20

–1
.2

0–
1.

50
–1

.5
0–

1.
50

–1
.5

0b –2
.0

0b –
2.

00
b –2

.0
0b –1

.8
0b

na
BZ

E 
(N

D
)

C
oc

ai
ne

97
1–

13
71

–1
28

5–
16

01
–5

94
–7

26
–6

45
–

56
4–

73
2–

18
23

–9
17

–9
75

–8
29

–1
14

5–
​

2,
 7

81
b –1

49
1b –1

73
1b –2

73
0b

TH
C-

C
O

O
H

 (9
.4

)

BZ
E

46
2–

19
7–

12
8–

79
–5

8–
67

–7
2–

85
–1

06
–​

12
9–

85
–8

4–
86

–1
11

b –1
40

b –1
12

b –1
37

b –2
21

b

TH
C

34
3–

78
9–

73
9–

66
4–

68
3–

64
0–

68
7–

61
5–

60
7–

55
2–

47
4–

35
6–

20
9

C
BN

99
–2

14
–3

11
–5

40
–3

15
–5

67
–3

65
–4

76
–4

08
–

47
6–

38
1–

37
3–

35
8

C
BD

16
7–

34
4–

36
7–

47
5–

39
4–

42
3–

41
1–

41
9–

37
1–

37
6–

34
0–

32
1–

28
6

2.
1

C
hi

ld
F

3
N

on
e

45
Li

gh
t

N
o

14
/1

4
Se

gm
en

t l
en

gt
h

1.
06

–0
.9

8a –1
.0

3–
1.

11
–1

.0
5–

1.
01

–2
.0

1–
1.

91
–

2.
10

–2
.0

0–
1.

98
–1

.9
7–

2.
02

–2
.0

4
na

C
oc

ai
ne

 (N
D

)

C
oc

ai
ne

70
–1

80
a –3

90
–4

00
–6

40
–6

10
–7

70
–1

08
0–

90
0–

89
0–

16
10

–1
31

0–
12

00
–1

53
0

BZ
E 

(4
7)

BZ
E

N
D

–9
0a –6

0–
11

0–
22

0–
21

0–
25

0–
25

0–
​15

0–
14

0–
25

0–
21

0–
39

0–
52

0
EM

E 
(2

3)

2.
2

Su
sp

ec
te

d 
co

ns
um

er
 

(a
un

t)

F
36

–
–

Br
ow

n 
w

ith
 

he
nn

a 
dy

ei
ng

Ye
s

10
/1

0
Se

gm
en

t l
en

gt
h

2.
0–

2.
0–

2.
0–

2.
0–

2.
0–

2.
0–

2.
0–

1.
8–

2.
0–

2.
0

na
na

C
oc

ai
ne

14
,4

00
–1

8,
60

0–
22

,6
00

–2
1,

20
0–

20
,1

00
–

26
,7

00
–2

5,
60

0–
22

,1
00

–2
5,

50
0–

27
,1

00

BZ
E

41
30

–4
73

0–
54

80
–5

77
0–

57
30

–6
55

0–
65

50
–

64
70

–6
12

0–
60

50

EM
E

13
40

–1
31

0–
19

80
–1

83
0–

15
90

–1
81

0–
19

40
–

19
00

–2
11

0–
23

60

C
oc

ae
th

yl
en

e
11

0–
12

0–
11

0–
10

0–
70

–6
0–

60
–5

0–
50

–4
0



    |  1773FORT et al.

C
as

e
St

at
us

Se
x

A
ge

 
(y

ea
rs

)
Sy

m
pt

om
s

H
ai

r a
na

ly
si

s

Su
bs

ta
nc

e
Se

gm
en

t l
en

gt
h 

(c
m

) a
nd

 h
ai

r c
on

ce
nt

ra
tio

ns
 

(p
g/

m
g)

 fr
om

 ro
ot

 to
 ti

p

O
th

er
 p

os
iti

ve
 m

at
ric

es

Ti
m

e 
be

tw
ee

n 
la

st
 

ex
po

su
re

 a
nd

 h
ai

r 
sa

m
pl

in
g 

(d
ay

s)
Co

lo
r

H
ai

r 
bl

ea
ch

in
g

N
um

be
r o

f 
an

al
yz

ed
 

se
gm

en
ts

 (n
/

to
ta

l)
Bl

oo
d 

(n
g/

m
L)

U
rin

e 
(n

g/
m

L)

2.
3

Su
sp

ec
te

d 
co

ns
um

er
 

(m
ot

he
r)

F
34

–
–

Br
ow

n
N

o
13

/1
3

Se
gm

en
t l

en
gt

h
2.

