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Técnicas de separacao

Eu tenho duas técnicas de separac¢éao no laboratorio,
LC e GC Qual eu devo usar para carboidratos?
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Blood Alcohol Analysis by GC/FID/FID
Dual Channel Blood Alcohol Analyzer (GC/FID/FID)
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Application Note

Forensics and Toxicology

Abstract

This application note highlights the use of Agilent J&W DB-ALC1 and DB-ALC2
columns for the analysis of blood alcohol concentration by static headspace
GC/FID. using a Dual Channel Blood Alcohol Analyzer. The combination of a
dual-column/dual-FID configuration delivers precision and reproducibility of the

determined alcohol concentration within a complex blood matrix.

Introduction

Determining the ethanol cantent of blood from thase charged with driving while
intoxicated is one of the most common and widely used applications of headspace-
gas chromatography [1]. With a universal thresheld value of 0.08 g/dL, a robust and
optimized method must be used to ensure the reported values are accurate. Although
forensic laboratories perform this analysis routinely, minute ermors can occur,
uitimately altering the reparted value.

Using an internal standard method for quantitative analysis helps compensate for
matrix differences [1]. Dther alcohols with similar characteristics to ethanol, such as
n-propanal and t-butanol, are typically chosen as internal standards. This
compensation occurs due to the internal standards undergoing the same matrix
effects as the ethanol within the blood. due to their equivalent chemical polarity.
Calibration using the internal standard method characteristically results in lower
percent ermor when compared to the external standard method

Agilent Technologies
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Fgr Forensic Use.
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e Option 683 Dual Channel Blood Alcohol Analyzer
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Typical Agilent GC-MSD System
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lonizacao por impacto de elétrons (El)

lonizagao: ABC +e- —=ABC +4+ 20-
Neutral Excited
Molecule Molecular lon
Position of Curve
#ABC + / Depends on IP (ABC)
0 10 70 100
eV

Energia do elétron

Fragmentacdao:
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+
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Resultando espectro massa:
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GC/MS Positioning — Which MS?

5977 GC/MSD 7000 Series GC/TQ 7250 GC/Q-TOF
The source of new possibilities —  Expand your lab in multiple See the whole picture — the
gives you the ability to dimensions — take your lab to premier instrument for all your
improve your sample throughput, higher levels of efficiency and GC/MS identification,
analytical performance, and productivity for more confidence in  qguantification, and exploration
business outcome your results at a lower cost of challenges
ownership

bl Agilent
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SQ GC/MSD
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Toxicology Checkout Standard Mix — overlay Scan TIC
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Deteccao de Canabindides em Fluido Oral usando
GC-MS - App note 5989-5860EN

GC/MS Conditions
Instrument:

Detection mode:

Column:

Injection temperature:

Purge flow:

Carrier gas:
Injection mode:
Injection volume:
Mode of operation:
Transfer line:
Quadrupole:

lon source:

Dwell time:

Oven program:

Retention times:

Agilent 6890 GC 5975 MSD; inert
source; 220/240V oven

Electron impact

DB-5 MS, 0.25 mm id, 0.25-pym film
thickness, 15-m length

250 °C

50 mL/min for 1 min

Helium

Splitless

2pL

Constant flow at 1.5 mL/min
280°C

150 °C

230°C

50 ms

125 °C for 0.5 min; ramp at 40 °C/min

to 250 °C; hold 1.3 min ramp at
70 °C/min to 300 °C

Deuterated THC: 4.27 min;

THC 4.28 min; cannabidiol 3.88 min;
cannabinol 4.61 min; 2-¢-THC

5.66 min

lons Monitored

Drug lons monitored

THC Deuterated (d3) 374.3, 389.3;
Unlabeled THC 371.2, 386.2, 303.1

CBN 367.3,382.2, 310.1

CBD 390.1; 301.2

2-carboxy-THC ~ 487.3,488.2, 489.2

Quantitative ions in bold type




Resu Itad OS Abundance
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Figure 1. Cannabinoidsinoral flid following marijuana smaling Time—s 420 430 440 450 460 470 480 490 5.00 510 520 530 540 550 560
Figure 2.  Oral fluid specimen collected 1 hour after marijuana smoking.
Analyte LOQ (ng/mlL) Linear equation Correlation r? lon ratio range (%)
THC 0.5 y =0.0266x + 0.00273 0.998 386/371:69.7-1045
303/371:44.0-66.0
CBN 0.5 y =0.138x + 0.0022 0.999 382/367:71.4-11.2
310/367:5.7-8.5
CBD 1 y=0.0271x + 0.00178 0.998 301/390:17.1-25.7
2-carboxy-THC 1 y=0.0571x + 0.0195 0.998 488/487:31.1-415

489/487:11.0-16.6
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Agilent MassHunter Qualtative Analysis
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GC-TQ 7000D/7010B : Built on Proven Technologies

Reliable, inert, high
performance ion source

Heated monolithic gold
plated quartz quadrupole

High Signal/Low Noise Triple-
Axis Detector

PCI/NCI ion source
Linear acceleration enhanced

hexapole collision cell

MassHunter software

573 Agilent



TQ GC/MS: What is MS/MS analysis?

