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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES

2020 .
Bogota D.C.,

Abogado  Mauricio Alvarez Gémez
Carrera 1a. No. 22 - 58, Of 407, Santa Marta

ASUNTO Radicacion 09 126 428
Tramite 002
Evento 001
Actuacién 519
Oficio PPy

Folios s3*== 17815

Patente de Invencion D Patente de Modelo de Utilidad D
Via Nacional D

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45
de la Decisién 486 de la Comision de la Comunidad Andina, se comunica;

1. Documentos estudiados

Descripcion: Folios 123 a 226 24/Agosto/2007
Reivindicaciones: Folios 227 a 230 24/Agosto/2007

2. Objeto de la invencién

Titulo de la solicitud: “Método de determinacién de metanol en glicerina por
cromatografia de gas con sistema Head Space”.

El problema planteado en esta solicitud es suministrar un método para la
determinacién de metanol en glicerina donde no represente ensayos y equipos
mas costosos.

Para resolver este problema técnico la solicitud en estudio proporciona un método
de analisis para la determinacion del contenido en porcentaje masico de metanoi
en glicerol, proveniente del proceso de fabricacién de biodiesel, aplicando
cromatografia de gases con head space.

El objeto de la presente Solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): GO1N 30/00.

3. De la Solicitud de Patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones no se encuentran debidamente sustentadas en la descripcion
e ilustradas, puesto que no se mencionan ensayos especificos de la
determinacién de alguna o algunas muestras, donde la preparacién de la muestra
posiblemente varié o quizas sea necesario un tratamiento previo o sea necesario
cambiar la columna o tal vez el solvente', puesto que "la preparacién de la
muestra es una etapa decisiva en todo método de analisis en especial en la
determinacién de microcomponentes (trazas) y en los casos donde la matriz que
rodea el analito es muy compleja. La seleccion del método mas apropiado
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depende de muchos factores como ser: propiedades fisicas y quimicas del analito,
concentracién de analito en la muestra, naturaleza de la matriz de la muestra,
forma en que se presenta e! analito en la muestra, compatibilidad de los medios de
solubilizacién y extraccion con el sistema cromatografico, tipo de detector,
compatibilidad con el detector’!. El solicitante debe definir especificamente la
materia y el alcance de la invencion a través de las caracteristicas técnicas
esenciales que se encuentren enteramente soportadas en la descripcién.

Las caracteristicas técnicas esenciales del meétodo definido en el capitulo
reivindicatorio pertenecen a una determinacion de un analito (metanol) en una
muestra antes no analizada (glicerina) en dondé |0 que se hace comunmente es
una reval;dacién del método para las condiciones del equipo y de la muestra que
se tienen®.

4., Determinacion del Estado de la Técnica

El Estado de la Técnica se determind con base en la fecha de presentacién de la
solicitud de prioridad: Noviembre 09 de 2009 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

.

oy Fecha de
item Documento Titulo Publicacién®
D1 PerkinElmer, Bicdiesel Giycerin and Methanol 2008
ecoanalytix Analizer
Determination of Methanol
D2 Thermo Scientific Content in Pure Biodiesel (B100) 2007
Mumari F. et Al by Headspace-GC in Compliance
with EN14110
Agilent Technologies, Determination of Methanol
D3 Application Note SI- Content in Biodigse! using Gas 2008
0773, Coen Duvekot, Chromatography with Headspace
Varian, Inc. Sampling According to EN-14110
M;g?eg(;:rtc':l' Determination of methanol by )
D4 Technology, vol 99, headgpace tholg.phase 26 Noviembre 2007
pages 5901 - 5905 microexiraction

D1 divulga (folios 48 — 51) que el PerkinElmer ® EcoAnalytix ™ Biodiesel Glicerina y el Analizador
de metanol proporciona una solucién lnica para poner a prueba el biodiesel mediante el método
GC incluidas tanto en el EN y ASTM. El analizador incorpora un TurboMatrix ™ Headspace
Sampler acoplado a un cromatografo de gases Clarus ®. El Biodiesel Glicerina y el Analizador de
metanol consiste de fres componentes principales: el espacio de cabeza TurboMatrix Sampfer, el
GC Clarus, y un sistema integrado auxiliar de una Estufa, isoterma en el GC. El Cromatégrafo de
gases Clarus estd configurado con un muestreador automatico, un inyector programable en
columna y dos detectores de ionizacion de llama.

D2 divulga (folios 52 = 55) un método de determinacién del contenido de metanol en biodiesel puro
adoptando los métodos estandar que caracterizan un biodiesel, el método empleado utiliza un
Thermo Scientific TRACE GC Ultra eguipado con un Split/splitless (SSL) de entrada y un detector
de ionizacién de llama (FID), automatizado con un inyéctor automatico TriPlus, configurado para
utilizar el espacio de cabeza, L.a columna analitica era no polar Thermo Scientific TRACE TR -
BIODIESEL (M), 30m, 0.32mm de diametro, 3.0um. se emplean 3 soluciones de calibracion,
usando de referencia FAME y agregando metanol puro, donde las concentraciones obtenidas de
los patrones fueron de 0.5, 0.1 y 0.01% m/m, luego 2mL de cada sclucion se transfirieron a viales
de espacio de cabeza, los pardmetros obtenidos fuerdn, para el programa en el horno det GC
empleado: 50°C (1min) a 130°C, 10°C/min, mantener por 0,5min, la temperatura del detector
250°C y del inyector 160°C, todo para determinar un ontenido de metanol de 0.01% m/m a
0.5%mim.

3 divulga (folios 56 y 57) un método de determinacién del contenido de metanol en biodiesel
usando cromatografia de gases con espacio de cabeza de acuerde a la norma EN14-110, donde
se empleo un equipo Varian 430-GC:-inyector:Split'splittess 1177, -detector:FID, muestreador de
espacio de cabeza-QUMA, QHSS-40 modo muestra loop; como columna una Varian Select TM
Biodiesel para metanol, 30mx=0.32mmx3.0um, CP-8083. Se emplearon como soluciones de
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calibracion: -solucién A: 0.5% (m/m) metanol en FAME, -sclucién B: 0.1% {m/m} metanol en
FAME, -solucidn C: 0.01%(m/m) metanol en FAME, luego una alfcuota de 1 mi se pesaron con
exactitud, y se transfirié a un vial de 20 ml y se tapd inmediatamente. Las condiciones del
cromatografo de gases:-inyector: 250°C, velocidad Split: 50:1, detector: 275°C, FID, horno: 80°C
(0,5min isotérmico), 20°C/min hasta 180°C (2Zmin), gas de corrida: flujo constante de helio
2.0mL/min.

D4 divulga (folios 58 — 61) un estudio en la determinacion de metanol en biodiesel por
microextraccion en fase solida headspace, donde en el método de andlisis se menciona que, para
a la muestra de biodiesel se le realiza un lavado con agua y se seca toda la noche con Na;S04
anhidro. En la calibracién se emplean 6 soluciones de con sus respectivas replicas, donde las
concentraciones fueron 0.0057, 0.011, 0.023, 0.034, 0.045, 0.057, 0.11, 0.23, 0.57, 1.14, 1.70, 2.27
% m/m (metanol/biodiesel), se emplea un 1mL de muestra y e! programa en ef horno fue:
temperatura inicial de 40°C por 4min, incrementa a 120°C a 10°C/min y se incrementa a 200°C a
20°C/min, se mantiene a 200°C por 1min, la temperatura del inyector 200°C y la temperatura del
detector 300°C, se emplea una columna HP-5 {6%-fenil}-metilpolisiloxano, una relacién Split 20:1;
finalmente se logra detectar un 0.25% de metanol.

5. Examen de Patentabilidad (Art 14 D486)
Nivel Inventivo (Art18 D486)
La reivindicacién 1 consiste en un “método que se caracteriza por, cuantificar el

contenido de metanol en glicerina utilizando la técnica Head Space, acoplada a un
cromatdgrafo de gases” '

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas D3
esenciales D1 D2
método Método Método Método
Cuantificar metancl en - - Cuantificar
glicerina Cuantificar metanol Cuantificar metanol metanol
. técnica Head Space, | técnica Head Space, técnica Head
técrggs pll-{aiizdasf r?c:e, acoplada a un acoplada a un Space, acoplada a
cromatoarafo de aases cromatografo de cromatégrafo de un cromatégrafo
g 9 _gases gases de gases

Los documentos del estado de la técnica cercanos a la invencién corresponden a
D1, D2 y D3 porque:

D1 divulga que en la produccion de biodiésel, acidos grasos libres (lipidos)
convierten cataliticamente en ésteres metilicos de &cidos grasos (FAME) con
alcohol, tipicamente metanol. Después de este catalizador de la reaccién, la
glicerina, el agua residual y debe ser eliminado para crear un combustible
adecuado para su uso en encendido por compresion (diesel). Un numero de
problemas de calidad puede surgir si la reaccion es incompleta o si los
subproductos no se eliminan eficazmente. El PerkinElmer ® EcoAnalytix ™
Biodiesel Glicerina y el Analizador de metanol proporciona una solucién Unica para
poner a prueba el biodiesel mediante el método GC incluidas tanto en el EN y
ASTM. El analizador incorpora un TurboMatrix ™ Headspace Sampler acoplado a
un cromatégrafo de gases Clarus ®. El Biodiesel Glicerina y el Analizador de
metanol consiste de tres componentes principales: el espacio de cabeza
TurboMatrix Sampler, el GC Clarus, y un sistema integrado auxiliar
de una Estufa, isoterma en el GC. El Cromatégrafo de gases Clarus esta
configurado con un muestreador automatico, un inyector programable en columna
y dos detectores de ionizacion de llama. E! horno auxiliar isotérmico instalado
dentro de la GC Clarus proporciona una segunda zona de temperatura controlada
para una segunda columna cromatografica. E! Muestreador Headspace
TurboMatrix permite el analisis desatendido de multiples muestras (folios 48 - 51,
paginas 1y 2).

D2 divulga que el seguimiento de metanol residual en B100 es una cuestidon de
seguridad, ya que incluso pequefias cantidades de este material puede reducir el
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punto de inflamacion del biodiesel. Ademas, el metanol residual puede afectar a
las bombas de combustible, sellos y elastomeros y puede resultar en propiedades
de combustion pobre. La norma EN 14110 req}uere un método de Cromatografia
de gases y de espacio de cabeza, o bien de las columnas polares o no polares, y
es aplicable para un intervalo de concentramon de 0,01% m/m a 0,5% m/m de
metanol (MeOH). El método no es aplicable a mezclas de FAME (esteres metilicos
de acidos grasos} que contienen otros componentes de bajo punto de ebullician,
aungue el uso de la Thermo Scientific TRACE ™ TR-BIODIESEL (M) columna
permite una buena separaciéon de metanol a partir de la mayoria de estos volatiles,
produciendo resultados fiables (folios 52 - 55).

D3 divulga que el rendimiento del FAME (esterefs metilicos de acidos grasos) puro
(una vez que la glicerina y el metanol residual se recuperado/eliminado) se llama
B-100. A fin de que el biodiesel pueda ser utilizado como un combustible de motor
o mezclado con el diesel de petréleo, debe ser conforme a las especificaciones de
la norma (ASTM D 6751 o EN- 14214). Hay métlodos de GC usados hoy en dia
para determinar si el bicdiesel se ajusta a las especificaciones de la norma. Uno
de estos metodos, EN-14110, se utiliza para determinar el contenido de metanol.
EN-14110 es aplicable para un rango de concentracion de 0,01% (m/m) a 0,5%
(m/m) de metanol. En este trabajo se empleo 5|stema cromatégrafo de gases
Headspace (folios 56 y 57). !

La diferencia entre la invencion, definida en la re|V|nd|caC|on 1y el método de D1
consiste en que se hace directamente en blodlesel mientras que en la presente
solicitud se especifica que la muestra es gllcenfpa

La diferencia entre la invencidn, definida en la reivindicacién 1 y el método de D2
consiste en que se hace directamente en biodiesel, mientras que en la presente
solicitud se especifica que la muestra es ghcerlna

La diferencia entre la invencion, definida en la reivindicacién 1 y el método de D3
consiste en que se no se especifica la muestra, mientras que en la presente
solicitud se especifica que la muestra es glicerina.
I

No existe evidencia que el hecho que se especifique que la muestra es glicerina
introduzca un efecto técnico inesperado, que represente para la persona de nivel
medio versada en la materia una mejor eficiencia en la determinaciéon de metanol,
en cuanto a confiabilidad, reproducibilidad y coétos.

Por lo tanto, el problema técnico objetivo a resolver es plantear una alternativa al
método conocido segin D1 o D2 o D3 para mejorar la eficiencia en la
determinacion de metanol, en cuanto a confabmdad reproducibilidad y costos.

Ademas teniendo en cuenta el estado del arte cuando ya se conoce un método
para determinar un analito, se procede es a validar el método'? para que la
determinacién tenga cierta robustez, precisién y confiabilidad.

|

I
En consecuencia, el experto en la materia, teniendo en cuenta las ensefianzas
anteriormente mencionadas y las caracteristicas de los métodos de D1, D2 y D3
podra llegar sin ningun esfuerzo al ohjeto de Ia reivindicacion 1 de la squcutud Por
lo cual se considera obvia. i
Las reivindicaciones 2 — 10 mencionan ciertos parametros y caracteristicas
cromatograficas del método de determinacién de metanol en glicerina (ver folio 19
y 20). !

I

t
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Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas
esenciales

D2

D3

D4

Método

Método

Método

Método

Obtencidn de una solucién
blance de glicerina libre
de metanol, calentar la

muestraa 120°C y
7689mmHg

Preparacion de la
muestra, la muestra
de referencia FAME

se preparar con
extracciéon con agua
asegurando el
contenido bajo en

metanol {0.001%

m/my}

No se menciona una
preparacion previa de
la muestra

Lavado con agua
y secar con
Na2504 anhidro

Preparacién de 4
soluciones de calibracién
utiizando como solvente

el blanco de glicerina y
como soluto metanol de
alta pureza

Se emplean 3
soluciones de
calibracién, usando
de referencia FAME
y agregando
metancl puro

Se emplean 3
soluciones de
calibracién, usando
de referencia FAME y
agregando metanol
puro

Se emplean 6

soluciones de

calibracién con
sus replicas

4 puntos de concentracién
en porcentaje masico de

La concentraciones
obtenidas de los

La concentraciones

Las
concentraciones
de los puntos de
calibracion fueron

la fase de vapor es un
1mL

transfirieron a viales
de espacio de
cabeza

los patrones de la curva obtenidas de los 0.0057, 0.011,
de calibracion son. p(a)trsorae? fugrg:;e patrones fueron de 0.023, 0.034,
0,125%, 0,25%, 0,50% y - 'mfym e 0.5,01y0.01% m/m 0.045, 0.057,
1,00% 0.11, 0.23, 0.57,
1.14, 1.70, 2.27
% m/m
2 ml de cada
Valumen de inyeccion de solucion se

1mL de muestra

1mL de muestra

Las condiciones de
temperatura del horno
cromatografico durante el
analisis 70°C por
7minutos, 20°C/min hasta
150°C por tres minutos

Programa en el

horno: 50°C (1min) a

130°C, 10°C/min,

mantener por 0,5min

Haorno: 80°C (0,5min
isotérmico), 20°C/min
hasta 160°C (2min)

Programa horno;
temperatura
inicial de 40°C
por 4min,
incrementa a
120°C a
10°C/min y se
incrementa a
200°C a
20°C/min, se
mantiene a
200°C por 1min

La temperatura del

La temperatura del

La temperatura

inyector 200°C y la de{:gggf;astgfé del . | invector250°C y a O gmtor
temperatura del detector : ey temperatura del ya
250°C inyector 160°C detector 275°C temperatura del
detector 300°C
Varian Select ™
Empleo de columna de Columna no polar de Biodiesel para Columna HP-5
polietilenglicol de 30m, 0.32mm ID, 3.0 metanol, {5%-fenil)-
30m*0,32mm*0,5pm pmft. 30mx0.32mmx=3.0m, metilpolisiloxano
CP-9083
Relacion Split 50:1 No se menciona Relacién Split 50:1 Relagsgq Split

