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Dinamica




Presentacion continua de la ponencia individual
Seccion de preguntas al finalizar la presentacion

Requisitos para la entrega de constancia:
Haber cubierto toda la sesion presencial
Cumplir con la actividad aprobatoria del curso

La informacidn para la constancia debera enviarse via email
con el asunto “Curso AEAAA 2020 “:

Nombre completo
ID de lareunidn via zoom
Las iniciales que indicé en el registro del curso



Recomendaciones:

Cerrar microfonos al iniciar el seminario

Enviar las preguntas al ponente en chat individual, durante
la sesion.

Abrir el microfono a solicitud del ponente

La presentacidn y constancia se enviaran via email a
solicitud del participante.

Enviar preguntas y comentarios que queden pendientes, al
correo electréonico mtjrs@quimica.unam.mx



Objetivo

Proporcionar herramientas teoricas para la adecuada seleccion de las
técnicas analiticas de espectrometria atomica y su aplicacion al
analisis de elementos.
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Introduccion



Los productos alimenticios contienen mas de 60 elementos, entre los que se
encuentran:

e Loselementos mayores: K, Na, Ca, Mg, Cl, S, P and C
e Loselementos menoresy traza (concentraciones menores a a 50 mg/kg):

~ Elementos esenciales: Fe, Cu, [, Co, Mn, Zn, Cr, Ni, Si, F, Mo y Se
~  Elementos esenciales no-toxicos: Al, By Sn

~  Elementos no-esenciales y toxicos al organismo humano: Hg, Ph, As, Cd y Sh
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Con base en la Ingesta Diaria Recomendada (RDA, recommended dietary
allowances) de la Academia Nacional de la Ciencias de EUA, los elementos se
agrupan de la siguiente manera:

e Macronutrientes esenciales (100 mg/dia o mas): Ca, Cl, Mg, P, K, Na, S

e Micronutrientes esenciales: Cr, Co, Cu, F, I. Fe, Mn, Se, Zn

e Micronutrientes probablemente esenciales: Ni, Si, Sn, V

e Contaminantes traza: Al, As, Cd, Pb, Hg

e Otros: Sh, Ba, Be, B, Br, Li, Rb, Ag, Sr, Ti
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Elementos esenciales minerales nutricionales en el cuerpo humano (Selinus, O. et al, 2005)

Element Typical amount’

1000¢
700¢g
20-28¢
.3g

1 10-150¢g
20-28¢
2-2.5¢g
120 mg
20mg

*70-kg reference.
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Elementos minerales y su funcion en la salud (Selinus, O. et al, 2005)

Accepted essentials®  Suspected essentials®  Known or implicated functions

Macronutrient elements

Ca Bone structure, nervous transduction

P Bone structure, membrane structure, metabolic regulation

Mg Bone structure, electrochemical regulation, enzyme catalysis

Na Electrochemical regulation, acid-base balance, osmotic control of water distribution
K Electrochemical regulation, acid-base balance, osmotic control of water distribution
Cl Electrochemical regulation; acid-base balance, osmotic control of water distribution

Micronutrient elements
Oxygen transport, electron transport
Enzyme catalysis
Enzyme catalysis, protein structure
Metabolic regulation
Enzyme catalysis, antioxidant protection, redox regulation, anti-tumorigenic metabolites
Enzyme catalysis
Potentiation of insulin action in the maintenance of glucose tolerance
Enzyme catalysis
Protects against dental caries
Single carbon metabolism as active center of the vitamin B, molecule
Fetal survival and anemia in experimental animals
Anemia in experimental animals
Reproductive function and growth in experimental animals
Bone mineralization in experimental animals
Growth in experimental animals

Reproductive function and fetal development in animals, calcification in cell culty

*Essentiality demonstrated on the basis of specific biochemical functions.

“Essentiality indicated by physiological impairment correctable by supplementation.

“The element itself can be used only by ruminants with foregut microflora capable of synthesizing that vitamin. For this r
essential only for ruminants, while the essential form for all non-ruminants including humans is vitamin B..




Efectos esenciales y toxicos de elementos traza, en la nutricion humana, animal'y de plantas
(Adriano, D.C, 2001)

Essential beneficial to Potential toxicity to
Plants Animals Humans Plants Animals Humans

Comments

Element
Yes Phytotoxic

Phytotoxic in low pH soils; toxic to fish in low
pH lakes: relatively nontoxic to mammals
Phytotoxic before animal toxicity similar
geochemical behavior to P; carcinogenic;
blackfoot disease (arsenicosis) in South
Asia

Narrow margin, especially in plants; phyto-
toxicity is more prone in arid regions; rela-
tively nontoxic to mammals

Possil Insoluble: soluble forms—toxic
No Phytotoxic: carcinogenic
No Relatively nontoxic
No s Narrow margin: bioaccumulative and phyto-

toxic; enriched in food chain; carcinogenic:

itai-itai disease (Cd poisoning)

Relatively phytotoxic: role in symbiotic N
fixation: carcinogenic

Crét very toxic and mobile in soils: carcino-
genic; Cr3* relatively nontoxic to mammals