0–
2.

0–
1.

9–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0–
8.

0
na

na

C
oc

ai
ne

20
–3

0–
50

–7
0–

11
0–

13
0–

14
0–

11
0–

90
–7

0–
10

0–
12

0–
22

0

BZ
E

N
D

–N
D

–N
D

–N
D

–2
0–

20
–3

0–
20

–1
0–

10
–2

0–
20

 
40

EM
E

N
D

 in
 a

ll 
se

gm
en

ts

C
oc

a 
et

hy
le

ne
N

D
 in

 a
ll 

se
gm

en
ts

3.
1

C
hi

ld
F

2
N

on
e

60
Br

ow
n

N
o

8/
10

Se
gm

en
t l

en
gt

h
3.

0a –2
.0

–2
.0

–2
.0

–2
.0

–2
.0

–2
.0

–2
.0

C
oc

ai
ne

 (n
q)

C
oc

ai
ne

 (n
q)

C
oc

ai
ne

26
9a –9

34
–2

69
3–

29
20

–2
61

1–
33

90
–3

22
5–

28
62

BZ
E

67
a –2

42
–6

68
–8

21
–9

27
–1

33
8–

14
26

–1
18

4

N
or

co
ca

in
e

Id
en

tif
ie

d 
in

 a
ll 

se
gm

en
ts

Le
va

m
is

ol
e

Id
en

tif
ie

d 
in

 a
ll 

se
gm

en
ts

3.
2

Su
sp

ec
te

d 
co

ns
um

er
 

(m
ot

he
r)

F
35

–
–

Br
ow

n
N

o
3/

3
SE

G
M

EN
T 

LE
N

G
TH

2.
0–

2.
0–

2.
0

Et
hy

lg
lu

co
ro

ni
de

 
(n

q)
Et

hy
lg

lu
co

ro
ni

de
 

(n
q)

C
O

C
A

IN
E

75
1–

17
40

–1
84

0
C

ot
in

in
e 

(n
q)

C
ot

in
in

e 
(n

q)

BZ
E

86
–1

85
–1

99

TH
C

20
5–

56
4–

42
1

Le
va

m
is

ol
e

Id
en

tif
ie

d 
in

 a
ll 

se
gm

en
ts

4.
1

C
hi

ld
M

<
1

U
nk

no
w

n
U

nk
no

w
n

Br
ow

n
N

o
6/

6
Se

gm
en

t l
en

gt
h

1.
0–

1.
0–

1.
0–

1.
0–

1.
0–

2.
0d

na
na

TH
C

25
–2

2–
40

–7
1–

83
–7

8d

C
BD

14
–1

3–
20

–4
3–

48
–3

7d

4.
2

C
hi

ld
F

4
U

nk
no

w
n

U
nk

no
w

n
Br

ow
n

N
o

8/
8 

(+
20

 cm
 o

f 
un

se
gm

en
te

d 
an

d 
un

an
al

yz
ed

 ti
p)

Se
gm

en
t l

en
gt

h
1.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0
na

na

TH
C

N
D

–N
D

–N
D

–1
4–

20
–2

5–
29

–3
4

4.
3

Su
sp

ec
te

d 
co

ns
um

er
 

(m
ot

he
r)

F
38

–
–

Br
ow

n
Ye

s
11

/1
1 

(+
10

 cm
 o

f 
un

se
gm

en
te

d 
an

d 
un

an
al

yz
ed

 ti
p)

Se
gm

en
t l

en
gt

h
1.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0–
2.

0
na

na

TH
C

N
D

–2
1–

82
 

- 1
32

–1
33

–1
90

–3
80

–4
72

–4
27

–2
98

–2
03

C
BD

N
D

–1
0–

44
–6

2–
90

–1
24

 
– 

16
3–

18
6–

17
6–

14
6–

10
8

TA
B

LE
 3

 
(C

on
tin

ue
d)

(C
on

tin
ue

s)



1774  |    FORT et al.