Cuantificacién de glicerina
gue tengan un contenido
de 0,125% a 1,00% de
metanol

Un contenido de
metanol de 0.01%
m/m a 0.5% m/m

Un contenido de
metanol de 0.01%
m/ma 0.5% m/m

Se logro detectar
un 0.25% de
metanol

Los documentos del estado de la técnica cercanos a la invencién corresponden a

D2, D3 y D4 porque:

El documento D2 ensefia un método de determinacion del contenido de metanol
en biodiesel puro adoptando los métodos estandar que caracterizan un biodiesel,
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el método empleado se utiliza un Thermo Scientific TRACE GC Ultra equipado
con un siplit/splitless (SSL) de entrada y un detector de ionizacion de llama (FID),
automatizado con un inyector automatico TriPLus, configurado para utilizar el
espacio de cabeza. La columna analitica era no polar Thermo Scientific TRACE
TR-BIODIESEL (M), 30m, 0.32mm de diametro, 3.0ym. para la calibracion se
empleo metanol con una pureza >99.5% y una referencia de esteres metilicos de
de acidos grasos (FAME) con un contenido' de metanol <0.001%m/m. en la
preparacion de la muestra, la muestra de referencia FAME se preparara con una
extraccion con agua asegurando el contenido bajo en metanol (0.001% m/m). Se
emplean 3 soluciones de calibracion, usando de referencia FAME y agregando
metanol puro, donde las concentraciones obtemdas de los patrones fueron de 0.5,
0.1y 0.01% m/m, luego 2 ml de cada solucion se transfirieron a viales de espacio
de cabeza, los parametros obtenidos fueron, para el programa en el horno del GC
empleado: 50°C (1min} a 13C°C, 10°C/min, mantener por 0,5min, la temperatura
del detector 250°C y del inyector 160°C, todo para determinar un contenido de
metanol de 0.01% m/m a 0.5% m/m (folios 52 — 55)

El documento D3 ensefia un método de determinacién del contenido de metanol
en biodiesel usando cromatografia de gases con espacio de cabeza de acuerdo a
la norma EN-14110, donde se empleo un equipo Varian 430-GC:-inyector: Split /
splitless 1177, -detector: FID, muestreador de éspacio de cabeza -QUMA, QHSS-
40 modo muestra loop; como columna una Varian Select TM Biodiesel para
metanol, 30mx0.32mmx3.0pm, CP-9083. Se emplearon como soluciones de
calibracion: -solucion A: 0.5% (m/m) metanol én FAME, -solucion B: 0.1% (m/m)
metanol en FAME, -solucion C: 0.01%{m/m) metanol en FAME, luego una alicuota
de 1 ml se pesaron con exactitud, y se transfiri6 a un vial de 20 m! y se tap6
inmediatamente. Las condiciones del cromatografo de gases:-inyector: 250°C,
velocidad Split: 50:1, detector: 275°C, FID, 'horno: 80°C (0,5min isotérmico),
20°C/min hasta 160°C (2min), gas de corrida: flujo constante de helio 2.0mL/min
(folios 66 y 57).

'
P
1

El documento D4 ensefia un estudio en la determinacion de metanol en biodiesel
por microextraccidén en fase solida headspace, donde se mencionan ciertas
caracteristicas de la microextraccién en fase solida, tales como sus ventajas, las
cuales incluyen que no se requiere solvente, que es simple y rapida y que hay dos
modos posibles de extraccion del analito, espacio de cabeza e inmersién directa.
Al igual se menciona las desventajas tales como el limitado tiempo de vida media
de la fibra, la cual se degrada con el uso. En cuanto al método de andlisis se
menciona que, para a la muestra de biodiesel se le realiza un lavado con agua vy
se seca toda la noche con Na,S0O4 anhldro En la calibracion se emplean 6
soluciones de con sus respectivas replicas, 'donde las concentraciones fueron
0.0057, 0.011, 0.023, 0.034, 0.045, 0.057, 0.11, 0.23, 0.57, 1.14, 1.70, 2.27 % m/m
(metanol/biodiesel) se emplea un 1mL de muestra y el programa en el horno fue:
temperatura inicial de 40°C por 4min, incrementa a 120°C a 10°C/min y se
incrementa a 200°C a 20°C/min, se mantiene a 200°C por 1min, la temperatura del
inyector 200°C y la temperatura del detector 3(50°C se emplea una columna HP-§
(5%-fenil)-metilpolisiloxanc, una relacion Split 20:1; finaimente se logra detectar un
0.25% de metanol (folios 58 — 61, paginas 5901 — 5905)

La diferencia entre la invencién, definida en las reivindicaciones 2 — 10, y el
método de D2 consiste en las condiciones cromatograficas, tales como
condiciones en el horno, columna empleada, entre otras.

La diferencia entre la invencién, definida en las reivindicaciones 2 - 10, y el
método de D3 consiste en las condiciones cromatograficas, tales como
condiciones en el horno, columna empleada, entre otras, ademas que en D3 no se
menciona la preparacién previa de la muestra.
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La diferencia entre la invencion, definida en las reivindicaciones 2 — 10, y el
método de D4 consiste en las condiciones cromatogréaficas y el hecho de que se
empled una microextraccion en fase solida.

No existe evidencia que las diferencias antes mencionadas entre el método de D2
o el de D3 o el de D4 y el método definido en las reivindicaciones 2 — 10
introduzcan un efecto técnico inesperado, que represente para la persona de nivel
medio versada en la materia una mejor eficiencia en la determinacién de metanol.

Ademas como se observd ya es bien conocido en el estado de la técnica que
existen varias adaptaciones de la norma EN-14110 para determinar el contenido
de etanol y directamente en el biodiesel por cromatografia de gases con sistema
headspace. Al igual la técnica de preparacion de la muestra es ampliamente
conocida’ e incluso ha sido modificada a la microextraccion en fase solida la cual
ha sido ampliamente utilizada en concentraciones de los ppm e incluso los ppt,
ademas se ha demostrado una versatilidad gratamente sorprendente y ha sido
empleado para una enorme variedad de problemas analiticos y se menciona el
procedimiento de espacio de cabeza-SPME que incluge la extraccion, seguida de
la desorcion en la entrada clasica de un GC splitless®, e incluso este sistema se
emplea parta determinar metanol en otras matrices, por ejemplo en la pared de un
tipo de planta®.

Por lo tanto, el problema técnico objetivo a resolver es plantear una alternativa a
los métodos conocidos segun D2 o D3 o D4 para mejorar la eficiencia en la
determinacién de metanol. '

En consecuencia, el experto en la materia, teniendo en cuenta las ensefianzas
mencionadas y los métodos de D2 o D3 o D4 para determinar el contenido de
metanol para llegar asi al objeto de las reivindicaciones 8 — 10 de la solicitud. Por
lo cual se considera obvia.

Conclusién:
Las reivindicaciones 8 — 10 cumplen el requisito de novedad (Art. 16), pero no
cumplen con el requisito de nivel inventivo (Art. 18).

6. Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

i Reivindicaciones Requisito que

Item Documento afectadas afecta

D1 PerkinElmer, ecoanalytix 1 Nivel Inventivo

D2 Therme Scientific Mumari F. et Al 1-10 Nivel Inventivo
Agilent Technologies, Application Note _ . .

D3 S1-0773, Coen Duvekot, Varian, Inc. 1-10 Nivel Inventivo
Maria C, et Al, Bioresource Technology, _ . .

D4 vol 99, pages 5901 - 5905 2-10 Nivel Inventivo

' Modern Practice of gas Chromatography (2004), Wiley Interscience, Estados Unidos, cap 17
(folios 45 — 47)

2 Harris D. {(2003). Andlisis quimico cuantitativo. Barcelona — Espafia, pp 596 — 801 (folios 38 — 44).
¥ Snow N., (2002). Head-Space analysis in modern gas chromatography. Trends in analytical
chemistry, vol. 21, pp 608 - 616 (folios 62 — 71).

*Nunes C. et Al (2006). Simple and solvent — free methodology for simultaneous quantification of
methanol and acetic acid content of plant polysaccharides based on headspace solid phase
microextraction-gas chromatography (HS-SPME-GC-FID). Carbohydrate Polymers, 64, pp 306 -
311 (folios 72 — 77).
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En cumplimiento del articulo 45 de la Decision 486 de la Comision de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesenta (60) dias contados a partir de la fecha de notificacion de la presente
comunicacion. En caso de no dar respuesta al presente requerimiento, o si a pesar
de la respuesta subsistieran los impedimentos para la concesion, se denegara la
patente. | '
|

Se invita al solicitante se sirva indicar, si asi 10 considera, su renuncia al término
faltante y presentarla por escrito

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e),
del capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C) |

|
El anterior  requerimiento fue notificado por fijacién en lista, de fecha
pd 0L w2 :

Elaborado por: Mayra Algjandra Quintero
Revisado por: Gloria Jacqueline Alfonso
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Preparacion de muestra

La peeparacion de muestra es el procesn de transformacion de una msesta en unaz fonm
adovuadi pars ser analizada Eue proceso prede inclur fa exursecion dJe un analie de un,
matrez conmpleja, W preconcentractin de analitos muy thimdes, hatta oblener una coneen
traviin sufiviente pari ser medida, la ehmmiacion o ennmscanmuenti de especies mterfe
rentes, o Ly trnstormacnis del anadito en waa tormis gue puzda ser mas Giclmentc detecta
be Un cemplo dz tranvormacion quimien de anahiteo, ambsen (lamada derivatizacuin, s
muestea en ol recudtro 241, donde e explico la comverston de asmneacidos an sokindes ¢
denn ades valdtiles. que se pueden determinar o ceomuteersfia de gases. ELcapitulo 28 w
deidica a fa preparacion de muestnny, Jde inndu Gue ayui wilu se Comentan dis téenicis gun
som aphicables especialmente en cromatoprafia de gases

L2 mieroertruccion en fise séfida os un ménsdo sencilio de extraceion de Hguiders
are, O wre loso odos, s wsar disolvenies ' 5 camponcole vlave ex ona [k de silice Tuy
dida requbients de una fina pelicuta, de 102 {0 pm,

de un liguide ao volagil, cemejante §
1as bases esticienatias usilizades en cromulegralis de gases. Lu figurs 29 19 muesir una de
entas fibrus incorperods o Lt buse de una e con un agop metahea dia. La fthe puede
emeiger de la oguia v e puede sinaduvir dentro de el fipura 24200 muestra ¢l prives
dirmento de comse se expone by fibr a b disodusian de b muestii e gl
un hgeidod durante up HEIPO, MUCTURS A Jp1a, 3 8 comviene L
nejr ox detenmna cypenmentalmente cining BN se eceata pary Yue La Bbra s sature

ron el analito, y profonpar ke extracenim dorante cee tiewpa, Sy se acorta el uempa de e vtra

cwon, prishablemenie la concentrmewn de analito en fibry vanari de muestrn a muesira,
Aun cuando s alcance ef cguib

P en Ly fibea silon se extrue una Fraean ded analit yue

higy en (3 muestrs Coandr se evgrue el espacio de cuberis, 1a muesira iyuida debe ccupay
- MV dek viak Demassadn volttinen de espacin de cubesa reduce ta eficacia de la puipooon,
Ve vez womada Ta nimexira, o repliega 1 fibri y se introduce L aguga dentm de o
cremingiabo de paves. Se <aca I iba dentro de (4 guid Lahienie def iny egtor. en cuy o Inte

rod el analio e desorbe 12emicamente Je I fibracy se mroduce sin division durante un
fesmpo bipe Uires Concentrag win ™

't fri sapatiado 24 21 concentra (sesliza) ¢! anahto
desorbyhs en Iy cabera de 1a solurmms aites e hacer 1y crenatogralin S pasa muchd
Deinpes enire 1y toma de muestra y I myeeerdn, se debe prnchur 1 apuga en un seplo. para
manienes 3 oedra perfectumente selladi. Ly figura 24 20 muetrs un cromategruma Je
procducins de mueres gtimia, que et sebre o sslemd nervioso. aislindos de agua de
At pOT icrocy e iin en Lase sdhida, ¥ detectadon con un detector Je ntroseng-fosforo.
] crematnpianiy puede purceer demssiadi ainple, perm ewr &5 debido a
W responde @ compuesios yue contienen N oy p

Ef ung Anensestracgidn, [y cantdal de unafno (m,
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Ei pstod de purma y trampa sinve para separar analitos sadsoles de lguid v o ol

sy 4 It stia subieancs o suelust cotcentratlin e tniraducitfor en un cronutaprafo de
asce Aohterenos e moeexteaconn, gue st aiska mna porcion Jed analito que hay en

M ondne o olperieo de e netodo o astar e BREy del analio de L iwetra 1o AUt
Lot B e anahites polares de matnees polares pucde ver iy ditial

Lo Trura 24 22 mucstra un apanao para medis componemtes soddtdes ded aron Je
bebnsdis cathomuas de cold Para ello se fuce biushugedr He, uino pas de purya mediante
um apuja de acero ssoxndable o través de Le cola, colicidi en el sl de inuesiras, culen
Labeea S L para sy udar 3 ba cvaponiniin de fos analstos, B gas de punga gue sabe del vial
frovs por i tubes Jo adsorcion, (que contiene tres capas de compuestos aadsorbienies, de
pedar adserhente cada vesz ayvor Por egemplo, e adsorbente maderado podna st o me
polar teniimenipobisdenana, el adsarbente slgo mas fuene. el polfmers Temin, s o] adso-
bente aws fuene, Wimes mnlcoutares de carbuno

Durnte el process de purga v trampa de le tigors 2022 ¢ yas Puve por el who
abarhente desde el extremo A ab evremo B Despues de atstrar todo e analito de 1y
tmaseeIra hasta e subv de adsorowm, seoinviente e sentadn del Nugon, Bacdéndobo e de B 3 A,
v purga b g o 25 C parn climinar toda el ogus y cualgurer oty disolvente gue
pucdun fenes Jos mlarbentes L sabida A ded uha de adsorenin se coneets ehfonces con ¢l
ARy ECIIT JC un Lrthatograia de gases, futeimando an disasjon, 3 by trampae se calienna o
aissy 2000 O Loy analitos desotbudon penetras on Lo enbinmng Jdel cromatiierilo. donde <e
M CRIfan £0 Ok rampg s Ung ses e ha completindo L desoreion de tampa, s
cabivila (W ceumBg TN toerion pars ticnar b sepArauion.

La pave espacial Cassinn que se banad cn 1997, (leg o Satumo en 2008 1y somls
Hagy et s¢ separt de 1o muave Casaing, y descendiv en Pt aidas @ raves ade Ty alniostens
de s luna Je Saume, Tin Tia sonda en dos tratnpas de carbon adsorbente 1ng
trampa adsirbhs bos fudrocarburns desde €2 fuaa C8, v 1 ol adsorbia uses e permanen -
fese Loma Hy He, CHL NH y gases nicbles. Los guses se dessithieron wrmscamente 3o
atlezaron en kb nave mediante comatografia de Remevospeiromelrfi de ntaas.

(3] Puesta a punto de un método en cromatografia de gases

Dady ta contnbod de putimeins que hay gue fjar en cromatograiig de LaMEy, URIME (Il
provedimicnte Kgico par selecennar b provedimicnts para revolver un problema con-
crete? Bn general ensten muchas sluciones wtdacionas eale ittt e Connicitan
normas generiles parm selecuionar o métodn yue se tiene gue usar ™ [ onden como s
deben ttanar fas devivones oy comulerar 11 b (ue s pretende en el ardlists, 21 prepa-
fatien de moestna, () el detecton 4y 1o eolymng Y (3 Loayeconn,

Obijetisn del analisis

1 Qe w busca com eb andban By Ly dentifieenn cuslitaiivg de ks componenies de win
mesctat, Se previsa una separacion de gran resolugiin el oo b Lompunenies. o
wmplemente de una soly poronn del CremanziIng | Se puede wenficar by resoluciin
fary panar en raprles ' Seonceevina un anilias o

Hantitava de une o de muchos colnpi-
nefies ! Se eyt une pran procisidn ?

o St encuentrun ios analitos en comcenirg 1m suft
wrehle 4v a2 Bounsifan ldTncas espmLnaiey IPrevoncenttackn v un deicohie muy sensihled
Para anativis de ubirateasas ' Cada une de estos fuctines conduce i uiertos compromisos a
o e selocn inmar tdean as

Prepasatrar de muestra

ot clave del €t para analizar por coomatogratia ung muestt Lomplers ey s purificacion
apica de pmrisfuc ity en L codumng [ el apartaco aterior so deseribienin 1y microes trac

~in y bt purpa y frampa vomo dos mdados [rara Jesdar Lompoitenics volatiley de mutrices
vomplepan Oteos mdbodes aom 1o eMractitn ligusda, in exlriton cun flindos supercritnam,
L1 exttanaion en Tase sobila ¥ La deworcian lemnca Je Mttt ides wilidon, L mayoria de bis
wales s dewnben en o Gl 2% Foatus tenicas atalan fon g de enterds de Doy suise
nnas sniceierentes ¥ pleden concentiar Anahih sty valores detecabies, 81 o w putt-
fivan Lus inuestras jis CTAMUEIRTINSY (erdrfan estar consbitygdie, - Bosguesas de prous
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I pase siputente o eepir un detector B cromategraba.  Se necestd miomacid
sobie fiwdor To gue hity en Jimtestrn, o s necessi un detevior especitico para un elementn
w i grups de elemmentis en particulin’?

