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PRESENTACIO

La present tesi doctoral ha estat realitzada en el Grup de Recerca en Epidemiologia
Clinica i Molecular del Cancer (GRECMC) de I'Hospital del Mar Research Institute
(IMIM), part del Parc de Salut Mar (PSMar) i del Parc de Recerca Biomedica de
Barcelona (PRBB), sota la direccio del Dr. Miquel Porta Serra, la Dra. Magda Gasull
Panadés, el Dr. José Antonio Pumarega Rodriguez i amb la col-laboracié de tots els
membres del GRECMC. La tesi es basa en una de les principals linies de recerca del
grup, la que analitza la contaminacié de la poblacié general i dels malalts de cancer de
pancrees exocri per agents quimics ambientals com ara metalls, elements tracga i
contaminants emergents com les terres rares i altres elements quimics inorganics.
Aquesta linia es vertebra principalment en els seglents dos projectes:

Determinacio sanguinia de metalls, elements traca i contaminants emergents com les
terres rares i altres elements quimics inorganics en la poblacio de la ciutat de
Barcelona, projecte conjunt amb I'Agéncia de Salut Publica de Barcelona.

Determinacio en ungles de metalls i elements traca en pacients de cancer de pancrees
exocri de I'estudi PANKRAS Il (Estudi multicéntric prospectiu sobre el paper de les
mutacions en el gen K-ras i altres alteracions genétiques en el diagnostic, pronostic i
etiologia del cancer de pancrees i altres patologies pancreatico-biliars).

Els resultats obtinguts dins el marc d'aquesta linia de recerca han donat lloc a
nombroses publicacions, tant en format d'articles originals en revistes cientifiques com
d’informes cientifics publicats per I'administracié publica.

La tesi es presenta com a compendi de publicacions dins del Programa de Doctorat en
Metodologia de la Recerca Biomédica i Salut Publica de la Universitat Autonoma de
Barcelona. Complint amb la normativa del Programa, el cos central de la tesi (capitol
de Resultats) esta format per tres articles que son la part principal de la recerca
inclosa en la tesi i que compleixen amb els requisits estipulats (data de publicacio,
filiacions, etc.).

La tesi consta, a més, d'un resum, un capitol d'introducci6, seguit pels objectius i
hipotesis, un capitol de metodologia, un capitol de discussioé general i conclusions i,
finalment, un apartat de bibliografia complementaria a la dels propis articles.

L’objectiu principal de la investigacio és esbrinar si 'exposicio laboral és una de les
causes de la concentracio de metalls en ungles en pacients de cancer de pancrees
exocri i analitzar si les concentracions d’aquests biomarcadors podrien trobar-se
esbiaixats per la mateixa progressio de la malaltia. L’altre objectiu és analitzar la
contaminacié de la poblacié general per metalls, elements traga, terres rares i altres
elements quimics inorganics i la relacié entre les concentracions d’aquests elements i
diferents variables socioeconomiques i d’estil de vida.
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RESUM

Introduccidé: L’exposicié a metalls, elements tracga, terres rares i altres elements
quimics inorganics esta molt estesa. Aixi i tot, sdbn encara pocs els paisos i les ciutats
que duen a terme estudis de biomonitoritzacio per tal de caracteritzar la contaminacio
per aquests compostos en mostres representatives de la poblacié general. Tampoc és
usual determinar la concentracié de metalls en pacients de cancer de pancrees, ni la
relacioé entre concentracions d'elements traga i exposicions ocupacionals en pacients
de cancer de pancrees exocri per entendre millor la relacio entre aquestes exposicions
i el risc i I'evolucio de la malaltia.

Objectius: Els objectius principals de la tesi sén esbrinar si I'exposicio laboral influeix
en la concentracié de metalls en ungles en pacients de cancer de pancrees i analitzar
si aquests biomarcadors poden estar esbiaixats per la mateixa progressio de la
malaltia. L’altre objectiu principal és analitzar la contaminacio6 de la poblacié general
per metalls, elements traca, terres rares i altres elements quimics inorganics. Els
objectius especifics son: a) Analitzar la relacié entre la historia ocupacional i la
concentracio de metalls traga en ungles en pacients de cancer de pancrees exocri,
tenint en compte I'efecte de la dieta i com la progressié de la malaltia podria modificar
aquestes concentracions en funcié de diferents esdeveniments clinics. b) Analitzar les
concentracions en sang de metalls, altres elements traca i terres rares en poblacio
general adulta de la ciutat de Barcelona, i la seva relacié amb diferents variables
socioeconomiques i d’estil de vida.

Metodologia: L’estudi de la historia ocupacional i la concentracié de metalls traca i
I'analisi sobre com la progressié de la malaltia podria modificar la concentracio
d’aquests metalls s’ha dut a terme en malalts de cancer de pancrees de I'estudi
PANKRAS I, un estudi multicéntric prospectiu de I'epidemiologia clinica i molecular de
la patologia pancreatica-biliar. Es van reclutar 602 pacients procedents de 5 hospitals
generals del nord-est de la peninsula Ibérica amb patologies relacionades amb el
pancrees, dels quals 185 eren pacients amb cancer de pancrees. Les analisis que
presentem es basen en aquests pacients. L’estudi de les concentracions en sang de
metalls, altres elements traga i terres rares en poblacio general s’ha fet en el marc de
I'estudi de 'Enquesta de Salut Publica de Barcelona de I'any 2016.

Resultats: Els pacients exposats laboralment a hidrocarburs aromatics (AH) tenien
concentracions més altes de cadmi, manganés, plom, ferro i vanadi, mentre que els
exposats a hidrocarburs aromatics policiclics (HAP) tenien concentracions meés altes
de vanadi i plom. Els pacients exposats laboralment a pesticides tenien concentracions
més elevades de cadmi i manganés. Les concentracions més altes de vanadi, plom i
arsénic estaven relacionades amb I'exposicié al formaldehid. D’altra banda, les
concentracions mitjanes dels elements traca de les ungles dels peus estaven
débilment o gens influides per l'interval entre el primer simptoma de cancer de
pancrees i la data de recollida de les ungles dels peus. Finalment, es van detectar els
50 metalls, elements traca, terres rares i altres elements quimics estudiats en la



poblacio general de Barcelona. Es van detectar plom, plata, arsénic, cadmi, mercuri,
antimoni, estronci, talli i sis elements essencials en més del 70% de la poblacié.

Conclusions: Els resultats de la recerca donen suport a algunes de les hipotesis
plantejades: que I'exposicié laboral és un dels factors causals de les concentracions
d’alguns metalls en ungles dels pacients de cancer de pancrees, que les ungles com a
biomarcadors d'exposicié en individus que tenen cancer de pancrees exocri no estan
esbiaixats per processos metabolics inherents a la malaltia, i que els metalls, elements
traca i contaminants emergents com les terres rares i altres elements quimics
inorganics es detecten sovint en poblacié general.
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RESUMEN

Introduccién: La exposicion a metales, elementos traza, tierras raras y otros
elementos quimicos inorganicos esta muy extendida. Aun asi, son todavia pocos los
paises y las ciudades que realizan estudios de biomonitorizacion para caracterizar la
contaminacion por estos compuestos en muestras representativas de la poblacion
general. Tampoco es habitual determinar la concentracion de metales en pacientes
con cancer de pancreas, ni la relacion entre concentraciones de elementos traza y
exposiciones ocupacionales en pacientes con cancer de pancreas exocrino para
entender mejor la relacion entre estas exposiciones y el riesgo y evolucién de la
enfermedad.

Objetivos: Los objetivos principales de la tesis son averiguar si la exposicion laboral
influye en la concentracion de metales en ufias en pacientes con cancer de pancreas y
analizar si estos biomarcadores pueden estar sesgados por la propia progresion de la
enfermedad. El otro objetivo principal es analizar la contaminacién de la poblacién
general por metales, elementos traza, tierras raras y otros elementos quimicos
inorganicos. Los objetivos especificos son: a) Analizar la relacién entre la historia
ocupacional y la concentracién de metales traza en ufias en pacientes con cancer de
pancreas exocrino, teniendo en cuenta el efecto de la dieta y como la progresion de la
enfermedad podria modificar estas concentraciones en funcién de diferentes eventos
clinicos. b) Analizar las concentraciones en sangre de metales, otros elementos traza
y tierras raras en poblacién general adulta de la ciudad de Barcelona, y su relacion con
diferentes variables socioeconémicas y de estilo de vida

Metodologia: El estudio de la historia ocupacional y la concentracion de metales traza
y el analisis de cémo la progresion de la enfermedad podria modificar la concentracion
de estos metales se ha realizado en enfermos de cancer de pancreas del estudio
PANKRAS I, un estudio multicéntrico prospectivo de la epidemiologia clinica y
molecular de la patologia pancreatico-biliar. Se reclutaron 602 pacientes procedentes
de 5 hospitales generales del nordeste de la peninsula ibérica con patologias
relacionadas con el pancreas, de los cuales 185 eran pacientes con cancer de
pancreas. Los analisis que presentamos se basan en estos pacientes. El estudio de
las concentraciones en sangre de metales, otros elementos traza y tierras raras en
poblacion general se ha realizado en el marco del estudio de la Encuesta de Salud
Publica de Barcelona del afio 2016.

Resultados: Los pacientes expuestos laboralmente a hidrocarburos aromaticos (HA)
tenian concentraciones mas altas de cadmio, manganeso, plomo, hierro y vanadio,
mientras que los expuestos a hidrocarburos aromaticos policiclicos (HAP) tenian
concentraciones mas altas de vanadio y plomo. Los pacientes expuestos laboralmente
a pesticidas tenian concentraciones mas elevadas de cadmio y manganeso. Las
concentraciones mas altas de vanadio, plomo y arsénico estaban relacionadas con la
exposicion al formaldehido. Por otra parte, las concentraciones medias de los
elementos traza de las ufias de los pies estaban débilmente o nada influenciadas por
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el intervalo entre el primer sintoma de cancer de pancreas y la fecha de recogida de
las ufias de los pies. Finalmente, se detectaron los 50 metales, elementos traza,
tierras raras y otros elementos quimicos estudiados en la poblacion general de
Barcelona. Se detectaron plomo, plata, arsénico, cadmio, mercurio, antimonio,
estroncio, talio y seis elementos esenciales en mas del 70% de la poblacion.

Conclusiones: Los resultados de la investigacion apoyan algunas de las hipotesis
planteadas: que la exposicién laboral es uno de los factores causales de las
concentraciones de algunos metales en ufias de los pacientes con cancer de
pancreas; que las uiias como biomarcadores de exposicidon en individuos que tienen
cancer de pancreas exocrino no estan sesgadas por procesos metabdlicos inherentes
a la enfermedad; y que los metales, elementos traza y contaminantes emergentes
como las tierras raras y otros elementos quimicos inorganicos se detectan con
frecuencia en poblacién general.
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ABSTRACT

Introduction: Exposure to metals, trace elements, rare earths, and other inorganic
chemical elements is widespread. Even so, few countries and cities carry out
biomonitoring studies to characterize contamination by these compounds in
representative samples of the general population. It is also uncommon to determine
metal concentrations in patients with pancreatic cancer —and the relationship between
concentrations of trace elements and occupational exposures in patients with exocrine
pancreatic cancer— to better understand the link between these exposures and the
risk and progression of the disease.

Objectives: The main objectives of this thesis are to find out whether occupational
exposure influences metal concentrations in nails of pancreatic cancer patients and to
analyze whether these biomarkers may be biased by the progression of the disease
itself. The other main objective is to analyze the general population’s contamination by
metals, trace elements, rare earths, and other inorganic chemical elements. The
specific objectives are: a) To analyze the relationship between occupational history and
trace metal concentration in nails of patients with exocrine pancreatic cancer,
considering the effect of diet and how disease progression could alter these
concentrations depending on different clinical events; b) To analyze blood
concentration of metals, other trace elements, and rare earths in the adult general
population of Barcelona city, and its relationship with different socioeconomic and
lifestyle variables.

Methodology: The study of occupational history and trace metal concentration and the
analysis of how disease progression might affect the concentration of these metals was
carried out in pancreatic cancer patients from the PANKRAS Il study, a multicenter
prospective study of the clinical and molecular epidemiology of pancreatic-biliary
pathology. A total of 602 patients with pancreatic-related pathologies were recruited
from five general hospitals in the northeast of the Iberian Peninsula. 185 of them were
pancreatic cancer patients. The analyses presented here are based on these patients.
The study of the in-blood concentration of metal, rare earth and other trace elements in
the general population was conducted within the framework of the 2016 Public Health
Survey of Barcelona.

Findings: Patients occupationally exposed to aromatic hydrocarbons (AH) presented
higher concentrations of cadmium, manganese, lead, iron, and vanadium, while those
exposed to polycyclic aromatic hydrocarbons (PAH) showed higher concentrations of
vanadium and lead. Patients occupationally exposed to pesticides had higher levels of
cadmium and manganese. The highest concentrations of vanadium, lead, and arsenic
were associated with exposure to formaldehyde. Furthermore, the mean
concentrations of trace elements in toenails were weakly or not at all influenced by the
interval between the first symptom of pancreatic cancer and the date of toenail sample
collection. Finally, all 50 metals, trace elements, rare earths, and other chemical
elements studied were detected in the general population of Barcelona. Lead, silver,
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arsenic, cadmium, mercury, antimony, strontium, thallium, and six essential elements
were detected in over 70% of the population.

Conclusions: The research results support some of the hypotheses proposed: that
occupational exposure is one of the causal factors that explain the concentrations of
certain metals in the nails of pancreatic cancer patients; that nails as exposure
biomarkers in individuals with exocrine pancreatic cancer are not biased by metabolic
processes inherent to the disease; and that metals, trace elements, and emerging
pollutants —such as rare earths and other inorganic chemical elements— are
frequently detected in the general population.
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LLISTAT D’ABREVIACIONS

ACSA = Agéncia de Salut Alimentaria de Catalunya

AESAN = Agéncia Espanyola de Seguretat Alimentaria i Nutricio
ASPB = Agéncia de Salut Publica de Barcelona

CDC = Centre de Control de Malalties dels Estats Units d’América
CHMS = Enquesta Canadenca de Mesures de Salut

CINE = Classificacié d’Estudis Internacional Normalitzada

CNO = Classificacié Nacional d’Ocupacions

COPs = Contaminants organics persistents

COs = Compostos organoclorats

CPE = Cancer de pancrees exocri

CSBE = Cancer del sistema biliar extrahepatic

EFSA = Autoritat Europea de Seguretat Alimentaria

EPA = Agéncia de Proteccio del Medi Ambient

EPICURO = Estudi espanyol del cancer de bufeta

ERCP = Colangiopancreatografia retrograda endoscopica

ESB = Enquesta de Salut de Barcelona

FDA = Administracié d’Aliments i Medicaments dels Estats Units
FINJEM = Matriu d’exposicié laboral finesa

HA = Hidrocarburs aromatics

HAP = Hidrocarburs aromatics policiclics

HBM = Biomonitoritzacié Humana

HI = Higienistes industrials

IARC = Ageéncia Internacional per a la Recerca del Cancer

IMC = index de massa corporal

INISH = Institut Nacional de Seguretat i Higiene

ISCO = Classificacié internacional estandard de les ocupacions
ISE = Interval de temps entre el primer simptoma de la malaltia i I'extraccio de sang

iST = Interval de temps entre el primer simptoma de la malaltia i la recollida d’'ungles
dels peus

MXens = Carburs i nitrurs de metalls de transicio

NHANES = Enquesta Nacional d'Examen de Salut i Nutricié dels Estats Units d’Ameérica
NIOSH = Institut Nacional de Seguretat en el Treball dels Estats Units d’Ameérica
PANKRAS Il = Estudi multicéntric prospectiu sobre el paper de les mutacions en el gen
K-ras i altres alteracions genétiques en el diagnostic, pronostic i etiologia del cancer de
pancrees i altres patologies pancreatico-biliars

PBDEs = Eters difenilics polibromats

PCBs = Bifenils policlorats

ROS = Espécies reactives d'oxigen

TC = Tomografia axial computeritzada

TNM = Tumor-node-metastasi

TP53 = Gen supressor de tumors P53
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1. Introduccio

En el present capitol es detallen tant el context com els antecedents en els quals se
situa la recerca d’aquesta tesi. També s’exposen, en el capitol de resultats, les
publicacions que s’inclouen en ella.

1.1. Introduccié General

Els metalls, terres rares i altres elements inorganics constitueixen el gruix principal de
la taula periddica dels elements. Alguns son essencials per la vida, com ara el coure,

el manganés, el seleni i el zinc, mentre que d’altres sén perjudicials per als humans i

pels ecosistemes.

Entre els anys 1990 i 2019, la incidéncia mundial de cancer d'inici precog va
augmentar un 79,1% i el nombre de morts per cancer d'inici precog va augmentar un
27,7%"2. Durant aquest periode, els cancers més freqiients van ser els de mama, tot i
que també es va detectar un increment rapid en altres tipus de cancer, com el de
traquea, prostata i cancers relacionats amb el sistema digestiu®*. Es preveu que
aquestes tendéncies continuin augmentant fins a un 31% més de casos per al 2030°.

Aquesta tendéncia és global, pero les diferéncies entre paisos sén importants i poden
ser degudes a les desigualtats en la salut®, sobretot en les desigualtats en les
condicions de vida i de treball entre altres factors determinants socials de la salut.
L’accés a menjar de qualitat i a informacié nutricional també és basic®.

Els factors de risc que podrien estar impulsant aquest augment inclouen el consum
d'alcohol, el tabaquisme, dietes riques en carn i sal, aixi com I'obesitat i la inactivitat
fisica. L'evidéncia suggereix un paper etiologic de les exposicions als factors de risc en
la vida primerenca i I'edat adulta jove, tot i que els efectes especifics de les
exposicions individuals encara s6n desconeguts en gran manera’. Les exposicions
ambientals”®° i el microbioma son altres factors de risc.

Tot i aix0, les causes exactes encara no estan del tot clares, i es necessiten més
estudis per comprendre millor aquest fenomen global.

L’evidéncia cientifica suggereix que només una petita part de les malalties humanes
es poden atribuir inicament a factors genétics'*"".

Els factors ambientals, com la contaminacié, tenen un paper important en la salut
global. L'any 2015, la contaminacio es va relacionar amb nou milions de morts
prematures a tot el mon, tres vegades més que la sida, la tuberculosi i la malaria
juntes, que van representar el 16% de total de morts global. Només la contaminacio de
I'aire va ser la responsable d'uns 6,5 milions d'aquestes morts, i I'Organitzaciéo Mundial
de la Salut (OMS) estima que la contaminacié de I'aire exterior i doméstic causa al
voltant de set milions de morts anualment. Les dades a 2019 confirmen que la
contaminaci6 continua causant aproximadament nou milions de morts a I'any'*"°.

El veritable impacte de la contaminaci6 pot estar subestimat, ja que encara es
desconeixen molts efectes dels contaminants quimics i com interactuen amb factors
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genétics i altres exposicions ambientals, que junts formen I'exposoma (vegeu figura 1).
A més, alguns impactes de la contaminacio sobre la salut es poden transmetre entre
generacions'.
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Figura 1. Les interaccions gen-ambient son la base de la majoria de les malalties humanes
croniques. Font: Adaptada de Oskar Karlsson, Chemical safety and the exposome, Emerging
Contaminants, Volume 9, Issue 2,2023,100225, ISSN 2405-6650,
https://doi.org/10.1016/j.emcon.2023.100225.

Els estudis epidemiologics tenen un paper important a I'hora de quantificar com les
exposicions quimiques ambientals influeixen en el risc de contraure malalties'*'>6.
Aquests estudis s'enfronten a diversos reptes que els poden esbiaixar quan es
busquen senyals d'associacions entre I'exposicié quimica i la salut. Els reptes inclouen
estimar amb precisi6 I'exposicié quimica, no confondre les causes de l'exposicid i la
malaltia'”'®'°, identificar periodes de major vulnerabilitat a I'exposicio a productes
quimics com ara I'exposicié laboral i determinar els efectes de les mescles quimiques.

Els biomarcadors proporcionen estimacions objectives i quantitatives de I'exposicid
quimica absorbida. Centenars de substancies quimiques es poden mesurar de manera
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sensible i especifica en una varietat de bioespecimens, com ara sang, orina, llet
materna, cabells i retalls d'ungles dels peus®. Les mostres bioldgiques s'han de recollir
de manera que es garanteixi que qualsevol biomarcador, les concentracions del qual
es determinin, seran causalment rellevants i valides per a les hipotesis d'estudi. En el
cas d’estudis centrats en pacients, com pot ser en el cas de pacients de cancers, si es
trien biomarcadors d'exposicié en sang per provar una hipotesi etiolodgica, s'han de
determinar en un moment en qué no es vegin alterats per la progressioé de la malaltia.
Tampoc serien valids els biomarcadors que només reflecteixen una exposicioé recent si
el que es planteja és la hipotesi que I'exposicio exerceix els seus efectes durant
periodes llargs de temps. L'organitzacié del treball de camp dels estudis
epidemiologics ha de tenir també en compte, en el cas de 'exemple de la sang, que
les concentracions sanguinies de colesterol, triglicérids i parametres bioquimics
relacionats, aixi com les de compostos lipofils de suposada importancia etiologica,
poden canviar durant la progressio de la malaltia en els mesos previs a la clinica
aparicio, diagnostic i recollida de sang®'. Els estudis que utilitzen biomarcadors
d'exposicio en individus que ja tenen cancer (asimptomatic o simptomatic) poden estar
esbiaixats per processos metabodlics inherents a la malaltia. Aixd s'ha demostrat (en
estudis previs del grup de recerca en el que la doctoranda ha realitzat la present tesi)
per als compostos organoclorats (COs) en mostres de sang d'individus diagnosticats
amb cancer de pancrees, en qui l'interval de temps entre el primer simptoma de la
malaltia i I'extraccioé de sang (ISE) es va associar amb concentracions sériques de
lipids totals i COs.

Encara que aquests principis sén generalment acceptats en termes tedrics, a la
practica s'apliquen de manera menys coherent o amplia del necessari. Les condicions
del camp d'estudi, els procediments i les mesures, poden necessitar un control més
estricte i, particularment, un informe més sistematic a la literatura?*?>?*. Encara que
existeixen coneixements sobre els canvis de lipids durant el prediagnostic en fases del
cancer, se sap poc sobre la cinética dels agents lipofils durant aquests periodes. Poc
se sap també sobre la toxicocinética i la toxicodinamica dels elements traga, dels
metalls pesants i altres elements quimics inorganics durant la formacié del tumor i la
seva progressio, especialment pel que fa a la metodologia i les implicacions que tenen
per a la investigacio els possibles papers etioldgics en cancer'”'®.

Els valors de referéncia de la biovigilancia humana son estimacions estadistiques que
indiquen el marge superior de I'exposicié de fons a una substancia quimica
determinada en un moment determinat. Les dades de biovigilancia publiques sobre les
concentracions de productes quimics ambientals a diferents poblacions generals ens

ajuden en la interpretacio®?°.

Aquesta tesi vol contribuir al coneixement de les concentracions en sang en poblacié
general d’algunes d’aquestes exposicions ambientals com son els metalls, terres rares
i altres quimics, i la seva relacié amb certes variables socioecondmiques®®. També
estudia I'exposicio laboral i la influéncia de la malaltia sobre els valors de concentracié

d’aquests contaminants en ungles en malalts de cancer de pancrees exocri’’ %,

Les interaccions genético-ambientals son també especialment rellevants en I'estudi de
I'etiologia del cancer de pancrees?. Als factors demografics, genétics i clinics cal
afegir diferents factors ambientals, incloent els lligats a estils de vida com el consum
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de tabac i la dieta tal com s’explica amb més detall als apartats 1.6 i 1.7 d’aquesta
mateixa Introduccid.

1.2. Fonts d’exposicié a metalls, elements traga, terres rares i altres
elements quimics inorganics en humans

Els organismes vius han emprat els metalls per evolucionar. D’aquesta manera, han
aprofitat alguns elements metal-lics per efectuar funcions biologiques essencials, com
ara el transport d'oxigen, I'estabilitzacio d'estructures macromoleculars o la realitzacié
de processos enzimatics. La taula 1 mostra els elements inorganics essencials i
alguns dels seus papers coneguts en biologia®®. Resulten sobretot importants els
elements metal-lics de la taula periddica®’ (vegeu figura 2).

Molts d’aquests metalls es trobaven en concentracions inferiors a mmol/m? als
ecosistemes aquatics, segons revelen les primeres determinacions efectuades als
anys setanta del segle passat, periode en el qual va créixer I'interés en la
contaminacié ambiental. No obstant aix0, aquests anomenats metalls traga (g)****
s’han convertit actualment en toxics potencials per 'augment de la seva preséncia a
I'atmosfera o als ecosistemes a causa de les activitats tecnologiques extractives i I'is
de combustibles fossils. Ara bé, la perillositat que comporten dependra no només de la
seva disponibilitat en el medi, sind també de la seva especiacio quimica i
biodisponibilitat®. Aquesta tltima depén de diversos factors fisics, quimics i biologics i
determina si la seva preséncia sistémica resulta segura o perjudicial. Entre els factors
fisics que contribueixen a la biodisponibilitat dels metalls destaquen la temperatura,
I'associacio de fases i I'adsorcié. Respecte als factors quimics, com alguns
components que afecten la cinética de complexos metal-lics, I'especiacié quimica en
estat d’equilibri i la solubilitat en lipids i els coeficients de reparticié de l'aigua,
exerceixen un paper important en la solubilitat i la disponibilitat®®. La transferéncia a les
xarxes trofiques, les adaptacions bioquimiques o fisiologiques i les caracteristiques de
les espécies conformen els factors bioldgics que afecten la seva biodisponibilitat®.
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Funcions biologiques dels ions metal-lics seleccionats

Metall Funcio

Sodi Transportador de carrega; equilibri osmotic

Potassi Transportador de carrega; equilibri osmotic

Magnesi Estructura; hidrolasa; isomerasa

Calci Estructura; activador; transportador de carrega

Vanadi Fixacio del nitrogen; oxidades

Crom Desconeguda, possible participacié en la tolerancia a la
glucosa

Molibde Fixacié del nitrogen; oxidades; transferéncia d'oxo

Tungste Deshidrogenasa

Manganeés Fotosintesi; oxidades; estructura

Ferro Oxidades; transport i emmagatzematge d'oxigen;

transferéncia d’'electrons; fixacié del nitrogen

Cobalt Oxidades; transferéncia de grups alquil

Niquel Hidrogenasa; hidrolasa

Coure Oxidades; transport de dioxigen; transferencia d'electrons
Zinc Estructura; hidrolasa

Taula 1. Funcions bioldgiques d’alguns metalls en plantes i altres organismes. Font: Adaptada
de Stephen J. Lippard i Jeremy M. Berg: Principles of Bioinorganic Chemistry. Mill Valley, Calif:
University Science Books, 1994. Print.
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Figura 2. Sistema periodic d’elements identificant els elements essencials per als éssers vius.
Font: Adaptada de Stephen J. Lippard i Jeremy M. Berg: Principles of Bioinorganic Chemistry.
Mill Valley, Calif: University Science Books, 1994. Print.

Alguns metalls, com el magnesi, el ferro i el manganeés, entre d’altres, els podriem
classificar com a nutrients essencials sense els quals els organismes no tindrien un
bon funcionament (vegeu figura 2). Uns altres els descriuriem com a innocus o inerts,
és a dir, sense cap efecte evident, com la plata, I'or, el tantal o el plati, que s'utilitzen
molt en implants. Finalment, n’hi ha d’altres que es poden considerar estimulants i que
s’han fet servir amb finalitats terapeutiques, com ara el zinc i el mercuri, per exemple.
Cal tenir en compte, pero, que I'excés d'exposicié a metalls en els organismes pot
provocar efectes nocius a causa de la seva reactivitat®’. L'escorca terrestre és un
reservori natural de tots els elements quimics de la biosfera. Més del 99% de la massa
total de l'escorca terrestre consta només de 8 dels 82 elements naturals. Es compon
d'un 46,4% d'oxigen, un 28,15% de silici, un 8,23% d'alumini, un 5,63% de ferro, un
4,15% de calci, un 2,36% de sodi, un 2,33% de magnesi i un 2,09% de potassi. Dels
vuit elements més comuns a lI'escorga terrestre, I'oxigen i el silici sén els unics no-
metalls. Els altres 80 elements de la taula periddica representen menys de I'1% del
total (vegeu figura 3).
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Figura 3. Concentracio de 82 elements naturals en plantes (punts plens) i a I'escorga terrestre
(punts buits). Font: Bernd Markert, Stefan Franzle and Simone Wiinschmann. Chemical
Evolution: The Biological System of the Elements. 2015th ed. Cham: Springer International
Publishing AG, 2015. Web.

En el medi ambient, els metalls es troben presents en mescles de composicié i
concentracions variables®. Activitats humanes, com ara I'activitat extractiva i I's de
combustibles fossils, han contribuit a un augment enorme de la contaminacio
ambiental per metalls. Aixo podria ser degut a I'is de fertilitzants fosfatics a llarg
termini, I'aplicacio de fangs de depuradora, la pols de les foses, als residus industrials i
a les males practiques de reg a les terres agricoles™®, entre altres causes. De fet, als
sols, els origens de metalls pesants i metal-loides poden ser antropogénics, és a dir,
causats per activitats industrials com la fosa, I'eliminacio d'aigues residuals, la
galvanoplastia i les practiques mineres o de fonts naturals com ara les erupcions
volcaniques, la meteoritzacio, la deposicio atmosferica elevada i I'erosio de les
roques’>*’ (vegeu figura 4). Una altra font antropogénica als sols sén les deposicions
d’aquests metalls que estan presents a l'aire a causa de les emissions de la industria i
el transport.

27



l > Atmosfera

Emissio
de metalls
| ]

T T 1

Sistemes Escorrentia Llacs Flux Barreja
_— . . —— > Estuaris ——, Oceans
terrestres <——— irius

Regadiu /

Sediments Sediments

Diposit
atmosferic
Rentatge

Figura 4. Rutes de transport dels elements traga, metalls i terres rares al medi ambient. Font:
Adaptada de Goyer, R.A. and Clarkson, T.W. (2001): Toxic Effects of Metals. In: Klaasen, C.D.,
Ed. Casarett and Doullis. Toxicology: The Basic Science of Poisons, 6th Edition, McGraw-Hill,
New York, 861-867. Capitol 23: Efectes toxics dels metalls.

L’us de catalitzadors, molts dels quals son metalls o compostos metal-lics, resulta
forca usual a la industria quimica actual. La produccié de plastics, com el clorur de
polivinil, implica la utilitzacié de compostos metal-lics; en especial, com a
estabilitzadors de calor. El xapat i la fabricacio de lubricants s6n més exemples de I'Us
industrial dels metalls. De fet, els usos industrials i comercials dels metalls augmenten
de manera continua*'. En el desenvolupament de materials de tecnologia avangada
s'han trobat noves aplicacions, més o menys familiars, per als elements metal-lics.
Aixi, s'han descobert usos nous en el desenvolupament i la produccio de
semiconductors, superconductors, vidres metal-lics, aliatges magnétics i acers d'alta
resisténcia i baix aliatge. En data més recent, també s’han creat utilitzacions noves en
el sector de la nanotecnologia. En concret, s'han desenvolupat un nombre
considerable de materials nous que contenen metalls o oxids metal-lics. Alguns
d'aquests materials es fan servir en el camp de la medicina, de forma que impliquen
I'exposicié en humans, i diversos altres poden causar exposicio en la fabricacio i
alguns en usos finals. Els nanomaterials metal-lics bidimensionals emergents [per
exemple, els dicalcogenurs de metalls de transicié com el disulfur de tungsté (WS2) i
els MXens (carburs i nitrurs de metalls de transicio)], se suggereixen per a diversos
usos, incloses algunes aplicacions médiques******. Per altra banda, la transici6 a
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noves formes d'energia neta, si bé redueix la contaminacioé per I'is de combustibles
fossils*®, no deixa de provocar un augment considerable de la demanda de
metalls/metal-loides.

L'acidificacié del sol i dels llacs per Oxids de sofre i nitrogen ha augmentat la
possibilitat d'efectes adversos dels metalls en el medi ambient. El transport a llarg
abast de contaminants atmosférics no només contribueix a I'increment de la carrega
de metalls als ecosistemes, sin6 que també altera la mobilitat dels metalls. L'augment
de l'acidesa de les aigles superficials, inclosos els llacs, causada per la precipitacio
acida i els canvis en les practiques forestals i agricoles, pot elevar la mobilitat dels
compostos metal-lics, augmentant aixi I'exposicié humana (vegeu figura 5)**’.

Respecte a quines concentracions de metalls s6n accessibles a escala biologica i
estan disponibles al medi ambient, els esforgos de biomonitoritzacié revelen que molts
metalls poden detectar-se en organismes, tot i que la seva incorporacio als cossos
com a espécies quimiques carregades no resulta senzill. La carrega corporal s’ha
descrit mitjangant la biomonitoritzacié de I'acumulacié de diversos compostos
metal-lics. El grau, la composicio i les concentracions de les espécies quimiques no
s6én deduibles d'una manera senzilla de les concentracions ambientals predominants,
ja que els processos d'absorcio i distribucié es mostren molt variables entre espécies i
condicions ambientals. Tot i aix0, podem afirmar que els metalls sén persistents en el
medi ambient i estan subjectes a la bioacumulacié a la cadena alimentaria*®*°,
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Figura 5. Resum grafic de les principals fonts d'exposicio per als metalls. Font: Adaptada de
Martinez-Morata I, Sobel M, Téllez-Plaza M, Navas-Acien A, Howe CG, Sanchez TR. A State-
of-the-Science Review on Metal Biomarkers. Curr Environ Health Rep. 2023; 10: 215-249.
Doi: 10.1007/s40572-023-00402-x.
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1.3. Vies d’exposicio en humans

L'exposicio a metalls de fonts externes pot produir-se a través de diverses vies: per
inhalacio, ingestio o penetracio a la pell (vegeu figura 6). Si bé I'absorcio dérmica de
compostos metal-lics inorganics sol ser baixa, per als compostos organometal-lics pot
resultar alta i provocar dosis substancials, de vegades letals. En concret, el plom,
l'arsenic i el cadmi entren al cos a traves dels aliments i de I'aigua, i s'absorbeixen al
tracte gastrointestinal. Mentre el plom i I'arsénic també poden entrar per la pell, el
cadmi, en canvi, també penetra a les vies respiratories per inhalacio®.

Menjar, aigua,

Mitjans Aire, aigua,

d'exposicio terra, etc medicaments, etc

Inhalacié Exhalacio l Ingestio

Tracte Tracte

Principals vies _ _
respiratori gastrointestinal

d'absorcio
Exfoliacio

Transport i
distribucio

Principals
vies
excretories

Femtes

Contaminacioé externa

Figura 6. Metabolisme després de I'exposicié a metalls per absorcié cutania, inhalacio i
ingestio. Les fletxes indiquen com es transporten i distribueixen els metalls. Teixits que sén
especialment utils com a biomarcadors biologics s'identifiquen a les zones ombrejades. Font:
Adaptada de Goyer, R.A. and Clarkson, T.W. (2001): Toxic Effects of Metals. In: Klaasen, C.D.,
Ed. Casarett and Doullis. Toxicology: The Basic Science of Poisons, 6th Edition, McGraw-Hill,
New York, 861-867. Capitol 23: Efectes toxics dels metalls.

Avui en dia, les nanoparticules organometal-liques s’empren cada cop mes en
I'agricultura com a nano pesticides, nano fungicides i nano fertilitzants"*?. La via
d'exposicio laboral més important en aquest cas sol ser la inhalacid. L'aire ambiental,
excepte a les proximitats d'una font d'emissid, no influeix de forma significativa a
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I'exposicio total. No obstant aixd, pot contaminar el sol i I'aigua, donant lloc a cultius i
hortalisses contaminats, de manera que contribueix a I'exposicido humana a través dels
aliments®*°*°_ | 'aigua potable és, de vegades, una via important d'exposicid. Tant si
existeix o no contaminacié local, la ingestié de metalls a través dels aliments i I'aigua
potable suposa habitualment la principal via d'exposicio de la poblacié general. El
consum de tabac, alcohol, café, cacau i d’altres habits també son vies d’exposicid
habituals®®°*°°,

1.4. Biomonitoritzacio

La biomonitoritzacio es defineix com la mesura de biomarcadors (elements o
compostos quimics i/o els seus productes biotransformats) en matrius biologiques
humanes (teixits, fluids, ungles, cabells, organs). Mitjangant la biomonitoritzacié podem
mesurar la dosi interna d’'una substancia quimica com a resultat d’'una exposicio
ambiental i/o ocupacional®®.

En els humans, la biomonitoritzacié permet conéixer la carrega corporal de metalls i
altres elements i substancies quimiques en els individus d’'una determinada poblacié.
Tot i les seves limitacions, els nombrosos estudis disponibles indiqguen amb claredat
que totes les poblacions del planeta es troben exposades a aquests contaminants
ambientals (vegeu figura 6)*>*.

Cada cop sén més els paisos i les regions que duen a terme algun programa o estudi
de biomonitoritzacié de metalls. La Uni6 Europea (UE), per exemple, va posar en
marxa |'accié europea per a la biomonitoritzacié en humans (HBM)*’. Aquesta
proposta va estar elaborada per un consorci de 35 socis procedents de 27 paisos de la
UE, la qual inclou cientifics, institucions i autoritats governamentals i no
governamentals, aixi com la industria. L'objectiu principal consisti a desenvolupar un
enfocament coherent de I'HBM a Europa, tal com demanava I'ACCIO 3 del Pla d'Accié
de Medi Ambient i Salut de la UE mitjangant la coordinacio de les activitats de HBM en
curs i planificades. Amb aquesta iniciativa s’explotaran els projectes i els programes de
treball, aixi com les capacitats existents i planificades de HBM a Europa. El consorci
investiga com avancar i millorar la comparabilitat de les dades de HBM a tot Europa.
Dins de les substancies prioritaries d’aquest pla anomenat HBM4EU, s’inclouen alguns
metalls com ara el plom, I'arsénic, el cadmi, el mercuri i el crom VI, a més dels
contaminants emergents®®.

Un altre programa de biomonitoritzacié important és el del Centre de control de
malalties dels Estats Units d’Ameérica (CDC). La base general és I'Enquesta Nacional
d'Examen de Salut i Nutrici6 (NHANES), una enquesta representativa de la poblacio
civil no institucionalitzada dels EUA, amb disseny estratificat i mostres recollides en
cicles biennals des de 1999, que cada dos anys elabora un informe nacional sobre
I'exposicid humana a productes quimics ambientals. L’ultima actualitzacié és de marg
de 2024. L’estudi es realitza amb una mostra aproximada de 2.500 participants per
periode d'enquesta. Aquestes mostres son processades pel Laboratori de Salut
Ambiental del CDC mitjangant técniques avangades com I'espectrometria de masses®.

Per a sang, sérum i orina, el CDC agrupa les dades en les seccions Analysis of Whole
Blood, Serum and Urine Samples, NHANES 1999-2018; també hi ha una secci6 de
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pooled serum per a 2005-2016 i una de mostra especial per fumadors per a 2011-
2016)%. En aquest cas les dades de metalls i metal-loides estudiats inclouen antimoni
en orina, arseénic i diferents compostos d’arsenic en orina, bari en orina, beril-li en
orina, cadmi en sang i en orina, cessi en orina, crom en sang i en orina, cobalt en sang
i en orina, coure en sérum, plom en sang i en orina, manganés en sang i en orina,
mercuri i diferents compostos de mercuri en sang i en orina, molibdé en sang i en
orina, niquel en orina, plati en orina, seleni en sang i en sérum, estronci en orina, tali
en orina, estany en orina, tungsté en orina, urani en orina i zinc en sérum®.

A Canada, la biomonitoritzacié de productes quimics ambientals en la poblacié general
es duu a terme des del 2007 a través de I'Enquesta Canadenca de Mesures de Salut
(CHMS). Amb la disponibilitat de dades representatives a escala nacional de HBM
durant els darrers deu anys, el Govern del Canada ha dut a terme avaluacions de risc
fent un cribratge per al cobalt, el seleni, el zinc, la plata i el tal-li utilitzant dades de
HBM en el marc del Pla de Gestié de Productes Quimics (CMP), una iniciativa
establerta d'acord amb la Llei canadenca de proteccié del medi ambient de 1999
(CEPA)%061626364  Aquests grups elementals es van avaluar, ja que formaven part de
4.300 substancies identificades com a prioritaries per a una avaluacio posterior en el
marc del CMP. Entre les prioritats identificades per a I'avaluacio hi havia substancies
que contenien alumini, bismut, ceri, crom, germani, lanta, liti, neodimi, praseodimi,
tel-luri, titani i itri. Alguns d'aquests grups, com ['alumini, son omnipresents en medis
ambientals i en aliments, mentre que d'altres, inclosos els elements de terres rares
(La, Ce, Nd, Pr, Y), tenen un potencial d'exposicio limitat en la poblaci6 general a
causa de les seves concentracions generalment baixes en medis ambientals, en
aliments i en productes, tot i que s'han trobat mostres de pols a I'interior de cases
canadenques.

El programa italia de biomonitoritzaci6 humana (HBM) d'elements quimics, Program
for Biomonitoring of the Exposure (PROBE), va comengar el 2008 amb I'objectiu de
proporcionar coneixements sobre I'avaluacio de riscos de la poblacio italiana després
de I'exposicié ambiental a metalls®>®°. El projecte s'implementa mitjangant una
campanya de HBM per a la produccié de dades sobre 19 metalls a la sang i sérum de
subjectes que viuen en diferents regions italianes. Els metalls estudiats son: antimoni,
beril-li, cadmi, crom, cobalt, iridi, plom, manganés, mercuri, molibdé, niquel, pal-ladi,
plati, rodi, tal-li, estany, tungsté, urani i vanadi. La primera fase del projecte ha inclos el
desenvolupament i la validacié de protocols de laboratori per a la recollida de fluids i la
quantificacio de metalls. La segona fase proporciona les dades de HBM expressades
com a valors de referéncia (VR) per a la poblacio italiana, amb I'objectiu de determinar
el nivell de metalls en la poblacié general no exposada ocupacionalment®©°.

Si bé és cert que comencen a proliferar els programes de biomonitoritzacié humana
d’elements quimics, no és menys cert que els estudis disponibles de biomonitoritzacié
de contaminants emergents com les terres rares i altres elements minoritaris son
escassos®’®®. Es per aquest motiu que les dades disponibles pel que fa a la poblacié
general, aixi com la disposicio de predictors sociodemografics?>¢7:68:6970.71.72T3.7475 gyy;
dia encara son limitats.

Els valors de referéncia obtinguts en aquests estudis de biovigilancia humana ens
permeten estimar el marge superior de I'exposicié de fons a una substancia quimica
determinada, en un moment concret i en una poblacié especifica, de manera que per a
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alguns metalls i elements traga (com el cas de Mo, Ni, As i Hg) poden diferir de forma
destacada segons la poblacié estudiada. Aquests valors de referéncia s'obtenen dels
estudis de biovigilancia en poblacié general a escala nacional dels metalls i elements
traca, principalment cadmi, plom, mercuri, coure, seleni, niquel i manganés.

D’altra banda, el concepte de poblacié general s’entén com el conjunt d'habitants
d'un territori o d’'una regié geografica definida (pais, comunitat autbonoma,
municipi...), independentment de factors com el génere, I'étnia, la situacio
professional, etcétera. Per tant, només en quedarien excloses aquelles persones
ingressades en institucions sanitaries, penitenciaries o residéncies, entre d’altres;
és a dir, la poblacio institucionalitzada’®.

Disposem de dades dels paisos on s'han dut a terme aquestes recerques, entre ells
els Estats Units, com hem esmentat abans, Alemanya, Francga i la Republica de
Corea™’"""273_Cal destacar que només els Estats Units, el Canada i Italia han estudiat
19 metalls, entre els quals hi ha I'antimoni, el beril-li, el cadmi, el cesi, el crom, el
cobalt, I'iridi, el plom, el manganés, el mercuri, el molibde, el niquel, el pal-ladi, el plati,
el rodi, la plata, el tal'li, I'estany, el tungste, I'urani, el vanadi i el zinc®®6:616263.64.70,
També cal considerar que les matrius on es determinen aquests contaminants
difereixen entre paisos i en una mateixa poblacié i que, per tant, no sempre sén
comparables.

En el cas d’exposicions ocupacionals, algunes agéncies governamentals —com la
National Institute for Occupational Safety and Health NIOSH del CDC- fan
biomonitoritzacié dels nivells d’exposicié de cadmi i plom per certs llocs de treball,
pero, en canvi, no indiquen limits d'exposicié recomanats (REL) basats en aquesta
biovigilancia’’. Hi ha altres organitzacions, perd, que si que han desenvolupat limits
d'exposicié fonamentats en la biovigilancia. Aixi, la Conferéncia d'Higienistes
Industrials del Govern dels Estats Units (ACGIH) publica una llista d’indexs d'exposicio
biologica (BEI®) per a uns 30 agents quimics’®. La fundaci6 alemanya de recerca
(DFG)’?, I'executiu de Salut i Seguretat (HSE) al Regne Unit®°, I'Agéncia francesa per a
I'Alimentacio, el Medi Ambient i Seguretat i Salut Laboral (ANSES)®' i el Fons Suis
d'Asseguranca d'Accidents (Suva), també publiquen de manera periddica llistes de
limits d'exposicié bioldogica®.

A Espanya, I'Enquesta de Salut de Barcelona (ESB) duta a terme per I'Agéncia de
Salut Publica de Barcelona (ASPB), és la que fa més anys que realitza aquest tipus
estudis, amb més edicions i productivitat cientifica®**. L'any 2006, 'ASPB va
presentar la cinquena ESB, la qual va incloure una exploracio fisica i, per primera
vegada, una extraccio de sang —concebuda explicitament per al seguiment dels
contaminants organics persistents (COPs)— en una mostra de participants, podent
determinar les concentracions sériques de 19 COPs en 231 subjectes®. L’any 2016 es
va realitzar la sisena ESB, la segona que recol-lectava mostres de sang dels
participants. En aquesta ocasio, a més dels COPs i els bifenils policlorats (PCBs)
analitzats a la ESB de 2006, la ESB de 2016 també va incloure éters difenilics
polibromats (PBDEs), hidrocarburs aromatics policiclics (HAP) i 50 elements quimics:
metalls, elements traga essencials i terres rares, entre d’altres que han estat un dels
objectes d’estudi en aquesta tesi?®*°.

La interpretacio de les dades de biomonitoritzacié de concentracions de metalls a
l'orina, la sang, les ungles o el cabell, requereix un model toxicocinéetic que mostri les
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relacions entre les concentracions en els medis indicadors i les concentracions en els
organs critics i en el cos en conjunt. En funcié del model toxicocinétic de cada metall,
la matriu bioldgica idonia per determinar les concentracions pot variar. Per exemple,
en el cas del cadmi esta ben establert que a les poblacions que hi estan exposades, el
cadmi urinari és un biomarcador fiable de I'acumulacié del metall a I'escorga renal. En
exposicions a llarg termini i de baix nivell, les concentracions de cadmi en orina en
grup donen una indicacio de la concentracié als ronyons i de la carrega corporal total.
En casos individuals, cal tenir precaucio a causa de la gran variabilitat entre subjectes;
en el rang de valors de fons pot existir una influéncia de la dilresi (fins i tot després de
I'estandarditzacio de la creatinina) i una variacidé normal de les proteines urinaries®.

Les dades de biomonitoritzacié d'alta qualitat i solides poden proporcionar, des del
punt de vista cientific, una aportacié inestimable per a I'avaluacio i la gestio dels riscos
relacionats amb I'exposicio als metalls, tant en els llocs de treball com en la salut
ambiental. Malauradament, no existeixen models toxicocinétics per a tots els metalls:
en tenim pel cadmi, el plom inorganic, el crom (lll), el crom (VI), 'alumini, el manganés,
el niquel i el cobalt, sobretot extrets de dades obtingudes en assajos clinics amb
medicaments®®’. Els metalls tenen fonts i rutes d'exposicié compartides i uniques;
alguns metalls comparteixen vies d'absorcio, transformacié o eliminacié comunes,
mentre que altres difereixen en la seva ruta metabdlica, de manera que no tots els
biomarcadors sén mesures efectives d'exposicié als metalls. A mesura que
I'epidemiologia dels metalls abraga un enfocament multi-metall, o de mescles de
metalls, i els panells metal-lics s'expandeixen per incloure elements menys
comunament investigats, com les terres rares, s’ha de valorar si els biomarcadors
metal-lics que estudiem ens donen mesures adequades d'exposicié i entendre també
com funciona la biotransformacié metabolica i I'eliminacié de metalls per a la seva
correcta interpretacio’®®.

