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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

determinacion de metanol en glicerina donde n

mas costosos. «

\

Para resolver este problema técnico la solicitud €
de analisis para la determinacién del contenido ¢
en glicerol, proveniente del proceso de fabri
cromatografia de gases con head space.

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

3. De la Solicitud de Patente

Reivindicaciones (Art BO D 486, Art 22 PCT)

0 represente ensayos y equipos

n estudio proporciona un método
2N porcentaje masico de metanol
cacion de biodiesel, aplicando

n la Clasificacion Internacional de

Las reivindicaciones no se encuentran debidamente sustentadas en la descripcion

e ilustradas, ©puesto que no se menciona

n ensayos especificos de la

determinacion de alguna o algunas muestras, donde la preparaciéon de la muestra

posiblemente varié o qbizés sea necesario un tra
cambiar la columna o tal vez el solvente', pu
muestra es una etapa' decisiva en todo métoda
determinacion de microcomponentes (trazas) y e
rodea el analito es muy compleja. La selecci
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tamiento previo o sea necesario
esto que “la preparacion de la
) de analisis en especial en la
n los casos donde la matriz que
on 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 el analito en la muestra, compatibilidad de los medios de
solubilizaciébn y extraccién con el sistema cromatografico, tipo de detector,
compatibilidad con el detector’’. El solicitante debe definir especificamente la
materia y el alcance de la invenciéon a través de las caracteristicas técnicas
esenciales que se encuentren enteramente soportadas en la descripcion.

Las caracteristicas técnicas esenciales del método definido en el capitulo
reivindicatorio pertenecen a una determinacién de un analito (metanol) en una
muestra antes no analizada (glicerina) en donde 1o que se hace comunmente es
una revalzidacic')n 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 determiné 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:

: . Fecha de
Item Documento Titulo Publicacién®
PerkinElmer, Biodiesel Glycerin and Methanol
D1 ecoanalytix Analizer 2008
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 Biodiesel using Gas 2008
0773, Coen Duvekot, Chromatography with Headspace
Varian, Inc. Sampling According to EN-14110
MBaig?e(s:c,n?rtcéL Determination of methanol by
D4 headspace solid phase 26 Noviembre 2007
Technology, vol 99, microextraction
pages 5901 - 5905

D1 divulga (folios 48 — 51) que el PerkinElmer ® EcoAnalytix ™ Biodiesel Glicerina y el Analizador
de metanol proporciona una solucién Gnica para poner a prueba el biodiese! 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 Cromatografo de
gases Clarus estad configurado con un muestreador automatico, un inyector programable en
columna y dos detectores de ionizacién de llama.

D2 divulga (folios 52 - 55) un método de determinacion del contenido de metano! en biodiesel puro
adoptando los métodos estandar que caracterizan un biodiesel, el método empleado utiliza un
Thermo Scientific TRACE GC Uitra equipado con un Split/splitless (SSL) de entrada y un detector
de ionizacién 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, 3.0um. 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 solucién 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 130°C, 10°C/min, mantener por 0,5min, la temperatura del detector
250°C vy del inyector 160°C, todo para determinar un ontenido de metanol de 0.01% m/m a
0.5%m/m.,

D3 divulga (folios 56 y 57) un método de determinaciéon del contenido de metano! en biodiesel
usando cromatografia de gases con espacio de cabeza de acuerdo a {a norma EN14-110, donde
se empleo un equipo Varian 430-GC:-inyector:Split/splitiess 1177, -detector:FID, muestreador de
. espacio de cabeza-QUMA, QHSS-40 modo muestra loop; como columna una Varian Select TM
Biodiesel para metanol, 30mx0.32mmx3.0um, CP-9083. Se emplearon como soluciones de
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calibracién: -sol}ucién A: 0.5% (m/m) metanol en FAME, -solucién 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 ml y se tapd inmediatamente. Las condiciones del
cromatografo de gases:-inyector: 250°C, velacidad Split: §0:1, 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.

D4 divulga (foliés 58 — 61) un estudio eh la determinaciéon de metanol en biodiesel por
microextraccion en fase solida headspace, doide 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,SO4
anhidro. En la calibracidn se emplean 6 solutiones de con sus respectivas replicas, donde las
concentraciones fueron 0.0057, 0.011, 0.023, 0034, 0.045, 0.057, 0.11, 0.23, 0.57, 1.14, 1.70, 2.27
% m/m (metanol/biodiesel), se emplea un 1L de muestra y el programa en el horno fue:
temperatura inicial de 40°C por 4min, incremenita 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 te\mperatura del inyector 200°C vy la temperatura del
detector 300°C, se emplea una columna HP-5 iS%-fenil)-metilpolisiloxano, una relacion Split 20:1;
finaimente se logra detectar un 0.25% de metanol.

5. Examen de Patentabilidad (Art 14 D486)

'

Nivel Inventivo (Art18 D486)

La reivindicacion: 1 consiste en un “métado que se caracteriza por, cuantificar el
contenido de metanol en glicerina utilizando la técnica Head Space, acoplada a un
cromatografo de gases”

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

Caracter:isticas D1 D2 D3
esenciales
método | Método | Método Método
Cuantificar metanol.en - - Cuantificar
glicerina } Cuantificar metanol Cuantificar metanol metanol
. técnica Head Space, | técnica Head Space, técnica Head
técr;lggpll-lazzdasl?:ce, acoplada a un acoplada a un Space, acoplada a
cromatografo de gases cromatografo de cromatografo de un cromatografo
. gases gases de gases

Los documentos del estado de la técnica cercanos a la invencién corresponden a
D1, D2y D3 porque:,

D1 divulga que en' la produccion de biodiésel, acidos grasos libres (lipidos)
convierten cataliticamente en ésteres metilicos de acidos grasos (FAME) con
alcohol, tipicamente metanol. Después de |este catalizador de la reaccion, la
glicerina, el agua residual y debe ser eliminado para crear un combustible
adecuado para su uso en encendido por Aompresién (diesel). Un numero de
problemas de calidad puede surgir si la |reaccién es incompleta o si los
subproductos no se eliminan eficazmente. \El PerkinEimer ® EcoAnalytix ™
Biodiesel Glicerina y el Analizador de metanol proporciona una solucidn Unica para
poner a prueba el biodiesel mediante el métdbdo 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 .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 Cromatdégrafo de gases Clarus esta
configurado con un muestreador automatico, un inyector programable en columna
y dos detectores de ionizacion de llama. El horno auxiliar isotérmico instalado
dentro de la GC Clarus proporciona una segund‘ zona de temperatura controlada
para una segunda columna cromatografica. EI Muestreador Headspace
TurboMatrix permite el analisis desatendido de er’JItiples muestras (folios 48 - 51,
paginas 1y 2).

D2 divulga que el seguirhiento de metanol residual en B100 es una cuestion de
seguridad, ya que incluso pequefias cantidades de este material puede reducir el
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punto de inflamacién del biodiesel. Ademas, el metanol residual puede afectar a
las bombas de combustible, sellos y elastémeros y puede resultar en propiedades
de combustion pobre. La norma EN 14110 requiere 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 concentracion 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 &cidos grasos) que contienen otros componentes de bajo punto de ebullicion,
aunque el uso de la Thermo Scientific TRACE ™ TR-BIODIESEL (M) columna
permite una buena separacion de metanol a partir de la mayoria de estos volatiles,
produciendo resultados fiables (folios 52 - 55).

D3 divulga que el rendimiento del FAME (esteres 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 petrdleo, debe ser conforme a las especificaciones de
la norma (ASTM D 6751 o EN- 14214). Hay métodos de GC usados hoy en dia
para determinar si el biodiesel se ajusta a las especificaciones de la norma. Uno
de estos métodos, EN-14110, se utiliza para determinar el contenido de metanol.
EN-14110 es aplicable para un rango de concentracién de 0,01% (m/m) a 0,5%
(m/m) de metanol. En este trabajo se empleo sistema cromatégrafo de gases
Headspace (folios 56 y 57).

La diferencia entre la invencién, definida en la reivindicacion 1 y el método de D1
consiste en que se hace directamente en biodiesel, mientras que en la presente
solicitud se especifica que fa muestra es glicerina.

La diferencia entre la invencion, definida en la reivindicacion 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 glicerina.

La diferencia entre la invencion, definida en la reivindicaciéon 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.

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 determinacion de metanol,
en cuanto a confiabilidad, reproducibilidad y costos.

Por lo tanto, el problema técnico objetivo a resolver es plantear una alternativa al
metodo conocido segun D1 o D2 o D3 para mejorar la eficiencia en la
determinacién de metanol, en cuanto a confiabilidad, 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
determinacion tenga cierta robustez, precision y confiabilidad.

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 objeto de la reivindicacion 1 de Ia solicitud. Por
lo cual se considera obvia.

Las reivindicaciones 2 — 10 mencionan ciertos parametros y caracteristicas
cromatograficas del método de determinacion de metanol en glicerina (ver folio 19
y 20).
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Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

34

Caracteristicas '
esenciales

D2

D3

D4

Método 1

Meétodo

\ Método

Método

blanco de glicerina libre

de metanol, calentar la

muestraa 120°Cy
769mmHg

|

Obtencién de una solugion

Preparacion de la
muestra, la muestra
de referencia FAME

se preparar con
extraccién con agua
asegurando el
contenido bajo en
metanol (0.001%
m/m)

No se menciona una

reparacion previa de

la muestra

Lavado con agua
y secar con
Na2804 anhidro

Preparacion de 4
soluciones de calibracion
utilizando como solvente

el blanco de glicerina y
como soluto metanol de

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

Se emplean 3
soluciones de
calibracion, usando
e referencia FAME y

Se emplean 6
soluciones de
calibracién con

en porcentaje masico de
los patrones de la curva.
de calibracion son:
0,125%; 0,25%; 0,50% y'
1,00%

4 puntos de concentracion

|
|

La concentraciones
obtenidas de los
patrones fueron de
0.5,01y0.01%
m/m

gregando metanol sus replicas
alta pureza metano! puro puro
Las
l concentraciones

a concentraciones

obtenidas de los

atrones fueron de
0.5,0.1y0.01% m/m

de los puntos de
calibracion 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

la fase de vapor es un
1mL

I

Volumen de inyeccion de|

2 ml de cada
solucién se
transfirieron a viales
de espacio de
cabeza

\YmL 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

(0,5min
rmico), 20°C/min
ta 160°C (2min)

isot

Horno: 80°C
haé

Programa horno:
temperatura
inicial de 40°C
por 4min,
incrementa a
120°C a
10°C/miny se
incrementa a

200°Ca .
20°C/min, se
mantiene a
200°C por 1min

La temperatura del

1 Temperatura del

La Aemperatura del

La temperatura

i ° i ° del inyector
inyector 200°C y la o inyector 250°C y la o
temperatura del detector idet.ector 250 Coy del tye peratura d)!al 200°Cy la
250°C '~ inyector 160°C detector 275°C temperatura del
| detector 300°C
\ Vafian Select ™
Empleo de columna de Columna no polar de Bicdiesel para Columna HP-5
polietilenglicol de 30m, 0.32mm ID, 3.0 metanol, (5%-fenil)-
30m*0,32mm™*0,5um ‘ pm f.t. 30m=0.32mmx3.0m, metilpolisiloxano
& CP-9083
Relacion Split 50:1 " No se menciona Rela{:ién Split 50:1 Re‘ag'gq Split

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

+ Un contenido de
‘lmetanol de 0.01%
m/m a 0.5% m/m

Un ¢ontenido de
metanol de 0.01%
m/mja 0.5% m/m

Se logro detectar
un 0.25% de
metanol

Los documentos del estado de la técnica cercanosia 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 lque caracterizan un biodiesel,
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el método empleado se utiliza un Thermo Scientific TRACE GC Ultra equipado
con un slplit/splitless (SSL) de entrada y un detector de ionizacién 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, 3.0um. para la calibracién 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
extraccién 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 obtenidas de los patrones fueron de 0.5,
0.1y 0.01% m/m, luego 2 mi de cada solucién 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 130°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 determinacidn 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 espacio de cabeza -QUMA, QHSS-
40 modo muestra loop; como columna una Varian Select TM Biodiesel para
metanol, 30mx0.32mmx3.0um, CP-9083. Se emplearon como soluciones de
calibracion: -solucion A: 0.5% (m/m) metanol en FAME, -solucién B: 0.1% (m/m)
metanol en FAME, -solucién C: 0.01%(m/m) metanol en FAME, luego una alicuota
de 1 ml se pesaron con exactitud, y se transfirié6 a un vial de 20 mi y se tap6
inmediatamente. Las condiciones del cromatdgrafo 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 56 y 57).