Bl dutector de aplicacion i peneral pita una creatogralia con coluinng obylar
dbrerta es un espectrontet de misas. L ionizacion de Barma es prohablemente el delectos
iy papular, per responde sobre wdo o Kidrocarbuno, ¥ tal comm muestrs Ly tabla 24 5,
nires B senable como el detector de caprorn clectrime, of de adeopen-tosfone, o los Je
yuuniluminiscencia Bl detecter de wmzacion e flama exipe (que Lo anesia contenga
=10 ppn de eada analita, s fo ingecaion se tace con divisién. F detector de copductisg
el témmea e L formia mids general de deteetar toda clase de COMPLICSIS, Pern nov s, s
binte senmable en cotumnas wbalares e pequedo calibre de alig 1esinlus i,

Fo detectores sensibles para analisys de ulistrazs respridden a i lase hitmitadi Je
analites FI detector de eaplurs electronica os espenifica de moleculas que contwenets hali-
genos, cathomlus conjugades, annlus nHaompuestne. Cuando se Yed inyeccion gom
dradn, L muesiea debe vontener 22 10 PRb e cala analite, o1 e Uy un detector de cap-
1 ectrinicd. 1 detector de totosmzacin puede wer especifico de compuestos araiids
feets § compueston ae siturados B detecior de natrdgeno-tostom da may or respuesla o
rempuestas gite contienen alguno de eitos elementon, pero tambidn responde u los hidi-
cathuras, Loy detectores de quintiluminiscencia de ssufre ¥ mitrogeny responden sola g
erfon elemnentos, Los deteetones de fitsmeteia de Tl son especificon para sfgunos cle-
mentos, comp 5. B Phoo Sa. Se puede clegir algunn de ettos Jetectores eapeilicis para
stnphificar el cromstugrama, pargue no responden a tonks fo que se cluye

Stose necesita uformacitn cualitinm sobre la identidod de los eltataos, una bucny
cleceidn wn los espeeteametros de masas o el de mfrarrope Bl deteaior de imtrarmopis, af
trual que el detector de conductividad éomica, no e bastante sensible rara trabajar con
columas tubulares de pequeiio valibre de pran resoluciin,

Seleccion de columna

Lis elecernes basicas son de Tave estacivnaria, de didimeuc ¥ longaed de colunna, v de
espesir de fase estiwronaria La Tase estacionany mas Gtil es una ny pulis, conxe algana de
latably 2.4 Uy fase evtacionania de polandad intermedia poded Hevar o cabo mds weps-
rwhanes que una columia no polar Para enmpirestos muny polares puede wer nevesaria ung
lang Staciondarg muy polar Li separocitn de sdmeros OPUCOY U ST ECOMEITICo
rm.:nwjumm precrsan fanes evacionanias especizles

l.a 1abla 24,6 muesdrs que existen pocos combinaciongs sensatas de drimeno de
caltmna y espesor de pelicals. Para Togmar 13 manima nesolucian se precnan columna
estrechus, cun esperes de fawe evtacionana muy finos, Esia combiacidn minimiza la
tesisenca u la transferencis de masa fel Womino C Je la ecuacidn Je van Deemrer, ecua-
eiin 23330, untn en la fase mévil come en la estacionana, reduciends asi g altura dde
plate: Peliculi fina v columnas estrechas son especialmente adectradas PRFD separa mez-
clus de compuestion de alto puno de chuilicion, que se renenen demastada en volonngs de
peliculy grucsa, 1oy tiempos de retencion bres ey permuten anilists muy niprdos S
emharga, Las columnias estrechias de pelicolus Finas Benen una capacidad de muestra H
Pequedia, necestan detectores de gran sensthildad tel de romzacion de Hlama Putde que e
sca adecuadol. no reticnen bren Ios compuesing de puaier de ehullicign bajo, v podrian
verse afectadas por Ta exposiciin de Tos siion actives de Ly sRice

La~ columnias estrechas de pelicula pruesa de L abla 24.6 constituyen un baen com.
fpromise enire yesaluckin y capacidad de muestra Pucden usare con La mayoria de los
detecinies tescepto, en peneral, de los de vonductividad (fomica o de mirarngos) v con
compuesties muy voldules T.os iempos de reteneitn son masores que kow de colamnas de
pelivida fina, Coando se usan detectnzes de corductividad rémaica o de nfrarroes ¢ pre-
sisim cjumnas amchas de pelicula gruesa, Esras ticnen gran capscrdad die muesira, v pue
fen separar compaestos muy vobitiles, pero dan bajg resolicidn v Lierken et e reten-
s pratides,
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Seuna columna cumple T mayoria de lis objetvos, pero no tiene suficiente tesoll
€itn, se pucde s ung columng uds barga del mismo ipe Duplicandn [y tongatud de
eolunna. se duphica of ndmern de plates, ¥ segun ks ccuacidn 23 30, Ja resolucion aumien
enun tuctar de W 2 Noes Se necesanamente el meyar modve de sumentar 1 remiues,
parque duplicy ¢l nempo de retencion. Usande ums columng mes estrecha i pelicula ¢
R estacionane mas fina b resoluciin auments un la penidizacion de aumento de nemyp
de retencidn. Sise camnbia s Tase estacionania, cambi
de los dhferentes compuesios (v en i eeuucion 23,
LOTRPOES IS QU IS oSy separif

Stose ha medido l resalicidn de unos

a compictamente fa retencwin relatin
MIL y puede sér que asi < resuelyan 1

Pzt Covpotientes clave de ung mead
vanusda un pequeRo numen de camdicimes, se puede utihzar un software comeroal e

Spimzar as cundiclones de una imejor sepuracion eame b programacion de TR FaTuE
y de presiing ™ Fnoun futus priame e Prevé que se pucdan consepuir separacione
mucho mejores weoplando dos ¢olumags di ferenten en serie, con un control programada d
catdales (presonien cada una de eltas durante 1y MpIEAC R, T

Bleccion del moge d¢ INYECCon

Ta ulioma deciviog IMPUanis o cime myeckar fs muesira, Cuande 1a coneentrwidn Je
it e alta 0 s anadizan gases, of ek modn de biwerlo e por syer e it con divisicr
Para aniliis cuantitative resulty muy pobre Durante 1 nyecaion « pueden perder com
potcnies solililes 1.4 Iy eCon won drvision da jing rrn restueidin y pucde nnar mses
s wienplejas, s se afiade un becho de adsorbenice en 1a gk del inyector | COINPUCSIY
Ermiaamenic incvables se purden descomponer duranie la INYeCChon o lemperatura alts
S¢ precisa una anveromt v drvivem cuamd Ly disnluiones sup onsy dilusdas X
BT resnlucion, perc es pobne oo 43l vuantetatv, Mngbe se pueden perder compues
e menion valildes durante Lo myeccitn Fa mejor e €) nodo con dinvon para com
puestos de moderads estabihdad 1énmica, Porgue L termpes diusa de anyeecion vs menor L
HIyeLcum s diviseon tntnodu e 1y muesry kenbaente en Iy LIIEBIl;lld. de ikl gue S
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Ejercicios

S pucie usar en cromalografin Boterma Las muestras e cantienen meoos de 1N ppm
de Caba analito se pueden analiza con columnas de un grnor e pelicula de <4 pncon
myevenin i divisitn, Las muesins gue contienen entie ) y XK ppin de cada anabnio

requiercit coluinias de 1 pm de grosor (e reticuly

branabivs coantiviivo, 3 en el caso de cmpuests seivibles i@micamenie, ¢y meyor L

e et en columing Bsticsnnente, o ona téemea de tesoluciin baja. 3 ne puede nsare
can columnas cuve didmetny interor sea menor que .25 mme Puede wtilizause cun disolu-
cines dilurds v concentratas, v con volimenes relits amente grandes o peyucfies, Lin
detnis requisies de columma son Tos mismio e ey evciin wn division

Ternisi o amportantes

Inyeccitn an columna-

- Oplima para anahws cusntdaivg

* COMOUESIoS iarmstamenta sansibies
+ rasolucisn baja

Deteceion de una reaceitn
seleceionada

etector de captum clectrinica

Detector de cundugctividad
iermich

Detector de ionizacidn de Hlama

Coscromuiingrylia

Column conpiaguetada

Calwmna tububar abierta

Concentracion por frio

Condensacuin de diselvente

Cromatografia de gases

T wm de ones
seltrcionados

Resunten

Gias portiudor

fndice de retencién

Inycccihy com divismon
Inyeccidn en columng
fnyeccion un dissidn
Microestraccidn en fasg wilida

Preparscidin de muesira
Programacidn de lemperaiura
Pargs y trampa

Septn

Tamirs molecular

Las cronatogralio de gises utilizz una fase ménil gaseona pam hacer
pasar un liguido voliul o un luie paseosn por una fase estaciomana
que s cneaenttd dentrm de una cotumm ebylar shiera o sobre an
soporte solide, Las columnas tubulares ahicnas Tarpas y estrechas
lienen poca capacidad, pero permiten excelenies aeparaciones. Las
columnis tubulares abenas de sflice fundida pueden ser de pared
fecubuerta, recubientas de soporte y de capa pirond. Las columnas
empayuctadas ticnen grun capacidnd. pero una resoluciin bintada,
Las fases estacronarias reticnen. sobre todo, tos solutos de pedandad
wmegante o wemicjante diselse 3 10 semejante”t. Lis ases osta-
vionanas sGlidas pueden ser de carbdn poross, aliming } lamices
maileculares, Bl indice de retencidn mide [us tiempos de salida o ely-
in reliicadin con ef de los aleanos. La programacian de lempera-
lur.c Presitn reduce los ticmpis de elucidin de o componenies
{ucremente retenidos. Sin comprometer 1a eficacia de Ja separacion,
st puede swmentar ef eowdal vsandn Hy o He, en tugar de N, comn
pas pustador. La inyecaitn con divisién praporciona separaciones de
grn resaluctin de disoluciones relativamente  concentradas. L
Inyecen sin division, yue ¢< necesarie en muestras muy diladas,
precisu yue o chaune el dispivente. o que ve concentren fos analitos
medidnte uny trampa (s al principio de la columna {para conseguir
randis emrechas) Lainyecoion en columna e fa mejor forma de
nycceidn en anilisis cuanbtativo, y en el caso de compuestos témm -
mende inestables,

Jerticios

E anflixis cuantitative se sucle hacer en CRNmalopenilia de pases
com patranes internos 1.3 corcromauagraliy de und mucsira suénuca
can una descom s i en diferentes codumitss o Gl pare [a wdentifica-
et cualnativa de un pico Los detectires e cspectrometria de
masas 3 de iframoypn dan informacion cualiativa, fquc sinve pard
ulentificar compueston descunocidos. 141 espectrfimetns de masas se
ha comvermido en ¢l detector mas senvble ¥ menin sugcto aanterferen-
Crs. cianda se emplea deteccidn de jones seleccinnados o deteccion
de ung yeacrion seleccirnada. La deteccin per conductividad 1ér.
micy liene salides universal, pers po es bastante sensihie parz colum.
nas twbulares abienas de didnetm reducido. Fl detector de iomzacdn
de Namya v bastante sensible para f3 mayoria de las columnas, v res-
pande 3 la mayorfs de hm compuedin orpdnicrs, {an deteclives de
vaptun electrinica, nurdgen fdsdonn, fotometria de llama, fotoson:-
sacidn, quuntluminiscencis v emivién admea v especificon de
crenas clases de enmpuesios 0 de elementos determinadin

ks precivr devidsr §a finalidad de un andlises antes de disedar un
métode analiicn. £ clave del éxito en cromatogralls es tener una
muestra =himpia= (hy mids purs posible 12 rmiciaostraccWin en fawe
sitlida y L téenicy de purga ¥ trampa son métoks de preparaciin de
mucsras que aislan los componentes valinles de mucatray Cnpicyas.
Una ver excogido el mérodo de preparacsén de muesira, pars. disedar
un método hay que tomar las sigmentes deciuoncs, por e onden:
seleecionar un detector, una columna, y un ménda de wyeccim

48 a) Cuando se anahzd por cromatografia de pases una disolu-
i que contenia 234 mg de butanol (MF 74,121y 112 me de hexa-
b INIE 182,175 en HOI mL, l3s dreas relmtivas de Ios picos buta-
obhexans) fuenm = 1,00:1,45. Considerando ol hutano! come ¢l
atron interno, hallar ¢l Factar de respuestn del hexanol,

b1 Usar la ecuaciin 24 2 para eshimar Las freas de bos prcon del butas
ool y del bexanol en ¢l cromaoprama de gases de s pdpina
siguienie,

€1 La disolucidn con 1a que e nbtuvo of crumatograma coatenis § 12
mg de butanal |, Cufinto hexanol habia en Ia divolucién?
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17.1 INTROBUCTION

As with any equipment, the gas chromatograph tequires validation before being
uged in an analytical method. Valldation is a critidal part of the development of an
anelytical gas chromatographic proccdurc It is what demonstrates accuracy and
precision, Validation is defined us “establishing documented evidence which pro-
vidos o high degrec of assurance that a specific process will consistently produce
a produgt meeting its predetermined specifications and quality attributes™ (1).
It is gencrally concerned with a specific analysis or method, Validution of a
methed, however, begins way bofore samples can be prepared. It begins with the
installation and qualification of the instrument and continues with good quality
assurance/quality control (QA/QCY) in the laboratory.

Quality assurance is a system of activitics whosc purpose is to prevent prob-
lems from occurring and provides assurance that the instrument meets defined
standards of quality with a stated level of conﬁdencc The International Organi-
zation for Standardization {(I8Q) provides a gencral guide for quality assurance
programs and analytical laboratories are using thesc more. }SO Guide 17025 is the
standard that many analytical laboratories, mcludmg crime laboratories, follow,

Whiie most Jaboratorics realize the need for a good QA/QC program, it is sel-
dom clear which program meets the needs of a.particular laboratery, especially
if that laboralory Is performing a wide variety. of analytical services, QA/QC,
therefore, can have different meaning to different chromatographers depending
on their particular area of interest and standards, .Howcver there are busic similar
key clements to a good quality assurance program in gas chromatography that
must be addressed. These are designed to cnsure that the sample was free from
all possible contamination, that it was handled appropnatety by trained analysts
using calibrated and maintained gas chromatographs and standard validated pro-
cedures, and that all of this was appmpriatcly documented. The key elements
to a good QA/QC program for gas chromatogrdphy will be discussed in greater
detail throughout this chapter.

17.2 PROCUREMENT

The first step to ensure quality of the gas chii”omat_ograph is the procurement
itself. Capabilities und specifications of gas chromatographs vary. Manufacturers
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publish technical specifications for their Instruments, but those specifications may
not be meaningful to yeur application. They imay also include uniqus, und some-
times useless, characteristics that can be used to preempt another manufnoturar
from meeting that specification, It is important to procure the correct insttumont
for your needs. Do you need an instrument with high sensitivity, high precision,
or versatility? Is it important to be able to accommodate dirty samples, a variety
of matrices, and long runtime between calibrations? What types of injectors and
detectors are best for your work? The best way to get the correct instrument is
through a performance specification, Determine the realistic performanee char-
acteristics that are important to your nnalyses, and include them as requirements
in your procurement document. Examples of performance specifications include
the following;

Sensitivity—1 pg of hoptachlor epoxide must give o rosponse (peak height)
grenter than 80 times the background noise level.