1.4.1. Matrius bioldgiques

La sang, el sérum i I'orina son les matrius més utilitzades i acceptades per a la
biomonitoritzacié humana, i les taules oficials dels programes de biomonitoritzacié en
poblacié general dels diferents paisos, aixi com els valors de referéncia son
determinats en aquestes matrius. La sang esta composta de cél-lules i plasma. El
sérum s'obté després de la coagulacio. Els elements metal-lics a la sang es
distribueixen entre els compartiments no cel-lulars (plasma/sérum) i intracel-lulars
(eritrocits), les seves propietats quimiques definiran I'afinitat per uns o altres (per
exemple, plom i eritrocits). La sang reflecteix clarament I'exposicio recent a aquests
compostos i t&é una composicié més constant que I'orina®.

Tot i aixi, mostres en matrius biologiques menys convencionals (saliva, placenta,
cabell, ungles, dents, llet materna) poden tenir alguns avantatges i proporcionar
informacié addicional®®60:6162636470.71.72.73 “ Ajxi com I'orina, la sang i els teixits estan en
un flux dinamic i d’aqui la importancia de la toxicocinética, els cabells i les ungles, en
canvi, un cop s’han format, son expel-lits de la pell i, per tant, es mantenen al marge
de les continues activitats metaboliques del cos®®. En el cas del cabell i les ungles, els
seus components resulten indicadors de I'activitat metabolica durant la seva formacio,

35



que en el cabell sén uns quants dies, mentre que les ungles triguen mesos a formar-se
(creixen entre 0,9 mm-1,5 mm al mes). En ambdds casos, I'estructura exterior de
queratina dura i relativament impermeable segella aquests components, mantenint-los
al seu lloc durant molt més temps que la majoria dels altres teixits; per tant, poden
considerar-se marcadors estables d'exposicié passada’'®**®', Les mostres d'ungles i
cabells també presenten avantatges alhora de I'analisi, ja que la presa de mostra és
senzilla i no invasiva, 'emmagatzematge és facil i es pot fer a temperatura ambient i
per molt de temps. A més, la disponibilitat de procediments normalitzats per a la
recollida de mostres de cabells i ungles, la seva neteja i una instrumentacioé avangada
per a la seva analisi, els ofereix avantatges per ser utilitzats com a biomarcadors®**.
Els metalls s’incorporen a les ungles durant la seva formacio (12-18 mesos) des de la
sang, els vasos limfatics, els teixits corporals i I'epidermis, i reflecteixen les exposicions
que s'han produit en aquests mesos®. Aquesta és una de les raons per al seu Us en
estudis sobre etiologia de malalties tot i la variabilitat en funcié del metall, les
caracteristiques dels individus, les fonts d’exposicié i la distancia entre la presa de
mostra i 'exposicio®>®,

Si ho comparem amb els metodes d’avaluacio dietética, els nivells de metalls en
ungles reflecteixen la ingesta absoluta, la biodisponibilitat i les diferéncies individuals
en l'adsorcid i el metabolisme dels metalls. No obstant aixo, hi ha una seérie de factors
que poden influir en el contingut de metalls en ungles. Per exemple, I'edat, la
menopausa, fumar i la forma quimica de I'element poden influir en la retencié corporal
del metall a I'organisme. També poden ocorrer canvis a llarg termini en la dieta o
canvis en el contingut dels metalls en els aliments, o canvis en I'exposiciéo mateixa.
Qualsevol d'aquests factors pot confondre associacions entre les exposicions a metalls
a llarg termini amb la malaltia®®°.

En la present tesi, les concentracions de metalls han estat determinades en diferents
matrius. En el cas de I'estudi dels pacients amb cancer de pancrees exocri la matriu
ha sigut les ungles del peu; en el cas de I'estudi de 'Enquesta de Salut de Barcelona
les concentracions de metalls han estat determinades en sang. En aquesta tesi també
s’ha estudiat com la progressio de la malaltia podia afectar els valors de concentracio
dels metalls en ungles®.

1.5. Exposicions ocupacionals a metalls i altres elements essencials en
humans

Els origens de I'estudi de la relacio entre I'exposicié a metalls i el risc d’efectes
adversos es remunten sobretot a exposicions laborals, les quals avui en dia continuen
tenint un impacte sobretot en paisos en vies de desenvolupament on les desigualtats
socials sén molt grans i la legislacioé en quan a les millores en les condicions de treball
i de vida de les persones treballadores estan poc desenvolupades °"%%°. Moltes
explotacions mineres estan ubicades en aquests paisos, essent aquesta activitat
industrial font important de contaminacio per metalls en les comunitats locals a causa
del seu abocament i dispersio en sols agricoles propers, cultius alimentaris i sistemes
fluvials. També és una important font d’exposicié per als treballadors®” %28, Als
quadres d'intoxicacié de caracter agut, la immediatesa de I'aparicio de la
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simptomatologia després de I'exposicio facilita la relacié del quadre amb el medi
laboral. Pel que fa als de caracter subagut, cronic o diferit, €s molt més dificil el
reconeixement de I'origen laboral del procés'®. A Espanya no hi ha registres oficials
de treballadors exposats a agents quimics durant la seva activitat professional, pero és
possible obtenir una idea aproximada d'aquesta situacié a partir de les dades de
'enquesta nacional de condicions de treball i gestio preventiva, que es fa des de 1987
i que des de 2014 esta promoguda per ’Agéncia Europea per a la Seguretat i Salut en
el Treball i duta a terme per Eurofound'®"'%?, En el cas dels treballadors exposats de
forma cronica a metalls o altres compostos, els estudis epidemiologics de certes
malalties sén una valuosa font d’informaci¢'*'%4195106.197 ' A Espanya no existeixen
gaires estudis sobre les principals causes de mortalitat del cancer en exposicions
ocupacionals'®’. Un dels estudis de referéncia sobre cancer de pancrees en aquest
pais és I'estudi PANKRAS Il (en el que s’emmarca part de la present tesi) que es va
dur a terme entre 1992 i 1995 als cinc hospitals generals de I'est d'Espanya. L’objectiu
de I'estudi era identificar els factors de risc d’aquesta neoplasia, ja fossin canvis en
I'estil de vida o altres factors ambientals'®. Un altre dels objectius era identificar
ocupacions que, a Espanya, podien estar associades a un augment del risc de cancer
de pancrees i analitzar I'associacié entre el risc de cancer de pancrees i les
exposicions ocupacionals anteriors. Per dur a terme I'estudi es van fer servir les
histories laborals i la informacio sobre I'exposicié laboral obtingudes a partir
d'entrevistes directes de pacients. Aquestes enquestes també incloien dades de dieta i
estil de vida. A I'estudi PANKRAS |l també es van agafar mostres de sang i d’ungles
del peu dels pacients, i en aquestes matrius es van determinar concentracions
d’organoclorats en el sérum i elements traga en les ungles®*?/:97+103.108.109.110

En aquesta tesi s’estudien les concentracions de metalls en pacients amb cancer de
pancrees amb possible exposicio laboral prévia, i en poblacié general com exposicid
ambiental®®?’.

1.6. Variables sociodemografiques, historial de salut, estils de vida i dieta
| exposicio a metalls

En ser una de les vies d’exposicio als metalls, disposar de dades de la dieta en les
variables d’estil de vida pot ajudar a explicar les concentracions de metalls obtingudes.
Es ben sabut, per exemple, que el peix blau acumula les concentracions més altes de
metalls pesants, especialment el mercuri. Tant és aixi que agéncies oficials com el
Servei Nacional de Salut del Regne Unit recomanen limitar el consum de tonyina i
altres peixos amb oli durant 'embaras’'"""?. A Espanya també s’han fet estudis relatius
al consum de peix i I'efecte en embarassades i infants i I’/Agéncia Espanyola de
Seguretat Alimentaria i Nutricio (AESAN) també ha fet campanyes divulgatives on es
recomana reduir el consum en aquests casos''*'"*. D’altra banda, I’Autoritat Europea
de Seguretat Alimentaria (EFSA) descriu els limits acceptables de metalls com el
cadmi, l'arsénic, el plom, el niquel i 'urani en aliments i aigua potable i detalla quins
son els aliments que suposen un risc més elevat pel que fa a aquests
metalls™'>16.117.118.119 | *administracié d’aliments i medicaments dels Estats Units (FDA)
també té programes per la determinacié del contingut en arsénic, plom, mercuri i
cadmi en aliments'?’. El contingut i els limits dels metalls essencials necessaris per a
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la vida, com ara seleni, niquel, crom, manganes, ferro, vanadi, cobalt, molibde, coure i
zinc, esta ben descrit a la literatura'''??. La dieta i el consum de café, alcohol i tabac
poden confondre en estudiar la influencia de les altres variables sociodemografiques.

D’altra banda, les concentracions de metalls i elements traga en humans sovint varien
segons el sexe, I'edat, el pes o I'index de massa corporal, el nivell socioecondmic, i el
lloc de residéncia, aixi com altres variables sociodemografiques més especifiques,
com I'escolaritzacié o I'estructura familiar. La pobresa material, el nivell d’estudis i la
classe social afecten directament la seguretat alimentaria, la dieta i la salut®.

Respecte als factors sociodemografics, fisics i de comportament que influeixen en les
concentracions de terres rares i altres productes quimics en humans, manquen estudis
que ens permetin obtenir dades que ajudin a entendre el paper que hi juguen aquestes
variables. La major part de les dades de qué disposem avui dia s’'obtenen d’enquestes
locals elaborades cada certs anys per organismes locals de salut publica, com ara
'Enquesta de Salut Publica de Barcelona (ESB) o la d’Andalusia, o de seguiments o
avaluacions sanitaries, com per exemple en el cas d'immigrants d’origen africa arribats
a les llles Canaries?®57:6%:8,

1.7. Efectes en la salut de les concentracions de metalls, elements traca,
terres rares i altres elements quimics inorganics en humans

L’exposicié a metalls, elements essencials, terres rares i altres substancies quimiques
esta molt estesa. Tant és aixi, que quatre de les deu principals substancies quimiques
que més preocupen I'Organitzacié Mundial de la Salut (OMS) pels seus efectes nocius
en la salut publica sén metalls: I'arsénic, el cadmi, el plom i el mercuri'®. Es ben sabut
que I'exposicio cronica a determinats metalls contribueix al desenvolupament d’efectes
adversos per a la salut al llarg de la vida, essent exemples les malalties
cardiovasculars'®, les malalties renals'#'?%'?"_ alguns cancers'>'?*'%  resultats
adversos durant el part'>*'*"13? j afectacions neurocognitives'*®, entre d’altres.

Quan es metabolitzen, els metalls es conjuguen amb ADN, proteines i enzims, causant
danys estructurals i funcionals'**. Com a subproducte de les seves interaccions
sistemiques, aquests metalls generen radicals lliures que poden danyar els
components cel-lulars i moleculars. La produccié d’espécies reactives d'oxigen (ROS) i
I'estrés oxidatiu cronic constitueixen la base de la carcinogénesi'**>'*. El mecanisme
de generaci6 d'aquests radicals és Unic i varia de metall a metall™’. L'Agéncia
Internacional per a la Recerca del Cancer (IARC) i I'Agéncia de Proteccié del Medi
Ambient (EPA) han classificat I'arsénic, el mercuri, el crom, el cadmi i el plom, com a
carcindgens humans "coneguts" amb diferents mecanismes de carcinogénesi'*®'°.

Hi ha evidéncia experimental que els metalls pesants tenen propietats
xenoestrogéniques i cancerigenes que fan que se’ls pugui relacionar amb diferents
tipologies de tumors de cancer de mama'“’. L'arsénic, el beril-li, el cadmi, el crom, el
plom, el mercuri i el niquel inhibeixen les proteines reparadores dels danys a I'ADN.
Aquest procés inhibitori afecta les proteines quelants de metalls, o els dominis de les
proteines quelants de metalls, a causa de la generaci6 de radicals lliures™" ',
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Aquests efectes bioldgics independents de les hormones poden estar més fortament
relacionats amb el desenvolupament del cancer de mama de receptor hormonal
negatiu143'144’145.

També hi ha evidéencia cientifica que I'antimoni, I'arsénic, el cadmi, el cobalt, el
manganés i el seleni, imiten I'estradiol en unir-se i activar el receptor d'estrogens
alfa'*®147.1%8 | es exposicions xenoestrogéniques poden estar estretament associades,
perd no exclusivament, amb el desenvolupament de cancer de mama de receptors
hormonals positius'**'*°. Com que alguns metalls tenen propietats carcinogéniques i
xenoestrogéniques (és a dir, arsenic i cadmi), és possible que puguin influir en el risc
de cancer de mama a través de multiples vies bioldgiques.

Tot i aix0, també disposem d’evidéncies que mostren que hi ha metalls, com el zinc o
el seleni, que tenen efectes protectors respecte d’alguns cancers. Se sap que el zinc,
per exemple, esta inversament associat amb el risc de cancer colorectal™ i que hi ha
una relacié entre el consum de suplements de zinc i la supervivéncia al cancer de
prostata localitzat'>*'*°, El seleni també es considera un anticarcindgen que, a dosis
fisioldgiques, es creu que funciona com un agent antimutagénic prevenint la
transformacié de ceél-lules normals i I'activacié d’oncogens. Aquests efectes protectors
sembla que estan associats a la seva preséncia a les selenoproteines, que se sap que
protegeixen I'’ADN i altres components cel-lulars del dany provocat pels radicals
d’oxigen. Altres modes d’accio serien la retransformacié parcial de cél-lules tumorals o
la inactivacié d’oncogens'®* 1%,

A Espanya es va realitzar un estudi cas-control de la influéncia de les concentracions
de 12 metalls pesants i elements traga sobre el risc de cancer de pancrees que incloia
els casos de cancer de pancrees exocri de I'estudi PANKRAS Il i els controls d’'un
estudi sobre cancer de bufeta (EPICURQ)96:157.158.159.160.161.162 "Ey 'gn3lisi es va
considerar tant la informacié sociodemografica com les dades sobre tabaquisme i
historial de diabetis. Dels 185 pacients amb cancer de pancrees exocri (CPE) inclosos

en l'estudi, 118 (63,8%) van proporcionar mostres pretractades d'ungles del
peu27’97'103'108'109'110.

Els resultats de I'estudi van permetre arribar a dues conclusions: la primera és que a
nivells més alts de seleni i niquel en les ungles, menys risc de cancer de pancrees
exocri, i la segona que a més concentracio d’arsénic i cadmi en ungles, meés risc de
cancer de pancrees exocri'>'%®, Publicacions posteriors sobre aquest mateix estudi
van concloure que els contaminants organics persistents (COPs) i els elements traga
no es van relacionar negativament amb la supervivencia del cancer de pancrees
exocri (CPE) quan es va considerar simultaniament el tractament; només el tractament
es va relacionar independentment amb la supervivencia. La manca d'efectes
pronostics adversos dels COPs i els metalls mesurats en el moment del diagnostic,
proporciona tranquil-litat cientifica i clinica sobre els efectes d'aquestes exposicions en
la supervivéncia dels pacients amb CPE'®.

Estudis previs que investigaven les associacions entre els antecedents laborals i el risc
de CPE no utilitzaven biomarcadors d'exposicid. L’estudi PANKRAS Il va oferir la
possibilitat d’estudiar la relacié entre la historia laboral i les concentracions en sang de
COPs i de metalls en ungles?” "%, Primerament, es va estudiar la relacio entre la
historia ocupacional de pacients de CPE i la concentracié de COPs en sang. Aquest
estudi va concloure que certes ocupacions estan associades amb concentracions més

39



altes de COPs, cosa que suggereix que aquests compostos poden explicar alguns
riscos augmentats trobats en estudis anteriors'®°66:167.168.169.170 Tambg es va
concloure que la manca d'associacio entre el treball en I'agricultura i les
concentracions de pesticides que sén compostos organoclorats (COs) és coherent
amb el fet que I'ocupacio juga un paper menor que la dieta en la influéncia de les
concentracions dels COs'’". Una altra conclusié important va ser que els estudis
ocupacionals sobre les relacions entre I'exposicid a agents industrials i el risc de CPE
haurien de considerar ajustar I'exposicié als COPs. L’efecte de la dieta en els malalts
de CPE va ser estudiat també gracies a les dades de PANKRAS 1I'"2,

En el cas del cancer de pancrees, les exposicions ocupacionals i no ocupacionals al
cadmi, l'arsénic, el plom, el seleni, el niquel i el crom s'han associat amb un augment
del risc de desenvolupar la malaltia’'">'"*1"® Tenint en compte que hi ha pocs estudis
que utilitzin biomarcadors per avaluar aquestes exposicions i que, fruit d’aixo, les
evidéncies sén limitades i no sempre consistents, un dels objectius d’aquesta tesi és el
d’avaluar la relacio entre concentracions d'elements traga i exposicions ocupacionals
en pacients de cancer de pancrees exocri per entendre millor la relacié entre aquestes
exposicions i el risc’’. Per aixod s’han utilitzat les concentracions de metalls en ungles
de I'estudi PANKRAS 1176177,

1.7.1. Influéncia del biaix de la malaltia en les concentracions de metalls
en humans

D’altra banda, a causa de la manca de models toxicocinétics per molts metalls, se’'n
sap molt poca cosa de la toxicocinética i la toxicodinamica dels elements traca durant
la formacio tumoral i la progressioé de la malaltia, fet que podria tenir un impacte en la
metodologia de la recerca i en el rol d’aquests elements traga en I'etiologia del
cancer'’®'"°_Els estudis que utilitzen biomarcadors d'exposici6 en individus que ja
tenen cancer (asimptomatic o simptomatic) poden estar esbiaixats per processos
metabdlics inherents a la malaltia. Aixd s'ha vist en les concentracions de compostos
organoclorats en mostres de sang d'individus diagnosticats de cancer de pancrees, en
els quals l'interval de temps entre el primer simptoma de la malaltia i I'extraccié de
sang es va associar amb concentracions de sérum de lipids totals i
d’organoclorats?*?*?*, Les concentracions d’organoclorats altament lipofilics també es
van associar amb signes i simptomes de la malaltia i amb I'etapa del tumor en el
diagnc‘)sti024. Per tant, durant la progressié del cancer de pancrees i altres malalties, els
pacients experimenten pérdua de pes, coléstasi i altres canvis clinics i fisiopatologics
que alteren les concentracions de lipids, nutrients lipofilics i compostos ambientals
lipofilics. El biaix de progressio de la malaltia és, doncs, una forma de causacio inversa
que ocasiona una manca de significat etiologic dels biomarcadors d'exposicio alterats
per la malaltiaZ2’23'24’18°'181'182'183.

Aquesta possible desviacio deguda a la progressié de la malaltia és també objecte
d’estudi d’'aquesta tesi. Per obtenir-ne dades, s’ha analitzat la influéncia d'intervals de
temps especifics entre diversos episodis clinics i el temps de recol-leccio de les ungles
i les concentracions d’elements traga en pacients amb cancer de pancrees®.
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La present tesi inclou I'estudi de les concentracions de metalls en pacients amb cancer
de pancrees i en poblacié general. En aquest ultim cas, a més dels elements traga, els
metalls pesants i els metal-loides esmentats préviament, s’estudien un grup de terres
rares i d’altres elements quimics inorganics, que en total sumen 50 substancies
inorganiques considerades com a contaminants emergents. Les matrius estudiades
sén ungles i sang®®%"%¢.

1.8. Justificacio

La present tesi integra la recerca duta a terme per la candidata entorn de les
concentracions de metalls i elements essencials en pacients de cancer de pancrees
exocri, i la seva relacido amb I'exposicié ocupacional prévia d’aquests pacients i amb la
progressio de la malaltia. La identificacié de fonts ocupacionals d’aquests elements en
pacients de cancer de pancrees exocri és rellevant per dos motius; perqué pot
traslladar-se a altres malalties i perqué permet valorar fins a quin punt les exposicions
ocupacionals a aquests compostos poden suposar un risc de patir cancer de pancrees
exocri. La validesa de les ungles com a matriu per a la determinacié de la concentracio
de metalls traga en exposicions a llarg termini ha estat motiu de forga estudis, aixi com
la variabilitat de les concentracions de metalls en ungles entre persones i en la
mateixa persona, no és el cas de la variabilitat deguda a la progressi6 de la malaltia.
L’estudi de les concentracions de metalls i elements essencials durant la progressié de
la malaltia es considera important per determinar possibles biaixos, ja que la majoria
d’estudis clinics epidemiologics es basen en casos diagnosticats on les mostres
bioldgiques s’han pres després del diagnostic i quan la malaltia esta en procés. Aixo
s’havia fet per I'extraccio de sang i la concentracioé en sérum de lipids, perd no per
ungles i metalls.

Aquesta tesi també inclou I'estudi de concentracions de fins a 50 elements quimics
entre metalls, elements essencials, terres rares i altres substancies minoritaries en una
mostra representativa de poblacié general de Barcelona i la seva relacié amb
parametres sociodemografics. Hi ha molt poca informacio tant dels contaminants
emergents com de les terres rares i altres substancies quimiques. Fins on sabem,
només disposem de cinc estudis, inclos aquest, de biomonitoritzacié de terres rares en
poblacié general. D’aquests cinc estudis només n’hi ha tres que hagin fet un
seguiment de poblacio general a Espanya. També és escassa I'evidéncia de qué es
disposa sobre predictors sociodemografics de concentracions de terres rares en
poblacié general.
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2. Hipotesis i objectius

2.1. Hipotesis

En aquest apartat presentem les tres hipotesis fonamentals de la tesi, cadascuna de
les quals es correspon amb els tres articles que formen el nucli central de la recerca
que s’ha dut a terme. Primer formulem les hipotesis en termes generals i després
presentem la hipotesi especifica, que és la que s’estudia en cadascun dels articles.

Les hipotesis fonamentals i les especifiques son les seguents:

1. Hipotesi general 1: L'exposicio laboral pot ser un dels factors explicatius del
contingut de metalls en ungles dels pacients de cancer de pancrees.

1.1. Hipodtesi especifica: Les concentracions de metalls i elements traga en malalts
de cancer de pancrees estan relacionades amb la historia ocupacional dels
pacients.

2. Hipodtesi general 2: Els biomarcadors d'exposicié en individus que ja tenen cancer
de pancrees (asimptomatic o simptomatic) poden estar esbiaixats per processos
metabdlics inherents a la malaltia.

2.1. Hipotesi especifica: Les concentracions de metalls i elements traga en ungles
de malalts de cancer de pancrees es poden veure afectades per la progressio de la
malaltia.

3. Hipotesi general 3: Els metalls, elements traca i contaminants emergents com les
terres rares i altres elements quimics inorganics es detecten sovint en poblacié
general.

3.1. Hipotesi especifica: Els metalls, elements traga, terres rares i altres elements
quimics inorganics estan presents en gran part de la poblacié general adulta de
Barcelona i estan relacionats amb variables sociodemografiques.

2.2. Objectius

L’objectiu del conjunt de la recerca sintetitzada en aquesta tesi és posar a prova les
hipotesis especifiques abans esmentades. Els objectius principals son esbrinar si
I'exposicio laboral és una de les causes de la concentracié de metalls en ungles en
pacients de cancer de pancrees exocri i analitzar si les concentracions d’aquests
biomarcadors podrien trobar-se esbiaixats per la mateixa progressié de la malaltia.
L’altre objectiu principal és analitzar la contaminacié de la poblacié general per metalls,
elements traga, terres rares i altres elements quimics inorganics.

Per assolir els objectius principals s’han desenvolupat els seglients objectius
especifics:
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Objectius especifics:

1.

Analitzar la relacié entre la historia ocupacional i la concentracié de metalls traga en
ungles en pacients de cancer de pancrees exocri.

. Analitzar la possibilitat que la mateixa progressio del cancer de pancrees exocri

pugui modificar les concentracions de metalls traga en ungles en funcié de diferents
esdeveniments de rellevancia clinica en I'estudi PANKRAS II.

Analitzar les concentracions en sang de metalls, altres elements traga i terres rares
en poblacié general adulta de la ciutat de Barcelona, i analitzar la relacié entre les
concentracions d’aquests elements i diferents variables socioeconomiques i d’estil
de vida.

44



45



3. Metodologia

En aquest capitol es presenten els dos estudis en els quals es basa la tesi. La
informacié més detallada i especifica la trobareu als articles inclosos en el capitol de
Resultats, en els Annexos i en les referéncies. Als articles es descriu, amb el grau de
detall habitual en els articles cientifics, la metodologia emprada en cadascun. Aqui
presentarem el disseny dels estudis, les poblacions d’estudi, els compostos analitzats i
altres dades rellevants.

3.1. Estudi multicéntric prospectiu sobre I'epidemiologia clinica i
molecular de la patologia pancreatica biliar: PANKRAS I

Tant I'estudi de la historia ocupacional i la concentracié de metalls traca citats en
I'objectiu 1, com I'analisi de qué la progressio de la malaltia pugui modificar la
concentracio d’aquests metalls indicada en 'objectiu 2, s’han dut a terme en malalts de
cancer de pancrees de I'estudi PANKRAS II. El projecte PANKRAS Il és un estudi
multicéntric prospectiu sobre I'epidemiologia clinica i molecular de la patologia
pancreatica-biliar. Els seus objectius principals son analitzar el paper de les mutacions
en I'oncogen K-ras i el gen supressor de tumors TP53 (entre altres alteracions
geneétiques), en el diagnostic, el pronostic i I'etiologia del cancer de pancrees exocri,
aixi com en altres patologies pancreatiques i del sistema biliar'®*'5°,

Els objectius primaris que I'estudi PANKRAS Il es va plantejar en el seu inici van ser
els seglents:

- Avaluar la utilitat de la deteccié de mutacions en el primer ex6 del protoncogén K-ras
i de mutacions en el gen que codifica la proteina p53 com a proves diagnostiques del
cancer de pancrees exocri (CPE) i del cancer del sistema biliar extrahepatic (CSBE).

- Analitzar el valor pronostic de les alteracions genétiques en I'oncogén K-ras i en el
gen supressor de tumors TP53 en els pacients amb aquestes neoplasies.

-Analitzar la prevalenga de les alteracions genétiques en 'oncogén K-ras i en el gen
TP53 en funcié de les caracteristiques biologiques i cliniques dels tumors.

- Estudiar I'associacio entre les alteracions genétiques en 'oncogén K-ras i el gen
TP53 i el consum de tabac, el consum d’alcohol, la dieta (per grups d’aliments) i
determinades exposicions laborals entre els casos de CPE i CSBE.

El projecte PANKRAS Il ha generat fins al moment una amplia produccié cientifica,
perd quedaven encara aspectes en els quals podia aportar coneixement®* 8187,

3.1.1. Seleccio de pacients

Des del mes de febrer de 1992 fins al juliol de 1995 es van reclutar prospectivament
pacients procedents de cinc Hospitals Generals del nord-est peninsular; 'Hospital del
Mar de Barcelona, I'Hospital Universitari Vall d'Hebron de Barcelona, I'Hospital Mutua
de Terrassa, I'Hospital Son Dureta de Mallorca i I'Hospital General Universitari
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d'EIx'®*'8% Es van seleccionar aquells casos que ingressaven amb sospita de
diagnostic de cancer de pancrees exocri (CPE), cancer del sistema biliar extrahepatic

(CSBE), pancreatitis cronica (PC) o patologia pancreatica benigna
(PPB)159,160,161,173,184,185,186,188,189,190,191,192,193,194,195,196

L’estudi PANKRAS Il va incloure un total de 602 pacients, els diagnostics principals
dels quals van ser els seglents: 185 casos amb cancer de pancrees exocri 0
adenocarcinoma ductal de pancrees, 128 casos amb cancer del sistema biliar
extrahepatic, 169 casos amb patologia pancreatica benigna (dels quals 119 eren
pacients amb pancreatitis cronica), 54 casos amb patologia benigna de la vesicula
biliar i dels ductes biliars extrahepatics, 19 casos amb altres patologies benignes i,
finalment, 47 casos amb altres neoplasies. A més, a I'Hospital del Mar es va incloure
un grup control format per 29 individus ingressats per patologies benignes sense
relacié amb cirurgia digestiva i amb patologies no relacionades amb el consum
d’alcohol o tabac; aquests controls estaven aparellats per edat i sexe amb els casos
de CPE184'185.

Es van obtenir mostres bioldgiques per a les posteriors analisis moleculars de més del
80% dels pacients inclosos en I'estudi, entre les quals mostres de sang, orina, cabells,
ungles i celles. Les matrius d’ungles sén les que es van fer servir especificament per
analitzar el contingut de metalls en els articles inclosos en aquesta tesi. D’aquells
casos que eren sotmesos a proves invasives durant el procés diagnostic o terapéutic,
es van obtenir mostres histologiques i citologiques (parafinades i crio preservades) del
teixit normal, el tumor primari i el teixit metastatic. Concretament, s’obtenien mostres
histologiques de pancrees (benigne i maligne) dels casos en qué es realitzava una
laparoscopia o una laparotomia, i mostres citologiques del pancrees dels casos en qué
es realitzava una puncié-aspiraciéo amb agulla fina per establir el diagnostic i I'extensio
de la malaltia. Totes les mostres van ser emmagatzemades en un banc de mostres
biologiques. Dos anatomopatolegs de referéncia de I'estudi revisaven i avaluaven en
paral-lel les preparacions cito-histoldgiques que es van utilitzar per al diagnostic
patologic dels pacients. Els tipus de mostres, aixi com els procediments detallats del
procés d’obtencié d’aquestes, han estat descrits préviament'8*'8°,

Es van entrevistar personalment més del 85% dels pacients per obtenir informacio
sociodemografica, clinica (antecedents patologics i historia familiar de cancer) o sobre
els seus estils de vida (dieta, ocupacié o habits toxics), entre altres factors'®*'¢°
Paral-lelament, es van revisar les histories cliniques d’aquests pacients (vegeu
'impres de I'entrevista al participant de I'estudi col-laboratiu PANKRAS I, Annex 1). Es
va determinar la concentracié de metalls traga en ungles, que és el que es va utilitzar
en els estudis emmarcats en aquesta tesi, i la concentracio sérica d’'organoclorats.
Finalment, es van dur a terme analisis moleculars de gens implicats en el procés de
carcinogenesi pancreatica (K-ras, TP53, p-16/CDKN2, SMAD4/DPC4, BRCA2 o
CFTR, entre d’altres)> 9183,

Dos dels articles d’aquesta tesi doctoral es basen en dades de 185 pacients amb CPE;
concretament les analisis se centren en els subgrups de pacients, que descrivim a
continuacié®”'°"% (vegeu figura 7).
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ocupacional
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Figura 7. Descripcio del grup de pacients de cancer de pancrees exocri i les seves dades
disponibles de metalls, histdria ocupacional, compostos organoclorats i mutacié K-ras.

-161 dels 185 pacients de cancer de pancrees exocri (CPE) tenien entrevista completa
amb dades sociodemografiques, epidemiologiques i cliniques.

-164 dels 185 pacients de CPE tenien la historia ocupacional completa.

-118 dels 185 pacients de CPE disposaven de dades de concentracio de metalls en
ungles. Les dades d’aquests 118 participants son les que s’han fet servir per I'article
de temps entre la recol-leccié d’'ungles i les concentracions de metalls en cancer de
pancrees, evidéncia respecte al biaix de la progressié de la malaltia. També es
disposava de les dades epidemiologiques i cliniques.

-114 dels 185 pacients de CPE disposaven de dades completes de concentracié de
metalls en ungles, historia ocupacional i estil de vida. Les dades d’aquests 114
participants son les que s’han fet servir per 'article de concentracié de metalls en
ungles i historia ocupacional en malalts de cancer de pancrees.

No hi havia diferéncies significatives entre els 114 casos que disposaven de dades
completes de concentracié de metalls en ungles, historia ocupacional i estil de vida, de
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la resta de casos que incloien la majoria de les variables sociodemografiques i
cliniques, entre les quals edat, sexe, historia ocupacional, classe educacional i social,
hospital, estadi tumoral, simptomes del cancer de pancrees, duracié de I'entrevista,
ingesta caldrica i consum de café, tabac i alcohol*’.

Igualment, pels 118 participants pacients dels quals disposavem de dades de
concentracié de metalls en ungles, no hi havia diferéncies amb els restants 67
pacients dels quals no se’'n tenien dades pel que fa a les variables tant
sociodemografiques com cliniques?®:162186.187.197,

3.1.2. Variables sociodemografiques, cliniques i de progressio de la
malaltia

3.1.2.1. Entrevistes personals i historial ocupacional

Els 114 casos de CPE van ser entrevistats cara a cara per monitors formats durant
I'estada hospitalaria, poc després del moment del diagnostic®”*"1931% | ’enquestat era
el pacient en el 94,7% dels casos i un familiar en el 5,3%. En aquells casos en qué
I'estat de salut del pacient no ho va permetre, I'entrevista es va realitzar a una persona
propera, preferentment conjuges o familiars que haguessin conviscut molt de temps
amb el malalt. Les entrevistes van incloure preguntes sobre la historia clinica passada,
signes i simptomes compatibles amb cancer de pancrees, dieta, consum de cafe,
alcohol i tabac, educacio i ocupaci?%23:103:108.109.180,181

L’enquesta ocupacional incloia 10 ocupacions relacionades amb el risc de cancer de
pancrees segons evidéncia bibliografica (vegeu I'imprés de I'entrevista al pacient de
I'estudi col-laboratiu PANKRAS II, Annex 2), exposicio a pesticides, manipulacio de
derivats del petroli, industria quimica, del metall o plastics, arts grafiques, joieria,
tractament de pells i indUstria téxtil?"-°7:10%108.173.189 _Gj | pacient responia
afirmativament, se li demanava que concretés I'activitat especifica, els productes als
quals havia estat exposat i la durada de I'exposicio. El qlestionari tenia a part dues
seccions reservades a altres activitats acomplertes durant un minim de sis anys. A
partir de les dades socioecondmiques i el questionari laboral es van assignar un o dos
codis ISCO-88 a cada resposta. La codificacio de la variable ocupacio es va fer
mitjangant la Classificacié Nacional d'Ocupacions 1994 (CNO-94, equivalent a la
classificacié internacional estandard de les ocupacions, ISCO-88 de les sigles en
anglés). Cada codi complet de la CNO-94 consta de 4 digits. El primer digit per
I'esquerra fa referéncia als Grans Grups de la CNO-94, els dos primers als Subgrups
Principals i els tres primers als Subgrups. A partir de la resposta als apartats sobre
exposicions laborals especifiques, i de I'apartat sobre informacié sociodemografica, es
va assignar un codi (o dos) de la CNO-94 a cada resposta. L'estratégia de codificacio
s'iniciava amb la cerca de I'ocupacio a l'index alfabétic de la CNO-94; posteriorment es
revisava de manera exhaustiva el subgrup principal (2 digits) i el subgrup (3 digits) on
apareixia la rubrica. Finalment, es comprovaven les denominacions complementaries i
la descripci6 de tasques incloses en la rubrica assignada. En els casos en qué no
s'aconseguia trobar el titol de I'ocupacio a I'index alfabétic de la CNO-94, se cercava el
codi a la CNO-79 i s'identificava la rabrica corresponent a la CNO-94.
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Per resoldre el problema que representava haver de decidir quina rubrica assignar
guan no es trobava cap possibilitat, o quan n'hi havia més d'una, es van acordar uns
criteris de codificacié generals (vegeu Annex 2: Criteris generals de codificacio
mitjangant la CNO-94 (ISCO-88)), i uns criteris de codificacio especifics per a casos
concrets (vegeu Annex 3: Criteris concrets de codificacié mitjangant la CNO-94 (ISCO-
88)).

Per als fumigadors es van crear a més uns codis afegits especifics (Annex 4).
Actualment, a Espanya la classificacio vigent és la CNO-11"%,

A més de tota la informacio que es va obtenir mitjangant la classificacio segons la
ISCO-88, que incloia fins i tot les dades de I'any d’inici i final d’escolaritzacid i el lloc de
residéncia, dos higienistes de I'Institut Nacional de Seguretat i Higiene (INISH) van
avaluar 22 carcinodgens i van classificar als pacients com exposats, no exposats o
desconeguts. Per estar exposat la quantitat d’exposicio havia de ser substancial; si no
ho era es classificava com a “no se sap”. A '’Annex 5 s’indiquen els criteris generals
que van seguir els higienistes per fer la classificacio i a 'Annex 6 els criteris més
especifics.

També vam utilitzar la matriu d’exposicié laboral finesa (Finjem) per explorar
I'exposicio a 21 agents quimics, quatre exposicions fisiques i dues ergondmiques’®.
La informacié relativa a la historia ocupacional recollida durant les entrevistes es va
usar de tres diferents maneres, que queden clarament descrites en els articles recollits
al final d’aquest document?22%27:103.108

3.1.2.2. Entrevistes personals i simptomatologia

Per fer la recerca es va utilitzar un formulari estructurat que recollia informacio
clinicopatologica de les histories cliniques, inclosos detalls sobre semiologia,
procediments de diagnostic, resultats de laboratori i seguiment (vegeu Annex 2,
registres del niumero 35 al 81 inclosos)'**'%°. El seguiment es va dur a terme durant
disset anys i mig. Només 3 dels 185 pacients de cancer de pancrees es van perdre en
seguiment (un 5 anys després de diagnosticar-se), i el 90% de les defuncions van ser
per causes relacionades amb el mateix cancer. El seguiment de disset anys i mig en
I'estudi PANKRAS Il permet caracteritzar amb precisio el curs vital complet del cancer
de pancrees, inclosa la supervivéncia a llarg termini i els casos infreqlents de
supervivencia prolongada, mitjancant la triangulacié de dades de registres de
mortalitat, bases hospitalaries i informacio de familiars, el que redueix el biaix de
censura i millora la validesa de I'analisi de supervivéncia en aquesta malaltia de
proni)stic generalment moIt greu159,160,161,162,163,184,185,186,187,188,189,190,191,192,193,194,195,196,197,
20 També es van registrar els diagnostics d'alta hospitalaria i I'estadi clinic del tumor.
L'estadi clinic del tumor en el moment del diagnostic es va classificar segons el
sistema tumor-node-metastasi (TNM). Les proves diagnostiques van incloure
ecografia, tomografia axial computeritzada (TC), fibrogastroscopia,
colangiopancreatografia retrograda endoscopica (ERCP), gammagrafia, laparoscopia i
laparotomia exploratoria®’. Quan es va realitzar un procediment de diagnostic més
d'una vegada, el metge que va extreure les dades va triar el resultat més informatiu. La
informacio detallada sobre el primer simptoma del cancer, inclosa la data i els signes i
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simptomes de la malaltia, es van obtenir de dues fonts: registres médics recollits pel
metge tractant a l'ingrés hospitalari, i entrevistes amb pacients'8%182187.200 Dog
oncolegs experimentats van revisar la informacié i en van comprovar la coheréncia. Si
les dades extretes de I'entrevista contradeien les dades extretes de la historia clinica,
va ser aquesta Ultima la considerada de consens'®. La patologia de tots els casos va
ser revisada de manera independent pels patolegs de referéncia de I'estudi, que
desconeixien el diagnostic original. Un panell d'experts clinics i quirurgics en malalties
gastrointestinals va revisar els diagnostics d'alta hospitalaria de tots els pacients i,
basat en tota la informacio clinica i patologica disponible, inclds el seguiment, va
arribar a un diagnostic clinicopatologic consensuat'.

3.1.2.3. Influencia de la progressié de la malaltia

La possible desviacié deguda a la progressio de la malaltia, es va examinar mitjangant
I'analisi de la influéncia d'intervals de temps especifics entre diversos episodis clinics i
el temps de recol-leccié de les ungles sobre concentracions d’elements traca en
pacients amb cancer de pancrees. Es van calcular tots els intervals de temps
relacionats amb la progressio de la malaltia utilitzant com a referéncia la data de
I'esdeveniment clinic o diagnostic. Com a exemple, l'interval entre el primer simptoma
de cancer de pancrees i la data de recollida de les ungles dels peus és el temps
transcorregut des del primer simptoma fins a la recollida de les ungles dels peus. Es
van analitzar els intervals de temps entre la recollida de les ungles dels peus i les
seglents variables: primer simptoma (iST), ingrés hospitalari, realitzacié de les proves
diagnostiques, extraccio de sang, inici del tractament i entrevista.

3.1.3. Determinacié dels metalls i elements traca

Els elements traca que es van analitzar per dur a terme I'estudi van ser: el cadmi,
I'arsénic, el seleni, el niquel, el crom, el manganés, I'alumini, el ferro, el vanadi, el
coure i el zinc. Per fer-ne el seguiment, es van prendre mostres de les ungles dels
peus durant 'estada a I'hospital d’aquells pacients que havien estat diagnosticats de
cancer de pancrees exocri'®.

Les ungles es van recollir durant I'ingrés hospitalari, en el moment del diagnostic. Es
van retallar les ungles del dit gros del peu i es van emmagatzemar a temperatura
ambient fins al moment de I'analisi’®. La recollida d’ungles dels peus va ser similar per
a tots els pacients de I'estudi, minimitzant la contaminaci6 externa recollint-les
immediatament després del bany i el raspatge i sonicant les ungles al laboratori abans
de 'analisi. Es van quantificar els elements traga a Trace Element Analysis Core
(Dartmouth College, Hanover, New Hampshire, USA), mitjangant espectrometria de
masses de plasma acoblada inductivament. Les ungles dels peus van ser digerides
amb acid nitric Optima (Fisher Scientific, St. Louis, Missouri, EUA) a 105° C, seguida
de I'addicio de peroxid d'hidrogen i I'escalfament de la dilucié amb aigua desionitzada.
Tots els passos de preparacié de la mostra es van registrar gravimétricament. Com a
control de qualitat, cada lot d'analisis incloia sis mostres de material de referéncia
estandard (SRM) amb contingut d'elements traga conegut (GBW 07601, cabell huma
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en pols) i sis blancs analitics, juntament amb les mostres d'estudi. Els coeficients de
variacio dins i entre assaigs per a les repliques de SRM eren inferiors al 15% per a
I'arsénic, el manganeés, el plom, el seleni i el zinc; 15-25% per a I'alumini, el cadmi, el
coure i el niquel; 25-40% per al ferro i el vanadi i més del 40% per al crom. La quantitat
de SRM utilitzada oscil-lava entre menys de 10 i 50 mg per imitar la massa de les
ungles dels peus'®. Aquesta petita massa de mostra de SRM pot ser la causa d'alguna
de la variabilitat observada en els resultats SRM dins i entre lots. L'estat de casos i
controls dels participants de I'estudi no es va revelar al laboratori de proves.

3.2. Enquesta de Salut de Barcelona (ESB) 2016

L’estudi de les concentracions en sang de metalls, altres elements traca i terres rares
en poblacié general indicades en I'objectiu 3, es fara en el marc de 'estudi de
'Enquesta de Salut Publica de Barcelona detallat a continuacid. L’Agéncia de Salut
Publica de Barcelona (ASPB) ha estat pionera a obtenir informacié sobre la salut de la
poblacié barcelonina i els serveis sanitaris. L'Enquesta de Salut de Barcelona (ESB),
iniciada el 1983 i actualment a la seva novena edicié (ESB 2026)*°' forma part del Pla
Estadistic de Catalunya i dels objectius de salut publica del Pla d’Actuacié Municipal.
Aquesta enquesta proporciona dades actualitzades sobre la salut, els habits, I'us de
serveis sanitaris i els determinants de salut, amb I'objectiu d’adequar politiques i
serveis a les necessitats de la ciutadania i a investigar desigualtats socioeconomiques
segons génere, edat, territori, educacio, classe social i origen®.

Totes les enquestes han estat un instrument util per a obtenir informacié sobre I'estat
de salut subjectiu, la morbiditat percebuda, la qualitat de vida i la salut mental, sobre
lesions per accidents i la restriccié de I'activitat, aixi com les discapacitats. També han
recollit informacié sobre els habits relacionats amb la salut, com sén el consum de
tabac, la realitzacio d’activitat fisica i sobre la utilitzacio de serveis sanitaris (atencio
primaria, especialitzada i hospitalaria) o la realitzacié de practiques
preventives?02203:204,

L’edicio del 2016 va incloure novetats sobre temes prioritaris com la pobresa, la
discriminacio, la violéncia, les cures, I'aillament de la gent gran, la vacunacio6 infantil i
altres ambits de salut i benestar.

Els objectius de 'ESB 2016 van ser els seglents:

L’objectiu general era conéixer la salut percebuda, els habits relacionats amb la salut i
la utilitzacié de serveis sanitaris i els seus determinants en la poblacié de Barcelona
lany 2016%.

Els objectius especifics van ser:

e Descriure els determinants demografics i socioecondmics de la salut, dels
habits relacionats amb la salut i de la utilitzacié dels serveis sanitaris.

e Coneéixer I'estat de salut percebuda aixi com la presencia de trastorns cronics,
la limitacié funcional d’acord amb la restriccié de I'activitat, la preséncia de
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discapacitats, especialment entre les persones grans, i les lesions per
accidents.

e Coneixer els aspectes relacionats amb la qualitat de vida, la salut mental i el
benestar.

o Estimar la prevalenca d’habits relacionats amb la salut com s6n el consum de
tabac i la realitzacio d’activitat fisica.

e Descriure la utilitzacié dels serveis sanitaris (atencié primaria, especialitzada i
hospitalaria), I'is de medicaments i la realitzacio de practiques preventives.

3.2.1. Seleccio dels participants

La poblacio objecte d’estudi a 'lEnquesta de Salut de Barcelona va ser la totalitat de la
poblacioé no institucionalitzada resident i empadronada a la ciutat de Barcelona.
Abastava un total d’1,61 milions d’habitants, segons dades del Registre oficial de
poblacio de Barcelona, corresponent a desembre de 2015. No s’incloien en aquesta
mostra les persones que vivien de manera habitual a residéncies o establiments
col-lectius com ara residéncies sociosanitaries, convents, casernes, o que no vivien en
domicilis familiars. Tampoc es consideraven les persones que no constaven al Padré
de Barcelona. La unitat mostral d’aquesta enquesta estava integrada per subjectes
individuals, i la grandaria de la mostra establerta es va xifrar en 4.000 persones. La
selecci6 de les persones es va fer mitjangant un procés d’extraccié aleatoria simple
establint quotes per sexe i edat d’acord amb la piramide de poblacié de Barcelona. Es
va preveure una estratégia de substituts a fi d’afrontar les negatives a contestar o
situacions que impossibilitessin la resposta. Un cop documentats aquests casos, eren
substituits per persones de caracteristiques similars pel que fa a les variables control:
districte, sexe i grup d’edat. El treball de camp es va iniciar el mar¢ de 2016 i es va
tancar la primera quinzena de maig de 2017. L’'Enquesta de Salut de Barcelona es va
realitzar mitjangant entrevistes personals en el mateix domicili de la persona
seleccionada, a carrec d’enquestadors/res professionals degudament formats.

3.2.2. Estudi transversal d’'una submostra de participants de 'Enquesta
de Salut de Barcelona (ESB) 2016

Com hem comentat, 'Enquesta de Salut de Barcelona és de les poques mostres
representatives de la poblacié general del pais en qué s'ha recollit sang per analitzar
biomarcadors de contaminants ambientals, com ara compostos organics persistents
(COPs) que han estat objecte d’estudis previs®*®°. Amb aquesta submostra hem
realitzat un estudi transversal on I'objectiu és avaluar i quantificar les concentracions
en sang de metalls, elements traca, terres rares i altres elements quimics inorganics
d’'una mostra representativa de la poblacié general de la ciutat de Barcelona®%42%,

La poblacié d’estudi esta formada per una submostra de 240 persones a partir de
quinze anys que van participar en 'ESB duta a terme per ’Agéncia de Salut Publica de
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Barcelona I'any 2016%42% i a qui al final de les entrevistes se’ls va proposar de formar
part d’un estudi sobre contaminants ambientals®*®®. La persona més jove que realment
va participar en I'estudi tenia dinou anys. Posteriorment, una infermera va tornar a
entrevistar en persona a cada subjecte que va acceptar ser part de I'estudi, mesurant
el pes, l'algada, la circumferéncia de maluc i cintura, i recollint mostres de sang i
d’orina. L'entrevista addicional per a I'estudi incloia preguntes estructurades sobre
canvis recents i passats en el pes corporal (Ultims sis mesos) i sobre si la persona
havia estat alletada. Tambeé se'ls va preguntar a les dones sobre la paritat, la lactancia
dels seus fills i els antecedents d'avortament.

