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2.1. A191ANUAZANIFIAU
Alprazolam, a-hydroxyalprazolam, midazolam, a-hydroxymidazolam, triazolam,
a-hydroxytriazolam, estazolam, diazepam, nordiazepam, temazepam, oxazepam,
clonazepam, 7-aminoclonazepam, flunitrazepam,7-aminoflunitrazepam, nitrazepam, 7-
4
amnionitrazepam, flurazepam Wae diazepam-d5 T8a1n Cerilliant (Round Rock, Winda,
a v a o 4‘ a o o‘dl -all v a a QI a
ALNTNN) LLZ\]&@Q’]UMQ@HL‘W'ﬂﬂ’]ﬁ‘ﬁ')‘u@‘NEI’]LL@SN@WJ’]M“T/]V}LHH’JHWH’JQV}H’] (‘ﬁﬂﬂ\ﬁ, QU)
Acetonitrile, methanol, wanTuiileaynsatinu1ann Fluka Chemical a7fin (Buchs,
a - - 5 A Y v o [N - M ¥ o a A H e a <
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e ldszuy Milli-Q (Millipore, MA, USA)

Table 1
LC mobile phase gradient composition.

LC run time (min) Acetonitrile (%) Ammonium acetate
buffer (%)*
0 5 95
3 60 40
7 a0 20
20 a0 20
205 5 95
30 5 95

2 20mM ammonium acetate buffer with 0.1% formic acid, pH 4.0
2.2. NaLfiusaging
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2.3.1. finati U

LéfumuqﬂﬁmLLﬂ\iLL@:Z’iﬁmmﬁ?\ié’wﬁmimm@@%ﬁmu 5 mi z’ﬁm?\izgmﬁmgﬂlﬁuﬁ
dsumstemeiisell udsniimnluenialiuidegnimduiudn 1 2UAlszann 3
Aaaiunsuazn Wdueelulssanuugduds (Freezer/Mill, SPEX CertiPrep) ’al&Uas 20 mg
Qﬂﬁﬂﬁvﬁ@z{uﬁmiuﬂ'wﬁamsﬂmﬁmﬁﬁﬂmLWmﬁWLWm‘*’1 ml, pH 8.4, 1 %Tmﬁqmmﬁﬁm
il diazepam-d5 0.4 ng \lunmsgunialu (1S) JawadR ldannnisaRndae 3 mi
vadlanaalsiing nfminnisszmeuiainazaned 60 °C daufimaeldgnuan vy
100 ml 484 Acetonitrile - 20 mM ammonium acetate (70:30, v/ v) Las 5 ml Qﬂamﬁ’h?zuu
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Table 2
MRM transitions, condition and retention time for benzodiazepines.

Compound Parent ion (m|z) Daughter ion (m/z) Dwell time (ms) DP (V) CE (eV) Rt (min)