Carryover—ithe peak arca from an injected blank must be loss than 0.001% of
the peak arca of & 100-pg/mL ethanol injection that immediately prescdes the
blank injection.

Linearity—the response, measurcd as peak area, must be linear (correlation coef-
ficlent greater than 0,99995) over throe orders of magnitude starting with the
minimum detection level (3 times the bascline noise).

Autosampler precision—rclative standard deviation of peak areas of 20 consec-
utive injections must be less that 0.5%,

Calibration drift—the change peak area of a midrange calibration standard over
a 6-h poried must not exceed 2.0%.

Euch instrument porformance characteristic that is importont to the application
should be identified in the procurement specification, The specification will
hocome part of the bid package that is sent to the vendors. In the bid pack-
age also state that the vendor must provide ovidence with the quetation that
the proposed instrument can meet those speclfications, and on installation of
the instrument, the manufacturet's installer must demonstrate that the instrument
installed at your location meets those specifications,

17.2.1 Facilities

The facilities that house gas chromatographic instrumentation are extromely
impertant for producing quality, reproducible data. The design of the laboratory,
security, and storage are issucs that must be addressed. The luboratory must have
a documented security policy that cnsures the integrity of the samples by limit-
ing access o areas affecling the quality of testing, Separation of activities that
might cauge cross-contamination is & prime consideration. Also, control of the
environment, especially such variables as tempernture and humidity, s extremely
important for repraducibility. These are factors that could influence the validity
of the test results, Make yure that the temperature aud humidity of the laboratory
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Biodicscl, a renewable fuel produced from natural oil, is used
as either a direct substitute for. or an additive to petroleum-
based diesel fuel. Interest in biodiesel has increased as a result
of rising oil prices and concerns over luture supply.

In the production of biodiesel, free fatty acids (lipids) are
catalytically converted to fatty acid methyl esters (FAME)
with aleohol, typically methanol. Following this reaction,
glycerin, water and residual catalyst must be removed to
create a fuel suitable for use in compression ignition (diesel)
engines. A number of quality problemns can arise if the reaction
is incomplete ov if by-praducts are not removed sffectively.

To ensure fuel quality, both the Eurapean Commiittee for
Standardization {(EN 14214) and ASTM International (ASTM
D6751) have issued standard test criteria for hindiesel. These
standards utilize multiple gas chromatographic (GC) analyses.

The PerkinElmer® EcoAnalvtix™ Biodiese! Glycerin and
Methanol Analvzer provides a unique solution to test
biodiesel using the GC 1est methods included in hoth the
EN and ASTM standards. The analyzer incorporates a
TurboMatrix™ Headspace Sampler coupled to a Clarus® GC.

www.perkineimer.com

Key Benefils

» Clarus GC with dual oven allows
analysis of both free and total
glycerin as well as residual
methanol on a single instrument

» TurboMatrix Headspace Sampler
improves productivity and
conforms with EN methodology

» Consumables package with
calibration standards provides
rapid ramp-up of sampling and
analysis

» Standard operating proce-
dures allow rapid setup of
test methods

» Specific installation and
gualification procedures to
get the application up and
unning

B

PerkinElmer’

precisely.



The Biodiesel Glycerin and Methanol Analyzer consists
of three main components: the TurboMatrix Headspace
Sampler, the Clarus GC, and an integrated wuxiliary
isothermal oven within the GC. The Clarus GC is
configured with an autesampler, programmable-an-column
injector and two flame fonization detectors. The auxiliary
isothermal oven installed within the Clarus GC
provides a second temperature-controlled zone for a
second chromatographic celumn. The TurboMatrix
Headspace Sampler allows unattended analysis of
multiple samples. Figure 1 shows the schematic layout
of the 3 components of the system.

The Biodiesel Glycerin and Methanol Analyzer provides
the capability to analyze both free and total glycerin (EN
14105, ASTM D6584) as well as residual methanol (EN
14110) with a single, integrated Headspace-GC sampling
system,

Figures 2 and 3 (Page 3} demonstrate the chromatography
expected when following EN 14105/ASTM 6584 and
EN 14110 methodology.

Trouble-free determination of glycerin
and residual methanol in biodiesel

The Clarus GC includes programmable pneumatic control
(PPC) which allows computerized control of carrier
and detector gases. eliminating time-consuming manual
interaction. The integral touch-screen user interface
provides real-time monitoring and control of the GC.

The independently-controlled second oven allows the

anatysis of both glycerin and methanel an the Clarus GC.

Table 1. Summary of EN and ASTM methods for biodiesct-
quality analvsis.
Mathod Analytes Injection Analysis
L Time
EN 14105 Free and Total Glycerol, On-Column 35 min
Mono-, Di-, and
Triglycaride Content
| EN 14110 Residual Methanol Headspace < 5min
ASTM D6584  Free and Total Glycerin On-Column 25 min

The abjlity to have two independentiy controlled ovens
recluce# the uperaling cost and splimizes laboralory bench
space by combining tho methods which formerly required
twao G¢s into a single instrument.

Utilization of progranumable on-column injection provides
high piecision for sample injections, The integral liquid
autosainpler of the Clarus GC is uniquelv suited for on-
column injections with superior precision.

Use of knetal capillary columns in the Analvzer eliminates
many ¢f the handling challenges associated with fused-

silica dapillary columns and improves the reliability of

the system.

The EN 14110 method recommends a 45-minute equili-
bration time for each sample. The TurboMatrix HS-40
and H5-110 Headspace Samplers thermostat up to 12
samplés at a time, ensuring the next sample is ready on
complétion of the previous run, thereby enhancing
throughput to meet the EN method’s timing specification.

The GC and Headspace instrumentation require calibra-
tion with analytical reference-standard compounds. The
Biodiafsel Glycerin and Methanol Analyzer includes
1‘efereﬁlce-standard compounds for EN 14105, ASTM
D6584;and EN 14110 methods. These reference compounds
will allow quick and easy system calibration so that the
user can be up and running rapidly and focus on validating
the quality of the biodiesel. The reference-standard com-
pounds are also available as individual replacemsnt parts
which can be recrdered to continue operation of the system.
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Figure 1. Schematic diagram of the EcoAnalytix Biodiese]l Glyeerin and
Metharjol Analvezer, highlighting its unigue features,
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Figure 3. Chromalegraphy demaonstirating 0.1% methano! in a biodiesel matrix.



Also included with the Biodiesel Glycerin and Methanol
Analyzer is an application CD which includes:

» Application notes with background information on
hiodiesel GC techniques

* Reference data files for chromatograms

+ Software methods to control the GC and Headspace
instruments

* Processing methods to translate chromatograms into
biodiesel-quality information

+ Standard operating procedures (SOPs) for sample
preparation, calibration, analysis and reporting

PerkinElmer's global service organization compleles
the process by providing installation and support. This
includes qualification that the Biodiesel Glveerin and
Mathanol Analvzer meets the needs of the application.

PerkinElmer, inc.

940 Winter Strest
Wuitham, MA 02451 USA
Prone {800) 762-3060 or
1) 2030254602
www.perkinalmgr.com

The perfect solution

Compléte integration of the Clarus GC with a dual oven,
TurboMatrix Headspace Sampler, calibration stan-
dards, Lperaiing procedures and an application CD
makes the PerkinElmer EcoAnalytix Biodiesel Glveerin
and Methanol Analyzer the perfect solution to meet the
needs f EN 14105, ASTM D6584 and EN 14110 meth-
ods in & cost-effective and time-efficient manner.

Perki;nElmer - the clear choice in gas
chromatography

Perkinfilmcr is the only chromatography supplier who

develdps, manufactures, supports and services every

produgt it offers to provide a truly integrated system. This

means one expert supplier = with best-in-class instru-

ments and & world-class service and support organization —

can address all of vour applications and troubteshaoting .
needs.'from samptle handling to data handiing.

/ PerkinElmer’
precisely.
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Determination of Methanol Content in Pure
Biodiesel (B100) by Headspace-GC in
Compliance with EN 14110

Fausto Muotari, Daniela Cavagnino, Andreq Cadoppi, Thermo Fisher Scientific, Milan, Haly

Introduction

In order for biodiesel to be commercialized as pure biofuel
or blending stock for heating and diese] fuels, it must meet a
set of requirements defined in ASTM D751 and EN 14214
standard specifications.' These standards indicate the
maximum allowable concentrations of contaminants in
pure (B100) finished product, along with other chemical-
physical properties necessary for a safe and savsfactory
CREINe operation,

Gas chromartagraphy (GC) is commonly adopted ro
characrerize pure Biodiesel {B100) according to the
following standard methods:

* EN 14103: Determination of total FAMEs (Fatty Acid
Methyl Esters) and Linolenic Methyl Ester {C18:3)34

« EN 14105/ASTM D6584: Determination of Free and
Toral Glycerinet &7

¢ EN 14110: Determinacion of residual methanol content?

Comprehensive Thermo Scientific GC solutions have
heen developed in compliance with each of these methods,
based on the Thermo Scientific TRACE GC Ultra™ and
the versatile TriPlus™ autosampler (Figure 1), This
application note relares to the derermination of methanol
in biodiesel according to EN 14110,

Figure 1: TRACE GC Ultza with TriPlus HS autosampler

Moniroring residual methanol in B100 is a matter of
safery since even small amounts of this material can
reduce the flash point of the biodiesel. Moreover, residual
methanol can affect fuel pumps, seals and clastomers and
can result in poar combustion properties, EN 14110
requires a headspace GC method, based on either polar or
non-polar columns, and is applicable for a concentration
range from 0.01% m/m to 0.5% nv/m of methanel (McOH).
The method is not applicable to mixtures of FAME that
conrain other low boiling compaonents, although the use of
the Thermo Scientific TRACE™ TR-BIODIESEL{M}
column allows for good scparation of methanol from most
of these volariles, producing reliable results.

EN 14214:2003 standard specificarions require the
methanol content 10 be < 0.2% m/m. In this note, the
analysis was performed using an external calibration
procedure, which is preferred over internal standard
calibrations when automatic headspace equipment is used.

Methods

Instrumentation and Reagents

A Thermo Scienrific TRACE GC Ultra equipped with a
splitfsplitless (SSL) nlet and a flame ionization detecros (FIDI,
automated by a TriPlus Autasampler configured for
headspace was used, with instrument control through the
Thermo Scientific Chrom-Card data system. The analytical
column was a non-polar Thermo Scientific TRACE
TR-BIODIESEL(M), 30 m, 0.32 mm ID, 3.0 pm f.t. For
calibration, methanol with purity > 99.5% and a reference
FAME with methanol conrent < 0.001% m/m were used.

Sample Preparation

A reference sample of FAME can be prepared by
extraction with water to ensure low methanol content,
taking 30 mL of biodiesel and extracting four times with
10 mL of wartcr. Then, the extraceed biodiesel layer must
be dried with Mg50, for 15 minutes, and analyzed using
the parameters reporred below. This prepared sample has
to provide methanol content less than 0.001% m/m, Such
a reference FAME can also be obtained from various
commercial sources. In this note, raw sunflower oil has
been used, featuring a very low methanol content.

Using the reference FAME, three calibration solurions
(A, B and C) were prepared by adding pure methanol to
obtain concentrations of 0.5, 0.1 and 0.01% m/m
respecrively. 2 mL from each calibration solution and
unknown hiodiesel sample were transferred into
headspace vials, which were tightly crimped in order 1o
prevent leaking.



Analytical Parameters 'Results and Discussion

Table 1 includes selected instrument parameters for the Figure 2 shows a typical chromatogram obtained from a
TRACE GC Ultra and the TriPlus HS aurosampler. These  biodiesel sample analvzed following the conditions
settings were used for all sample analyses. reported above.

I External! standard calibration was performed hy

TRACE GC Uhra , . . . :
- - analyzing the three calibracion solutions, and plotting the
Injector Split/Sphtless {SSL) . . R
. . . methanol contents vs. the respective peak arcas, Figure 3
SSL Mode Split injection mode, split flow of 100 mL/min . . , . .
o shows the calibration function calculared using linear
SSL Temperature 162 °C , . . . \ -
. ) ) i regression. The correlation coefficient (R*) for this
Carrier Gas Heliym. 1.5 m{/min, censtant flow mode LN . . . ;
HD 250 <C calibration was 0.9999, demonstrating excellent linearity
. for this method.
Oven Program 50 °C {1 min} to 130 “C @ 10°C/min, final ) L.
hold 0.5 min Different unknown biodiesel samples from several
j sources were then anaiyzed, delivering results within the
TriPlus Hasdspace Autnsampler standard specificarion stated in EN 14214 {methanol
Incubation temperature anec < (1.2% n/m), as shown in Tahle 2.
Incubation tme 40 min : After a long sequence of unknown biodiesel samples,
Syringe lemperalure 85 “C i “blank™ headspace samples, prepared by filling the vials
Injected amount 500 ul with nitrogen, were analyzed, demonstrating total absence
Tabie 1: Selected instrument and method parameters for the TRACE GC Ultra of any carryovet Of, McOH, as well as of any interference .
and TriPlus HS compounds from vials or septa.
;
Methanol
1
I
‘!
. .
'l !
o 1 2 3 a 5 3 7 8 9
min
1

Figure 2: Biodiesel chiomatogram shawing methanal theags pace injaction)

Finally, repeatability of the assay was tested by Tanosn
performing five consecutive injections for each biodiesel . .
sample, resulting in excellent performance. ¥ = 1NN ¥ + 207 o
i g odex: R’ = 0.9988
. Q /
Sample % (m/m} MeOH LU [ . //
t Rapeseed hodiese 018 14 4 -
2 Saybean biodiesel 005 18 ¥
a
3 Surfiower biod-ese <0.01 - it
4 Mix 1.3 bicdiesal (.08 18| 100000
|
5 Mix 1-2 hiodiesai 613 1.5 . R
! [ " 42 L3 4 " [
Table 2: Results for § biodiesel sampies (5 runs each} 4 {mim) MeOH

Figura 3: Metharol calibration curve, with levels at 0.03, 0.7, and 0.5%
mass/mass {m/m)




Conclusion

The determination of residual methanol in pure biodiesel
{B100) can be successfully achieved vsing the Thermo
Scientific TRACE GC Ultra equipped with SSL injecior
and FID, and the TriPlus Headspace Autosampler, in full
compliance with method EN 14110.

Although the procedure described here was based on
external calibration and is preferred when a headspace
autosampler is available or when a long sequence of samples
needs tu be analyzed, equivalent results can be obtained
by applying the internal standard calibration procedure,
either with the TriPlus autosampler or even manually.

As a further possibility, methano! content ¢can be
successfully determined by liquid injection of biodiesel
diluted in #-Butanol, using a PTV Backflush system 10
vent out the heavier fraction without lerting it enter the
capillary column.
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Determination of Methanol Content in Biodiesel using Gas
Chromatography with Headspace Sampling According to EN-14110

Coen Duvekot
Varian, Ine,

Introduction

The popularity and interest in biodiesel is significantly
growing in many areas of the world and has become 2
commonly sought after alternative fuel source for use with
diesel engines. Biodiesel is produced from vegetable oils or
animal fats via transesterification using methenol to vield
Fatty Acid Methyl Esters (FAME)} and glycerine, The yield, pure
FAME {once the glycerine and the resldual methano! has been
recovered{removed} is called B-100. In order for biodiesel to
be used as a motor fuel or blended with petroleum dlesel, it
must conform to stangard specifications {ASTM D 8751 or
EN-14214). There are GC methods in use today to determine
whether biodiesel conforms to the standard specifications.
One of these methods, EN-14110, is used to determine the
methanol content. EN-14110 is applicable for a concentration
range from 0.01 % {m/m) ta 0.5 % (m/m] methanol®,

Instrumentation

Varian 430-QC

* |njector: Split / splitless 1177, full EFC control
¢ (etector: FID, full EFC control

Headspace sampler

¢ QUMA, QHSS-40, sample loop mode

GC control and data handling software

*  Varian Galaxie™ Chromatography Data System

Materials and Reagents

Column

*  Varian Select™ Biodiesel for Methanol, 30 m x 0.32 mm x
3.0 um, CP-9083 )

*  Fatty Acid Methyl Ester mixture (FAME} with a methanal
content of <0.001 %

Sample Preparation

Calibration solutions

& Solution A: 0.5 % (mfm) methanol in FAME
e Solution B: 0.1 % [m{m) methanol in FAME
o Solution C:  0.01 % [m/m) methanol in FAME

"The method is ngt applicable ta mixtures of FAME which contain other iow
bailing compenants.