Per tal de mantenir la representativitat de la mostra de 240 participants pel que es
refereix al sexe i 'edat de la poblacié general de Barcelona, es van assignar pesos
mostrals a I'hora de dur a terme les analisis estadistiques. En el calcul de les
ponderacions no s’ha pogut tenir en compte el lloc de residéncia, en aquest cas el
districte de la ciutat, ja que la mostra no era prou gran.

Els resultats de les concentracions dels 50 elements quimics en aquesta mostra
representativa de la poblacié general adulta de Barcelona, aixi com 'analisi de
I'associacié amb els factors predictius sociodemografics, es troben en el tercer article
d’aquesta tesi.

3.2.3. Variables sociodemografiques i antropométriques

Per tal de valorar el pes corporal i determinar I'excés de pes i I'obesitat, es va utilitzar
I'index de massa corporal (IMC), que es calcula a partir del pes i I'algada mesurats per
la Unitat de Recerca Clinica de I'lMIM: IMC=kg/m?. També se’ls va preguntar als
participants si havien tingut cap canvi de pes durant els sis mesos anteriors a la presa
de sang. Les dades es van classificar en tres categories: van perdre 4-5 kg, poc o
gens de canvi de pes i van augmentar 4-5 kg.

Per establir el nivell educatiu de la persona entrevistada es va seguir la Classificacio
d’Estudis Internacional Normalitzada (CINE) proposada per la UNESCO?"", que fixa

quatre categories: estudis universitaris, estudis secundaris, estudis primaris i sense

estudis.

La classe social ocupacional s'assignava per I'ocupacio actual o darrera del participant
0, si tenia una classe social menys privilegiada que el cap de llar, per I'ocupacio6 actual
o darrera d'aquest ultim. Segons aix0, es van crear cinc categories de classe social
ocupacional: () directius d'empreses de deu o més treballadors, personal técnic
superior i professionals de grau superior, (1) directius d'empreses de menys de deu
treballadors i professionals de grau mitja, (Ill) personal de suport a la gestio
administrativa i financera, altres professionals autdbnoms, supervisors de treballadors
manuals i altres treballadors qualificats no manuals, (V) treballadors manuals
qualificats i parcialment qualificats, (V) treballadors manuals no qualificats®®°°.

L'edat dels 240 participants oscil-lava entre els dinou i els vuitanta anys, situant-se la
mitjana d’edat en els cinquanta anys. El 53% dels participants eren dones; al voltant
del 16% eren obesos (IMC = 30 kg/m?); el 19% eren fumadors actuals i un 35% ex
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fumadors; un 85% van ser alletats durant la infancia; el 23% va néixer fora d'Espanya i
el 31% eren de classes socials ocupacionals menys benestants (IV o V)**%,

3.2.4. Determinacid dels metalls, elements traca, terres rares i altres
elements quimics inorganics

Es van analitzar cinquanta elements quimics, que soén: ferro, coure, seleni, zinc, cobalt,
crom, manganés, molibde, niquel, plom, plata, alumini, arsénic, bari, beril-li, cadmi,
mercuri, pal-ladi, antimoni, estronci, tori, tal-li, urani, vanadi, ceri, disprosi, erbi, europi,
gal-li, gadolini, holmi, indi, lanta, luteci, niobi, neodimi, praseodimi, samari, estany,
tantal, terbi, tuli, itri, iterbi, or, bismut, osmi, plati, ruteni i titani.

Es van recollir mostres de sang de les 240 persones que van accedir a participar en
I'estudi de contaminants ambientals. Els participants havien dejunat durant almenys
vuit hores abans de I'extraccioé de sang. La sang completa es va recollir en tubs
d'EDTA de 4 ml i es va emmagatzemar a —80° fins al 2018-2019, quan es van analitzar
les concentracions dels metalls, elements traca, terres rares i altres elements quimics
inorganics®.

Les analisis de mostres de sang de 'ESB 2016 es van realitzar a I'Institut de Recerca
Biomeédica i Ciencies de la Salut (IUIBS) de la Universitat de Las Palmas de Gran
Canaria (ULPGC), llles Canaries (Espanya).

Es van pesar cent mg de sang completa en tubs de digestidé de quars i després es van
digerir en 1 ml de soluci6 acida (65% HNO3) mitjangant un equip Milestone Ethos Up
(Milestone, Bolonya, Italia). Les condicions de digestio es van programar de la seguent
manera (poténcia (W) — temperatura (C) — temps (min)): pas 1: 1800-100-5; pas 2:
1800-150-5; pas 3: 1800—-200-8 i pas 4: 1800—-200-7. Després del refredament, les
mostres digerides es van transferir i es van diluir. Es va prendre una mostra i es va
afegir I'estandard intern (Sl) per a I'analisi. La solucié Sl incloia escandi, germani, rodi i
iridi (20 mg/ml cadascun) i es va introduir a I'espectrometria de masses de plasma
acoblat inductiu (ICP-MS) a una concentracioé aproximada de 38 ppb per avaluar la
reproductibilitat dels recomptes per segon d'ions (CPS) i les desviacions estandard
relatives (DSR), a més dels valors de recuperacio dels quatre isdtops (45Sc, 72Ge,
103Rh, 193Ir) entre el 70 i el 130% expressat en un grafic d'estabilitat. Després de
completar cada sequéncia, es va eliminar Ge com a estandard intern de la corba de
calibratge d'elements de terres rares per evitar les interferéncies dels ions de doble
carrega de Nd i Sm. Elements de puresa estandard (5% HNO3, 100 mg/l) es van
comprar a CPA Chem (Stara Zagora, Bulgaria). Es van fer dues corbes estandard
(rang = 0 — 300 ng/ml) per tal d'evitar les interferéncies d'ions de carrega doble
d'alguns elements de terres rares i assolir la maxima precisio:

(a) La primera corba estandard utilitzava una barreja comercial multi element (CPA
Chem, Numero de cataleg E5B8-K1.5N.L1, 21 elements) que contenia els
oligoelements essencials, els principals metalls pesants i elements estabilitzats en acid
clorhidric (Os, Pt, Au, Pd i Ru).
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(b) La segona corba utilitzava una barreja de diversos elements que incloia els
elements individuals (CPA Chem) que contenen els REE i altres elements usats en
dispositius electronics.

Per evitar I'efecte memoria dels elements, especialment amb Hg, es va introduir entre
mostres una solucié netejadora formada per 2,0% HNO3 i 1% HCI. L’estandard intern
es va afegir a cada vial (calibratge, espais en blanc i controls de qualitat) abans de la
seva introduccio a I''CP-MS.

Es va utilitzar un Agilent 7900 ICP-MS (Agilent Technologies, Toquio, Japd) i un
MassHunter v.4.2. com a programari d'analisi de dades ICP-MS (Agilent Technologies)
per a la quantificacié dels elements.

El métode ICP-MS usat havia estat validat préviament®®®, i el procediment complet

també es va validar abans del seu Uus amb la utilitzacié d'un material certificat de
referéncia (RCM, Seronorm™ Trace Elements Whole Blood) a tres nivells de
concentracio. La recuperacio va ser del 89 al 128% per a les terres rares i altres
elements utilitzats en dispositius electronics, i del 87 al 118% per als metalls pesants i
elements traga toxics d'ATSDR (coeficients de regressio > 0,998 per a tots els
elements)?.

3.3. Comparacio de la determinacié de metalls, elements traca, terres
rares i altres elements quimics

En els estudis PANKRAS Il i 'TESB 2016 es van determinar metalls i elements traga,
entre d’'altres (vegeu taula 2). Les matrius dels dos estudis son diferents; a I'estudi
PANKRAS Il es van agafar mostres d’'ungles del dit gros del peu, mentre que a 'ESB
2016 es van prendre mostres de sang completa o total (whole blood en anglés).
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Caracteristiques dels dos estudis de determinacié de metalls en els que es basa la recerca

duta a terme en la tesi.

Caracteristiques

Tipus d'estudi
Periode d'estudi
Numero de participants

Poblacié d'estudi

Responsable de
I'enquesta de salut

Localitzacio
Edat

Entrevista de I'enquesta
de salut

Entrevista de I'examen
de salut

Responsable de
I'examen de salut

Qiiestionari especific
per estudi de metalls

Qiiestionari especific
per estudi d'ocupacié

Tipus de mostra
biologica

Lloc d'obtencioé de la
mostra biologica

Enquesta de Salut de
Barcelona

Transversal
2016-2017
240 participants

Poblacié adulta no
institucionalitzada resident i
empadronada a la ciutat de
Barcelona.

(1,61 milions d’habitants al 2015)

Agéncia de Salut Publica de
Barcelona

Barcelona
>19 <81

Entrevista personal, al domicili

Entrevista personal, a I'lMIM

GRECMC - IMIM

Si, personal, a I''MIM

Sang completa

IMIM
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PANKRAS II

Multicentric prospectiu
1992-1995
185 pacients

Pacients procedents de 5 hospitals
generals del nord-est peninsular;
I'Hospital del Mar de Barcelona,
I'Hospital Universitari Vall d'Hebron
de Barcelona, I'Hospital Mutua de
Terrassa, I'Hospital Son Dureta de
Mallorca i I'Hospital General
Universitari d'Elx. Pacients que
ingressaven amb sospita de
diagnostic de cancer de pancrees
exocri (CPE), cancer del sistema
biliar extrahepatic (CSBE),
pancreatitis cronica (PC) o
patologia pancreatica benigne
(PPB)

Institut Municipal d'Investigacio
Medica (IMIM), I'Hospital del Mar
de Barcelona, I'Hospital Universitari
Vall d'Hebron de Barcelona,
I'Hospital Mutua de Terrassa,
I'Hospital Son Dureta de Mallorca i
I'Hospital General Universitari d'Elx

Barcelona, Terrassa, Mallorca, Elx
>36 <94

Entrevista personal per monitors
formats durant I'estada hospitalaria,
poc després del moment del
diagnostic

Si, personal, durant I'estada
hospitalaria, poc després del
moment del diagnostic

Retalls d'ungles del dit gran del peu

A I'nospital on es va diagnosticar el
cancer de pancrees exocri durant
l'estada



Emmagatzematge

Temps
d'emmagatzematge

Nidmero de compostos
analitzats

Compostos analitzats

Laboratori on es van
realitzar les analisis

-80°C (IMIM) Temperatura ambient (25°C)
Fins 2018-2019 (3 anys) Fins al temps d’analisis
50 12

ferro, coure, seleni, zinc, cobalt, cadmi, arsénic, seleni, niquel,
crom, manganes, molibde, plom, crom, manganés, alumini,
niquel, plom, plata, alumini, ferro, vanadi, coure i zinc
arsenic, bari, beril-li, cadmi,

mercuri, pal-ladi, antimoni,

estronci, tori, tal-li, urani, vanadi,

ceri, disprosi, erbi, europi, gal-li,

gadolini, holmi, indi, lanta, luteci,

niobi, neodimi, praseodimi,

samari, estany, tantal, terbi, tuli,

itri, iterbi, or, bismut, osmi, plati,

ruteni i titani

Institut de Recerca en Ciéncies Nucli d'analisi d'elements traca
Biomediques i de la Salut (IUIBS) (Dartmouth College, Hanover, New
de la Universitat de Las Palmas = Hampshire, Estats Units)

de Gran Canaria (ULPGC), llles

Canaries (Espanya)

Taula 2. Taula comparativa entre 'ESB 2016 i PANKRAS Il (matriu, anys, edats, tipus de

participants, elements, etc.).
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4. Resultats

En aquest capitol s'inclouen els tres articles que formen el nucli de la recerca. Tots ells
han estat publicats en revistes internacionals de reconegut prestigi.

Les referéncies dels tres articles soén les seguents:

— Article 125
Gasull M, Camargo J, Pumarega J, Henriquez-Hernandez LA, Campi L, Zumbado M,
Contreras-Llanes M, Oliveras L, Gonzalez-Marin, P, Luzardo, O P, Gémez-Gutiérrez
A, Alguacil J, Porta M. Blood concentrations of metals, essential trace elements, rare
earth elements and other chemicals in the general adult population of Barcelona:
Distribution and associated sociodemographic factors. Science of the Total
Environment, 2024; 909: 168502.

— Article 112%;
Camargo J, Pumarega JA, Alguacil J, Sanz-Gallén P, Gasull M, Delclos GL, Amaral
AFS, Porta M. Toenail concentrations of trace elements and occupational history in
pancreatic cancer. Environment International, 2019; 127: 216-225.

— Article I11%:
Pumarega J, Camargo J, Gasull M, Olshan AF, Soliman A, Chen Y, Richardson D,
Alguacil J, Poole C, Trasande L, Porta M. Timing of Toenail Collection and
Concentrations of Metals in Pancreatic Cancer. Evidence Against Disease
Progression Bias. Exposure & Health, 2022;14: 581-593.
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ARTICLE I:

Gasull M, Camargo J, Pumarega J, Henriquez-Hernandez LA, Campi L, Zumbado M,
Contreras-Llanes M, Oliveras L, Gonzalez-Marin, P, Luzardo, O P, Gomez-Gutiérrez
A, Alguacil J, Porta M. Blood concentrations of metals, essential trace elements, rare
earth elements and other chemicals in the general adult population of Barcelona:
Distribution and associated sociodemographic factors. Science of the Total
Environment, 2024; 909: 168502.%
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HIGHLIGHTS

e This is 1 of only 5 studies measuring >10 rare earth elements in a general population.
e Europium, thulium, gold, indium, ruthenium, and tantalum were detected in >20% of
subjects.

e Increasing age and BMI were associated to higher concentrations of some elements.

e Weight change was a predictor of lead, strontium and silver concentrations.

e Only some elements were more frequently detected in the less affluent social classes.

Running title: Metals and other chemical elements in the general population of

Barcelona.

Abbreviations: ATSDR, Agency for Toxic Substances and Disease Registry; BHS,
Barcelona Health Survey; BEs, Biomonitoring Equivalents; BMI, body mass index; CI,
confidence interval, CPS, counts per second; HB2GV, human biomonitoring health-based
guidance values; HBM-GV, Human biomonitoring Guidance Values; ICP-MS, Inductively
Coupled Plasma Mass Spectrometry; ISTD, internal standard; TUIBS, Research Institute of
Biomedical and Health Sciences; LOD, limit of detection; LOQ, limit of quantification;
POPs, persistent organic pollutants; REE, rare earth elements; RSD, relative standard
deviations; ULPGC, University of Las Palmas de Gran Canaria; QC, quality control

Keywords: Human biomonitoring; metals; essential trace elements; rare earth elements

(REE); environmental exposure /human samples.
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Percentages of detection of rare earth elements (REE) and minority elements
in a representative sample of the general adult population of Barcelona (Spain)
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ABSTRACT

Background: Very little information is available on the population distribution and on
sociodemographic predictors of body concentrations of rare earth elements (REE) and other

chemicals used in the manufacturing of high-tech devices.

Objectives: To analyze the distribution and associated sociodemographic factors of blood
concentrations of chemical elements (including some metals, essential trace elements, rare
earth elements and other minority elements) in a representative sample of the general

population of Barcelona (Spain).

Methods: A sample of participants in the Barcelona Health Survey of 2016 (N = 240) were
mterviewed face-to-face, gave blood, and underwent a physical exam. Concentrations of 50

chemical elements were analyzed by ICP-MS in whole blood samples.

Results: All 50 chemicals studied, including 26 REE and minority elements, were detected.
Lead, silver, arsenic, cadmium, mercury, antimony, strontium, thallium and six essential trace
elements were detected in more than 70% of the population. The most frequently detected
REE and minority elements were europium (62%), thulium (56%), gold (41%), indium
(31%), ruthenium (24%), and tantalum (20%). Less affluent occupational social classes had
higher percentages of detection of some REE. Median concentrations of silver, arsenic,
cadmium and mercury were: 0.091, 3.01, 0.309, and 3.33 ng/mL, respectively. Women had
lower median concentrations than men of lead (1.47 vs. 2.04 pg/dL, respectively), iron and
zinc, and higher concentrations of copper and manganese. The influence of sociodemographic

characteristics on chemical concentrations differed by sex.
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Conclusions: While well-known contaminants as lead, mercury, cadmium, or arsenic were
detected in the majority of the population, numerous individuals had also detectable

concentrations of chemicals as europium, indium, thulium, or gold. Sociodemographic and
physical characteristics (sex, age, social class, weight change) influenced concentrations of

some chemicals.
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1. Introduction

Very little information is available on the distribution of human body concentrations of rare
earth elements (REE) and other minority elements in the general population. Many of such
chemicals, along with essential trace elements —and well-known contaminants as lead or
cadmium- are used in computers, other high-tech devices, and other consumer goods. When
these products are discarded, they often become electronic waste (e-waste) and environmental

pollutants that may affect human health 12,

A major focus of the present study is the analysis of 50 elements used in the manufacturing of
such electronic devices !. They include REE, precious metals and other scarce elements,
essential trace elements for humans, such as iron, selenium or zinc, and well-known pollutants
as lead, cadmium, mercury, or arsenic. The latter four are part of the Substance Priority List of

the U.S. Agency for Toxic Substances and Disease Registry’s (ATSDR) 3.

Human population-based biomonitoring studies on REE and other minority elements are yet
scarce 4°. Monitoring population time trends in human contamination from some of the
mentioned chemicals (e.g., lead, cadmium, other metals) is also necessary because of the
relatively well-known adverse health effects that such chemicals contribute to cause, as
cardiovascular and kidney diseases, some cancers, or neurocognitive disorders '9-12. Although
knowledge about health effects of chronic exposure to REE is more scarce, anemia (decreased
hemoglobin concentration), severe breathlessness and pneumoconiosis (respiratory tract

damage), brain tumors, and other adverse effects have been observed in experimental studies '3

17

Better knowledge about sociodemographic, physical, and behavioural factors that nfluence

human concentrations of REE and other mentioned chemicals is also needed !3-2!. For instance,
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apart from studies on populations living near REE mining locations, there are only three reports
worldwide on the influence of socioeconomic position on concentrations of REE and other
minority elements 4322, and there are no studies on the influence of weight change or having

been breastfed in childhood.

Barcelona is one of the few cities that regularly conducts analyses of trends in body
concentrations of environmental contaminants based on studies representative of the general
adult population 23-24. Moreover, such analyses are integrated within the Barcelona Health
Survey (BHS) 23, which is a strength from scientific and policy standpoints 2627, In addition to
previously published analyses of trends in levels of persistent organic pollutants (POPs) 23, our
biobank of'the 2016 BHS also enabled subsequent analyses of blood concentrations of metals,

essential trace elements, REE and other chemicals, which we report in the present paper.

Therefore, the aim of the present study was to quantify the blood concentrations of 50 chemical

elements in a representative sample of the general adult population of Barcelona city, and to

analyze their associations with sociodemographic factors.
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2. Methods

2.1. Design, study population and health interview survey

We performed a cross-sectional study in a sub-sample of the Barcelona Health Survey (BHS)
for 2016. Methods of BHS have been described in detail 23-242829 Briefly, the BHS is a health
survey that is representative of the adult non-institutionalized population of the city of
Barcelona (Spain). At the end of the 2016 BHS interviews, participants >18 years old were
offered the opportunity to take part in the study on environmental pollutants 3°. Subsequently,
anurse personally mterviewed again each person who accepted to participate, measured the
weight, height, and the hip and waist circumference, and collected blood and urine samples.
Participants had been asked to fast for at least eight hours before blood extraction. Whole
blood was collected n 4 mL EDTA tubes and stored at —80° until 2018-2019, when
concentrations of chemicals were analyzed. The additional interview for the study included
structured questions about recent and past changes in body weight (last 6 months), and on
whether the person had been breastfed. Women were also asked about parity, breastfeeding

their children, and miscarriages (spontaneous and induced) 23.

The Ethics Committee of the Parc de Salut Mar approved the study protocol, and all

participants signed an informed consent before completing questionnaires at baseline.

2.2. Sociodemographic and physical characteristics

Body mass index (BMI) was computed by measured weight [kg] divided by measured height

squared [m?]. Participants were asked for weight change in the 6 months prior to BHS blood

draw, which was classified in three categories: lost 4-5 kg, little or no change, and gained 4-5
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kg. Educational level was classified in three categories according to the highest completed
level: University, completed secondary schooling, and completed primary schooling (finished
2nd stage) or less. Occupational social class was assigned through the current or last
occupation of the participant or, if he/she had a less privileged social class than the head of
the household, through the current or last occupation of the latter. Five social class categories
were created: I, managers of companies with 10 or more employees, senior technical staff,
higher level professionals; II, managers of companies with less than 10 employees,
mtermediate level professionals; III, administrative and financial management supporting
personnel, other self-employed professionals, supervisors of manual workers, other skilled
non-manual workers; IV, skilled and partly skilled manual workers; V, unskilled manual

workers 2831,

The age of the 240 participants ranged from 19 to 80 years, the average age being 50 years
old. Fifty-three percent of all participants were women. About 16% were obese (BMI > 30
kg/m?), 19% were current smokers and 35% former smokers, 85% were breastfed in
childhood, 23% were born outside Spain, and 31% were from less affluent occupational social

classes (IV or V). Further details of participants’ characteristics were previously described 23.

2.3. Analytical chemical methods

2.3.1. Selection of elements and sample preparation

Analyses of blood samples of the 2016 BHS were carried out in the Research Institute of
Biomedical and Health Sciences (IUIBS) in the University of Las Palmas de Gran Canaria
(ULPGC), Canary Islands (Spain). Fifty chemical elements were analyzed, including 9
essential trace elements (iron, copper, selenium, znc, cobalt, chromium, manganese,

molybdenum, and nickel), 15 elements from the ATSDR's Substance Priority List of 2019
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(lead, silver, aluminium, arsenic, barium, beryllium, cadmium, mercury, palladium, antimony,
strontium, thorium, thallium, uranium, and vanadium) 3, 20 rare earth elements (REE)
(cerium, dysprosium, erbium, europium, gallium, gadolinium, holmium, indium, lanthanum,
lutetium, niobium, neodymium, praseodymium, samarium, tin, tantalum, terbium, thulium,
yttrium, and ytterbum) and 6 other minority elements (gold, bismuth, osmium, platinum,
ruthenium, and titanium) commonly used in the manufacture of high-tech devices (Suppl.

Tables 1-4) 1432,

One hundred mg of whole blood was weighed into quartz digestion tubes and then digested
nto 1 mL of acid solution (65% HNO3) using a Milestone Ethos Up equipment (Milestone,
Bologna, Italy). The digestion conditions were programmed as follows (power (W)—
temperature (C)-time (min): step 1: 1800—100-5; step 2: 1800—150-5; step 3: 1800-200-8;
and step 4: 1800—-200-7. After cooling, the digested samples were transferred and diluted. An
aliquot of each sample was taken and the internal standard (ISTD) was added for the analysis.
The ISTD solution included scandium, germanium, rhodium and iridium (20 mg/mL each)
and was itroduced in the Inductively Coupled Plasma Mass Spectrometry (ICP-MS) at an
approximate concentration of 38 ppb to assess the reproducibility of the counts per second of
ions (CPS) and relative standard deviations (RSD) values, in addition to the recovery values
of the four isotopes (45Sc, 72Ge, 103Rh, 1931Ir) between 70 and 130% expressed in a stability
graph. After each sequence is completed, Ge was removed as internal standard with rare earth
elements calibration curve to avoid the interferences of doubly charge ions of Nd and Sm.
Elements of standard purity (5% HNO3, 100 mg/L) were purchased from CPA Chem (Stara
Zagora, Bulgaria). Two standard curves (range =0 — 300 ng/mL) were made in order to avoid
the interferences of doubly charge ions from some rare earth elements an reach the highest
accuracy: (a) one used a commercial multi-element mixture (CPA Chem Catalog number
ESB8-K1.5N.L1, 21 elements) containing the essential trace elements, the main heavy metals

and elements stabilized in hydrochloric acid (Os, Pt, Au, Pd and Ru); (b) one containing the
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other multi-element mixture included individual elements (CPA Chem) that contained the
REEs and other elements used in electronic devices. To avoid the memory effect of elements,
especially with Hg, a cleaning solution consisting of 2.0% HNO3 and 1% HCI was introduced
between samples !3:13, ISTD was added to each vial (calibration, blanks, quality controls)

prior to its introduction in the ICP-MS.

2.3.2. Analytical Procedure

An Agilent 7900 ICP-MS (Agilent Technologies, Tokyo, Japan) was used for quantification.
Instrument configuration and optimization were previously reported 3. The elements were
quantified in the MassHunter v.4.2. ICP-MS Data Analysis software (Agilent Technologies).
The analytical method was previously in-house validated 32. The complete procedure was
validated prior to its use with the employment of a reference certified material (RCM,
Seronorm™ Trace Elements Whole Blood) at three levels of concentration. The recoveries
rates were 89—128% for REEs and other elements used in electronic devices, and 87-118%
for ATSDR’s toxic heavy elements and trace elements (regression coefficients > 0.998 for all
elements). Instrumental limit of detection (LOD) and quantification (LOQ) were calculated as
the concentration of the element produced a signal that was three and ten times higher than of
the averaged blanks solution measured in the same day of the analysis of the samples,
respectively. The calculated relative standard deviations (RSD) were generally lower than 5%,
except for few elements (Cu, Ni, Se, As, Ba, Zn, Sm), as the RSD raised to 10-12% at the
lowest level of fortification. LODs ranged from <0.001 ng/mL for some rare elements to
0.009 mg/dL (90 ng/mL) for Fe, and the LOQs from 0.003 ng/mL for U and Ptto 0.136
mg/dL (1360 ng/mL) for Fe (Suppl. Tables 1-4)33. When the assigned value of an analyte was
below the LOD, it was assigned the mid-value ofthis limit; and when a concentration was
between the LOD and the LOQ, the mid-value between LOD and LOQ was used. As quality
control (QC) of the analysis, a reagent blank digested m the same conditions and two tailor-

made mix to obtain a final concentration of 50 ug/L were included each 21 vials of the
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sequence. Results were acceptable when the concentration of the analytes determined in the

QCs was within 20% of the deviation of the theoretical value.

2.4. Statistical analyses

Main statistical analyses were performed for chemicals that were detected (i.e., were present
at concentrations above the detection limit) in >70% of participants, including 6 essential
trace elements and 8 elements fiom the ATSDR's Substance Priority List. No REE or

minority element was detected in >70% of participants (Suppl. Tables 1-4).

The selection of a representative sample of the non-institutionalized population in each BHS
followed a complex design 23-2%. Inorder to guarantee that the demographic structure of the
population is preserved with respect to age and sex, and thus the representativeness of the
study population with respect the general population of Barcelona, sampling weights were

used in the statistical analyses of the present study.

Univariate statistics were computed as customary 34. First, for all 50 chemicals, we describe
the percentages of the population with concentrations of each chemical above the limit of
detection by sex, age, BMI, place of birth, smoking history, educational level, occupational
social class, if they were breastfed or not and, in the case of women, if they had breastfed their

children, and parity. We used Fisher’s exact test to detect differences between groups.

Then, for chemicals detected in over 70% of the population we quantified blood
concentrations and calculated median, 25th and 75th percentiles and geometric means
adjusted for age. Kruskal-Wallis' test and Wald test were used to assess differences in

concentrations of chemicals by sociodemographic, physical, and behavioural characteristics of
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the participants (age, BMI, weight change in last 6 months, if they were breastfed or not,
place of birth, occupational social class, smoking history, and in the case of women, if they
had breastfed their children and parity). All analyses were stratified by sex. We also computed
multivariate analyses to assess simultaneously the effect of various sociodemographic
characteristics on chemical concentrations. For each chemical we selected models in which all
predictors, mutually adjusted, showed statistically significant associations with the chemical
concentrations. Finally, Spearman’s rank correlation coefficients (p) were computed to
evaluate correlations among pairs of chemicals. Density plots were used to chart the
distributions of chemical concentrations 26-27. Since most concentrations of elements did not
follow anormal distribution, comparisons between groups were performed using non-
parametric tests (Kruskal-Wallis and Mann—Whitney U-test), and log-transformed values
were used in regression analyses. The normality of the data was assessed using the

Kolmogorov—Smirnov test.

Statistical analyses were conducted using SPSS version 22.0.0.0 (IBM SPSS Statistics,

Armonk, NY, USA, 2013), and R version 3.5.2 (2018).
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3. Results

All 50 chemical elements studied were detected in the study population: the smallest number of
chemicals detected in one person was 11, and the largest, 39 (median, 17). The corresponding

figures when excluding the essential trace elements were 6 and 33, respectively (median, 11).

Among the nine essential trace elements studied (Figure 1 - panel A, Suppl. Table 1), iron,
copper, selenium and zinc were detected and quantified in all the 240 participants, and
manganese and molybdenum were detected and quantified in more than 70%. From the
ATSDR's Priority List, lead, silver, arsenic, cadmium, mercury, antimony, strontium and
thallium were also detected in more than 70% of the population (Figure 1 - panel B, Suppl.
Table 2). Most of the 26 REE and other minority elements were detected and quantified in more
than 5% of the participants (dysprosium, erbium, europium, gallium, holmium, indium,
lutetium, niobium, neodymium, tin, tantalum, terbium, thulium, yttrium, ytterbium, gold,
bismuth, platinum, ruthenium, titanium); however, only six of them were detected in >20% of
the population: europium (62%), thulium (56%), gold (41%), indium (31%), ruthenium (24%),

and tantalum (20%) (Figure 1 - panels C and D, Suppl. Tables 3 and 4).

Several sociodemographic characteristics influenced the percentage of detection of some
chemicals (Table 1). Women had a higher percentage of detection than men of aluminum,
cadmium, mercury and three essential elements (cobalt, chromium and manganese). Some
elements were more frequently detected in participants >65 years old: chromium, silver,
palladium, thallium, uranium, dysprosium, holmium, indium, ltetium, and tantalum (all p-
values <0.05). The percentage of detection of cobalt decreased with increasing BMI; by
contrast, overweight and obese participants had a higher percentage of detection of indium,
gold and platinum, and to a lesser extent beryllium, uranium, cerium, and lanthanum. Mercury,

europium, indium, lutetium, terbium, thulium, platinum, and ruthenium were detected more
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frequently in participants from less affluent social classes (IV-V). Participants who had been
breastfed in infancy had a significantly lower percentage of detection only of cobalt, nickel, and
some REE and minority elements (gadolinium, lutetium, thulium, ytterbium, bismuth and

ruthenium) (Table 1).

In models assessing simultancously the effect of various sociodemographic characteristics for
the six most frequently detected REE and minority elements, being of the less affluent social
classes remained associated to an increased probability of having europium, indium and
thulium detected (results not shown). A lower educational level was associated to an increased
probability of detection of europium, gold and ruthenium. Not having been breastfed as a child
was associated to a higher probability of having indium, thulium and ruthenium detected.

Among women, having breastfed their children showed no associations.

Figure 2 shows the population distribution of concentrations of chemical elements detected in
more than 70% of the population (i.e., six essential trace elements and eight elements from the
ATSDR's List). While distributions for elements from the ATSDR's List were skewed towards
the area of higher concentrations (Figure 2, panel B) —ie., a certan minority of the population
had much higher concentrations than the vast majority—, distributions for essential trace

elements as selenium or zinc tended to follow a normal distrbution (Figure 2, panel A).

Significant differences by sociodemographic characteristics were also found in concentrations
of chemical elements detected in more than 70% of the population (Tables 2, 3 and 4). Women
had lower median concentrations than men of lead and of some essential elements as iron and
zinc (p<0.001), while copper and manganese levels were higher in women than men (p<0.001
and p=0.021, respectively) (Table 2). When geometric means adjusted for age were considered,

the same findings by sex were observed.
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Statistically significant differences across age categories were found in concentrations of lead,
arsenic, cadmium and strontium in both men and women, of thallium i men, and of mercury,

antimony and selenum in women (Tables 3 and 4). Although concentrations tended to increase
with age, in some cases the highest concentrations were found in participants aged 45-64 years

old: cadmium (in men and women), arsenic, mercury and selenium (in women).

BMI was positively associated with concentrations of arsenic, mercury, selenium, and zinc only
in men (Table 4). Moreover, men who had gained 4-5 kg in the 6 months prior to BHS blood
draw had higher concentrations of lead and lower concentrations of zinc than men who had
little or no weight change; men and women who had lost 4-5 kg had higher concentrations of
sitver. In women, weight change (loss of 4-5 kg) also increased concentrations of strontium

(Table 3).

Lower concentrations of silver, arsenic, mercury, and molybdenum were found in women and
men born abroad of Spain (Tables 3 and 4). Women born abroad also had lower concentrations
of lead, iron, and zinc, while the lowest concentrations of thallium were observed in women
born in the rest of Spain. The country of birth did not influence concentrations of cadmium,

manganese or selenium.

Men of the less affluent occupational social classes (IV-V) had higher concentrations of lead
(Table 4 and Figure 3), while men of classes I-II had higher concentrations of molybdenum,
and women of the most affluent classes higher concentrations of mercury (Table 3 and Figure
3). Higher concentrations of mercury and arsenic were observed in men with university

educational level vs. men with secondary schooling.
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Men who were current smokers had significantly higher concentrations of lead and cadmium,
and lower concentrations of antimony, iron, selenium, and zinc (Table 4). Women who were

current smokers had higher concentrations of cadmium (Table 3).

Nulliparous women had lower age-adjusted concentrations of cadmium (p=0.027) and mercury
(p=0.070), while the highest concentrations of both chemicals were observed in women who
had breastfed their children 6 or less months (Table 3). When adjusting for age, the observed

crude associations for lead with parity and breastfeeding did not remain significant.

In models assessing simultaneously the effect of various sociodemographic characteristics, sex
was associated with concentrations of seven out of the 14 chemicals detected above 70% of
participants (results not shown): women had higher concentrations of arsenic, cadmium, copper
and manganese, and lower concentrations of lead, iron and selenium than men. Increasing age
was associated with higher concentrations of five elements (lead, cadmium, antimony,
strontium, and copper). Smoking and birth place were associated with concentrations of four
chemicals. Former and current smokers had higher concentrations of lead and cadmium than
never smokers, and lower concentrations of antimony; current smokers also had lower
concentrations of selenium than former and never-smokers. All such models included all
sociodemographic characteristics that showed statistically significant associations with the
chemical concentrations when mutually adjusted. Participants born abroad of Spain had lower
concentrations of silver, arsenic, molybdenum and iron. BMI was associated with higher
concentrations of arsenic and mercury, while loss of 4-5 kg in the 6 months prior to BHS blood
draw was associated with higher concentrations of silver and strontum. In women, being
nulliparous was associated with lower concentrations of cadmium and mercury, while no
associations were observed with breastfeeding (again, adjusting for the relevant predictors for

each chemical).
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Among chemical elements detected in more than 70% of the population, the highest
Spearman’s correlation coeflicients were observed between iron and zinc (p = 0.69), mercury
and arsenic (p = 0.65), and mercury and selenum (p =0.61) (all three p <0.001) (Suppl. Figure
1). While almost all correlation coefficients were <0.6, some strong correlations were observed
between some pairs of REE: cerum and lanthanum (p = 0.84), cerum and praseodymium (p =
0.74), lanthanum and praseodymium (p = 0.79), and dysprosium and holmium (p = 0.77) (all
four p-values <0.001). Remarkably, virtually no correlations were found between 62 POPs
previously analyzed in the same participants and the 50 chemical elements analyzed in the
present study (Suppl. Figure 2)23; the highest coefficients were observed between lead and

PCBs 138, 153 and 180 (p of 0.48 - 0.49, p-values <0.001).
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4. Discussion

Well-known contaminants as lead, mercury, cadmium, or arsenic, were detected in the vast
majority of the population. Numerous individuals had also detectable concentrations of
chemicals as europium, indium, thulium, or gold. Actually, all 50 chemical elements analyzed
in the present study, including 26 REE and minority elements, were detected. Fourteen
chemicals were detected in more than 70% of the population, including lead (100%), arsenic
(100%), antimony (100%), strontium (99%), cadmium (98%), mercury (96%), silver (86%),
thallium (72%) and six essential trace elements. Except for some essential trace elements,
population distributions of the chemical concentrations were highly skewed, with high
interindividual differences, as also previously observed for POPs 23:2435 The most frequently
detected REE and minority elements were europium (62%), thulium (56%), gold (41%),

indium (31%), ruthenium (24%), and tantalum (20%).

The use of REE elements in human activities is increasing, and it can be assumed that human
exposure and accumulation will consequently increase !-2. Very little information is available
on sociodemographic and behavioural predictors of body concentrations of REE in the
general population 4322, Contact with electronic waste, and lifestyle factors —such as active
and passive smoking, use of electronic cigarettes— have also been suggested as influential
factors 18-20.36 Nevertheless, tobacco has a complex role as a source of chemicals 8. In fact,
tobacco smoking was not associated with REE in the present study, but it was with other
chemicals: men who were current tobacco smokers had higher concentrations of cadmium and
lead than never smokers —as previously observed 37—, and lower concentrations of antimony,
ron, selenium, and zinc. Lower concentrations of the latter three essential trace elements
could be a result of increased excretion due to the high concentrations of cadmium, of
mnflammatory responses to tobacco smoking, or of a poorer quality of diet among smokers

compared to non-smokers 384! In the general adult population of Northern France, lower
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blood concentrations of cobalt, manganese and mercury were found among current smokers

37

Another possible exposure relevant at the population level is traffic volume, as cerium and
other REE are used as additives in diesel fuels 2. REE are also present in some foods, since
REE are used in zootechnical and agricultural applications as feed additives and fertilizers to
improve animal/plant production. REE are also used as contrast media in imaging tests as

MRA and MRI 43, Furthermore, some REE are naturally found in soils and taken up by plants

44

The less affluent occupational social classes had higher percentages of detection of some REE
as europium, indium or thulium. In a biomonitoring study conducted in southern Spain —
which is the only other study worldwide measuring at least 20 REE in a representative sample
of the general population—*, higher values of some elements were observed in subjects with
higher income levels. Both in such study and in the present one, higher concentrations of
mercury were observed in the more affluent groups, perhaps related to higher fish
consumption. In Germany higher urinary concentrations of gold and platimum were found in
upper social classes; the authors of the study considered that a possible reason was a higher

number of teeth with noble metal dental alloy restorations in upper social classes 22.

To our knowledge, no other human biomonitoring study on the chemicals analyzed has
assessed the association with weight change. Associations of weight change were found only
with three elements: blood concentrations of lead were higher among men who had gained 4-
5 kg in the 6 months prior to blood draw, while loss of 4-5 kg was associated with higher
blood concentrations of silver and strontum. Indium, gold, platinum, beryllium, uranium,
cerium, and lanthanum were more frequently detected in overweight and obese participants.

BMI was also positively associated with concentrations of arsenic, mercury, selenium, and
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zinc in men. Conversely, lower detection frequencies of cobalt were found in obese
participants; this was similarly observed in a recent prospective study 4°. While most chemical
elements are not highly lipid-soluble, some of them —mainly, metals like mercury, lead and
arsenic— have an affinity for lipids and can accumulate in fatty tissue #6-4%. In a Spanish
population, levels of nickel, lead, tin, and titanium were detected in 100% of adipose tissue
samples from the 228 adults, while arsenic was found in 50% of them 4°. This might explain

the associations we observed with weight loss and BMI.

Increasing age was associated with higher concentrations of lead, cadmium, antimony,
strontium, and copper. Some elements were more frequently detected i participants >65
years old: chromium, silver, palladium, thallium, uranium, dysprosium, holmium, indium,
lutetium, and tantalum. Thus, it is possible that exposure to many of the analyzed chemicals
was more prolonged for the older birth cohorts, and, therefore, that there was not a common
mitial calendar or historic time of exposure for the three birth cohorts in which the study
participants were subclassified. Similar results were recently reported, showing a positive
correlation between age and plasma concentrations of arsenic, mercury, antimony and
strontium 4. Toxicokinetics (e.g., lower elimination rates among older participants) could also
partly explain the age / birth cohort differences observed ''. Formal age—cohort—period

analyses 23:26:3150.51 should be extended to REE and other chemical elements.

Differences in dietary habits might explain lower concentrations of mercury and cadmium
observed in nulliparous women. Blood concentrations of mercury have been associated with
fish intake among pregnant women 3233, Consumption of fish is advised to pregnant women
because of its high content of some nutrients, such as omega-3 fatty acids 3. Nonetheless,
some types of fish may contain high concentrations of mercury 3. Blood concentrations of

cadmium are substantially elevated in persons with low body iron stores. Pregnant women are
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reported to have lower iron stores than women at reproductive age 3. Results are also

consistent with other reports .

Some strong correlations were observed between concentrations of pairs of REE; for instance,
between dysprosium and holmium or between cerium and lanthanum. These associations
suggest potential common sources or pathways of exposure, which deserve further research.
In fact, the addition of cerum and lanthanum-based catalytic additives in oil refining and
diesel oil formulation is nowadays a common practice; thus, exposure to diesel exhaust may

partly explain the observed correlation !7.

Patterns of exposure to REE might differ in populations near REE mining locations,

industries, and general populations. Compared to results from the study in southern Spain “, in
the present study we found lower detection frequencies for most of REE and minority
elements. Only for gold, ruthenium, mercury, cadmium, and silver, frequencies of detection
were higher in the present study. As mentioned, many factors can influence human
contamination by REE: the geochemical composition of the area, personal factors (e.g., age,
sex or BMI), anthropogenic factors, daily diet and lifestyle, exposure from electronics,
occupational or environmental exposure to industrial activities (diesel plants, technological

devices), polluting activities (high traffic), or imaging tests 2.

Moreover, differences in the methodologies used in studies may also partly explain some
differences in detection frequencies and concentrations observed (detection/quantification
limits of the analytical methods and devices, sample matrix). While for chemicals as arsenic,
cadmium, lead, mercury, and tin, whole blood is an appropriate matrix, this is less so for

barium, nickel, and uranium '!.
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According to the European Pollutant Release and Transfer Register (E-PRTR), the
environmental pressure of heavy metals released in Barcelona is high, especially for arsenic,
cadmium, chromium, copper, lead, mercury, nickel, and zinc 7. This is because many
industries now rely on urban waste water treatment plants to purify water effluent, but
removing heavy metals from water is not a focus of these facilities 8. There is a number of
waste water treatment plants in Barcelona that receive polluted water effluents from chemical
and food processing facilities. Such plants concentrate the pollution originated in the
surrounding facilities and directly impact the concentration of chemical elements in the
drinking water. However, for elements with regulatory limits, concentrations in tap water
have not generally exceeded such limits in recent years, including 2016-2017 39:60, Moreover,
for some heavy metals, as arsenic or mercury, exposure for the general population through
diet is greater than through drinking water ¢'. Exposure to lead may also be due to the fact that

in Barcelona numerous old buildings still have lead pipes.

Data on the other metals included in the present study are not available from the European
industrial emissions portal because they are not included in the 91-pollutant list of mandatory

annual reporting 2.

In the general population blood concentrations of essential elements are generally maintained
within a relatively constant range of levels, largely due to homeostatic compensatory
mechanisms 3. Despite exiting homeostatic mechanisms to keep essential elements within
physiological limits, some of the essential metals have been reported to be carcinogenic
(nickel, chromium) or neurotoxic (manganese) among humans, which provides an additional
reason for their biomonitoring. Thus, the blood concentrations of the essential elements
reported here should be interpreted with caution, or used to generate hypotheses on
homeostatic mechanisms i different populations, or to identify factors that may influence

homeostatic compensatory mechanisms. The article does not state or imply that the blood
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concentration is reflective of the actual exposure, since biomarkers integrate exposures,

toxicokinetics and other processes.

Human biomonitoring reference values estimate the upper margin of background exposure to
a specific chemical ata given time in a specific population; thus, depending on the study time
and population, reference values can be quite different for some metals and trace elements
such as molybdenum, nickel, arsenic and mercury. Reference values are available mainly for
cadmium, lead, mercury, copper, selenium, nickel and manganese; values are obtained from
national-level biomonitoring studies conducted in different countries, including the United
States, Canada, Germany, Italy and the Republic of Korea 8°-2204-68 For some chemicals
human biomonitoring health-based guidance values (HB2GV) are also available . These
values include Biomonitoring Equivalents (BEs), Human biomonitoring Guidance Values
(HBM-GV) and HBM-I values. A formal analysis comparing concentrations found in the
general population of Barcelona and the reference values or the HB2GV is beyond the scope
of the present article. Future work focused on these comparisons should include formal
analyses of the need for a reduction in the exposure to substances exceeding these values.
Nevertheless, we observed that the 95th percentile concentration estimates found in the
present study were below the guidance values for most of the chemicals with HB2GV
available for blood. The maximum level found for these chemicals i our population (Suppl
Tables 1-4) was above the corresponding HB2GB for molybdenum, silver, aluminium,
barium, cadmium, and titanium 6°. For mercury and zinc the 75th percentile concentrations
were above the corresponding HB2GV. Results for zinc should be interpreted with caution,
considering that urinary concentrations may be more reliable than blood concentrations due to

homeostasis in blood 179,

Most concentrations of trace elements and chemical elements in the ASTDR’s list were below

the reference values published from national-level biomonitoring studies 3:9°. Nevertheless,
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arsenic, mercury and molybdenum exceed the reference values for the general Canadian
population 3. Eighty-six percent of participants had concentrations of molybdenum above the
1.6 ng/mL reference value of the Canadian Health Measures Survey, and 75% above a
reported reference value for the Italian population >3, Only 7% of participants in the present
study had zinc concentrations above reference values fiom the Canadian Survey (670 ng/mL
for women and 790 ng/mL for men) 495, Nickel concentrations exceeded published reference
values, but nickel was detected and quantified only in 5% of participants, even though it is a
trace element. This low frequency of nickel detection was similar in the study in southern
Spain 4. Nevertheless, the interpretation of nickel measured in whole blood, instead of in other
sample matrixes, is unclear ''. Diet is the main source of exposure to nickel. Mean and

median values for cobalt were below published reference values 265

While our sample size was modest in general terms, many effect estimates were sufficiently
precise. Also, such size may be attainable for local and regional governments with limited
resources. Furthermore, our subjects were selected from a representative sample of the city,
and sample weights were used to compensate for differences in age and sex between our study
population and the actual city population. Therefore, the results here presented are
representative of and generalizable to the adult non-institutionalized population of the city of

Barcelona.

Moreover, other relevant indicators —which are usually not part of biomonitoring surveys—
were collected in person (e.g., weight changes, lactation, and anthropometric data were
registered by nurses). As usual in biomonitoring studies in the general population, no
information was collected on occupational exposures or on history of living near potential

sources of exposure.
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5. Conclusions

While well-known contaminants, such as lead, mercury, cadmium, or arsenic, were still
detected in the vast majority of the population, numerous individuals had also detectable
concentrations of chemicals as europium, indium, thulium, or gold. Sociodemographic and
physical characteristics (sex, age, social class, weight change) influenced blood
concentrations of some chemicals. There are thus clear reasons to strengthen current projects
on human biomonitoring in representative samples of the population, especially to assess time
trends, sources, and health effects i different sectors of the general population, both of single
pollutants and of mixtures of REE and related chemicals 7!:72. Finally, health risks linked to
exposure to REE should be assessed, since their concentration in humans is expected to

increase in the near future.
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Figure legends

Figure 1. Percentages of detection of chemical elements in blood samples in a representative
sample of the general population of Barcelona (samples collected in 2016). Blue (B): detected
and quantified. Purple (P): detected, non-quantified. White: non-detected. The figures above
the bars refer to the percentage of detection (B+P). Details of chemical symbols are provided

in Tables 1 and 2.

Figure 2. Population distributions of the 14 chemicals detected in >70% of the population.

Figure 3. Population distributions of blood concentrations of lead and mercury by

occupational social class, and stratified by sex.