Easily complexed in soils: narrow margin for
plants: immobile in soils; relatively non-

Ag No No No Yes
Al No No No Yes

No No Xey

toxic

Toxic to mammals in high doses; role in
dental health: very mobile in soils

Fe deficiency in humans common worldwide:
phytotoxic in low-pH soils; relatively
nontoxic to manunals

Biomagnifies in aquatic food chain; a concern
in newly established reservoirs; Ainanata
disease (Hg poisoning)

Wide mar phytotoxic in low-pH soils; re-
latively nontoxic to mammals

High enrichment in plants; narrow margin for
animals: molybdenosis in livestock

Yes Very mobile in soils and plant reinogenic

Vs . Relatively nonphytotoxic; immobile in soils

human exposure to leaded gasoline. paint,
and plumbing: young children most sensi-
tive to Pb poisoning; a global social issue

Insoluble; relatively nonphytotoxic

Narrow margin for imals (selenocosis):
interacts with other ac similar
geochemical behavior to 8; Keshan and
Kaschin—-Beck diseases (Se deficiency)

Relatively nontoxic; very low uptake by

5-20 ppm

No ‘es
plants

Insoluble; relatively nontoxic; possibly carci-
nogenic

Very mobile in plants; phytotoxic; highly
toxic to mammals

Required by green algae; narrow margin and
highly toxic in mammal arcinogenic

Very mobile in plants; possibly phytotoxic

Wide margin: easily complexed in soils; simi-
lar geochemical behavior to Cd: may be
lacking in some diets; relatively nontoxic to

Possible Possible
No No

Yes Yes

mammals

‘Primarily referring to land-based plants and animals
Sonrces: Extracted from Allaway (1968): Chang (1996); Hewitt and Smith (1974): Loehr et al. (1979); Luck.
1977). Underwood (1975, 1977): Van Hook and Shults (1976); Wood and Goldberg (1977); Zingaro (1979).

y and Venugopal (1977); Miller and Neathery




Aporte del contenido de elementos mayores,
menores y traza en alimentos

Instalacion

nuclear:

aguas radiactivas
Productos
de la pesca

Nieve y lluvia—e
contammada
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Determinacion analitica

e Concentracion total
e Relaciones Isotopicas (RI)
Medicion de la relacion de la senial de una masa respecto a otra.

Las técnicas isotopicas se emplean para identificacion y diferenciacion de las fuentes
naturales y antropogénicas de metales traza.

e [speciacion

Actividades analiticas de identificacion y/o medicion de las cantidades de uno o mas
especies quimicas individuales en una muestra.
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Las especies que tienen el &@l&@i@ﬂ@@ul@ QLQE 1@@%) y propiedades quimicas

similares; pero diferentes masa atomica, son llamadas is6topos.

Los estudios de variacion en la composicion isotdpica en “muestras naturales” puede dividirse en dos
categorias:

e isotopos que se originaron desde la creacion de la galaxia y que se consideran estables, y que han

permanecido constantes en la composicion isotdpica a través del tiempo geologico, “no radiogénicos”
(ej. 2°4Pb. 1.35 % abundancia)

eisotopos “radiogénicos” (ej. 2°°Pb, 27Pb, 2%8Pb), originados por decaimiento radiactivo (“hijos” )
a partir de un isotopo inestable “padre”.

88U 200ph (25.3 %),
25U & 2Pb (21.1 %)
22Th & 2%8Pb (52.2 %)

RI Plomo moderno
206ph / 204Ph = 18.6 — 19.0
207ph / 204ph = 15.6 — 15.67

206ph / 207ph - 1.20 + 0.015
MTJRS-2012 =



La globalizacion del mercado de alimentos y la relativa facilidad de transporte entre
paises y continentes, ha dado lugar al interés de los consumidores por saber el origen
de lo que comen.

Ha surgido la publicacion de articulos sobre el empleo de las RI como trazadores
geograficos para determinar el origen de los alimentos y su autenticidad. Ejemplo de
lo anterior son :

207ph/206Ph en la industria del Vino
87Sr/86Sr en la distribucion del Arroz
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Aplicaciones

Las huellas isotopicas pueden usarse para identificar el origen geografico de una
muestra debido a que los organismos acumulan metales del ambiente (agua, alimentos
y aire) en los tejidos.

Se han reportando las siguientes investigaciones para diferenciar:
eSpecies de attin de los océanos Atlantico y Meditérraneo
eEspecies de salmon de 14 rios distintos de Noruega

La RI de Sr (37Sr/%¢Sr) encontrada en las plantas )lz los animales que se alimentan de las
mismas, estan relacionadas con el Sr biodisponible en las rocas (indicacion de litologia
tnica del sitio), lo que representa la suma de los minerales de Sr existentes en la zona.

Preleminary Fegonal Vanakon

Variacion Rl Sr'en Mexico




Isotopos de Cu

Isotopos de Ph

Fulse
Intangny
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Autenticidad de vinos en funcion de Rl de/Ph
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Especiacion

Especie quimica (de un elemento quimico): Forma especifica de un elemento definida como:
composicion isotopica, estado electronico o de oxidacion, y estructura molecular o complejo.