A 1 ml aliquot was accurately weighed, and transferred into
a 20 mL vial and then immediately capped.

Sample _
A1 mL sample was accurately weighed then transferred into
a 20 mL vial and immediately capped.

Conditions

GC conditions

® Injector: 28D °C,

s Split rate: 50:1

s Detector: 275 C,FID

*  QOven: BO °C (0.5 min, isothermal)

@ 20 °C/min to 160 *C (2 min)

»  Carrier gas; 2.0 mL/min const. flow, Hellum

QHSS-~40

s Sample loop: 1mL
* Vialfheating: B0 *C
e Equilibrium time: 48 min

Results and Discussion

All three calibration solutions were analyzed twice and a
calibration curve was obtained. See Figure 1 for an overlay of
the methanof peaks of the different callbration solutions. The
calibration curve (Figure 2) shows excellent correfation with
the method.

== Cul. Bohuthos A
==+ Csl. Bolution 8
Methanot ——Cal. Sotiion ¢

w7 18 19 2 2.1 Min, 22

Flgure 1, Overlay traces of callbration solutions,

Application Note §(-0773/B/03.08
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Figure 2. Calibration curve,
The correlation coefficiant should he > 0,95, In this case the
correlation coefficient was determined to be 0.9998.

A typical chromatogram of a biodiesel sample is shawn in
Figure 3.

Methanol

-

o 1 2 3 4 5
Figure 3. Typical headspace chromatogram of hiodiesel.

Since biodiese| generally does not contain volatile
components, other than methanol, identification and
quantification is quite straightfarward.

N 15

Average 0.038
St. dev. 0.0007
RSD (o) 1.96

Figure 4, Repeatability figures.

é Min,

o8 7 : -
Methanpl content [9h mfm)
including average and N

0.045 windew of repestabllity.
E -- - —
o '
& s : 5 L : - 3 1
-] L ' .
gn.oas - I . - —— .
il :
0.0y
!
0.2t

1 2 3 q L) ] Y ] ] N 17 13 14 18
! Sample aumber

Figure 5 Repeatability velues are within the specification boundaries
cstnblis}tcd in EN-14214 a3 indicated by the red lines in the chart,

The methanol content of the biodiesel was 0.038 % (m/m)
thus meetmg the specifications set in EN-14214, {methano!
conteht <0.2 %). Furthermore the repeatability figures
indicated that the system was properly optimized for the
analysis as seen in Figure 5, where the analyses trend line is
well within the repeatability "window" set forth in the
EN-14110 method. In Figure 5 this is visualized by adding the
average line and the window of repeatability set in the
EN-14110 methad.

Conglusion

The GC Headspace system (Varian 430 Gas Chromatograph
and a QUMA Headspace Sampler) was shown to be well
suited for the determination of methanol content in
biadiesel according to specifications outlined in EN-14110,
and the biodiesel tested in this appiication note meets the
specifications on methanol content set forth in EN-14214.

References
EN-14110 Fat and oil derivatives - Fatty Acid Methyl Esters
(FAME) - Determination of methanol contant.

EN-14214 Automotive fuels - Fatty Acids Methyl Esters
(FAME} for diesel engines - requirements and test methods.
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Abstract

A new direct gas chromatography procedure (headspace solid phase microextraction) was developed for the quantitative determina-
tion of methanol in biedicsel. The analysis was performed by exposing a carboxen-polydimethylsitoxane SPME fiber assombly to the
headspace of the biodlese) sample. The gas chromatography used o HP-5 capillary column and flame ionization detection. A polynomial
relationship was observed between the methanol concentration and its peak area, This method showed good reproducibility (average
relative standard deviation 7.06%) and recovery (average recovery 100.2%).

® 2007 Elsevier Ltd. All rights reserved.

Keywords: Hendspace solid phuse microestraction; Biodiesel, Methunol

1, Introduction

Biodiesel is a renewablc fuel, generally consisting of a
mixture of fatty acid alkyl esters, and is produced by react-
ing glyceridos with an alcohol in the presence of a catalyst,
as it can be seen in Fig. 1. Methanol is typically the alcohol
uscd for the transesterification reaction. The catalyst can be
alkali, acid or an enzyme. The stoichiometry of this rcac-
tion requires a 3:1 molar ratio of methanol to glycerides

bui in practice a higher amount of methanol is used (the -

molar ratio of methanol to glycerides is usuaily 6:1). The
transesterification reaction is reversible and takes place
stepwise. The initial triglycerides are transformed into
diglycerides, then monoglycerides, and lastly glycerol.
The excess of alcohol helps shift the cquilibrium towards
formation of fatty acid atkyl esters and glycerol. The reac-
tion product is a mixture of fatty acid alkyl esters (biodie-

" Corresponding author. Tel.: +1 662 325 0790; fax: +1 662 325 2482,
E-mail addresses: mepbd@msstate.cdu (M.C. Paraschivescu), Rher-
nandez@Che.msstate.edu {R. Hernandez).
" Tel: +] 662 325 7816; fax: +1 662 325 2482,

0960-8524/8 - see front matter ® 2007 Elscvier Ltd. AN rights reserved.
dqi:10.1016/j biortech.2007.09.088

sel), tri-, di- and monoglycerides, glycerol, residual aleohol
and catalyst. Most of these contaminants of the biediesel
need to be removed in order for the biodicsel to meet the
American (ASTM D6751) and European (EN-14214) spec-
ifications. The excess of methano! is typically removed
from the biodiesel by extraction and distillation (Ma and
Hanna, 1999). The amount of methano! that can be present
in biodiesel is regulated by the Furopean biodiesel stan-
dards EN-14214 (test method EN-14110), the limit being
0.2% mass/mass (Knothe, 2006), and by the ASTM
D6751-07a (test method 1D93 or EN-14110), the limit being
0.2% volume or at least 130 °C (http://www.biodiesel.org).
The quality of biodiesel depends on numerous factors,
flash point being one of them. The flash peint is directly
affected by the quantity of alcohol in the biodiesel, The
residual methanol in biodiese! can cause a lower flash
point. High methanol content in biodiesel may cause a
rapid deterioration of the rubber components of the vehi-
cle’s fuel system, so finding an accurate, reproducible,
and direct method to determine the amount of alcohol
(inethanol) present in biodiesel is very important,
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OCOR, Catalyst R1CO:}_R' OH
3R'OH =———=.
+ o HO\/J\/OH
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Glyceride Alcohol Alkyl Esters Glycerol

Fig. 1. General transesterification reaction.

One rescarch group (Mittelbach et al,, 1996} reported
the determination of methanol in biodiesel by derivatizing
it with N,0-bis-trimethylsilyl-trifluoroacetamide (BSTFA).
They directly injected a mixture of rape-seed oil methyl
csters and BSTFA in N,N-dimethylformamide into & gas
chromatograph fitted with a DuraBond-5 capillary coluinn
and flame ionization and mass spectromeiric detection.
Other groups have used headspace solid phase microex-
traction (SPME) to determine the amount of methanol in
other natrices, such as: pectin (Savary and Nunez, 2003},
plant polysaccharides (Nunez ot al, 2006), aspartamc
sweeteners (Sales and de Lourdes Cardeal, 2003), body flu-
ids (Lee et al., 1999; Maleki et al., 2006), and air (Tuduri
et al., 2002). While most of the headspace SPME analyscs
of mcthanol were performed with a carboxen—poly-
dimethylsiloxane (CAR/PDMS) fiber assembly (Savary
and Nunez, 2003; Lee ct al., 1999; Tuduri et al., 2002),
one rescarch group (Tong et al, 2001) used pencil lead
and reported good overall recoverics.

Solid phase microextraction was developed and pat-
ented by Pawliszyn and co-workers {1989). SPME uses a
polymer coated fused silica fiber on which the analytes
arg adsorbed. The fiber is then directly inserted into a
GC injector where the analytes are thermally desorbed
and then the fiber can be reused, This technique has multi-
ple advantages: no solvent is required, it is simple and fast,
and there are two possible modes of analyte extraction,
headspace and dircet immersion, Also, SPME can be aufo-
mated and can be coupled with GC, GC-MS, or HPFLC.

One disadvantage is the limited lifetime of the fiber,
which degrades with usage and can cause analyte peak tail-
ing and co-clution. Headspace extraction is preferred over
dircct immersion because it prolongs the lifetime of the
fiber duc to the absence of contact between fiber and solu-
tion. A valuable featurc of SPME is that different fiber
coatings provide selective extraction of analytes from a
mixture based on matching the properties of the fiber coat-
ing rclative to the analyte polarity. The importance and use
of this technique is increasing daily in many fields. SPME
has been applied to analysis of environmental samples, fla-
vor and food products, surfactants, forensic and toxicolog-
ical analysis (Nunez et al., 2006; Sales and de Lourdes
Cardeal, 2003; Lee et al., 1999; Maleki ct al., 2006; Tuduri
ct al., 2002),

The unique feature of this research is the fact that it pro-
vides a dircet method to rapidly and guantitatively deter-
mine the amount of free methanol in biodiesel samples.

The analytical method developed by our group is different
from the current US standard for methanol determination,
ASTM D6751 which uses the flash point (closed cup) mea-
suremcﬁnt (test method D93) and from the European stan-
dard wh:ch uses the headspace GC method (test method
EN-14}10).

2, Methods
2.1. Chemicals and reagents

Optima-grade methanol was purchased from Fisher
(Fair Lawn, NJ), 4A activated molecular sicves were
acquired from Sigma-Aldrich (St. Louis, MO), anhydrous
sodium sulfate (Na,SO,;) was obtained from Merck
(Darmstadl Germany), and the biodicsel (B100) was sup-
plied by the Petrolcum Products Laboratory (Mississippi
State, iMS). The 10 mL SPME vials, fiber assembly, and
the 75 pm carboxen—polydimethylsifoxane (CAR/PDMS)
fiber, were purchased from Supelco (Bellefonte, PA).

2.2, Mstrumental analysis

Th¢ analyte was adsorbed onto the SPME fiber and then
thermally desorbed in the inlet of a Hewlctt-Packard (HP)
6890N gas chromatograph (Palo Alto, CA) equipped with
a split/splitless injection port and flame ionization detec-
tion (FID) system. The injector and detector temperatures
were held constant during the analysis (200 and 300 °C,
respecltwc]y) The fused silica caplllary column used for
separalion was a 30 m, (.32 mm, i.d. 0.25 pm film thickness
Hewlett-Packard HP-5 (5%-phenyl)-methylpolysiloxane.
The GC oven was programimed as {ollows: the initinl tem-
pcraturc of 40 °C was held for 4.0 min, increased to 120 °C
at 10 °C/min, and then increased to 200 °C at 20 °C/min
and held at 200 °C for | min. Helium was used as carrier
gas fst a constant flow rate of 1.5 mL/min. The injector
was operated in split mode (20:1 split ratio). The data were
acquifed using a HP-CORE ChemStation system.

2.3. Sa!id phase microextraction

An automated SPME system {CombiPAL, LEAP Tech-
nologies) was used with a 75 pm CAR/PDMS fiber assem-
bly. The CAR/PDMS fiber is recommended for gascs and
low molecular weight compounds (MW 30-225). When
new SPME fibers were installed they were conditioned in

[




the gas chromatograph (GC) injection port at 300 °C for
2 h, according to the manufacturer's recommendations.

The biodicsel (B100) used for calibration was washed
three times with distilled water and dried with anhydrous
sodium sulfate (Na,8SO,) and molecular sieves. This proce-
dure insurcd a practically complete climination of metha.
nol present in the initial biodiesel (B100). Standard
solutions for calibration were prepared by spiking different
amounts of methanol into the washed and dried biodiesel.

The 10 mL SPME vials each containing 1 mL of biodie-
sel solution were capped with Teflon lined septum caps and
heated at 50°C for 20 min, under constant stirring
(500 rpm). The SPME fiber was then exposed to the head-
space of the vial and the volatile compounds were adsorbed
onto the fiber for 20 min at 50 °C, at constant temperature
and stirring, Then the fiber was exposed for 2 min at 200 °C
in the GC injcction port for complete desorption and GC
analysis of the analytes.

3. Results and disenssion

The retention time of methanol (R, = 2.15min) was
determined by direct injection of neat methanol, Washing
the biodiesci {B100) three times with distilled water and
drying it over anhydrous Na,S0, and activated molecular
sieves ramoved more than $9% of the initial methanol. The
actual amount of methanol present in biodiesel after this
procedurc was 2.2E—~04% mass/mass. This determination
was performed using the above described headspace SPME
and GC conditions. This washed and dried biodiesel was

£O
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Table |
Average values of RSD (n == 6) for calibration concentratins
Methanol/biodiesel concentration (% mnss/mass) Average RSD'(%)
0.0057 984
0.011 9.64
0.023 992
0.034 10.36
0.045 19.33
0.057 5.52
0.11 4.42
0.23 34
0.57 343
I.14 .67
.70 6.67
2.27 7.47
0.06 :
y = 2E-07x% + 1E-04x - 0.001
I
0.08 R* = 0.8997
7 a
3
5 0.03
B
E 0.02 4
8
0.01
0 : — .
0 60 100 180 200 260 300 350
area (pA*s)

considered methanol-free and will be referred to as “refer-
ence biodiesel”.

Calibration curves were construcled by using standard
solutions of methanol in reference biodiesel. The concentra-
tion of these standard solutions is cxpressed in percent mass
{6 mass/mass). Solutions were prepared by mass/volume
and then converted to mass/mass units. Methanol/biodiesel
(1 mg/mL) corresponds to 0.11% mass/mass (European
standards). The average density of the biodiesel (B100)
cmployed in this study (six replicates, relative standard
deviation .12%) was determined to be 0.880 g/mL. The
responses for calibration concentrations (shown in Table
1} were made with six replicates and the reproducibility
was expressed as relative standard deviation (R8D). The
range of RSD for these calibration points was from 3.41%
to 10.36% and the averape RSD was 7.06%.

In the concentration range from 0.0057 to 0.057 mass',
the results fit a sccond order polynomial curve (y=
2E~07x* + 1E~04x ~ 0.0011) (Fig. 2). For higher metha-
nol concentrations, a third order polynomial curve must
be used (Fig. 3).

Three concentrations of methanol in reference biodiesel
were used to check the reproducibility of this headspace
SPME method. The concentrations were 0.057, 0.11, and
0.23 mays". For cach concentration, a set of six replicates
was recorded and the relative standard deviation was
1.00% for the 0.057 muss% solution, 1.52% for the

Fig. 2. Mcthano! in reference biodiese! — 0.0057% 1o 0.057% mass/mass.

2.5
y = -4E-10x* + 1E-08x* - 0.0004x + 0,0428
R%=0.0004
2
a2 1.5
% 1
:
0.6
o - ~
Q 500 1000 1600 2000 2500
araa (pA's)

Fig. 3. Mcthanol in reference biodieset calibration curve — average of six
series.

0.11 mass% solution, and 2.01% for the 0.23 mass% solu-
tion. The recovery was also excellent, ranging from
97.43% to 101.55% with an average of 100.20% and & rela-
tive standard deviation of 1.60% (n = §).
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This headspace SPME method was used to analyse 13
regulatory biodiesel (B100) samples obtained from the
Petroleum Products Laboratory (Mississippi State, MS).
The results are summarized in Table 2. All the samples in
this table, except number 10, 11 and 13 passed the Euro-
pean EN-14110 standard.

The European EN-14110 test method uses biodiesel
(B100), which is heated at 80 °C in a hermetically sealed
vial for 45 min and then a defined amount of gas phasc is
injected into the GC/FID by means of a preheated syringe.
This headspace method can be manual or automated and it
uses 2-propanol as internal standard. An cxternal calibra-
tion can also be used if the headspace procedure is auto-
mated (BS EN-14110, 2003).

The analytical method developed by our group uses an
automated headspace SPME assembly, which provides a
better reproducibility than its manual version and allows
multiple and continuous sample processing. The capillary
column used for methanol determination is HP-5 fused sil-
ica (5%-phenyl)-methylsiloxane, which provides rcliable
analysis and is suitabie for a wide range of applications,
EN-14110 uses 2-propanol as internal standard and is
applicable for the 0.01-0.5 mass% concentration rangg.
Our group considered a broader range of concentrations,
varying from 0.0057 to 2.27 mass™, and no internal or
external standard was required.