El documento D4 ensefia un estudio en la determinacién de metanol en biodiesel
por microextraccion 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 extraccién 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 analisis se
menciona que, para a la muestra de biodiesel se le realiza un lavado con agua y
se seca toda la noche con Na,SO4 anhidro. 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 300°C, se emplea una columna HP-5
(5%-fenil)-metilpolisiloxano, una relacién Split 20:1; finalmente se logra detectar un
0.25% de metanol (folios 58 — 61, paginas 5901 — 5905).

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

La diferencia entre la invencion, 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 preparacion previa de la muestra.

Expediente 09 126 428 1er Art 45




|
!

|

36
La diferencia entre la invencion, definida en las reivindicaciones 2 — 10, y el
método de D4 consiste en las condiciones cro'matogréficas y el hecho de que se
emple6 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 definiJo en las reivindicaciones 2 — 10
introduzcan un efecto técnico inesperado, que llepresente para la persona de nivel
medio versada en la materia una mejor eﬁcnencna en la determinacién de metanol.

|

Ademas como se observoé ya es bien conocijo 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 prepara0|o de la muestra es ampliamente
conocida? e incluso ha SIdO modificada a la microextraccion en fase solida la cual
ha sido ampliamente utlllzada en concentraciohes de los ppm e incluso los ppt,
ademas se ha demostrado una versatilidad gratamente sorprendente y ha sido
empleado para una enorme variedad de probl mas analiticos y se menciona el
procedimiento de espacio de cabeza-SPME qu mcluge la extraccién, seguida de
la desorcion en la entrada clasica de un GC sp||t|ess e incluso este sistema se
emplea parta determlnar metanol en otras matrices, por ejemplo en la pared de un
tipo de planta®. ‘

Por lo tanto, el problema técnico objetivo a resllver es plantear una alternativa a
los métodos conocidos segin D2 o D3 o D4 para mejorar la eficiencia en la
determinacién de metanpl

En consecuencia, el experto en la materia, teniendo en cuenta las ensefianzas
mencionadas y los métodos de D2 o D3 o D4lpara determinar el contenido de
metanol para liegar asi al objeto de las reivindicaciones 8 — 10 de la solicitud. Por
lo cual se considera obvia.

!
Conclusion:
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 Patentébilidad de la presente Solicitud estan afectados asi:

P ‘ Reivifpdicaciones Requisito que

Item Documento afectadas afecta

D1 PerkinElmer, ecoanalytix | 1 Nive! Inventivo

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

D3 SI-0773, Coen Duvékot, Varian, Inc. lLI 10 Nive! Inventivo
Maria C, et Al, Bioresource Technology, % _ . .

D4 vol 99, pages 5901 - 5905 10 Nivel Inventivo

\ :

' Modern Practice of gas Chromatography (2004), Wiley |nterscience, Estados Unidos, cap 17

(folios 45 — 47) '\

2 Harrls D. (2003). Analisis quimico cuantitativo. Barcelona —|Espafia, pp 596 — 601 (folios 38 — 44).
3 Snow N., (2002). Head-Space analysis in modern gas |chromatography. Trends in analytical

chemistry, voI 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 polysaccharldés based on headspace solid phase
microextraction-gas chromatography (HS-SPME-GC-FID). Carbohydrate Polymers, 64, pp 306 —
311 (folios 72 - 77).

|

|

Expediente 09 126 428 1er Art45

I



37

En cumplimiento del articulo 45 de la Decisién 486 de la Comision de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesentar (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 lo 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 fijacidon en lista, de fecha
FERME LiitA

Elaborado por: Mayra Alejandra Quintero
Revisado por: Gloria Jacqueline Alfonso
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La preparacion de muestra o4 ef process de s formmacion de una muestra en gna form
adentiadn para ser anadizada Bate proceso poede mclur B extracemn de un analito de un
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exts Tibro incorporsda o fa bise de una JEREE Con un agups metabiea fija. La Bbea puede
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mantener &1 muestne porfotomente selladhe La figura 24 21 muesiras un cromatograma de
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rfuzz P it e o fase Hlda, ¥ detectados cot un detector de mitrogene. fosfors.
Bl coomatogram, puede panocer demastady sumple, pers ova ev debido 4 qw;c el detector
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tomemsdode purga y trampa sinve para sepanir aiadibos salatiles de Bgudon o solie
des e gt sabierianes o suclos L cotteestrathos ¢ wtroducrdos en ub Cosutorrafo de
was Y difutetad de o e oo vtoont, que soheaisla una porcion debanatito gee hay en
teomey s o abpotne de et neodo os andar el 300 e del analito de L mue g Ly s
oaroet totad o anabitos polares de mutsves polares pucde ser anuy difiid
Lo gure 2427 muestra un dpardte paras medir componentes solitdes det sroma de
Bt carbumicas de cols Pars el se hace rbugear He, como pas de purpa mediante
1t e s de scens mesaduble s traves de liocoly, cobocadis on o vl Je e stras. calen

Pama par ust tube S sdsotion Jue woniene [os vdfiis de commpuestos adsirbontes, de
ot adsorbente cads sez mas o Por ejemplo, b adsorbente moderidi podria ser wno no
peihr tembmetilpolisiionanc, ol adsorbente algo mus fuerie, o poltmere Tenan, » obadso-
beeme saas fuenie, @y irokecalares de carbono

Darante i process de purga s trampa de g figura 24 22, ¢l gan fluse por ef tubo
aderbeate desde ef extremo A W extremo B Despues de artastear todie f aediio de fa
it frsta el trbo de sdwoncwon, se imene ef senido del flugo, bacréndoto 1 de B s A,
S o posgd B ttpa o 250 C paneliminar toda ef agua y cualguier ot deolteate gue
pan daa temer Jon wheabenios Lo salidin A died tuba de adonowiy o CONECh endunives von ¢f
"Mralar de un coamnatogiade de gases, funcionands vin diosion, 3 L thatpa e calienta o
awie, 280 O Los analites Jesoebidon penetran o La wolunng del cromatograba. dnde e
STl T i ramipe e U sey s ha completado L deserenin de Ta rampa, s
cafivate W culummg coom atoerafivg patd o Iy separacion.

Lo nave espucial Casan que se lansd en 1997, flego g Satumo en 2008 Ly somds
Hisy v se separd de be noave Casaing, v descendin en piracaiday @ través de la atmsten
de bs bana de Saturne, Tinm Pua sonda tenia dos trampas de carbon adsorbente. Una
tramepa advabia fos hidrocarburos desde €2 fua CX, ¥ L otra adsorbia gases < permunen-
e womo He He, CHL NH y gases nobles, Lo gases se desorbieion Wrnmoamente v s
aralzaron en ba nave mediante romatogralia de gasesfespectrometrfa de masas

Puesta a punto de un método en cromatografia de gases

Dady Lo csmtndad de parametros que hay que Bgar en cronatogralig de vases, ORI un
peovedimiento 8g1c pars seloucmnar un procedinuent par resalver un problena con:
et B general exeten muchas wlieiones sapsbactonay B estet apartado se Lannentan
acima generifes marn selesdonar of méodo que se biene gl usar ™ Bl orden come e
debes tomur Ins dectaones eaonaiderar (11 b e se pretende en ol analises, 120 §a prepa-
et} de muestra, £ 31 el detectoe 1) 1y wdumng y (54 inyecenin,

Oujetivo del anaiisis

e e busea con et anahinin ' By 1y entifivavion cualitausa de Jos eompanemtes de una
meade! | S preciae ung swpanacion de erm resolucian entre todos o sranpnRenies, O
mplemente de una sy porcron del eremiatogramg ¢ 8¢ puede wenfivar ly resolociig
Pui panar en rapndke s, Se noccntd on analin dimtitaino de uno o de muchon RUSTEIR
Aestes ¥ Se pucesita i gran preision ! « S cnauentran fo~ analitos en cofuentrac ron silis
MO 08 DALl [eunica s e rales irecaieentinnitn v on deiector mus seasihlel
Purat analines dde wltratrasd- PO i i s de enten faetores conduce i we ‘

rios compromisos & Ja
o de selovemnar onm as

Froparatian de voes trg

Laclave del cxite pura unalizor por Lrmatogralis una muestrg Lomplers es wu purtficacion
anle de intraducrls s o colarana Fo gl apartado gterior se ‘
vty b parga § frampa smio di mctedon paty aislar componentes volatiles Je matrives
canptenr (hros my pedes 7 L Oy Mg cnn qumda. i extraecutcan Disdon SUPCTCHTDS,
brosttsmcaon en tes wilitay 1. de i i) Letmines de matertles wilidos, Ly mutyoria de los
eBale s v deenhen on ol Lt 28 Lot @ nticas alelan lin Attt de mterds de Tus sirse
bt B atterterentes v pleden vomentrar dtaliton st vabores detecusbles S5 no se puri-
hean bixomgestna.  fos cromtalgtatn . podrian oslar venstaydoy pop bosguey - de prows
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FUposs wiermente ey elegir un detictor pura ta wromatapraha. | Se nece sa imturmacion
sobne bl gue by en fa msestr, o 0¢ secets on detedor especificu para un elementn
wap rrupo de elementas en partscylur? ;

Bl detectin de aplcacion mat general pura cromatograiia con welumng fubuler
abiertaes un espectrometo de s Liowanascion de Har o probablemente ¢l detecthua
e popular pero responde sobre Jodo ¢ hidrocarburos, ¥ Ll comn muestey b bl 24 S
e e Lan senstble como el deteciog die captor lectromca., ef de ndrogenc-tosfom, o bk
quumlumioneencia B detector e wmzaesm de Hams exipe que la muesira onteny
~ 10 ppm de cada analito, & la ingreccidn se bace con divisin. FE detectir de corductin g
dhid teranicn e s formad mids peneddl de detectar tnda clase de UIPRESION, P e s by
tanite senable en columnas whalarss de pequedn calibre de wlts resolucion,