MS/MS requires multiple mass filters in series.

Carrier Gas Collision
He Gas N,

O )

X B} i E— 0
MS1 Hexapole MS2 T
mass filter collision cell mass filter

Selection of Fragmentation Selection of
precursor ion of precursor ion fragment ions Detection
(MS1) (Collision cell) (MS2)

Quench
Gas He

Typical analysis =




7000 Series Quadrupole MS/MS
Optimized for Gas Chromatography

573 Agilent
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165
e

222
268

El Spectrum with

all analyt

e and

background ions

7000 Series Quadrupole MS/MS
Optimized for Gas Chromatography
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7000 Series Quadrupole MS/MS
Optimized for Gas Chromatography

210

Q1 mass filters all
lons other than the
precursor; only
target ion 210
pass through

573 Agilent



7000 Series Quadrupole MS/MS
Optimized for Gas Chromatography

158
\ 191 z1u
||.|. b ....||.|||| ‘I- e l JI
Collision cell

dissociates m/z 210
into product ions
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7000 Series Quadrupole MS/MS
Optimized for Gas Chromatography

bl |

Q2 monitors only
characteristic fragments
158 and 191 from m/z
210 for quant and qual

573 Agilent



MS/MS Eliminates Scan and SIM Interferences

Triple Quad MS

Single Quad MS Precursor selectivity same as MS but
selectivity proportional to high probability that one or more of the
spectral resolution product ions will be a unique dissociation
no selectivity against ions Interference* product of the precursor only
with same m/z AND NOT the interference
analyte Product 2
Product 1 Einterference
T T T T T Product 3 :

unit mass resolution :
: analyte

*Because the concentrate of the matrix may be much greater than the analyte,
even matrix isotope ions (A+1, A+2, etc) may be a significant interference




Consistent, High Quality Results, p,p’DDE 10 ppb
SIM versus MS/MS Comparison: Food Safety
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THC em cabelo 5990-7535EN

Unigue LTM Column Modules enable rapid temperature
ramping and cooling

A unique system for rapid and robust detection of THCA in hair

= ) MMI
\ inlet
e ——— Pre-column Aux 1
- GC oven Purged
Ultimate Union
> ECD |
e s £ # Restrictor
2 B - GC oven
) ( /}— Aux 2
D—1 s Deans switch
LTM module
Figure 2. Low thermal mass (LTM) column modules interfaced with the g él/[l R"IBS
Agilent 7890A GC. ((( )))
Sensor  ©C Column DB-17 ms
LTM module
"""""""""""""""""""" Figure 1. Schematic representation of the system used to develop the
THCA method.

_ Insulated
Insulation  Heating Wire




THC em cabelo 5990-7535EN

MMI
inlet

Pre-column
GC oven

A unique system for rapid and robust detection of THCA in hair

Aux 1

ECD

Purged

~ Ultimate Union

GC oven

7000B
GC/MS

DB-T ms
LTM module

?— Aux 2

Deans switch

DB-17 ms
LTM module

Figure 1.  Schematic representation of the system used to develop the
THCA method.
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THC em cabelo 5990-7535EN

Table 1. Agilent 7890N/7000B Gas Chromatograph and Triple Quadrupole
Mass Spectrometer Conditions

GC Run Conditions

Pre-column

Analytical columns

Column 1

Column 2

Injection volume
Inlet temperature
Injection mode
Oven temperatures
GC oven

1st LTM module

2nd LTM module

Carrier gas

1m= 015mm = 1.2 ym DB-1
(p/n 12A-1015)

15m = 0.25 mm = 0.25 pm
DB-1ms LTM Column Module
{p/n 122-0112LTM)

15m = 0.25 mm = 0.25 pm
DB-17ms LTM Column Module
{p/n 122-4712LTM)