Diazepam 285.1 1933 30 60 45 9.9
154.1 30 36

‘Oxazepam 2872 2412 30 50 31 855
2693 30 36

Nordiazepam 2712 140.2 30 60 36 9.14
208.1 30 36

Temazepam 301.2 2552 30 70 36 925
2831 30 19

Clonazepam 3162 27041 30 65 36 911
2141 30 49

7-Aminoclonazepam 286.1 bl 30 60 34 773
250.1 30 42

Nitrazepam 2822 2362 30 60 32 895
180.2 30 52

7-Aminonitrazepam 2522 1211 30 80 37 769
146.2 30 38

Flunitrazepam 3142 2683 30 65 35 962
2393 30 45

7-Aminoflunitrazepam 2842 1352 30 80 39 8.08
2262 30 41

Triazolam 3432 308.2 30 70 36 893
3152 30 35

«a-Hydroxytriazolam 359.2 3312 30 80 38 823
176.1 30 37

Alprazolam 309.2 281.1 30 70 32 894
2742 30 33

«o-Hydroxyalprazolam 3252 2972 30 70 35 823
2792 30 33

Midazolam 326.2 2914 30 70 37 1165
2442 30 35

w-Hydroxymidazolam 342.0 3242 30 60 29 9.26
203 30 38

Estazolam 2952 2673 30 70 34 867
2052 30 53

Flurazepam 388.2 3152 30 55 32 19.66
288.1 30 33

Diazepam-d5 (IS) 2902 198.2 30 60 45 0.91
159.2 30 36

s1lagnaATas LC-MS/IMS




2.3.2. faadnuden

Fumeuntsainl@wmilousuieasonuliieunting faegraden 1 mi10 ng
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Luaﬂiﬁgﬂmﬂuﬂﬁu 100 ml 2489 Acetonitrile - 20 mM ammonium acetate (70:30, v / v)
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72U liquid chromatography-tandem mass spectrometry (LC-MS/MS)
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Fig. 1. The ion chromatograms of blank hair spiked with analytes at the Level of LOQ.
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A8N17AANNIATIRERLANNATUUZINIAY Peters LazZTN9AMEY Standard curves
Weauduasal@lnaninmreuaadunniiaeasnafe (20 mg) 7105, 1,2, 5,10, 20, 50,
100, 200 Wa¥ 500 pg / mg HANAL 18 benzodiazepines
prupndauazisiuglfgnamaneulaglduamiiu blank fidsznaudas 18
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o ¥ k7% o/ = o 1 [ 1 o % a [
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4N 4 T

A a % o ‘E( dl o ¥ k%3 0' o
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1% o 1
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denmanallaresniafind jiruazanuidull|fresdseunaulunimenss,
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anfiannsmaaagau (LOD) Iissidunasaanisanmnuiduduaesansluneny 18
gilplunanal blank aunssiafieuwiniunsneuaussanAfunsaeuuaseens
nesaaLiunns (LOQ) lignivusliiuaududusigeludulfseuifiuuuaznig
PALAWBANIT 10 PSS

Matrix effects (ME) 1lunnsgnilsziiulnednnsues Matuszewski wazAniy
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3.1. 38N1IMTIREAL
A aa Yo S o S dl o ZI/ dl
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Calibration curves ldgniinieusazansdsznaudmivdasrnududunuansly
] 1 ¥
;19799 3 wsiaz LOD @gj3ydnd 0.2-5 pg / mg (19197 3) g lasied Jeenilieanadmiy

nsnageLreadunNaIannld benzodiazepines TudTunnuiAen

Table 3
Calibration curves and LOD for 18 benzodiazepines.

Compounds LOD (pg/mg) Calibration ranges (pg/mg) Calibration curves r

Diazepam 0.5 1-200 y=0.0216x+0.0356 0.9997
oxazepam & 5-200 y=0.019x+0.2182 0.9971
Nordiazepam 05 1-200 y=0.0109x+0.0056 0.9993
Temazepam 2 5-200 y=0.0466x+0.0829 0.9978
Clonazepam 05 1-200 y=0.0162x+0.0133 0.9997
7-Aminoclonazepam 5 10-500 y=0.0041x+0.0075 0.9989
Nitrazepam 0.5 1-200 y=0.0297x+0.0389 0.9996
7-Aminonitrazepam 5 10-500 y=0.007x+0.0304 0.9989
Flunitrazepam 05 1-200 y=0.0299x+0.0356 0.9997
7-Aminoflunitrazepam 2 10-500 y=0.0174x+0.0233 0.9995
Triazolam 1 2-200 y=0.2264x+0.6017 0.9993
a-Hydroxytriazolam 5 10-500 y=0.0011x+0.0061 0.9991
Alprazolam 0.5 1-200 y=0.0493x+0.0491 0.9999
a-Hydroxyalprazolam 1 10-500 y=0.0165x —0.0015 0.9995
Midazolam 1 2-200 y=0.0596x+0.0024 0.9982
a-Hydroxymidazolam o 10-500 y=0.0226x-0.1183 0.9994
Estazolam 02 0.5-200 y=0.1414x+0.0272 0.9998
Flurazepam 05 1-200 y=0.1562x+0.1377 0.9998
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Table 4

Validation parameters for 18 benzodiazepines.

Compound Spiked concentration (pg/mg)  Accuracy (%bias) (n=6) Recovery (%) (n=6) ME (%) (n=6) Precision (¥RSD)
Intra-day (n=6) Inter-day (n=24)