El valor nutritivo de un alimento, depende del contenido del mineral y de la biodisponibilidad para
el organismo humano.

El analisis de especiacion de elementos traza en los alimentos es importante para entender la
actividad biologica inherente.

Elementos de interés :
Se, As y Hg (ampliamente estudiados)

Co, Mn, Fe, Zn, Cuy Mo

MTJRS-2012 19



Especies quimicas de Hg

DEPOSITION (Haill), GH,Hg

and VOLATILIZATION [Hg™)




Especies quimicas de As

Orden descendente de toxicidad de compuestos de
arsénico (Gehle. K. et al, 2009):

e Compuestos inorganicos trivalentes

e Compuestos organicos trivalentes

A e oMY e,

F~f—

|
'| (LR

i e Compuestos inorganicos pentavalentes
DA -
e Compuestos organicos pentavalentes

e Arsénico elemental

-t eEo-

v

? Lhao FJenal, 2010,
At ey Plan, 8ol 61:435-50




Técnicas Analiticas Espectrométricas

FAAS, ETAAS: Analisis Monoelemental, Corto Intervalo lineal

[CP-AES, ICP-MS: Analisis Multielemental, Amplio intervalo lineal

MTJRS-2012
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Espectrometria de Absorcion Atomica-Aspiracion Directa

(Flame Atomic Absorption Spectrometry, FAAS). Determinacion a niveles de
concentracion ppm

MTJRS 2020 23



Ley de Lambert-Beer
T-1/1,
A=logl, /I=-logT = €bc

MTJRS 2020

absorbing sample of
concentration ¢

-— path length b —»

24



Lamoara de
catodo hueco

-
«Chopper» Combustible
pralono  Oxidante
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Espectrometria de Absorcion Atomica-Horno de Grafito

(Graphite Furnace Atomic Absorption Spectrometry, GEFAAS; Electrothermal Atomic
Absorption Spectrometry, ETAAS). Determinacion a niveles de concentracion ppb.

PIIe 36 el
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Display Peaks - C:\AA USER\AA FILES\PKPLOT\DEFAULT.PPP
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Espectrometria de emision atomica-plasma inductivamente acoplado

(Inductively Coupled Plasma - Atomic Emission Spectrometry, [CP-AES).
Determinacion a niveles de concentracion % y ppm.

Mide la emision de radiacion electromagnética por un atomo en estado
excitado (mayor energia) cuando regresa a un estado de menor energia.

Atomic
absorption
spectroscopy

Atomic
Nuorescence
spectroscopy

absorption of radiation

©

E-E
Vie ™ =

amission of
radiaton
5 = E~E
s 1

h
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Esquema de instrumentacion de Emision Atomica

con fuente de atomizacion y ionizacion por

Plasma de Acoplamiento Inductivo

Incoctively Couphed Plasma

Esquema de la antorcha, y plasma de
argon generado

Flasma

Induction coilz ‘1 aghetic field

Sample Aow

MTJRS-2012
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Senal analitica en ICP-AES
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Interferencias espectrales en ICP-AES
r214.438nm

1.0 mg/L Cd

r 267.716 nm

1000 mg/L Pt

5.0 mg/L Cr
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Espectrometria de masas con fuente de ionizacion por plasma
inductivamente acoplado
(Inductively Coupled Plasma — Mass Spectrometry, [CP-MS)

La espectrometria de masas es una técnica analitica empleada para la separacion
e identitficacion de iones con diferentes valores de relacion m/z.. La introduccion
del plasma acoplado, como fuente de iones. ha incrementado la aplicacion de lo

que se denomina espectrometria de masas inorganica.

33




Esquema de Analizador de Masas Cuadrupolar

Plasma
Interface

Plasma gas

Auxmary j Torch

-

Carrier”” T

gas chamber

Sample

A lon lens
Nebulizer

lon beam
(M1, M2. M3)

MTJRS-2012
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Exiting ions (M1}
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Senal analitica en ICP-MS

Capacidad de analisis del ICP-QMS

[CP-MS spectram of Be, Al Co, Y. In, Ce, Pb, B and U (100

madm '} oourtesy of Dr K. Jarvis, Plasma Mass Specirometry Laboratory, Reyal
Holloway College)



Interferencias en ICP-MS

Interferencias Isobaricas Interferencias poliatomicas

Intensity (cps)

Intensity (a.u.)