89



28

References

10.

11.

12.

13.

14.

15.

16.

. Tansel B. From electronic consumer products to e-wastes: Global outlook, waste quantities,

recycling challenges. Environ. Int. 2017; 98: 35—45.

Scheepers PTJ, Duca RC, Galea KS, Godderis L, Hardy E, Knudsen LE, et al. HBM4EU
Occupational Biomonitoring Study on e-Waste-Study Protocol. Int J Environ Res Public Health.
2021; 18: 12987.

Agency for Toxic Substances and Disease Registry (ATSDR). ATSDR 2019 Substance Priority
List. https://www.atsdr.cdc.gov/spl/index.html. Accessed 5 July 2023.

Henriquez-Hernandez LA, Romero D, Gonzélez-Antufia A, Gonzalez-Alzaga B, Zumbado M,
Boada LD, et al. Biomonitoring of 45 inorganic elements measured in plasma from Spanish
subjects: A cross-sectional study in Andalusian population. Sci Total Environ 2020; 706:
135750.

Henriquez-Hernandez LA, Zumbado M, Rodriguez-Hernandez A, Duarte-Lopes E, Lopes-
Ribeiro AL, Alfama PM, et al. Human biomonitoring of inorganic elements in a representative
sample of the general population from Cape Verde: Results from the PERVEMAC-II study.
Chemosphere. 2023; 339: 139594.

Jayawardene I, Paradis JF, Bélisle S, Poddalgoda D, Macey K. Multi-elemental determination
of metals, metalloids and rare earth element concentrations in whole blood from the Canadian
Health Measures Survey, 2009-2011. J Trace Elem Med Biol. 2021; 68: 126830.

Cirtin CM, Valcke M, Gagné M, Bourgault MH, Narame C, Gadio S, et al. Biological

monitoring of exposure to rare earth elements and selected metals in the Inuit population of
Nunavik, Canada. Chemosphere. 2022; 289: 133142.

CDC (Centers for Disease Control and Prevention), 2022. National Report on Human Exposure
to Environmental Chemicals; Atlanta, GA.
https://www.cdc.gov/exposurereport/report/pdf/Metals%20and%20Metalloids%20NHANES-
p.pdf, and https//www.cdc.gov/exposurereport/index.html. Accessed 5 July 2023.

Alimonti A, Bocca B, Mattei D, Pino A. Programme for Biomonitoring the Italian Population
Exposure (PROBE): Internal Dose of Metals, Istituto Superiore di Sanita, 2011; Rapporti
ISTISAN 11/9.

World Health Organization (WHO). Ten chemicals of major public health concern: World
Health Organization. https://www.who.int/news-room/photo-story/photo-story-detail/ 10-
chemicals-of-public-health-concern. Accessed 5 July 2023.

Martinez-Morata I, Sobel M, Tellez-Plaza M, Navas-Acien A, Howe CG, Sanchez TR. A State-
of-the-Science Review on Metal Biomarkers. Curr Environ Health Rep. 2023; 10: 215-249.

Wu H, Eckhardt CM, Baccarelli AA. Molecular mechanisms of environmental exposures and
human disease. Nat Rev Genet. 2023; 24: 332—344.

Henriquez-Hernandez LA, Boada LD, Carranza C, Pérez-Arellano JL, Gonzalez-Antuia A,
Camacho M, et al. Blood levels of toxic metals and rare earth elements commonly found in e-
waste may exert subtle effects on hemoglobin concentration in sub-Saharan immigrants.
Environ Int. 2017; 109: 20-28.

Chen XA, Cheng YE, Rong Z. Recent results from a study of thorium lung burdens and health
effects among miners in China. J Radiol Prot. 2005; 25: 451-60.

Gaman L, Radoi MP, Delia CE, Luzardo OP, Zumbado M, Rodriguez-Hernandez A, etal
Concentration of heavy metals and rare earth elements in patients with brain tumours: Analysis
in tumour tissue, non-tumour tissue, and blood. Int J Environ Health Res. 2021; 31: 741-754.
Pagano G, Aliberti F, Guida M, OralR, Siciliano A, Trifuoggi M, Tommasi F. Rare earth
elements in human and animal health: State of art and research priorities. Environ Res. 2015 ;
142: 215-220.

90



17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

29

Pagano G, Thomas PJ, DiNunzio A, Trifuoggi M. Human exposures to rare earth elements:
Present knowledge and research prospects. Environ Res. 2019; 171: 493—500.

Zumbado M, Luzardo OP, Rodriguez-Hernandez A, Boada LD, Henriquez-Hernandez LA.
Differential exposure to 33 toxic elements through cigarette smoking, based on the type of
tobacco and rolling paper used. Environ Res. 2019; 169:368—-376.

Badea M, Luzardo OP, Gonzalez-Antufia A, Zumbado M, Rogozea L, Floroian L, et al. Body
burden of toxic metals and rare earth elements in non-smokers, cigarette smokers and electronic
cigarette users. Environ Res. 2018; 166: 269-275.

Henriquez-Hernandez LA, Luzardo OP, Boada LD, Carranza C, Pérez Arellano JL, Gonzilez-
Antufia A, etal. Study of the influencing factors of the blood levels of toxic elements in
Africans from 16 countries. Environ Pollut. 2017; 230: 817—-828.

Henriquez-Hernandez LA, Gonzalez-Antuiia A, Boada LD, Carranza C, Pérez-Arellano JL,
Almeida-Gonzalez M, et al. Pattern of blood concentrations of 47 elements in two populations
from the same geographical area but with different geological origin and lifestyles: Canary
Islands (Spain) vs. Morocco. Sci Total Environ. 2018; 636: 709-716.

Benemann J, Lehmann N, Bromen K, Marr A, Seiwert M, Schulz C, Jockel KH. Assessing
contamination paths of the German adult population with gold and platinum. The German
Environmental Survey 1998 (GerES III). Int ] Hyg Environ Health. 2005; 208: 499—508.

Porta M, Pumarega J, Henriquez-Hernandez LA, Gasull M, Bartoll X, Arrebola JP, et al.
Reductions in blood concentrations of persistent organic pollutants in the general population of
Barcelona from 2006 to 2016. Sci Total Environ 2021; 777: 146013.

Porta M, Lopez T, Gasull M, Rodriguez-Sanz M, Gari M, Pumarega J, et al. Distribution of
blood concentrations of persistent organic pollutants in a representative sample of the
population of Barcelona in 2006, and comparison with levels in 2002. Sci. Total Environ. 2012;
423, 151-161.

ASPB - Agencia de Salut Publica de Barcelona. Enquestes de salut. Barcelona: ASPB; 2020.
Available at: https://www.aspb.cat/arees/la-salut-en-xifres/enquestes-de-salut/. Accessed 5 July
2023.

Porta M, Puigdoménech E, Ballester F, Selva J, Ribas-Fit6 N, Llop S, Lopez T. Monitoring
concentrations of persistent organic pollutants in the general population: the international
experience. Environ Int 2008; 34: 546—561.

Porta M, Gasull M, Lépez T, Pumarega J. Distribution of blood concentrations of persistent
organic pollutants in representative samples of the general population. United Nations
Environment Programme - Regional Activity Centre for Cleaner Production (CP/RAC). Annual
Technical Publication. 2010; 9: 24-31.

Bartoll X, PérezK, Pasarin M, Rodriguez-Sanz M, Borrell C. Resultats de I’Enquesta de Salut
de Barcelona 2016/17. Barcelona: Agéncia de Salut Publica de Barcelona, 2018. Available:
https://www.aspb.cat/wp-content/uploads/2018/12/ASPB_Enquesta-Salut-Barcelona-2016.pdf.
Accessed 5 July 2023.

Gasull M. Analysis of the contamination of the general population by persistent toxic
compounds and of some of their adverse health effects [Doctoral dissertation]. Barcelona,
Universitat Autonoma de Barcelona, 2019. Available:
http//www.imim.es/programesrecerca/epidemiologia/es documentsgrecm.html. Accessed 5
July 2023.

Porta M, Gasull M, Puigdoménech E, Rodriguez-Sanz M, Pumarega J, Rebato C, et al.
Sociodemographic factors influencing participation in the Barcelona Health Survey study on
serum concentrations of persistent organic pollutants. Chemosphere 2009; 76, 216-225.

Gasull M, Pumarega J, Rovira G, Lopez T, Alguacil J, Porta M. Relative effects of educational
level and occupational social class on body concentrations of persistent organic pollutants in a
representative sample of the general population of Catalonia, Spain. Environ. Int. 2013; 60,
190-201.

91



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

30

Gonzalez-Antuiia A, Camacho M, Henriquez-Hernandez LA, Boada LD, Almeida-Gonzalez M,
Zumbado M, Luzardo OP. Simultaneous quantification of 49 elements associated to e-waste in
human blood by ICP-MS for routine analysis. MethodsX. 2017; 4: 328-334.

Porta M, Pumarega J, Gasull M, Aguilar R, Henriquez-Herndndez LA, Basagafia X, et al.
Individual blood concentrations of persistent organic pollutants and chemical elements, and
COVID-19: A prospective cohort study in Barcelona. Environ Res. 2023; 223: 115419.
Kleinbaum DG, Kupper LL, Muller KE, Nizam A, Applied regression analysis and
multivariable methods. 4th. ed. Duxbury: Pacific Grove, CA, 2007.

Porta M, Gasull M, Puigdoménech E, Gari M, Bosch de Basea M, Guillén M, etal. Distribution
of blood concentrations of persistent organic pollutants in a representative sample of the
population of Catalonia. Environ Int. 2010; 36: 655—664.

NalJ,ChenH, An H, Li N, YanL, Ye R, Li Z. Association of rare earth elements with passive
smoking among housewives in Shanxi province, China. Int J Environ Res Public Health. 2022;
19: 559.

Nisse C, Tagne-Fotso R, Howsam M, Richeval C, Labat L, Leroyer A. Blood and urinary levels
of metals and metalloids in the general adult population of Northern France: The IMEPOGE
study, 2008-2010. Int J Hyg Environ Health. 2017; 220: 341-363.

Kocyigit A, Erel O, Gur S. Effects of tobacco smoking on plasma selenium, zinc, copper and
iron concentrations and related antioxidative enzyme activities. Clin Biochem. 2001; 34: 629—
633.

Richter P, Faroon O, Pappas RS. Cadmium and Cadmium/Zinc Ratios and Tobacco-Related
Morbidities. Int J Environ Res Public Health. 2017; 14: 1154.

Sher ME, Bank S, Greenberg R, Sardinha TC, Weissman S, Bailey B, et al. The influence of
cigarette smoking on cytokine levels in patients with inflammatory bowel disease. Inflamm
Bowel Dis. 1999; 5: 73-78.

Morabia A, Wynder EL. Dietary habits of smokers, people who never smoked, and exsmokers.
Am J Clin Nutr. 1990; 52: 933-937.

Hollriegl V, Gonzalez-Estecha M, Trasobares EM, Giussani A, Oeh U, Herraiz MA, Michalke
B. Measurement of cerium in human breast milk and blood samples. J Trace Elem Med Biol.
2010; 24: 193—-199.

Brouziotis AA, Giarra A, Libralato G, Pagano G, Guida M, Trifuoggi M. Toxicity of rare earth
elements: An overview on human health impact. Front Environ Sci. 2022; 10.

Tommasi F, Thomas PJ, Pagano G, Perono GA, Oral R, Lyons DM, et al. Review of rare earth
elements as fertilizers and feed additives: A knowledge gap analysis. Arch Environ Contam
Toxicol. 2021; 81: 531-540.

Niehoff NM, Keil AP, O'Brien KM, Jackson BP, Karagas MR, Weinberg CR, White AJ. Metals
and trace elements in relation to body mass index in a prospective study of US women. Environ
Res. 2020; 184: 109396.

Attia SM, Varadharajan K, Shanmugakonar M. Das SC, Al-Naemi HA. Cadmium: An emerging
role in adipose tissue dysfunction. Expo Health. 2022; 14, 171-183.

Tinkov AA, Aschner M, Ke T, Ferrer B, Zhou JC, Chang JS, et al. Adipotropic effects of heavy
metals and their potential role in obesity. Fac Rev. 2021; 10: 32.

Tinkov AA, Ajsuvakova OP, Filippini T, Zhou JC, Lei XG, Gatiatulina ER, etal. Selenium and
selenoproteins in adipose tissue physiology and obesity. biomolecules. 2020; 10: 658.

Freire C, Vrhovnik P, Fiket Z, Salcedo-Bellido I, Echeverria R, Martin-Olmedo P, Kniewald G,
Fernandez MF, Arrebola JP. Adipose tissue concentrations of arsenic, nickel, lead, tin, and
titanium in adults from GraMo cohort in Southern Spain: An exploratory study. Sci Total
Environ. 2020; 719: 137458.

92



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

31

Nost TH, Berg V, Hanssen L, Rylander C, Gaudreau E, Dumas P, et al. Time trends of
persistent organic pollutants in 30 year olds sampled in 1986, 1994, 2001 and 2007 in Northern
Norway: Measurements, mechanistic modeling and a comparison of study designs. Environ
Res. 2019; 172: 684-692.

Quinn CL, Wania F. Understanding differences in the body burden-age relationships of
bioaccumulating contaminants based on population cross sections versus individuals. Environ.
Health Perspect. 2012; 120, 554-559.

Llorente Ballesteros MT, Garcia Barrado B, Navarro Serrano I, Izquierdo Alvarez S, Del Pueyo
Garcia Anaya M, Gonzalez Mufioz MJ. Evaluation of blood mercury and serum selenium levels
in the pregnant population of the Community of Madrid, Spain. J Trace Elem Med Biol. 2020;
57: 60-67.

Taylor CM, Golding J, Emond AM. Blood mercury levels and fish consumption in pregnancy:
Risks and benefits for birth outcomes in a prospective observational birth cohort. Int J Hyg
Environ Health. 2016; 219: 513-520.

Coletta JM, Bell SJ, Roman AS. Omega-3 Fatty acids and pregnancy. Rev Obstet Gynecol.
2010; 3: 163-171.

Milman N, Taylor CL, Merkel J, Brannon PM. Iron status in pregnant women and women of
reproductive age in Europe. AmJ Clin Nutr. 2017; 106: 1655S—1662S.

McElroy JA, Shafer MM, Hampton JM, Newcomb PA. Predictors of urinary cadmium levels in
adult females. Sci Total Environ. 2007; 382: 214-223.

European Environmental Agency (EEA). EEA 2021.
https://www.eea.europa.cu/publications/environmental-pressures-of-heavy-metal/heavy-metal-
pollution. Accessed 5 July 2023.

Kaegi R, Gogos A, Voegelin A, Hug SJ, Winkel LHE, Buser AM, Berg M. Quantification of
individual Rare Earth Elements from industrial sources in sewage sludge. Water Res X. 2021;
11: 100092.

ASPB - Agéncia de Salut Publica de Barcelona. La Salut a Barcelona 2016. Barcelona: ASPB;
2017. Available at: https://www.aspb.cat/wp-content/uploads/2018/04/Informe Salut-
2016 _Anexos.pdf. Accessed 5 July 2023.

ASPB - Agencia de Salut Publica de Barcelona. La Salut a Barcelona 2021. Barcelona: ASPB;
2022. Available at: https://www.aspb.cat/docs/InformeSalut2021/#page=40. Accessed 5 July
2023.

BoschJ, Castell V, Timoner I, Domingo JL, Gonzalez N, Nadal M, et al. Contaminants quimics.
V Estudi de dieta total a Catalunya. Metalls pesants, dioxines (PCDD/F) ibifenils policlorats
(PCB) 2017. Departament de Salut, Generalitat de Catalunya, 2020. Available:
https://acsa.gencat.cat/web/.content/ Publicacions/Estudis de dieta total/contaminants quimic
s/EDT-Contaminants-2017/V-Estudi-Dieta-Contaminants-2019.pdf Accessed 5 July 2023.

European Industrial Emissions Portal. European Environmental Agency (EEA).
https:/industry.eea.europa.euw/ Accessed 5 July 2023.

Institute of Medicine. 2001. Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic,
Boron, Chromium, Copper, lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium,
and Zinc. Washington, DC: The National Academies Press. https://doi.org/10.17226/10026.

Haines DA, Saravanabhavan G, Werry K, Khoury C. An overview of human biomonitoring of
environmental chemicals in the Canadian Health Measures Survey: 2007-2019. Int J Hyg
Environ Health. 2017; 220: 13-28.

Saravanabhavan G, Werry K, Walker M, Heines E, Malowany M, Khoury C. Human
biomonitoring reference values for metals and trace elements in blood and urine derived from
the Canadian Health Measures Survey 2007-2013. Int J Hyg Environ Health 2017; 220, 189—
200.

93



66.

67.

68.

69.

70.

71.

72.

32

Schulz C, Conrad A, Becker K, Kolossa-Gehring M, Seiwert M, Seifert B. Twenty years of the
German Environmental Survey (GerES): human biomonitoring—temporal and spatial (West
Germany/East Germany) differences in population exposure. Int J] Hyg Environ Health. 2007;
210: 271-297.

Lee JW, Lee CK, Moon CS, Choi 1J, Lee KJ, Yi SM, et al. Korea National Survey for

Environmental Pollutants in the Human Body 2008: heavy metals in the blood or urine of the
Korean population. Int J Hyg Environ Health. 2012; 215: 449-457.

Haines DA, Arbuckle TE, Lye E, Legrand M, Fisher M, Langlois R, Fraser W. Reporting
results of human biomonitoring of environmental chemicals to study participants: a comparison
of approaches followed in two Canadian studies. J Epidemiol Community Health. 2011; 65:
191-198.

Nakayama SF, St-Amand A, Pollock T, Apel P, Bamai YA, Barr DB, et al. Interpreting
biomonitoring data: Introducing the international human biomonitoring (i-HBM) working
group's health-based guidance value (HB2GV) dashboard. Int J Hyg Environ Health. 2023; 247:
114046.

Poddalgoda D, Macey K, Hancock S. Derivation of biomonitoring equivalents (BE values) for
zinc. Regul Toxicol Pharmacol. 2019; 106: 178—186.

Marx-Stoelting P, Riviere G, Luijten M, Aiello-Holden K, Bandow N, BakenK, etal. A walk in
the PARC: developing and implementing 21st century chemical risk assessment in Europe.
Arch Toxicol. 2023; 97: 893-908.

Ubong D, Stewart L, Sepai O, Knudsen LE, Berman T, Reynders H, et al. Application of human
biomonitoring data to support policy development, raise awareness and environmental public

health protection among countries within the HBM4EU project. Int J Hyg Environ Health.
2023; 251: 114170.

94



_1-

Table 1. Frequency of detection (% of participants with concentrations above the detection limit) of chemicals
analysed in the population of Barcelona, by sociodemographic characteristics.*

Sex Age BMI*

Chemical Male  Female p-value 18-44 45-64 >65 p-value Normal Over- Obese p-value
years years years weight

Essential trace elements
Cobalt (Co) 30.0 46.6 0.011 40.1 33.0 4438 - 44.7 385 182 0.013
Chromium (Cr) 14 170 <0.001 6.5 69 198 0.023 43 14.9 59 0.031
Manganese (Mn) 673 78.8 0.041 740 69.8 775 - 66.1 80.5 729 0.076
Molybdenum (Mo) 90.0 89.5 - 843 918 971 0.063 85.5 929 926 0.201
Nickel (Ni) 8.8 2.6 0.042 8.5 42 1.9 0.168 6.7 32 8.5 -
ATSDR’s priority list
Silver (Ag) 832 88.1 - 858 798 943  0.047 82.1 85 877 -
Aluminium (Al) 0.5 6.0 0.039 1.0 32 82 0.031 1.7 22 3.8 -
Barium (Ba) 6.3 10.1 - 9.2 56 106 - 8.1 9.0 83 -
Beryllium (Be) 12.1 8.7 - 92 130 8.7 - 5.5 13.8 163 0.066
Cadmium (Cd) 96.0 100 0.045 95.8 100 100 0.155 95.8 100 100 0.169
Mercury (Hg) 923 100 0.001 95.1 993 947 923 99.4 100 0.031
Palladium (Pd) 7.6 42 - 42 23 135 0015 32 53 6.9 -
Strontium (Sr) 99.5 100 - 100 99.3 100 - 100 100  98.6 0.166
Thorium (Th) 0.5 1.7 - 0.0 1.7 24 13 0.0 35 -
Thallium (T1) 73.5 70.0 - 69.5 659 837 0.047 69.9 78.1 627 0.163
Uranium (U) 6.2 6.4 - 1.8 49 168 0.002 13 7.5 104 0.014
Vanadium (V) 0.5 12 - 1.5 0.0 1.0 - 1.5 0.6 0.0 -
Rare earth elements
Cerium (Ce) 5.0 49 - 34 6.2 6.2 3.7 36 123 0.073
Dysprosium (Dy) 54 7.1 - 39 24 164  0.006 43 54 6.9
Erbium (Er) 8.8 112 7.6 83 173 0.134 7.1 11.3 9.0
Europium (Eu) 62.1 62.1 - 59.1 632 664 59.9 624 654 -
Gallium (Ga) 6.8 15.0 0.067 93 1.1 148 10.9 9.0 10.9 -
Gadolinium (Gd) 5.8 39 - 29 39 9.6 0.262 39 54 6.2 -
Holmium (Ho) 72 8.1 - 53 40 173 0.012 5.7 54 118
Indium (In) 30.2 30.7 - 245 265 473  0.011 19.5 39.1 441 0.001
Lanthanum (La) 59 4.6 - 29 6.9 7.1 - 33 4.1 13.7  0.056
Lutetium (Lu) 6.2 89 - 34 42 20.7 <0.001 3.7 8.7 93 0221
Niobium (Nb) 54 7.2 - 7.3 6.8 38 9.2 37 55 0232
Neodymium (Nd) 4.9 8.8 - 58 107 38 - 94 43 7.6
Praseodymium (Pr) 1.9 4.6 - 2.0 3.0 6.2 - 33 1.4 83 0.101
Samarium (Sm) 3.6 54 - 48 3.0 6.2 - 52 3.1 6.9 -
Tin (Sn) 73 123 0.199 9.8 102 10.1 - 7.9 129 102 -
Tantalum (Ta) 18.7 222 - 133 196 356 0.005 174 219 210 -
Terbium (Tb) 94 8.7 - 6.4 74 164 0.132 7.0 84 9.5 -
Thulium (Tm) 57.0 54.8 - 554 582 534 - 529 556 615 -
Yttrium (Y) 8.0 10.2 - 76 120 8.1 - 6.9 104 13.8 -
Ytterbium (Yb) 94 12.0 - 9.3 9.5 154 - 10.6 94 83 -

Minority elements

Gold (Au) 422 39.7 - 375 420 457 - 325 493 465 0.037
Bismuth (Bi) 12.7 129 - 15.8 81 139 0215 14.8 11.1 13.0 -
Osmium (Os) 3.0 2.8 - 3.8 2.8 14 - 2.8 39 14 -
Platinum (Pt) 11.1 12.3 - 9.6 85 203 0.111 4.1 15.8 16.7  0.008
Ruthenium (Ru) 263 229 - 249 200 299 - 18.2 29.7 247 0.155
Titanium (Ti) 6.8 10.7 - 102 109 33 - 134 4.0 9.0 0.090
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Table 1, continued.

Birth place Smoking Educational level

Chemical Catalo Restof Abr. p-value Non  Former Current p-value  Primary Second- Univer- p-value

nia Spain orless ary sity
Essential trace elements
Cobalt (Co) 403 445 308 - 50.3 259 349  0.003 43.0 39.5 36.3 -
Chromium (Cr) 70 187 9.9 0.064 15.5 3.7 6.8 0.019 20.7 5.8 6.5  0.010
Manganese (Mn) 69.8 712 841 0.124 79.6 70.2 645  0.102 758 674 76.0 -
Molybdenum (Mo) 926 933 799 0.053 88.3 914 90.2 - 95.0 91.5 859  0.165
Nickel (Ni) 7.0 35 34 - 7.1 43 4.0 - 0.0 84 6.6 0.072
ATSDR’s priority list
Silver (Ag) 89.0 831 796 0.221 88.2 87.1 718 - 83.1 86.3 86.9 -
Aluminium (Al) 2.0 8.8 3.1 0.084 5.8 2.1 0.0 0223 6.5 2.0 2.7 -
Barium (Ba) 5.6 7.1 163 0.072 4.0 115 129 0.042 10.0 10.6 6.0 -
Beryllium (Be) 7.8 92 175 0.122 9.2 14.7 50 0.186 17.6 7.6 82 0.133
Cadmium (Cd) 97.5 100 983 - 96.0 100 100 0.140 93.9 100 992 0.015
Mercury (Hg) 95.8 100 954 - 973 96.3 94.5 - 100 88.0 100 <0.001
Palladium (Pd) 44 135 34 0.057 6.8 1.8 104 0.038 74 2.6 6.9 -
Strontium (Sr) 100 987 100 0.174 100 99.4 100 - 100 100 99.5 -
Thorium (Th) 14 1.6 0.0 - 0.7 22 0.0 - 0.0 0.0 24 -
Thallium (T1) 766  59.0 684 0.069 713 73.6 68.7 - 68.3 78.1 69.1 -
Uranium (U) 6.1 13.2 1.7 0.122 9.6 4.8 1.1 0.162 74 6.5 5.6 -
Vanadium (V) 1.1 1.3 0.0 - 14 0.6 0.0 - 0.9 2.1 00  0.157
Rare earth elements
Cerium (Ce) 52 6.1 3.6 - 4.7 6.3 33 - 32 5.0 5.8 -
Dysprosium (Dy) 46 132 55 - 7.1 8.8 0.0 0.103 6.0 2.0 92  0.094
Erbium (Er) 9.3 14.2 9.1 - 115 12.8 2.0 0.091 9.0 59 133 0224
Europium (Eu) 612 654 621 - 64.4 63.5 54.3 - 78.7 489 62.0  0.001
Gallium (Ga) 109 132 104 - 10.7 12.6 9.9 - 9.7 52 158  0.115
Gadolinium (Gd) 5.8 29 3.6 - 44 8.0 0.0 0.113 2.1 43 6.5 -
Holmium (Ho) 76 132 36 0.239 10.0 8.8 0.0  0.055 8.8 49 8.8 -
Indium (In) 319 262 298 - 359 332 126 0.010 38.6 26.7 28.6 -
Lanthanum (La) 45 7.3 55 - 33 8.8 33 - 32 3.6 73 -
Lutetium (Lu) 63 203 1.7 0.005 12.1 6.1 0.0 0.024 13.0 1.3 90  0.019
Niobium (Nb) 82 5.8 1.9 33 11.0 50 0.151 4.8 9.7 5.0 -
Neodymium (Nd) 9.2 6.1 1.9 0.208 42 11.8 47  0.146 2.3 79 88 0.170
Praseodymium (Pr) 2.7 4.8 38 - 24 6.4 0.0 0.161 23 15 5.1 -
Samarium (Sm) 4.8 4.8 38 - 42 7.5 0.0 0.193 23 15 7.7 0.076
Tin (Sn) 84 151 104 - 13.7 9.7 20 0.073 10.1 84 11.0 -
Tantalum (Ta) 255 215 7.0 0.010 21.3 235 134 - 16.6 27.0 184 -
Terbium (Tb) 92 132 55 - 11.2 10.0 21 0175 79 9.4 9.4 -
Thulium (Tm) 530 638 572 - 577 55.7 51.7 - 64.3 50.1 55.1 -
Yttrium (Y) 94 112 72 - 6.1 15.8 47  0.053 55 84 11.6 -
Ytterbium (Yb) 113 13.8 72 - 134 12.1 2.1 0.080 83 12.1 113 -
Minority elements
Gold (Au) 422 320 440 - 369 439 44.8 - 54.5 283 419  0.008
Bismuth (Bi) 14.5 10.5  10.1 - 14.7 9.7 13.9 - 59 16.4 140  0.122
Osmium (Os) 3.0 6.4 0.0 0.122 1.7 42 3.6 - 25 2.7 33 -
Platinum (Pt) 106  18.6 94 - 15.1 11.2 47  0.147 173 11.8 8.8 -
Ruthenium (Ru) 20.8 351 260 0.144 272 212 239 - 36.1 12.8 259  0.006
Titanium (Ti) 12.6 54 1.9 0.033 6.8 134 54 - 4.8 115 9.2 -
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Table 1, continued.

Occupational social class

Was breastfed

Breastfed her children (women)

Chemical I-1I I IV-V  p-value Yes No p-value Never <6 >6  p-value
months months
Essential trace elements
Cobalt (Co) 384 385 412 - 36.7 589  0.019 45.7 255 585 0016
Chromium (Cr) 32 158 153 0.002 113 49 - 11.7 7.7 26.6  0.056
Manganese (Mn) 700 675 835 0.060 72.6 753 - 83.5 81.3 732 -
Molybdenum (Mo) 90.3  90.7 900 - 89.2 90.6 - 88.1 89.9 90.7 -
Nickel (Ni) 7.8 35 4.0 - 2.6 19.9 <0.001 32 2.8 2.0 -
ATSDR’s priority list
Silver (Ag) 8.1 835 835 - 872 86.1 - 88.6 794 92.1  0.194
Aluminium (Al) 1.7 34 6.1 - 44 0.0 - 14 24 119  0.137
Barium (Ba) 6.5 74 121 - 8.6 32 - 142 10.7 6.1 -
Beryllium (Be) 89 64 158 - 9.9 7.6 - 12.6 135 28  0.046
Cadmium (Cd) 97.7  96.6 100 98.1 97.1 - 100 100 100 -
Mercury (Hg) 973 898 100  0.006 97.0 90.5  0.138 100 100 100 -
Palladium (Pd) 5.8 3.8 74 - 59 9.0 - 0.0 5.7 7.1 0.121
Strontium (Sr) 100 99.0 100 0.236 99.7 100 - 100 100 100 -
Thorium (Th) 24 0.0 0.0 - 14 0.0 - 14 2.8 13 -
Thallium (T1) 721 725 69.1 - 714 772 - 622 68.6 717 0225
Uranium (U) 6.1 14 105 0.109 6.3 10.7 - 0.0 8.1 1.1 0.044
Vanadium (V) 1.4 0.0 0.7 - L1 0.0 - 32 0.0 00 0.182
Rare earth elements
Cerium (Ce) 6.4 1.9 52 - 5.6 45 - 4.6 5.7 48 -
Dysprosium (Dy) 7.8 1.9 7.6 - 5.7 10.7 - 37 5.7 10.9 -
Erbium (Er) 11.6 29 137 0.126 9.5 16.8 - 5.1 17.2 134 0.129
Europium (Eu) 609 442 763 0.001 584 69.9 - 64.7 574 623 -
Gallium (Ga) 13.9 9.5 8.8 - 134 6.3 - 204 8.5 13.7 -
Gadolinium (Gd) 7.6 3.1 20 0172 2.8 156  0.009 14 53 53 -
Holmium (Ho) 9.9 1.7 9.1 0.135 72 123 - 6.9 8.5 8.9 -
Indium (In) 27.0 205 422 0.016 279 447 0.064 28.1 332 317 -
Lanthanum (La) 55 29 6.7 - 5.7 6.1 - 3.7 5.7 4.8 -
Lutetium (Lu) 82 00 131 0.013 59 19.7  0.024 32 8.1 145 0.186
Niobium (Nb) 8.8 1.0 6.9 0.209 6.4 49 - 12.0 0.0 6.6 0.123
Neodymium (Nd) 8.6 6.0 4.1 - 7.9 6.5 - 7.1 53 12.1 -
Praseodymium (Pr) 4.1 1.9 33 - 4.0 1.6 - 37 5.7 48 -
Samarium (Sm) 5.0 55 33 - 5.6 1.6 - 59 5.7 48 -
Tin (Sn) 107 72 94 - 115 82 - 114 124 132 -
Tantalum (Ta) 219 262 149 0.233 19.6 26.8 - 14.8 182 309 0.174
Terbium (Tb) 11.3 0.0 128 0.010 79 185  0.102 5.1 12.0 10.2 -
Thulium (Tm) 541 405 685 0.005 50.7 73.8  0.023 55.8 58.7 519 -
Yttrium (Y) 9.7 46 107 - 10.0 11.0 - 3.7 21.5 10.1  0.063
Ytterbium (Yb) 14.1 3.1 10.6  0.102 9.4 23.0 0.032 5.1 17.2 155 0.090
Minority elements
Gold (Au) 389 305 511 0.054 39.8 30.7 - 49.8 40.6 302 0.127
Bismuth (Bi) 15.1 82 117 - 11.9 265  0.029 15.5 134 10.3 -
Osmium (Os) 229 43 23 - 34 0.0 - 3.1 38 2.0 -
Platinum (Pt) 9.7 34 21.6  0.005 10.7 222 0.088 10.8 10.5 14.5 -
Ruthenium (Ru) 229 150 329 0.049 20.0 357  0.044 19.2 29.9 22.6 -
Titanium (Ti) 112 48 73 - 9.8 6.5 - 11.1 7.7 11.9 -

*Iron, copper, selenium, zinc, lead, arsenic, and antimony were detected in all participants, and are hence not included in the table.

*P-values >0.250 are not shown. All p-values were computed using Fisher’s exact test (two-tail test).

*When the difference among the percentages of detection was greater than 10% and the corresponding p-value was <0.05, the highest
percentage is highlighted and in bold type.

2 Excluding underweight participants.
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Table 2a. Differences by sex in concentrations of essential trace elements detected in >70% of the population.

Cu (copper) (pug/mL)

Mn (manganese) (ng/mL)

Mo (molybdenum) (ng/mL)

Median (P25-P75) aGM (CI 95%)

Median (P25-P75)  aGM (CI 95%)

Median (P25-P75) aGM (CI 95%)

All 0.709 (0.619-0.805)  0.712 (0.694-0.730) 823 (0.31-10.92)  3.87 (3.17-4.73) 273 (2.05-3.55)  2.09 (1.78-2.44)
Sex
Male 0.649 (0.589-0.720)  0.651 (0.629-0.673) 6.91(0.31-9.47) 2.90(2.17-3.88) 2.74(2.09-3.79)  2.13 (1.69-2.69)
Female 0.786 (0.697-0.841)  0.770 (0.746-0.794) 9.30 (5.72-11.81)  4.98 (3.80-6.53) 273 (2.00-3.51)  2.05 (1.65-2.54)
p-value <0.001 <0.001 0.002 0.008 0.540 0.803
Fe (iron) (mg/dL) Se (selenium) (ng/mL) Zn (zinc) (ng/dL)
Median (P25-P75) aGM (CI 95%) Median (P25-P75)  aGM (CI 95%) Median (P25-P75)  aGM (CI 95%)
All 34.9(31.9-37.7) 34.6 (34.1-35.2) 182.3 (162.3-206.5) 181.5(176.6-186.6)  598.7 (536.6-660.5) 590.4 (577.9-603.0)
Sex
Male 37.2(34.0-39.7) 36.8 (36.0-37.6) 189.1 (163.8-206.9) 181.1(173.9-188.5)  625.1 (576.2-689.5) 624.9 (606.5-643.8)
Female 33.4(30.6-35.5) 32.8(32.2-33.5) 178.8 (160.6-206.5) 181.9 (175.2-188.9)  573.4 (517.6-622.3) 562.1 (546.7-577.8)
p-value <0.001 <0.001 0.438 0.868 <0.001 <0.001

aGM: Geometric mean adjusted for age. N =240 (113 male, 127 female).

p-value: median, Mann—Whitney's U test; aGM, Wald test.
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Table 2b. Differences by sex in concentrations of chemicals from the ATSDR's Substance Priority List detected in >70% of the population.

Pb (lead) (ug/dL)

Ag (silver) (ng/mL)

As (arsenic) (ng/mL)

Cd (cad

) (ng/mL)

Median (P25-P75) aGM (CI 95%) Median (P25-P75)  aGM (CI 95%) Median (P25-P75) aGM (CI 95%) Median (P25-P75) aGM (CI 95%)
All 1.62 (1.06-2.57) 1.71 (1.59 -1.84) 0.091 (0.023-0.183) 0.065 (0.052-0.081) 3.10(1.52-5.98)  3.15(2.77-3.60) 0.309 (0.193-0.462)  0.315 (0.278-0.358)
Sex
Male 1.92 (1.18-3.08) 2.04 (1.84-2.26) 0.078 (0.020-0.172) 0.058 (0.042-0.080) 2.84(1.55-4.90)  2.84(2.35-3.43) 0.303 (0.177-0.453)  0.279 (0.232-0.335)
Female 1.40 (0.96-2.28) 1.47 (1.34-1.62) 0.113 (0.035-0.215) 0.071 (0.052-0.097) 3.64 (1.51-7.25)  3.46 (2.90-4.13) 0.332(0.240-0.496)  0.351 (0.296-0.417)
p-value 0.009 <0.001 0.148 0.358 0.179 0.133 0.123 0.073
Hg (mercury) (ng/mL) Sb (antimony) (ng/mL) Sr (strontium) (ng/mL) TI (thallium) (ng/mL)
Median (P25-P75) aGM (CT 95%) Median (P25-P75) aGM (CI 95%) Median (P25-P75)  aGM (CI 95%) Median (P25-P75) aGM (CTI 95%)
All 3.33 (1.84-5.24) 2.72(2.29-3.23) 3.81 (3.49-4.16)  3.83 (3.75-3.90) 21.5(16.9-269)  21.7(20.7-22.8) 0.019 (0.001-0.037)  0.009 (0.007-0.011)
Sex
Male 3.68 (1.79-5.27) 2.35(1.82-3.02) 3.79 (3.46-4.14)  3.83 (3.72-3.94) 20.7(16.5-253)  21.2(19.8-22.8) 0.020 (0.001-0.039)  0.010 (0.007-0.014)
Female 2.85 (1.84-5.04) 3.08 (2.44-3.90) 3.82(3.51-4.21)  3.83(3.72-3.93) 22.6(17.3-27.3) 22.1(20.7-23.6) 0.016 (0.001-0.036) ~ 0.008 (0.005-0.011)
p-value 0.440 0.119 0.576 0.991 0.220 0.399 0.471 0314

aGM: Geometric mean adjusted for age. N = 240 (113 male, 127 female).

p-value: median, Mann-Whitney's U test; aGM, Wald’s test.
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Table 3a. Blood concentrations of chemicals detected in over 70% of the population of Barcelona city in 2016 by sociodemographic characteristics.
Essential trace elements. Women.

Cu (copper) (pug/mL) Mn (manganese) (ng/mL) Mo (molybdenum) (ng/mL)
Median (P25-P75) aGM (CI 95%) Median (P25-P75)  aGM (CI 95%) Median (P25-P75)  aGM (CI 95%)

All 0.786 (0.697-0.841)  0.769 (0.744-0.796) 9.30 (5.72-11.81)  4.98 (3.80-6.53) 2.73 (2.00-3.51) 2.04 (1.64-2.55)
Age (years)

18-44 0.705 (0.642-0.848)  0.735 (0.696-0.775) 10.19 (6.26-12.09)  5.72 (3.78-8.65) 2.47(1.80-3.79) 1.72 (1.22-2.43)

45-64 0.783 (0.722-0.860)  0.788 (0.743-0.836) 8.32(0.31-1022)  3.72(2.35-5.88) 2.73(2.14-3.24) 2.07 (1.41-3.03)

>65 0.805 (0.773-0.828)  0.808 (0.755-0.864)** 10.92 (5.91-11.81)  5.81(3.44-9.83) 2.90 (2.18-3.34) 2.71 (1.74-4.20)
Body Mass Index

Normal 0.728 (0.652-0.827)*  0.748 (0.709-0.788) 9.28 (0.31-11.55)*  4.01 (2.61-6.16) 2.76 (1.76-3.61) 1.58 (1.11-22.25)

Overweight 0.802 (0.767-0.832)  0.779 (0.734-0.828) 10.92 (8.33-11.86)  6.64 (4.09-10.77) 2.90 (2.28-3.43) 2.64 (1.77-3.94)

Obese 0.812 (0.775-0.860)  0.792 (0.726-0.864) 6.26 (0.31-10.72)  3.91(1.94-7.91) 2.31(1.74-3.56) 2.30(1.29-4.11)
Weight change in last 6 months

Lost4-5Kg 0.851 (0.767-0.934)  0.850 (0.738-0.979) 11.37 (9.29-12.22)* 11.02 (3.58-33.91) 2.81(2.05-3.73) 2.02(0.79-5.18)

Little or no change (+ 3 Kg)* 0.781 (0.694-0.829)  0.758 (0.731-0.786) 9.15 (4.86-11.61)  4.60 (3.45-6.12) 2.80 (1.99-3.51) 2.09 (1.65-2.66)

Gained 4-5 Kg 0.793 (0.769-0.853)  0.848 (0.750-0.957) 10.19 (7.41-11.86)  6.87 (2.61-18.08) 2.25(1.91-2.67) 1.56 (0.69-3.52)
Was breastfed

No 0.710 (0.695-0.809)  0.746 (0.674-0.826) 9.29 (5.74-11.86)  5.14(3.82-6.93) 2.67 (2.15-2.99) 1.89 (0.96-3.70)

Yes 0.800 (0.698-0.853)  0.774 (0.744-0.804) 7.68 (0.31-11.81)  3.60 (1.64-7.90) 2.73 (2.00-3.51) 2.01 (1.56-2.59)
Birth place

Catalonia 0.781 (0.704-0.829)  0.771 (0.736-0.808) 8.41(0.31-11.16)*  4.06 (2.82-5.84) 2.90 (2.03-3.53) 2.24 (1.65-3.04)

Rest of Spain 0.802 (0.722-0.860)  0.776 (0.718-0.839) 10.22 (5.93-11.81)  5.13(2.79-9.43) 2.66 (2.29-2.99) 2.31(1.39-3.84)

Abroad 0.767 (0.651-0.853)  0.760 (0.708-0.816) 10.62 (8.77-12.25)  7.38 (4.24-12.86) 2.36 (1.78-3.61) 1.54 (0.97-2.44)
Educational level

Primary schooling or less 0.805 (0.728-0.832)  0.753 (0.700-0.809) 10.92 (5.91-11.87)  6.01 (3.41-10.62) 2.95(2.23-3.21) 2.71(1.69-4.33)

Secondary schooling 0.804 (0.765-0.851)  0.800 (0.748-0.857) 10.22 (0.31-12.29)  4.68 (2.73-8.03) 2.55(1.80-3.51) 1.98 (1.27-3.10)

University 0.750 (0.656-0.841)  0.763 (0.726-0.801) 9.15(5.34-10.72)  4.69 (3.18-6.93) 2.67 (1.90-3.40) 1.82(1.32-2.51)
Occupational social class

I-IT (more affluent) 0.766 (0.651-0.829)  0.760 (0.723-0.800) 8.77 (4.73-10.72)  4.39 (2.89-6.66) 2.72 (1.76-3.56) 1.79 (1.27-2.51)

it 0.781 (0.698-0.829)  0.740 (0.693-0.789) 9.29 (5.74-11.86)  4.58 (2.68-7.84) 2.40(2.21-3.25) 2.37 (1.53-3.66)

IV-V (less affluent) 0.805 (0.767-0.851)  0.799 (0.754-0.847) 11.05 (6.96-12.47)  6.61 (4.08-10.73) 2.95(1.94-3.34) 2.45(1.65-3.62)
Smoking

Non-smoker 0.802 (0.705-0.829)  0.785 (0.748-0.823) 10.62 (6.26-12.25)* 5.89 (4.06-8.55) 2.47(1.94-3.21) 1.91 (1.40-2.61)

Former smoker 0.769 (0.697-0.810)  0.757 (0.714-0.803) 8.41 (4.86-11.43)  4.44(2.80-7.06) 2.80 (1.99-3.61) 2.14 (1.46-3.16)

Current smoker 0.710 (0.658-0.878)  0.746 (0.684-0.815) 8.06 (0.31-10.04)  3.63(1.83-7.21) 2.95 (2.14-3.40) 2.31(1.30-4.11)
Breastfed her children

Never 0.775 (0.636-0.871)  0.775 (0.730-0.823) 9.27 (6.33-12.09)  5.99 (3.74-9.61) 2.40 (1.80-3.73) 2.27(1.53-3.36)

<6 months 0.783 (0.745-0.836)  0.754 (0.700-0.812) 9.74 (5.93-11.44)  5.21(2.92-9.30) 2.55(1.78-3.25) 1.96 (1.21-3.18)

>6 months 0.802 (0.705-0.832)  0.772(0.731-0.816) 9.31(0.31-11.81)  4.11(2.66-6.34) 2.86 (2.23-3.51) 1.90 (1.32-2.73)

aGM: Geometric mean adjusted for age. N = 127.
*p-value<0.05 (Kruskal-Wallis test). **p-value<0.05 (Wald test; aGM of the corresponding category against the first category of the variable, except where otherwise noted).
2To compute Wald’s test for ‘weight change in last 6 months’, categories ‘lost 4-5 kg’ and ‘gained 4-5 kg’ were compared against the category ‘little or no change (+ 3 Kg)’.
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Table 3a, continued.