Diazepam 1 12.8 103.0 59.4 114 76
10 14 103.0 724 11.0 124
150 0.8 1020 62.4 5.1 88
Oxazepam ] 15 826 90.3 9.7 72
10 6.8 103.0 86.5 106 6.6
150 A3 88.0 89.2 3.1 127
Nordiazepam 1 4.4 87.0 738 66 145
10 50 91.0 84.5 135 76
150 03 89.0 81.4 6.6 11.5
Temazepam -] 12,5 89.0 67.0 83 1.2
10 12 90.0 739 7T 5.7
150 1.6 99.0 60.6 4.1 102
Clonazepam 1 58 1020 95.4 133 133
10 6.0 93.0 948 115 73
150 0.4 97.0 5.7 6.6 120
7-Aminoclonazepam 10 115 581 35.0 93 154
100 6.8 473 57.7 56 109
400 26 49.3 56.7 589 1.8
Nitrazepam 1 49 75.0 813 14.8 183
10 5.0 94.0 86.9 93 6.4
150 03 86.0 845 83 133
7-Aminonitrazepam 10 14.8 40.8 53.2 55 125
100 20 38.0 52.8 72 101
400 3.0 39.4 7.4 62 148
Flunitrazepam 1 2.0 80.0 68.0 103 126
10 1.7 97.0 734 86 123
150 0 104.0 61.7 4.7 129
7-Aminoflunitrazepam 10 13.8 50.8 39.1 82 178
100 5.8 67.5 45.6 4.7 120
400 34 61.5 48.7 8.5 184
Triazolam 2! 133 759 61.1 8.1 76
10 14 714 68.2 82 85
150 29 65.1 60.9 STl 100
a-Hydroxytriazolam 10 88 50.3 92.6 6.8 1.9
100 20 59.7 96.3 55 9.0
400 24 61.0 945 3.0 79
Alprazolam 2 9.7 54.9 61.5 49 100
10 A3 69.2 74.7 6.5 83
150 0.2 63.9 68.5 55 71
a-Hydroxyalprazolam 10 12.5 56.1 88.4 102 89
100 28 77.0 90.7 65 83
400 52 60.7 92.7 6.0 1.2
Midazolam 2 12.8 91.7 25.7 82 147
10 9.5 87.2 309 65 86
150 05 93.7 324 45 78
a-Hydroxymidazolam 10 16.5 65.6 64.0 75 14.1
100 54 80.4 67.4 28 120
400 08 826 60.0 82 139
Estazolam 2 6.4 59.6 69.2 4.0 144
10 24 59.1 7.5 35 72
150 12 62.1 65.4 3.9 74
Flurazepam 1 109 80.7 109.7 135 114
10 0.7 76.5 103.5 87 9.7
150 35 859 108.2 63 89

3.2. mnagauluananadng

estazolam 3u104 1-2 mg tesaenanes i lARnasdengfnssnasersnaing g

1650 4 mg visan1NNdn 4 mg 284 estazolam waAnssNdsNgERanlutsapTedalasian
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Tughatvnesuesanaiadastiinauedugly 2
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Fig. 2. The concentration-time curve in blood samples of volunteers who took
single dose of estazolam.
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Table 5
Concentrations of estazolam in hair 1 month after a single dose.

No. Age Sex Weight (kg) Hair length (cm) Dosage (mg) Concentration (pg/mg)
0-2cm 2-4cm 4-6cm Distal 2cm
1 26 Female 50 20cm 1 056 = -t -
2 26 Female 44 12cm 1 0.61 = = =
3 24 Male 58 4cm 1 + - F
4 27 Male 575 2cm 2 0.67 ! i
5 24 Female 80 20cm 2 145 - - -
6 27 Male 60 4cm 2 1.11 - /
7 27 Male 575 4cm 4 192 0.77 /
8 26 Female 44 12cm 4 1,12 0.83 e =
9 24 Male 58 4cm 4 245 0.71 /
10 26 Female 47 15cm 4 0.94 + + —
11 23 Female 42 22cm 4 1.49 i - -
12 25 Male 59 4cm 5 2,60 R !
13 26 Male 60 4cm 5 228 + !
14 27 Male 59 4cm 6 194 + /

@ +: detected, but below LOQ.
" —: not detected.
© |: sample is absent.
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Fig. 3. Estazolam concentrations in hair at different doses.
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Fig. 4. Chromatogram of the proximal segment of V#1.
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Fig. 5. Chromatogram of the proximal segment of V#2.

Table 6

Concentrations of clonazepam and 7-aminoclonazepam in two victims hair.
Hair segments from proximal V#1 Vi#2

Clonazepam (pg/mg) 7-Aminoclonazepam (pg/mg) Clonazepam (pg/mg) 7-Aminoclonazepam (pg/mg)

0-2cm 1547 4530 11.93 33.47
24 am 531 -2 1.31 -
4-6cm 163 - - -
6-8cm £ - - -
8-10cm - - - -
10-12cm - - - -
12-14cm - - - -
14-16cm - = - -

* —: not detected.
® +: detected, but below LOQ.
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