Acoplamiento instrumental HPLC-ICPMS Especiacion de Se

|~ i
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1671

4500
L0040
3500
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Medicion Analitica

MTJRS-2012
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Calibracion

Curva de calibracion

Relacion respuesta instrumental a estimulo. El resultado de una calibracion es
la relacion entre las lecturas de un instrumento y los valores indicados por un
patron.

eDirecta o estandar externo (con o sin igualacion de matriz)

e Adicion de estandar

e[ standar interno
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Curva de calibracion directa, o externa

Response Factor=
slope of line

&
3
a

Calibration Curve
must be linear

Line must pass through the origin

MTJRS-2012
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Curvaide calitracion por adicion de estandar  Curva de calibracion por adicion de estandar interno

R =0.992
7 ns,

Pl

Peak Area Ratio
(Analyte / Internal Standard

Tntensity/ Area

Aik ) kil
Comcentration (mbi)

Intensidades Ni (analito)
Co (estandar interno)

Intensidades Ni/Co

5] 55

No. Lectura
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Validacion de método de ensayo

Exactitud

Sensibilidad

[imite de deteccion
[imite de cuantificacion
Intervalo lineal
Reproducibilidad
Repetibilidad

MTJRS-2012
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Validacion
Es la confirmacion por examen y la provision de evidencia objetiva de que se cumplen los
requisitos particulares para un uso propuesto (método especifico)

Validacion de método

Es el proceso de establecer las caracteristicas de desempeno y limitaciones de un método y la
identificacion de aquellas influencias que pueden modificar estas caracteristicas y a que grado
(analito, matriz, interferencia, incertidumbre)

Trazabilidad

Propiedad del resultado de una medicion o del valor de un patrén, por el cual puede ser
relacionado a referencias determinadas, generalmente patrones nacionales o internacionales, por
medio de una cadena ininterrumpida de comparaciones, todas ellas teniendo incertidumbres
determinadas.

MTJRS-2012
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Material de referencia

Material o sustancia, en la cual uno o mas valores de sus propiedades son
suficientemente homogéneos y bien definidos, para ser utlizados para la
calibracion de aparatos, la evaluacion de un método de medicion, o para

asignar valores a materiales

Material de referencia certificado

Material de referencia, acompanado de un certificado, en el cual uno o mas
valores de las propiedades estan certificados por un procedimiento que
establece trazabilidad a una realizacion de la unidad en la cual se expresan los
valores de la propiedad y en el que cada valor certificado se acompana de una

incertidumbre con el nivel declarado de confianza

MTJRS-2012
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f %;\. Nattomal Jrstitute of Stardards & Technology
WS

Qertificate of Analpsis

Standard Reference Material® 1573a

Tomato Leaves

This Standard Reference Material (SEM) is itended primardy for wse in evahiting the rebshilty of andytical methods for the
detenmination of major, minor, and trace elements I botavical matenals, agrimthral food products, and materials of strilay matie.
A untt of SEM 15732 consists of 30 2 of dried tomabo leaves.

Certified and Noncertified Vahues of Constituent Flements: The certified vahies of the constituert elements are givenm Tahle
1. These vahes ave hased on the agyeement of results fioan at lazst two independent andytieal methods o the mean of reslts from
amethod of bnowm acaracy. Noncertified vabies of constiuent elements ave provided for mfomation cndym Table 2. A0 vahes
are reported as mass fractions [1]

NOTICE AND WARNINGS TO USERS

Expiration of Certification: This certifiration is valid for five years froan the date of shipmerd. Showld any of the certified vahies
change before the expivation of the cetfiration, purchasers will be notified by NIST. Retun of the gtached registration card will
farditate notifeaion

Stahility: This material was radiation sterlizad at an estimated mintiozn dose of 25 kGy (2.5 Mrads) for nterobinlogieal cortrol.
However, s stabibty has not been rigorouwsly assessed. NIST will mondtor this mmaterial and wll repost any shstartire changes to
the purchaser.

Storage: The matend should be kept tizhthy closed inits origind botle and stoed inthe dark # 2 temperahure between 10 ° C and
30 "C. Tt should not be exposed to irtense sources of radiatim, [deally, the botlle should be kept in adesiceator urder fhe condtions
indicated above.

TUse: The bottle conterts shouldbe thoronghy roed by mtatme andior roling the botle befize eachnse. Allow the corterts tosetle
for cne ke priorto opermg, A rirmmm sample of 150 mg of (dry mass - se2 "Instmetions for Dymg"), shoddbe wsed to relate
analytical determations to the certified vahies inthis certificate. Volatle elemerts (s 2., arsenic, meroury, and selendimi) shonld be
determined om samples as received; separate samples from the samebotile shouldbe dried according to these mtmctions to obtam
a conection factor for moisture. This factor s then to be nsed to correct the analytizal remlts ta & dry mass basis

Dissolution: Digestion procedues should be desizned to avoid loss of voldile eemerts. Digestion of the SEM in mtre and
perchlone acids was found to be meomplete with 2 smal residue of sibieeous materl remainmg, This residue rmsthe considered an
integral part of'the SRM and should be treated with 2 small amonrt of lydrofhionic 2cid to abtain total dissobdtion.

Coordination of 2l andyticd meanwemerts used in the characterization of this SEM weas performed by D A, Becker of the NIST
Analptical Chemistry Divisicn fomenty the Inoxgarie Anabytizal Research Division.

Statistical analysis of the erperimertal data was perfommed by WF. Guthrie of the NIST Statiticsl Engimeering Division.

‘The technical and support aspects irvvobved in the cerfifieation and issuance of this SEM were coordinated through the Standard
Reference Materials Programby B4, Alvavez and TE. Gills.