Fe (iron) (mg/dL)

Se (selenium) (ng/mL)

Zn (zinc) (png/dL)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

All
Age (years)
18-44
45-64
>65
Body Mass Index
Normal
Overweight
Obese
Weight change in last 6 months
Lost4-5Kg
Little or no change (+ 3 Kg)*
Gained 4-5 Kg
Was breastfed
No
Yes

Birth place
Catalonia
Rest of Spain
Abroad
Educational level
Primary schooling or less
Secondary schooling
University
Occupational social class
I-IT (more affluent)
s
IV-V (less affluent)
Smoking
Non-smoker
Former smoker
Current smoker
Breastfed her children
Never
<6 months
>6 months

33.4(30.6-35.5)

32.5(29.9-34.5)
33.7 (31.9-35.7)
35.4(30.0-36.9)

334 (30.6-34.9)
33.0(29.5-35.5)
34.1 (31.5-36.4)

31.9(31.8-32.9)
33.6 (30.1-35.7)
343 (30.9-34.7)

32.7(29.8-34.9)
33.6 (30.1-35.5)

34.1 (31.8-35.7)*
334 (30.636.3)
32.2(28.8-34.1)

34.6 (29.5-35.5)
33.1 (31.9-36.4)
33.2/(30.6-35.0)

33.6 (30.6-34.9)
33.1(29.8-36.4)
33.6 (31.5-35.5)

33.6(29.9-36.4)
32.4(30.9-34.6)
33.6 (31.7-35.2)

32.5(29.9-34.7)
33.7 (32.2-36.6)
33.9(30.1-35.8)

32.8(32.1-33.5)

322 (31.2-333)
33.1(31.9-34.3)
33.4 (32.1-34.8)

33.5(32.4-34.6)
31.9(30.7-33.1)
32.7(31.0-34.5)

32.8(30.0-35.8)
32.8 (32.1-33.5)
33.0 (30.6-35.6)

32,9 (31.0-35.0)
32.8(32.0-33.6)

33.6 (32.7-34.6)
33.0 (31.6-34.6)
31.0 (29.7-32.3)%*

31.9(30.5-33.3)
33.3 (31.9-34.7)
33.0 (32.1-34.0)

32.9 (31.9-34.0)
324 (31.1-33.8)
32,9 (31.7-342)

32.7(31.8-33.6)
32.5(31.4-33.7)
33.8(32.0-35.6)

32.8 (31.6-34.0)
33.5(32.1-35.1)
324 (31.4-335)

178.8 (160.6-206.5)

173.6 (153.4-192.1)*
191.0 (173.2-236.3)
178.5 (145.0-186.9)

176.3 (160.6-212.6)
178.5 (151.5-192.1)
183.9 (166.5-210.3)

183.2(144.4-197.5)
178.5 (160.4-204.3)
178.0 (166.8-210.7)

168.5 (156.2-178.5)
180.7 (160.5-207.0)

182.3 (162.8-210.3)
178.5 (160.4-194.1)
175.2 (153.4-191.0)

178.5 (159.6-210.3)
171.5 (162.8-188.8)
181.9 (160.6-208.8)

179.8 (166.3-218.2)
171.5 (147.0-189.5)
186.5 (162.8-210.3)

178.5 (153.4-198.9)
178.8 (169.9-213.0)
175.2 (162.3-212.6)

176.3 (156.2-188.9)
183.2(175.1-213.0)
178.5 (151.4-210.3)

181.9 (175.7-188.2)

175.5 (166.6-184.8)
196.4 (185.4-208.0)**
174.2 (163.1-186.0)

187.8 (177.7-198.4)
174.3 (163.7-185.5)
178.2 (162.6-195.1)

177.4 (153.2-205.4)
181.8 (175.1-188.7)
185.9 (163.9-210.9)

174.4 (157.3-193.4)
182.4 (175.4-189.7)

186.3 (177.7-195.3)
179.6 (166.0-194.4)
174.9 (162.8-188.0)

179.9 (167.2-193.6)
177.9 (165.9-190.7)
184.8 (175.7-194.3)

188.6 (178.9-198.9)
168.2 (157.1-180.1y**
182.1 (171.3-193.6)

178.9 (170.5-187.8)
187.7 (176.8-199.3)
179.2 (164.0-195.9)

176.1 (165.8-187.1)
191.9 (178.1-206.7)
182.1 (172.2-192.5)

573.4(517.6-622.3)

566.6 (514.8-608.1)
583.7 (537.0-632.8)
580.7 (481.7-640.7)

571.3 (534.1-612.6)
565.6 (481.7-612.4)
589.1(558.8-622.3)

622.3 (565.6-648.8)
573.4(515.5-613.7)
566.1 (528.8-668.2)

556.5 (499.4-606.5)
580.0 (524.5-623.2)

578.1(536.5-613.7)
580.7 (517.6-632.1)
552.9 (427.1-613.8)

580.7 (503.7-630.1)
582.9 (514.8-612.6)
571.7 (528.8-623.2)

579.9 (529.8-637.4)
568.7 (437.0-612.4)
580.7 (519.1-622.3)

569.3 (508.9-612.4)
578.1(526.3-617.1)
603.8 (514.8-647.5)

566.1 (515.5-612.4)
565.6 (514.8-605.0)
580.7 (532.0-637.4)

561.9 (546.3-578.0)

548.0 (524.3-572.8)
580.3 (552.6-609.3)
562.1 (531.5-594.5)

576.5 (552.1-602.0)
527.9 (502.7-554.5)%*
572.3 (532.9-614.6)

615.4 (546.7-692.7)
555.7(539.3-572.7)
595.0 (537.3-658.8)

566.3 (522.9-613.3)
563.2 (546.5-580.5)

575.9 (554.6-598.1)
580.5 (545.1-618.2)
520.2 (491.1-550.9)%*

552.1 (519.9-586.3)
553.4(522.8-585.8)
570.8 (547.8-594.8)

581.8 (556.8-608.0)
529.8 (500.7-560.7)%*
560.8 (532.9-590.2)

560.6 (538.8-583.2)
557.9 (531.1-586.0)
575.3 (534.7-618.9)

558.6 (531.3-587.3)
555.6 (522.4-590.9)
568.3 (542.6-595.2)

aGM: Geometric mean adjusted for age. N = 127.
*p-value<0.05 (Kruskal-Wallis test). **p-value<0.05 (Wald test; aGM of the corresponding category against the first category of the variable, except where otherwise noted).
#To compute Wald’s test for ‘weight change in last 6 months’, categories ‘lost 4-5 kg’ and ‘gained 4-5 kg’ were compared against the category ‘little or no change (+ 3 Kg)’.
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Table 3b. Differences by sociodemographic characteristics in concentrations of chemicals from the ATSDR's Substance Priority List detected
in >70% of the population. Women.

Pb (lead) (ng/dL)

Ag (silver) (ng/mL)

As (arsenic) (ng/mL)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

All

Age (years)
18-44
45-64
>65

Body Mass Index
Normal
Overweight
Obese

Weight change in last 6 months

Lost4-5Kg

Little or no change (+ 3 Kg)*

Gained 4-5 Kg
Was breastfed
No
Yes
Birth place
Catalonia
Rest of Spain
Abroad
Educational level
Primary schooling or less
Secondary schooling
University
Occupational social class
I-IT (more affluent)
it
IV-V (less affluent)
Smoking
Non-smoker
Former smoker
Current smoker
Breastfed her children
Never
<6 months
>6 months

1.40 (0.96-2.28)

1.06 (0.81-1.40)*
1.85 (1.35-2.88)
2,02 (1.11-2.78)

1.27 (0.87-1.90)
1.48 (1.04-2.21)
178 (1.11-2.82)

1.63 (1.11-1.78)
1.40 (0.96-2.28)
1.05 (0.77-1.85)

1.40 (1.32-1.81)
135 (0.95-2.33)

1.77 (0.96-2.51)*
1.44 (1.26-2.13)
1.06 (0.77-1.63)

1.32 (1.04-2.78)
1.75 (1.05-2.28)
133 (0.89-2.12)

1.48 (0.93-2.14)
1.27 (0.96-2.28)
1.40 (1.04-2.78)

132 (0.4-2.28)
174 (1.00-2.31)
1.53 (1.06-1.95)

1.19 (0.85-1.77)*
1.78 (1.14-2.14)
1.56 (1.04-2.78)

1.47 (1.34-1.61)

1.04 (0.90-1.20)
1.90 (1.61-2.24y**
1.88 (1.56-2.27)**

1.50 (1.30-1.74)
1.34 (1.14-1.58)
141 (1.11-1.79)

1.81 (1.21-2.70)
147 (1.33-1.63)
1.23 (0.87-1.74)

1.47 (1.11-1.95)
148 (1.33-1.65)

1.58 (1.39-1.80)
1.39 (1.12-1.72)
1.32 (1.09-1.61)

1.28 (1.05-1.56)
1.48 (1.23-1.79)
1.56 (1.36-1.79)

1,59 (1.37-1.84)
141 (1.17-1.71)
136 (1.15-1.62)

137 (1.20-1.56)
154 (1.31-1.82)
1.67(1.31-2.13)

1.41 (1.19-1.67)
1,47 (1.20-1.81)
1.52 (1.30-1.77)

0.113 (0.035-0.215)

0.113 (0.038-0.190)
0.091 (0.043-0.210)
0.136 (0.021-0.215)

0.122(0.041-0.195)
0.089 (0.018-0.156)
0.111(0.021-0.232)

0.190 (0.160-0.265)*
0.103 (0.035-0.195)
0.089 (0.018-0.710)

0.091 (0.026-0.195)
0.103 (0.035-0.193)

0.136 (0.063-0.233)
0.080 (0.023-0.293)
0.096 (0.008-0.160)

0.064 (0.021-0.185)
0.156 (0.063-0.215)
0.098 (0.041-0.219)

0.114 (0.041-0.236)
0.098 (0.064-0.156)
0.111 (0.008-0.215)

0.124 (0.023-0.190)
0.103 (0.045-0.215)
0.114 (0.018-0.193)

0.110 (0.038-0.232)
0.141 (0.018-0.215)
0.111 (0.026-0.190)

0.071 (0.053-0.096)

0.067 (0.042-0.106)
0.067 (0.040-0.113)
0.087 (0.048-0.158)

0.778 (0.048-0.126)
0.057 (0.033-0.098)
0.069 (0.031-0.152)

0.277 (0.080-0.962)
0.064 (0.047-0.088)
0.090 (0.031-0.264)

0.052 (0.021-0.128)
0.068 (0.049-0.096)

0.099 (0.066-0.148)
0.056 (0.028-0.110)
0.045 (0.024-0.083)**

0.050 (0.027-0.094)
0.090 (0.049-0.164)
0.076 (0.049-0.117)

0.089 (0.055-0.143)
0.073 (0.040-0.135)
0.050 (0.029-0.086)

0.074 (0.049-0.112)
0.071 (0.042-0.119)
0.065 (0.030-0.141)

0.075 (0.044-0.127)
0.065 (0.034-0.125)
0.072 (0.044-0.118)

3.64 (1.51-7.25)

2.30 (1.18-5.00)*
5.14 (2.74-10.69)
2.73 (1.53-8.13)

3.64 (1.26-7.13)
265 (1.52-6.43)
5.97 (2.87-8.79)

1.49 (1.30-7.25)
3.89 (1.51-7.31)
230 (1.67-3.90)

473 (331-5.55)
3.40 (1.49-7.25)

5.45 (2.65-9.22)*
4.14 (1.51-5.56)
1.67 (1.28-3.07)

3.90 (1.01-6.52)
3.64 (1.97-7.25)
3.40 (1.35-7.25)

431 (1.35-8.79)
3.31(1.84-6.43)
3.61 (1.51-5.55)

473 (147-7.13)
2.95(1.52-7.25)
2.87 (1.67-5.56)

3.95 (1.49-6.32)
4.81(2.59-10.11)
3.89 (1.47-6.86)

3.46 (2.89-4.15)

2.57 (1.96-3.37)
5.25 (3.89-7.08)**
329 (2.33-4.64)

3.86 (2.96-5.03)
2.96 (2.19-4.00)
470 (3.03-7.29)

3.35 (1.56-7.20)
3.5 (2.92-4.31)
270 (1.39-5.22)

441 (2.60-7.49)
341 (2.79-4.17)

4.78 (3.78-6.05)
2.77 (1.87-4.10)**
2.16 (1.51-3.08)**

2.70 (1.84-3.94)
4.16 (2.90-5.97)
3.57 (2.75-4.64)

4.02 (3.03-5.34)
3.27 (2.27-4.70)
3.06 (2.20-4.25)

3.34 (2.59-4.30)
3.74 (2.73-5.12)
334 (2.09-5.33)

3.62 (2.64-4.96)
4.53 (3.07-6.68)
2.89(2.16-3.87)

aGM: Geometric mean adjusted for age. N = 127.
*p-value<0.05 (Kruskal-Wallis test). **p-value<0.05 (Wald test; aGM of the corresponding category against the first category of the variable, except where otherwise noted).
2To compute Wald’s test for ‘weight change in last 6 months’, categories ‘lost 4-5 kg’ and ‘gained 4-5 kg’ were compared against the category ‘little or no change (+ 3 Kg)’.
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Table 3b. continued.

Cd (cadmium) (ng/mL)

Hg (mercury) (ng/mL)

Sb (antimony) (ng/mL)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

All
Age (years)
18-44
45-64
>65
Body Mass Index
Normal
Overweight
Obese
Weight change in last 6 months
Lost4-5Kg
Little or no change (+ 3 Kg)*
Gained 4-5 Kg
Was breastfed
No
Yes
Birth place
Catalonia
Rest of Spain
Abroad
Educational level
Primary schooling or less
Secondary schooling
University
Occupational social class
I-II (more affluent)
I
IV-V (less affluent)
Smoking
Non-smoker
Former smoker
Current smoker
Breastfed her children
Never
<6 months
>6 months

0.330 (0.241-0.494)

0.301 (0.197-0.452)
0.375 (0.283-0.504)
0.379 (0.239-0.462)

0.304 (0.197-0.404)*
0.399 (0.278-0.566)
0.301 (0.187-0.391)

0.354 (0.181-0.695)
0.329 (0.245-0.462)
0.241 (0.207-0.593)

0.320 (0.267-0.504)
0.337(0.203-0.462)

0.320 (0.242-0.460)
0.354 (0.267-0.462)
0.356 (0.203-0.610)

0.308 (0.193-0.462)
0.393 (0.282-0.610)
0.320 (0.227-0.452)

0329 (0.227-0.494)
0330 (0.271-0.459)
0358 (0.253-0.566)

0301 (0.201-0.403)*
0.337 (0.203-0.504)
0.695 (0.426-1.130)

0.277 (0.173-0.426)*
0.386 (0.326-0.610)
0.354 (0.267-0.462)

0.351 (0.316-0.391)

0.310 (0.262-0.367)
0.419 (0.348-0.504)**
0.345 (0.279-0.427)

0.335 (0.283-0.398)
0.395 (0.325-0.479)
0.291 (0.220-0.385)

0.376 (0.238-0.593)
0.353 (0.314-0397)
0.318 (0.214-0471)

0.372 (0.273-0.509)
0.338 (0.301-0.381)

0.346 (0.299-0.402)
0.314 (0.245-0.402)
0.397 (0.317-0.497)

0.313 (0.250-0.393)
0.409 (0.330-0.507)
0.345 (0.295-0.403)

0347 (0.292-0.411)
0341 (0.273-0.424)
0378 (0.310-0.460)

0294 (0.258-0.335)
0332 (0.282-0.390)
0.724 (0.570-0.921)**

0.302 (0.251-0.364)
0.446 (0.355-0.561)**
0.356 (0.300-0.422)

2.85 (1.84-5.04)

2.57 (1.79-4.24)*
3.87(2.39-841)
2.24 (1.59-4.02)

2,97 (2.01-5.04)
2.28 (1.84-5.46)
3.43 (2.47-4.91)

1.79 (1.66-5.37)
2,97 (1.98-5.32)
233 (1.76-3.15)

4,02 (2.08-4.24)
2.85 (1.86-5.37)

343 (2.24-623)
2,87 (1.84-5.32)
2,08 (1.52-3.20)

3.50 (1.84-4.47)
235 (1.74-4.93)
2.82 (2.12-6.58)

3.32(2.22-6.70)
2.49 (2.12-4.55)
2.97 (1.74-4.38)

2.72 (1.84-4.47)
3.13 (1.97-6.41)
2.87 (1.78-5.46)

2.82 (2.07-4.47)
3.87(2.35-6.47)
2.39 (1.67-4.91)

3.09 (2.69-3.56)

2.82(2.28-3.47)
428 (3.39-5.39)**
233 (1.79-3.04)

331 (2.69-4.09)
3.00 (2.36-3.79)
3.35(2.38-4.72)

3.00 (1.66-5.43)
3.18 (2.74-3.70)
230 (1.38-3.83)

2.89 (1.91-4.38)
3.15 (2.69-3.69)

3.73 (3.10-4.49)
3.12(2.29-4.25)
2.09 (1.58-2.77y**

2.67(1.99-3.59)
2.84(2.15-3.77)
3.45(2.82-4.23)

3.81 (3.07-4.74)
2.97 (2.25-3.92)
2,52 (1.96-3.23)*

279 (2.30-3.39)
3.58 (2.81-4.55)
3.19 (2.23-4.58)

2.90 (2.28-3.70)
4,37 (3.25-5.89)**
273 (2.18-3.41)

3.82(3.51-4.21)

3.76 (3.37-4.07)
3.75 (3.49-4.28)
4,00 (3.54-4.65)

3.76 (3.52-4.09)
3.89 (3.51-4.65)
3.98 (3.61-4.14)

3.74 (3.48-4.10)
3.76 (3.51-4.21)
4,08 (3.79-4.54)

4.07 (3.79-4.55)
3.76 (3.50-4.14)

3.76 (3.53-4.07)
4,04 (3.54-4.68)
3.76 (3.49-4.25)

3.92 (3.54-4.51)
3.89 (3.53-4.08)
3.76 (3.49-4.23)

3.75 (3.47-4.14)
3.76 (3.49-4.00)
4.00 (3.58-4.64)

3.89 (3.53-4.31)
3.74 (3.50-4.11)
3.75 (3.47-4.08)

3.63 (3.45-4.08)
4,00 (3.55-4.34)
3.92 (3.54-4.21)

3.82(3.74-3.92)

3.69 (3.56-3.83)
3.83 (3.68-3.99)
4.06 (3.88-4.25)**

3.88 (3.74-4.03)
3.83 (3.67-4.00)
3.77 (3.55-4.01)

3.83 (3.47-4.22)
3.80 (3.70-3.90)
412 (3.78-4.48)

4.05 (3.78-4.34)
3.79 (3.69-3.89)

3.79 (3.67-3.92)
3.88 (3.68-4.10)
3.84 (3.66-4.04)

3.75 (3.57-3.95)
3.84 (3.66-4.03)
3.85(3.72-3.98)

3.81 (3.67-3.95)
3.67 (3.51-3.85)
3.94 (3.78-4.11)

3.86 (3.74-3.99)
379 (3.64-3.95)
3.77 (3.54-4.00)

3.75 (3.60-3.91)
3.89 (3.70-4.10)
3.85 (3.71-4.01)

aGM: Geometric mean adjusted for age. N = 127.
*p-value<0.05 (Kruskal-Wallis test). **p-value<0.05 (Wald test; aGM of the corresponding category against the first category of the variable, except where otherwise noted).
#To compute Wald’s test for ‘weight change in last 6 months’, categories ‘lost 4-5 kg’ and ‘gained 4-5 kg’ were compared against the category ‘little or no change (+ 3 Kg)’.
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Table 3b. continued.

Sr (strontium) (ng/mL) Tl (thallium) (ng/mL)
Median (P25-P75)  aGM (CI 95%) Median (P25-P75)  aGM (CI 95%)

All 22.6(17.3-27.3) 22.1(20.9-23.4) 0.016 (0.001-0.036)  0.008 (0.005-0.011)
Age (years)

18-44 20.0 (15.3-24.1)* 19.7 (18.0-21.5) 0.006 (0.001-0.033)  0.005 (0.003-0.009)

45-64 25.8(20.7-29.1) 24.6 (22.3-27.1)** 0.020 (0.003-0.036)  0.009 (0.005-0.016)

>65 22.6 (20.2-27.3) 23.3(20.9-26.1)** 0.019 (0.007-0.037)  0.011 (0.006-0.021)
Body Mass Index

Normal 21.6 (16.4-25.1) 21.1(19.2-30.8) 0.016 (0.001-0.034)  0.008 (0.005-0.014)

Overweight 247 (18.7-28.2) 232(20.9-25.8) 0.019 (0.006-0.037)  0.009 (0.005-0.017)

Obese 21.4 (20.2-26.6) 22.7(19.5-26.4) 0.007 (0.001-0.036)  0.004 (0.002-0.009)
Weight change in last 6 months

Lost4-5Kg 33.7(23.7-38.9)* 34.1 (27.1-42.8)** 0.028 (0.013-0.076)  0.021 (0.005-0.087)

Little or no change (+ 3 Kg)* 22.6 (17.6-27.1) 21.7 (20.4-23.0) 0.015 (0.001-0.036)  0.007 (0.005-0.010)

Gained 4-5 Kg 169 (16.8-26.2) 20.1 (16.5-24.4) 0.030 (0.001-0.057)  0.007 (0.002-0.026)
Was breastfed

No 22.4(17.3-27.3) 21.0(17.8-24.7) 0.022 (0.001-0.037)  0.008 (0.003-0.022)

Yes 22.6 (17.6-27.6) 22.4(21.0-23.8) 0.014 (0.001-0.033)  0.007 (0.005-0.010)
Birth place

Catalonia 22.6(18.7-28.2) 23.0 (21.3-24.9) 0.021 (0.007-0.037)  0.012 (0.008-0.018)

Rest of Spain 25.3(20.7-28.5) 22.0(19.3-25.1) 0.005 (0.001-0.032)  0.003 (0.001-0.006)**

Abroad 19.2 (15.3-24.7) 20.4 (18.1-23.0) 0.011 (0.001-0.061)  0.007 (0.004-0.015)
Educational level

Primary schooling or less 21.6 (17.1-28.5) 21.2(18.8-23.9) 0.032 (0.001-0.037)  0.007 (0.004-0.015)

Secondary schooling 22.6 (18.7-25.8) 23.1(20.6-25.9) 0.015 (0.006-0.045)  0.010 (0.005-0.019)

University 21.9 (16.9-26.9) 22.1(20.3-24.0) 0.015 (0.001-0.031)  0.007 (0.004-0.011)
Occupational social class

I-1I (more affluent) 22.8 (16.8-26.9) 22.1(20.1-24.2) 0.014 (0.001-0.031)  0.006 (0.004-0.011)

I 22.6 (18.7-26.4) 22.0(19.5-24.7) 0.013 (0.006-0.029)  0.009 (0.005-0.019)

IV-V (less affluent) 24.7 (19.1-28.5) 22.5(20.2-25.0) 0.028 (0.001-0.037)  0.007 (0.004-0.013)
Smoking

Non-smoker 22.6 (17.6-28.2) 22.0(20.3-23.8) 0.015 (0.001-0.032)  0.007 (0.004-0.012)

Former smoker 23.7(18.3-27.6) 23.2(21.0-25.6) 0.020 (0.0010.051)  0.008 (0.004-0.014)

Current smoker 21.3(16.9-25.1) 20.3 (17.5-23.4) 0.011 (0.003-0.036) ~ 0.009 (0.004-0.021)
Breastfed her children

Never 21.6 (16.4-26.4) 21.6 (19.5-23.9) 0.015 (0.001-0.045) ~ 0.007 (0.004-0.013)

<6 months 24.2(19.1-26.9) 22.7(20.1-25.7) 0.011 (0.001-0.036)  0.006 (0.003-0.013)

>6 months 22.6(19.2-27.3) 22.2(20.2-24.4) 0.019 (0.007-0.035)  0.009 (0.005-0.016)

aGM: Geometric mean adjusted for age. N = 127.
*p-value<0.05 (Kruskal-Wallis test). **p-value<0.05 (Wald test; aGM of the corresponding category against the first category of the variable, except where otherwise noted).
#To compute Wald’s test for ‘weight change in last 6 months’, categories ‘lost 4-5 kg’ and ‘gained 4-5 kg’ were compared against the category ‘little or no change (+ 3 Kg)’.
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11—
Table 4a. Blood concentrations of chemicals detected in over 70% of the population of Barcelona city in 2016 by sociodemographic characteristics.
Essential trace elements. Men.

Cu (copper) (pug/mL) Mn (manganese) (ng/mL) Mo (molybdenum) (ng/mL)
Median (P25-P75)  aGM (CI 95%) Median (P25-P75)  aGM (CI 95%) Median (P25-P75)  aGM (CI 95%)

All 0.649 (0.589-0.722)  0.649 (0.629-0.669) 6.91(0.31-9.47) 2.90(2.19-3.85) 2.74 (2.09-3.79) 2.12 (1.69-2.66)
Age (years)

18-44 0.650 (0.580-0.727)  0.636 (0.609-0.664) 6.81(0.31-10.47)  3.00 (1.94-4.65) 2.50(2.15-3.52) 1.88 (1.35-2.60)

45-64 0.663 (0.613-0.717)  0.655 (0.621-0.690) 7.14 (0.31-9.63) 2.94 (1.74-4.99) 2.47(1.99-3.48) 2.13(1.43-3.16)

>65 0.628 (0.610-0.736)  0.663 (0.620-0.708) 6.91(0.31-8.92) 2.81 (1.45-5.46) 3.38(2.38-4.82) 2.62 (1.60-4.31)
Body Mass Index

Normal 0.621 (0.576-0.712)  0.635 (0.602-0.669) 6.00 (0.31-9.14) 1.61 (0.97-2.67) 2.94(2.38-3.76) 2.76 (1.86-4.08)

Overweight 0.671 (0.615-0.733)  0.655 (0.626-0.686) 7.39 (4.61-9.18) 4.19 (2.68-6.53) 2.59(2.03-3.63) 1.85(1.31-2.61)

Obese 0.663 (0.607-0.723)  0.661 (0.613-0.713) 8.57(0.31-10.20)  3.83(1.85-7.91) 2.16 (1.88-3.82) 1.74 (0.99-3.03)
Weight change in last 6 months

Lost4-5Kg 0.680 (0.634-0.723)  0.679 (0.611-0.755) 6.81(0.31-8.34) 2.42(0.85-6.93) 3.76 (0.07-3.83) 1.29 (0.59-2.85)

Little or no change (+ 3 Kg)* 0.647 (0.586-0.717)  0.649 (0.628-0.671) 6.81(0.31-9.14) 2.74 (1.98-3.80) 2.67 (2.10-3.60) 2.16 (1.69-2.76)

Gained 4-5 Kg 0.607 (0.579-0.747)  0.616 (0.554-0.685) 8.97 (6.57-10.61)  6.24 (2.18-17.87) 2.16 (1.88-3.05) 2.88 (1.30-6.35)
Was breastfed

No 0.676 (0.580-0.733)  0.656 (0.606-0.710) 6.81(0.31-8.92)*  2.51(1.76-3.58) 2.78 (2.21-5.03) 2.77 (1.56-4.92)

Yes 0.656 (0.600-0.700)  0.650 (0.627-0.675) 9.08 (5.72-14.37)  5.06 (2.36-10.87) 2.67 (2.10-3.76) 2.06 (1.57-2.69)
Birth place

Catalonia 0.636 (0.580-0.708)  0.641 (0.618-0.664) 6.81(0.31-9.08) 2.83 (1.96-4.08) 2.94(2.19-3.88)*  2.54(1.94-3.32)

Rest of Spain 0.639 (0.601-0.733)  0.633 (0.582-0.689) 6.14 (0.31-10.47)  2.12(0.90-4.99) 2.37(1.99-2.79) 1.57 (0.84-2.96)

Abroad 0.676 (0.613-0.754)  0.689 (0.643-0.737) 8.23 (4.61-10.16)  3.84(1.93-7.63) 2.59 (1.94-3.05) 1.36 (0.82-2.25)**
Educational level

Primary schooling or less 0.625 (0.613-0.701)  0.650 (0.611-0.691) 6.48 (0.31-7.70) 2.73 (1.47-5.07) 2.75(2.03-3.52) 1.98 (1.24-3.15)

Secondary schooling 0.668 (0.598-0.717)  0.669 (0.636-0.705) 8.23(0.31-12.12)  2.84(1.69-4.76) 2.78 (2.38-3.46) 2.46 (1.67-3.63)

University 0.628 (0.578-0.723)  0.632 (0.603-0.662) 6.70 (0.31-9.08) 3.04 (1.90-4.87) 2.59 (1.99-3.82) 1.95 (1.37-2.78)
Occupational social class

I-II (more affluent) 0.634 (0.589-0.712)  0.639 (0.612-0.666) 6.57 (0.31-9.08)*  2.54 (1.67-3.84) 3.13 (2.43-4.12)*  2.91(2.13-3.96)

it 0.637 (0.575-0.736)  0.634 (0.594-0.677) 6.14 (0.31-8.26) 1.87 (0.98-3.55) 2.28(1.99-2.78) 1.65 (1.02-2.65)**

IV-V (less affluent) 0.671 (0.615-0.739)  0.677 (0.641-0.717) 8.34(6.91-10.61)  5.00 (2.88-8.68) 2.42 (1.87-3.79) 1.46 (0.97-2.21)**
Smoking

Non-smoker 0.641 (0.598-0.727)  0.650 (0.619-0.682) 8.23(6.00-10.16)  4.13 (2.57-6.65) 2.43(2.19-3.88) 2.04 (1.42-2.94)

Former smoker 0.663 (0.610-0.723)  0.656 (0.624-0.689) 6.53(0.31-8.97) 2.47 (1.51-4.03) 2.59 (2.02-3.05) 2.13 (1.47-3.11)

Current smoker 0.625 (0.580-0.681)  0.635 (0.596-0.677) 6.48 (0.31-9.86) 2.04 (1.09-3.82) 2.99 (2.06-3.79) 2.24(1.38-3.61)

aGM: Geometric mean adjusted for age. N = 113.
*p-value<0.05 (Kruskal-Wallis test). **p-value<0.05 (Wald test; aGM of the corresponding category against the first category of the variable, except where otherwise noted).
#To compute Wald’s test for ‘weight change in last 6 months’, categories ‘lost 4-5 kg’ and ‘gained 4-5 kg’ were compared against the category ‘little or no change (+ 3 Kg)’.

105



Table 4a. continued

—12 -

Fe (iron) (mg/dL)

Se (selenium) (ng/mL)

Zn (zinc) (png/dL)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

All
Age (years)
18-44
45-64
>65
Body Mass Index
Normal
Overweight
Obese
Weight change in last 6 months
Lost4-5Kg
Little or no change (+ 3 Kg)*
Gained 4-5 Kg
Was breastfed
No
Yes
Birth place
Catalonia
Rest of Spain
Abroad
Educational level
Primary schooling or less
Secondary schooling
University
Occupational social class
I-II (more affluent)
I
IV-V (less affluent)
Smoking
Non-smoker
Former smoker
Current smoker

37.2/(34.0-39.7)

35.3(35.3-39.1)
37.4(32.9-40.5)
36.4 (34.0-42.9)

37.2(33.2-38.8)
37.3(34.0-40.2)
37.6 (35.8-41.3)

37.3(34.2-382)
374 (34.3-39.8)
33.9(30.0-37.6)

38.9 (35.4-43.7)
37.3(34.4-39.7)

37.4(34.5-40.5)
35.6(33.5-36.9)
37.8(34.0-39.7)

36.8(33.2-38.3)
38.8 (34.8-40.2)
36.9 (34.5-39.3)

37.2(34.0-41.1)
37.9 (35.2-38.8)
37.4(33.2-39.7)

37.8 (35.6-41.5)
36.8 (34.0-39.1)
37.2(33.2-382)

36.7 (35.9-37.5)

36.9 (35.8-38.1)
36.4 (35.0-37.8)
37.1(35.3-38.9)

35.7(34.4-37.1)
37.1(35.9-38.4)
37.9 (35.9-40.0)

36.2(33.6-39.0)
37.1 (36.2-37.9)
33.8(31.4-36.5)

38.6 (36.7-40.7)
36.9 (36.0-37.8)

37.0 (36.0-38.0)
35.6(33.5-37.9)
36.6 (34.9-38.5)

35.9(34.3-37.5)
37.5(36.2-38.9)
36.6 (35.4-37.9)

37.0(35.9-38.2)
36.4 (34.7-38.1)
36.5(35.1-38.0)

37.8(36.6-39.1)
36.3(35.1-37.6)
35.6 (34.0-37.2)%*

188.9 (163.8-206.9)

191.8 (166.2-201.6)
189.1 (155.0-209.6)
186.3 (135.8-212.8)

178.7 (154.1-196.8)*
190.3 (163.8-214.1)
205.7(179.9-217.1)

193.3 (179.2-217.1)
188.6 (163.8-206.9)
195.4 (158.2-206.2)

165.4 (149.3-195.4)
191.8 (166.2-209.3)

188.2 (165.4-205.1)
191.8 (179.9-205.7)
188.6 (162.7-217.7)

184.1 (159.5-205.1)
189.1 (158.6-206.2)
191.8 (165.4-216.1)

187.2 (166.2-203.5)
178.7 (149.3-209.3)
203.6 (163.8-215.6)

191.8 (168.4-205.1)*
203.4 (167.0-217.1)
166.2 (140.6-188.2)

180.4 (172.6-188.7)

186.7 (175.1-199.1)
180.3 (166.8-194.8)
171.3 (155.4-188.8)

160.7 (149.4-172.8)
190.1 (178.4-202.5)**
201.5 (181.6-223.4)**

190.1 (162.6-222.2)
179.9 (171.4-188.9)
176.4 (150.9-206.2)

172.8 (154.5-193.2)
183.1(173.8-192.9)

178.3 (168.9-188.1)
192.6 (169.7-218.5)
180.6 (163.2-199.8)

177.4 (162.0-194.2)
173.6 (160.9-187.2)
188.1(175.7-201.5)

178.6 (167.7-190.1)
175.2 (159.1-192.9)
187.7 (172.8-204.0)

179.6 (167.9-192.2)
195.4 (182.2-209.4)
158.8 (145.3-173.6)*

625.1 (576.2-689.5)

623.9 (576.8-674.9)
615.8 (558.6-695.0)
666.0 (576.9-767.5)

607.5 (535.8-674.1)*
666.0 (597.1-725.9)
651.6 (590.2-714.5)

576.8 (532.2-645.9)
635.6 (586.5-699.7)
631.3 (429.1-666.8)

674.9 (615.8-734.2)
631.3 (576.9-681.9)

625.1 (558.6-723.6)
635.6 (593.5-677.5)
623.9 (615.8-674.9)

631.3 (573.2-699.7)
625.1 (578.5-689.5)
623.9 (563.9-680.0)

635.6 (558.6-681.6)
622.0 (569.8-674.9)
648.1 (596.7-699.7)

674.9 (619.3-734.2)*
617.6 (573.2-674.9)
608.2 (532.2-625.1)

624.4 (606.0-643.3)

614.8 (589.1-641.7)
617.3 (586.3-650.0)
652.1 (611.2-695.8)

587.8 (559.1-618.0)
646.6 (618.9-675.6)**
647.2 (602.6-695.1)**

589.9 (532.7-653.2)
633.7 (613.9-654.2)
562.1 (507.6-622.5)**

655.6 (610.0-704.5)
627.8 (607.0-649.2)

619.3 (597.3-642.1)
627.6 (576.6-683.1)
640.7 (598.6-685.7)

620.2 (583.3-659.3)
629.7 (598.2-662.8)
622.4 (594.2-652.0)

617.1 (591.7-643.5)
622.6 (583.5-664.2)
638.6 (604.0-675.2)

653.1 (623.6-684.0)
616.4 (587.8-646.5)
500.2 (555.4-627.2**

aGM: Geometric mean adjusted for age. N = 113.
*p-value<0.05 (Kruskal-Wallis test). **p-value<0.05 (Wald test; aGM of the corresponding category against the first category of the variable, except where otherwise noted).
#To compute Wald’s test for ‘weight change in last 6 months’, categories ‘lost 4-5 kg’ and ‘gained 4-5 kg’ were compared against the category ‘little or no change (+ 3 Kg)’.
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Table 4b. Differences by sociodemographic characteristics in concentrations of chemicals from the ATSDR's Substance Priority List detected
in >70% of the population. Men.

—13 -

Pb (lead) (ng/dL)

Ag (silver) (ng/mL)

As (arsenic) (ng/mL)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

All
Age (years)
18-44
45-64
>65
Body Mass Index
Normal
Overweight
Obese
Weight change in last 6 months
Lost4-5Kg
Little or no change (+ 3 Kg)*
Gained 4-5 Kg
Was breastfed
No
Yes
Birth place
Catalonia
Rest of Spain
Abroad
Educational level
Primary schooling or less
Secondary schooling
University*
Occupational social class
I-IT (more affluent)
it
IV-V (less affluent)
Smoking
Non-smoker
Former smoker
Current smoker

1.92 (1.18-3.08)

1.32 (0.99-1.99)
2.04 (1.46-2.95)
328 (3.18-4.24)

132 (0.96-2.36)*
2.13(1.33-3.28)
1.95 (1.54-3.01)

2.13 (1.68-2.95)
1.76 (1.14-3.18)
1.95 (1.33-2.56)

1.60 (1.11-2.55)
1.99 (1.30-3.13)

1.83 (1.30-2.99)
1.95 (0.92-3.08)
1.99 (1.14-3.53)

2.04(1.32-3.12)
176 (1.20-4.98)
1.81 (1.18-2.74)

1,99 (1.15-3.01)*
1.42 (1.09-2.04)
224 (1.33-4.35)

133 (0.99-2.99)*
2.40 (1.54-3.0)
2.05 (1.32-2.36)

2.06 (1.86-2.28)

1.37 (1.18-1.58)
2.24 (1.88-2.68)**
3.46 (2.77-4.32)%*

2.10(1.76-2.51)
2.04 (1.74-2.39)
2.03 (1.58-2.63)

2,65 (1.87-3.76)
1.95 (1.75-2.18)
2.90 (2.04-4.12)**

1.66 (1.33-2.07)
210 (1.89-2.33)

2,01 (1.78-2.28)
1.83 (1.37-2.44)
2.43 (1.93-3.06)

2.37(1.92-2.91)
2.17(1.83-2.58)
1.82 (1.56-2.13)

1.89 (1.65-2.18)
1.76 (1.42-2.18)
2.68 (2.23-3.22)%*

1.71 (1.46-2.00)
2.12(1.81-2.49)
271 (2.21-332)**

0.078 (0.020-0.172)

0.075 (0.020-0.135)
0.088 (0.014-0.172)
0.095 (0.023-0.173)

0.077 (0.002-0.132)
0.078 (0.020-0.135)
0.101 (0.037-0.341)

0.182 (0.082-0.341)
0.078 (0.014-0.132)*
0.037 (0.030-0.271)

0.078 (0.067-0.174)
0.088 (0.022-0.175)

0.086 (0.037-0.174)
0.077 (0.002-0.136)
0.047 (0.008-0.135)

0.068 (0.020-0.107)
0.086 (0.020-0.188)
0.078 (0.015-0.143)

0.119 (0.050-0.198)
0.077 (0.008-0.101)
0.047 (0.020-0.135)

0.078 (0.020-0.173)
0.088 (0.030-0.198)
0.067 (0.002-0.130)

0.059 (0.041-0.083)

0.052 (0.031-0.086)
0.049 (0.026-0.089)
0.087 (0.041-0.188)

0.052 (0.029-0.095)
0.050 (0.030-0.085)
0.111 (0.047-0.263)

0.205 (0.062-0.679)**
0.051 (0.035-0.074)
0.079 (0.024-0.263)

0.070 (0.030-0.165)
0.070 (0.047-0.105)

0.071 (0.046-0.108)
0.044 (0.016-0.117)
0.036 (0.016-0.079)

0.039 (0.019-0.080)
0.085 (0.047-0.153)
0.055 (0.032-0.093)

0.080 (0.049-0.130)
0.036 (0.017-0.077)
0.048 (0.025-0.091)

0.059 (0.034-0.104)
0.066 (0.037-0.117)
0.047 (0.023-0.098)

2.84 (1.55-4.90)

2,03 (1.14-3.82)*
2.90 (2.23-6.12)
4,90 (4.37-5.61)

1.92 (0.73-3.19)*
430 (2.03-543)
431(2.76-7.34)

3.72 (1.47- 430)
2.83 (1.71- 4.98)
3.82(0.70- 431)

2.83 (1.71-4.44)
3.06 (1.65-5.43)

3.26 (1.71-4.90)
3.72(1.71-6.24)
2.03 (1.06-3.19)

3.94 (1.92-4.90)*
2.03 (0.76-3.09)
3.94 (1.92-4.90)

3.09 (1.92-5.43)
235 (0.55-3.96)
3.94 (1.46-4.90)

3.19 (1.71-4.90)
3.73 (2.10-6.12)
270 (0.74-3.94)

2.90 (2.40-3.50)

2.10 (1.60-2.77)
3.08 (2.21-4.30)
4.23 (2.78-6.43y*

2.00 (1.46-2.75)
3.40 (2.58-4.49)**
4.15 (2.64-6.53)**

3.59 (1.85-6.94)
292 (2.38-3.58)
2,15 (1.11-4.16)

2.46 (1.52-3.96)
3.12 (2.50-3.90)

3.00 (2.39-3.76)
3.75 (2.21-6.39)
2.16 (1.41-3.31)

2,92 (2.01-4.24)
2.04 (1.50-2.79)**
3.83 (2.89-5.08)

322 (2.47-4.19)
226 (1.50-3.40)
2.88 (2.03-4.09)

2,94 (2.18-3.97)
3.26 (2.39-4.44)
231(1.55-342)

aGM: Geometric mean adjusted for age. N = 113.
*p-value<0.05 (Kruskal-Wallis test). **p-value<0.05 (Wald test; aGM of the corresponding category against the first category of the variable, except where otherwise noted).
#To compute Wald’s test for ‘weight change in last 6 months’, categories ‘lost 4-5 kg’ and ‘gained 4-5 kg’ were compared against the category ‘little or no change (+ 3 Kg)’.
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Table 4b. continued.

Cd (cadmium) (ng/mL)

Hg (mercury) (ng/mL)

Sb (antimony) (ng/mL)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

All
Age (years)
18-44
45-64
>65
Body Mass Index
Normal
Overweight
Obese
Weight change in last 6 months
Lost4-5Kg
Little or no change (+ 3 Kg)*
Gained 4-5 Kg
Was breastfed
No
Yes
Birth place
Catalonia
Rest of Spain
Abroad
Educational level
Primary schooling or less
Secondary schooling
University
Occupational social class
I-II (more affluent)
I
IV-V (less affluent)
Smoking
Non-smoker
Former smoker
Current smoker

0.303 (0.177-0.453)

0.213 (0.129-0.364)*
0.404 (0.223-0.820)
0.307 (0.225-0.409)

0.213 (0.139-0.511)
0.318 (0.223-0.455)
0.303 (0.185-0.382)

0.370 (0.129-0.536)
0.294 (0.184-0.447)
0.304 (0.151-0.766)

0.307 (0.135-0.353)
0.293 (0.177-0.454)

0.293 (0.181-0.404)
0.447 (0.177-0.959)
0.298 (0.186-0.416)

0.409 (0.210-0.859)
0.283 (0.166-0.385)
0.284 (0.181-0.416)

0270 (0.177-0.416)
0353 (0.184-0.429)
0318 (0.220-0.536)

0.177 (0.128-0.293)*
0.309 (0.191-0.416)
0.744 (0.393-1.197)

0.285 (0.223-0.363)

0.179 (0.127-0.251)
0.483 (0.320-0.728)**
0.278 (0.166-0.466)

0.219 (0.144-0.332)
0.344 (0.239-0.496)
0.302 (0.166-0.548)

0.352(0.151-0.821)
0.267 (0.205-0.348)
0.454 (0.195-1.057)

0.228 (0.122-0.426)
0.275 (0.205-0.368)

0.253 (0.189-0.338)
0.499 (0.253-0.986)
0.301 (0.174-0.519)

0.260 (0.158-0.427)
0.327 (0.216-0.495)
0.268 (0.184-0.390)

0256 (0.183-0.359)
0238 (0.141-0.401)
0390 (0.249-0.611)

0.132 (0.096-0.181)
0.315 (0.227-0.435)**
1.015 (0.603-1.381)**

3.68 (1.79-5.27)

3.54 (1.53-4.60)
3.41(2.25-7.89)
4.19 (1.22-6.75)

3.15 (1.12-4.50)*
4.19 (1.96-6.75)
475 (2.94-6.35)

337(2.33-8.04)
3.81(1.91-5.39)
2,97 (1.09-3.83)

359 (1.91-5.39)
3.68 (1.55-4.96)

3.92 (2.59-5.66)*
446 (2.96-6.32)
1.29 (1.17-3.75)

4.60 (1.55-5.27)*
275 (1.17-3.83)
4.29 (3.27-6.35)

4.19 (2.92-4.96)
2,67 (1.12-6.08)
3.10 (1.29-4.83)

4.19 (2.63-4.83)*
429 (1.91-7.38)
2.60 (1.16-3.90)

2.40 (1.72-3.36)

1.95 (1.20-3.16)
324 (1.81-5.81)
2.05 (0.98-4.26)

1.06 (0.61-1.84)
3.67 (2.26-5.96)**
450 (2.05-9.90)**

4.88 (1.51-15.72)
230 (1.60-3.31)
1.87 (0.58-6.05)

1.62 (0.67-3.91)
2.54 (1.69-3.83)

249 (1.67-3.72)
444 (1.73-1139)
1.41 (0.66-2.99)

327 (1.73-6.17)
0.95 (0.56-1.61)**
431 (2.66-6.98)

2.96 (1.87-4.70)
1.10 (0.54-2.23)%*
292 (1.58-5.39)

2.81 (1.65-4.79)
2.67 (1.54-4.62)
1,52 (0.75-3.07)

3.79 (3.46-4.14)

3.76 (3.36-4.17)
3.79 (3.37-4.04)
3.94 (3.55-4.35)

3.62(3.30-4.11)
3.91(3.50-4.12)
3.93(3.37-4.37)

3.98 (3.43-4.17)
3.76 (3.47-4.12)
3.86 (3.24-4.34)

375 (3.25-4.88)
3.79 (3.50-4.09)

3.79 (3.41-4.09)
3.61(3.35-3.98)
4.05 (3.50-4.22)

3.93 (3.46-4.04)
3.81 (3.49-4.22)
3.62(3.33-4.14)

3.68 (3.47-4.14)
379 (3.37-4.16)
3.94 (3.46-4.17)

3.84 (3.55-4.37)
3.82(3.50-4.17)
3.75 (3.25-4.04)

3.82(3.70-3.95)

3.78 (3.60-3.96)
3.72(3.52-3.94)
4.04 (3.76-4.34)

373 (3.52-3.95)
3.88 (3.69-4.08)
3.85(3.55-4.17)

3.87 (3.44-4.34)
3.82 (3.69-3.96)
3.73(3.32-4.19)

4.15 (3.82-4.51)
3.79 (3.65-3.94)**

3.83 (3.68-3.99)
3.62(3.30-3.98)
3.90 (3.62-4.20)

3.89 (3.63-4.16)
3.84 (3.63-4.06)
3.76 (3.58-3.96)

3.86 (3.69-4.05)
3.71 (3.45-3.98)
3.82 (3.59-4.06)

403 (3.83-4.24)
3.75 (3.56-3.95)
3.58 (3.35-3.83)*

aGM: Geometric mean adjusted for age. N = 113.
*p-value<0.05 (Kruskal-Wallis test). **p-value<0.05 (Wald test; aGM of the corresponding category against the first category of the variable, except where otherwise noted).
#To compute Wald’s test for ‘weight change in last 6 months’, categories ‘lost 4-5 kg’ and ‘gained 4-5 kg’ were compared against the category ‘little or no change (+ 3 Kg)’.
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Table 4b. continued.

— 15—

Sr (strontium) (ng/mL)

TI (thallium) (ng/mL)

Median (P25-P75)

aGM (CI 95%)

Median (P25-P75)

aGM (CI 95%)

All
Age (years)
18-44
45-64
>65
Body Mass Index
Normal
Overweight
Obese
Weight change in last 6 months
Lost4-5Kg
Little or no change (+ 3 Kg)*
Gained 4-5 Kg
Was breastfed
No
Yes
Birth place
Catalonia
Rest of Spain
Abroad
Educational level
Primary schooling or less
Secondary schooling
University
Occupational social class
I-II (more affluent)
I
IV-V (less affluent)
Smoking
Non-smoker
Former smoker
Current smoker

20.7 (16.5-25.3)

19.2 (16.0-23.4)*
21.1(17.4-27.9)
257 (18.8-30.2)

19.2 (16.0-22.1)*
23.4(16.3-27.9)
21.1(16.9-34.7)

223 (16.6-26.8)
20.7 (16.5-25.3)
18.0 (15.7-25.3)

23.8(19.2-30.1)
21.1(16.3-24.9)

21.1(17.6-24.9)
19.0 (15.5-28.3)
20.7 (14.8-26.8)

21.1(16.0-25.7)
209 (16.9-21.9)
20.1(16.6-27.7)

21.3(17.1-273)
19.2 (16.1-23.1)
19.5 (16.0-26.8)

18.8 (15.7-24.9)
223 (18.9-27.7)
19.2(17.1-21.8)

21.3(19.6-23.1)

19.2 (17.1-21.5)
20.5(17.9-23.6)
26.2 (22.0-31.2)**

19.7 (17.2:22.7)
22.7(20.1-25.7)
21.0 (17.2-25.6)

23.4(17.7-31.0)
21.0 (19.3-23.0)
220 (16.6-29.2)

260 (21.2-31.9)
21.0 (19.1-23.1)

21.9(19.9-24.2)
18.3 (14.6-23.0)
21.1(17.6-25.3)

20.7 (17.5-24.4)
21.8(19.0-25.1)
21.2(18.7-24.0)

22.8(20.4-25.4)
18.0 (15.1-21.3)
21.4 (18.4-24.7)

21.3(18.7-242)
21.6 (18.9-24.7)
20.7(17.5-24.5)

0.020 (0.001-0.039)

0.020 (0.009-0.032)
0.007 (0.001-0.037)
0.035 (0.016-0.049)

0.016 (0.001-0.026)*
0.031 (0.006-0.052)
0.022 (0.001-0.049)

0.029 (0.011-0.043)
0.020 (0.001-0.039)
0.001 (0.001-0.031)

0.020 (0.012-0.035)
0.020 (0.001-0.039)

0.019 (0.001-0.036)
0.018 (0.001-0.056)
0.026 (0.015-0.039)

0.030 (0.001-0.058)
0.016 (0.003-0.028)
0.026 (0.001-0.037)

0.020 (0.009-0.035)
0.012 (0.001-0.020)
0.028 (0.001-0.058)

0.020 (0.001-0.046)
0.021 (0.011-0.039)
0.012 (0.001-0.032)

0.010 (0.007-0.014)

0.011 (0.007-0.018)
0.005 (0.003-0.008)**
0.021 (0.010-0.045)

0.006 (0.003-0.012)
0.013 (0.008-0.023)
0.009 (0.004-0.023)

0.018 (0.005-0.063)
0.010 (0.007-0.014)
0.004 (0.001-0.013)

0.012 (0.005-0.029)
0.010 (0.007-0.015)

0.008 (0.005-0.013)
0.009 (0.003-0.025)
0.017 (0.008-0.038)

0.010 (0.005-0.021)
0.009 (0.005-0.017)
0.010 (0.006-0.017)

0.012 (0.007-0.020)
0.005 (0.002-0.011)
0.010 (0.005-0.020)

0.010 (0.006-0.017)
0.013 (0.007-0.023)
0.006 (0.003-0.012)

aGM: Geometric mean adjusted for age. N = 113.
*p-value<0.05 (Kruskal-Wallis test). **p-value<0.05 (Wald test; aGM of the corresponding category against the first category of the variable, except where otherwise noted).
#To compute Wald’s test for ‘weight change in last 6 months’, categories ‘lost 4-5 kg’ and ‘gained 4-5 kg’ were compared against the category ‘little or no change (+ 3 Kg)’.
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A) Essential trace elements
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SUPPLEMENTAL MATERIAL

Supplemental Tables 1-4: Percentages of detection and quantification, and concentrations of 50 chemical elements (metals and other trace
elements, rare earth elements, and minority elements). Results from the 2016 Barcelona Health Survey (N=240 participants). Weighted data.