C
as

e
St

at
us

Se
x

A
ge

 
(y

ea
rs

)
Sy

m
pt

om
s

H
ai

r a
na

ly
si

s

Su
bs

ta
nc

e
Se

gm
en

t l
en

gt
h 

(c
m

) a
nd

 h
ai

r c
on

ce
nt

ra
tio

ns
 

(p
g/

m
g)

 fr
om

 ro
ot

 to
 ti

p

O
th

er
 p

os
iti

ve
 m

at
ric

es

Ti
m

e 
be

tw
ee

n 
la

st
 

ex
po

su
re

 a
nd

 h
ai

r 
sa

m
pl

in
g 

(d
ay

s)
Co

lo
r

H
ai

r 
bl

ea
ch

in
g

N
um

be
r o

f 
an

al
yz

ed
 

se
gm

en
ts

 (n
/

to
ta

l)
Bl

oo
d 

(n
g/

m
L)

U
rin

e 
(n

g/
m

L)

4.
4

Su
sp

ec
te

d 
co

ns
um

er
 

(fa
th

er
)

M
47

–
–

Br
ow

nc
c

N
o

1/
1

Se
gm

en
t l

en
gt

h
3.

0
na

na

TH
C

21

5
C

hi
ld

F
<

1
U

nk
no

w
n

15
0

Br
ow

n
N

o
3/

3
Se

gm
en

t l
en

gt
h

2.
0–

2.
1a –3

.5
na

na

TH
C

7–
47

a –4
3

C
oc

ai
ne

73
4–

21
00

a –3
95

9

BZ
E

11
1–

41
5a  9

09

6
C

hi
ld

M
12

U
nk

no
w

n
U

nk
no

w
n

D
ar

k
N

o
2/

2
Se

gm
en

t l
en

gt
h

2.
0–

2.
5

TH
C 

(2
7.

4)
TH

C 
(n

q)

C
oc

ai
ne

N
D

–3
5

TH
C-

O
H

 (4
.5

)

TH
C

82
–2

26
TH

C-
C

O
O

H
 

(6
4.

7)
TH

C-
C

O
O

H
1.

1–
1.

8

C
BD

61
–1

81

A
bb

re
vi

at
io

ns
: n

a,
 n

ot
 a

na
ly

ze
d;

 N
D

, n
ot

 d
et

ec
te

d;
 n

q,
 n

ot
 q

ua
nt

ifi
ed

.
a Se

gm
en

t c
or

re
sp

on
di

ng
 to

 th
e 

la
st

 c
on

ta
ct

 w
ith

 th
e 

su
sp

ec
te

d 
co

ns
um

er
.

b Pr
eg

na
nt

 p
er

io
d.

c A
xi

lla
ry

 h
ai

r.
d In

-u
te

ro
 e

xp
os

ur
e.

TA
B

LE
 3

 
(C

on
tin

ue
d)



    |  1775FORT et al.

and reduced pain sensitivity. Initial toxicological screening performed 
in the emergency department revealed the presence of cocaine me-
tabolites in the child's urine. Hair analysis, performed 45 days after the 
suspected exposure, showed detectable concentrations of cocaine 
and its metabolites, with a decreasing concentration profile consistent 
with cessation of exposure. Notably, the concentrations of cocaine and 
BZE measured in the child's hair were higher than those observed in 
the mother's hair samples. In contrast, hair samples collected from the 
aunt revealed markedly elevated concentrations of cocaine, BZE, EME, 
and cocaethylene. These findings strongly suggested the aunt as the 
primary source of the child's exposure.

3.2.3  |  Cases 3.1 and 3.2

A 2-year-old child, who was asymptomatic but for whom exposure was 
suspected and reported by her uncle, tested positive for cocaine in 
urine. Subsequent hair analysis, performed two months after biological 
sampling and last known contact, confirmed the presence of cocaine 
across all hair segments. A marked decrease in concentrations was ob-
served from the segment corresponding to the most recent contact. 
The child's mother's hair revealed elevated cocaine levels, indicative of 
chronic use. Levamisole, a known adulterant in cocaine, was detected 
in both the child's and mother's hair, though not quantified.

