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Aporte del contenido de elementos
mayores, menores y traza




Determinacion analitica

Concentracion total

Relaciones Isotopicas (RI)

Medicion de la relacion de la sefial de una masa respecto a otra.
Las técnicas isotdpicas se emplean para obtener la “huella
isotopica” (composicion isotopica particular de un material) y
distinguir entre fuentes naturales y antropogénicas de metales
traza.

Especiacion

Actividades analiticas de identificacion y/o medicion de las
cantidades de una o0 mas especies quimicas individuales en una
muestra.



Técnicas Analiticas-Espectrometria Atdmica
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Configuracién de ICP-OES: Radial-Side,
Axial-End (Knowles, 2019)



Interferencias

Espectrales

Se presentan cuando la sefnal de un elemento o especie interferente se traslapa
en la senal analitica.
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No-espectrales o Efecto de Matriz

Causadas por especies 0 sustancias gque alteran la magnitud de la sefal analitica,
ocasionando supresion o reforzamiento de la sefial analitica debido a efectos
fisicos o reacciones quimicas por componentes presentes en la matriz.



Curva de Calibracion

Relacion respuesta instrumental a estimulo. Representacion
grafica de la seial de una medicion como una funcion de la
cantidad de analito

Directa o estandar externo (con o sin igualacion de
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Isotopos y Relaciones Isotdpicas (RI)

El niUmero de protones en cada atomo (nimero atdbmico) determina las
propiedades quimicas. Todos los atomos de un elemento tienen el
mismo numero de protones.

Los atomos de un elemento datos que tienen diferente nimero de
neutrones se denominan Isotopos

El niUmero de protones y neutrones en un isotopo se llama namero de

137-8:1
MaSa .
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a) U —"Pb + 8 *He + Energia.

,'o.»"\' b) **U—*Pb + 7 “He + Energia.
\ ", c) *¥Th —=*%Ph + 6 “He + Energia.
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Tabla 1. Se muestran los lsdtopos naturales estables y sus porcentajes en la naturaleza. (Agilent
, Inc. 2008)

Tabla 1. Continuacion.
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Castillo-Garcia, P.D. (2015). Aplicacién de relaciones isotdpicas en toxicologia

ambiental. Tesis de Licenciatura, Facultad de Quimica, UNAM

Tabla 5. Continuacion.

Autor y Isétopos Técnica
Ao Titulo Analizados | PO de muestra T, Conclusiones de los Articulos
analisis
Higados de aves, Gracias a las Rl se pudo determinar que la
plantas, agua causants de la contaminacion es la mina
Successful application of potable, suelos Magellan, haciendo una comparacion de los
Guilson st lead isotopes in source 2Mpp 2ph sedimentos valores en la sangre y de los walores de la mina.
al 2012 apportionment, legal ‘"-'IF'IJ ’ portuarios, aire, ICP-M5 Los andlisis isotdpicos de plomo resultaron ser
- proceedings, remediation lodios de una herramienta crucial en el proceso legal de
and monitoring alcantarilla y deslinde de responsabilidades, dando lugar al
muestras de establecimiento de nuevas politicas piblicas y
sangre. regulatorias.
Polwos wrbamno,
atmosférico y de El estudio proporciona una evaluacion de una de
Sofo- Childhood lead paisonin interiores de las ciidades mas contaminadas del mundo. Los
Jiménez y from the 5m$5r in g HHpPp,*™ph, | viviendas, material | MC-ICP- | resultados demuestran gque las medidas tomadas
Flagal, Torresn. Meéxico “TPh, “=Phy atmosférico, MS para remeadiario no han sido eficaces. Los datos
2011 ! ’ sangre de nifios y muesiran gue la fundidora sigue siendo causante
yacimiantos de un aporte de plomo importante.
minerales.
Se trata de un articulo recopilatorio de diferentes
Suelo, polvo, estudios relacionados con isdtopos ¥ Rl Resalta
pintura, papel, las investigaciones realizadas en las ultimas dos
aire, gasclina, décadas en el tema de las aplicaciones de RI de
" " sangre, gasolinas, Pt en estudios en humanos como: Trazador de
mgﬁgf;:?allsrﬁmswﬁh incineradones, fuentes de aporte en diversos ambientes desde
Gulson, emphasis on human HPh, *SpPh, hormos de ICP-MS y comunidades urbanas a zonas con actividades
2008 investigations. Macquarie ArpPh, T8Ph fundicion, tejido TIMS da mineria. Realizando estudios de aporte de
Llniuar.sitg.r muscular humano, plomo en los huesos hacia la =angre, la
cosméticos, estimacian de la vida media del plomo en sangre
remedios y huezos. Concluye que el método de Rl es una
tradicionales y técnica poderosa para trazar el plomo y tiene
minerales. potencial para mas aplicacionss en
inwastigaciones en &l ser humano.