Lo detectores sensibles para-dnalists de plirmtrazas responden g s clise imstada de
analitos B detector de caprura eléctronica e espeatics de moleculay qie contienen hulo-
genon, earbonilos conjugados, miplos y mitmcompuestos. Cuando se g IYCCCTion Lon
diugaion, Lo muestra debe contenef’ =100 ppb de cuda analite, st se uss un detector deé vap-
g ectrdmica, B detector de folbonizackin puede ser especilico de compucstos st
Beem y compuestos oo saturados, B detector de nitrdgeno. fosforo da mgyor fespurld o
sompuestos que contienen algumd de estos elemenion, pero tambidn nesponsde o fos hidro-
carhirus. Los detectores de qundiluminiscencia de azufre & nitrogenc réspondeén sl g
st clementos. Los detectores e ftometeia de fama swon espeeificos para algunos ol
mentus, coma S, P Ph o Sn. Se puede elegir alpunu de estos detectores sspeetflicas parg
sumphficar el cromatograma, porue no responden a todu o que we cluye

St se necesta nfonmacifn pualitana sobre la identrdad de kos eloutn. ung buena
elecerin son los espectronictros de masas « el de nfrarngos Bl detector de inframragos, o
teual que ¢l detector de conduciividad iérmica, ne e bastante sensble parn trabuager won
columnas tubulares de pequeiio etlibre de gran nevolucion

'

seleccion de columna

Las eleccrones basicas san de e esaconana, de dismetro v longitud de coloimaa, v de
espesor de fase estacronana La flse estacionaria mas dtl es una no polur, como alguna Je
batabla 241 Una fase evtacionidng de polaridad intermedia poded flesar a cabo s P
rciunes que una colamna oo palar Para compuestos mus polares puede <er necenaria um
lasgagstacionarin muy polar Ly separacion de sumeron GPUCOS 0 OMETR SOMTIRRIGo
m“u‘wymm precsan fuses ¢stacionaniag especiales.

Lo tabla 246 muestra que exisien pocas combinaciones semsatas de didmetro de
colinma y espesor de peliculay Para lograr o musima nesolucion se precsan colunman
estrechas, con espesores e fage estacionana muy finos. Fsta combimacidn mummizg
tesistencia a la trnsferencrs decmiasa el Wrmmo ¢ de ta ecuncidn de van Deeniter, ecna-
cin 23,33), mnto en la fase movil come en 1a estcionana, reduciendo oo b altura de
plato Pelicula fino y columnay estrechas son especialmente adecuadas Para sepurar mez-
clus de compuestos de alte punft de chullicdn, que ¢ retienen demasiado en collmna de
pelicula grucsa. Tos tempos de micnudn breves pemuten sndhsas gy pipdos Sin
cmbargo. las columnas estrechyis Je peliculas finas venen una capacdad de muesrs muy
pequeiia, necetan detectores de gran sensibiludad tel de somzacion de flama puede gur nu
seuadecuadul. no tetienen bieh los compuestion de punto de ebullividn b, v prdrian
verse afectadas por I exposicigm de fos sitios setivae de L «flice

Las columnas estrechas dé pelicula gruesa de Bt tabla 24 6 constituyen un buen vom.
promiso entre sesolucidin y eapacidad de muesisa Pucden wsarse con e mayena Je los
detectores ceveepio, en genenl, de Jos de conductividad 1émmica o de mirarrapes v con
compuestes muy voldtdes. Logiticenpos de retencion son mayans que don de colamnas de
relivula fine, Cuanda se usan tlerectores de oopductis adad tirmuea o de mfrarrapos o pre-
i columangs anchas de pelifjula gruese. Estas nenen gran capavidad de wocan, | puc
len separar ypmpuestos muy vplatsles, pero dan buja resobuc vin 3 benen tempos de reten
Sdon gratdes
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S puerh gvar en cromatografia isoeima. Las muestras que conticoen menos de 1 ppm
do wada analito se pueden snalizar ein columnas de un grosor de pelicula de < 1 pm con
myevL i s divisidn. Las muestras. ue contienen entre 16 y HKK ppin de cada analito
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Preparacion de muestra
Programacion de temperatura
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Lu cromatugrafis de pines utiliza ufia fase mdnil paseoss para hacer
pasar un liquido voldtil o un solis gascoso por una fase estcionaria
que se encuentrs dentro de una colamna wbular abierta o sobre un
soporte solido. Las enlumnas whulares abierias farpas v estrechas
tienen poca capacidad, pero permilen excelentes separaciones. Las
columnas tubulares abiertas de silice fundida pueden ser e pared
recubierta, recubiertin de sopornce ii de capa porosa, Las eolumnas
cmpaqueladas ticnen gritn capacidad. pem una resolucidn imitada.
Las fuses estacionanas reticnen. sofire todo, ins solutos de polandad
serncjante (“lo semejante disuelve 8 To semejante”™). Lis fases esta-
cronanas sohdas pueden ser de cdrbon poroso, alinina v tamices
mleculares, B indice de retencidn mide Jos tiempos de sahida oehy-
cid relactin con el de os aleands, La programacion de lempera-
mr.c presion reduce los tempds de elucidn de los componentes
fuertemente retenidos. Sin comiproineter 1a eficacia de la epAracIon,
se puede sumentar el caudal usandd Hy o He, en lugar de N,. como
gay portador. La inyeccitn con divisién proporciona separsciones de
gran resolucitn de disoluciones relativamente concemtradas, La
Iy eceon sin division, que es nedtsaria ¢n muestras muy difusdas,
precisa que se clinune el disolventé, o que se concentren los analitos
medianic uni trampa fria al prineifito de la columna (para consepur
wndas evrechas). La inyeceidn b columna ex la mejor forma e
nycecion e andlisis coantitativo, ¥ en el cavo de compuestos -

amente inesables, i

jertcias

El andlisn coantitatin se suele hacer en wromatopralia de giases
con patrnes internos La co-cromamtagralis de uni mucsirs apténtica
can una desconnceda en diferentes columnas es (il pary fa identifica-
wron cualitativa de un pico. Los detectores de espectnsmetria de
masas 3 de anframropw dan informaaon culitativa, que sieve pata
idennficar compuestin desconocidos, El espectrémeten de masas se
ha conventido en el detector mas senvibic ¥ menin sugeto 3 mterferen.
cuas, euando se emplea detecaitm de 1ones seloccinmdim o deteccite
de uns reacoion seleceinnada. Lo detecaitn por conduetvidad 1ér
mica tiene valides universal, pero no es bastante sensihle para colum.
nas fubllares abienas de didmetro reducido. Bl detector de ionizacidn
de llams e+ bastante sensthle paru Iy mayoria de lay columnos, ¥ nes.
ponde i fa mayorfs de los compuestos arpdnices. Lo detecuwes de
captura clectrdnica, atrigenno-fésforn, fokometria de llama, fotonmi.
Zacidn, quimduminincencts v emvion atdmica won especilicon de
cicrias clases de compuoestos o de elementos determinados

Ex precivo decidir 1 finahdad de un andlivs antes de diseiiar un
método analitico Lo clave del éxito en cromatografla es tener unu
muestrs «limpras o mds pura povibled La mucroextracestn en fase
sélida y ls téenica de purga v trama won métodin de prepuracy. de
Muestras que alskan los componentes voldniles de mucstras complejas.
Una vez escogido el méindo de preparacitin de muesira, puary disedar
un método hay que wmar las sipuientes decraones, por ede orden:
“eleccionar un desector, uns columna, y un métnda de myecciin

A ) Cuander se analizé por ciomatografia de gases una disolu-
10 que contenia 234 mp de butaiiol (MF 74,121y 312 mg de hexa-
OF (MF 102,171 en 10,00 mL, las dreas relstivas de Jos proos buta-
of hexanol fuerom s 1001 A4S, Considerundn o butano! come ¢l
Atrén intemno. hallur el factor de fespuesia del hexanol.

b} Usar Ja ecuaciin 24 2 para extimar Tas dreas de Jos pwcos del butas
nol y del hexanol en of cromagrama de gases de la pégima
siguiente,

€ Lt disolucstn con 1a que se obwyo of cromatograma comtenis 112
mg de butanol | Cufinto bexano! habia en Ia disolcstn?
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17.1 INTRODUCTION

As with any equipment, the gas chromatograph requires vahdanon before being
used in an apalytical method. Validation is a critical part of the development of an
anaiyticai gas chromatographic precedurc It is what demonstrates accuracy and
precision, Validation is defined as “establishing documented evidence which pro-
vides a high degree of assurance that a specific process will consistently produce
a product meeting its predetermined specifications and quality attributes” (1).
It is generally concerned with a specific analysis or method. Validation of a
methed, however, begins way before samples can be prepared. It begins with the

. installation and qualification of the instrument and continues with good quality
assurance/quality control (QA/QC) in the laboratory.

Quality assurance is a system of activities whose purpose is to prevent prob-
lems from occurring and provides assurance that the instrument meets defined
standards of quality with a stated level of confidence. The International Organi-
zation for Standardization (ISQ) provides a general guide for quality assurance
programs and analytical laboratories are using these more. 1SO Guide 17025 is the
standard that many analytical laboratories, including crime laboratories, follow.,

While most laboratories realize the neod for a good QA/QC program, it is sel-
dom clear which program meets the needs of a particular laboratory, especially
if that laboratory 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, However, there are basic similar
key clements to a good quality assurance program in gas chromatography that
must be addressed. These are designed to ensure that the sample was free from
all possible contamination, that it was handled appropriately by trained analysts
using calibrated and maintained gas chromatographs and standard validated pro-
cedures, and that all of this was appropriately documented. The key elements
to a good QA/QC program for gas chromatography will be discussed in greater
detail throughout this chapter.

17.2 PROCURBEMENT

The first step to ensure quality of the gas chromatograph is the procurement
usclf Capabilities and specifications of gas chromatographs vary, Manufaeturers
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publish technical specifications for their instruments, but those specifications may
not be meaningful to your application. They may also include unique, and some-
times useless, characteristics that can b¢ used to preempt another manufacturer
from meeting that specification. It is iml;Lortaﬂt to procure the correct instrument

for your needs. Do you need an instrument with high sensitivity, high precision,
or versatﬂity? Is it important to be able '}0 accommodate dirty samples, a variety
of matrices, and long runtime between ¢ librations? What types of injectors and
detectors are best for your work? The best way to get the correct instrument is
through a performance specification, DEEermine the realistic performance char-
acteristics that are important to your ana}yses, and include them as requirements
in your procurement document. Examples of performance specifications include
the following:

Sensitivity—1 pg of heptachlor epoxide must give a response (peak height)
greater than 50 times the background [noise level. '
Carryover—the peak arca from an injected blank must be less than 0.001% of
the peak aren of a 100-pg/mL ethanol|injection that immediately precedes the
blank injection. -

Linearity—the response, measured as peak area, must be linear (correlation coef-
ficient greater than 0.99995) over three orders of magnitude starting with the
minimum detection level (3 times the |baseline noise).

Autosampler precision—relative 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 period must not exceed 2.0%.