3.2.4  |  Cases 4.1 to 4.4

Hair samples from two children (6 months and 4 years) and their par-
ents (all with brown hair except the mother with bleached hair) were 
analyzed for substance exposure. THC was detected in all hair seg-
ments of both children, with concentrations increasing from the root to 
the tip. CBD was additionally identified in the infant's hair. The moth-
er's hair contained THC, with concentrations increasing from root to 
tip. For the father, only axillary hair was available for analysis. A single 
axillary hair segment showed a THC concentration of 21 pg/mg.

3.2.5  |  Case 5

An 11-month-old child in foster care, with weekly visits from her 
biological mother, had THC, cocaine, and BZE detected in her brown 
hair samples, with concentrations increasing from root to tip. Six 
months prior, the mother's blood and urine were positive for THC 
and its metabolites (THC-OH and THC-COOH), while cocaine and 
its metabolites (BZE and EME) were detected only in her urine.

3.2.6  |  Case 6

Hair samples were collected from a 12-year-old child who had been 
placed in a children's home. Urine toxicological screening revealed the 
presence of cannabis, indicating recent use (within less than one hour) 

as well as evidence consistent with regular cannabis consumption. 
These findings were complemented by hair analysis, which detected 
cocaine exclusively in the distal (tip) segment, at concentrations con-
sistent with past passive environmental exposure. This exposure cor-
responded to a period during which the child was living with his father. 
THC, THC-COOH, and CBD were detected in all hair segments.

3.3  |  Cases of chemical abuse involving both 
children and the elderly

Six cases of chemical abuse were identified, involving three children 
and three elderly subjects. The results are summarized in Table 4.

3.3.1  |  Cases 1.1 and 1.2

Two siblings (aged 14 and 8) reported forced daily alprazolam admin-
istration by their mother, leading to excessive sleep. Hair analysis 
confirmed alprazolam presence in segments corresponding to the 
reported administration period, with no detection in subsequent 
samples after contact cessation. One child also reported episodic 
tramadol use, which ceased upon loss of maternal contact.

3.3.2  |  Case 2

A 6-year-old child presented to the emergency room with drowsi-
ness, dysarthria, ataxia, balance issues, and nystagmus. Urine analy-
sis confirmed benzodiazepine presence. Hair collected 42 days later 
(12 brown segments analyzed) revealed diazepam in all segments. 
Concentrations ranged from 1.5 pg/mg (proximal segment) to 18 pg/
mg (distal segment).

3.3.3  |  Case 3

A 90-year-old woman, hospitalized for a femoral fracture, reported 
suspected chemical sedation occurring at home, characterized by 
episodes of drowsiness following the consumption of orange juice 
or tea. Blood, urine, and hair samples were collected three months 
after the onset of the alleged exposure. Hair analysis detected 
tiapride in two segments (554 pg/mg and 35 pg/mg) and loprazolam 
in four segments (2.2 pg/mg to 6.1 pg/mg), with the highest lopra-
zolam concentrations observed in the proximal segments. Judicial 
investigation subsequently led to the daughter's conviction and a 
four-year prison sentence.

3.3.4  |  Case 4

An 86-year-old woman experienced recurrent episodes of 
drowsiness and hypotension during two hospitalizations within a 
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one-month period. Recurrence of somnolence was observed after 
a visitor provided a cake. Hair analysis identified risperidone and 
alprazolam, with the highest concentrations of both substances 
detected in the proximal hair segment. Initial and in-hospital bio-
logical samples (blood and urine) confirmed the presence of the 
same substances identified in hair. Notably, only a risperidone 
metabolite was identified at admission, whereas risperidone itself 
was detected in subsequent in-hospital samples. The patient's 
documented medication regimen included only mirtazapine and 
bisoprolol, with no prescription for risperidone or alprazolam dur-
ing hospitalization.