Tabla 5. Andkls de ko articulos por enfoque, elemento y tcnica,

Tabla 5. Continuacidn.

Autor y Isotopos Técnica
Kio Titulo Anakzados | T domusstia | Conclusiones de los Aticulos
analizada
analisis
el ucnnlarmnalmn " ’ Usando las Rl se demuesira que las particulas
fransfar in urban Particulas "
. . . recolectadas de |a calle y las atmosféricas,
Hu, etal, environmental “5PpA"Ph, | stmosféricas, i iy
2014 | compariments anaivzsd nipy st suberfical ICP-OMS | fienen fuentes simiares de aporte de plomo.
P Fyzec A Entre astas sa identificaron las emisiones de
by lead levels and isotopic poiva da |a calle. . }
Py carbén y de las fundidoras.
COMpositions.
[sotope ratio El articulo destaca |a evaluaciin de la precisin
gty | . malasurgrnanﬁ n Huesos, dientes, | LAICP- en las madmlonlas usandp diferentes métodos de
biological tissues using | “"Zn, “Zn, ; ICP con distinios analizadares de masas y
Feldmann, e plantas, animales | MS, SF- . y
LA-ICP-M3 - possibilities, "Zn . resalta las ventajas del Uso de isttopos estables
013 e de laboratorio. | ICP-GM . .
limitations, and radiogénicos, como trazadores de | distribucidn
parspectives. da metales en organismos vivas.
Mackay et Idenification of El estudio demuestra por medio de las Rl de
al, 2013 | environmental lead o Suielos, polvos, miestras ambientales, gue |a fuente de
. Pb,“"Pb, TIMS, il )
solirces and pathways in aerosoles y contaminacion de la comunidad de Maunt lsa
" . | " [CP-MS . ) ’ '
mining and smelting town: sangre. proviens de la mina y fundidora. Sienda un
Mount lsa, Australia, rigsgo para [a salud humana.
Determination of U=l
and ““UF*( isotope ratio ; ; o
Grayet i humen wina by 1) 2 . SFCP- Se demostrd e &l método analitico es rpbum
L2012 | inducively coupled 4 Orina. g | PEE las mediciones de RI de concentraciones
& Ultra traza de isdtopaos del urania,
plasma mass
spectromelry.