Supplemental Figures 1-2: Spearman’s correlation coefficients between chemical elements and persistent organic pollutants (POPs).
Results from the 2016 Barcelona Health Survey (N=240 participants). Weighted data.

Supplemental Table 1. Detection and concentrations of 9 essential trace elements.

Fe Cu Se Zn Co Cr Mn Mo Ni
(iron) (copper) (selenium) (zinc) (cobalt) (chromium) (manganese) (molybdenum) (nickel)
(mg/dL) (ug/mL) (ng/mL) (ug/dL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
LOD 0.009 0.004 0.030 0.816 0.012 0.012 0.621 0.142 0.040
LoQ 0.136 0.066 0.450 12.24 0.050 0.050 1.30 0.500 0.230
N = 240
Detection and quantification
Detected (%) 100 100 100 100 38.9 9.7 73.4 89.7 55
Detected - quantified (%) 100 100 100 100 38.9 9.7 73.4 89.7 55
Detected - non quantified (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Non detected (%) 0.0 0.0 0.0 0.0 61.1 90.3 26.6 10.3 94.5
Median 34.9 0.710 182.5 598.7 <LOD <LOD 8.33 2.73 <LOD
Mean 34.9 0.725 185.7 597.9 - - 8.86 3.27 -
SD 4.37 0.148 38.7 95.9 - - 19.16 3.83 -
Geometric mean 34.6 0.710 181.6 589.9 - - 3.89 2.07 -
25th percentile 31.9 0.619 162.3 536.6 <LOD <LOD 0.31 2.05 <LOD
75th percentile 37.7 0.808 206.9 660.5 0.196 <LOD 11.07 3.55 <LOD
90th percentile 40.6 0.878 234.0 729.9 0.309 <LOD 13.13 5.03 <LOD
95th percentile 42.9 1.018 250.2 765.9 0.439 2.40 15.38 6.48 111.0
Minimum 17.6 0.387 81.8 337.4 <LOD <LOD 0.31 <LOD <LOD
Maximum 48.3 1.426 311.3 913.5 6.091 4.36 238.51 41.35 11.04

LOD: limitof detection. LOQ: limitof quantification.
If the proportion of data below the LOQ was greaterthan 50%, the mean, standard deviation (SD), and geometric mean were notcalculated.
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Supplemental Table 2. Detection and concentrations of 15 elements from the ATSDR’s Substance Priority List.

Pb Ag Al As Ba Be Cd Hg Pd
(lead) (silver)  (aluminium) (arsenic) (barium)  (beryllium) (cadmium) (mercury) (palladium)
(ug/dL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
LOD 0.020 0.005 1.96 0.006 0.426 0.016 0.003 0.021 0.001
LoQ 0.136 0.012 27.82 0.093 1.80 0.120 0.045 0.110 0.005
Detection and quantification

Detected (%) 100 85.8 3.4 100 8.3 10.3 98.1 96.4 57
Detected - quantified (%) 100 80.5 3.4 100 8.3 8.0 98.1 96.4 3.4
Detected - non quantified (%) 0.0 53 0.0 0.0 0.0 23 0.0 0.0 23
Non detected (%) 0.0 14.2 96.6 0.0 91.7 89.7 1.9 3.6 94.3
Median 1.63 0.092 <LOD 3.15 <LOD <LOD 0.309 3.33 <LOD
Mean 217 0.434 - 5.29 - - 0.460 4.47 -
SD 2.88 4.828 - 6.69 - - 0.571 4.44 -
Geometric mean 1.68 0.064 - 3.12 - - 0.328 2.70 -
25th percentile 1.06 0.025 <LOD 1.52 <LOD <LOD 0.193 1.84 <LOD
75th percentile 2.57 0.188 <LOD 5.99 <LOD <LOD 0.462 5.26 <LOD
90th percentile 3.81 0.373 <LOD 13.33 <LOD 0.068 0.898 9.92 <LOD
95th percentile 4.50 0.853 <LOD 17.41 5.00 0.160 1.235 13.83 <LOQ
Minimum 0.38 <LOD <LOD 0.26 <LOD <LOD <LOD <LOD <LOD
Maximum 41.60 102.4 904.4 49.33 90.42 1.590 6.760 39.03 0.027
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Supplemental Table 2. continued.

Sb Sr Th TI u \'
(antimony) (strontium) (thorium) (thallium) (uranium) (vanadium)
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
LOD 0.150 0.798 0.004 0.001 0.002 0.093
LoQ 0.300 2.10 0.021 0.005 0.003 0.130
Detection and quantification
Detected (%) 100 99.8 1.1 71.6 6.3 0.9
Detected - quantified (%) 100 99.8 1.1 69.4 6.3 0.9
Detected - non quantified (%) 0.0 0.0 0.0 22 0.0 0.0
Non detected (%) 0.0 0.2 98.9 28.4 93.7 99.1
Median 3.81 215 <LOD 0.019 <LOD <LOD
Mean 3.87 23.0 - 0.024 - -
SD 0.63 9.0 - 0.025 - -
Geometric mean 3.82 21.6 - 0.008 - -
25th percentile 3.49 16.9 <LOD <LOD <LOD <LOD
75th percentile 4.16 26.9 <LOD 0.037 <LOD <LOD
90th percentile 4.65 32.5 <LOD 0.065 <LOD <LOD
95th percentile 4.83 38.9 <LOD 0.074 0.026 <LOD
Minimum 2.53 <LOD <LOD <LOD <LOD <LOD
Maximum 6.53 94.9 0.275 0.128 0.059 0.739
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Supplemental Table 3. Detection and concentrations of 20 rare earth elements (REE).

Ce Dy Er Eu Ga Gd Ho In La Lu
(cerium) (dysprosium) (erbium) (europium) (gallium) (gadolinium) (holmium) (indium) (lanthanum) (lutetium)
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
LOD 0.015 0.001 0.001 <0.001 0.008 0.002 <0.001 <0.001 0.016 <0.002
LoQ 0.030 0.005 0.005 0.005 0.010 0.005 0.005 0.005 0.015 0.005
Detection and quantification
Detected (%) 5.0 6.3 10.1 62.1 1.2 4.8 7.7 30.5 5.2 7.7
Detected - quantified (%) 5.0 6.3 10.1 9.7 11.2 4.8 5.2 171 5.2 3.9
Detected - non quantified (%) 0.0 0.0 0.0 52.4 0.0 0.0 25 13.4 0.0 3.8
Non detected (%) 95.0 93.7 89.9 37.9 88.8 95.2 92.3 69.5 94.8 92.3
Median <LOD <LOD <LOD <LOoQ <LOD <LOD <LOD <LOD <LOD <LOD
Mean - - - - - - - - - -
SD - - - - - - - - - -
Geometric mean - - - - - - - - - -
25th percentile <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
75th percentile <LOD <LOD <LOD <LOoQ <LOD <LOD <LOD <LOQ <LOD <LOD
90th percentile <LOD <LOD 0.009 <LOQ 0.126 <LOD <LOD 0.011 <LOD <LOD
95th percentile <LOD 0.025 0.016 0.014 0.156 <LOD 0.006 0.018 0.226 <LOQ
Minimum <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Maximum 3.32 0.218 0.132 0.051 0.481 0.326 0.047 0.176 1.047 0.035

116



Supplemental Table 3. continued.

Nb Nd Pr Sm Sn Ta Th Tm Y Yb
(niobium) (neodymium) (praseodymium) (samarium) (tin) (tantalum) (terbium) (thulium) (yttrium) (ytterbium)
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)  (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
LOD 0.007 0.005 0.003 0.002 0.002 0.001 <0.001 <0.001 0.006 <0.001
LoQ 0.005 0.010 0.005 0.005 0.010 0.005 0.005 0.005 0.005 0.005
Detection and quantification

Detected (%) 6.3 7.0 3.3 4.5 10.0 20.5 9.0 55.9 9.2 10.8
Detected - quantified (%) 6.3 7.0 3.3 45 10.0 20.3 5.1 35 9.2 10.8
Detected - non quantified (%) 0.0 0.0 0.0 0.0 0.0 0.2 3.9 52.4 0.0 0.0
Non detected (%) 93.7 93.0 96.7 95.5 90.0 79.5 91.0 441 90.8 89.2
Median <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LoQ <LOD <LOD
Mean - - - - - - - - - -
SD - - - - - - - - - -
Geometric mean - - - - - - - - - -
25th percentile <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
75th percentile <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LoQ <LOD <LOD
90th percentile <LOD <LOD <LOD <LOD <LOD 0.020 <LOD <LoQ <LOD 0.006
95th percentile 0.125 0.091 <LOD <LOD 4.03 0.044 0.006 <LOQ 0.113 0.010
Minimum <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Maximum 2.614 0.910 0.251 0.201 39.36 0.421 0.189 0.037 1.052 0.081
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Supplemental Table 4. Detection and concentrations of 6 other minority elements.

Au Bi Os Pt Ru Ti
(gold) (bismuth) (osmium)  (platinum) (ruthenium) (titanium)
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
LOD 0.003 0.007 0.002 0.001 0.001 0.083
LoQ 0.011 0.012 0.006 0.003 0.005 0.205
Detection and quantification
Detected (%) 40.9 12.8 29 1.7 244 8.9
Detected - quantified (%) 20.8 12.8 29 10.5 14.9 8.9
Detected - non quantified (%) 20.1 0.0 0.0 1.2 9.5 0.0
Non detected (%) 59.1 87.2 97.1 88.3 75.6 91.1
Median <LOD <LOD <LOD <LOD <LOD <LOD
Mean - - - - - -
SD - - - - - -
Geometric mean - - - - - -
25th percentile <LOD <LOD <LOD <LOD <LOD <LOD
75th percentile <LoQ <LOD <LOD <LOD <LOD <LOD
90th percentile 0.105 0.113 <LOD 0.003 0.009 <LOD
95th percentile 0.140 0.159 <LOD 0.005 0.012 16.5
Minimum <LOD <LOD <LOD <LOD <LOD <LOD
Maximum 2.302 1.525 0.128 0.082 0.035 41.9
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-7-
Supplemental Figure 1. Spearman’s correlation coefficients between all 50 chemical elements
analysed in the population of Barcelona city in 2016 (N=240). Weighted data.
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Details of chemical symbols are provided in Supplemental Tables 1-4.
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Supplemental Figure 2. Spearman’s correlation coefficients between all 50 chemical elements and all 62 persistent organic pollutants (POPs)

analysed in the population of Barcelona city in 2016 (N:

240)2. Weighted data.
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ARTICLE INFO ABSTRACT

Handling Editor: Adrian Covaci Background: Some occupations potentially entailing exposure to cadmium, arsenic, lead, selenium, nickel, and
chromium have been associated with an increased risk of exocrine pancreatic cancer (EPC), but no studies have

I;Z:;D;ﬁhems assessed whether body concentrations of such compounds differed among subjects occupationally exposed and
Cadmium unexposed. No studies which found that exposure to such metals increased the risk of EPC assessed whether past
Manganese occupations were the source of exposure.

Arsenic Objective: The aim was to analyse the relationship between toenail concentrations of trace elements and occu-

Occupation pational history in EPC patients.

Pancreatic cancer Methods: The study included 114 EPC cases personally interviewed on occupational history and lifestyle factors.
Occupations were coded according to the International Standard Classification of Occupations 1988. Selected
occupational exposures were assessed by two industrial hygienists and with the Finnish job-exposure matrix
(Finjem). Concentrations of 12 trace elements were determined in toenail samples by inductively coupled plasma
mass spectrometry. Adjusted geometric means (aGMs) and 95% confidence intervals (95% CI) were calculated.
Results: Patients occupationally exposed to aromatic hydrocarbon solvents (AHs) had higher concentrations of
cadmium, manganese, lead, iron and vanadium. The aGM of cadmium concentrations for cases exposed to any
pesticide was 0.056 pg/g [95% CI: 0.029-0.108], and, for unexposed cases, 0.023 pg/g [0.017-0.031]. Patients
occupationally exposed to pesticides had higher concentrations of cadmium and manganese. Higher con-
centrations of vanadium, lead and arsenic were related to exposure to formaldehyde. Vanadium and lead were
also associated with exposure to chlorinated hydrocarbon solvents, and arsenic was related to exposure to
polycyclic aromatic hydrocarbons (PAHs).

Conclusions: Patients occupationally exposed to AHs, pesticides, chlorinated hydrocarbon solvents, for-
maldehyde, volatile sulphur compounds and PAHs had higher concentrations of several metals. These elements
may account for some of the occupational risks previously reported for pancreatic cancer.

1. Introduction increased risk of exocrine pancreatic cancer (EPC) (Alguacil et al.,

2003; Amaral et al., 2012; Andreotti and Silverman, 2012; Ojajarvi
Occupational and non-occupational exposures to cadmium, arsenic, et al., 2000) and other diseases (McCarty and DiNicolantonio, 2016;
lead, selenium, nickel, and chromium have been associated with an Menke et al., 2016). However, evidence is limited and not always
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consistent, and few studies used biomarkers to assess such exposures
(Boffetta, 2014; Cheng et al., 2015; Fritschi et al., 2015; Luckett et al.,
2012; Maisonneuve and Lowenfels, 2015; Reul et al., 2016). This lack of
consistency might partly be explained by unaccounted differences in
exposure to specific chemical or physical agents (Ojajarvi et al., 2000).
Also, workers are subject to complex chemical mixtures, whose exact
composition is seldom fully characterized (Reul et al., 2016; Sexton and
Hattis, 2007).

Exposure to chlorinated hydrocarbon solvents and similar com-
pounds is considered a major occupational risk factor for EPC (Amaral
et al.,, 2012; Antwi and Eckert, 2015; Barone et al., 2016; Bosch de
Basea et al., 2011) and high levels of cadmium and arsenic have also
been associated with an increased risk (Amaral et al., 2012; Andreotti
and Silverman, 2012; Antwi and Eckert, 2015; Barone et al., 2016;
Luckett et al., 2012). In contrast, levels of selenium may be inversely
associated with EPC (Amaral et al., 2012; Barone et al., 2016). An in-
creased incidence of EPC has been identified among metal plating
workers, in particular in those exposed to nickel and chromium
(Alguacil et al., 2003; Amaral et al., 2012; Antwi and Eckert, 2015;
Barone et al., 2016; Maisonneuve and Lowenfels, 2015; Ojajarvi et al.,
2000). Lead exposure has also been inconclusively associated with EPC
(Amaral et al., 2012; Ojajarvi et al., 2000). Only two previous studies
on trace elements as possible etiologic factors of EPC used biomarkers
of chromium exposure (Amaral et al., 2012; Lener et al., 2016). Two
additional studies measured serum and urinary cadmium concentra-
tions to assess the role of occupational exposure to cadmium in EPC
(Luckett et al., 2012; Kriegel et al., 2006). To our knowledge there are
no data relating occupational history and biomarkers of exposure to
trace elements in EPC. In the present study we analysed toenail con-
centrations of the following trace elements in EPC cases: cadmium,
arsenic, selenium, nickel, lead, chromium, manganese, aluminium,
iron, vanadium, copper and zinc (Amaral et al., 2012). Contrary to
concentrations in urine and blood —-which might reflect more recent
exposures—, concentrations of trace elements in hair and nails reflect
exposures over several months, and are thus preferable as an estimate
of longer exposures (Golasik et al., 2015; Goyer and Clarkson, 2001;
Hopps, 1977; Slotnick and Nriagu, 2006).

The aim of the present study was to assess the relationship between
concentrations of trace elements and occupational exposures in EPC
patients. Knowledge of this relationship may help understand processes
through which certain trace elements and occupations influence EPC
risk.

2. Methods
2.1. Study population

Methods of the PANKRAS II study have been described in detail
elsewhere (Alguacil et al., 2000, 2002, 2003; Amaral et al., 2012; Bosch
de Basea et al., 2011; Crous-Bou et al., 2007; Gasull et al., 2010;
Mendez et al., 2006; Morales et al., 2007; Porta et al., 1999, 2000,
2007, 2008a, 2008b; Soler et al., 1999). Briefly, subject recruitment
took place between 1992 and 1995 at five general hospitals in the
eastern part of Spain, where 185 incident cases of EPC were pro-
spectively identified. The present report is based on 114 cases (70 men
and 44 women, mean age 62.9 and 71.4years, respectively) with
complete data on toenail concentrations of trace elements, occupation
and lifestyle. There were no significant differences between these 114
and the remaining cases with respect to a broad range of socio-
demographic and clinical variables (including age, sex, occupational
history, education and social class, hospital, tumour stage, signs and
symptoms of pancreatic cancer, duration of the interview, energy in-
take, and consumption of coffee, tobacco and alcohol). A structured
form was used to collect clinico-pathological information from medical
records, including details on diagnostic procedures, laboratory results
and follow-up. The primary and secondary discharge diagnoses and the
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tumour's clinical stage at diagnosis were also recorded on this form.
Clinical stage was classified according to the tumour-node-metastasis
(TNM) system, and the histological type was classified according to the
International Classification of Diseases for Oncology. All cases were
independently reviewed by the study reference pathologists, blinded to
the original diagnoses. Furthermore, a panel of clinical and surgical
experts in gastrointestinal diseases reviewed the hospital discharge di-
agnosis of all patients and, based on all clinical and pathological in-
formation available, including follow-up, achieved a consensual clin-
ical-pathological diagnosis. The ethics committees of participating
hospitals approved the study protocol, and patients gave informed
consent to participate.

2.2. Personal interviews and information on occupational history

All 114 EPC cases were interviewed face-to-face by trained monitors
during hospital stay, soon after the time of diagnosis (Alguacil et al.,
2000, 2002, 2003; Bosch de Basea et al., 2011; Porta et al., 2007,
2008a, 2008b; Soler et al., 1999). The respondent was the patient in
94.7% of cases and a relative in 5.3%. Interviews included questions on
past clinical history, signs and symptoms of pancreatic cancer, diet,
coffee, alcohol and tobacco consumption, education, and occupation
(Alguacil et al., 2000, 2002, 2003; Bosch de Basea et al., 2011; Crous-
Bou et al., 2007; Morales et al., 2007; Porta et al., 2000, 2008a, 2008b;
Soler et al., 1999). Coffee and alcohol consumption were not related to
occupation. To assess the reliability of interviews, a sample of relatives
was concurrently and separately interviewed about the same questions
and agreement between the two sets of responses was compared
(Alguacil et al., 2003; Bosch de Basea et al., 2011; Ojajérvi et al., 2000;
Soler et al., 1999).

Participants were asked if they had ever worked in any of 10 ac-
tivities a priori defined to be potentially related with pancreatic ductal
and biliary adenocarcinomas (Alguacil et al., 2000, 2002, 2003; Porta
et al., 2008a). These activities were pesticide use, handling of petro-
leum derivatives, the chemical industry, graphic arts, jewellery making,
manufacture or repair of automobiles, leather tanning, and the textile
industry. Patients who reported having ever worked in any of these
activities were asked about the duration of the employment, specific
activity, and products to which they had been exposed. The same in-
formation was also requested for any other activities (up to two) that
the patient might have performed over their lifetime. Information on
occupational history was not available for controls (Amaral et al.,
2012). The occupational history of EPC cases collected during the in-
terview was used in three ways.

First, occupations were coded according to the Spanish version of
the International Standard of Occupations 1988 (ISCO 88) (Alguacil
et al., 2000; Bosch de Basea et al., 2011; Porta et al., 2008a). Occu-
pations classified as ISCO group 1 to 4 (all office-related) were merged
into one category, since they were not discriminating factors in a
qualitative sense in the occupational classification (Table 1, footnote).
When patients had several occupations, the most recent was used in the
analyses. There were some differences in the distribution of age and sex
among participants belonging to the different ISCO major groups
(Table 1). Most occupations were performed by males. Only within
elementary occupations (ISCO 9) were participants mostly women
(81.5%), all of whom (N = 22) were housewives. Among participants in
the “skilled agricultural occupations” (ISCO 6 major group), 46.2%
were women. There were no significant differences among the major
ISCO groups in the time interval between the first symptom of the
disease and its diagnosis, the time interval between the first symptom
and the collection of the toenail samples in which trace elements were
analysed, or in tumour stage at diagnosis (Table 1).

Second, using all information on occupational history available
from the interview, two industrial hygienists (IH) assessed exposure to
22 suspected carcinogens: pesticides, aromatic hydrocarbon solvents
(AHs), hexavalent and trivalent chromium, lead, nickel compounds,
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Table 1
Characteristics of pancreatic cancer patients by last occupation classified by major groups of the International Standard Classification of Occupations 1988 (ISCO 88).
Characteristics Total Major ISCO groups® p-Value”
ISCO 1 to 4 ISCO 5 ISCO 6 I1sCo 7 1SCO 8 ISCO 9
(N=114) (N =16) (N =10) (N=13) (N=27) (N =21) (N=27)
Age© (years) 66.2 = 12.4 66.9 + 14.0 63.0 = 14.6 70.5 + 10.2 60.5 = 10.9 65.1 = 13.6 71.4 + 99 0.021¢
Gender (% males) 61.4 81.2 70.0 53.8 85.2 71.4 185 < 0.001
Education (%) 0.009
Tlliterate/can only read and write 40.7 12.5 30.0 66.7 29.6 42.9 59.3
Up to 10 years of schooling 51.3 56.3 70.0 33.3 66.7 52.4 33.3
More than 10 years of schooling 8.0 31.3 0 0 3.7 4.8 7.4
Years of education® 4.7 £ 45 8.7 = 5.0 4.7 + 3.2 23 + 29 4.7 £ 3.7 4.0 = 3.6 39 + 5.3 0.003¢
First symptom to diagnosis interval® 107.8 £ 1221 90.3 + 138.6 116.0 = 113.6 139.9 + 99.3 123.2 + 153.9 138.4 = 140.2 60.6 + 43.6 0.217¢
(days)
First symptom to nail sample interval® 1139 + 125.4 89.3 + 139.4 113.2 = 115.6 142.8 + 1144 135.0 = 156.1 144.3 + 138.0 70.1 = 58.8 0.254¢
(days)
Occupational social class (%) < 0.001
Non-manual workers 37.2 87.5 30.0 92.3 3.7 14.3 34.6
Manual workers 62.8 12,5 70.0 7.7 96.3 85.7 65.4
Total intake® (Kcal) 1735 + 325.5 1713 + 332.2 1738 + 200.1 1462 * 345.8 1833 + 293.7 1766 * 363.7 1758 + 301.7 0.031¢
Smoking status (%)
Non smoker 43.0 25.0 30.0 53.8 25.9 333 77.8 0.011
Former 22.8 31.3 20.0 15.4 25.9 33.3 11.1
Current 34.2 43.8 50.0 30.8 48.1 33.3 11.1
Alcohol consumption (%) 0.248
No and occasional 27.2 18.8 50.0 23.1 14.8 28.6 37.0
Moderate and Heavy 72.8 81.3 50.0 76.9 85.2 71.4 63.0
Tumour stage (%) 0.922
Stage I 21.4 18.8 20.0 16.7 19.2 28.6 22.2
Stage II 15.2 6.2 10.0 8.3 15.4 9.5 29.6
Stage III 14.3 18.8 10.0 25.0 15.4 14.3 7.4
Stage IV 49.1 56.2 60.0 50.0 50.0 47.6 40.7

ISCO 1: Legislators, senior officials and managers. ISCO 2: Professionals. ISCO 3: Technicians and associate professionals. ISCO 4: Clerks. ISCO 5: Service, shop and

market sales workers

ISCO 6: Skilled agricultural and fishery workers. ISCO 7: Craftsmen and related trades workers. ISCO 8: Plant and machine operators and assemblers. ISCO 9:

Elementary occupations.
@ Based on subjects' last occupation.

b Unless otherwise specified, p-value derived from Fisher's exact test (two-tailed).

¢ Mean * standard deviation.
9 ANOVA.

aluminium and others, and classified subjects as non-exposed or ex-
posed. The “exposed” classification required a substantiated source of
exposure (Alguacil et al., 2000, 2002, 2003; Bosch de Basea et al.,
2011). If exposure was unsubstantiated but possible, the category ‘un-
known’ was used. The intensity of exposure was coded as high, low,
unknown or none. The IH developed algorithms for the exposure as-
sessment. Two occupational epidemiologists evaluated and accepted
the algorithms. The IH were also given information about the ages at
which subjects started and stopped schooling, and about the calendar
year and the place of residence (Alguacil et al., 2000, 2002). Patients
exposed to organochlorine pesticides (N = 11) were also exposed to
arsenical pesticides by the IH classification. Also according to the IH
classification, the total number of patients exposed to any type of
pesticide was 13: a) including 11 patients exposed to organochlorine/
arsenical pesticides; b) two of 12 exposed to organophosphorus pesti-
cides and not exposed to organochlorine pesticides; and c) one exposed
to other pesticides and not exposed to organochlorine or to organo-
phosphorus pesticides.

And third, we used the Finnish job-exposure matrix (Finjem) to
evaluate occupational exposure to 21 chemical agents and 2 physical
exposures (Alguacil et al., 2000, 2002, 2003; Bosch de Basea et al.,
2011). The exposure categories used were ‘substantial’, ‘low’, and ‘un-
exposed’. The cut-off point between exposed and non-exposed was set
as close as possible to the median of the distribution of the product of
the probability of exposure and the intensity of exposure (most in mg/
m? or ppm) (Alguacil et al., 2000, 2002, 2003). Exposure to aromatic
hydrocarbon solvents by the Finjem matrix was restricted to polycyclic
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aromatic hydrocarbons (PAHs).

Patients were asked about the frequency of consumption of food
groups during the year before the first symptom of the current illness.
For this purpose a brief food frequency questionnaire was administered
(Gasull et al., 2010; Mendez et al., 2006; Morales et al., 2007).

2.3. Assessment of trace elements

Trace elements analysed were cadmium, arsenic, selenium, nickel,
lead, chromium, manganese, aluminium, iron, vanadium, copper and
zinc (Amaral et al., 2012). Toenails were collected during the hospital
stay where EPC was diagnosed (Bosch de Basea et al., 2011; Gasull
et al., 2010; Porta et al., 1999, 2007). Information on time of treatment
onset was available for 73 patients, of whom two started treatment
before collection of toenails. Samples were stored at room temperature
until the time of analysis. After cleaning and washing to remove ex-
ternal contaminants, trace elements were quantified at the Trace Ele-
ment Analysis Core (Dartmouth College, NH, USA), using inductively
coupled plasma-mass spectrometry (Amaral et al., 2012).

2.4. Statistical analyses

Univariate statistics were computed as customary. Thus, for in-
stance, means and medians of toenail concentrations were compared for
levels of ISCO 88 groups, IH-based metrics, and Finjem-based metrics.
General linear models were applied to analyse variations in con-
centrations of trace elements (Bosch de Basea et al., 2011; Porta et al.,
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2008a). The main effects of all predictors were independently explored
in the base models. Geometric means and their 95% confidence inter-
vals (CIs) were estimated for the occupational exposures by the codes of
the IH and by Finjem codes (exposed vs. unexposed). Adjusted models
for each trace element included age, gender, and total caloric intake
(Kcal) as covariates. Region of residence (Hashemian et al., 2017) and
specific diet variables were also considered as potential confounders
(NRC, 1989). In models for cadmium and lead concentrations, tobacco
smoking was included as a covariate. The level of statistical significance
was set at 0.05, and all tests were two-tailed. Statistical analyses were
performed using Stata software version10.1 (StataCorp, College Sta-
tion, TX) and SPSS version 18.0.0 (SPSS, Chicago, IL, USA, 2009).

3. Results

Median toenail concentrations of cadmium and manganese were
significantly higher in EPC patients exposed to aromatic hydrocarbon
solvents (AHs), assessed by IH, than in patients unexposed to AHs. Such
concentrations were also higher in patients exposed to organochlorine
and arsenical pesticides (vs. patients unexposed to these pesticides), to
organophosphorus pesticides (again vs. unexposed) and to other pes-
ticides (vs. unexposed); always, as assessed by IH (Table 2). Con-
centrations of lead, selenium, iron and arsenic, were significantly
higher in patients exposed to AHs (again vs. unexposed to AHs) (Table 2
and Supplemental Table 1).

In multivariate models, concentrations of cadmium, lead, manga-
nese, iron and vanadium were higher in patients exposed to AHs than in
patients unexposed: e.g., for cadmium, when adjusting for age, sex,
tobacco smoking, and intake of fresh vegetables and fruit, the aGM for
exposed patients was 0.056 pg/g for exposed patients vs. 0.023 ug/g for
unexposed; p-value = 0.022 (Table 3). Cadmium and manganese con-
centrations were also higher in patients exposed to pesticides regardless
of the kind of pesticide, even when models were fully adjusted. Con-
centrations of aluminium were significantly higher in patients exposed
to organophosphorus pesticides (vs. non-exposed) and, although not
statistically significant, were also higher in patients exposed to other
pesticides (vs. non-exposed) (Table 3).

Median concentrations of cadmium in EPC patients whose last oc-
cupations were included in ISCO major groups 7 (median of 0.038 jig/g)
and 9 (median of 0.034 ug/g) were slightly higher than concentrations
of other patients whose last occupation was another major group (range
between 0.017 pg/g and 0.025 pg/g) (Supplemental Table 2). Copper
concentrations were significantly higher in patients whose last occu-
pation was included in ISCO major group 8 (4.35ug/g) (plant and
machine operators and assemblers) than in patients whose last occu-
pation was another major group (range between 3.20 ug/g and 3.69 ug/
g; p-value = 0.027). For zinc, median concentrations of cases whose last
occupation was included in ISCO major groups 8 and 9 (116.7 ug/g and
115.1 pg/g, respectively) were also higher than concentrations of pa-
tients whose last occupation was another major group (range between
101.7 and 112.4; p-value = 0.064) (Supplemental Table 2).

Concentrations of aluminium of patients of major group 6 (skilled
agricultural and fishery workers) were higher than groups 1 to 4 (all
office-related) and group 9, (median concentrations of 19.43 ug/g,
7.24 ug/g and 7.38 ug/g, respectively, both p-values < 0.045). For iron,
concentrations of patients with a last occupation in ISCO major groups
6 and 8 were higher than concentrations of patients in major groups 1
to 4; median concentrations were 22.63 ug/g, 14.35 pg/g and 11.31 pg/
g, respectively; p-value = 0.050 for the contrast between concentra-
tions of major groups 6 and 1 to 4, and p-value = 0.083 for the contrast
between concentrations of major groups 8 and 1 to 4. Concentrations of
nickel were significantly higher in ISCO major group 9 (0.310 pg/g)
than in patients whose last occupation was in another group (median
range between 0.128pg/g and 0.219ug/g; p-value = 0.022)
(Supplemental Table 2). When we stratified by gender, differences in
copper concentrations remained statistically significant in men, and the
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highest concentrations were in patients of ISCO group 8 than in patients
of other ISCO groups (data not shown).

When adjusting for age, sex and total caloric intake (Kcal), the aGM
of iron concentrations of patients in the major group 8 were higher than
concentrations of patients in the majors groups 1 to 4 (aGM = 24.08
[16.86-34.40] and aGM = 11.72 [7.75-17.72], respectively; p-
value = 0.010); they only remained statistically significant for men
(aGM = 20.76 [13.87-31.10] and aGM = 11.24 [7.31-17.28], respec-
tively; p-value = 0.043). aGM of copper concentrations were higher in
patients whose last occupation was in ISCO major group 8
(aGM = 4.51 ug/g [95% CIL: 3.77, 5.39]) than in patients whose last
occupation was in an ISCO group 1 to 4 (aGM = 3.25 [2.65, 4.00], p-
value = 0.018).

Exposure to chlorinated hydrocarbon solvents, formaldehyde and
volatile sulphur compounds, assessed through the Finjem, was related
to vanadium concentrations, whose median was higher in the corre-
sponding exposed EPC cases (> 0.03ug/g) than in the non-exposed
cases (0.019ug/g) (p-values < 0.035 for Mann-Whitney's U test)
(Table 4). aGM of vanadium concentrations of patients exposed to
chlorinated hydrocarbon solvents, and of those exposed to for-
maldehyde, doubled the aGM of the non-exposed when adjusted for age
and sex, and also when further adjusted for Kcal (Table 5). aGM of
vanadium concentrations for patients exposed to volatile sulphur
compounds also was statistically higher than concentrations of patients
non-exposed  (0.034ug/g and 0.021pg/g, respectively, p-
value = 0.048). Exposure to chlorinated hydrocarbon solvents ac-
cording to Finjem was also related with higher copper concentrations,
although it was not statistically significant when dietary factors were
included in the regression model (Table 5).

Lead concentrations were significantly higher for patients exposed
to chlorinated hydrocarbon solvents, and also to formaldehyde, than for
the respective non-exposed (Table 5). Levels of arsenic assessed through
Finjem were higher in cases exposed to formaldehyde than in the non-
exposed (median concentrations of 0.149ug/g and 0.070 ug/g, re-
spectively, p-value = 0.009) (Supplemental Table 3); in multivariate
models, aGMs for the exposed remained significantly higher than for
the non-exposed (0.137ug/g vs. 0.075ug/g, p-value = 0.017)
(Table 5).

Patients exposed to polycyclic aromatic hydrocarbons (PAHs)
showed higher arsenic concentrations than the non-exposed (median of
0.121ug/g and  0.071pg/g, respectively;  p-value = 0.021)
(Supplemental Table 3). In adjusted models, the aGM for arsenic of
cases exposed to PAHs was significantly higher than that of the un-
exposed/non-exposed (Table 5).

In cases exposed to cadmium, lead, chromium and nickel (according
to IH and Finjem), concentrations of cadmium and nickel were higher
than in non-exposed cases (Supplemental Figs. 1 and 2); but in the
regression models these differences were not significant (data not
shown).

Patients exposed and unexposed to other substances, assessed by IH
and Finjem (industrial chromium, lead, cadmium, nickel, organic pig-
ments, benzene and other organic components, gasoline and diesel
exhaust, cotton and synthetic polymer dust, and asbestos), did not show
significant difference in concentrations of trace elements.

4. Discussion

Higher body concentrations of several trace elements —notably,
cadmium, manganese, lead, aluminium, vanadium, copper, iron and
arsenic— were found in patients with pancreatic cancer who had been
occupationally exposed to AHs, pesticides, chlorinated hydrocarbon
solvents, formaldehyde, volatile sulphur compounds and PAHs.
Findings thus suggest that these elements may account for some of the
occupational risks previously reported for this cancer (Alguacil et al.,
2003; Amaral et al., 2012; Andreotti and Silverman, 2012; Ojajérvi
et al., 2000).
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Table 3
Influence on trace element concentrations (jug/g) of occupational exposures assessed by industrial hygienists in pancreatic cancer patients.
Model I Model 11”

Trace element Exposure aGM (95% CI) P-value aGM (95% CI) P-value

Cadmium® (ug/g) Aromatic hydrocarbon solvents 0.066 0.022
Non exposed 0.023 (0.017, 0.033) 0.023 (0.017, 0.031)
Exposed 0.049 (0.025, 0.098) 0.056 (0.029, 0.108)
Organochlorine pesticides’ 0.013 0.006
Non exposed 0.024 (0.018, 0.033) 0.024 (0.018, 0.032)
Exposed 0.083 (0.033, 0.209) 0.088 (0.037, 0.211)
Organophosphorus pesticides 0.029 0.023
Non exposed 0.024 (0.018, 0.033) 0.024 (0.018, 0.032)
Exposed 0.070 (0.029, 0.170) 0.069 (0.030, 0.159)
Other pesticides 0.012 0.005
Non exposed 0.024 (0.018, 0.032) 0.024 (0.018, 0.031)
Exposed 0.077 (0.033, 0.179) 0.081 (0.036, 0.181)
Any pesticide 0.010 0.004
Non exposed 0.024 (0.017, 0.032) 0.023 (0.018, 0.031)
Exposed 0.075 (0.033, 0.170) 0.081 (0.038, 0.176)

Lead® (ug/g) Aromatic hydrocarbon solvents 0.049 0.067
Non exposed 0.778 (0.626, 0.967) 0.781 (0.628, 0.971)
Exposed 1.317 (0.836, 2.09) 1.298 (0.808, 2.084)

Manganese' (j1g/g) Aromatic hydrocarbon solvents 0.073 0.032
Non exposed 0.233 (0.187, 0.289) 0.228 (0.185, 0.282)
Exposed 0.375 (0.237, 0.592) 0.402 (0.256, 0.631)
Organochlorine pesticides’ 0.028 0.062
Non exposed 0.239 (0.196, 0.291) 0.241 (0.199, 0.293)
Exposed 0.491 (0.267, 0.903) 0.445 (0.242, 0.820)
Organophosphorus pesticides 0.012 0.030
Non exposed 0.236 (0.194, 0.287) 0.238 (0.196, 0.290)
Exposed 0.519 (0.291, 0.928) 0.470 (0.264, 0.837)
Other pesticides 0.013 0.023
Non exposed 0.235 (0.193, 0.286) 0.237 (0.195, 0.288)
Exposed 0.502 (0.287, 0.877) 0.469 (0.270, 0.815)
Any pesticide 0.013 0.022
Non exposed 0.234 (0.192, 0.285) 0.236 (0.194, 0.287)
Exposed 0.490 (0.286, 0.841) 0.462 (0.271, 0.788)

Aluminium® (ug/g) Organochlorine pesticides’ 0.085 0.141
Non exposed 9.00 (7.63, 10.63) 9.07 (7.71, 10.66)
Exposed 14.44 (8.66, 24.09) 13.53 (8.15, 22.46)
Organophosphorus pesticides 0.024 0.054
Non exposed 8.85 (7.51, 10.44) 8.94 (7.61, 10.51)
Exposed 16.04 (9.87, 26.06) 14.75 (9.13, 23.84)
Other pesticides 0.050 0.098
Non exposed 8.90 (7.54, 10.52) 8.99 (7.63, 10.58)
Exposed 14.67 (9.17, 23.47) 13.62 (8.57, 21.65)
Any pesticide 0.063 0.109
Non exposed 8.91 (7.53, 10.53) 8.98 (7.71, 10.66)
Exposed 14.12 (8.96, 22.25) 13.28 (8.48, 20.78)

Iron (ug/g) Aromatic hydrocarbon solvents 0.065 0.018
Non exposed 14.99 (12.53, 17.93) 14.66 (12.32, 17.45)
Exposed 22.52 (15.41, 32.91) 24.57 (16.94, 35.65)

Vanadium (ug/g) Aromatic hydrocarbon solvents 0.072 0.040
Non exposed 0.020 (0.017, 0.025) 0.020 (0.017, 0.025)
Exposed 0.032 (0.021, 0.049) 0.034 (0.022, 0.052)

aGM: Adjusted geometric mean.
# Each Model I is adjusted for age and sex.
> Each Model II is adjusted for age, sex and total intake (Kcal).

¢ Further adjusted for tobacco smoking (ever/never), and in each Model II also for intake of fresh vegetables and fruit (low, medium and high intake).

d

The classification includes exposure to organochlorine and arsenical pesticides.

¢ Further adjusted for tobacco smoking (ever/never), and in each Model II also for intake of fish and shellfish (low, medium and high intake).

g

AHs are found in numerous products (Sexton and Hattis, 2007). In a
previous analysis of our study, occupations involving use of solvents
included farmers, machine and engine mechanics, sheet-metal workers,
service station attendants, machine-tool setters, and painters (Alguacil
et al., 2000). In the present report, patients occupationally exposed to
AHs had significantly higher concentrations of cadmium, manganese,
lead, iron, and vanadium.

Among subjects exposed to pesticides we observed higher levels of
cadmium and manganese. Pesticide mixtures can contain different
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In each Model II further adjusted for intake of milk, dairy products and butter (low, medium and high intake).
In each Model II further adjusted for intake of fruit (low, middle and high intake).

chemical compounds, including trace metals (MacBean, 2012; Sexton
and Hattis, 2007). Almost all phosphate fertilisers produced from
phosphate rock contain traces of cadmium (Cupit et al., 2002; de Meefs
et al., 2002). However, there are no data about cadmium concentra-
tions in farmers or other exposed populations. Glyphosate-based her-
bicide mixtures may contain arsenic, chromium, cobalt, lead and nickel
(Defarge et al., 2018).

Manganese ethylenebis (maneb) is widely used as fungicide and its
toxicity is well known (Houeto et al., 1995). However, there are no
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Trace element concentrations (lg/g) by occupational exposure assessed by Finnish job-exposure matrix (Finjem).

Trace element concentration (ug/g) Chlorinated hydrocarbon Formaldehyde Volatile sulphur
solvents compounds
Exposed Non-exposed Exposed Non-exposed Exposed Non-exposed
WN=7) (N =107) p-Value (N=8) (N = 106) p-Value (N =18) (N = 96) p-Value
Cadmium
Mean + standard deviation 0.077 + 0.119 0.105 * 0.444 0.870° 0.067 * 0.075 0.106 = 0.446 0.805"  0.072 = 0.098 0.109 * 0.468 0.736"
Median 0.024 0.031 0.583"  0.028 0.030 0.903"  0.031 0.029 0.647"
Lead
Mean * standard deviation 23.68 + 5872 1.36 + 2.52 0.353" 2091 * 54.92 1.36 + 2.54 0.348"  9.95 * 36.69 1.38 + 2.58 0.336"
Median 1.13 0.870 0.126"  1.52 0.863 0.067°  0.778 0.898 0.777"
Selenium
Mean * standard deviation 0.531 * 0.093 0.515 + 0.114 0.712° 0.557 + 0.126 0.513 = 0.112 0.288" 0.543 = 0.104 0.511 = 0.114 0.269"
Median 0.501 0.515 0.948"  0.512 0.513 0.587"  0.522 0.513 0.423"
Chromium
Mean + standard deviation 0.851 + 0.627 1.15 + 3.24 0.811"  0.830 + 0.677 1.15 + 3.25 0.782"  1.32 + 2.02 1.09 + 3.31 0.781°
Median 0.782 0.394 0.222°  0.724 0.400 0.399"  0.642 0.363 0.071"
Manganese
Mean + standard deviation 0.510 + 0.386 0.489 + 0.792 0.945" 0.479 + 0.384 0.491 = 0.795 0.965" 0.706 + 0.789 0.450 + 0.767 0.197°
Median 0.375 0.200 0.082"  0.318 0.203 0.166"  0.381 0.188 0.018"
Aluminium
Mean + standard deviation 11.15 = 455 14.68 + 19.30 0.631° 11.59 + 4.46 14.68 = 19.39 0.655" 22.42 * 30.89 12.97 + 15.26 0.220"
Median 13.43 7.57 0.583"  13.47 7.55 0.405"  12.54 7.42 0.192"
Iron
Mean * standard deviation 2411 + 1034 36.97 = 159  0.831° 19.46 = 9.79  37.44 + 159  0.751° 31.35 *+ 34.06 37.08 + 167  0.885"
Median 22.46 12.68 0.076"  18.19 12.86 0.351"  16.98 12.68 0.181"
Vanadium
Mean + standard deviation 0.048 + 0.023 0.040 = 0.084 0.801° 0.045 + 0.022 0.040 = 0.084 0.863" 0.058 = 0.070 0.037 = 0.084 0.300"
Median 0.037 0.019 0.013"  0.034 0.019 0.014"  0.031 0.019 0.033"

2 Student's t-test (two-tail).
b Mann-Whitney's U test (two-tail).

reports on the relationship between maneb exposure and manganese
body concentrations. There is a large amount of literature on occupa-
tional exposure to aluminium phosphide, but there are no reports of an
association between aluminium phosphide exposure and aluminium
body concentrations (Sudakin, 2005). Further research should clarify
the possible role of manganese and aluminium in EPC risk, mediated
and unmediated by exposure to pesticides.

Formaldehyde is used mainly in the production of various resins, as
an intermediate in the manufacture of industrial chemicals, and as a
disinfectant and preservative in many applications (IARC, 2012). It is
an established human carcinogen for cancer of the nasal passages and
leukaemia (IARC, 2012), and there is evidence that it also causes a
modest increase of EPC risk (Collins et al., 2001; Maisonneuve and
Lowenfels, 2015). EPC patients with occupational exposure to for-
maldehyde had significantly higher levels of arsenic, lead and vana-
dium. We previously found an association between arsenic and lead and
EPC risk (Amaral et al., 2012).

Cases that performed occupations with a risk of exposure to volatile
sulphur compounds had significantly higher concentrations of vana-
dium and manganese. Such compounds are found in a myriad of che-
mical products. Exposed workers are most common in chemical and
metal plating industry plants, where sulphur compounds occur as a by-
product; e.g., in the copper smelting industry and in the processing or
burning of coal or oil (Amaral et al., 2012). In a previous analysis of our
study, an association was apparent for volatile sulphur compounds and
EPC (Alguacil et al., 2000).

Significantly higher levels of lead, vanadium and copper were ob-
served in EPC patients who had worked in occupations associated with
arisk of exposure to chlorinated hydrocarbon solvents. They are usually
released to the environment during the formulation process and
through their use in some formulated products such as pesticides.
Chlorinated hydrocarbon solvents are considered a major occupational
risk factor for EPC (Antwi and Eckert, 2015; Bosch de Basea et al., 2011;
Maisonneuve and Lowenfels, 2015; Ojajarvi et al., 2000). To our

129

222

knowledge there are no epidemiologic studies showing an association
between copper and EPC; thus, there is a need to clarify the role of this
trace element in EPC risk, as well as its association with exposure to
chlorinated hydrocarbon solvents (Lener et al., 2016; Manousos et al.,
1981).

Occupational environments are usually characterized by exposure
to complex chemical mixtures rather than to single agents, potentially
leading to combined and cumulative toxic exposures. Knowledge on
how best monitor complex exposures is limited and, in this sense, the
findings here reported suggest possible pathways connecting exposures
to chemical mixtures and pathological effects (Silins and Hogberg,
2011). The variety of occupational instruments is a strength of the
study. ISCO is a standard international classification that allows com-
parison with past and future similar studies from other countries. It
captures exposures related to all tasks performed by a given occupation.
Finjem is a job exposure matrix that captures exposure to 21 selected
exposures starting with a low probability (5%) of exposure to each
agent. Hence, it is a rather sensitive approach. The evaluation by in-
dustrial hygienists focused on 22 suspected carcinogens, and the as-
signment of exposure to each exposure needed high evidence of the
presence of the exposure; thus, it can be considered a more specific
exposure metric (Alguacil et al., 2000, 2003).

Even though the study sample was small, it adds important in-
formation to the body of knowledge on the possible contribution of
trace elements to the aetiology of EPC, as previous studies rarely in-
cluded biomarkers of exposure (Amaral et al., 2012; Collins et al., 2001;
Luckett et al., 2012). Only two other studies used an exposure bio-
marker for cadmium to assess the role of an occupational exposure in
EPC (Barone et al., 2016; Kriegel et al., 2006). In contrast, we examined
several trace elements. Ours is the first study to analyse the relationship
between concentrations of trace elements and occupational history in
any human cancer.