2ul
Isothermal at 250 °C
0.75 minute pulsed splitless at 35 psi

7 minute hold at 250 °C (isothermal)
50 sec hold at 100 °C

100 °C to 210 °C at 200 °C/min

210 °C to 267 °C at 10 °C/min

Hold at 267 °C for 2 min

324 sec hold at 100 °C

100 °C to 230 °C at 200 °C/min

230 °C to 240 °C at 10 °C/min

Hold at 240 °C for 2 min

Helium in constant pressure mode.
Pre-column: 1 psi; Column 1: 26.6 psi;
Column 2: 19.6 psi

Transfer line temp 300 °C
MS conditions

Tune Autotune
EMV Delta 1200V

Acquisition parameters
Reagent gas

Collision gas

Quench gas

Solvent delay

MS temperatures

NCI mode; multiple reaction monitoring (MRM)
Ammonia, 35% flow

Argon, constant flow, 0.9 mL/min

Helium, constant flow, 0.5 mL/min

6.2 min

Source 150 *C; Quadrupole 150 °C

Table 2. Agilent 7000B Triple Quadrupole GC/MS System Analysis

Parameters
Dwell Collision
Compound RT (min) MRM time (ms)  energy (EV)
THCA® 6.714 620—492 50 b
620—383 50 5
THCA-d3 6.710 623—495 20 5
623—2386 20 5

“11-nor-A-Tetrahydrocannabinol-9-Carboxylic Acid

metabolism
>

Ag-Tetrahyd rocannabinol (THC) 1 1-nor—9-carboxy-A9-THC

CH3 COzH

ALTHC-TEA 11-n0r-9-carboxy-A"-THC-TFA

(AS-THC-d5 TFA) (11-nor-9-carboxy-A*-THC-d-TFA)




THC em cabelo 5990-7535EN

LOD of 0.002 pg/ mg
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Figure 3. MBM traces for the quantifying transition (left) and both the guantifying and gualifying transitions (right) for % 5.5+
the 0.002 pg/mg LOD of THCA (upper panel] and the deuterated standard {lower panel) spiked into a hair T 5]
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Figure 4.  Calibration curve for THCA spiked into hair samples at 0.002, 0.01, 0.02, 0.05, 0.1, and 0.5 pg/mg of hair.
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Comparacao de Analise de Sintéticos GCQ x GCTQ

SQvs. TQ “TICS”

Compound Name |Precursor lon |Product lon | Collision Energy [ |Compound Name |Precursor lon Product lon|Collision Energy
AM-694 435 232 27 JWH-200 384 100 23
) e -
| Single Quad AM-694 435 220 13 JWH-200 100 56 17
il Complex chromatogram CP-47-497-C8 377 191 29 JWH-203 339 214 3
J; Foct-andquidfion caodiioltion Incs CP-47-497-C8 _ |377 167 33 JWH-203 214 144 17
; targel compounds
i | HU-211 530 446 13 JWH-250 335 214 3
3 HU-211 446 299 21 JWH-250 214 144 17
|| JWH-015 327 310 10 JWH-251 214 144 17
‘I | JWH-015 310 268 23 JWH-251 144 116 12
I | s JWH-018 341 167 23 JWH-398 375 201 23
5 : AT TR 3 JWH-018 324 254 23 JWH-398 318 189 23
im 10 am L L1 e LE ] o wo - oW 00 it "o JWH-073 327 167 23 RCS-4 321 264 19
Tand Quad JWH-073 310 254 23 RCS-4 264 135 17
Cf:’r_"m':;‘omz:’wur" JWH-081 371 197 23 RCS-8 254 158 13
Post-acquisition daconvolution not required JWH-081 354 269 31 RCS-8 254 144 19
JWH-122 338 268 23 WINSS 212-3/2  [100 70 13
JWH-122 298 181 12 WINSS5 212-3/2  |100 56 15
JWH-133 312 269 12
JWH-133 269 93 23
. i1t A A
x10%
- JWH-203
JWH-073
13.
125 | e e
1.2.
s JWH-018
11
10 Mo (it i)
1
035 " |
0. I.;
0.85. |’1I 4
s 1= ! 4
075 ‘: 1 S s
07
065 u
0. Q 1
055 gﬁ j |
05 T
045 o @
04 5’ o P ‘E’? , i
03s. 7] o™ !
e g 8
03. o~
025 > ) o 5 aQ 0 /
A 533 o @© é 2
5 I _ . g ES
0.1s. e R = . = =5
E ® g @ Q¥ % é 3
o1 =5~ o 5__)’ =] =5
0.05. I N A
L i L i
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i35 [
Counts vs. Acquisiton Time (i)
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The merging of two platforms

lon
Mirror
7000 GC/MS 6500 LC/MS \
QQQ based Q-TOF based
@ ﬁ
Quad Mass Filter (Q1) Troapntisggr L. - .
lon Sourcel -_ -_ 1
|| | | | || |='—"—"—=ﬂ on
_Ilﬁ |||| | | | || | o Detector
Collision Cell | Pulser
Turbo 1b TurtSTE— ﬁ& Turbo 3
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TOF MS Theory: Idealized