Autor y Isdtopos Técnica
Kio Titulo Analizados T"’:;::""‘ de Conclusiones de los Articulos
anilisis
" Intenta explizar el incrementa del valor de la RI
isg:;;g::;;:;:;dq[ “Pb/"Ph observado especialmente en mujerss
bload. dist and sicif adultas durante la ultima década. El sumento en
Gulson st Australila over a decads: “4Pb*Pb, | Comida, aire, CPMS la sangre de la Rl y la disminucidn en la
al., 2008 Globalization and ' e, palvo y sangre. concentracion de plomo no pueden ser afribuidos
implcaons ot ftlrs a cambios en las fuentes exdgenas, ya que su
isolopic studies conceniracion ha bajada. Por lo tanto, hay
) limitaciones para explicar los cambias isotdpicos.
Detarrination of 2440 Los datos sugieren que las técnicas analiticas
4234 and Uranium ' ampl_aadas 50N capaces de medir la ralaq:o'n de
Parrish et concentiation in Urite SF-ICP- | “U/*=U en |a orina con una concentracion tan
al., 2008 using SF-ICP-MS and MC- ). o) Orina. M3, MC- | baja como 5.1 ng/L. Con la técnica apropiada es
ICPME: An ICP-M5 positde identificar |a presencia de uranio
interlaboratory comparisan empabrecido en la n:jl:;;jl;lall'ldn 58 mide la Rl de
Los cambios en la sangre provocando por
Stable lead isotope fuentes exteras no son dominantes debido 8 la
profiles in smelter and R baja relaciones de “*Pb™*Fhb. A menos que
Gulson &t general lulrban a4pp Hipp ool Iagua ' laxislan oiras fuanltes no idanl'rﬁu:gdas y
ol 1006 communities: 8 ‘“-‘IF'h ’ l imanllns y ailre ICP-MS | analizadas para los sujetos del estudio. Debido a
" comparison of aiilbiari |a estrecha gama de valores isoldpicos de Pb en
environmental and blood ’ & sangre y del medio ambiente, no es posible
MeasUres utilizar éstos datos para investigaciones de
mavilizacidn del ploma.
Los resultados demuestran que el esquelsto es
Use of endogenous, stable el sitio de almawnarnilantln para el plcumol. dado
mith et | lead sotopes to determine | 24P, 7Py, ue el pma es culfatiamente Un anlogo
ol 1008 | release of lead from the ipy Sangre y huesos. | TIMS | bioldgico del calcio. Baséndose en éstos datos,

skaleton.

8 determing que el esquelsto contribuye en un
40-70% del plomo en |a sangre de estos
individios.




Rodriguez Salazar, et al (2010). Development and validation of an
analytical method for the determination of lead isotopic composition
using ICP-QMS. Geofisica Internacional, 49, 113-117

Este trabajo reporta un método para la determinacién precisa v exacta la composicion isotdpica de Pb en
matrices ambientales y geoldgicas mediante ICP-QMS. Se analizaron réplicas de tres materiales de referencia
(AGV-2, SEM 2709 y JS0O-1), por medio de ICP-QMS con el objeto de evaluar la calidad del procedimiento
analitico. La discriminacion de masas para Pb/Pb fue evaluado usando el material de referencia NIST 981, v esta
correccidn fue aplicada a los materiales de referencia antes mencionados, para obtener la exactitud del método
analitico desarrollado. Se aplicd una estandarizacion interna con *T1 para corregir la deriva instrumental. La
composicidn isotdpica obtenida para los materiales de referencia es comparable con los valores reportados (150-1
and SEM 2709) y certificados (AGV-2). Los valores de exactitud de los resultados obtenidos varian en promedio
entre 0.002% para *Pb/*™Pb v 0.825% para ™ Pb/”"Pb. Estos resultados indican que el método ICP-QMS es
confiable en términos de precision y exactitud para la determinacion de relaciones isotdpicas de Pb en matrices
de suelos y geoldgicas.

Tablel

W85y 2 '
163 Pb /1%Pb Operation conditions of both ICP-QMS instruments used
o in this study.

UASLP CENICA

£
RF 1412 1404
E 1.00 power
E Gas flow rates
% 099 Cool 13 124
Aux 0.71 0.73
0.98 i i | Nebulizer 0.86 0.89
15 5 35 45
25 DT (ns) lon lenses
Extract lens -102.0 -102.0

Fig. |. Optimal Dead time calculation for **Pb/>*Pb at different
detector times (ns), using 5 solutions of different Pb concentra- .
tion. The normalized ratio (experimental data/certified data) is Dead time 33 ns 35 ms
plotted versus the dead time for each of the different concen- Analog 1770 1750
tration solutions. This results were obtained using the UASLP Pulse 2814 2800

instrument.