Each instrument performance characteristic that is important to the application
should be identified in the precurement specification. The specification will
become part of the bid package that is |sent to the vendors. In the bid pack-
age also state that the vendor must provide svidence with the quetation that
the proposed instrument can meet those specifications, and on installation of
the instrument, the manufacturer's installér must demonstrate that the instrument
installed at your location meets those specifications.
|

17.2.1 Facilities

|
The facilities that house gas chromatographic instrumentation are extremely
important for producing quality, reproducible data. The design of the laboratory,
security, and storage are issues that must he addressed. The laboratory must have
a documented security policy that ensures the integrity of the samples by limit-
ing access to arcas affecting the quality of testing. Separation of activities that
might cause cross-contamination is & prime consideraiion. Also, control of the
environment, especially such variables as temperature and humidity, is extremely
important for reproducibility. These are factors that could influence the validity
of the test results. Make sure that the tamﬂeramrc and humidity of the laboratory

I
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Biodiesel, a renewabie fuel produced from natural oil, is used
as either a direct substitute for, or an additive to petroleunt-
based diesel fuel. Interest in biodiesel has increased as a result
of rising oil prices and concerns over future supply.

In the production of biodiesefll, free fatty acids (lipids) are
catalytically converted to fatty acid methyl esters (FAME)
with alcohol, 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 problems can arise if the reaction
is incomplete or if by-products al‘re not removed effectively.

To ensure fuel quality, both the"lEuropean Comrmittee for
Standardization (EN 14214) and ASTM International (ASTM
D6751) have issued standard test,criteria for biodiesel. These
standards utilize multiple gas chﬁlomatograph‘ic (GC) analyses.

The PerkinElmer® EcoAnalytix™ Biodiesel Glycerin and
Methanol Analyzer provides a unique solution to test
biodiesel using the GC test methods included in both the
EN and ASTM standards. The analyzer incorporates a
TurboMatrix™ Headspace Sampler coupled to a Clarus® GC.

www.perkineimer.com

Key Benefits

» 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
qualification procedures to
get the application up and
running

[| >

PerkinEimer’

nrecisely.




The Biodiesel Glycerin and Methanol Analyzer consists
of three main components: the TurboMalrix Headspace
Sampler. the Clarus GC, and an integrated auxiliary
isothermal oven within the GC. The Clarus GC is
configured with an autosampler, programmable-on-column
injector and two flame ionization detectors. The auxiliary
isothermal oven installed within the Clarus GC
provides a second temperature-controlled zone for a
second chromatographic column. 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 D6584 and
EN 14110 methodology.

Trouble-free detefmination 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

analysis of both glycerin and methanol on the Clarus GC.

Table 1. Summary of EN and ASTM methods for biodiesel-
quality analvsis.

Analytes

Method Injection Analysis
Time
EN 14105 Free and Total Glycerol, On-Column 35 min
Mono-, Di-, and
Triglyceride Content
EN 14110 Residual Methanol Headspace <5 min

ASTM D6584 Free and Total Glycerin On-Column 25 min

The ability to have two independently controlled ovens
reduces the operating cosl and optimizes laboratory bench
space by combining the methods which formerly required
two GCs into a single instrument.

Utilization of programmable on-column injection provides
high precision for sample injections. The integral liquid
autosampler of the Clarus GC is uniquely suited for on-
column injections with superior precision.

Use of metal capillary columns in the Analyzer eliminates
many of the handling challenges associated with fused-

silica capillary 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 HS-110 Headspace Samplers thermostat up to 12
samples at a time, ensuring the next sample is ready on
completion 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
Biodiesel Glycerin and Methanol Analyzer includes
reference-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 replacement parts
which can be reordered to continue operation of the system.

(”\
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Figure 1. Schematic diagram of the EcoAnalytix Biodiesel Glycerin and
Methanol Analveer, highlighting its unique features,
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Figure 2. Chromatography demonsirating the analysis of a biodiesel sample for glycerin and mono-, di-. triglvceride content.
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Also included with the Biodiesel Glycerin and Methano!
Analyzer is an application CD which includes:

* Application notes with background information on
biodiesel 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 completes
the process by providing installation and support. This
includes qualification that the Biodiesel Glycerin and
Methanol Analyzer mests the needs of the application.

PerkinElmer, Inc.

940 Winter Street
Waltham, MA 02451 USA
Phone: {800} 762-4000 or
(+1) 203.925-4602
www.perkinelmer.com

The perfect solution

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

PerkinElmer - the clear choice in gas
chromatography

PerkinElmer is the only chromatography supplier who
develops, manufactures, supports and services every
product it offers to provide a truly integrated system. This
means one expert supplier — with best-in-class instru-
ments and a world-class service and support organization —
can address all of your applications and troubleshooting '
needs, from sample handling to data handling. '

1>

PerkinEimer’

precisely.

For a complete listing of our global affices. visit www.perkinelmer.com/lasoffices
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Determination of Methanol Content in Pure
Biodiesel (B100) by Headspace-GC in
Compliance with EN 14110

Fausto Munari, ‘lDanieln Cavagnino, Andrea Cadoppi, \Thermo Fisher Scienlific, Milan, Italy

S 52
- Application
Note: 10216

‘ Introduction . Monitoring residual methanol in B100 is a matter of
W | In order for biodiesel to be commercialized as pure|biofuel safety since even sn.mll amounts Qf this material can '
o H3EBANE | or blending stock for heating and diesel fuels, it mus§ meer a  'educe the flash point of the biodiesel. Moreover, residual
i b set of requiremerits defined in ASTM D6751 and EN| 14214 methanol can affect fuel pumps, seals and elastomers and
(B‘l) standard specifications.? These standards indicate the canr esult in poor com‘busrion properties. EN 14110
o@VUED | maximum allowable concentrations of contaminantg in requires a headspace (’C' methgd, based on either polz}r or
e pure (B100) finished product, along with other chentical- non-polar columns, and is applicable for a concentration
O S physical properties necessary for a safe and satisfactdry range from 0.01% m/m to 0.5% m/m of methano! (MeOQH).
- ol engine operation.' The method is not applicable to mixtures of FAME that
) Gas chromatography (GC) is commonly adopted|to contain other low boiling components, although the use of
characterize pure Biodiesel (B100) according to the the Thermo Scientific TRACE™ TR-BIODIESEL(M)
following standard methods: column allows for good separation of methanol from most
» EN 14103: Determination of total FAMEs (Fatty Adid of thes? volatiles, producing rehab%e res‘ults. .
Methyl Esters) and Linolenic Methyl Ester (C18:3)% EN 14214:2003 standard specifications require the

methanol content to 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.

» EN 14105/ASTM D6584: Determination of Free an
Total Glycerine’678

» EN 14110: Determination of residual methanol contént®

Comprehensive Thermo Scientific GC solutions have
been developed in cémpliance with each of these methdds, ~Methods
based on the Thermo Scientific TRACE GC Ultra™ and
the versatile TriPlus™ autosampler {Figure 1). This
application note relates to the determination of methanﬂ‘l

Instrumentation and Reagents

A Thermo Scientific TRACE GC Ultra equipped with a
split/splitless {SSL) mlet and a flame ionization detector (FID),
automated by a TriPlus Autosampler configured for
s 1) headspace was used, with instrument control through the

' \ E Thermo Scientific Chrom-Card data system. The analytical

in biodiesel according to EN 14110,

column was a non-polar Thermo Scientific TRACE

A § 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 content < 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 water. Then, the extracted biodiesel layer must
be dried with MgSQ, for 15 minutes, and analyzed using
the parameters reported 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 methano! content.

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

‘Thermo

SCIENTIFIC




Analytical Parameters

~ Table 1 includes selected instrument parameters for the

TRACE GC Ultra and the TriPlus HS autosampler. These
settings were 'used for all sample analyses.

TRACE GC Uitra |

jector __ Split/Splitless (SSL) , o

SSLMode ’ o Split injection mode, split flow of 100 mL/min

Sst Temperaturrer ) 160 °C B v

CarrierGas Helium, 1.5 mi/min, constant flow mode

FID : 50°C

Oven Program 50 °C {1 min) to 130 °C @ 10°C/min, final
hold 0.5 min

TriPlus Headspace Autosempler

Incubation terx.iperature 80 °C

Incubation timé ~ 40 min

Syringe temperature 85°C

Injected amount 500 pL

Table 1: Selected instrument and method parameters for the TRACE GC Ultra
and TriPlus HS

Results and Discussion

Figure 2 shows a typical chromatogram obtained from a
biodiesel sample analyzed following the conditions
reported above.

External standard calibration was performed by
analyzing the three calibration solutions, and plotting the
methanol contents vs. the respective peak areas, Figure 3
shows the calibration function calculated using linear
regression. The correlation coefficient (R?) for this
calibration was 0.9999, demonstrating excellent linearity
for this method.

Different unknown biodiesel samples from several
sources were then analyzed, delivering results within the
standard specification stated in EN 14214 (methanol
< (0.2% m/m), as shown in Table 2.

After a long sequence of unknown biodiesel samples,
“blank™ headspace samples, prepared by filling the vials
with nitrogen, were analyzed, demonstrating total absence
of any carryover of MeOH, as well as of any interference
compounds from vials or septa.

Methano!

@
- 4
@
w

min
Figure 2: Biodiesel chromatogram showing methanol {headspace injection)
Finally, repeatability of the assay was tested by oo
performing five consecutive injections for each biodiesel ot .
sample, resulting in excellent performance. ¥ = 11809881 x + 9087 e
F R’ = 0.9989 //
Sample % {m/m) MeOH % RSD £ oo o
— P ‘ L
1 Rapeseed biodiesel 0.18 1.4 ¢ -
" < 30%00¢
2 Soyhean biodiesel 0.05 19 ] /
N a
3 Sunflower biodiesel <0.01 - Rttt v
4 Mix 1-3 biodiesel 0.08 18 1000000 /‘/
5 Mix 1-2 biodiesel 0.13 15 e
: o ¢ ER] 62 93 04 o5 Gé
Table 2: Results for 5 biodiesel samples {5 runs each} % {mim) MeOH

Figure 3: Methanol calibration curve, with levels at 0.01, 0.1, and 0.5%
mass/mass (m/m)
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Conclusion

The determination of residual methanol in pure biodiesel
(B100) can be successfully achieved using the Thermo
Scientific TRACE GC Ultra equipped with SSL injector
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 to be analyzed, equivalent results can be obtained
by applying the internal standard calibration procedure,
either with the TriPlug autosampler or even manually.
As a farther possibility, methanol content can be

successfully determined by liquid injection of biodiesel
diluted in #-Butanol, using a PTV Backflush system to
vent out the heavier fraction without letting it enter the
capillary column,
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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 methanol to yield
Fatty Acid Methyl Esters (FAME) and glycerine, The yield, pure
FAME (once the glycerine and the residual methanol has been
recovered/removed) is called B-=100. In order for biodiesel to
be used as a motor fuel or blended with petroleum diesel, it

~ must conform to standard specifications (ASTM D 6751 or

EN-14214). There are GC methods in use today to determine
whether biodiesel conforms to the standard spécnf”eatlons
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) to 0.5 % (m/m). methanol*

instrumentation [

Varian 430-GC ‘ :

e Injector: Split [ splitless 1177, full EFC canﬁrol

e Detector: FID, full EFC control

. Headspace sampler

*  QUMA, QHSS5-40, sample loop mode

GC control and data handling software

¢ Varian Galaxie™ Chromatography Data System
1

I

Materials and Reagents

Column

e Varian Select™ Biodiesel for Methanol, 30 rh X 0.32 mrm x
3.0 um, CP-9083

e Fatty Acid Methyl Ester mixture (FAME) WIth a methanol
content of <0.001 %

Sample Preparation
Calibration solutions
® Solution A: 0.5 % (m/m) methano! in FAME
e Solution B: 0.1 % (m/m) methanol in FAME
*  Solution C: 0,01 % (m/m) methanol in FAME

: v |
*The method is not applicable to mixtures of FAME which contain other low
beiling components,

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

Sample :
A 1 mL sample was accurately weighed then transferred into
a 20 ml vial and immediately capped.