An increased risk of EPC has been associated with exposure to
chromium and nickel (Antwi and Eckert, 2015; Ojajarvi et al., 2000).
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Table 5
Influence on trace element concentrations (ug/g) in pancreatic cancer patients by occupational exposure assessed by the Finnish job-exposure matrix (Finjem).
Trace element Exposure Model I* p-Value Model 11” p-Value
aGM (95% CI) aGM (95% CI)

Lead® (ug/g) Chlorinated hydrocarbon solvents 0.003 0.004
Non exposed 0.801 (0.660, 0.973) 0.804 (0.665, 0.973)
Exposed 2.80 (1.29 6.08) 2.64 (1.22, 5.72)
Formaldehyde 0.002 0.003
Non exposed 0.794 (0.653, 0.964) 0.797 (0.659 0.964)
Exposed 2.72 (1.32, 5.62) 2.58 (1.25, 5.31)
Any pesticide 0.060 0.085
Non exposed 0.835 (0.686, 1.02) 0.838 (0.692, 1.015)
Exposed 2.30 (0.816, 6.49) 2.09 (0.751, 5.84)

Manganese” (ug/g) Volatile sulphur compounds 0.027 0.027
Non exposed 0.233 (0.190, 0.286) 0.234 (0.191, 0.286)
Exposed 0.421 (0.261, 0.678) 0.417 (0.261, 0.667)

Vanadium (ug/g) Chlorinated hydrocarbon solvents 0.050 0.039
Non exposed 0.021 (0.018, 0.026) 0.021 (0.018, 0.026)
Exposed 0.045 (0.022, 0.094) 0.047 (0.023, 0.097)
Formaldehyde 0.055 0.041
Non exposed 0.021 (0.018, 0.026) 0.021 (0.018, 0.026)
Exposed 0.043 (0.022, 0.084) 0.045 (0.023, 0.088)
Volatile sulphur compounds 0.043 0.048
Non exposed 0.021 (0.017, 0.025) 0.021 (0.017, 0.025)
Exposed 0.034 (0.022, 0.054) 0.034 (0.022, 0.053)

Arsenic® (ug/g) Formaldehyde 0.008 0.017
Non exposed 0.075 (0.066, 0.085) 0.075 (0.067, 0.085)
Exposed 0.143 (0.091, 0.226) 0.137 (0.086, 0.218)
Polycyclic aromatic hydrocarbons 0.024 0.024
Non exposed 0.075 (0.067, 0.085) 0.075 (0.067, 0.085)
Exposed 0.128 (0.082, 0.199) 0.128 (0.083, 0.198)

Copper' (1g/g) Chlorinated hydrocarbon solvents 0.048 0.077
Non exposed 3.65 (3.37, 3.95) 3.66 (3.38, 3.95)
Exposed 5.08 (3.70, 6.98) 4.91 (3.58, 6.74)

Zinc® (ug/g) Any pesticide 0.003 0.007
Non exposed 113.4 (107.7, 119.5) 113.6 (107.9, 119.6)
Exposed 174.5 (132.7, 229.3) 167.6 (127.2, 220.8)

aGM: Adjusted geometric mean.
@ Each Model I is adjusted for age and sex.
> Each Model II is adjusted for age, sex and total intake (Kcal).

¢ Further adjusted for tobacco smoking (ever/never), and in each Model II also for intake of fish and shellfish (low, medium and high intake).
94 In each Model II further adjusted for intake of milk, dairy products and butter (low, medium and high intake).
¢ In each Model II further adjusted for intake of butter (low, medium and high intake).

f In each Model II further adjusted for intake of oil in two categories.

¢ In each Model II further adjusted for intake of fish and shellfish (low, middle and high intake).

We did not find differences in toenail concentrations of these elements
among subjects with different historical occupational exposures (Sup-
plemental Figs. 1 and 2); e.g., patients with past occupations that po-
tentially entailed exposure to chromium and nickel had similar con-
centrations of these metals than unexposed patients. One explanation is
that no actual exposure to chromium and nickel occurred; hence, ex-
posure to these metals can be misclassified by studies that rely on oc-
cupational titles and do not use biomarkers. Another possibility con-
cerns the chemical and oxidative state of the metals, which can affect
whether they accumulate inside the body or instead are eliminated
(WHO, 2006).

Lipid mobilization and the other metabolic changes that commonly
characterize progression of pancreatic cancer (Gasull et al., 2019; Porta
et al., 2008b) are unlikely to have had an influence on toenail levels of
the trace elements. Unlike blood and urine, hair and nail samples reflect
the concentration of elements in the organism over several months, and
are thus useful for the evaluation of long term exposure (Golasik et al.,
2015). Trace elements in nails are incorporated during their formation
(12-18 months) from blood, lymph vessels, body tissues and epidermis;
thus, they reflect exposures that have occurred in such months (Goyer
and Clarkson, 2001; Hopps, 1977; Slotnick and Nriagu, 2006). How-
ever, the rationale for their use in studies on disease aetiology is that
the ranking of toenail concentrations in a group of individuals at one
point in time will be highly similar to the ranking in the more distant
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past. Metals in nails come from metabolic processes after formation and
thus may be stable markers of past exposure (Hopps, 1977). In our
study, a large number of cases were interviewed and had toenail sam-
ples drawn soon after their cancer diagnosis. Lack of differences be-
tween patients included and excluded in the study further argues
against selection bias (Hoppin et al., 2002).

In summary, the present study identifies occupational sources of
trace elements; strictly, just in EPC, although the processes may be si-
milar in other diseases. The study also makes a relevant contribution by
assessing the extent to which trace elements may explain some occu-
pational risks previously observed for pancreatic cancer.

5. Conclusions

Higher toenail concentrations of several metals were observed in
patients occupationally exposed to AHs, pesticides, chlorinated hydro-
carbon solvents, formaldehyde, volatile sulphur compounds, and PAHs.
The findings suggest that these elements may account for some of the
occupational risks previously reported for EPC. Results also show oc-
cupations likely to be a source of exposure to metals. Biomarkers of
exposure to trace elements may help understand the role of chemical
mixtures in the aetiology of EPC and, potentially, of other diseases.
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Supplemental Material Table 1. Trace element concentrations (ug/g) by occupational exposure assessed by industrial hygienists in pancreatic cancer patients.

Aromatic Organochlorine and Organophosphorus Other
Trace element hydrocarbon solvents arsenical pesticides pesticides pesticides
concentration Total Exposed Non-exposed Exposed Non-exposed Exposed Non-exposed Exposed Non-exposed
(ug/g) (N=114) (N=23) (N=91)  p-value  (N=11) (N=103)  p-value  (N=12) (N=102) p-value  (N=13) (N=101)  p-value
Arsenic
Mean+SD 0.100+0.087 0.123+0.108 0.094 +0.080 0.158° 0.074 +0.041 0.102+0.090 0.304° 0.091+0.075 0.101+0.088 0.718° 0.093 +0.072 0.101 £0.089 0.769°
Median 0.076 0.096 0.069 0.073° 0.052 0.077 0.307° 0.068 0.076 0.530° 0.084 0.076 0.725°
Nickel
Mean+SD  0.662+3.14 0.420+0.357 0.724 +3.51 0.680° 0.500+0.440 0.680+3.33 0.858° 0.380+0.348 0.696+3.32 0.744" 0.359+0.341 0.701+3.34 0.714°
Median 0.221 0.304 0.210 0.105" 0.350 0.215 0.151° 0.330 0.215 0.524° 0.327 0.216 0.745°
Copper
Mean+SD  4.20+3.35 4.37+1.98 4.16+3.62 0.784° 427+229 420345 0.946° 432+236 4.19+345 0899 4.19:230 4.20+347  0.987°
Median 3.48 3.68 3.45 0.308° 3.67 3.44 0.669° 3.71 3.46 0.747° 3.53 3.47 0.947°
Zinc
Mean+SD 120.6+44.75 124.8+67.77 119.6+37.22 0.620° 139.8+95.00 118.6+35.91 0479 137.3+91.89 11873583 0.500° 133.7+88.93 119.0+35.89 0.564°
Median 110.8 108.7 112.4 0.579° 110.8 110.8 0.859° 112.7 110.2 0.768° 110.8 110.8 0.904°

SD: standard deviation.
? Student's t-test (two-tail).
® Mann-Whitney’s U test (two-tail).
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Supplemental Material Table 2. Trace element concentrations (ug/g) by major groups of the International Standard Classification of Occupations 1988 (ISCO
88) in pancreatic cancer patients.

Major ISCO groups®

Trace element Total ISCO1to 4 ISCO 5 ISCO 6 ISCO7 ISCO 8 ISCO 9
concentration (ug/g) (N=114) (N=16) (N=10) (N=13) (N=27) (N=21) (N=27) p-value
Cadmium

Mean # standard deviation ~ 0.103 + 0.431 0.023£0.022  0.044 +0.052 0.108 +0.180 0.067 +0.071 0.067 +£0.144  0.236 + 0.862 0.613°

Median 0.030 0.017 0.020 0.025 0.038 0.024 0.034 0.107 ¢
Lead

Mean + standard deviation 2.73+14.76 0.752 + 0.640 1.16 £ 0.86 0.703 + 0.520 6.84 + 29.99 1.64 +1.52 219+ 466 0.726°

Median 0.879 0.445 0.880 0.831 0.856 1.02 1.04 0.107 ¢
Selenium

Mean  standard deviaton ~ 0.516 £0.113  0.477 +0.161 0.518 +0.131 0.462 +0.133 0.527 £0.088  0.534 +0.069  0.537 +0.107 0.249°

Median 0.513 0.499 0.500 0.476 0.534 0.527 0.533 0.530 °
Chromium

Mean + standard deviation 1.13+3.14 2.49+6.58 0.925 + 1.04 0.858 +1.17 0.583 + 0.662 1.72+4.28 0.498 +0.115 0.373°

Median 0.418 0.639 0.605 0.372 0.328 0.498 0.354 0.684 ¢
Manganese

Mean * standard deviation ~ 0.490 £0.772  0.202+0.112  0.315 + 0.447 0.913+1.29 0.470 + 0.656 0.750 + 1.12 0.341 + 0.356 0.071°

Median 0.218 0.203 0.181 0.159 0.260 0.182 0.254 0.655 ©
Aluminium

Mean + standard deviation 14.47 £ 18.74 8.65 +5.38 11.72+£7.78 25.17 £ 32.61 14.42 + 16.65 19.18 £ 25.52 10.14 £ 10.06 0.116°

Median 8.08 7.24 9.99 19.43 9.12 719 7.38 0.372°
Iron

Mean # standard deviation ~ 36.18 + 153.6 13.09 £ 7.41 24.50 + 36.33 32.56 + 33.40 21.82+2459  106.1+352.9 15.93 +12.61 0.365"

Median 13.21 11.31 10.97 22.63 13.46 14.35 13.03 0.316°

[ Continued next page ]
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Supplemental Material Table 2. Continued.

Major ISCO groups®

Trace element Total ISCO1to 4 ISCO 5 ISCO 6 ISCO 7 ISCO 8 ISCO 9
concentration (ug/g) (N=114) (N=16) (N=10) (N=13) (N=27) (N=21) (N=27) p value
Vanadium

Mean  standard deviaton ~ 0.040 £0.082  0.018+0.012  0.023 +0.014 0.065 + 0.071 0.055+0.149  0.047 £0.056  0.027 +0.026 0.471°

Median 0.020 0.017 0.018 0.053 0.053 0.022 0.022 0.180°
Arsenic

Mean + standard deviation ~ 0.100 + 0.087 0.066 + 0.039 0.132+0.107 0.081 + 0.054 0.117 £0.108 0.111+£0.110 0.090 + 0.061 0.296°

Median 0.076 0.056 0.104 0.076 0.077 0.080 0.069 0.295°¢
Nickel

Mean # standard deviation ~ 0.662 + 3.14 0.253 +0.439 3.52 +10.56 0.289 + 0.357 0.447 £0.639  0.395+0.314  0.447 +0.404 0.099°

Median 0.221 0.128 0.219 0.149 0.217 0.215 0.310 0.022 ¢
Copper

Mean + standard deviation 420+3.35 3.34+£1.05 4.34 +3.40 3.37 £ 1.42 3.74 £ 1.46 477 +1.81 5.07 +6.03 0.445°

Median 3.48 3.1 3.20 3.24 3.43 4.35 3.69 0.027 ¢
Zinc

Mean * standard deviation ~ 120.6 + 44.75 107.4+16.35  140.8+67.28 105.0 + 27.44 109.8 £29.64  129.8 +34.31 132.3+64.28 0.093°

Median 110.8 112.4 106.4 101.7 102.8 116.7 115.1 0.064 ©

a

Based on subjects’ last occupation.
° ANOVA.

° Kruskal-Wallis test (two-tailed).

ISCO 1: Legislators, senior officials and managers. ISCO 2: Professionals. ISCO 3: Technicians and associate professionals. ISCO 4: Clerks.

ISCO 5: Service, shop and market sales workers. ISCO 6: Skilled agricultural and fishery workers. ISCO 7: Craftsmen and related trades workers.
ISCO 8: Plant and machine operators and assemblers. ISCO 9: Elementary occupations.
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Supplemental Material Table 3. Trace element concentrations (ug/g) by occupational exposure assessed by the Finnish job-exposure matrix (Finjem) in
pancreatic cancer patients.

Arsenic (ug/g) Nickel (pg/g) Copper (ug/g) Zinc (ug/g)

Finjem exposition N (%) Mean + SD Median Mean + SD Median Mean + SD Median Mean + SD Median
Chlorinated
hydrocarbon solvents

Exposed 7 (6.1) 0.165%0.167 0.100 0.415+0.353 0.304 5.04 +1.58 5.03 115.2 £22.01 114.2

Non-exposed 107 (93.9) 0.095+0.078 0.071 0.678 +0.536 0.217 4.15+3.43 3.44 121.0 +45.88 110.8
p-value 0.317° 0.102° 0.8317 0.567° 0.497° 0.035° 0.740° 0.986°
Formaldehyde

Exposed 8 (7.0) 0.181+0.150 0.149 0.362 £ 0.300 0.274 449 £1.44 4.43 128.6 +44.94 115.5

Non-exposed 106 (93.0) 0.094 +£0.078 0.070 0.685 + 3.26 0.217 4.18+3.45 3.46 120.0 +44.89 110.2
p-value 0.005° 0.009° 0.781° 0.602° 0.802° 0.169° 0.603° 0.610°
Volatile sulphur
compounds

Exposed 18 (15.8) 0.133+0.118 0.113 0.301 +£0.337 0.146 3.86+1.90 3.15 121.9+78.37 101.3

Non-exposed 96 (84.2) 0.094 +0.006 0.069 0.730 £ 3.42 0.231 4.27 £3.56 3.51 120.4 + 35.81 111.6
p-value 0.077° 0.071° 0.597° 0.331° 0.639° 0.423° 0.894° 0.231°
Polycyclic aromatic
hydrocarbons

Exposed 9 (7.9) 0.206 +0.038 0.121 0.483 £ 0.440 0.287 4.45+2.39 3.69 106.6 +20.77 104.9

Non-exposed 105 (92.1) 0.091 +0.065 0.071 0.662 +3.14 0.221 4.18 +3.42 3.44 121.9 £46.09 112.9
p-value 0.115° 0.021° 0.860° 0.217° 0.817° 0.421° 0.328° 0.229°
Any pesticide

Exposed 4 (3.5) 0.138+0.107 0.109 0.279 £0.120 0.280 4.26 £1.69 3.99 203.2+148.3 150.3

Non-exposed 110 (96.5) 0.098 +0.086 0.075 0.676 + 3.20 0.217 4.20 £ 3.40 3.48 117.6 + 34.79 110.2
p-value 0.367% 0.332° 0.805% 0.655° 0.972° 0.712° 0.332° 0.152°

SD: standard deviation.
? Student’s t-test (two-tail).

° Mann-Whitney's U test (two-tail).
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Supplemental Material Figure 1. Concentrations of cadmium, nickel, chromium and lead (ug/g) by their respective metallic
occupational exposure assessed by industrial hygienists in pancreatic cancer patients.
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Supplemental Material Figure 2. Concentrations of chromium and lead (ug/g) by their respective metallic occupational
exposure assessed by the Finnish job exposure matrix (Finjem) in pancreatic cancer patients.
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Abstract

Trace elements such as cadmium, arsenic, zinc or selenium increase or decrease risk of a wide range of human diseases. Their
levels in toenails may provide a measure of mid-term intake of trace elements for studies in humans. However, in biologically
and clinically aggressive diseases as pancreatic cancer, the progression of the disease could modify such concentrations
and produce reverse causation bias. The aim was to analyze the influence of specific time intervals between several clinical
events and the collection of toenails upon concentrations of trace elements in patients with pancreatic cancer. Subjects were
118 incident cases of pancreatic adenocarcinoma prospectively recruited in eastern Spain. Toenails were collected at cancer
diagnosis, and soon thereafter interviews were conducted. Information on cancer signs and symptoms was obtained from
medical records and patient interviews. Levels of 12 trace elements were determined in toenail samples by inductively cou-
pled plasma mass spectrometry. General linear models adjusting for potential confounders were applied to analyze relations
between log concentrations of trace elements and the time intervals, including the interval from first symptom of cancer
to toenail collection (iST). Toenail concentrations of the 12 trace elements were weakly or not influenced by the progres-
sion of the disease or the diagnostic procedures. Concentrations of aluminum were slightly higher in subjects with a longer
iST (age, sex and stage adjusted geometric means: 11.44 vs. 7.75 pg/g for iST > 120 days vs. <40 days). There was a weak
inverse relation of iST with concentrations of zinc and selenium (maximum differences of about 20 and 0.08 ug/g, respec-
tively). Conclusions: concentrations of the trace elements were weakly or not influenced by the development of the disease
before toenail collection. Only concentrations of aluminum increased slightly with increasing iST, whereas levels of zinc
and selenium decreased weakly. Even in an aggressive disease as pancreatic cancer, toenail concentrations of trace elements
may provide a valid measure of mid-term intake of trace elements, unaffected by clinical events and disease progression.
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Introduction

Trace elements (in particular chromate, nickel, cadmium
and arsenic compounds) are well-known carcinogens, and
dietary contaminants (Chervona et al. 2012). They act
by diverse mechanisms, including oxidative stress, they
inhibit zinc-finger DNA repair machinery, and induce
polyadenylation of canonical histones (Huang et al. 2004;
Brocato et al. 2015; Huff et al. 2007). While these met-
als are best known for induction of lung, liver, colon and
prostate cancer, their contribution to other cancers is under
scrutiny.

Increases in pancreatic cancer incidence have raised
substantial concern about environmental contributions,
and suggest opportunities for prevention (Fernandez et al.
1994; Ojajérvi et al. 2000; Porta et al. 2003a). While mul-
tiple studies have examined occupational exposures as
risks, particularly for cadmium (Chen et al. 2015), few
have examined exposures in general populations, which
are subject to chronic, low-level exposure due to ubiqui-
tous contamination.

Previous studies suggest an association between pan-
creatic cancer risk and concentrations of trace metals such
as cadmium, lead, arsenic, and selenium measured in toe-
nails (Gémez-Tomas et al. 2019; Camargo et al. 2019;
Amaral et al. 2012). However, the influence of clinical
events (signs and symptoms, time until diagnosis, diag-
nostic tests, tumor stage) on body concentrations of trace
elements has not been evaluated in pancreatic cancer, other
neoplasms, or other diseases.

Information on concentrations of trace elements in nails
has long been used in humans to cost-effectively measure
exposure and internal dose. In healthy and physically sta-
ble individuals, and compared to blood, urine, or hair sam-
ples, levels in toenails of mercury, manganese, and arsenic
appear to reflect better the corresponding concentrations
in the organism for a time frame from a few months to
a year preceding sample collection (Amaral et al. 2012;
He 2011; Gutiérrez-Gonzélez et al. 2019; Salcedo-Bellido
et al. 2021; Signes-Pastor et al. 2020; Longnecker et al.
1993; Garland et al. 1993; Hunter et al. 1990; Hopps 1977;
Sukumar 2006; Ntihabose et al. 2018; Marchiset-Ferlay
et al. 2012).

Little is known about the toxicokinetic and toxicody-
namic profiles of trace elements during tumor formation
and progression, particularly about the methodological
implications for research on their possible etiologic roles
in cancer (Koedrith et al. 2013; Chen and Costa 2017).

Studies that employ biomarkers of exposure in individu-
als who already have (asymptomatic or symptomatic) can-
cer may be biased by metabolic processes inherent to the
disease. This has been demonstrated for organochlorine
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compounds (OCs) in blood samples of individuals diag-
nosed with pancreatic cancer, in whom the time interval
between the first symptom of the disease and blood extrac-
tion (iSB) was associated with serum concentrations of
total lipids and OCs (Porta et al. 2007, 2008, 2009). Con-
centrations of the highly lipophilic OCs were also asso-
ciated with signs and symptoms of the disease and with
tumor’s stage at diagnosis. Hence, during the progression
of pancreatic cancer and other diseases, patients experi-
ence weight loss, cholestasis, and other clinical and patho-
physiological changes that alter concentrations of lipids,
lipophilic nutrients, and lipophilic environmental com-
pounds. Disease progression bias is thus a form of reverse
causation. It results in a lack of etiologic significance of
the disease-altered exposure biomarkers (Porta et al. 2007;
Porta et al. 2008; Porta et al. 2009; Porta et al. 2014; Porta
et al. 2005; Porta et al. 2021; Porta 2001; Gasull et al.
2019). This conceptual and empirical framework provides
the rationale to hypothesize that pancreatic cancer progres-
sion might also modify concentrations of trace elements in
toenails (Gémez-Tomaés et al. 2019; Camargo et al. 2019;
Amaral et al. 2012; Crous-Bou 2009).

Therefore, the aim of the present study was to analyze the
influence of specific time intervals between several clinical
events and the collection of toenails upon concentrations of
trace elements in patients with pancreatic cancer.

Materials and Methods
Study Population

Methods of the PANKRAS II study have been previously
described (Gomez-Tomas et al. 2019; Camargo et al. 2019;
Amaral et al. 2012; Porta et al. 2007, 2008, 2009, 2005,
2020, 1999, 2000; Crous-Bou 2009; Soler et al. 1999).
Briefly, subject recruitment took place between 1992 and
1995 at five general hospitals in the Mediterranean part of
Spain, where 185 incident cases of PDAC were prospec-
tively identified. The present report is based on 118 incident
cases of PDAC with toenail samples obtained and metal con-
centrations analyzed (Amaral et al. 2012). There were no
significant differences between the 118 patients with and the
67 patients without available trace elements concentrations
for a broad range of sociodemographic and clinical vari-
ables, including age, sex, social class, education, occupation,
smoking, coffee consumption, duration of interview, interval
from first symptom of pancreatic cancer to diagnosis, and
interval from first symptom to blood extraction (Gémez-
Tomas et al. 2019; Camargo et al. 2019; Porta et al. 2020)
(Supplementary Table 1). The Ethics Committees of partici-
pating hospitals approved the study protocol, and patients
gave informed consent to be included in the study.
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Personal Interviews and Information on Symptoms

A structured form was used to collect clinicopathological
information from medical records, including details on semi-
ology, diagnostic procedures, laboratory results and follow-
up (Soler et al. 1999; Porta et al. 2000). Follow-up extended
for 17.5 years (Porta et al. 2020). Hospital discharge diag-
noses and the tumor clinical stage were also recorded. The
tumor’s clinical stage at diagnosis was classified according
to the tumor-node-metastasis (TNM) system. Diagnostic
tests included ultrasound scan, computerized axial tomog-
raphy (CT), fibrogastroscopy, endoscopic retrograde chol-
angiopancreatography (ERCP), gammagraphy, laparoscopy,
and exploratory laparotomy (Porta et al. 2007). When a diag-
nostic procedure was performed more than once, the physi-
cian who abstracted the data chose the more informative
result. Over 88% of the PDAC patients were interviewed
face-to-face by trained monitors during their hospital stay,
close to the time of diagnosis (Camargo et al. 2019; Amaral
et al. 2012; Porta et al. 2020).

Detailed information on the first symptom of cancer,
including the date, and signs and symptoms of the disease
was obtained from two sources: medical records (where they
were registered by the attending physician at hospital admis-
sion), and interviews with patients (Porta et al. 2005; Crous-
Bou 2009; Soler et al. 1999). The information was reviewed
by two experienced oncologists and checked for consist-
ency. If data elicited from the interview contradicted data
abstracted from the medical record, the latter was taken as
the consensus data (Porta et al. 2005). Pathology of all cases
was independently reviewed by the study reference patholo-
gists, who were unaware of the original diagnosis. A panel
of clinical and surgical experts in gastrointestinal diseases
reviewed hospital discharge diagnoses of all patients and,
based on all clinical and pathological information available,
including follow up, reached a consensual clinicopathologi-
cal diagnosis (Porta et al. 2000).

Analyses of Trace Element Concentrations

Nail clippings from the larger toe were collected once per
patient during the hospital stay when the cancer was diag-
nosed, and were stored at room temperature until the time
of the analyses. Trace elements analyzed were cadmium,
arsenic, selenium, nickel, lead, chromium, manganese, alu-
minum, iron, vanadium, copper, and zinc (Gémez-Tomas
et al. 2019; Camargo et al. 2019; Amaral et al. 2012; Porta
et al. 2020). After careful cleaning and washing to remove
external contaminants, trace elements were quantified at the
Trace Element Analysis Core (Dartmouth College, Hanover,
New Hampshire, USA), using inductively coupled plasma
mass spectrometry. Toenails were acid digested with Optima
nitric acid (Fisher Scientific, St Louis, Missouri, USA) at
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105°C followed by the addition of hydrogen peroxide and
further heating of the dilution with deionized water. All sam-
ple preparation steps were recorded gravimetrically. As a
quality control, each batch of analyses included six standard
reference material (SRM) samples with known trace element
content (GBW 07601, powdered human hair) and six ana-
lytical blanks, along with the study samples (Gémez-Tomas
et al. 2019; Camargo et al. 2019; Amaral et al. 2012; Porta
et al. 2020).

The within-assay coefficients of variation for SRM rep-
licates were < 15% for aluminum, arsenic, copper, lead,
manganese, selenium, and zinc; and 15-40% for cadmium,
chromium, iron, nickel, and vanadium. The between-assay
coefficients of variation for SRM replicates were < 15% for
arsenic, lead, manganese, selenium, and zinc; 15-30% for
aluminum, cadmium, copper, and nickel; and >30% for
chromium, iron, and vanadium (Supplementary Table 2).
The amount of SRM used ranged from less than 10 to 50 mg
to mimic the mass of toenails. This small SRM sample
mass may be the cause of some of the variability seen in the
within- and between-batch SRM results.

Eight of the 12 trace elements were detected in all
118 subjects (i.e., the percentage of detection was 100%),
whereas the other four elements were detected in 99.2%,
98.3%, 98.3%, and 92.4% of subjects (Supplementary
Table 2). Therefore, the corresponding percentage of par-
ticipants below the detection limit was 0% for eight of the
12 trace elements, and 0.8%, 1.7%, 1.7%, and 7.6% for the
other four.

The lowest concentration of each element detected in a
given subject is also shown in Supplementary Table 2. Given
the very high percentages of detection, such concentration
is the most meaningful information; it reflects the limit of
detection of the instrumental technique for the individual
metals.

Statistical Analysis

Univariate statistics were computed as customary to describe
key patient and trace metal variables (Armitage et al. 2002;
Kleinbaum et al. 1998). All time intervals were calculated
using the date of the clinical or diagnostic event as reference.
As an example, the interval between the first symptom of
pancreatic cancer and the date of toenail collection is the
time elapsed from the first symptom to toenail collection
(iST). We analyzed the time intervals between toenail col-
lection and: hospital admission, performance of diagnostic
tests, blood extraction, diagnosis, treatment onset, and inter-
view (Supplementary Tables 3 and 4).

Among patients with an iST <40 days 48% of patients
were in tumor stage I and 21% in tumor stage IV, while
among patients with iST > 120 days there were 16% of
patients in tumor stage I and 37% of patients in stage TV.

@ Springer



J.Pumarega et al.

The median time of the interval from hospital admission to
toenail collection was 15 days, and to diagnosis and blood
extraction 0 days. The median iST was 70.5 days, with a
range from one week to more than two years (11 to 763 days)
(Fig. 1), and is similar to the median time interval between
the first symptom of the disease and blood extraction (iSB),
72 days (167 patients); the distribution of these two inter-
vals (iST and iSB) is virtually identical (Fig. 1). When only
patients with both samples, blood and toenails, were consid-
ered (N=117), the median iST and iSB were 71 and 70 days,
respectively; in 84 such patients (72%) the blood and toe-
nails were collected on the same day.

Supplementary Fig. 1 shows the iST for each patient (all
represented on the ‘y’ axis), with patients classified from
shorter to longer interval. The color of the lines shows the
number of diagnostic tests performed before the toenail col-
lection. We collected about 60% of toenail samples during
the first three months after symptom onset; at 6 months 80%
of the samples had been collected. In>75% of patients the
toenail collection was performed during the first month fol-
lowing hospital admission (Supplementary Table 3). This
timing is a remarkable logistic achievement for a study
of a severe disease as pancreatic cancer, and it may be a
benchmark for other studies. A total of 315 diagnostic tests
were performed in the hospitals before the collection of toe-
nails (median of 3 diagnostic tests per patient); over 60%
of patients with iST <40 days underwent three diagnostic
tests before the collection (Supplementary Fig. 1).

Kruskal-Wallis® test and ANOVA’s test were used to
assess differences between metal concentrations by iST cat-
egorized as <40 days, 41 to 120 days, and > 120 days (Porta
et al. 2007); and Mann—Whitney’s U test and Student’s ¢
test to assess differences between participants with and

Fig. 1 Distributions of the time 0.8% 1
interval from first symptom of
pancreatic cancer to toenails
collection, and time interval
from first symptom of pancre-
atic cancer to blood extraction.
Blue broken line indicates the
median days of the time interval
from first symptom of pancre-
atic cancer to toenails collection
(iST), and red broken line indi-
cates the median days of time
interval from first symptom to
blood extraction (iSB) 0.3% o

0.5% o

Probability density

0.0%

without available toenails by sociodemographic character-
istics. When a trend was observed, the Jonckheere-Terpstra
test for trend was used. Spearman’s rank correlation coef-
ficient (p) was used to evaluate the correlations between the
concentrations of trace elements and the time intervals. For
the correlations we only considered clinical events that hap-
pened previous to or on the day of the nail sample collection.
Correlations without the time intervals equal to zero were
also calculated. To analyze the relative influence of time
intervals on trace concentrations, general linear models were
used. Values of trace elements were normalized by natural
logarithmic transformation (Camargo et al. 2019; Kleinbaum
et al. 1998). Age, gender, tumor stage, and cholestatic syn-
drome were treated as potential confounding factors. Results
were expressed as adjusted geometric means (GMs) with the
corresponding 95% confidence intervals (Cls). The level of
statistical significance was set at 0.05, and all tests are two-
tailed. Statistical significance, the precision of the estimates,
and the magnitude of the associations were all taken into
consideration to assess the significance of the results (Klein-
baum et al. 1998; Lash et al. 2021; Amrhein et al. 2019).
Based on previous work and hypotheses (Amaral et al. 2012;
Porta et al. 2007, 2008, 2009, 2020; Crous-Bou 2009), we
analyzed a limited number of predictors and outcomes, many
times lower than the millions of SNPs that are analyzed in
an agnostic GWAS, for instance. Furthermore, techniques to
adjust for the number of comparisons have been shown to
have low efficiency or poor accuracy in studies as ours (Lash
et al. 2021). Thus, adjustment for the number of compari-
sons was not appropriate. Analyses were conducted using
SPSS v22 (IBM SPSS Statistics, Armonk, NY, USA, 2013)
and Stata 8.0.

= Time interval from first symptom of cancer to nails collection

= Time interval from first symptom of cancer to blood extraction
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Results

Median toenail concentrations of the trace elements
were weakly or not influenced by iST (Table 1). Crude

Table 1 Metal concentrations
by time from first symptom of
pancreatic adenocarcinoma to
toenail collection

concentrations of aluminum were slightly higher in sub-
jects with a longer iST: the maximum difference between

the medians shown in Table 1 was 5.4 ug/g. Concentra-
tions of zinc and selenium were slightly lower in sub-

jects with a longer iST: the maximum difference between

Interval from first symptom to toenails collection

Metal concentrations <40 days 41-120 days > 120 days
(ng/2) N (%) N (%) N (%) p value®
Number of subjects 36 (30.5) 45 (38.1) 37 (31.4)
Aluminum
GM (95% CI) 8.02 (6.1-10.6) 9.27 (7.2-11.9) 11.73  (8.9-15.5) 0.159
Median 6.96 8.62 12.35 0.080°
Nickel
GM (95% CI) 0.22 (0.16-0.32) 025 (0.18-0.34) 024 (0.17-0.34)  0.929
Median 0.23 0.24 0.22 0.773¢
Zinc
GM (95% CI) 124.8  (114-137) 1135 (104-123) 108.0  (98.5-118)  0.085
Median 115.0 107.1 106.8 0.023°
Arsenic
GM (95% CI) 0.07 (0.06-0.09)  0.08 (0.07-0.10)  0.07 (0.06-0.09)  0.525
Median 0.07 0.08 0.06 0.435°¢
Selenium
GM (95% CI) 0.54 (0.49-0.59) 0.51 (0.47-0.55)  0.46 (0.42-0.50)  0.039
Median 0.54 0.51 0.50 0.055
Cadmium
GM (95% CI) 0.03 (0.02-0.05)  0.02 (0.01-0.04)  0.03 (0.02-0.05)  0.677
Median 0.03 0.03 0.03 0.812¢
Lead
GM (95% CI) 0.87 (0.61-1.24)  0.86 (0.63-1.18)  0.89 (0.63-1.26)  0.986
Median 0.80 0.91 0.86 0.899¢
Vanadium
GM (95% CI) 0.02 (0.02-0.03) 0.02 (0.02-0.03) 0.03 (0.02-0.03)  0.753
Median 0.02 0.02 0.02 0.761¢
Chromium
GM (95% CI) 0.37 (0.25-0.54) 054 (0.38-0.76)  0.49 (0.34-0.72)  0.306
Median 0.33 0.52 0.59 0.240°
Manganese
GM (95% CI) 0.29 (0.20-0.40) 023 (0.17-0.32)  0.27 (0.19-0.37)  0.679
Median 0.27 0.21 0.22 0.634°
Iron
GM (95% CI) 16.41  (12.4-21.7) 1530 (11.9-19.7) 1791 (13.6-23.6) 0.707
Median 14.88 11.49 12.68 0.443°¢
Copper
GM (95% CI) 3.81 (3.3-4.4) 3.65 (3.2-4.1) 3.69 (3.2-4.2) 0.892
Median 3.36 3.53 3.50 0.915¢
Total number of subjects: 118, GM geometric mean, CI confidence interval
*Unless otherwise specified, p value derived from ANOVA
®Jonckheere-Terpstra test for trend
“Kruskal-Wallis test (two-tailed)
@ Springer
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the same medians (Table 1) was 8.2 pg/g and 0.04 ng/g,
respectively. The cloud of data points shows how weak the
relationship with zinc is (Fig. 2), and so does the R%: only
1.5% of the variability in concentrations of zinc is statisti-
cally explained by the iST.

After adjustment for age and sex, concentrations of alu-
minum continued to increase weakly with iST (maximum
difference, 3.7 pg/g) (Table 2, Model 1). When models
were further adjusted for tumor stage (Model 2) and/or the
cholestatic syndrome (Table 3, Models 3 and 4), results for
aluminum did not materially change.

For zinc and selenium, the inverse relations observed with
iST became slightly stronger after adjustment for age, sex,
cholestatic syndrome, and tumor stage (Tables 2 and 3). The
difference between the fully adjusted GM of zinc concentra-
tions for iST <40 days and iST > 120 days was of 20.4 pg/g
(GMs=127.1 and 106.7 pg/g, respectively) (Table 3, Model
4). In the fully adjusted models, zinc concentrations were
inversely associated also with the cholestatic syndrome and
tumor stage; i.e., patients with partial or complete choles-
tatic syndrome, and patients in more advanced tumor stages
had lower zinc toenail concentrations than patients with no
cholestatic syndrome or the tumor at stage I (differences of
about 20 ug/g or less) (Table 3, Model 4). Cholestatic syn-
drome and tumor stage were not associated with concentra-
tions of the other elements analyzed.

Age and sex-adjusted concentrations of selenium, as well
as concentrations of selenium further adjusted for tumor
stage, decreased weakly with increasing iST (difference
of 0.08 pg/g for iST > 120 days vs. <40 days) (Table 2);

180 —

) p=-0.112
@, R? Linear = 0.015
o © (p value = 0.189)

135 —

90 —

Zinc concentrations in toenails (ug/g) logarithmic scale

67 —

I [ I I T T
0.25 0.7 1.8 5.0 135 36

Time interval between first symptom and toenails collection
(months), logarithmic scale

Fig.2 Scatterplot of zinc concentrations against the time interval
from first symptom of pancreatic cancer to toenails collection. p:
Spearman’s rho coefficient
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selenium concentrations were not influenced by stage nor
by cholestatic syndrome (Table 3).

Virtually all correlations between time intervals and
metal concentrations were modest, with all Spearman’s
p<0.35 (from — 0.33 to 0.32) (Table 4). Concerning toenail
levels of aluminum, future studies may consider their asso-
ciations with iST (p=0.19), with the interval from diagnosis
to toenail collection (p =0.25), and with the interval from
the exploratory laparotomy to toenail collection (p=0.31);
in the analysis of these correlations we took into account
only clinical events that took place before or the same day as
toenail collection. Also worth noting were the associations
between concentrations of iron and the interval from diag-
nosis to toenail collection (p =0.29), and between cadmium
levels and the interval from treatment onset to toenail col-
lection (p=— 0.33) (Table 4).

Discussion

Toenail concentrations of the 12 trace elements studied were
weakly or not influenced by the progression of the disease
or the diagnostic process. Levels of aluminum increased
slightly with increasing iST, whereas levels of zinc and sele-
nium decreased weakly.

Adjustment for multiple factors did not materially change
the results. Thus, when adjusting for age and sex, concentra-
tions of aluminum continued to increase weakly and statisti-
cally non-significantly with iST. Further adjusting for tumor
stage or cholestatic syndrome (Porta et al. 2009, 2005) did
not change these findings. For zinc and selenium, the inverse
relation observed with iST became slightly stronger after
further adjusting for cholestatic syndrome, and tumor stage.
Moreover, mutually adjusted models showed that all iST,
cholestatic syndrome, and stage were weakly but statisti-
cally significantly related to levels of zinc; the relations with
cholestatic syndrome and tumor stage were not observed
for selenium or the other trace elements. Thus, for instance,
future studies could confirm whether at diagnosis concen-
trations of zinc are lower in patients with more dissemi-
nated than with more localized tumors. It remains to be seen
whether the weak magnitude of the changes in concentra-
tions that we observed (about 20 pg/g or less) is applicable
to other studies; if it is, it might not be efficient to measure
the chronology of symptoms as comprehensively as we did
(Porta et al. 2005), and simpler alternatives could be consid-
ered (Fernandez et al. 2002; Porta et al. 1996, 2003b). It may
be more feasible to measure intervals between other clinical
events (such as diagnosis, clinical procedures as laparotomy,
treatment onset) and toenail collection. For future studies,
our findings warrant checking the possible effects of disease
progression on toenail levels of at least aluminum, zinc, and
selenium. Findings also suggest that, with the mentioned
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Table 2 Influence of the interval from first symptom of pancreatic adenocarcinoma to toenail collection (iST) on concentrations of trace ele-

ments (ug/g)
Aluminum Nickel Zinc
GM (95% CI) GM (95% CI) GM (95% CI)
Model 1 (N=118)
iST
<40 days 8.05 (6.04, 10.74) 0.23 (0.16, 0.34) 124.7 (113.6, 136.8)
41-120 days 9.25 (7.18, 11.92) 0.24 0.17, 0.33) 112.9 (104.1, 122.6)
> 120 days 11.72 (8.85, 15.52) 0.24 0.17, 0.34) 108.7 (99.31, 119.1)*
Model 2 (N=116)
iST
<40 days 7.75 (5.77, 10.40) 0.22 (0.15, 0.33) 122.8 (111.6, 135.2)
41-120 days 9.18 (7.11, 11.84) 0.24 0.17, 0.34) 113.1 (104.1, 122.8)
> 120 days 11.44 (8.38, 15.24) 0.24 (0.16, 0.34) 109.6 (99.82, 120.2)
Tumor stage
Stage I 10.71 (7.58, 15.14) 0.25 (0.16, 0.40) 128.2 (114.7, 143.4)
Stage II 8.20 (5.38, 12.51) 0.26 (0.15, 0.45) 110.1 (96.01, 126.2)
Stage IIT 9.39 (6.21, 14.21) 0.21 0.12, 0.37) 107.5 (94.03, 122.9)*
Stage IV 9.12 (7.27, 11.44) 0.23 0.17, 0.31) 112.9 (104.9, 121.5)
Arsenic Selenium Cadmium
GM (95% CI) GM (95% CI) GM (95% CI)
Model 1 (N=118)
iST
<40 days 0.078 (0.063, 0.097) 0.54 (0.50, 0.59) 0.032 (0.019, 0.054)
41-120 days 0.084 (0.070, 0.102) 0.51 047, 0.55) 0.023 (0.015, 0.037)
> 120 days 0.070 (0.057, 0.087) 0.46 0.42, 0.50)* 0.029 (0.018, 0.049)
Model 2 (N=116)
iST
<40 days 0.079 (0.063, 0.099) 0.54 (0.49, 0.59) 0.029 (0.017, 0.050)
41-120 days 0.085 (0.070, 0.103) 0.51 047, 0.55) 0.024 (0.015, 0.038)
> 120 days 0.070 (0.056, 0.087) 0.46 0.42, 0.50)* 0.030 (0.018, 0.051)
Tumor stage
Stage I 0.071 (0.054, 0.092) 0.53 (0.48, 0.59) 0.037 (0.019, 0.070)
Stage 11 0.092 (0.067, 0.128) 0.49 043, 0.55) 0.034 (0.016, 0.074)
Stage 11T 0.076 (0.055, 0.104) 0.48 (0.43, 0.55) 0.029 (0.014, 0.062)
Stage IV 0.079 (0.066, 0.094) 0.50 047, 0.53) 0.022 (0.014, 0.033)

All models are adjusted for age and sex. Furthermore, in Model 2 iST and stage are also mutually adjusted

iST interval from first symptom to toenails collection, GM geometric mean, CI confidence interval

*p value < 0.05 (vs. iST <40 days or vs. tumor stage I)

checks, it may be valid to use toenail samples collected at
diagnosis.

We previously reported that pancreatic cancer patients
with cholestatic syndrome had significantly lower serum
concentrations of OCs than patients with other signs and
symptoms (Porta et al. 2009). When symptoms were taken
into account, tumor stage had only weak (and inverse) rela-
tionships with all OCs. Overall, the prevailing direction was
for most signs and symptoms to lower serum OCs concen-
trations, even when the latter were lipid-corrected (Porta
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et al. 2008). These relationships with symptoms were not
observed in the present study with trace elements measured
in toenails; most likely, because concentrations of such bio-
markers, which are not lipophilic, are not influenced by the
pathophysiological processes inherent to the progression of
pancreatic cancer (Agency for Toxic Substances and Disease
Registry (ATSDR). Toxicological Profiles. U.S. Department
of Health and Human Services).

Variations in concentrations of aluminum accord-
ing to iST suggest that accumulation of this element in
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Table 3 Influence of time interval from first symptom to toenails collection (iST) on toenail concentrations of metals (ug/g)

Aluminum Nickel Zinc
GM (95% CI) GM (95% CI) GM (95% CI)
Model 3 (N=118)
iST*
<40 days 8.08 (5.95, 10.99) 0.24 (0.16, 0.35) 127.9 (116.0, 140.9)
41-120 days 9.21 (7.13, 11.90) 0.24 (0.17, 0.33) 112.7 (103.9, 122.2)
> 120 days 11.74 (8.77, 15.73) 0.24 (0.16, 0.34) 106.4 (97.01, 116.7)*
Cholestatic syndrome®
No syndrome 9.12 (6.72, 12.38) 0.24 (0.17, 0.36) 126.1 (114.4, 138.9)
Partial syndrome 10.82 (7.83, 14.95) 0.23 (0.15, 0.35) 107.8 (97.30, 119.4)*
Complete syndrome 9.23 (7.25, 11.75) 0.24 0.17, 0.32) 112.1 (103.9, 121.1)
Model 4 (N=116)
iST*
<40 days 8.00 (5.84, 10.95) 0.22 (0.15, 0.34) 127.1 (115.1, 140.3)
41-120 days 9.07 (7.01, 11.74) 0.24 (0.17, 0.34) 112.4 (103.7, 121.9)
> 120 days 11.25 (8.36, 15.14) 0.24 (0.16, 0.35) 106.7 (97.23, 117.2)*
Cholestatic syndrome®
No syndrome 9.55 (6.96, 13.11) 0.24 (0.16, 0.37) 129.1 (116.8, 142.6)
Partial syndrome 10.63 (7.64, 14.80) 0.22 (0.14, 0.34) 108.6 (97.86, 120.4)*
Complete syndrome 8.62 (6.68, 11.12) 0.24 (0.17, 0.33) 109.4 (101.0, 118.5)*
Tumor stage®
Stage I 11.01 (7.70, 15.75) 0.25 (0.16, 0.40) 131.5 (117.5, 147.1)
Stage II 8.06 (5.25, 12.37) 0.26 (0.15, 0.45) 108.1 (94.49, 123.7)*
Stage IIT 9.60 (6.28, 14.66) 022 (0.12, 0.38) 110.8 (96.96, 126.6)*
Stage IV 9.00 (7.14, 11.35) 023 (0.17, 0.31) 111.3 (103.5, 119.7)*
Arsenic Selenium Cadmium
GM (95% CI) GM (95% CI) GM (95% CI)
Model 3 (N=118)
iST*
<40 days 0.082 (0.065, 0.103) 0.55 (0.50, 0.61) 0.035 (0.020, 0.061)
41-120 days 0.083 (0.068, 0.101) 0.51 (0.47, 0.55) 0.022 (0.014, 0.036)
> 120 days 0.068 (0.055, 0.085) 0.45 (0.41, 0.49)* 0.028 (0.016, 0.047)
Cholestatic syndrome®
No syndrome 0.084 (0.067, 0.106) 0.54 (0.49, 0.59) 0.029 (0.017, 0.049)
Partial syndrome 0.083 (0.065, 0.106) 0.48 (0.44, 0.53) 0.043 (0.024, 0.077)
Complete syndrome 0.072 (0.060, 0.086) 0.49 (0.46, 0.53) 0.021 (0.014, 0.033)
Model 4 (N=116)
iST*
<40 days 0.082 (0.064, 0.104) 0.56 (0.51, 0.61) 0.034 (0.019, 0.060)
41-120 days 0.084 (0.069, 0.103) 0.51 (0.47, 0.55) 0.023 (0.014, 0.036)
> 120 days 0.068 (0.054, 0.086) 0.45 0.41, 0.49)* 0.028 (0.016, 0.048)
Cholestatic syndrome®
No syndrome 0.083 (0.065, 0.106) 0.55 (0.50, 0.60) 0.032 (0.018, 0.057)
Partial syndrome 0.083 (0.064, 0.107) 0.49 (0.44, 0.54) 0.045 (0.025, 0.081)
Complete syndrome 0.073 (0.060, 0.089) 0.48 (0.44, 0.52) 0.019 (0.012, 0.030)
Tumor stage®
Stage I 0.072 (0.055, 0.096) 0.54 (0.49, 0.61) 0.042 (0.022, 0.080)
Stage II 0.091 (0.065, 0.127) 0.48 (0.42, 0.54) 0.031 (0.014, 0.068)
Stage III 0.078 (0.056, 0.108) 0.50 (0.44, 0.57) 0.032 (0.015, 0.070)
Stage IV 0.077 (0.065, 0.093) 0.49 (0.46, 0.53) 0.021 (0.014, 0.031)
@ Springer
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Table 3 (continued)

All models are adjusted for age and sex

iST interval from first symptom to toenails collection, GM geometric mean, CI confidence interval

“Reference category is <40 days of interval
PReference category is no cholestatic syndrome
“Reference category is tumor stage I

*p value <0.05

Table 4 Spearman’s correlations (p) between concentrations of trace elements (ug/g) and time intervals (days) from clinical events to collection

of toenails

Clinical events related to pancreatic cancer

First Hospital  Interview Diagnosis Treatment Ultrasound CT Fibrogastroscopy ERCP Exploratory

symptom admission onset scan laparotomy

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Total number 118 (100) 115(97.5) 97 (82.2) 68 (57.6) 36(30.5) 101(85.6) 82(69.5) 30(25.4) 41 (34.7) 37(31.4)
Aluminum  0.186**  0.087 —0.121  0.253%* 0.090 0.063 0.089 —0.144 0.054 0.311%*
Nickel 0.001 0.082 —-0.109 0.201 —0.009 0.138 0.162 0.052 0.207 0.143
Zinc -0.112 -0.017 -0.020 -0.075 - 0.216 0.084 -0.025 0.084 0.043 —-0.092
Arsenic —0.032  0.084 —0.033  0.022 —-0.102 0.048 0.129 0.321%* -0.006 -0.152
Selenium -0.117 -0.002  0.089 0.062 0.026 0.120 0.124 -0.014 0.045 —0.028
Cadmium -0.012 0.061 -0.159 —-0.063 -0.327%  -0.074 -0.020 -0.110 -0.129 -0.166
Lead —0.001 0.073 -0.128 0.049 —0.247 0.041 0.144 0.073 —0.080 —0.061
Vanadium 0.079 0.005 -0.128 0.125 —0.051 0.013 0.059 -0.192 -0.072 0.062
Chromium 0.065 0.013 0.097 0.019 —0.064 0.030 0.094 —0.094 —-0.071 0.003
Manganese —0.061 —-0.045 —0.131 0.092 —0.225 —-0.096 -0.078 -0.225 -0.130 -0.108
Iron 0.010 —-0.052 —-0.143 0.292%* 0.084 0.028 —0.041 -0.038 -0.098 -0.171
Copper 0.054 0.046 —-0.058 0.121 —0.004 0.139 —0.069 0.149 0.104 —0.054

Total number of subjects: 118

CT computerized axial tomography, ERCP endoscopic retrograde cholangiopancreatography

*0.05 <p value <0.10
*#p value <0.05

pancreatic cancer patients could be enhanced, maybe due
to an increased intestinal absorption and decreased excre-
tion of the metal (Igbokwe et al. 2019). Lower toenail con-
centrations of selenium and zinc during the development of
pancreatic cancer could be due to nutritional needs of the
tumor itself.