Detector parameters




Tahle 2

ICP-QMS measurements of Pb isotope ratios as compared with published values

Reportedi *) X series (Thermo Electron Corporation)
or certified( *¥) UASLFP CENICA
value Experimental Accuracy  Precision | Experimental Accuracy  Precision
Values {50 error) (% RSDY Values (% error) (% RSD)
I80-1#
MEPRH/MPh 2.112+0002 | 2108 £0.002 - 0173 0.12 2.123 + 0,002 0507 0.08
WPH/MPh  D.B65+0001 | 0861 <0001 -0421 0.10 0.863 + 0,004 -0.184 042
NIST 2709*
WEPh/MPh  2.043+£0003 | 2046 = 0.001 0.144 0.06 2.043 £ 0,002 -0.009 0.09
WPhHMPh 0821 £0002 | 082220001 0.154 0.12 0.814 £ 0,002 -0.825 0.19
AGY-2%=
"ph/™“Pb 38511 +0.020 | 38.503 +0.028 -0.022 0.07 384230140 0229 037
Yph/™Pb  15.609 +0.006 | 15.609 +0.021 0.002 0.13 15501 £0046  -0.690 029
Ph/™Pb  18.864 +0.007 | 18.746 +0.025 -0.625 0.13 18891 £0.246  0.142 1.30




Rodriguez-Salazar, et al (2010). The study of the metal
contamination in urban topsoils of the metropolitan area of
Mexico City using GIS. Environ. Earth Sci 62, 899-905

Fig. 2 Map and sampling
locations at the metropolitan
arca of Mexico City including
some main roads
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Table 1 Concentrations (mg/kg) of heavy metals in the analyzed topsoil samples

Pb Cu Zn Co Ba Cr Ni \'
Max 693 461 1,890 42 869 559 151 220
Min 15 26 05 11 321 05 29 00
Mean values (this work) 116 93 47 19 505 135 49 186
Mean values (previous study)’ 112 6l 288 - - 121 45 196
Guideline 400" 3,100° 32,000° 000° 5.400° 20’ 1,600° 78

* Mean values reported in Morton-Bermea ct al. (2009)
® Values recommended by the Mexican Ministry of Environment (SEMARNAT 2007)
* Values recommended by Environmental Protection Agency (Region 9)

4 Values recommended by the Mexican Ministry of Environment for Cr (VI)
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Fig. 3 Spatial distribution of the analyzed metals in the metropolitan

arca of Mexico City



Table 2 Corrclation cocfficients between metal concentrations in the
analyzed topsoil samples

Pb Cu Zn Ba Co Cr Ni \'

Pb |

Cu 0534 1

Zn 0.790 0.798 1

Ba 0.141 0502 0396 1

Co -0315 -0264 -0333 -0072 1

Cr -0.061 0007 —0.034 0059 0.698 |

Ni -0222 -0.162 -0.203 —-0.004 0886 0820 |

vV  —0071 —-0045 0097 0.178 0.571 0522 0563 |

Significant corrclation at p < 0.001 is marked in bold

Fig. 4 Dendsogram of the Tree Dlagram for 8 Variables
clusicr analysis Single Linkage
1-Pearson r
o
™ |
cu
BA
CR —|
co —i_J
NI J
v
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Morton-Bermea, et al (2011). Lead isotopes as tracers
~___of anthropogenic pollution in urban topsoils of
gMexico City. Chem Erde-Geochem 71, 189195