Gaithersturg, WD 20599 Themas E. Gills, Chief
Hewewher 22, 1995 Stand ard Reference Materials Program
(Revision of cedtificate dated 10-19-93)

Concentraciones totales certificadas en MRC 1573a (Hojas de tomate), NIST

Instructions for Drying: Samples of this SEM nmst be dried only by one of the following taro procedures.

1. Drymgin a desiceator at room tenperatire (approcmmately 22 °C) for 1200k over fresh anbpedrons magnesiom perchlorate.
The sample depth should not exceed 1 em.

2. Freems dvying for 24 h at a pressure of 13.5 Pa or lowsr and a shelf temperatare of -5 "C or lower after having frozen the
sample (not to exceed 1 cm in depth) at -40 "C or lower for at least 1h. A4t the end of the 24 h pencd, samples are placed
inpnediately m a desiccator with fresh anbyrdrons tim perchlorate. Samples ave weighed after alloaing a nomromm of 4 h
to establish ternperature equilbrnon.

Hote: Vaowun drymg at room temperabare and oven drymg at elevated temperahires have remabed in excessive mass losses and
therefore are not reconmended.

Homwogeneity Assessment: Homogensity was assessed by carefil evaliation of the anabytical data nsed for cerifieation. Mo
evidence of chenueally or stahstically signficart mhomogenety was observed.

Tahble 1. Certfled Mass Fractions (wa)
Element

Caleiim
Hitrogen (Total)
Phosphors

Potasstim

wa (inmgiks) wa (inmg'ke)

Ahmmnan

Antimony

Arseric

Boron 333
Cadmpum 1.52
Chrombmm 199
Cobalt 0.57
Copper

Iron 365
Manganese 248

oW KK KK E K F K

Certified Values and Uncertaindies: The certfled vabies are e quallyweighted means of resaks fiom baro or more different anabtical
methods or the mean of results fimm a method of lnmoem acouracy. Inthe case of taro or maore methods, sach uncertaity is the sum
of 2 95 % confidence bnmt and an allowance for systematic ervor between the methods used. In the case of a method of known
acoirary, each uncert aity is the sum of a 25 %4 confidence lindt and the known systematic ervar of the method.
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Exactitud

Proximidad de concordancia entre el resultado de una medicion y un valor verdadero.

Recuperacion
Proporcion de la cantidad de analito, presente en la porcion de la muestra o adicionado a esta, que es

cuantificada por un método de ensayo.

Repetibilidad (de resultados de mediciones)
Proximidad de concordancia entre los resultados de mediciones sucesivas del mismo mensurando

realizadas bajo las mismas condiciones de medicion

Reproducibilidad
Proximidad de concordancia entre los resultados de mediciones del mismo mensurando realizadas

bajo condiciones variables de medicion
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[ntervalo lineal de respuesta
Relacion lineal con la concentracion del analito.

Limite de deteccion

La menor concentracion del analito en una muestra que puede detectarse, pero
no necesariamente cuantificarse bajo las condiciones establecidas de la prueba
(instrumental y del método)

Limite de cuantificacion
Es la concentracion mas baja del analito que puede determinarse con un nivel
de incertidumbre aceptable.

Sensibilidad
Cambio en la respuesta de un instrumento de medicion dividido por el

correspondiente cambio del estimulo.
S=AY/AX

[ncertidumbre
Parametro, asociado al resultado de una medicion, que caracteriza la dispersion de los valores que
podrian ser razonablemente atribuidos al mensurando
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Fuentes especializadas de consulta

Spectrochimica Acta, Part B, Atomic Spectroscopy (SPAB)
http://www .journals.elsevier.com/spectrochimica-acta-part-b-atomic-spectroscopy/

Journal of Analytical Atomic Spectrometry (JAAS)

http://pubs.rsc.org/en/journals/journalissues/ja
www.sciencedirect.com

International database for certified reference materials
http://www.comar.bam.de/en/

National Institute of Standards and Technology (NIST)
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MTJRS-2012

48


http://www.journals.elsevier.com/spectrochimica-acta-part-b-atomic-spectroscopy/
http://pubs.rsc.org/en/journals/journalissues/ja
http://www.sciencedirect.com/
http://www.comar.bam.de/en/

Diseno experimental para
determinacion analitica de
elementos traza, menores y/o
mayores en alimentos

MTJRS-2012

49



[. Seleccion de técnica analitica

Fumace-AAS ICP-AES

Comparacion de LDI{Limites de Deteccion Instrumentales)idediversasitecnicastanaliticas espectrometricas
MTJRS-2012 5(0)



II. Muestreo de Alimentos diversos

MTJRS-2012 51



III. Tratamiento Fisico
1. Secado de la muestra 2. Molienda y homogeneizacién

mortero molino
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[V. Tratamiento quimico

| Pesaday i d reactvo deciesti (HNOS, H202 HCL HE: Kingstonet 19 2. Filtracion y aforacion