Mass Analysis for TOF

v =d/t
E=%mvZ="%m(d/t)

m = (2E/d?) t2

Energy (E) and Distance (d) are fixed

The measured mass is proportional to
the flight time (time-of-flight).

srHetpra A

i
P

53 Agilent




Resolution and Accurate Mass
PFTBA (C,,F,,N) = 613.9642

s i) 614 000 counls 11853, pun 068
1200

m/z 5 614
ot | %103 |+ Scan (0.023-0.483 min, 29 Scans) PFTRAG
0 ed 8 £13.9646 et
il § I 14522 I
o e h = -
i)
{
i
il
u <€<——W,,=0.68
n
200
10
CUUWS 60 G5 G G5 62 625 G G5 G0 645 65 A5 6 GRS 67 G5 60 605
Hass [nf2
6128 614 6142 6144 6146 6148 615 6152
| Counts vs. Mass-to-Charge (m/z)
‘_|_| |
Resolution = (m/z)/w,,, 1 Da 1 Da
/ \
Mass accuracy:(Theoret_‘;;;(;rii(_zzlnmemal]xloe R =614/0.68 R =614/0.0423 = 14,522
1
= ((613.9642-614)/613.9642)*106 = ((613.9642-613.9646)/613.9642)810°




High Res can Eliminate Isobaric Interferences
Appears as single m/z 240 peak for any unit mass resolution MS

575 A m/z =0.0433

e 240.1218 _ _
125 240.0785 Dimetilan
m/z = 240.1217
Mass error = 0.4 ppm

sl Flurenol methyl ester
el m/z = 240.0781
o]  Mass error = 1.7 ppm

0.5875
0,85

0.825 |:|

HO k—_\_g
0.6+
0.575
0.55
0.525
0.5+
0.475
00145

—
p

~13,500 resolution FWHM

No Internal Reference Mass (IRM)
corrections applied

2339 23997 23994 23995 23998 240 24002 24004 24005 24008 2401 24012 24014 24016 24018 2402 24022 24024 24025 24028 2403 24032 24034 24035 24038 2404 24042 24044
Counts vs. Mass-to-Charge [m/z]
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Porgque alta resolucao e massa exata?
Quantitativa de compostos alvo e confirmacao

Hexachlorobenzene — 600 ppb in marine sediment extract

106
a

N TN ATV L O P

0.5

b xw;‘ EIC 283.8096+/- 0.5 Da.

| J' W\%
L"'LV‘LLJ EEEEs MMWJWFMWW‘“M i J\‘M Wy

— P P ———

C x10%  E|C 283.8096+/- 2 ppm (+/- 0.0005 Da.)

No matrix interference

Background — 3 7 « Good quantification
200X smaller 51 . .
N e Good confirmation

A b U
i 2 3 4 & & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 M 2 33 I 35
Counts ws. Acguisition Time (min)




Canabinodides sintéticos

SN
) ) 7\/\)7(\/\/\

YO

C) d)l/'/

Figure 2. Chemical structures of THC and 3 main synthetic cannabinoid classifications
a) THC b) HU-210 ¢) CP 47.497 d) JWH 018.
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Response linearity and mass accuracy
ADC advantages

OBRN - 12 Level
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Trusted Answers

Outros Acessorios para
complementar as
técnicas de Analise
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Acessorios / portfolio

HS , SPME , Itex Dessorvedor Térmico

Automated, self-cleaning ion source
Th ilent .

Headspace Dinamico — P&T Jet Clean

Unidades Moveis



LC/MS

45

Agllent

Trusted Answers

Table | provides some points for comparison of GC—MS, for an electron ionization (El)
source and a single-quadrupole mass analyzer, with LC-MS, using electrospray
ionization (ES!) and tandem mass spectrometry (MS/MS) on a triple-quadrupole
instrument.