The ASTM D6751 uses the fiash point method (lest
method D93) to control the amount of alcohol in biodicsel.
This method uses a Pensky—Martens closed cup tester in
which about 70.0 mL of sample is hcated at constant tein-
perature rate and stirring. The test flame is applied into the
cup and the temperature at which the vapors above the
sample ignite is recorded. The limit for the flash point tem-
perature is at least 130 °C (http://www.astm.org).

The new analytical method developed is a simple, direet
and reliable alternative to the two standard methods for
mcthanol determination in biodiesel. It needs less sample
volume than D93 test method, which is an indirect method,

Table 2
Methanol concentration in hiodiesel samples from Petroleum Produicts
Lab

Siunple no. Sample name Methanol congentration
(% mass/mass)

1 2006-93A 0.0085

2 2006-93H 0.12

3 2006-95A 0.015

4 2006-107A 0.081

5 2006-108A 0.043

6 2006-108B 0.0022

7 2006-108C 0.073

8 2006-108D 0.16

9 2006-108E 0.095

10 2006-1098 0.6l

[F| 2006-111A 0.72

12 2006-111B 015

i3 2006-111C 0.25

it uses a general purpose GC capillary column, so the same
HS-SPME assembly can be used for different types of anal-
ysis, a nd is the first HS-SPME method used to extract
methanol from biodiesel as matrix.

4. Contlusion

A new, direct and quantitative method for determining
the ampunt of methano] in biodiess! was developed. Head-
space SPME proved to be reproducible and scnsitive,
allowing analysis for concentrations of methanol in biodie-
scl well below those imposed by the standard specifications,
There is no need for using an internal standard or deriva-
tization. The sample volume required is 1.00 mL as com-
pared 'to the flashpoint method that requires at least
70.00 mL. This method wns used for analyzing biodiesei
samplés from various producers. To our knowledge it is
the first literature report that uses headspace solid phase
micro¢xtraction to determine the amount of methanol in
biodiepel as a substrate,
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Recent devainpments and trands in the uss of hesd-
wpacs sampling with gas chromatography (GC} are
reviowed and discussed. A brief overview of head-
space onalysis techniques and theory references is
pravided, followed by publication trend data on the
varicus headspace-analysis techniques, Tho tech.
niquas duscribed include statie and dynamic head-
space axtraction, salld phase micro-extraction
{SPME) and several additional techniques now
receiving attention, Examples of applications in
environmental, clinical, forensic, biological, feod,
flavor and pharmaceutical analysis are provided.
Resoarch in headspace-GC is very active and grow-
ing, with new applications being reported con-
tinually, © 2002 Published by Elsevier Science B.V.
All rights reservad.

Keprords: Gas  chromavography (GC) Headspace; Sample

preparntion; Solid phase micro-extraction (SPME)

1. Introduction

When GC was introduced 50 years ago [1],

sampling and sample ntroducton wete imme-
diately recognized as crucial issues in successful
analysis. Because for classical GC generally
samples must be dissolved in organic solvents
injections and, for modern capillaty GC, be
dilute, some sample preparation is required in

”'Corr_caponding author. Tel: +1 (973) 761-9035;
Faz: +1 (973) 761-9772, E-mail: snownich@shu.edy

N165-U036/02/8 » koo frant matter
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neasly all B€ analytieal mothods, Because GE
sequires that samples be volatile, it is 0 natugal
tool for the analysis of vapor-phase mixtures.
Headspace analysis is gonerally defined as a
vapot-phase extraction, involving the partitien-
ing of analytes between 4 non-volatile liquid or
solid phase and the vapor phase above the
liquid or solid. It is expected that the vapor-
phase mixture contains fewer components than
the usually complex liquid or solid sample and
that this mixture is transferred to a GC ot other
instrument for analysis, Thete are a number of
techniques for sampling headspace vapors and
introducing them to a GC. In this article, recent
developments in the use of headspace sampling
with GC are reviewed, with application exam-
ples drawn from the recent literature. While this
review cannot be fully comprehensive, we have
attempted to sample some of the most interest-
ing cutrent work employing headspace sampling
with GC, including fccent trends and expected
future developments.

2. History and scope

The idea of analyzing samples of the vapor
above a solld or lquid for their organie content
originates long before the development of GC.
Perhaps the fitst specifie mention of the analysis
of the vapors above a liquid in the chemieal lie-
erature occurred with the paper of Harger,
Bridwell and Raney in 1939, in which they pro-
posed determination of the aleohol content of

© 2002 Publishid by Blsevier Scionee BV, Al tights resorved,
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aqucous solutions [2]. The first reported use of
static headspace with GC occurred in 1958 [3]
and the first widely-read use of dynamic head-
space (“purge and trap”) with GC occurred in
the 1970s soon after the introduction of Tenax
as a commetcial adsorbent [4], In the interven-
‘ing decades, techniques for both static and
dynamic headspace sampling in combination
with GC have evolved significandy and the the-
ory of headspace sampling and transfer of the
samples to the GC has been well-developed.
Several texts provide excellent overviews of
headspace-extraction theory and cxplanations of
the fundamentals of headspace-GC analysis and
insttument configurations, so these are not
explored in-depth here [5-8]. In 1999, Kolb
provided an excellent review of the principles
and instrumentation of headspace-GC [9]. More
recently, Ettre has provided an especially
straightforward review of the principles of static
headspace-GC [10].

A decade ago, there were essentially two
techniques that could be described as head-
space-GC: static {vapor-phase extraction) and
dynamic (purge and trap). Today, thete are sev-
eral more, as techniques have become minia-
turized and automated. The classical technique
and the simplest way to try headspace analysis
for the first time is to seal the sample in a gas-
tight vial, using a closure with a septum and to
usc a gas-tight syringe to sample the vapors

CG
v

SN\f'_

HV/&

T B,

HS

pressurization
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within the vial. This is called static headspace
sampling and numeroys instruments are avail-
able for its automated application. While most
modern headspace-GC  instruments employ
smtjc sampling, they typically replace the syringe
with a heated transfer line and they pressurize
the sample vial above the capillary column head
pressure, which allows for more inert sampling,
rapid sample transfer and ready equilibration, for
intgrfacing the sampling device to the GC. The
configuration of a modern static headspace-GC
sampling system is shown in Fig. 1.

If the vapor phase Hows through the sample
and is later trapped on a sorbent, or somehow
collected, the technique is termed dynamic
headspace extraction. The most important
example is the classical putge-and-trap tech-
nigue. Dynamic headspace is often used when a
large degree of analyte concentration is needed.
In his review, Kolb provided a numbet of dia-
grams of common instrumental configurations
for several dynamic headspace-GC systems [9].
A dynamic headspace-GC system that uses a
cryogenic trap to re-focus the analyte bands for
separation is shown in Fig. 2. There are numer-
ous ancillary techniques, such as multiple head-
space extraction, that are based on these
classical ideas, and are described in the afore-
mentoned references. Recently, sorbent and
membrane techniques have been used for the
analysis of headspace samples. Sorbent-based

sample introduction

Fig. 1. Schematic diagram of a pressure balances static headspace system.{SampIc vial is first pressurized and equilibrated with carrier
gas. Pressurized sample is then transferred to the GC column. CG=carrier gas, V=solenoid valve, SN~sampling naedle, HV=headspace
vial, HS=headspace sample, T=fused silica transfer line, B=bur connector, CC~capillary column. Reprinted with permission from [9].
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methods have scen a remsissance alnce the
intreduction of SPME by Pawliszyn and co-
workers in 1990 [11] and the intreduction of
headspace-SPME in 1993 [12]. There are a
number of texts now available desetibing SPME
theory and applications [13-15], Even more
recently, tnembrane technology has been used in
the dynamic extractdon of headspace vapors
{16]. Headspace solvent microextraction, in
which a small deop (a few microliters) of solvent
is used for headspace extraction, was introduced
in the late 1990s [17}.

Headspace sampling is tremendously widely
applied in numerous scientific fields. In prepar-
ing this article, a literature search on Sci Finder
Scholar (Chemical Abstracts Service, Cleveland,
OH, USA) using the term “headspace” yielded
approximately 8700 articles over the past 75
years or so, If this broad search is narrowed to
include only references involving GC, the num-
ber narrows to about 6000 references, indicating
that 65% of all papers employing the concept
“headspace” also include GC. Of these 6000
articles, about 1400 involve dynamic headspace-
GC techniques. Surprisingly, over 510 papers
involve headspace-SPME, all published since

A

trands In anslytical chemistsy, vah 31, nas. B+16, 80068

1993, Headepase analysis wsing membrane
sampling was firet published in 1977, with 62
publications in total.

A plot of publication erends is shown in Fig, 3.
Dynamic headspace and SPME topresent the
largest categories besides static headapace. The
publication aumbets for other methods, such as
membrane exteaction, while many arve tsing, are
still too small to provide meaningful comparleon.
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Fig. 3. Trends in headspace-CC publications: 1890-2001.
HS-GCall papers including the coneapts “hoadepace and
“GC", Dynamic=papers containing the concepts “head-
space’ and "dynamic”, SPME=papers containing the con-
cepts “"headspace’ and “SPME",

IG ——t
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A

Fig. 2. Schematic diagram of a dynamic headspace-GC system with cryogenic sample re-focusing, A: Sample is purged with gas,
and the volatiles are collacted in & sorbent trap. B: Tha sorbent trap is heated and purged with carrier gas to dasorb the annlytes;
bands are re-focused in the cryogenic trap, |G=inert purge gas, CG=carrier gas, TB=sorbent trap, SV=sample vessel, CC=capillary
column, CT~cryogenic trap, SP=inlet splitter, Reprinted with permnission from [9],
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It is interesting to note that much of the recent
upswing in overall headspace-GC publications
can be attributed to the rise of headspace com-
bined with sorbent-based trapping techniques,
such as purge and trap and SPME.

3. Static headspace sampling

Static headspace sampling is cmployed with
GC in numerous fields and with a variety of
applications. It has been a primary tool for
analysis of volatile organic compounds in
environmental and flavor and fragrance analysis
for decades. Static headspace sampling, because
of its limited sensitivity, is mostly employed for
applications in the high-ppb to perceat con-
centration ranges. In the past decade, there has
been a considerable rise in the use of static
headspace analysis in other fields, including
pharmaccuticals, clinical and biological analyses.
Despite the rise of other techniques, as des-
cribed later in this review, static headspace
remains the most readily automated and vali-
dated of all headspace sampling techniques. As
examples of its versatility, a sclection of static
headspace-GC applications in several industries
is given bclow.

The reports by Camarasu [18] and de Smet et
al. [19] provide validated examples of the appli-
cation of static headspace-GC to the analysis of
residual solvents in pharmaceudcals, which is
perhaps the most common application of GC in
that industry. In a new development, Hong and
Altorfer developed a promising miniaturized sta-
tic headspace technique for solvent analysis in
drugs, which reduced sample sizes by about a
factor of 10 over tradidonal methods and pro-
vided some validation data [20]. In addition to
solvent analysis in pharmaceudcals, there has
recently been a tremendous upsurge in the use of
static headspace in clinical, forensic and biological
analysis, The proliferation of headspace atticles in
non-traditional separatons and analytical journals
shows cleatly that static headspace sampling has
matured into widespread use by non-specialists.

Headspace-GC is rapidly becoming a tool of
choice for the analysis of small molecules that
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are reaction products in a huge variety of meta-
bolic processes, or toxins or other substances of
interest in biological systems. A wide variety of
qumplcs have appeared recently, a few of
which are presented here. In forensic analysis,
head%pacc GC is used for the analysis of alcohol
and other low molecular—wmght materials in
blogd, as well as in arson and fire investigations
[21]. Moriya and Hashimoto have provided a
tharough description of potential etrors in the
assessment of cyanide levels in blood using
heaglspace-GC [22] and Jones and Holmgren
thotoughly discussed uncertainties in the detet-
mination of blood-ethanol concentrations by
analysis of vitreous humor {23]. Each of these
aru cles discussed some aspect of error analysis

tatc headspace techniques, which is critical
in forensu: analysis. It is seen that its excellent
senitivity, reproducnbﬂxw and stability make
static headspace sampling a method of choice in
forcnmc analysis.

In clinical analyses, it is cspccmlly mtcrcsung
that headspace methods are appearing in non-
analyfuca] science journals, indicating its deep
penctration beyond use by traditional specialists.
Fot example, Sharp and Dautbegovic studied
the stability of ether in blood as part of the
mvc tigation of an cthet-telated suicide [24);
Sarkola and Eriksson cxamined the production
and metabolism of cndogcnous ethanol and
methanol, using static headspace-GC as the
maln analytical tool [25], and Haze et al. used
headspace GC/MS to analyze body odor in
hutnan subjects aged 25-75 for 2-nonenal con-
tent and suggested a correlation between age
and the amount of 2-nonenal in body odor [26].

Static headspace-GC has been used for the
analysxs of natural aromas and odors in several
industries. This is anothet area in which many
papers are being published in far-reaching areas.
Fot example, in food analysis, Panosyan et al.
qualitatively and quanumtwely determined the
volatile components in brandy by static head-
space GC-MS [27], and Schibetle and Steinhaus
used headspace-GC along with dilutions of the
sample and isotope dilution-MS to determine
the odor-active components in fresh and pro-
cessed hops [28]. In natural products analysis,
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Reoyer et al. developed an automated headspace-
GC methad for the determination of dithio-
catbamates in plant mattices and found that the
method was much simplet than classical tech-
niques [29].

These examples further emphasize the wide
application of static headspace-GC and its use
by specialists and non-specialists alike. The main
limitation of classical static headspace-GC is
that scnsitivity is limited, compared to dynamic
techniques, such as purge and trap and to tech-
niques involving on-line concentratien such as
SPME.

4. Dynamic headspace purge-and-trap
sampling

Dynamic headspace sampling involves the
passing of carrier gas through a liquid sample,
followed by trapping of the volatile analytes on
a sorbent and desorption onto a GC. ‘This is a
well-known, validated technique, which is also
routinely performed by non-specialists, and it is
the method of choice for analysis of extremely
low (ppb and ppt) concentrations of volatle

Tatensty (%)
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organic compounds in aqueous matrices, For
dynamic headspace-GC techniques, publication
trends continue to rise, but perhaps not at the
rapid rate of headspace-SPME and some of the

“other sorbent-based techniques.

As with static headspace sampling, recent
applications are seen in a very wide varlety of
industties, including environmental  con-
taminants, foods and aromas, For example,
Olliver and Guerre used dynamic headspace-
GC to measure benzene hydrocarbons in virgin
olive oil at levels below 0.1 mg/kg [30], Martin
ct al. have developed a dynamic headspaee-GC
method for the determination of aroma com-
pounds in cheese curd, cultured with various
yeasts and bacteria. They found that dynamic
headspace-GC provided the best quantitation of
the aroma compounds, which are often at very
low concentrations {31]. The second example
further demonstrates the maturity of purge-and-
trap sampling for GC, as the work has pro-
gressed from basic developments to its usc in
solving inereasingly difficult problems.

Roose and Brinkman provided an interesting
example, showing both the sensitivity and ver-
satility of dynamic headspace sampling, coupled

sq8s |
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Fig. 4. Full-scan GC/MS separation on a 60mx0.25mm 1Dx1.4 um fllm thickness DB-VRX column, of 56 volatile organic
contaminants obtained by purge-and-trap headepace sampling from an aqueous sample. Reprinted by permiszion of the Royal

Socicty of Chemistry from [32].
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with GC/MS [32]. For this paper, they analyzed
extracts of marine organisms for volatile organic
contaminants ar ppt levels, using an on-line
purge-and-trap sampler. They were able to
determine 55 compounds in a total analysis time
of about an hour. An example chromatogram of
volatile organic contaminants in water obtained
using their method is shown in Fig, 4.