FiguraD



V. Analisis
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Ejemplos Practicos



Spectrochemica Acts Part B 03 (2010) 57-112

Contents lists available at SoenceDurect

Spectrochimica Acta Part B

journal homepage: www.elsevier.com/locate/sab

Review

Determination of As, Cd, Cu, Hg and Pb in biological samples by modern
electrothermal atomic absorption spectrometry

Jordi Sardans **, Fernando Montes ”, Josep Peiuelas *

* Ecophyscolopced ovd Clabal Chenge Unt CIC-CREAF, S €, Universitst Aatdoonm & Sarcelong, Seflstrrra 08193 Ssrcoiono, Spain
* Departomento de Cienass Anafitcas, Faculted de Qiencns, Universidad Nenienef de Educocion o Distencin (UNED), © Sendo def Rry 9. 28040 Madnd, Spain
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Spectznchumxca Acts Part B 50 (2014 1

Contents ksts avedable at ScienceDirect

Spectrochimica Acta Part B

journal homepage: www.elsevier.com/locate/sab

Analytical note

Simultaneous determination of macronutrients, micronutrients and trace @ 2 g
elements in mineral fertilizers by inductively coupled plasma optical
emission spectrometry

Sidnei de Oliveira Souza *, Silvanio Silvério Lopes da Costa *”, Dayane Melo Santos *, Jéssica dos Santos Pinto ?,
Carlos Alexandre Borges Garcia *, José do Patrocinio Hora Alves **, Rennan Geovanny Oliveira Araujo ***

* Laboratono de Quamicg Anoditio Ambwened (LQA ), Departamenie de (ramuce, (entro de QOennies Batas ¢ Ternologaa, Unieersadade Federal de Sergipe | LFS |, 45100000, 530 Crstevda SE Brosi
* Coordemogdo de Qumm. Unversdade Faderal de Alagoas (UFAL), Campas Arapsroc, 57305-003 Assperscs, AL Brazié
insatato ] muhnnr de Pesquses do Estado de Sevgipe (1175, 459000-000, Arocage, SE, Eraxi
* Depertarmanto de Quimco Analare, istitud de Quamics, Chiversdade Federa! de Babee [ UFBAL 40170-113 Sohador, B4, Sraxd Table 1
Charactenstics and operating condetons used for analyses by XP OES wath 203l view.

Paxameter Characterstxs

Radw frequency power (W 1200

Plasma gas flow rate (L mn 1320

Auxilixry gas flow rate (L min 13

Sample ptake rate (mil min 08

Nebultzer gas flow rate (L min 08

Netulwer type Concratox, sea speay
Spray chamber Type cyckne
Replcates 3

Impector tube dameter (mm 14

Signal mtegration time (s 10

Wavdengs (nm A1308213 Mg B 280203
As | 183580 Mn 1257010
G137105% Nal3saoa2
Cdi12288m@ Fi211018
Quin73o 217000
Fe B 239580 Vil 232403
Mg 233213 Zn § 200200

1) Ao line
B) lonx line
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Recovery(®) = [foumd wolue ‘cerfified valee « 100

Table 4
Results ohtained for the SRM analysis by ICP OFS using the proposed method
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Evaluation of an improved closed-vessel
conductively heated digestion system for the
analysis of raw meat samples by ICP techniquest

Alan Lima Vieira,® Kelber Miranda ” Alex Virgilio,® Edilene Cristina Ferreira®
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Table 1 instrumental operating conditions for ICP OES and ICP-MS/MS

Instrument parameter

RF applicd power (kw)
Plasma gas flow rate (L min %)
Auxiliary gas flow rate (L min
Nebulizer gas flow (L min ')
Nebulzer

Spray chamber

Operating condition
ICP OEsS

L1

12

03

07
Cancentric
Cyclonic

ICP-MS'MS

1.33

12

109

1.5

Concentric

scotttype double-pass

Elements (nmk C1191.091; Cal 422.673; Cu 1324.734;  As, ad, *cr, ¥Mo, **Pb, and *sc
Fell 238204 K 1 709.890, Mg 1283213 Mn 1l
237.010; Na 1 389.392; P1 178.284; S 1 182.004;
Zn 1 213,850
Operating mode Axial single quad MS'MS
Cell gas none 0
0; flow rate (mL min ll 0 o3
Analysis mode On mass Mass-shift
1sotopes monitored Medand b Pas™o, Par™o, "Mo™0; and "se'o
Atomic 1 and jonic 11 lines

Table 5 Limits of quantitation (in mg kg~Y for Ca, Cu, Fe, K. Mg, Mn,
Ma, P. 5 and Zn by ICP OES and As, Cd, Cr, Mo, Se and Pb by ICP-MS
using digestion blanks for CHDS and MW

LOQ Lo LOO)

(mg kg mgkg') (mgkg')
ICP OES - ICP-MS - -
elements CHDS MW elements CHDS MW

As 0.0001 0.0003
Cd 0.0004 0.00006
Cr 0.0008 0.001
Mo 0.0003 0.0004
Se 0.003 0.004
Ph 0.001 0.002