Conditions
GC conditions
s Injector: 250 *C,
o  Split rate; 501
*  Detector: 275 °C,FID
*  Oven: 80 °C (0.5 min, isothermal)
@ 20 °C/min to 160 °C (2 min)
*  Carrier g3s: 2.0 mL/min const. flow, Hellum
QHSS-40
*  Sample loop: 1ml
¢ Vial/heating: 80 °C
®  Equilibrium time: 45 min

Results and Discussion

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

the method,
[~=cal. Saiution A
—Cnl. Solutien
Methanol | —Cal. Soution
17 18 7.9 2 21 Min. 22

Figure 1, Overlay traces of callbiation solutions,

Applicatién Note Sl-o7,73/B/03.09 l 1of2 ' - www.va‘rianiﬁé.com
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Figure 2. Calibration curve,

The correlation coefficient should be > 0.95. in this case the
correlation coefficient was determined to be 0.9998.

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

Methanol

-

0 1 2 3 4 5

—t

& Min.

Figure 3. Typical headspace chromatogram of biodiesel.

Since biodiesel generally does not contain volatile
components, other than methanol, identification and
quantification is quite straightforward.

N 15

Average v 0.038
St.dev. 0.0007
RSD (0%) 196

Figure 4. Repeatability figures.

2.0p 57 e ez : .
Methano! content (80 mfm)
including average snd EN

0.045 window of repeatability.
E -
£
E oo
5 ¥ L] 2.
3 .
&
20038 Je e R R
0,03
0,026 —rer—ry e - .

1% ¥ 4 B B 7T & 9 3 N 2 13 14 18
Sample aumbgr

Figure 5. Repeatability values are within the speelfication boundaries
establishad in EN-14214 as indicated by the red lines in the chart,

The methanol content of the biodiesel was 0.038 % (m/m)
thus meeting the specifications set in EN-14214, (methanol
content <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
weli 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.

Conclusion

The GC Headspace system (Varian 430 Gas Chromatograph
and a2 QUMA Headspace Sampler) was shown to be well
suited for the determination of methanol content in
biodiesel according to specifications outlined in EN~14110,
and the biodiesel tested in this application note meets the
specifications on methanol content set forth in EN-14214.
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Abstract ;

A new direct gas chromatography procedure (headspace solid phase micrgextraction) was developed for the quantitative determina-
tion of methanol in biodicsel. The analysis was performed by exposing a carboxen~polydimethylsiloxane SPME fiber assembly to the
headspace of the biodiese] sample. The gas chromatography used a 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: Headspace solid phase microestraction; Biodiesel; Methanol
|
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1. Introduction |

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

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

molar ratio of methanol to glycerides is usually 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 alkyt esters and glyccrol The reac-
tion product is a mixture of fatty acid alkyl esters (biodije-
' Corresponding author. Tel.: 41 662 325 0790; fax: +1 662 325 2482.
E-mail addresses: mecp6d@msstate.edu (M.C. Paraschivescu), Rher-

nandez@Che.msstate.edu (R. Hernandez). |
P Tel.: +1 662 325 7816; fax: +1 662 325 2482.

0960-8524/$ - see fronl matter © 2007 Elsevier Ltd All rights reserved.
doi:10.1016/j.biortech.2007.09.088 !
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sel), tnk di- and monoglycerides, glycerol, residual alcohol
and cat ‘alyst Most of these contaminants of the biodiesel
need to| be removed in order for the biodiesel to meet the
American (ASTM D6751) and European (EN-14214) spec-
ifications. The excess of methanol is typically removed
from the biodiesel by extraction and distillation (Ma and
Hanna, 1999). The amount of methanol that can be present
iese] is regulated by the European biodiesel stan-
-14214 (test method EN-14110), the limit being
ass/mass (Knothe, 2006), and by the ASTM
D6751-07a (test method D93 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 point is directly
affected by the quantity of alcohol in the biodiesel, The
residual |methanol in biodiesel 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 fueﬂ system, so finding an accurate, reproducible,
and direct method to determine the amount of alcohol
(methanol) present in biodiesel is very important,
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OCOR; Catalyst RyCOR’ OH
3ROH s
+ RCOR HOJ\/OH
R,0CO OCOR
1 ’ RyCOR'
Glyceride Alcohol Alkyl Esters Glycerol

Fig. . General transesterification reaction.

One research group (Mittelbach et al., 1996) reported
the determination of methanol in biodiesel by derivatizing
it with N, O-bis-trimethylsilyl-trifluoroacetamide (BSTFA).
They directly injected a mixture of rape-seed oil methyl
esters and BSTFA in N,N-dimethylformamide into a gas
chromatograph fitted with a DuraBond-5 capillary column
and flame ionization and mass spectrometric detection.
Other groups have used headspace solid phase microex-
traction (SPME) to determine the amount of methano! in
other matrices, such as: pectin (Savary and Nunez, 2003),
plant polysaccharides (Nunez et al., 2006), aspartame
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 analyses
of methanol were performed with a carboxen—poly-

dimethylsiloxane (CAR/PDMS) fiber assembly (Savary °
1999; Tuduri et al., 2002),

and Nunez, 2003; Lee et al.,
one research group (Tong et al.,, 2001) used pencil lead
and reported good overall recoveries.

Solid phase microextraction was developed and pat-
ented by Pawiiszyn and co-workers (1989). SPME uses a
polymer coated fused silica fiber on which the analytes
are 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-
plc advantages: no solvent is required, it is simple and fast,
and there are two possible modes of analyte extraction,
headspace and direct immersion, Also, SPME can be auto-
mated and can be coupled with GC, GC-MS, or HPLC.

~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
direct immersion because it prolongs the lifetime of the
fiber duc to the:absence of contact between fiber and solu-
tion. A valuable feature of SPME is that different fiber
coatings provide selective extraction of analytes from a
mixture bascd on matching the properties of the fiber coat-
ing relative to the analyte polarny 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 et al., 2006; Tuduri
et al., 2002).

The unique feature of this research is the fact that it pro-
vides a direct inethod to rapidly and quantitatively deter-
mine the amount of frec 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-
surement (test method D93) and from the European stan-
dard which uses the headspace GC method (test method
EN-14110),

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,SO4) was obtained from Merck
(Darmstadt, Germany), and the biodiesel (B100) was sup-
plied by the Petroleum Products Laboratory (Mississippi
State, MS). The 10 mL SPME vials, fiber assembly, and
the 75 pm carboxen-polydimethylsiloxane (CAR/PDMS)
fiber, were purchased from Supelco (Bellefonte, PA).

2.2, Instrumental analysis

The analyte was adsorbed onto the SPME fiber and then
thermally desorbed in the inlet of a Hewlett-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,
respectively). The fused silica capillary column used for
separation was a 30 m, 0.32 mm, i.d. 0.25 um film thickness
Hewlett-Packard HP-5 (5%-phenyl)-methylpolysiloxane.
The GC oven was programmed as follows: the initial tem-
perature 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 1 min. Helium was used as carrier
gas at a constant flow rate of 1.5 mL/min.. The injector
was operatcd in split mode (20:1 split ratio). The data were
acquired using a HP-CORE ChemStation system.

2.3. Solid 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 gases and
low molecular weight compounds (MW 30-225). When
new SPME fibers were installed they were conditioned in
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the gas chromatograph (GC) injection port at 300 °C for
2 h, according to the manufacturer’s recommendations,

The biodicsel (B100) used for cahblatlon was washed
three times with distilled water and dried with anhydrous
sodium sulfate (Na,$O,) and molecular sieves. This proce-
dure insured a practically complete elimination 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 | 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-
spacc 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 injection port for complete desorption and GC
analysis of the analytes.

3. Results and discussion i

The retention time of methanol (R, = 2,15 min) was
determined by direct injection of neat methanol. Washing
the biodiesel (B100) three times with distilled water and
drying it over anhydrous Na,SQO, and activated molecular
sieves removed more than 99% of the initial methano!l. The
actual amount of methanol present in biodiesel after this
procedure 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
considered methanol-free and will be referred to as “refer-
ence biodiesel”.

Calibration curves were constructed by using standard
solutions of methanol in reference blodxese] The concentra-
tion of these standard solutions is expreSsed in percent mass
(% 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)
employed in this study (six replicates, relative standard
deviation 0.12%) was determined to bé 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 (RSD). The
range of RSD for these calibration points was from 3.41%
to 10.36% and the average RSD was 7.06%.

In the concentration range from 0.0057 to 0.057 mass%,
the results fit a second order polynomial curve (y=
2E-07x% + 1E~04x — 0.0011) (Fig. 2). For higher metha-
no! concentrations, a third order polynom1al 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 mass%. For each concentration, a set of six replicates
was recorded and the relative standard deviation was
1.00% for the 0.057 mass% solution, 1.52% for the

£O
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Table |
Averge values of RSD (s = 6) for calibration cenesntrations

* Average RSD (%)

Metﬂanel/biodiesel concentration (% mass]m{\ss)

YT . biabihah i ™
0.011 9.64
0023‘ 9.92
0.034 16.36
0.045 10.33
0.057 5.52
0.11 442
0.23 341
0.57 3.43
1.14 1.67
1.70 6.67
2.27 747
.06 e N
y = 2E-07% + 1E-04x - 0,001
2 _
05 R* = 0.9987
&
§ 003
E
8 oloz
0,01
0+ - SE— -
0 50 160 180 200 250 300 350
area (pA*s)
ethanol in reference biodiesel — 0.0057% to 0.057% mass/mass.
y = «4E-10x° + 1E-08x% - 0.0004x + 0.0428
R? = 0,994
: 2
F
©
[
2 18
E
©
:
" 05
0+

500 1000 1800 2000 2500
aroa (pA*s)

Fig. 3. Methanel in reference biodiesel 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 a rela-
tive standard deviation of 1.60% (n = 6).
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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 hiodiesel
(B100), which is heated at 80 °C in a hermetically sealed
vial for 45 min and then a defined amount of gas phase 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 external 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 reliable
analysis and is suitable 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 range.
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 flash point method (test
method D93) to control the amount of alcohol in biodiesel.
This method uses a Pensky-Martens closed cup tester in
which about 70.0 mL of sample is heated at constant tem-
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://wwiw.astm.org),

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

Table 2
Methano! concentration in biodiesel samples from Petroleum Products
Lab

Sample no. Sample name Methanol concentration
, {% mass/ mass)

1 2006-93A 0.0085

2. 2006-93H 0.12

3 2006-95A 0015 .