5. Headspace-SPME

Headspace-SPME, in which a coated fused-
silica fiber is used to trap and concentrate ana-
lytes from a static or dynamic headspace pro-
cess, was developed in 1993 and has
experienced the strongest growth in research
interest over the past decade. This technique
can also now be automated routinely and has
heen wvalidated for numerous applications.
SPME 15 generally applied to samples with con-
centrations in the ppb-low ppm range, while
some applications in the ppt range have been
described [13]. SPME has shown pleasantly
surprising versatility and has been employed fot
a tremendous vaftiety of analytical problems, as
evidenced by the recent applications shown
here. Fig. 5 shows a schematic diagram of a
headspace-SPME procedute, including cxtraction,
followed by desorpdon into classical splitless
GC inlet.

PL.
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FS 1

. |
FB
Fig. 5. Schematic diagram of the steps in a headspace-
SPME analysis (from left to right): SPME fiber holder
(FB=coated fused silica fiber, FS=syringe needle, S5=sealing
septum, Pl=plunger); headspace absorption of analytes
into SPME fiber coating; and, desorption into heated GC
inlet {1)). Reprinted with permission from [9].
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Rescarchers in several areas, including envis-
onthental, pharmaceutical, food and natural
products analysis, have enthusjastically used
headspace-SPME for many difficult analyses,
The cxamples prescnted here provide a sample
of the hundreds of publications that have
recently appeared in a relatively short dme.

In an environmental application, Cancho,
Ventura and Galceran used #-situ detivatization
followed by headspace -SPME-GC-ECD  to
determine aldehydes in treated drinking water.
After optmizing a number of experimental
parameters, they found this method to be com-
paﬂable to liquid-liquid micro-extraction, pro-
poded in US EPA method 556 [33]. This paper
follows the example of much of the literatute in
HS-SPME, as it makes 2 thorough compatison
to 4 compendial method employing a traditional
extraction technique.

Recently, in residual solvent analysis of phar-
maccuncals Coran et al. described a headspace-
SPML GC method, using isotope dilution
(without mass spectrometry) for several solvents
in ketoprofen raw material and tablets [34], and
Scypinski and Smith reported on the compat-
ison of SPME with classical methods for the
analysis of solvent in several pharmaceuticals
[33). Fig. 6 shows an example of residual sol-
vents separation, using the isotope dilution
method of Cotan et al, in which they used a
100um  film tbxckness polydimethylsitoxane
fiber and isothermal GC. This chromatogram
shows that headspace -SPME-GC can be a
powerful tool in resolving and quantitating very
clgsely related compounds.

ln natural products analysis, Shang, Hu and
Deng used headspace-SPME-GC to determine
the aroma components of fresh, frozen and
withered Michelia alba flowers and were able to
determine the differences in the compounds
present in each case [36]. Yang, Huang and
Smentena  optimized a  headspace-SPME
method for determination of the voladle com-
panents of tobacco [37).

In food and flavor analysis, headspace-SPME
was used by Pinho et al. to determine the com-
pdnents in the volatile fraction of ewe cheese
[3B], and by Alonso and Fraga to quantitate
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flavor compounds in yogurt [39). Characteristic
of SPME methods, these papers desctibe meth-
ods that penerated large amounts of information
from relatvely straightforward procedutes.

Some usets have complained of difficulties in
method validation with SPME, including pro-
blems with extraction reproducibility as a result
of instrumental issues, such as difficult automa-
tion, sample agitaton, temperature control and
fiber aging and reproducibility. But, recent
advances in instrumentation should propel
headspace-SPME  into  the mainstream of
routine GC analysis.

Several options for automating and rapidly
optimizing SPME extractions are now available.
A recent rescarch example is the development
by Pham-Tuan, Vercammen and Sandra of new
robotic arm for use with SPME that allows for
easy transportation of the sampler, simplifying
analysis from many sizes and types of sample
containers and at remote locations [40]. Com-
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mercially, there are several SPME auto-injectors
available,

An SPME variant, stit-bar sorptive extraction
(SBSE) was demonstrated recently [41]. In one
application, Bicci et al. used headspace-SBSE to
analyze the flavor components of various cof-
fees [42]. This new technigue employs a phase-
coated stit bar that is placed in the headspace of
the sample, then transferred by thermal desorp-
tion to a GC inlet. SPME and SBSE provide
examples of an interesting trend in the increased
use of both selective and non-selective sotbent
traps as concentrators in both static and
dynamic headspace sampling.

6. Further new techniques and
developments

While static, dynamic and SPME headspace-
GC techniques have reached levels of maturity

VL

15.0 200

Fig. 6. Headspace-SPME-GC-FID chromatogram showing separation of hydrocarbons and their deuterated analogs.
1=d;-cyclohexnne, 2=cyclohexane, 3=dg-toluene, 4=toluene. Reprinted with permission from [34],
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that make them suitable for use routine analysis
by specialists and non-specialists alike, there are
several newer techniques that are recciving
attention in the literature and that have tre-
mendous potcntial. These include membrane
extraction techniques and headspace solvent
micro-extraction {43]. Further, there have been
numerous recent developments in the classical
techniques that show that, while they are
mature, research and development of new
techniques and instrumentation is and should
remain active in the near future,

Headspace-membrane extraction techniques
have been used by several authors for environ-
mental and process-stream monitoring, which
seems to be their major applicadon. Generally,
these techniques have been applied with cus-
tom-built instrumentation for specific analyses.
Membrane extraction has been employed for
headspace since 1977, but, with a total of only
62 publications, research progress has been
relatively slow in comparison with that of
SPME. Given the successes shown in the
examples presented here, increased atrention to
these techniques, which are readily automated
and interfaced for ficld analyses, is warranted.

Minicola et al. used membrane extraction to
analyz¢  semi-volatile components, such as
n-decanol, naphthenes and paraffins from aqu-
eous process strcams [44], and Ciucanu and
Pawliszyn have developed a  field-portable
device for continucus monitoring of air, based
on membrane extraction with a  sotbent
interface (MESI) [45].

There continues to be strong activity in the
development of new instruments and measure-
ment techniques around classical headspace-
GC. Recently, Hoke, Laconto and McGrath
used an indirect static headspace-GC method to
analyze small amounts of water adsorbed on
metal surfaces {46}, and Markelov and Ber-
shevits developed vapor-phase sweeping, which
allowed the complete removal of the vapor
phase from an equilibrated headspace vial, and
showed excellent results for several ultra-trace
analysis applications [47]. Reacton headspace
was used by Chai, Luo and Zhu to determine
carbonate in several matrices [48]. Ojala et al.
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used a new dynamic headspace sampling tech-
nique, purge and membrane extraction in com-
binagon with GC and M3 for the analysis of
volptile otganic contaminants from soil {49].
Overton, et al. described a field-pottable GC,
which was optimized for rapld analysis and
included a sorbent-based sampling system that
is sultable for headspace samples [50]. Giardina
and Olesik [51} examined the use of low-tem-
perature, glassy, catbon films with SPME and
found that they were especially selective for
moleculcs with high polarizability and large
crass-sectional surface area. These examples
show that the development of inctemental
improvements to the family of headspace-GC
techniques is and is expected to remain strong
in jthe future. Further, the commercial instru-
meént vendors are continually updating their
product lines, as the market for headspace-GC
instrumentation remains very active.
|

7. Trends and conclusions

There are several interesting obsesvations that
cait be made by examining the trends presented
hete, First, headsp.u:c-GC remains of wide
rcimrch interest in many fields. In environ-

ntal analysis, there have been a number of

papets addressing issucs, such as field port-
ability and multi-dimensional techniques, in
which headspace sampling is used, but is not the
primary focus of the work, while the number of
papers employing the classical headspace tech-
mques appears to be decreasing. However, the
volume of environmental research using the
newer techniques is increasing tapidly, indicating
a tontinued strong interest in this area.

The relatively small number of papers directly
related to pharmaceutical analysis is also intet-
esting, given the strongly regulated environment.

In both these areas of application, this could
be because widely published, applied and vali-
dited compendial analytical methods alteady
eist.

The large number of clinical, biological and
natural products applications is pleasantly
‘;urpnsmg
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A number of journals outslde of ethe tradl-
tonal realm of scparaton scientsts have been
referenced here for a variety of applications.
They shows that headspace sampling has
matured and is now heing used as an effective
research tool by non-specialists in scparations
and that separation scientists should look as
widely as possible in their own literature
searching,

The large number of food and flavor applica-
tions is not as surprising, as headspace sampling
has been a staple analytical technique in these
industries for many years. It is interesting to
note that artificial noses and olfactometry are
discussed in scveral of the papets, indicating a
strong interest in miniaturized instrumentation.

There is a strong interest in the use of
headspace-GC for both custom and routine
applications.

Theoretical research and new developments in
ingtrumentation have been active since the
inception of headspace as an analytical tech-
nique and this has not changed.

Trends in instrumentation indicate focus on
improved automation and tuggedness, field
portability and novel selectivity for specific
applicadons.

Many researchers are still using headspace-GC
for fundamental chemical and physical property
measurements.

In 2002, headspace sampling remains one of
the premicr sampling technologies for use with
GC. It is perhaps the most versatile of all sam-
pling techniques available for capillary GC, with
active research being conducted by numerous
researchers across many areas of science,
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Absiraet

A simple and solvent-free methodology is proposed for the simultaneous determination of methanol and acetic aeld content of any type of plant
ceil wall polysacoharides. The methanol and eeetic acld, relensed by spponification, arc extracled from the headspace of the aqueous solution by
solid phase microexiraction (HS-SFME) using a DVB/Carboxen/PDMS fibre. The analytes are separated by gas chromatography and detected
using a flame ionization detecter (GC-F1D). The quantification of methanol and acetic acid is done using external calibration curves, A linear
relationship between the concentration of methanol (40-100 mg L") and acetic acid (235105 mg L™") and their GC peak area was observed
(r*=0.987 and 0.988, respectively) with a reproducibility of 10%. HS-SPME-GC-FID revealed to be a clean, simple, fast and reliable
methodology for the determination of the methanol and acetic acid content of cell wall polysaccharide extracts,

© 2005 Elsevier Lid. All rights reserved.
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. 1. Introduction

Acctylation of plant cell wall polysaccharides decreases the
interpolymer binding, leading to weak and unstable cell walls
(Aspinall, 1980; Kunzck, Kabbert, & Gloyna, 1999; Pilnik &
Rombouts, 1985; Van Buren, 1979; Wakabayashi, 2000). In
pectic polysaccharides, the number and distribution of methyl
and acetyl groups of galacturonic acid residues influcnce
widely their ion-exchange propertics, water-binding capacity,
cross-linking through calcium ions and hydrogen bonding.
Consequently, these substitutions are key parameters for
understanding and predicting the role of these polysaccharides
within the cell walls, namely, their contribution to the texture
of fruits during ripening, storage and processing (Vorugen,
Pilnik, Thibault, Axclos, & Renard, 1995),

Several methods have been developed to quantify the
methyl groups in pectic polysaccharides. The Food Chemical

* Corresponding author. Tel.: + 351 234 370706; fax: +351 234 370084,
E-mail address: mac@dqua.pt (M.A. Coimbre).

0144-8617/$ - see front matter € 2005 Elsovier Ltd, All rights reserved.
doi: 10.10164.carbpol.2005.11.039

Codex (1981} proposes o titrimetric method for determination
of the degree of methylosterification (DM) of pectins. This
procedure involves titration with sodium hydroxide of a
polysaccharide suspension before and after alkali hydrolysis.
Because acetyl groups are usually present, the DM value can be
only obtained after correction for the acctyl groups by a
separated specific determination. Another possible disadvan-
tage of this method is the need of relatively large quantities of
sample (co. 30 mg). The amount of methanel can alse be
quantified by colorimelry (Waod & Siddiqui, 1971), alcohol
oxidnse cnzymatic assay (Klavons & Bennett, 1986) and
capillary zone clectrophoresis (Jiang. Liu, Wu, Chang, &
Chang, 2005). Direct determination of DM using 'H NMR
(Grasdalen, Bakgy, & Larsen, 1988, Renard & Jarvis, 1999)
and FT-IR (Barros et al, 2002; Chatjigakis et al., 1998;
Gananasambandam & Proctor, 2000; Monsoor, Kalapathy, &
Proctor, 2001) is also a possibility. However, for the
simultancous determination of methano! and acetic acid, gas
chromatography (Huisman, Qosterveld. & Schols, 2004:
McFeeters & Armstrong, 1984; Waldron & Selvendran,
1990} and HPLC ({Levigne, Thomas, Ralet, Quemencr, &
Thibault, 2002; Voragen, Schols, & Pilnik, 1986) are the mast
frequently used methodologies.
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Solid-phase microextraction (SPME) is a sample prep-
aration technique that is simple to use, relatively fast and docs
not require solvent cxtraction (Arthur & Pawliszyn, 1990;
Zhang & Pawliszyn, 1993). It has been successfully applied to
a wide variety of compounds, in particular for the extraction of
volatile and scmi-volatile compounds from environmentai,
biological and food samples, since SPME s available with
various sorbent materials and varipus coating thickness
(Katooka, Lord, & Pawliszyn, 2000; Mester, Sturgeon, &
Pawliszyn, 2001). The vse of solid phase microextraction
(SPME) coupled with pas chromatography-mass spectrometry
(GC-M3) wans also proposed for the simultancous determi-
nation of the degrees of methylation and acetylation in 1 mg of
fruit and vegetable pectic polysaccharides, using a Carboxen/
PDMS SPME fibre (Savary & Nufiez, 2003). In this study,
deuterated isotopomers were used as internal standards and for
construction of calibration curves were used concentrations
between 0.1 and 8.0 mmol mL ™! (3-260 mg L"') for metha-
nol and 0.05 and 2.0 mmol mL ™" (3-120 mg L™} for acetic
acid.

In order to propose & simple methodology and to avoid the
use of a mass detector und deuterated species, in this work it is
proposed a new methodology for the simultaneous guantifi-
cation of methanol and acetic acid reicased from polysacchar-
ides after saponification. The headspace of the samples were
analysed by SPME using a GC equipped with a flame
ionisation detectar (FID). Different coating fibres (a DVB/Car-
boxen/PDMS and PDMS) and times of extraction (15, 30 and
45 min) were tested. For comparative purposes and validation
of the SPME methodology, methanol and acctic acid contents
in polysaccharide samples were also determined by direct
injection of the aqueous solution in the GC-FID.

2, Materials and methods
2.1. Marerials

Standards used were of analylical grade. Methanol
(99.0%) and acetic acid (99.5%) werc purchased from
Fluka and Riedel, respectively. Calibration curves were
made from readily prepared methanol (0.8 gl~") and
acetic acid (1 gL"l) stock solutions. A SPME holder
from Supelco, Inc. (Bellefonte, PA, USA) was used to
perform headspace-SPME  manually, SPME fibres
(Supelco, Inc., Belfont, PA, USA) coated with 50/30 um
divinylbenzene/Carboxen on  polydimethylgiloxane
(DVB/Carboxen/PDMS) and 100 um polydimethylsilox-
ane (PDMS) were conditioned prior to use at 250 °C for 4
and 0.5 h, respectively, according to the manufacturer's
recommendations.

2.2, Sample origin and preparation

Polysaccharides were obtained from the pulp washing water
and fram the alcohol insoluble residue (AIR) of plums {Prunus
domestica, var, ‘Rainha Claudia’). Pectic polysaccharide-rich
samples were also obtained by extraction of the AIR with water

and 0.5 M imidazole/HCI pH 7.0, as described by Mafra et al.
(200}). Each sample, 2 mg for water and imidazole extracts
and 5 mg for AIR, was dispcrsed in water (2.4 mL) in vials
with 10 mL capacity and sonicated for 10 min in a water bath at
room temperature, The saponification of the polysaccharides
occurred by the addition of 0.8 mL of 2M NaQH, with &
reaction time of 1h at 25°C, as described by Waldron and
Selvendran (1990). The reaction was finished by the addition of
0.8 mL of 2 M HCI, and the pH was adjusted 10 2.0,

2.3. Petermination of methanol and acetic acld by
HS-SPME-GC-FID

The vials (10 mL) containing 4.0 mL of sample suspension
(sample dispersed in 2.4 mL of water, 0.8 mL of 2 M NaOH
and 0.8mL of 2M HCD) or standard solutions were
thermostatized at 40°C in a water bath, with continuous
stirring. After 15 min, the SPME fibre was manually inserte
through the Teflon septum into the headspace of the vial. Since
headspace volume can be a critical factor datermining the
preclsion of the results in three-phase systems, vials from the
same producer and lot were used,

For HS-SPML optimization, for both IDVB/Carbox-
en/PDMS and PDMS fibee coatings, three times of extraction
werd used, 15, 30 and 45 min. The analysis of the samples was
performed using the DVB/Carboxen/PDMS fibre coating
exposed at 40 °C during 30 min.