Ca
Cu
Fe
K
Mg

w

Do W

wn

Na
P

L




Table 2 FAesults [mean + standard deviation| for the determination in = 3] of Ca, Cu, Fe, K, Mg Mn, Na, F, 5 and Zn [in mg &g ': by ICP OES and
As Cd, Cr, Mo, Fb and 5= finmg kg ] by ICP-MS in CHDS digesbed CRMs"

156 park kidney |myg kg g 15377b bovine lver (mg kg y #4114 baovimee muscle [mg kg ')

Certified D termninsesd Rec ()  Cennfed Determined Rec (%) Certified Determined

319 4 0.4 4 180 4 148 4
295 + 10 : 184 4 180 4
835+ 0.3 ! 105 + 17 105 4
128 + 3 127 4 120 4
195" 4 115 < 124 4
12 600" 9540 < SEES <

g25" Bl < f00 <
TH 7 5 2420 4 2245 4

RO TEID 2 THIS & 7
12 200" 11 O0d & 200 11 GBI 2

Ax DuDaT + 0.00%  OL03F = 0.0s03 wos”

Cd 171 + 0.13 138 = OO7 : 050 = DD
Cr NC QLOSE = 0.0sD4 HIC

Mo RO 11041 15 =03

Fh O 306 = 0000 0.31 = DLl 0.12% = kD4
5 102 = 0.3 10.2 = 03 0.73 = Ou0sb

* KC = non-certified. © Reference values.




Table 3 Results [average + standard ceviation] for the Setermination [n = 3 of macro and micronutrients (in mg kg~ In raw mest samples by
ICP OES after CHDS and MW digestion. Anatyzed samples werne: beet [BM), pork [PM] and chicken [CM) muscies, besf (EL), pork [PL] and chicken
[CL} vers and beed (BX) and pork (PE] Edneys

Elements (mg kg ')
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E
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=
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Lo
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i
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b 4
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Table & Results {mwerage + standard dessation) for the determination [n = 3 of micro and tokic slemenks §@nomg kg L i raw meat samples by

ICP-MS sfter CHDS and MW digestion. Analyzed samples were: beef (BM), pork [PR) and chicken [CM) muscles, besf [BL), pork (PL] and chicken
[CL) Bvers and beed (BK) and pork (PE] kdneys

Elements [ mg kg I|

Sample A5 L D S

EiPl DUONZY = DD <0 s LD M ik} {1, D 0044 = 0003
L0 3
0,07

(BRI E
(R RI ]
0197

L Lk

Lol =

B
[ E

L

L1
L L
00 304

O DM

00123 =

= {LIHHIZ
= L]

= {LIHHIZ
0 o+ L HHI

= LO0S

+ LOOZ
LDLLS = LN
L34 = LN

0,074 =
0,060
0,063
0167

0163 =
d4l 2

.33
041
0351

.05 4
1.03

1.3 &4
1.41
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Table 1 ICP-MS operating conditions

Sample introduction system (hTISIS)
Liguid flow rate/uL min !
TemperatureC

Mebulizer gas flow rate/L min 1

Ar HMI flow rate/L min

Plasma

Plasma gas flow rate/L min
Auxiliary gas flow rate/L min
EF Power/W

Collision cell

He flow rate/mlL min
OctP Bias/Vv

ot RF/W

Encrgy discriminationV

Acquisition parameters
Number of replicates
Integration time/s
Sweeps per replicate

Measured ions

Analytes i, My, S2or, ¥mn®,
i, “You’, "zn’, Tas’,

cd”, ", Wsm®

135ppy* | Wapy*

, gy, 8R!
* 140
,

111
¥

Internal standards et 108

Diagnostics M B

ce'”, Wee'o’

Table 4 Detection limits of the de-.'glc:ped method, the reference method based on microwave-assisted acid digestion and other ICP-based
published methods (values in pg kg )

hTI=1S mcthod Reference method®

Dilution factor Undiluted 14 3
0.4 1.4 1.6
0.015 0.5 0.07
014 0.5 0.2
017 0.5 0.07
4 25
016 0.6 1.0
.18 1.0 0.07
3 0.5 0.05
.05 0.6 .02
013 1.3 0.0
s | 0L03 0.13 0.0%
Mtpd 0.007 0.1
"em 0.002 0.08 0.006
¥ed 0,002 0.02 0003
1¥57h 002 0.017

gk 0.02 0.15 0.015 0.02

% miicrowave-assisted acid digestion and 1CP-MS analysis using a conventional sample introduction system.