4 2006-107A 0.081

5° 2006-108A 0.043

6 2006-108B - 0.0022

7 2006-108C © 0073

8 2006-108D 0.16

9 2006-108E 0.095

10 2006-109B 0.61

11 2006-111A 0.72

12 2006-111B 0.15

i3 2006-111C 0.25

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

4. Conclusion

A new, direct and quantitative method for determining
the amount of methanol in biodiesel was developed. Head-
space SPME proved to be reproducible and sensitive,
allowing analysis for corcentrations of methanol in biodie-
scl well below thase 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 was used for analyzing biodiesel
samples from various producers. To our knowledge it is
the first literature report that uses headspace solid phase
microextraction to determine the amount of methanol in
biodiesel as a substrate.
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Recent developments énd trands in the use of head-
spaes sampling with gas ehromatography (GC) are
reviewed and discussed. A brief overview of head-
space analysia techniques and theory references is
previded, fellowed by gubiieatien trend data en the
various headspaes-anglysis tachniques, The toch-
niques deseribed include static and dynamic head-
space extraction, solld phase micro-extraction
(SPME) and several additional techniques now
receiving attention. Examples of applications in
environmental, clinical, forensic, biological, food,
flavor and pharmaceutical analysis arc provided.
Research in headspace-GC is very active and grow-
ing, with new applicatiens being reported con-
tinually. © 2002 Published by Elsevier Science B.V.
All rights reserved. .
: - }
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1. Introduetion
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sampling and sample introductien were imme-
diately recognized as erucial issues in suceessful
analysis, Because for' classical GC pgenerally
samplcs must be dissolved in prganic selvents
injections and, for modetn capﬂlary GC, be
dilute, some sample pfepamuon is required in
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neatly all € analytical methods. Because 6€
fequires that samples be volatile, it is a natural
tool for the analysis of vaper-phase mixtures.
Headspace analysis is generally defined as a
vapot-phase extraction, invelving the partition-
ing of analytes between a 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 eomplex liquid or solid sample and
that this mixture is transferred to a GC or other
instrument for analysis. There are 2 number of
techniques for sampling headspace vapors and
introdueing them ta 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 eurtent work employing headspace sampling
with GC, including recent trends and expected
future developmen&s.

2. History and scope

“The idea of analyzmg samples of the v.apcr
above a solid or liquid for their organic content
originates long before the development of GC.
Perhaps the first specific mention of the analysis
of the vapors abeve a liquid in the chemieal lit-
erature occurted with the paper of Harges,
Bridwell and Raney in 1939, in which they pro-
posed determination of the alcohol content of

© 2002 Published by E]selvies Science BV, All rights reserved.
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aqueous 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 significantly 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 explanations 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 agn, there were essentially two
techniques that could be described as head-
space-GC: static (vapor-phase extraction) and
dynamic (purge and trap). Today, there 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
use a gas-tight syringe to sample the vapors

pressurization
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within the vial. This is called static headspace
sampling and numerous instraments are avail-
able for its automated application. While most
modern headspace-GC  instruments employ
static sampling, they typically replace the syringe
with 2 heated transfer line and they pressurize
the sample vial above the capillary column head
ptessure, which allows for more inert sampling,
rapid sample transfer and ready equilibration, for
interfacing 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 flows through the sample
and is later trapped on a sotbent, or somehow
collected, the technique is termed dynamic
headspace extraction. The most important
cxample is the classical purge-and-trap tech-
nique. Dynamic headspace is often used when a
large degree of analyte concentration is needed.
In his review, Kolb provided a number 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
sepatation is shown in Fig. 2. Thete are numet-
ous ancillary techniques, such as multiple head-
space extraction, that are based on these
classical ideas, and are described in the afore-
mentioned references, Recently, sorbent and
membrane techniques have been used for the
analysis of headspace samples. Sorbent-based

sample introduction

Fig. 1. Schematic diagram of 3 pressure balances static headspace system. Sample vial is first pressurized and equilibrated with carrier
gas. Pressurized sample is then transferred to the GC celumn. CG=carrier gas, V=solenoid valve, SN=sampling needle, HV=headspace
vial, HS=headspace sample, T=fused silica transfer line, B=butt connector, CC=capillary column. Reprinted with permission from 91
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methods have seem a renaissance sinee the
introduction of SPME by Pawliszyn and co-
workers in 1990 [11] and the intreduction of
headspace-SPME in 1993 [12]. Thete are a
number of texts now gvailable desctibing SPME
theory and apphcaﬂc‘ns [13-15]. Even mote
recently, membrane technology has been used in
the dynamic extraction of headspace vapots
[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 s"cientiﬁc 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 ot 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 mciudg GC. Of these 6000
articles, about 1400 mvolve dynamic headspace-
GC techniques. Surprlsmgly, over 510 papers
involve headspace SPME, all pubhshed since

A
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1995, Headspaee analysis using membrane
sampling was first published in 1977, with 62
publications in total.

A plot ef publication trends is shown ia Fig, 3
Dynamic headspace and SPME represent the
largest categories besides static headspace. The
publication numbers for other methods, such as
membrane extraction, while many are rising, are
still too small to provide meaningful comparison.

Headspace Publications 1950-2004

Publications

@@@@@@@ y&gw
BHS-GC O ;;:;mie BSPME

Fig. 3. Trends in headspace-GC publications: 1990-2001.
H8-GC=all papers including the coneepts “hgadspace’ and
“GC” Dynamic=papers containing the concepts “head-
space” and “dynamic”, SPME=papers containing the coh-
cepts “headspace” and “SPME".

=

8y

CG —p

]

Fig. 2. Schematic diagram:of a dynamic headspace-GC system

and the volatiles are collected in a sorbent trap. B: The sorben
bands are re-focused in thé cryogenic trap. |G=inert purge gas

CT -

with cryogenic sample re-focusing, A: ‘Sample is purged with gas,
t trap is heated and purged with carrier gas to desorb the analytes;
CGs=carrier gas, TB=sorbent trap, SV=sample vessel, CC=capillary

column, CT=cryogenic trap, SP=inlet splitter. Reprinted with permission 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 vatiety of
applications. It has been a primary tool for
analysis of volatile organic compounds in
environmental and flavor and fragrance analysis
for decades. Static headqpace sampling, because
of its limited sensitivity, is mostly employed for
applications in the high-ppb to percent con-
centration ranges. In the past decade, there has
been a considerable rise in the use of static
headspace analysis in other fields, including
pharmaceuucals 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 selection of static
headspace-GC applications in several industries
is given below.

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 pharmaceuticals, which is
perhaps the most common application of GC in
that industry. In a new development, Hong and
Altorfer developed a promising miniatutized sta-
tic headspace technique for solvent analysis in
drugs, which reduced sample sizes by about a
factor of 10 over traditional methods and pro-
vided some validation data [20]. In addition to
solvent analysis, in pharmaceuucals there has
recently been a tremendous upsurge in the use of
static headspace in clinical, forensic and blologmal
analysis. The prohfcrauon of headspace articles in
non-traditional scparanoms and analydcal journals
shows clearly 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 vatiety of
examples have appeared recently, a few of
which are presented here. In forensic analysis,
headspace-GC is used for the analysis of aleohol
and other low molecular-weight materials in
blood, as well as in arson and fire investigations
[21]. Motiya and Hashimoto have provided a
thorough description of potential errors in the
assessment of cyanide levels in blood using
headspace-GC [22] and Jones and Holmgren
thoroughly discussed uncertainties in the deter-
mination of blood-ethanol concenttations by
analysis of vitreous humor [23]. Each of these
articles discussed some aspect of etror analysis
in static headspace techniques, which is eritical
in forensic analysis. It is seen that its excellent
sensitivity, reproducibility and stability make
static headspace sampling a method of choice in
forensic analysis.

In clinical analyses, it is especially 1ntcrcstmg
that hcadspace methods are appearing in non-
analytical science journals, indicating its deep
penetration beyond use by traditional specialists.
For example, Sharp and Dautbegovic studied
the stability of ether in blood as patt of the
investigation of an ether-related suicide [24];
Satkola and Eriksson examined the production
and metabolism of endogenous ethanol and
methanol, using static headspace-GC as the
main analytical tool [25], and Haze et al. used
headspace GC/MS to analyze body odor in
human 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
analysis of natural aromas and odors in several
industries. This is another area in which many
papers are being published in far-reaching areas.
For example, in food analysis, Panosyan et al.
qualitatively and quantitatively 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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Royer et al. developed an automated headspace-
GC method for the determination of dithio-
carbamates in plant matrices and found that the
tnethod was much simpler 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 sensitivity is limited, compared to dynamic
techniques, such as purge and trap and to tech-
niques involving on-line concentration such as
SPME. 1

4. Dynamic headspace purge-and-trap
sampling @

Dynamic headspace san\'xpling 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 8
well-known, validated techx‘&iquc;, which is also
routinely performed by nonespecialists, and it is
the method of choice for analysis of extremely
low (ppb and ppt) conceri&trat:ions of volatile
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organic compounds in agueous matrices. For
dynarnic headspace-GC techniques, publication
trends continue to rise, but perhaps not at the
irapid 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 vatlety of
industrics, including environmental eon-
taminants, foods and aromas. For example,
Olliver and Guerre used dynamic headspace-
GC to measure benzene hydrocarbons in virgin
Eive oil at levels below 0.1 mg/kg [30], Mattin

ot al. have developed a dynamie headspace-GC
ethod for the determination of aroma com-
ounds in cheese curd, cultured with various
easts and bacteria. They found that dynamic
eadspace-GC provided the best quantitation of
he aroma compounds, which are often at very
w concentrations [31]. The second example
arrther demonstrates the maturity of purge-and-
ap sampling for GC, as the work has pro-
ressed from basic developments to its use.in
solving increasingly difficult problems.
Roose and Brinkman provided an intetesting
xample, showing both the sensitivity and ver-
satility of dynamic headspace sampling, coupled
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Fig. 4. Full-scan GC/MS separation on a 60mx0.25mm 1Dx1.4 um|film thickness DB-VRX column, of 56 volatile organic
contaminants ebtained by purge-and-trap headspace sampling from an| aqueous sample. Reprinted by permission of the Reyal

Society 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 at 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 of dynamic headspace pro-
cess, was developed in 1993 and has
experiencéd the strongest gtowth in research
interest over the past decade. This technique
can also now be automated routinely and has
been wvalidated for numerous applications.
SPME is 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 for
a tremendous variety of analytical problems, as
evidenced by the tecent applications shown
here. Fig. 5 shows a schematc diagram of a
headspace-SPME procedure, including extraction,
followed by desorption into classical splitess
GC inlet.

PL.

| Fig. S. Sé_hematic diagram of the steps in a headspace-
. SPME analysis (from left to right): SPME fiber holder

(FB=coated fused silica fiber, FS=syringe needle, SS=sealing
septum, Pl=plunger); headspace absorptxon of analytes
into SPME fiber coating; and, desorptuon into heared GC
inlet ({). Reprinted with permission from [9].
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Researchers in several areas, including envit-
onmental, pharmaceutical, food and natural
products analysis, have enthusiastically used
headspace-SPME for many difficult analyses.
The examples presented here provide a sample
of the hundreds of publications that have
recently appeated in a relatively short time.

In an environmental application, Cancho,
Ventura and Galcetan used in-situ derivatization
followed by headspace-SPME-GC-ECD to
determine aldehydes in treated drinking water.
After optimizing a number of experimental
patameters, they found this method to be com-
parable to hquld liquid micro-extraction, pro-
posed in US EPA method 556 [33]. This paper
follows the example of much of the literature in
HS-SPME, as it makes a thorough comparison
to 4 compendial method employing a traditional
extraction technique.