3.3.5  |  Case 5

A 77-year-old man was hospitalized on five occasions over a three-
month period, consistently presenting with dysarthria, severe asthenia, 
lower limb weakness, and marked drowsiness lasting approximately 
24 h. Biological samples were collected within 24 h following the last 
suspected exposure. Among the substances detected in hair, only ox-
azepam and bisoprolol were consistent with the patient's prescribed 
medications. Cyamemazine, alimemazine, amitriptyline, paroxetine, 
and hydroxyzine were also detected but not part of the patient's re-
ported treatment regimen. Cyamemazine and alimemazine were pre-
scribed medications of an individual in the patient's social environment 
who was suspected of committing fraud against him.

3.4  |  Other cases

Seven additional positive cases from various forensic investigations 
are summarized in Table 5. These cases encompassed diverse circum-
stances, including a minor exhibiting high-risk behavior, a criminal of-
fender, suspected maternal transmission of substances to an infant 
via breastfeeding, a suspected needle-spiking incident, a suspected 
administration of a harmful substance through a beverage, and two 
cases for which limited contextual information was available.

3.4.1  |  Case 1

A 28-year-old female reported unexplained symptoms including 
dizziness, slow-motion images, heavy limbs, trismus, bruxism, and 
muscle spasms after attending a nightclub. She denied habitual drug 
use or medication. Hair analysis detected MDMA and codeine in the 
segment corresponding to the reported events.

3.4.2  |  Case 2

A 22-year-old female reported confusion, dizziness, amnesia, trem-
ors, and abdominal pain following a party where four individuals ex-
perienced fainting and memory loss. She denied habitual drug use or 

medication. High concentrations of MDMA and cocaine and its me-
tabolite were detected in the hair segment corresponding to the period 
of the reported events, based on a hair growth of 1.3 cm per month.

3.4.3  |  Case 3

A 26-year-old woman under judicial investigation for homicide un-
derwent urine and hair sampling two weeks after the alleged events. 
Her medical history included documented polysubstance use, in-
cluding cannabis, cocaine, amphetamines, and lysergic acid diethyla-
mide (LSD).

3.4.4  |  Case 4

A 17-year-old minor presenting high-risk behaviors, including re-
peated runaway episodes, engagement in prostitution, and uncon-
trolled substance use, was investigated in a forensic context.

3.4.5  |  Case 5

A 21-year-old woman underwent hair sampling as part of a foren-
sic investigation following the death of her 7-month-old infant. 
Approximately one month before death, the infant was hospital-
ized for abrupt behavioral changes, including hypersomnolence and 
ptosis, and urine analysis revealed diazepam and its three metabo-
lites. Mixed feeding (breastfeeding and expressed breast milk) was 
reported. No hair samples were collected from the infant, and no 
medications or illicit substances were detected in post-mortem sam-
ples. Maternal hair analysis, performed approximately two months 
and one week after the alleged events, showed no concordance with 
the substances identified in the infant's urine.

3.4.6  |  Case 6

A 47-year-old woman reported suspected needle spiking while in 
a shopping center. She described sensing a cold liquid on her thigh 
and subsequently observed a hole and a blood stain on her trousers, 
followed by asthenia. During the forensic examination, a millimetric 
puncture lesion was observed on the affected thigh. No medicinal or 
toxic substances were detected in blood or urine samples collected 
approximately 26 h after the incident, nor in hair samples collected 
approximately 8 weeks later, apart from the victim's prescribed treat-
ment (paroxetine 10 mg/day), which was identified only in hair.

3.4.7  |  Case 7

A 27-year-old woman reported spending an evening in a bar, dur-
ing which she consumed a drink that had been left unattended for a 
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period of time. She subsequently experienced marked somnolence, 
requiring her partner to be contacted to escort her home. A second 
similar episode was reported, raising suspicion of attempted DFC. 
Hair samples were collected two weeks after the most recent sus-
pected exposure.

4  |  DISCUSSION

4.1  |  Children exposure

Four cases involving children and their families and two additional 
cases involving only children were analyzed in this study.