The SPME coating fibre containing the headspace volatile
compounds was introduced into the GC injection port at 250 °C
and 'kept for 10 min for the desorption. A Hewlett-Packard
5890 serics 11 gas chromatograph (Hewlett-Packard, Wilming-
ton, USA}, equipped with a split/splitless injector and a flame
jonisation detector (FID) was used. The injection port was
lined with 2 0.75 mm i d. splitless glass liner, Splitless injection
mode was used (3 min). The desorbed compounds were
separated in a 30m length DB-Wax column (J&W) wilh
0.53 mm i.d. and 1.0 um filin thickness and hydrogen as carrier
gas was used at 6 mL/min linear velocity. A oven temperature
programme was done between 50 and 220 °C with three rates,
5°Cmin~" until 65°C, 20°Cmin™" until 185°C, and
35°C min™' until 220°C, and held 1 min at 220°C. The
detector temperature was at 250 °C,

External calibration curves were constructed exposing the
fibre 10 a standard mixture of methanel and acetic acid. for
concentrations between 40 and 100 mg L™ for methanol and
between 25 and 105 mg L™ for acetic acid. These concen-
tfat_ion ranges were chosen according to the minimum and
maximum content of methanol and acetic acid expected to find
in plant polysaccharides. Calibration curves of methanol were
also constructed in the presence of two concentrations of acetic
acid, 80 and 105 mg L™ !, and calibration curves of acetic acid
werc constructed in the presence of 60 and 100 mg L™" of
methanol.

All measurements were madce with at least three replicates
and the reproducibility was expressed as relative standard
deviation (RDS, %). Blanks werc run in between each set of
experiments.




¥4

1] G, Nunas et gl. 7 Earpohydrate Polyiners 64 (J005) 306-31)

2.4, Determination of methanol and acatic actd by direct
injection of the aqueous solution in the GC-FID

For comparative purposes and validation of the SPMDE
mathodology, methanol and ucetic ncid were also determined
by direct injection of the aqueous solution in the GC-FID. An
internal standard, 0.2 mL of 1-propanol, was also added to the
vial after saponification and before the total volume of 4.0 mL
nas been completed with distilled water. The sample
suspension was filtered through a glass fibre filter (Whatman
GP/C) and u nylon membrane Qlter NL16 0.2 um (S&S,
Germany), The flitrate was injected (0.5 pL) in a GC HP 5890
sories 11 with a FID detector under the conditions deseribed in
2.3, Calibration curves wera constructed for final concentration
from 20 to 500 mgL™' for both analytes. Estimated
concontrations were made by peak area comparisons with the
arca of the known concentration of L-propanol. The samples
were prepared in duplicate and cach run in duplicate (n=4).

2.5. Carbohydrate analysiy

Neutral sugars were obtained by sulfuric agid hydrolysis
{Sclvendran, Maorch, & Ring, 1979) and analyzed after
convearsion to their alditol acotates by GC, using 2-deox-
yglucoee as internal standard (Coimbra, Delgadillo, Waidron,
& Selvendran, 1996). A Carlo Brba 6000 GC apparatus with
split injector and a FID detector was used, with a 30 m column
DB-225 (J&W) with i.d. and film thickness of 0.25 mm and
0.15 pm, respectively. The oven temperature program usecd
was: initlal temperature 200 °C, & rise in temperature at 1 rate
of 40°C min~" until 220°C and then 220°C for 14 min,
followed by a rate of 20 °C min™" unti! 230 °C and maintain
this temperature for | min, The injector and detectlor
temperatures were, respectively, 220 and 230 °C. The flow
rate of the carrier gas (M) was sct at 1 mL min™".

Urenic acids (UrAc) were quantified by the 3-phenylphenol
colorimetric method, as deseribed by Coimbra et ). (1996).

3. Resuolts ond discussion
3.1. Optimization of HS-SPME-GC-FID methodology

In this study, two types of SPME fibre contings werg
compared for their ability o extract methano! and acctic acid
from the headspace.

PDMS fibre is a liquid coating recommended by the
manufacturer for absorption of low molecular weight and
nen-polar volatile compounds (M, 60-275 Da). However, as
PDMS 100 jum is the thickost cont available for SPME, its thick
polymer coat also allowed it to be successfully upplied in the
microextraction of polar volatile compounds (Katuoka ¢l al,,
2000; Mester ot al., 2001). DVE/Carboxen/PDMS is a mixed
cosating fibre used for a wide range of snalytes (volatile,
semivolatile and polar compounds—Ci_sg, My, 40-275 Da). It
is reported as most sensitive for ametl compounds and erganic
acids due to its increase retention capacity resultant from the
mutually potentinting cffect of adsorption and absorption to
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Fig, 1. H5-SPME-GC-FID chiromutogram for separation of mothanot (2.5 min)
and acatic geid (7.4 min),

the stationary phase. The small pores (10 A on average) of
Carboxen moke this coating flbre particuiarly effective for
extracting small molecutes (Kataokas ot al., 2000).

In the case of the HS-SPME in n three phase system, the
amount of an analyle sorbed on the fbre, and the resulting
sensitivity, are determined both by sorption kinetics and by the
distribution coefficient of the compound batween the conting
fibre, the hcadspace and the sample. SPME is, however,
sensitive to experimenta! conditions. Any change in

7000
2 PLME-18 min
6000 T GPOMSAGmin 00000 meeessesesaes
WPOMS4E min
W B0+ 0 eesasasssaoa
g [ DVB/Carboxen@DMS-15 min
4000 T D DVB/CarboxenPDMS-30 min  ~----------= 5
g M DVD/CarboxaryPOMS48 min '
Q
1G] .

Acslic Acid -
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Fig. 3. Calibration curves for wothanol with: no acotic acid (¢}, 80 mg L=

asetic oeld (121) snd 108 my L™ ncetic acld (A ), and for acetic noid with: no
methanol (¢, 60 mg L™ mothanal () und 100 mg L™* methano! {A),
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Table 1
Siopg, imercept and r-squared viloos for calibrution carvops of mathanol gnd
acetic acid by H3-$I'ME-GC-FID

Calibration curves Slope Intercept r-squarcd
Methano!

0 pg mL ™} acetic acid 7594160  ~14494 108  0.996
80 pg mL™" acetic acid 765433 —1464+228° 0981
105 ug mb. ™" acetic acld 823425 —1964+175° 0991
Total data {or methana! 8.2t Leb - 16264+ 107" 0.987
Acetic acid

0 pg mL ™! methanol N49+36* —1993:4265" 0991
6l pg mL ™" methanc] 11934 3.3¢ — 2161249 0902
100 pg mL™ ! methanel 167446  ~22414342° 0985
Total data far acetle acid 117.0+23% —21344 167"

0.988

" Srandard devintion (n=18),
b Stundnrd deviation (n=54),

cxperimental parameters, which affects the distribution
cocfficient and the sorption rate, will influence the amount
sorbed and the corresponding reproducibility and sensitivity of
the method (Yang & Peppard, 1994). Then, the time reguired
for the cxtraction of the analytes from headspace was also
cvaluated for both coatings,

Independently of the type of fibre coaling, time of
cxiraction and concentration of analytes, high chromato-
graphic resolution for methano! and acetic acid was
observed in the 11 min temperaturc program. Methanol
cluted near 2.5 min (65 °C) while acetic acid eluted near
7.8 min (165°C), as is shown in Fig. 1. Fig. 2 shows the
GC peak areas for methanol and acetic acid using both
types of SPME coatings with different time of extraction.

Tuble 2

Wy

For acetm acid the greas wers throe times highor using the
DVB/Larboxenﬁ’DMb fibre than the PDMS, while for
methanol the arcas obtained with the two coatings were
SImxlar The reproducibility obtained for both analytes,
show;n by the error bars in Fig, 2, is better for times of
extraction higher than 30 min when DVB/Carboxen/PDMS
fibre was used, revealing that DVB/Carboxen/PDMS fibre is
a betier coating for methanol and acetic acid extraction than
PDMS.

Using DVB/Carboxen/PDMS fibre, the areas for both
analytes increased nlmost twice with an inorease from 15 o
30 min of the extraction time, while no significant changes
were observed with ingreasing the time of extraction to 45 min,
These results allow to infer that the equilibrium of the amount
of compounds in the sample and In the fibre coating was
reached, at least, in 30 min, Therefore, 30 min of extraction ot
40 °C with DVB/Carboxen/PDMS fibre couting was chosen as
the optimal experlmental conditions for the analysis of
mcth;anol and acetic acid by HS-SPME,

32 Cahbmnon curves of methano! and acetic acid by
HS-.S‘PME GC-FID

External calibration curves fer quantification of methanot
and acetic acid were parformed adding the standards in the
conckntration range between 40 and 100 mg L™ for methano!
and between 25 and 105mgL™' for acetic acid. The
concentrations used were those expected to occur in the
pOlySaCCthldB samples, The solution matrix was chosen to
have' the same composition of those containing the saponified

Sugars compoasition of polysaccharides samples from plums and methanol and acetlc geid released fram the ( tng g~ of polysaccharide sampte), determined by

HS-8FME-GC-FID and by direct injection of the aqueous solution in the QC-FID

Polysacchar-  Sugars compaosition (mol%) Total HS-SPME-GC-FID* Direet injection-(GC-
ide sample Sugars FID®
_ . (mgg™h _
Rha Fuc Am Xyl  Mmm  Gal  Gle UrAe Methmnel - Accticacid  Methana!  Acetio apid
(wgg™")  (mgg™")  (mgg”™) (mgg~)

Pulp water washing

rw 2 0 13 2 5 7 27 45 652 40.0 (3) - 75 -
AlIR

AlR1 1 1 16 3 2 10 25 42 687 20.5 (6) 11.0¢i1) 222(8 13.8 (10}

AIR2 2 t 14 4 3 12 31 2 618 1.8 €2} 13.1 (10) 224 (8) 15.4 (10)

AlR3 2 4] 10 4 3 12 42 28 605 18.6(7) 13.8 (17 173 (D 1520

AlR4 2 ] 14 5 2 17 20 al 818 27.5(N 7.3(8) 2801 9.3 (1)
AIR water extract

W ] t 13 4 3 7 kx] 38 562 14.6 (6} 12.4 (5) 13.9 (6) 151010

w2 I 0 5 2 5 3 67 K] 635 e2(11) 10.0 (9) 8.5 (3) 10.3 (11}

W3 i 0 4 1 3 3 T2 15 676 16.7 (8} 0.5 15.6 (4) 34.0(8)

W4 2 | 10 2 1 ] 6 69 997 92.0 (8) 10.7 (3 87.9 (1) 19.5(11)
AlR imldazale extract ['

Imi 1 0 9 2 1 H 2 17 940 982 () - 94.5 (6) -

Im2 2 { 12 2 2 12 3 66 770 60.5 (5) - 62.5(M -

Im3 | 1 20 1 1 9 2 L 952 60.7(1) - 62.9 (8) -

Imé4 2 1 25 1 | 14 2 84 Ba7 562 (7 26.2 (8) 5.1 (D) 24.2 (10)

* Numbers in parentheses comrespond to the coefficient of variation (%) (n=3),

® Numbers in parentheses correspond to the coefficient of variation (%) (n=a4),
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Fig. 4. Comparizon of (a} methanol and (b) acctic acid contents (w/w) of
polysaccharides, oained by HS-SPME-GC-FID und by direct injection in GC-
FID.

polysaccharide samples, that is, 0.8 mL of NaOH 2 M and
(.8 mL of HCI, pH 2, in a total volume of 4.0 mL.

SPME usually gives o lingar response between the
concentration of the analyte in solution and the amount of
analyte extracted (Kataoka ct al., 2000; Mester et al., 2001).
However, for porous polymer fibres, like DVB/Carboxen/
PDMS, the competitive adsorption process due to the timited
surface arep available for adsorplion may result in the
displacement of analytes with lower affinities, affecting
thercfore the estimation of their concentration (Gérecki, Yu,
& Pawliszyn, 1999; Mester ct al., 2001; Pawliszyn, 2000), In
order to evaluate the cffect of a possible interference of the
variation of the concentration of methanol on the amount
estimated of acetic acid and the effect of variation of the
concentration of acetic acid on the amount estimated of
methanol, ealibration curves of each analyte were also
constructed in the presence of two different concentrations of
the other. 80 and 105 mgL™' of acetic acid and 60 and
100 mg L.™" of methanol (Fig. 3). The values of slope,
intercept and r-squared for the six calibration curves are
presented in Table 1. No statistical differences (p <0.08) were
observed among the three eurves obtained for each compound
in the presenee of the other. These results allowed to conclude
that during the extraction procedure with SPME, within this

concentration ronge, no significunt competltive interferences
acour between thase compounds.

The calibration curves used to quantify the methanol and
acetic acid centent from polysaccharide exiracls were
obinined using all the values, nine determinations for cach
concentration (values showed in “Total’ line in Table §).
A lincar relationship between the concentration of miethanol
and acetlc acid and their GC peak area wae obscrved, with o
r-squared values of (1.988 for methanol and 0,987 for acetic
acid (Tuble 1), Based on the standard deviations obtained,
the reproducibility of this methodology, cxpressed as o
pereentage of the mean of the standard area for gach
coneentration, was estimated to be bellow 10% for both
analytes. Quantification limits, deiermined by the concen-
tration of each standard required 1o give a poak height ten
times higher than the noise, was estimated to be 32mgL ™"
for methanol and 26 mg L™ " for acetic acid,

3.3, Determination of methanol and acetic acid
contents of polysaccharides

Methano! and acetic acid contents werc determined for a set
of plum polysaccharides, obtained frem the pulp washing
waler, from the aleoho] insoluble residug (AIR), and from
extraction of the AIR with water and 0.5 M imidazote/HCl pli
7.0. These samples differ in tholr sugar compositien (Tablc 2),
namely urenic acids (15-77 mol%) and total emount of sugars
(562-997 mg g~ ). Methano! and acctic acid content after
saponification of samples were deterinined by HS-SPME-GC-
FID and by direct injection of the aqueous solution in the GC-
FID, to compare the results, since this methodology has been
used for quantification of methanol and acetic acid content of
polysaccharides. Statistical significant differences between the
two methods for the values of mcthanol and acetic acid
obtained for all polysaccharides analysed were evaluated using
t-student test at the p<0.05 level, No significant differences
were observed. The two methodologics can also be compared
by the linear relationship for the estimation of both methanol
and acetic acid contents (Fig. 4). For methanol, the caleulated
linear regression had & slope of 1,05£0.05 and a intercept of
—2.314:3.21, while for acelic acid the slope was 0.98 30,04
and the intercept was ~0.54 3:0.55. These results show that
the calculated slope and intcrcept for both regression trend
lines do not differ significantly from 1 and 0, respectively, and
thus there is no evidence for differences between the results
obtnined by both methods, The reproducibility of the proposed
HS-SPME-GC-FID methodology, when applied to the
samples, was also shown to be near 109, a value simllar to
that found for the standards,

4. Concluding remarks

A simple, rapid and solvent-frec methodology for simul-
tancous determination of methanol and acetic acid released by
saponification from plant cell wall polysaccharides is
proposed. This methodology comprises the study of the sample
headspace by SPME using a DVB/Carboxen/PDMS coating
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fibre followed by a GC-FID analysis. For quantitative purposes
exiernal calibration curves were used. The results demonstrate
a methodology that could be used for analysis of plant cell wall
polysaccharides independently of their origin and type,
namely, the water insoluble and cellulose-rich AlRs, the
highly methylesterified and acetylated pectic polysaccharides
of the imidazole extracts or the unpurified water soluble glucan
and pectic polysaccharides.

This is a mych casicr and less time consuming methodology
for sample preparation than titration, enzymalic or chemical
mcthods and allows the simultaneous determination of
methano! and acetic acid. It is cleaner than the chromato-
graphic methods that require direct injection of acidic agueous
sample solutions. This methodology does not require the use of
isotope internal calibration and mass spectrometry, not always
available as a laboratory facility, HS-SPME-CG-F112 method-
ology provides a simple, solvent-free, and reproducible
procedure, compared to the already established methodologies
used for methanol and acetic acid estimation.
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