Table 3
4Pb/**Pb, ** Py Pb, ***Pb/**” Pb, ** Pb/*” Pb for Pb sources related-materials in the metropolitan area of Mexico City.
Source related-matenal % Ph/™Pb %5Pb*Pb %P/ Pb 4 Pb/*Pb
This study
Natural source
Andesitic parent rock (PR) 38507 18501 1.188 2471
Anthropogeni sources
Premium, unleaded gasoline (UG) 37507 18273 1.185 2432
Naica, domestic lead ore (DLO-1) 38511 18.650 1.196 2469
Other studies
Anthropogenic sources
Leaded gasoline (LG-1)* 38376 18.731 1.204 2467
Leaded gasoline (LG-2)* 38,400 18,689 1.202 2470
Domestic lead ore (Naica Chihuahua (DLO-2)¢ 38.579 18715 1.196 2465

* Soto-Jimenez et al. (2006),
* Saiudo-Wilhelmy and Flegal, 1994,
¢ Soto-Jiménez and Flegal (2009).




A Samples with 15-50 mg/kg Pb
® Samples with 51200 mg/kg Pb |
© Samples with 201-500 mg/'kg Pb
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Fig. 2. **Pb/***Pb ratio vs Pb concentration diagram. Samples with low Pb content show high dispersion in their IR values determined by the isotopic composition of different
parental materials. The lower dispersion of the IR values obtained for samples with Pb concentrations between 51 and 200 mg/kg, reflects the mixing between the natural
Pb and the anthropogenic Pb. The IR of most of the samples with Pb concentration >200 mg/kg show a high contribution of leaded gasoline used in the past (UG = unleaded
gasoline, LG-1 and LG-2 =leaded gasoline, DLO-1 and DLO-2 = domestic lead ores, PR-1 = parental material).




- Samples with Pb1 5-50mg/kg
# Saanples with Pb 51-200mp/kg
« Samples withPb 201-500 mg/kg
# Pb sources (thus study)

¢ c  Pbsources (other authors)

314 T . l
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Fig 3. “Pb/**Pb vs **Pb/*Ph IR data. The dispersion of IR decreases when Pb concentration increases. This figure included IR values of possible Pb sources. UG = unleaded
gasoline, IR of samples with low Pb content are determined by the isotopic composition of parental material, The dispersion of samples with Pb concentrations between 50
and 200 mg kg reflects the mixing between diverse natural and anthropogenic sources. High polluted topsoil samples (»200 mg/kg) are strongly influenced by the isotopic
composition of leaded gasoline (UG =unleaded gasoline, LG-1 and LG-2 = leaded gasoline, DLO-1 and DLO-2 « domestic lead ores, PR-1= parental material).



4. Conclusion

Evaluation of data obtained in this work, regarding to lead con-
tent, isotope ratio and percentage of relative contribution of Pb in
urban soil samples, allow estimate the level of influence of the main
Ph sources existing in the urban environment of Mexico City. These
are: natural source (parent rocks) and an anthropogenic Pb source
related to the use of leaded gasoline in the past. Samples with low
Pb content (<50 mg/kg) display high dispersion in their IR values,
determined by the natural isotopic fingerprint. While a mixture of
different IR fingerprints is observed for topsoil samples with Pb
content between 50 and 200 mg/kg, and when Pb concentration
increases, a main trend might be suggested toward lead gasoline
208 ph204ph IR data. Although the use of leaded petrol had been
banned in Mexico since 1997, Pb pollution in the urban topsoils
from the analyzed area due to the historical use of Pb in petrol is
still significant. These conclusions are in agreement with published
data obtained in a previous study by our research team.
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Magura, et al (2019). Toxic metals (As and Pb) in Sargassum
elegans Suhr (1840) and its bioactive compound. Int Journal of Env
__ Health Research 29, 266-275

The ICP -OES was operated under these conditions: RF (radio frequency) power 1400 W, plasma gas
15 LPM, auxiliary flow 0.2 LPM nebulizer flow 0.55 LPM and flow rate of 1.5 mL/min. The calibration
curve method with matrix matching for standards and samples was used to reduce spectral interfer-
ences. The instrument was validated by determining sensitivity expressed by limit of detection (LOD),
linearity and range (Table 1). Method validation for the measured elements was performed using
certified reference material (CRM) white clover BCR-402 (European Commission, Joint Research
Committee, Institute for Reference Materials and Measurement, Brussels, Belgium). The measured
results obtained for the CRM (n = 5, pg g". p = 0.05) were 0.089 + 0.25 (As), 0.17 £ 0.03 (Co),