Children spend a significant amount of time in close proximity 
to their parents within the home environment and are particularly 
vulnerable to environmental exposure. As mobility develops, explor-
atory behavior, such as touching surfaces and placing objects in their 
mouths, increases the risk of contact with contaminated substances. 
Furthermore, hair characteristics differ between children and adults 
and may influence the incorporation and retention of toxic sub-
stances depending on age and the sampling period. Several studies 
have demonstrated that children's hair is typically thinner and more 
porous than adult hair, facilitating both external incorporation of 
substances and potentially enhanced elimination through washing 
practices such as shampooing [17–19]. This latter characteristic may 
partly explain the absence of certain molecules, such as methadone 
or other psychoactive drugs, in our pediatric cases, in contrast to nu-
merous reports in the literature [17].

In this series, cocaine and its metabolite BZE, together with THC, 
were the main substances detected in cases of child exposure, in 
agreement with previous studies [20, 21]. Accidental cocaine intox-
ication in young children has been widely reported and is typically 
associated with symptoms such as tachycardia, seizures, agitation, 
and altered consciousness [8, 22–24]. Although Arbouche et al. [21] 
reported drowsiness as the most frequent symptom in pediatric can-
nabis intoxications, this was not observed in our cohort, even in cases 
with positive results in other biological matrices. The absence of a 
clear correlation between toxicological results and clinical symptoms 
in our study supports environmental exposure rather than acute ac-
cidental poisoning. This observation is consistent with a 2023 Italian 
study [8] reporting no statistically significant association between 
substance concentrations and clinical manifestations, suggesting that 
exposure levels may not directly predict clinical severity. In addition, 
the potential for missing or incomplete data must be considered. Case 
2.1 is particularly noteworthy, as the simultaneous detection of co-
caine and BZE in hair, urine, and blood strongly suggested active expo-
sure (Table 3). The concentration ratio between the first two proximal 
segments was close to 1:2, and concentrations measured in the child 
were approximately tenfold higher than those observed in the aunt. 
Overall, cocaine and THC concentrations tended to be higher in 
younger children, with ratios ranging from 10 to 100 compared with 
adults, a finding consistent with previous reports and likely related to 
age-dependent hair characteristics [25].C
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Substance concentrations in the suspected adult consumers 
generally exceeded the cut-off values for drugs of abuse proposed 
by the 2021 Santiago consensus of the Society of Hair Testing 
(SoHT) [12], with the exception of the father in Case 4.4 (Table 3). 
It should be noted that these cut-offs are validated for head hair 
only [11]. Axillary hair is not the best alternative because of poten-
tial wash-out effect from sweat, differences in drug incorporation 
mechanisms, and generally lower concentrations reported for many 
compounds [26]. Nevertheless, axillary hair analysis, together with 
other keratinized matrices such as nails when head hair is unavail-
able [27, 28], remains valuable for qualitative assessment. Moreover, 
analysis of all household members, including fathers who may be 
less accessible as highlighted in previous studies [25], is essential 
for accurately documenting each family member's exposure or con-
sumption histories.

THC-COOH, a metabolite indicative of active THC use, was not 
detected in the hair of any suspected adult users in these cases and 
was found in the urine of only one mother. In contrast, THC-COOH 
was detected in both blood and hair in Case 6 (Table 3), suggesting 
very recent intentional consumption by the child shortly before sam-
ple collection. These findings may also be related to the relatively 
high LLOQ (1 pg/mg), whereas the minimum required LOQ for THC-
COOH confirmation is 0.2 pg/mg [12].

These cases highlight the difficulties in determining the precise 
source of drug exposure in children. Potential pathways include 
in-utero transfer, postnatal exposure through breastfeeding, envi-
ronmental contamination via inhalation or ingestion (accidental or 
intentional, such as in Munchausen syndrome by proxy), and exter-
nal deposition onto hair from passive smoke, dust, contaminated sur-
faces, or parental sebum and sweat [5, 6, 29–32]. This complexity is 
further compounded by the difficulty in distinguishing acute from 
chronic exposure in pediatric populations, an issue emphasized by 
Alvarez et al., who recommend caution in the interpretation of re-
sults, particularly in children younger than three years [33].

4.2  |  Chemical abuse in children

This study documented three cases of suspected chronic chemical 
abuse in children: one involving alprazolam in two girls and another 
involving diazepam in a single girl. Intentional and repeated adminis-
tration of drugs in the context of child abuse is considered rare and is 
likely underreported, in part due to difficulties in clinical recognition 
and diagnosis. Reported cases typically involve very young children, 
often around two years of age, frequently implicate the mother, and 
are commonly associated with Munchausen syndrome by proxy 
[34]. Anticonvulsants are among the most frequently identified sub-
stances in these situations [7, 35].