Table 3 centrations found for three wine samples using the reference microwave assisted digestion method, the conventional liguid samgle
introduction system and the hTISIS (mean + 95%-confidence interval; values in pg kg~ *°

Tempranillo 2 Gutturnio Rioja

W MW MW
digestion Conventional hTISIS 125 °C digestion Conventional hTis1s 125 "C digestion  Conventional hTISIS 125 “C

B.5 303 + 2.9 44.2 £ 2.3 39.07 £ 0.13 43.7 £ 1.B 374 £ 1.8 3 B4.3 £+ 9.1 46.4 =
0.305 = 0.024 1.467 £ 0.090 <15 ND 0646 = 0.076 <1. 0.195 = 0.049 1.15 =
+ 3.8 11.71 £ 0,21 19.4 £+ 1.0 6= 19 5064 £+ 011 4.87 + 0,25 46 5.41 + 0.27

1704 £ 42 1019 = 20 1723 £+ 100 1521 + 79 1328 + 32 1442 = 71 740.7 = 5.5 B5E = 40
3320 £ 230 2018 * 43 J460 = 190 1580 + B30 959.1 & 9.0 1229 = 48 11B0 = 400 1421 = 64
B3 £ 34 12.32 + 0,51 75.4 + 3.2 192.1 + 6.4  44.1 + 1.2 2114 = B.2 B9 £ 15 22.96 + 0.96
261 + 19 789 + 1.4 242 1+ 10 983 + 25 109.5 = 3.6 215.0 £ 7.6 91 = 12 74.9 + 2.4
290 = 79 542 = 15 258 =+ 12 130 = 110 549 + 17 144.3 = 5.0 241 = TO 981 = 50
3.0+ 1.1 0,919 £ 0L050 4.21 £+ 0.23 2.9 1 1B 060 + 0.14 2.86 £ 0.21 163 +£ 3.2 1.3z 4 0.11 3.25 = D.20
18.1 =+ 3.5 4.2 £ 1.1 19.3 + 1.3 13.7 = 1.1 1.42 + 0.40 13.71 = 0.48B 17.4 £ 2.0 9.04 £+ 0.30 15.61 = O0.ED
<04 NI 0.390 = 0.043 <4 ND 0462 = 0.031 <04 0.0261 + 0.0033 0.391 + 0,024
<0.3 N <0.02 <0.3 0043 = 0. 00257 £ 0.0042 <03 0120 = 0.018 0.246 = 0.052
0.2 0.0 = 0.016 0.034 = DLD14 <02 0,045 = D.D28 00716 £+ 00055 <02 0.057 = 0014 0.2627 = 0.0093
<006 0.034 = 0.018 0.007Z = 0.0018 <0.06 00414 £ 00091 0.0100 + 00018 <006 0.0573 + 0.0068 0.0511 + 0.0034
<003 0.031 = 0.033 0.0444 = 0.0065 <0.03 0.031 = 0.014 00113 £+ 0.0012 <0003 0.036 = 0.013 0.0946 = 0.0054
13.50 + 0.49 6.12 + 0.11 12.20 *= 0.60 4.83 + 0.9 3.08 £+ OLG6S 5.87 £+ 0.32 23.2 + 6.9 11.87 £ 0.35 18.21 = 0.48

® WD: not detected.




Table 5 Trace element concentrations in wine samples (mean £ 9

Gutturnio
Analyte (1taly)

7+2
0,65 + D08
4.9 + 0.2
1442 + 71
1229 + 4B
211 = 8
215+ 8
144 + 5
2.9 + 0.2
13.7 £ 0.5
0,46 + 003
0.026 + 0,004
0.072 + 0,006
0000 + 0,002
0.011 + 0001
5.8 + 0.3

Malvasia
[1taly)

0.32 £ 0.02
0.13 £ 0.02
011 £ 0.02
0.36 £ 0.05
0.10 £ 0.01
192

ortrugo (Italy)

125 + 2

12.0 + 0.7

B0 =1

1496 = 16
F01 + 12
61.4 + O.B
1954 = 68
2505 = 77
4.0 = 0.2
2512

<0.03

009 + 001
0.059 = 0.0:07
008 + 0,01
0.042 = 0.0:05
13.9 + 0.9

cor
x4

Cabernet 5.
(1taly)

138 = 12
18 + 3
32+1
1102 + 173
2421 + 384
42 + 1

268 = 2B
158 = 9
3.5 + 06
25+ 3
<0.03

1.6 + 0.2
0.39 = .06
0.37 = 0.D6
0.09 = 0.01
35+ 3

confidence intervall

Cortese

(1taly)
93 +

452 +

26.7 =

412

440

29.6 =

214 = 10
266 =9
33+ 0.1
42 1

0.14 = 0.02
2B+ 0.8

0.64 = 0.0

0.59 = 0.3

0.15 = 0.02
9.4+ 0.4

Monastrell
(spain)

102+ 6
585 + 35
2.9 = 0.2
Lill] L]
<0.03

0.09 = 0.02
0.09 = 0.02
0.10 = 0.01
0.07 = 0.01

3T+x2

Tempranillo
1 [Spain)

0.009
0.050 = 0.009
0.05 = 0.00
0.038 = 0.00E
10.9 £ 0.2

Tempranillo
2 [Spain)

1
+ 100
7+ 1B6

0.39 = 0.04
=0.02

0.03 = 0,01
007 + 0,002
044 + 0.007
12.2 £ 0.6

Rinja Alicante
[Spain) |Spain)

016 £ 0.0F
0LD62 + D009
0.051 = 0.11 £ 0.01
0.095 = 0038 + 0L004
18.2 =+ T+1
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