240 + 36.65 (Fe), 8.23 + 0.46 (Ni), 6.60 + 0.26 (Se) and 25.40 + 0.64 (Zn) compared to certified values
0.093 + 0.010 (As), 0.178 + 0.008 (co), 244 (Fe), 8.25 (Ni), 6.70 + 0.25 (Se) and 25.2 (Zn). Measured
values compared well to certified values thereby validating the method.



Table 1. Concentrations (in mg kg", dry mass) of elements in Sargassum elegans (mean (SO, n = 3 at the seven different sites.

Sites*

. Elements [\ LOD(mg L") Linear rnge’img L) 1 2 3 4 5 § 7

© a7 00100 900 oS 75030 msoef 640054 05508° 0@ 7480 (66
Mg (285.21) 0.0300 700 sopy'  moen”  seo@f  swee’  somest syt e
Fe (238.0) 0.0046 40 190 (15" 134 (5 192 3* B (7 115 (1) 1463 82 (4™
Cu (327.39) 0.0097 1) 79 (03f 79 [01f 8202 187 2f 69 (02 315 (46" M6 (08
Co (12861) 0.0070 m 0420006° 030t o4@on om0 3wpEof  3sspost 353y
Cr (267.1) 0.0071 50 et o™ oo 202 033(004° 036 008" 027 (002
Mn (25761) 00014 40 9302 85 (3™ 02 (06" 6.1 03 S8 01f 79 (04 62 (04
Ni (231.60) 0015 15 2 (045" e s w3008t spEs®  ewpst  enig
Se (196.02) 0.0070 100 oo 1™ ez oma  e0sy 14108 13402
In (206.20) 00050 100 2% 10 (3 4(1f B (1)d 14 [ 0 (1) B
Pb (22035) 0.0420 100 1 04 5030 s apsf a3y wp2 4902
As (M* (193569) 00530 150 n3pF  eene  seEu™  mrpf  wspdt s o0s(1se
As (1***(193.69) 00530 150 Q70290 w3y ol 708 mo2ef  nopon® s o4

Different superscript letters (a-f) within rows indicate significantly different means (Tukey, post hoc comparisons, p < 005)F Linear range - the determination of coefficient r* for all the
calibration curves, was accepted at » 0.998.*5ites: 1 Inyoni Rocks, 2 lsipingo Beach, 3 Winklespruit, 4 Park Ryne, 5 Pennington, 6 Ifafa and 7 Hibberdene.* T total and ***, inorganic




Component Plot in Rotated Space

Component 2

Figure 2. Principal component analysis plot.




Conclusion

The phytochemical investigation led to the isolation of three compounds (p-sitosterol, fucosterol and
phaeophytin (a) that were not previously isolated from 5. elegans (Suhr). The effect of geographical
location on the distribution of essential elements in 8. elegans was evident with concentrations generally
decreasing in the order of Ca > Mg> Fe > As > Cu > Zn > Mn > Ni > Pb > Co > Se > Cr > Cd. This study

showed 5. elegans to be a potential and alternate source of the bioactive compounds isolated; however,
consumption of 8. elegans for nutritional or medicinal purposes could increase exposure to inorganic As
and Pb which could cause adverse health effects. The findings of this study support previous studies that
show Sargassum species to concentrate high levels of inorganic As, thereby validating the toxicity risks
associated with consumption of seaweed from this genus.
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Fig. 1. Element contents (Mg/Zary seawcea) in the different species of red (Rhodophyta) (A, B and C), brown (Phaeophyceae) (D and E) and green (Chlorophyta) (F) seaweeds. For
each element, Different letters indicate significant differences (p < 0.05) between species.
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