As highlighted in the literature, interpretation of these limited 
data remains challenging because of the small number of docu-
mented cases and the absence of a control group. However, the 
identification of specific substances may strongly suggest abuse, 
particularly when prescription guidelines based on age are violated. 

In this context, the detection of alprazolam, a medication generally 
restricted to individuals over 18 years of age [36], constitutes com-
pelling evidence suggestive of intentional exposure.

4.3  |  Elderly: Medications versus abuse

Three cases involving individuals older than 75 years were identified 
in this study. One case was documented as chemical abuse, with the 
detection of loprazolam and tiapride. The loprazolam concentrations 
observed were comparable to those reported by Kintz et al., whereas 
tiapride concentrations were higher than those previously described 
in three cases of intoxication, which ranged from 13 to 148 pg/mg [9]. 
A second case, for which no clear motive was identified, showed the 
presence of risperidone, paroxetine, and alprazolam, none of which 
were part of the individual's documented medication regimen. A third 
case, associated with suspected fraud, revealed the presence of al-
imemazine, cyamemazine, hydroxyzine, and amitriptyline.

Although melanin affinity is a major factor influencing the incor-
poration of basic drugs into hair, the detection of substances in hair 
segments corresponding to the alleged exposure suggests that light 
or bleached hair did not substantially affect the interpretability of 
our results. These findings support the utility of hair sampling as a 
valuable matrix for detecting chemical abuse in elderly individuals, 
particularly in cases of repeated or long-term exposure.

In addition to its extended detection window, hair analysis en-
ables the identification of repeated drug administration through seg-
mental analysis, thereby facilitating differentiation between chronic 
maltreatment and isolated accidental exposure [37]. Although none 
of the cases reported here resulted in death, hair analysis may be 
crucial in fatal cases for elucidating long-term or chronic intoxica-
tion, as well as instances of neglect involving failure to administer 
prescribed medication, even in post-mortem contexts  [9, 38, 39]. 
The prevalence of chemical administration in elderly individuals is 
likely underestimated. Indeed, a French national study reported that 
approximately 3% of chemical submission cases involved victims 
over 70 years of age [2].

4.4  |  Other cases

The detection of multiple substances in hair samples significantly 
broadens the potential applications of this analytical approach be-
yond the scope of domestic child exposure. Hair analysis may also be 
a valuable tool for screening drug use in diverse forensic contexts, in-
cluding investigations involving suspected offenders and the assess-
ment of high-risk behaviors in minors. In this study, one case involved 
suspected needle spiking in a young woman, with negative analytical 
findings supporting the results of a retrospective study conducted in 
the forensic medicine department of Paris in 2022 [40].

However, the wider implementation of these applications de-
pends on the establishment of robust reference values across a 
broader range of substances and age groups. Although our analytical 
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method included 166 NPS, as recommended by the French Society 
of Analytical Toxicology [41], none were detected in any of the cases, 
including those in which MDMA or LSD were identified. This ob-
servation is consistent with previous findings indicating a relatively 
low prevalence of NPS detection in hair samples from individuals 
diagnosed with substance use disorders [42]. Beyond psychoactive 
substances, hair analysis has also been reported as a useful tool for 
detecting compounds administered for other purposes, such as sub-
stances used to induce abortion [3].

5  |  CONCLUSION

This study presents the results of a six-year investigation of hair drug 
analyses conducted in the context of DFC, involving both victims 
and suspected perpetrators. Hair concentrations from 26 positive 
cases are reported, encompassing a wide range of ages, hair char-
acteristics, exposure timeframes, and patterns of single or repeated 
exposure to various psychoactive substances across diverse circum-
stances, including child exposure, chemical abuse in children, and 
abuse in elderly individuals.

This work provides valuable comparative data to support the 
interpretation of hair toxicology findings, particularly in vulnerable 
populations. Such cases are especially challenging because of the 
complexity of exposure pathways, limitations of available reference 
values, and the significant forensic implications associated with re-
sult interpretation.
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