Table I. Comparison of GC-MS and LC-MS for trace analysis of drugs in biological fluids
(Aspect | GC-E-MS | LC-ESkMS/MS |
General application Volatile, thermally stable Nonvolatile, polar and ionic
molecules (low- to mid- molecules (mid- to high-
polarity); low-volatility polarity)
compounds need to be
derivatized
Cost  |*~swo0k | ~s00k |
Sample preparation for Liquid-liquid extraction; solid- Dilute-and-inject (urine);
biological fluids phase extraction; derivatization | Protein precipitation; liquid-
(to make polar compounds liquid extraction; solid-phase
more volatile); finish in volatile | extraction; finish in polar
solvent solvent (water ideal)

Limits of detection and Nanogram (107 g) to picogram Picogram to femtogram (10" g)
quantification (10*g)

Specificity? Yes, via El mass spectrum Yes, via MS/MS; monitor
(library matching; abundant specific fragments of desired
diagnostic fragment ions from molecular ion using triple
El); lack of molecular ion is a quadrupole; no universal library
problem matching

Matrix effects? Minimal Yes, require stable isotopically

labeled internal standards for
each analyte



Beneficios da Espectrometria de Massas

AN

<

Universal: medidas de massa-carga

Maior seletividade e sensibilidade para analises quantitativas
Mais informagdes ortogonais (tz, m/z, MS/MS) para anélises
qualitativas

Menor preparo de amostra

Alta velocidade

Sem limitacéo de m/z

QTOF

TOF

e Agilent




Sistema LCMS

Introduca Analizador de
Fonte de
o da ionizacio massas
amostra ¢

w ﬂ-/’ %[ Detector F
Direct Probe ‘ Sistema
de dados

Flow Injection

GC, LC E?}"

3. Agilent




Espectro de MS

6
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Espectro de MSMS

5
x10 ICpd 2: 78.9589: -ESI Product lon (7.322 min) Frag=365.0V CID@40.0 (606.0743[z=1] -> **) 12_Mix13_1uL_tMSMS-r002.d

5.6
5.4
5.2

5 78958911
4.8
4.6
4.4
42|

3.8]
3.6]
3.4
33 158.92530
2.8f
2.6]
24| 272.957000

2.2

1.8
1.6
1.4 384.9846
12 96.96970 176.93610

0.8 111.020100

0.6

0.4 305.T1 80l

0l sosT/smu
o 62.964200 , . L | \‘ 48310070 526105910 ‘
; ; ; ; ; ; ; ’ ; ; 7 ; ; ; 7 ; ; 7 7 ; ; ;
60 do 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 450 500 520 540 560 580 600 620

Counts vs. Mass-to-Charge (m/z)

352,T041m 402.T946l]|]

211.?016I]|] 240.?27‘9ﬂ|] ‘ ‘ ‘ L ‘
n L L N

October 21, 2019




Cromatograma
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Solucoes FTIR
e Raman
Agilent para o
segmento
Forense

Agilent
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FTIR Cary 630 — ATR de diamante

October 21, 2019

Confidentiality label

Sistema FTIR mais robusto do mercado
com oOptica permanentemente alinhada
gue confere maior estabilidade analitica e
portabilidade;

Todos os materiais opticos em ZnSe;
Nao trabalhamos com oOpticas mistas com
materiais menos nobres e sem
necessidade de purga para operacao;

Alta performance e velocidade;

Hardware e software completos e de facil
utilizacao;

Garantia 10 anos interferometro e laser e 5
anos para fonte;

Regulatory statement (if applicable)



Exemplo 1: p6 branco

October 21, 2019

@]

® RES 222  Cocaine

Confidentiality label Regulatory statement (if applicable)

IR
| - composite Spectrum
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Exemplo 2: extrato selo
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Identificacdo com sucesso de 25B-NBOH apés extracao através de busca avancada de multicomponentes
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Raman Resolve
|dentifica compostos atravées da embalagem com tecnologia SORS!!!

Diferente dos Ramans convencionais que tentam ajuste de foco manual e o ID através da
embalagem é uma questao da habilidade ou sorte do usuario!

55 October 21, 2019 Confidentiality label Regulatory statement (if applicable)



Raman Resolve

Aumentado o poder da identificacao Raman portatil

bt | o
1
=

[l Geralmente rotineiro ] Geralmente mais dificil*

* (0 sucesso da identificagdo depende da
combinacdo de recipiente e contelido.

e Agilent
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Raman Resolve

< Hone SCAN 307 R
Y A Controlled Substance )
™ 250-NBOMe

CAS: 1028517904 More matehes immﬂ_' 1

SHP
Cmomse JwiD e mﬁ
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Raman Resolve
analise de combustiveis

October 21, 2019 Confidentiality label Regulatory statement (if applicable)
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