Recently, in residual solvent analysis of phar-
maceuticals, Coran et al. described a headspace-
SPME-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 compar-
ison of SPME with classical methods for the
analysis of solvent in several pharmaceuticals
[35]. Fig, 6 shows an example of residual sol-
vents separation, using the isotope dilution
method of Coran et al, in which they used a
100pm  film  thickness polydimethylsiloxane
fiber and' isothermal GC. This chromatogtam
shows that headspace -SPME-GC can be a
powerful tool in resolving and quantitating very
closely related compounds.

In 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
ptesent in each case [36]. Yang, Huang and
Smentena  optimized a headspace-SPME
method for determinaton of the volatile com-
ponents of tobacco [37].

In food and flavor analysis, headspace-SPME
was used by Pinho et al. to determine the com-
ponents in the volatile fraction of ewe cheese
{38}, and by Alonso and Fraga to quantitate
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flavor compounds in ycggurt [39]. Characteristic
of SPME methods, these papers describe meth-
ods that generated large iamounts of information
from relatively straightforward procedures.

Some users 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 agitation, temperature control and
fiber aging and rcproducxbﬂny But, recent
advances in instrumentation should propel
headspace-SPME into | the mainstream of
routine GC analysis.

Several optons for ahtomatmg and rapidly
optimizing SPME extractions are now available.
A recent research example is the development
by Pham-Tuan, Vercammen and Sandta 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, stir-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 technique employs a phase-
coated stir 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 inereased
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

— LIV

15.0 20.0

Flg 6. Headspace-SPME-GC-FID  chromatogram showing separation of hydrocarbons and their deuterated analogs.
1=d,,-cyclohexane, 2=cyclohexane, 3=dg-taluene, 4=toluene. Reprinigd 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 receiving
attention in the literature and that have tre-
mendous potential. 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 techmques
have been used by several authors for environ-
mental and process-stream monitoring, which
seems to be their major application. 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 attention to
these techniques, which are readily automated
and interfaced for ficld analyses, is warranted.

Minicola et al. used membrane extraction to
analyze semi-volatile components, such as
n-decanol, naphthenes and paraffins from aqu-
eous process streams [44], and Ciucanu and
Pawliszyn have developed a field-portable
device for continuous monitoring of air, based
on membrane extraction with a sorbent
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]. Reaction headspace
was used by Chai, Luo and Zhu to determine
catbonate in several matrices [48]. Ojala et al.
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used a new dynamic headspace sampling tech-
nique, putge and membrane extraction in com-
bination with GC and MS for the analysis of
volatile otganic contaminants from soil [49].
Overton, et al. described a field-portable GC,
which was optimized for rapid analysis and
included a sorbent-based sampling system that
is suitable for headspace samples [50]. Giatdina
and Olesik [51] examined the use of low-tem-
perature, glassy, carbon films with SPME and
found that they were cspecially selective for
molecules with high polarizability and large
ctoss-sectional surface arca. These examples
show that the development of inctemental
improvements to the family of headspace-GC
techniques is and is expected to temain strong
in the future. Further, the commercial instru-
ment vendors are continually updating their
product lines, as the matket for headspace-GC
instrumentation remains vety active.

7. Trends and conclusions

There are several interesting observations that
can be made by examining the trends presented
here. First, headspace-GC remains of wide
research interest in many fields, In environ-
mental analysis, there have been a number of
papers addressing issues, 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-
niques appears to be decreasing. However, the
volume of environmental research using the
newer techniques is increasing rapidly, indicating
a continued strong interest in this area.

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

In both these areas of application, this could
be because widely published, applied and vali-
dated compendial analytical methods already
exist.

The large number of clinical, biological and
natural products applications is pleasantly
surprising,
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A number of journals outside of the tradi}
tional realm of separation scientists have bee
referenced here for a vatiety of applications.
They shows that headspace sampling has
matured and is now being used as an effective
research tool by non-specialists in separations
and that separation scientists should look as
widely as possible in theit own literature
searching,

The large number of food and flavor applica-
tions is not as surprxixng, as headspace sampling
has been a staple analytical technique in these
industties for many years. It is interesting to
note that artifieial n@ses and olfactometry are
discussed in several 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. :

Theoretica] rescarch and new de\relopments in
instrumentation have ‘been active since the
inception of headspace as an analytical tech-
nique and this has not ¢hanged.

Trends in instrumentation indicate focus on
improved automation and ruggedness, field
portability and novel cele:cnwt) for specific
applications.

Many researchers are stxll using headspace-GC
for fundamental chemical and physical propesty
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 technicues available for capillary GC, with
active research being conducted by aumerous
researchers across many aseas of science.

|
|
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Abstract

1

A simple and selvent-free methodology is p}oposed for the simultaneous determ\

ceil wall polysaecharides. The methanol and acehc acid, released by saponification, are extraeted from the headspace of the aqueous solution by

solid phase microextraction (HS-SPME) usmg a DVB/Carboxen/PDMS fibre. Th

1§1ation of methanol and acetic acid content of any type of plant

analytes are separated by gas chromatography and detected

using a flame ionization detector (GC-FID). The quantification of methanol and atetic acid is done using external calibration curves. A linear
relationship between the concentration of methanol (40-100 mg L™') and acetic acid (25-105 mg L") and their GC peak area was observed
(#=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

© 2005 Elsevier Ltd. All rights reserved.

|

all polysaccharide extracts.

Keywords: Methanol; Acetic acid; Solid phase microextraction; Headspace analysis; Plant polysaccharides

!
|

‘ 1. Introduction L

'

Acetylation 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 influence
widely their ion-exchange properties, water-binding capacity,
cross<linking through caicium 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 (Voragen,
Pilnik, Thibault, Axelos, & Renard, 1995).

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

|
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Codex (1981) proposes a titrimetric method for determination
of the degree of methylesterification (DM) of pectins. This
procedure| involves titration with sodium hydroxide of a

. polysaccharide suspension before and after alkali hydrolysis.

Because agetyl groups are usually present, the DM value can be

only obta‘i}\ed after correction for the acetyl groups by a
separated specific determination. Another possible disadvan-
tage of this‘iucthod is the need of relatively large quantitics of
sample (cal 30 mg). The amount of methanol can also be
quantified by colorimetry (Wood & Siddiqui, 1971), aleohol
oxidase enzymatic assay (Klavons & Bennett, 1986) and
capillary zope electrophoresis (Jiang, Liu, Wu, Chang, &
Chang, 2003). 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
simultaneous \determination of methanol and acetic acid, gas
chromatography (Huisman, Oosterveld, & Schols, 2004;
McFeeters &| Armstrong, 1984; Waldron & Selvendran,
1990) and HPLC (Levigne, Thomas, Ralet, Quemener, &
Thibault, 2002} Voragen, Schols, & Pilnik, 1986) are the most
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 does
not require solvent extraction (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 semi-volatile compounds from environmental,
biological and food samples, since SPME I3 available with
various sorbent materials and various coating thickness
(Kataoka, Lord, & Pawliszyn, 2000; Mester, Sturgeon, &
Pawliszyn, 2001). The use of solid phase microextraction
(SPME) coupled with gas chromatography-mass spectrometry
(GC~MS) was also proposed for the simultaneous 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 & Nuiiez, 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™ 1 for metha-
nol and 0.05 and 2.0 mmol mL™! (3-120 mg L.™') for acetic
acid.

In order to propose a simple methodology and to avoid the
use of a mass detector and deuterated species, in this work it is
proposed a new methodology for the simultaneous quantifi-
cation of methanol and acetic acid released from polysacchar-
ides after saponification. The headspace of the samples were
analysed by SPME using a GC equipped with a flame
ionisation detector (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, methanel and acetic 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 nsed were of analytical grade. Methanol
{99.0%) and acetic acid (99.5%) were purchased from
Fluka and Riedel, respectively. Calibration curves were
made from readily prepared methanol (0.8 gL™') and
acetic acid (‘l,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 jun
divinylbenzene/Carboxen on  polydimethylsiloxane
(DVB/Carboxen/PDMS) and 100 um polydimethylsilox-
anc (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 prepafation

Polysaccharides were obtained from the pulp washing water
- and from 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.
(2001). Each sample, 2 mg for water and imidazole extracts
and 5 mg for AIR, was dispersed 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 NaCH, with a
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 to 2.0.

2.3. Determination of methanol and acetic acid 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 HCl) or standard solutions were
thermostatized at 40°C in a water bath, with continuous
stitring. After 15 min, the SPME fibre was manually inserted
through the Teflon septum into the headspace of the vial. Since
headspace volume can be g critical factor determining the
precision of the results in three-phase systems, vials from the
same producer and lot were used.

For HS-SPME optimization, for both DVB/Carbox-
en/PDMS and PDMS fibre coatings, three times of extraction
were 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, - ’ ' o

- 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 series II gas chromatograph (Hewlett-Packard, Wilming-
ton, USA), equipped with a split/splitless injector and a flame
ionisation detector (FID) was used. The injection port was
lined with a 0.75 mm i.d. splitless glass liner. Splitless injection
mode was used (3 min). The desorbed compounds were
separated in a 30 m length DB-Wax column (J&W) with
0.53 mm i.d. and 1.0.um film 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°C min~"' until 185°C, and
35°Cmin~" 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 to a standard mixture of methanol 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-
tration 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
were constructed in the presence of 60 and 100 mg L7! of
methanol. . '

All measurements were made with at least three replicates
and the reproducibility was expressed as relative standard
deviation (RDS, %). Blanks were run in between each set of
experiments.
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2.4. Determination of methanol and acetic acid by direct

€. Munes ef al. £ Garbohydrate Palymers

injection of the agueous solution in the GC-FID

For comparative purposes and validation of the SPME
methodology, methanol and acetie acid 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
has been completed with distilled water. The sample
suspension was filtered through a glass fibre filter (Whatman
GP/C) and a nylon membrane filter NL16 0.2 um (S&S,
Germany), The filtrate was injected (0.5 pL) in a GC HP 5880
series IT with a FID detector under the conditions deseribed in
2.3, Calibration curves were constructed for final concentration
from 20 to 500mgL™' for both analytes. Estimated
concentrations were made by peak area comparisons with the
area of the known concentration of 1-propanol. The samples
were prepared in duplicate and each run in duplicate (n=4).

2.5, Carbohydrate analysis sensiti
: distrib

Neutral sugars were obtained by sulfuric acid hydrolysis  fibre,
(Selvendran, March, & Ring, 1979) and analyzed after  sensit

conversion to their alditol acetates by GC, using 2-deox-
yglucose as internal standard (Coimbra, Delgadillo,

FiD response

Fig. 1.
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18-SPME-GC-FID chromatogram for separation of methanol (2.5 min)

and acetis acid (7.8 min),

the stationary phase. The small pores (10 A on average)“of
Carboxen make this coating fibre particularly effective for
extracting small molecules (Kataoka et al., 2000).

In the case of the HS-SPME in a three phase system, the

amount of an analyte sorbed on the fibre, and the resulting

Whaidren,

vity, are determined both by sorption kinetics and by the
ution eoefficient of the compound between the coating
the headspace and the sample. SPME is, however,
ive to experimental conditions. Any change in

& Selvendran, 1996). A Carlo Erba 6000 GC apparatus with e T

split injector and a FID detector was used, with a 30 m column Em’ T BRbME20min

DB-225 (J&W) with i.d. and film thickness of 0,25 mm and § Bo00 - ' o ‘

0.15 um, respectively. The oven temperature program used £ oo | D DB e 3 min

was: initial temperature 200 °C, a rise in temperature at a rate 8 | ROvbiCoboxanPOMS-46min

of 40°Cmin™" until 220°C and then 220°C for 14 min, o [

foilowed by a rate of 20 °C min ™! untxl 230 °C and maintain © RO00 o - e oe oo

this temperature for 1 min. The injector and detector 1000

temperatures were, respectively, 220 and 230 °C. The flow 0 ; vkl | [N

rate of the carrier gas (H) was set at 1 mL min’ -1, Methanol Acelic Acid
Uronic acids (UrAc) were quantified ythe 3-phenylphenol Fig. 2, GC peak weas for mathanol and acetic acid using PDMS and

colerimetric method, as described by Coimbra et al. (1996),
3. Results and discussion
3.1. Qptimization of PlS-SI“ME-GC-F’lDw methodology

In this study, two types of SPML fibre coatings were
compared for their ability to cxtract methanol and acetic ae;cl

from the headspace.

PDMS fibre is a liquid coating reeemmcnded by the
manufacturer for absorption of low molecular weight and
non-polar volatile compounds (M,,, 60-275 Da). However, as
PDMS 100 um is the thickest coat available for SPME, its thick
polymer coat also allowed it to be successfully applied in the
microextraction of polar volatile compounds (Kataoka et al.,
2001). DVB/Carboxen/PDMS is a mixed
coating fibre used for a wide range of analytes (velatile,
semivolatile and poelar compounds—Cj_20, My, 40-275 Da). 1t
is reported as most sensitive for small compounds and organic
acids due to its increase retention capacity resultant from the
mutually petentiating effect of adsorption and absorption to

2000; Mester et al.,

Selutiol

G pedk amsa

Fig. 3.
acetic a|
methan

DVB/C‘ErboxmfPDMS ﬁbre contings at three diﬂerent times of extraction,

contained 40 g L™ " methanol und 52 g L™ acetic acid at pH 2.0.
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Calibration curves for methanal with: o acetic acid (4), 80 mg L™’
eid (1) und 105 mg L™ acetic acld (A), and for acetic acid with: no
ol (#), 60 mg L™ methanol (J) and 100 mg L.~ methanal (A).
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Table 1
Slope, intercept and r-sguared valuos for calibration curves of methanol and
acetic acid by H3-SPME-GC-FID

Calibration curves

Slope Intercept r-squared
Methanol
0 pg mL™" acetic acid | 75.9+1.6" —-14494+108° 0996
80 ug mL™" acetic acid! 765433 14644228 0981
105 pg mL™" acetic acid 823+25" —1964:£175°  0.991
Total data for methanol 7824+1.6° -1626+107"  0.987
Acetic acid
0 pg mL™" methanol 114943.6°  —1993:£265* 0991
60 g mL ™! mothanol ¢ 119.34:3.3° —-2161:+249* 0,092
100 pg mL™" methanol 116.7:£4.6°  ~2243+342° 0985
Total data for acetie agtd

117.0423%  ~2134+167°  0.988

2 Standérd deviation (iim 18),‘ .
" Standard deviation (ne:54),

cxperimental parameters, which affects the distribution
coefficient and the sorption rate, will inflyuence the amount
sorbed and the corrésponding reproducibility and sensitivity of
the method (Yang & Peppard, 1994), Then, the time required
for the extraction of the analytes from headspace was also
evgluated for bath coatings,

Independently of the type of fibre coating, time of
extraction and concentration of analytes, high chromato-
graphic resolution: for methanol and acetic acid was
observed in the 11 min temperature 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.

Table 2

368

For acetic acid the areas wers three times higher using the
DVB/Carboxen/PDMS  fibre than the PDMS, while for
methanol the areas obtained with the two coatings were
similar. The reproducibility obtained for both analytes,
shown 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 better coating for methanol and acetic acid extraction than
PDMS.

Using DVB/Carboxen/PDMS fibre, the areas for both
analytes incrcased almost twice with an increase from 15 to
30 min of the extraction time, while no significant changes
were observed with increasing the time of extraction to 43 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 at
40 °C with DVB/Carboxen/PDMS fibre coating was chosen as
the optimal experimental conditions for the analysis of
methanol and acetic acid by H8-SPME,

3.2. Calibration curves of methanol and acetic acid by
HS-SPME-GC-FID

Extemal calibration curves for quantification of methanol
and acetic acid were performed adding the standards in the
concentration range between 40 and 100 mg L ™' for methanol
and between 25 and 105mgL ™' for acetic acid. The
concentrations used were those expected to occur in the
polysaccharide samples, The solution matrix was chosen to
have the same composition of those containing the saponified

Sugars composition of polysaccharides samples from plums and methanol and acetic yeid released from them ( g g™l of polysaccharide sample), deteymined by

HS-§PME-GC-FID and by direct injection of the aqueous solution in the GC-FID

Total

Polysacchar-  Sugars composition (mol%) HS-§PME-GC-FID® Direct injection-GC-
ids sample SUgArs FIp®
| N — e (887) S ,
Rha  Fuc Ara Xyl Man Gal Gle UrAe Methanol - Accticacid Methanal  Acetic acid
_ ' (mgg™)  (mgg™hH  (mgg~)  (mgg™h)
Pulp water washing
PW 2 0 13 2 5 7 27 45 653 40.0 (3) - 3715(N -
AR ‘
AlR] 1 1 16 3 2 10 25 42 687 20.5 (6) 1,031 22.2(8) 13.8 (10)
AIR2 2 1 14 4 3 12 31 2 618 21.8(2) 13.1 (10) 224 (8) 15.4 (10)
AIR3 2 0 10 4 3 12 42 28 603 15.6 (7} 13.8 (10) 17.3 (D 152 (0
AlR4 2 ] 14 5 2 17 20 41 818 21.5 (M 7.3(8) 28.0 (1) 23(10)
AIR water extract
Wi 1 1 13 4 3 7 33 38 562 14.6 (6) 12.4 (5) 13.9 (&) 15.1(11)
w2 1 0 5 2 5 3 67 15 635 9.2 (11) 10.0 (9) 8.5 (3) 103 (11)
w3 } 0 4 1 3 3 72 15 678 16.7 (8) 30.5(N 15.6 (4) 34.0 (8)
w4 2 | 10 2 1 10 6 69 997 92.0 (8) 16.7 (3) 879N 19511
AIR imidazole extract
Im! i 0 9 2 1 8§ 2 17 940 98.2 (2) -~ 94.5 (6) -
im2 2 1 12 2 2. 12 3 66 770 60.5 (5) - 52.5 (7 -
Im3 1 1 20 1 1 9 2 63 952 69.7 (1) - 62.9 (9) -
fm4 2 1 25 1 1 14 2 54 837 56.2(7) 26.2 (8) §3.1(2) 24.2 (10)

 Numbers in parenthuscs correspond to the coefficient of variation (%) (n=3),
® Numbers in parentheses correspond to the coefficient of variatien (%) (n=24).
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Fig. 4. Comparison of (a) methanol and (b) accttic acid contents (w/w) of
polysaccharides, obtained by HS-SPME-GC-FID and by direct injection in GC-
FID. ‘

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

SPME usually gives a lincar response between the
concentration of the analyte in solution and the amount of
analyte extracted (Kataoka et al., 2000; Mester et al., 2001).
However, for porous polymer fibres, like DVB/Carboxen/
PDMS, the competitive adsorption process due to the limited
surface area available for adsorption may result in the
displacement of analytes with lower affinities, affecting
therefore the estimation of their concentbation (Gdrecki, Yu,
& Pawliszyn, 1999; Mester et al., 2001; Pawliszyn, 2000). In
order to evaluate the effect of a possible interference of the
variation of the concentration of methanol on the amount
estimated of acetjc acid and the effect of variatien of the
concentration of acetic acid on the amount estimated of
methanol, calibration curves of each analyte were also
constructed in the presence of two different concentrations of
the other, 80 and 105mgL™"' of acetic acid and 60 and
100 mg L™! of methanol (Fig. 3). The values of slepe,
intercept and r-squared for the six calibration curves are
presented in Table 1. No statistical differences (p <0.05) were
observed among the three curves obtained for each compound
in the presence of the other. These results allowed to conclude
that during the extraction procedure with 'SPME, within this

\
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concentration range, no significant competitive interferences
occur between these compounds.

The calibration curves used to quantify the methanol and
acetic acid centent from polysaccharide extracts were
obtained using all the values, nine determinations for each
congentration (values showed in ‘Total’ line in Table 1).
A linear relationship between the concentration of methanol
and pcetic acid and their GC peak area was observed, with a
r-squared values of 0.988 for methanol and 0,987 for acetic
acid | (Table 1). Based on the standard deviations obtained,
the reproducibility of this methodology, expressed as a
percentage of the mean of the standard area for each
concentration, was estimated to be bellow 10% for both
analytes. Quantification limits, determined by the concen-
tration of each standard required to give a peak height ten
times higher than the noise, was estimated to be 32 mgL ™'
for methanol and 26 mg L™ ! for acetic acid,

3.3, Determination of methanol and acetic acid
contents of polysaccharides

Methanol and acetic acid contents were determined for a set
of plum polysaccharides, obtained from the pulp washing
water| from the alcohol insoluble residue (AIR), and from
extraction of the AIR with water and 0.5 M imidazole/HCI pH
7.0. These samples differ in their sugar compositien (Table 2),
namely vronic acids (15-77 mol%) and tota] amount of sugars
97mg g™ '). Methano! and acetic acid content after
saponification of samples were determined 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 methanol and acetic acid
obtained for all polysaccharides analysed were evaluated using
t-studept test at the p<0.05 level. No significant differences
were observed. The two methodologies can also be compared
by the linear relationship for the estimation of both methanol
and acatic acid contents (Fig. 4). For methanol, the calculated
linear regression had a slope of 1,05 £0.05 and a intercept of
~2.311:3.21, while for acetic acid the slope was 0.98 3-0.04
and the intercept was —0.544:0.55. These results show that
the calculated slope and intercept for both regression trend
lines de not differ significantly from 1 and 0, respectively, and
thus thére is no evidence for differences between the results
obtained by both methods, The reproducibility of the proposed
HS-SPME-GC-FID methodology, when applied to the
samples, was also shown to be near 10%, a value similar to
that found for the standards,

4, Concluding remarks

A simple, rapid and solvent-free methodolagy for simul-
taneous 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
external 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 extrdets or the unpurified water soluble glucan
and pectic polysaccharides,

This is a much casier and less time consuming methodology
for sample preparation than titration, enzymatic or chemical
methods and allows the simultaneous determination of
methanol! and acetici acid. It is cleaner than the chromato-
graphic methods that require direct injection of acidic aqueous
sample solutions. This methodology dacs not require the use of

isotope internal calibration and mass spectrometry, not always

available as a laboratory facility. HS-SPME-CG-FID 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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