Disease progression bias (Porta et al. 2014) may occur
when the biological samples where the exposure biomarkers
will be analyzed are collected just before or after the diagno-
sis of the disease, and when disease-related conditions expe-
rienced during the development of the disease and around
its diagnosis cause a change in the biomarkers. One type of
such conditions are the disease-induced pathophysiologi-
cal processes that we already mentioned in the Introduction
and in previous papers (Porta et al. 2007, 2008, 2009, 2014,

148

2005, 2021; Porta 2001; Gasull et al. 2019). Related but dif-
ferent are the metabolic requirements of the tumor (He 2011;
Gutiérrez-Gonzalez et al. 2019; Salcedo-Bellido et al. 2021;
Signes-Pastor et al. 2020; Longnecker et al. 1993; Garland
et al. 1993; Hunter et al. 1990; Hopps 1977; Sukumar 2006).
A third mechanism can operate as follows: symptoms (such
as tiredness, loss of appetite, weight loss, abdominal pain,
nausea) caused by the still subclinical disease can cause
changes in the diet of the subject that change the intake of
some nutrients and subsequently their body concentrations.
Naturally, other changes in behaviors promoted by the clini-
cally emerging but yet undiagnosed disease can affect other
lifestyle factors (e.g., smoking) and the corresponding expo-
sures. The common effect of all these processes is that the
disease-altered exposure biomarkers measured around the
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time of diagnosis lack etiologic significance: they do not
reflect the causally relevant exposures that took place in the
more distant past (Porta et al. 2014).

In a previous case—control study we found that individu-
als with the lowest levels of selenium in toenails at diag-
nosis presented a higher risk of pancreatic cancer (Amaral
etal. 2012). Also, lower levels of zinc were associated with
a higher risk of a KRAS mutated pancreatic cancer (Gémez-
Tomas et al. 2019). In the present study, the inverse associa-
tions of the concentrations of zinc and selenium with iST
were not explained by tumor stage. Thus, the development
of the disease (Porta et al. 2014) could partly explain the
lower levels of selenium observed in the case—control study
(Amaral et al. 2012).

Concentrations of the other trace elements analyzed were
not associated with time intervals from clinical events to
toenails collection. Such elements include cadmium, lead,
and arsenic, the three elements previously found positively
associated with pancreatic cancer risk (Amaral et al. 2012).
Thus, even in a biologically and clinically aggressive disease
as pancreatic cancer, toenail concentrations of trace elements
may provide a measure of mid-term intake of trace elements
unaffected by clinical events and disease progression.

In our study participants the toenail concentrations of alu-
minium, selenium, zinc and the other elements were similar
to concentrations in the homogenized published literature
in the same matrix (Amaral et al. 2012; Gutiérrez-Gonzalez
et al. 2019; Salcedo-Bellido et al. 2021; Signes-Pastor et al.
2020).

Problems in using toenails as a matrix for measurement
of biomarkers include variability in growth rate, external
contamination, and inconsistent protocols for collection and
analysis (He 2011; Gutiérrez-Gonzalez et al. 2019; Salcedo-
Bellido et al. 2021; Signes-Pastor et al. 2020; Orloff et al.
2009). Because in the present study sample collection was
conducted in-hospital, collection of toenails was similar for
all study patients, and the external contamination of nails
was minimized by having toenails collected immediately
after bathing and scraping, and by sonicating nails in the lab-
oratory prior to analysis (Nichols et al. 1998). All nails were
analyzed simultaneously in a laboratory with state-of-the art
procedures (Gomez-Tomas et al. 2019; Camargo et al. 2019;
Amaral et al. 2012; Fleckman 1985). In some instances a
small SRM sample mass may have been the cause of some
of the variability seen in the within- and between-batch SRM
results (Supplementary Table 2).

In our study, patients were screened for eligibility early
during the hospital admission, and selected, if eligible
(Camargo et al. 2019). Epidemiological studies of risk fac-
tors rarely include information on the health care process
that patients undergo before inclusion. In some health care
systems, computerized medical records shared by primary
health care centers and hospitals include information on the

@ Springer

149

duration of symptoms, clinical procedures, and disease pro-
gression (Porta et al. 2009, 1996; Fernandez et al. 2002;
Gavalda et al. 1995). Our approach integrates concepts and
methods from clinical, environmental, and molecular epide-
miology (Gallo et al. 2011).

Limitations of our study include its relatively small sam-
ple size, and unmeasured factors potentially related to con-
centrations of trace elements, such as, perhaps, body mass
index (BMI) (He 2011), and, likely, size of the toe; however,
our clippings were from the larger toe, all sample prepara-
tion steps were recorded gravimetrically, and state-of-the-art
methods were used in a reference laboratory. Signs and espe-
cially symptoms are by nature difficult to measure, although
our methods on these aspects are among the most reliable
(Porta et al. 2005, 1996, 2003b; Fernandez et al. 2002), and
this information is unlikely to be available from other stud-
ies. The present study did not aim at identifying the dietary
or environmental sources of the trace elements found.

Repeated toenail samples collected during years from
individual cohort members would allow to more directly
assess individual longitudinal changes over time (even
before the subclinical onset of the disease), and intraindivid-
ual variability (He 2011), but such samples are seldom avail-
able in large studies. The aims and methodological frame-
works that are relevant to assess reproducibility over time
of measurements of metals in toenails and other matrixes in
healthy and stable individuals (He 2011) are different from
ours (Porta et al. 2007, 2014; Porta 2001) (see Introduc-
tion); notably, the former rarely consider the influence of
the subclinical or clinical disease of interest; they may also
lack valid data on other relevant changes (BMI, lifestyles,
environmental and social conditions). Nevertheless, there
are obvious relationships.

As expected (Porta et al. 2009; Porta 2001), a substantial
number of clinical and epidemiological studies continue to
be based on diagnosed cases; hence, they collect post-diag-
nostic biological samples from cases, rather than collecting
the samples from the entire cohort at baseline and conduct-
ing nested case—control studies after cases are ascertained
during follow-up (Gasull et al. 2019; Porta et al. 2021).
Among other strengths, the latter approach has considerable
advantages with regard to timing of the biological sample
collection; notably, avoidance of disease progression bias.

Our original approach and findings may be of use when
designing and monitoring the conduct of studies (e.g., inter-
vals between first symptom of the disease, first contact with
carers or first hospital admission and collection of toenails,
diagnostic procedures performed before nails collection).
They also have implications for the analysis and interpre-
tation of future studies of pancreatic cancer and possibly
other cancers. The findings warrant checking the possible
effects of disease progression on toenail levels of at least
aluminum, zinc, and selenium. Findings also suggest that
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with the mentioned checks it may be valid to measure trace
elements in toenail samples collected at diagnosis, not nec-
essarily years before diagnosis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12403-021-00436-2.
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Supplementary Table 1 Characteristics of pancreatic cancer patients with and without
available toenail samples

Toenails available

Characteristics Yes No
N (%) N (%) P-value

Number of patients 118 (63.8) 67 (36.2)
Age (years) 66.1+12.5 68.0+12.9 0.320°
Sex (males) 75 (61.9) 37 (55.2) 0.437°
Social class 0.967°

=1l 12 (10.5) 6 (12.0)

1] 30 (26.3) 13 (26.0)

V-V 72 (63.2) 31(62.0)
Education 0.758°

lliterate 15(13.2) 5(10.0)

Can only read and write 32 (28.1) 12 (24.0)

Up to 10 years of schooling 58 (50.9) 27 (54.0)

>10 years of schooling 9(7.9) 6(12.0)
Smoking

Ever-smokers (%) 65 (56.5) 27 (54.0) 0.865°

Pack-years (median) 9.1 13.5 0.627 °
Coffee drinking

Regular coffee drinkers (%) 98 (86.0) 42 (84.0) 0.811°

Cups per week (median) 2.0 1.0 0.320°
Alcohol drinking 0.050°

Non-drinker or occasional 31(27.2) 12 (24.0)

Regular drinker 64 (56.1) 21 (42.0)

Heavy drinker 19 (16.7) 17 (34.0)
iSD

Days (median) 71.0 68.0 0.473°
iSB

Days (median) 70.0 78.0 0.917°¢
Cholestatic syndrome®

No syndrome 35 (29.7) 29 (43.3) 0.164°

Partial syndrome 28 (23.7) 11 (16.4)

Complete syndrome 55 (46.6) 27 (40.3)
Constitutional syndrome®

No syndrome 5(4.2) 7(10.4) 0.003°

Partial syndrome 33 (28.0) 6(9.0)

Complete syndrome 80 (67.8) 54 (80.6)
Tumor stage at diagnosis

Stage | 25 (21.6) 20 (29.9) 0.345°

Stage Il 17 (14.7) 6 (9.0)

Stage llI 17 (14.7) 6 (9.0)

Stage IV 57 (49.1) 35 (52.2)

iSD: Interval from first symptom of pancreatic cancer to diagnosis.

iSB: Interval from first symptom of pancreatic cancer to blood extraction.

Plus-minus values are mean + standard deviation.

2 Student’s ttest (two-tailed). ° Fisher's exact test (two-tailed). © Mann-Whitney’s U test (two-tailed). 4 Cholestatic
syndrome involved jaundice, hypocholia, and choluria. ¢ Constitutional syndrome involved asthenia, anorexia, and weight
loss.
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Supplementary Table 2 Within- and between-assay coefficients of variation, percentage of detection, and lowest

concentration detected.®

Trace element Within-assay Between-assay Percentage Lowest
coefficient of variation coefficient of variation of detection concentration
(%) (%) (%) °° detected (ug/g)
Aluminum (Al) 10 16 100 1.35
Arsenic (As) 7 9 98.3 0.024
Cadmium (Cd) 15 25 92.4 0.001
Chromium (Cr) 40 96 100 0.010
Copper (Cu) 11 21 100 1.24
Iron (Fe) 20 32 100 4.15
Lead (Pb) 6 8 98.3 0.106
Manganese (Mn) 5 6 100 0.040
Nickel (Ni) 19 25 100 0.011
Selenium (Se) 8 12 99.2 0.134
Vanadium (V) 16 40 100 0.023
Zinc (Zn) 5 8 100 35.54

? Trace elements were quantified at the Trace Element Analysis Core (Dartmouth College, Hanover, New Hampshire, USA), using inductively coupled plasma

mass spectrometry (see Methods).

° Percentage of the 118 subjects who had the trace element detected.

¢ When geometric means were computed, for subjects with concentrations undetected the half-value of the lowest concentration detected was assigned.
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Supplementary Table 3 Time intervals from first symptom of pancreatic
adenocarcinoma, and from hospital admission, to collection of toenails in 118
patients with pancreatic cancer

Days N (%) (Cumulative %)

Time from first symptom to toenails collection 118 (100)
Mean 115.1
Standard deviation 125.9
25™ percentile 32.8
Median 70.5
75" percentile 140.3
Minimum 11
Maximum 763
Collection in the month following the first symptom 25 (21.2) (21.2)
Collection in the 2nd following month 24 (20.3) (41.5)
Collection in the 3rd following month 20 (16.9) (58.5)
Collection in the 4th following month 12 (10.2) (68.6)
Collection in the 5th following month 10 (8.5) (77.1)
Collection in the 6th following month 6 (5.1) (82.2)
Collection after the 6th following month 21 (17.8) (100)
Time from hospital admission to toenails collection 118 (100)
Mean 28.2
Standard deviation 49.9
25" percentile 10.0
Median 15.0
75" percentile 24.3
Minimum -32
Maximum 349
Collection of toenails shortly before or
same day than hospital admission 5 (4.2) (4.2)
Collection in the following week 11 (9.3) (13.6)
Collection in the 2nd following week 40 (33.9) (47.5)
Collection in the 3rd following week 26 (22.0) (69.5)
Collection in the 4th following week 13 (11.0) (80.5)
Collection after the first month 23 (19.5) (100)
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Supplementary Table 4 Time intervals from clinical events (performance of diagnostic tests, diagnosis, treatment onset and interview) to
toenails collection

Ultrasound
scan CT Fibrogastroscopy ERCP
Time intervals N (%) N (%) N (%) N (%)
Total number of cases 103 (87.3) 93 (78.8) 35 (39.7) 47 (39.8)
Collection of toenails before or same
day than the clinical event 3 (2.9 18 (19.4) 6 (17.1) 7 (14.9)
Collection in the following week 17 (16.5) 33 (35.5) 3 (8.6) 24 (51.1)
Collection in the 2nd following week 27 (26.2) 19 (20.4) 7 (20.0) 5 (10.6)
Collection in the 3rd following week 20 (19.4) 7 (7.5) 3 (8.6) 4 (8.5)
Collection in the 4th following week 11 (10.7) 3 (3.2) 2 (5.7) 2 (4.3)
Collection after the first month 25 (24.3) 13 (14.0) 14 (40.0) 5 (10.6)
Exploratory Treatment
laparotomy Diagnosis onset Interview
N (%) N (%) N (%) N (%)
Total number of cases 69 (58.5) 118 (100) 73 (61.9) 115 (97.5)
Collection of toenails 215 days before
the clinical event 9 (13.0) 13 (11.0) 13 (17.8) 2 (1.7)
Collection in the 2nd previous week 6 (8.7) 12 (10.2) 5 (6.8) 4 (3.5)
Collection in the previous week 17 (24.6) 25 (21.2) 19 (26.0) 12 (10.4)
Collection in the same day 4 (5.8) 12 (10.2) 6 (8.2) 67 (58.3)
Collection in the following week 13 (18.8) 25 (21.2) 13 (17.8) 23 (20.0)
Collection in the 2nd following week 8 (11.6) 14 (11.9) 7 (9.6) 4 (3.5)
Collection = 15 following days 12 (17.4) 17 (14.4) 10 (13.7) 3 (2.6)

CT: Computerized axial tomography. ERCP: Endoscopic retrograde cholangiopancreatography.
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[] Subject with <2 diagnostic test before toenails collection
] Subject with 2 diagnostic tests before toenails collection
B Subject with 3 diagnostic tests before toenails collection
I Subject with 4 or 5 diagnostic tests before toenails collection
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5. Discussio

En aquest apartat s'amplien breument alguns aspectes poc comentats en els articles
que formen el nucli de la tesi i es resumeixen les principals troballes en relacié amb les
hipotesis plantejades en la recerca.

5.1. Principals troballes

Els resultats de la recerca donen suport a les hipotesis plantejades de que I'exposicio
laboral és un dels factors causals de les concentracions d’alguns metalls en ungles
dels pacients de cancer de pancrees i que els metalls, elements traca i contaminants
emergents com les terres rares i altres elements quimics inorganics es detecten sovint
en poblacié general.

No obstant, contrariament al que haviem establert en la hipotesis general 2, les
nostres troballes indiquen que les ungles com a biomarcadors d'exposicio en individus
qgue tenen cancer de pancrees exocri no estan esbiaixats per processos metabolics
inherents a la malaltia.

5.1.1. Les concentracions de metalls i elements traca en ungles de
malalts de cancer de pancrees estan relacionades amb la historia
ocupacional dels pacients

Els pacients de cancer de pancrees exposats laboralment a dissolvents del tipus
hidrocarburs aromatics (AH) tenien concentracions més altes de cadmi, manganes,
plom, ferro i vanadi. Els pacients exposats laboralment a pesticides tenien
concentracions més elevades de cadmi i manganés. Les concentracions més altes de
vanadi, plom i arsénic estaven relacionades amb I'exposicié al formaldehid. El vanadi i
el plom també es van associar amb I'exposicié a dissolvents d'hidrocarburs clorats, i
I'arsénic es va relacionar amb l'exposicié a hidrocarburs aromatics policiclics (HAP). A
les analisis bivariants, les concentracions mitjanes de niquel, coure i zinc no es van
veure influenciades per les exposicions ocupacionals avaluades pels higienistes
industrials (HI) ni per les avaluades per Finjem. En analisis multivariants, les
concentracions de coure i zinc es van veure influenciades per les exposicions
avaluades per Finjem. L'arsénic només es va veure influenciat per les exposicions
ocupacionals avaluades per Finjem.

5.1.2. Les concentracions de metalls i elements traca en ungles de
malalts de cancer de pancrees no es veuen afectades per la
progressio de la malaltia

Les concentracions mitjanes dels elements traga de les ungles dels peus estaven
débilment o gens influides per l'interval de temps entre el primer simptoma de cancer
de pancrees i la data de recollida de les ungles dels peus (iST).
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Les concentracions de les ungles dels 12 elements traca estaven débilment o no
influenciades per la progressio de la malaltia o els procediments de diagnostic. Les
concentracions d'alumini van ser lleugerament més altes en subjectes amb un iST més
llarg (mitjanes geométriques ajustades per edat, sexe i estadi tumoral: 11,44 vs. 7,75
Mg/g per a iST > cent vint dies vs. < quaranta dies). Hi havia una feble relacié inversa
de iST amb concentracions de zinc i seleni (diferéncies maximes d'uns 20 i 0,08 ug/g,
respectivament).

L'ajust per multiples factors no va canviar materialment els resultats.

Les troballes també suggereixen que, amb les comprovacions esmentades, pot ser
valid utilitzar mostres d'ungla dels peus recollida en el diagnostic.

A diferéncia d’altres biomarcadors no es va observar en el present estudi que hi
hagués una relacio entre els elements traca mesurats en ungles dels peus amb els
simptomes de la malaltia; molt probablement perqué les concentracions d'aquests
biomarcadors, que no son lipdfils, no estan influenciades pels processos
fisiopatoldgics inherents a la progressio del cancer de pancrees.

El biaix de la progressio de la malaltia es pot produir quan les mostres bioldgiques, on
s’analitzaran els biomarcadors de I'exposicid, es recullen just abans o després del
diagnostic de la malaltia i, també, quan les condicions relacionades i experimentades
durant el desenvolupament de la malaltia i al voltant del seu diagnodstic provoquen un
canvi en els biomarcadors. Els processos fisiopatologics induits per malalties tan
agressives com el cancer de pancrees exocri podrien produir aquests canvis.
Relacionats, pero diferents, sén els requisits metabolics del tumor. Un tercer
mecanisme pot funcionar de la segiient manera: simptomes (com ara cansament,
pérdua de gana, pérdua de pes, dolor abdominal, nausees) provocats per la malaltia
encara subclinica poden produir canvis en la dieta del subjecte que modifiquen la
ingesta d'alguns nutrients i posteriorment les seves concentracions corporals.
Naturalment, altres canvis en els comportaments promoguts per la malaltia clinicament
emergent, perd encara no diagnosticada, poden afectar altres factors d'estil de vida
(per exemple, el tabaquisme) i les exposicions corresponents. L'efecte comu de tots
aquests processos és que els biomarcadors d'exposicio alterats per la malaltia, i
mesurats al voltant del moment del diagnoéstic, no tenen importancia etiologica, és a
dir, no reflecteixen les exposicions causalment rellevants que es van produir en el
passat més llunya. Davant d’aquesta possibilitat vam fer I'estudi fent servir les ungles
com a biomarcadors. La conclusié que en vam treure és que en el nostre estudi no
s’estaria produint (o molt débilment) aquest biaix, pel qual seria correcte utilitzar
aquests biomarcadors. S’haura de ser cautelds en estudis futurs que incloguin la
determinacio de concentracions d’alumini, del qual vam detectar que els nivells
augmentaven lleugerament amb I'augment de I'iST, i els que incloguin la determinacio
de les concentracions de zinc i seleni, que vam detectar que disminuien lleugerament.

5.1.3. Dels 50 metalls, elements traga, terres rares i altres elements
quimics inorganics, 14 es detecten en el 70% de la poblacio
general adulta de Barcelona i les seves concentracions estan
relacionades amb variables sociodemografiques
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Fruit dels resultats de la recerca, es van detectar els 50 productes quimics estudiats,
inclosos 26 REE i elements minoritaris. EIl nombre més petit de substancies quimiques
detectades en una persona va ser d’11, i el més gran, de 39. El plom, el mercuri, el
cadmi o I'arsénic es van detectar a la gran majoria de la poblacio. La mitjana de
substancies inorganiques detectades per persona va ser de 17. Si traiem els elements
essencials, la mitjana de substancies detectades per persona baixava a 11. Es van
detectar plom, plata, arsénic, cadmi, mercuri, antimoni, estronci, tal-li i sis elements
essencials en més del 70% de la poblacié. Les terres rares i elements minoritaris
detectats amb més frequéncia van ser I'europi (62%), el tuli (56%), I'or (41%), I'indi
(31%), el ruteni (24%) i el tantal (20%). Les classes socials ocupacionals menys
benestants tenien percentatges més elevats de deteccio d'algunes terres rares. Les
concentracions mitjanes de plata, arsénic, cadmi i mercuri van ser: 0,091, 3,01, 0,309 i
3,33 ng/ml, respectivament. Les dones tenien concentracions mitjanes meés baixes que
els homes de plom (1,47 vs. 2,04 ug/dl, respectivament), ferro i zinc, i concentracions
més altes de coure i manganeés. La influéncia de les caracteristiques
sociodemografiques en les concentracions quimiques difereix segons el sexe.

5.1.4. Altres consideracions

Les exposicions ocupacionals varien a mida que la societat evoluciona. Una de les
principals troballes confirma que les concentracions de metalls i elements traga en
ungles de malalts de cancer de pancrees estan relacionades amb la historia ocupacional
dels pacients, especialment a exposicions a hidrocarburs aromatics, pesticides i
formaldehid. La instauracié de politiques de protecciod laboral en els ultims anys haurien
d’haver reduit aquest risc, aixi que no podem saber si es repetiria en una cohort actual
de pacients de cancer de pancrees, perd si que seria interessant estudiar en aquesta
nova cohort si hi ha hagut exposicio laboral a terres rares i altres contaminants quimics
més recents. A la Xina, un dels principals productors i consumidors d’aquests elements
quimics, ja s’estan estudiant els efectes en la salut, i les conclusions principals son que
les concentracions en sang de terres rares en treballadors exposats a aquests
contaminants sén molt superiors als no exposats apart dels factors sociodemografics
com ara el temps de residéncia i el tipus de treball’”®. Les nostres troballes sobre els
contaminants emergents en la poblacié general de Barcelona son molt importants per
evidenciar la necessitat de biomonitoritzacié tant en I'ambit de poblacié general com en
el de les exposicions laborals, aixi com la generacié de suficient evidéncia cientifica per
a determinar els seus efectes en la salut.

5.2 Aspectes metodologics: limitacions i fortaleses

5.2.1. Biaixos i variables de confusio
La recerca sobre les concentracions de metalls i altres contaminants emergents en

poblacié general i en malalts de cancer de pancrees sintetitzada en aquesta tesi
correspon a estudis observacionals, ja que no seria ni &tic ni factible fer estudis
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experimentals d’exposicié a aquests contaminants. Els estudis observacionals tenen la
limitacio inherent de no poder controlar totes les variables de confusid’®?'°.

En cadascun dels articles s’han tractat i discutit els possibles biaixos i variables de
confusid, de manera que en aquest apartat esmento només aquells de caracter
general que poden afectar a la recerca de la tesi.

-Dades autodeclarades:

Tant en el cas de I'estudi PANKRAS Il com en I'estudi de biomonitoritzacié de
contaminants quimics en una mostra de la poblacioé general de Barcelona, part de la
informacio utilitzada és autodeclarada, és a dir, referida per la persona participant en
I'estudi o per un familiar o acompanyant. Concretament, a I'estudi PANKRAS Il la
informaciod sociodemografica i d’estil de vida (dieta, ocupacié o habits toxics) és
autoreferenciada, fet que comporta un possible biaix de memodria. La informacié
clinica, en canvi, es va contrastar amb la historia clinica del pacient (vegeu el capitol
de Metodologia). En I'estudi de biomonitoritzacid, per exemple, és autodeclarada la
informacio utilitzada sobre canvi de pes, recepcié de lactancia materna durant la
infancia o, en les dones, paritat i lactancia dels fills/filles. De fet, en aquest estudi totes
les dades son autoreferenciades excepte les antropomeétriques i dbviament les de
concentracions de metalls, elements traca, terres rares i altres elements quimics
inorganics®.

-Manca de dades sobre dieta i altres fonts d’exposicio:

La manca d'informacioé sobre la dieta dels participants és una de les limitacions en el
cas de I'estudi de biomonitoritzacié de contaminants quimics en ciutadans de
Barcelona, ja que aquesta informacio no es recollia. En cap cas, el fet de no tenir
dades de dieta pot esbiaixar o confondre les concentracions estudiades, pero si que
podria tenir un efecte en I'estudi de la influencia de les variables sociodemografiques
en aquestes concentracions. En poblacié no exposada laboralment la dieta és la
principal font d'exposicié de metalls i altres contaminants emergents estudiats®?"". Tot
i que les concentracions d'aquests contaminants en els aliments en el temps pot variar,
se sap que hi ha determinats aliments que sén fonts importants d'exposicio. Es el cas
del peix blau, com s’ha comentat préviament (apartat 1.6), que acumula les
concentracions més altes de metalls pesants, especialment el mercuri''"'"?. Vegeu
també els nivells detectats i I'estimacio de la ingesta d’arsénic, cadmi, mercuri i plom
en els estudis de dieta total que ha anat realitzant I'Agéncia de Salut Alimentaria de
Catalunya (ACSA)?"".

5.2.2. Disseny de l'estudi

Si haguéssim d’assenyalar algunes limitacions de I'estudi PANKRAS lI, una seria que
la mida de la mostra és relativament petita i, I'altra, que els factors no mesurats poden
estar potencialment relacionats amb les concentracions d'elements traca, com per
exemple I'index de massa corporal (IMC). Tot i aixd, és important tenir en compte que
el PANKRAS Il és un dels estudis de pacients de cancer de pancrees més grans fets
fins al dia d’avui, i la quantitat d’informaci6 recollida per entrevistadors entrenats
(vegeu Annex 2) és extensa.
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La varietat d'instruments de mesura de les exposicions ocupacionals, I'ISCO, aixi com
les mesures dels higienistes industrials i les mesures basades en la matriu finesa
Finjem, sén un punt fort de I'estudi de la influéncia de I'ocupaci6 en les concentracions
de metalls en malalts de cancer de pancrees. L'ISCO és un estandard internacional de
classificacié que permet comparar dades amb estudis similars d'altres paisos. Aixo
captura exposicions relacionades amb totes les tasques acomplertes per una ocupacio
determinada. Finjem és una matriu que captura lI'exposicioé a 21 agents seleccionats
comengant amb una probabilitat baixa (5%) d’exposicié a cada agent. Per tant, és un
enfocament bastant sensible. L'avaluacio per part dels higienistes industrials es va
centrar en 22 presumptes carcindgens i l'assignacio de I'exposicié a cadascun d’ells
necessitava una alta evidéncia de la preséencia de I'agent; aixi doncs, aquesta matriu
es pot considerar més especifica.

Una de les fortaleses de I'estudi PANKRAS Il és I'extensa quantitat d’informacié
recollida per entrevistadors entrenats (vegeu Annex 2), el que ha permés la inclusié de
variables de dieta i la comparacié de resultats, tenint-les en compte com a variables de
confusié respecte del model que no inclou les variables de dieta en la determinacié de
la influéncia de la historia ocupacional en les concentracions de metalls en ungles del
peu de malalts de cancer de pancrees, aixi com la possibilitat estudiar també altres
variables de confusio d’habits toxics com el tabac, el café i el consum d’alcohol. La
dieta és una de les principals fonts d’elements traga'?. La inclusi6 de la dieta és
necessaria per avaluar el possible paper de la dieta en el canvi de la influéncia de les
exposicions ocupacionals sobre les concentracions dels elements traca®'®. En la
majoria de models, la inclusio de la dieta si que va canviar la influéncia de I' exposicio
ocupacional en les concentracions d'elements traga.

Tot i que I'exposicié ocupacional o no ocupacional a alguns metalls s’ha relacionat
amb el cancer de pancrees exocri i altres malalties, I'evidéncia cientifica és limitada
perqué hi ha molt pocs estudis que utilitzin biomarcadors. El fet d’incloure
biomarcadors a la nostra recerca és una altra de les seves fortaleses. Fins on sabem,
hi ha molt pocs estudis que relacionin la historia ocupacional del pacient i les
concentracions d’elements traga, no només en el cas del cancer de pancrees exocri
sind en qualsevol altre cancer?'*2'5, Es cert que no hi ha avui en dia valors de
referéncia de les concentracions dels 12 metalls determinats en ungles del peu (cadmi,
arseénic, seleni, niquel, plom, crom, manganés, alumini, ferro, vanadi, coure i zinc)216
amb el que no podem comparar els valors obtinguts a I'estudi, ni concloure si les
nostres troballes en malalts de cancer de pancrees exocri estan per sota o per sobre
de les concentracions habituals, perqué els valors de referéncia en sang i sérum sén
diferents, pero aixd és precisament una altra fortalesa de I'estudi, la contribucio a la
generacié de dades per a construir un cos d’evidéncia que permeti generar aquests
valors de referéncia en la matriu ungles de peu.

Pel que fa a 'Enquesta de Salut de Barcelona (ESB), una de les seves fortaleses és
I'us de sang completa com a biomarcador a part de la recollida de les dades
sociodemografiques, cosa que ha permés determinar les concentracions de metalls,
elements tracga, terres rares i altres contaminants quimics inorganics, entre altres
contaminants ambientals, i conéixer-ne la distribucié en poblacié general adulta de
Barcelona.
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Tot i que la mida de la nostra mostra dins de 'ESB era modesta en termes generals,
moltes estimacions dels efectes eren prou precises. Es van seleccionar subjectes
d'una mostra representativa de la ciutat i es van utilitzar ponderacions de les mostres
per compensar les diferéncies d'edat i sexe. Per tant, es va garantir la representativitat
de la poblacié adulta no institucionalitzada de la ciutat de Barcelona. A més, els
indicadors rellevants —que no solen formar part de les enquestes de biovigilancia— es
van recollir personalment (per exemple, els canvis de pes, la lactancia i les dades
antropometriques que van ser avaluades per infermeres). No obstant aixo, no es va
recopilar informacié sobre possibles antecedents laborals d'exposicié o de viure a prop
de fonts puntuals d’exposicio. Per tot aix0, si bé la representativitat de la mostra és
una fortalesa, no és menys cert que la manca d’informacio sobre les exposicions n’és
una limitacio.

Segons el nostre coneixement, no hi ha cap altre estudi de biomonitoritzacio dels 50
quimics analitzats (metalls, elements traga, terres rares i altres elements quimics
inorganics) que hagi avaluat I'associacié de la concentracié d’aquests metalls amb el
canvi de pes els ultims sis mesos. Nomeés es van trobar associacions de canvi de pes
amb tres elements: les concentracions sanguinies de plom eren més altes entre els
homes que havien guanyat 4-5 kg en els sis mesos anteriors a la presa de sang,
mentre que la pérdua de 4-5 kg va ser associada a concentracions sanguinies més
elevades de plata i estronci.

5.2.3. Mesura de I'exposicio

Els problemes en I'is de les ungles dels peus com a matriu per a la mesura de
biomarcadors inclouen la variabilitat en la taxa de creixement, la contaminacié externa
i els protocols inconsistents per a la recollida i I'analisi. A I'estudi PANKRAS Il la
recollida de mostres es va dur a terme a I'hospital. La recollida d'ungles dels peus va
ser similar per a tots els pacients de I'estudi i la contaminacié externa de les ungles es
va minimitzar amb la recollida i el raspatge de les ungles dels peus immediatament
després del bany i, també, amb la sonicacio de les ungles al laboratori abans de
I'analisi. Es van analitzar totes les ungles simultaniament al laboratori. Una limitacio
seria, probablement, que el temps de creixement de I'ungla depén de la mida del dit
del peu, fet que implica una variabilitat en el temps d’exposicié que representa el
biomarcador; tanmateix, els nostres retalls eren del dit gros. Tots els passos de
preparacio de la mostra es van registrar gravimetricament i es van fer servir métodes
d'ultima generacio en un laboratori de referencia.

Per avaluar de manera més directa els canvis longitudinals i individuals al llarg del
temps (fins i tot abans de I'inici subclinic de la malaltia) i la variabilitat intraindividual,
seria interessant recollir mostres repetides d'ungles dels peus durant tota la duracio de
I'estudi dels membres individuals. El problema és que aquestes mostres poques
vegades estan disponibles en estudis grans per les dificultats obvies, tant de recursos
com de disponibilitat, en el cas dels pacients o participants de I'estudi.

A I'hora de seleccionar biomarcadors, també és fonamental tenir en compte la finestra
d'exposicio d'interés. La majoria de les poblacions estan exposades cronicament a
metalls en el rang de baix a moderat, perdo molts biomarcadors reflecteixen
exposicions recents. En aquest sentit, les ungles dels peus sén biomarcadors
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emergents. Ara bé, si bé les ungles son biomarcadors fiables d'exposicié a llarg termini
a l'arsénic, el mercuri, el manganeés i el seleni, cal més recerca per entendre el paper
de les ungles com a biomarcadors d'exposicio a altres metalls. En analisis
epidemiologiques multi metall habitualment es determinen fins a 12 metalls, incloent-hi
8 elements no essencials (arsénic, bari, cadmi, plom, mercuri, niquel, estany i urani) i 4
elements essencials (manganés, molibde, seleni i zinc).

A la poblacié general les concentracions en sang d'elements essencials generalment
es mantenen dins d'un rang de nivells relativament constant, en gran part a causa dels
mecanismes compensatoris homeostatics?'’. Tot i I'existéncia d’aquests mecanismes
per mantenir els elements essencials dins dels limits fisiologics, és sabut que alguns
d’aquests elements sén cancerigens (niquel, crom) o neurotoxics (manganés), sent
aquest un motiu addicional per a la seva biovigilancia. Aixi, les concentracions en sang
dels elements essencials aqui indicats s'han d'interpretar amb precaucio. Tot i aixo, els
resultats poden ser utilitzats per generar hipdtesis sobre mecanismes homeostatics en
diferents poblacions o servir per identificar factors que poden influir en 'homeostatica
de mecanismes compensatoris. Les nostres troballes no indiquen ni impliquen que la
concentracio sanguinia reflecteixi I'exposicio real, ja que els biomarcadors integren les
exposicions, la toxicocinética i la d’altres processos. Els resultats del zinc s'han
d'interpretar amb precaucié, tenint en compte que les concentracions urinaries poden
ser més fiables que les concentracions en sang degudes a I'hnomeostasi a la
sang?'®?'°. Aquesta podria ser una debilitat de I'estudi.

L’estudi dels 50 metalls, terres rares i altres substancies quimiques es va fer amb sang
sencera. Se sap que és un bon biomarcador d'exposicié a I'arsénic, el cadmi, el plom,
el mercuri i 'estany, perd no és un bon indicador per al bari, el niquel i 'urani. Per a
alguns metalls essencials, la interpretacié dels biomarcadors de sang sencera no és
clara. Hi ha tan pocs estudis per als restants 38 metalls, terres rares i altres
substancies quimiques, que cal més recerca per entendre el paper de la sang sencera

com a biomarcador de I'exposicié a altres metalls?'®.

Les matrius biologiques son complexes i més encara pel que fa a la seva relacié amb
els compostos toxics. Les caracteristiques toxicocinétiques relacionades amb la seva
absorcio i distribucio es tradueixen en una enorme complexitat, sobretot quan s'utilitza
una sola matriu per mesurar 50 elements diferents. Un exemple és el plom, I'afinitat del
qual pels globuls vermells fa que la seva determinacié en sérum sigui més limitada. En
el present estudi, hem escollit la matriu que permet una millor comprensié del nombre
més gran d'elements. Tot i que aquesta pot no ser la millor opcio per a alguns d'ells, és
la millor opcié per a la majoria d'ells. Aquesta també és una fortalesa de I'estudi; I'iis
de diferents matrius per analitzar els diferents elements quimics hauria complicat tant
I'analisi com la presa de mostres dels voluntaris.

5.2.4. Validesa externa

Les concentracions d’alumini, cadmi, crom, niquel i plom en les ungles dels peus dels
pacients de cancer de pancrees de I'estudi PANKRAS Il eren similars a les
concentracions publicades en altres estudis d’exposicié de metalls en la mateixa
matriu®2.
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Les diferencies en les metodologies utilitzades per a la determinacio dels metalls en
ungles respecte a la recollida de les mostres, la seva preparacio, I'analisi i el control de
qualitat en els diferents estudis existents a la literatura, expliquen en part algunes
diferéncies en les frequéncies i concentracions de deteccié observades (limits de
deteccid/quantificacio de I'analisi, métodes i dispositius, matriu de mostra®?'???) Com ja
s’ha comentat anteriorment, mentre que per a elements quimics com l'arsénic, el
cadmi, el plom, el mercuri i 'estany, la sang sencera és una matriu adequada, per al
bari, el niquel i I'urani ho és menys. Les dades de qué disposem son insuficients i
caldrien més estudis per aclarir-ho?'%?'8,

Les mostres de I'estudi PANKRAS son de fa trenta anys, i en aquest periode el teixit
productiu espanyol ha canviat forga, de manera que les exposicions laborals, aixi com
les prohibicions de certs plaguicides, herbicides, etc., també s’han vist modificades,
especialment a Europa. De tota manera, les conclusions a les quals s’han arribat en
aquesta recerca pel que fa a la influéncia de la historia ocupacional en les
concentracions de metalls en malalts de cancer de pancrees continuen sent vigents
als paisos en vies de desenvolupament, on el teixit productiu actual és semblant al de
'Espanya d’aleshores i on la legislacio d’us de plaguicides i herbicides és més laxa.
D’altra banda, les noves generacions de nano pesticides inclouen en molts casos
nanoparticules metal-liques, de manera que el risc d’exposicio s’haura de continuar
estudiant®®,

Les estimacions de concentracio del percentil 95 de metalls, elements traca, terres
rares i altres elements quimics inorganics trobades a la poblacié general de Barcelona
estaven per sota dels valors d'orientacio per a la majoria dels productes quimics amb
HB2GV disponibles per a sang completa®*. La concentracié maxima trobada
d’alumini, bismut, cadmi, mercuri, molibdé, seleni, plata, titani i zinc esta per sota dels
valors tabulats avui en dia en sang®®®.

5.3. Implicacions per a la salut publica

Les possibles implicacions per a la salut publica, sanitaries i socials dels resultats
d’aquesta tesi, referents a la biomonitoritzacié de metalls, elements traga, terres rares i
altres elements quimics inorganics, posen de manifest que els metalls i els
contaminants emergents son problemes sistémics’® que demanen una visio
poblacional i que no poden ser valorats només des d’'un punt de vista individual. La
Comissié Europea esta fent un esforg en la regulacié del contingut de plom, cadmi,
mercuri, arsénic i estany en els aliments?°, aixi com en I'avaluacié de les propietats de
disrupcio endocrina de certs metalls i pesticides en els productes de proteccio de les
plantes de plagues, malalties i males herbes?’.

Tot i que cada cop més paisos tenen programes de biomonitoritzacié (Vegeu apartat
1.4 Biomonitoritzacio), la generalitzaci6 de la contaminacié i I'aparicié de nous
contaminants emergents, terres rares i altres substancies quimiques descrites en
aquesta tesi i d’altres, emfatitza la necessitat que a Catalunya, a la resta d’Espanya i al
conjunt d’Europa es desenvolupin nous programes de biomonitoritzacié que permetin
dur a terme un seguiment perioddic, no només de les concentracions poblacionals dels
compostos coneguts, sind també dels molts altres compostos emergents als quals
estem exposats diariament??®. Aquests programes de vigilancia de la contaminacio
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haurien de considerar diferents variables sociodemografiques, com I'edat, el sexe, el
nivell educatiu, la classe social i 'ocupacié que poden influir tant en la participacié en
els estudis com en les concentracions corporals dels contaminants estudiats. També
caldria abordar la comunicacié dels resultats individuals als participants, els resultats
generals a la societat i com es traslladarien les possibles accions al regulador, en
aquest cas la Comissié Europea®°#°. Un exemple d’éxit de les politiques ambientals
aplicades en I'ambit internacional seria el Conveni d’Estocolm®" sobre els
contaminants ambientals persistents que, com hem pogut observar en altres recerques
del nostre grup®*®, ha tingut una repercussié molt beneficiosa a escala poblacional. A
més aquests programes de biomonitoritzacié permetrien utilitzar les mostres recollides
per estudiar altres contaminants. Al nostre mateix grup d’investigacié es van analitzar
els efectes de les concentracions corporals d'un nombre important de compostos
toxics persistents i d'altres elements quimics sobre el risc d'infeccié de SARS-CoV-2 i
el desenvolupament de COVID-19 amb les mostres de sang de 'Enquesta de Salut
Publica de Barcelona®*??%,

El coneixement sobre les implicacions de I'exposicié a metalls, elements essencials,
terres rares i altres substancies quimiques i la seva contribucié al desenvolupament de
malalties cardiovasculars®**, malalties renals®*>***?*' alguns cancers'>?**?*° resultats
adversos durant el part***?41:242j afectacions neurocognitives®**, entre d’altres, posen
de manifest que part de la carrega de malaltia de la societat pot ser deguda a la
contaminacié general de la poblacio per aquest tipus de compostos. A més, el fet que
estiguem exposats simultaniament a multiples compostos i els efectes que se’n poden
derivar, també emfatitza la necessitat de protegir-nos com a societat d’aquestes
exposicions??%#%°,

Les troballes respecte a la influéncia de les exposicions ocupacionals en les
concentracions de metalls i elements traga en ungles del peu dels pacients de cancer
de I'estudi PANKRAS Il, conviden a fer una reflexié sobre si els elements de proteccio
individual per a les persones exposades a pesticides i altres contaminants ambientals
son suficients. Més tenint en compte que tant les exposicions com els riscos van
evolucionant, no només en el cas de les noves generacions de nanopesticides, que
inclouen en molts casos nanoparticules metal-liques, siné també en I'exposicio a altres
contaminants emergents, com ja s’ha explicat®®??*??2%5_D’aqui la necessitat que des
dels diferents ambits publics es continuin fent estudis epidemiologics que estudiin el
risc d’aquestes noves exposicions.

Els resultats obtinguts sustenten I'is de les ungles de dit gros del peu com a
biomarcadors d’exposicions a llarg termini de metalls i elements traga i com a
biomarcadors gens o débilment influits per la progressié de la malaltia®”?. Els estudis
epidemiologics que tinguin com a objectiu I'estudi de les exposicions a llarg termini,
aixi com aquells que incloguin la presa de mostra a pacients en el moment del
diagnostic i durant I'evolucio de la malaltia, podrien utilitzar aquest biomarcador
emergent.

5.4. Continuitat i futures linies de recerca

La recerca realitzada en aquesta tesi podria tenir continuitat tant en el sentit
d’augmentar el cos d’evidéncia per als metalls més coneguts pels seus efectes nocius
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en la salut publica, com ara I'arsénic, el cadmi, el plom i el mercuri, com pels
contaminants emergents, terres rares i altres substancies quimiques dels que tenim
menys coneixement sobre la seva extensio en poblacié general i menys evidéncia dels
seus efectes nocius en la salut a causa de la manca d’estudis. Les dades sobre
pressio ambiental de les terres rares incloses en aquest estudi no estan disponibles al
portal europeu d'emissions industrials perqué no consten en la llista de 91
contaminants d'informes anuals obligatoris®**. Novament, calen més estudis per
analitzar 'impacte en la salut d’aquests contaminants.

La implementacio d'un programa de biomonitoritzacié en 'ambit de Catalunya de les
concentracions de metalls, elements traca, terres rares i altres elements quimics
inorganics, permetria fer el seguiment de la contaminaci6 al llarg del temps.

Si es plantegés un projecte similar en 'ambit d'Espanya, les dades obtingudes en la
recerca realitzada en aquesta tesi servirien com a bon punt de referéncia, juntament
amb les existents en un estudi d’Andalusia i un de Canaries, per valorar I'evolucio de
les concentracions d'aquests contaminants en la poblacié general®”®,

Finalment, cal remarcar la necessitat de dur a terme estudis amb dissenys
longitudinals prospectius en poblacié general durant periodes llargs de seguiment, que
permetin refutar o confirmar els resultats obtinguts referents a alguns efectes adversos
en la salut i planificar politiques de prevencio. Aquest tipus d'estudis, que a més
integressin aspectes de les ciéncies socials, també serien d’interés per determinar el
paper que juguen els factors socioeconomics i culturals, aixi com les exposicions
laborals emergents entre altres possibles determinants en I'exposicié a contaminants
al llarg de la vida i en periodes que puguin ser especialment critics.

Per a estudis futurs, els nostres resultats justifiquen comprovar els possibles efectes
de la progressié de la malaltia sobre els nivells de les ungles dels peus pel que fa a
I'alumini, el zinc i el seleni.

Estudis futurs podrien confirmar si les concentracions a diagnostic de zinc son inferiors
en pacients amb tumors més disseminats que amb tumors més localitzats. Queda per
veure si la magnitud feble dels canvis de concentracions que tenim observats (uns 20
Mg/g 0 menys) és aplicable a altres estudis; si ho és, pot ser que no sigui eficient per
mesurar la cronologia dels simptomes tan exhaustivament com ho vam fer i es podrien
plantejar alternatives més senzilles.

El manganés etilenebis (maneb) s'utilitza ampliament com a fungicida i la seva toxicitat
és ben coneguda. Tanmateix, no hi ha informes sobre la relacié entre I'exposicio al
maneb i les concentracions corporals de manganés. Hi ha una gran quantitat de
literatura sobre I'exposicio al fosfur d'alumini en I'ambit laboral, perd no hi ha informes
d'associacié entre I'exposicio al fosfur d'alumini i les concentracions corporals
d'alumini. Les investigacions posteriors haurien d'aclarir el possible paper del
manganés i de l'alumini en el risc de cancer de pancrees exocri, sense mediacié per
I'exposicio a pesticides.

Futures linies de recerca podien incloure I'estudi de les multiples exposicions
ambientals humanes diaries i el seu impacte en salut i el desenvolupament de noves
eines estadistiques que permetin abordar les dificultats que presenten I'estudi de
mescles de contaminants®® en la linia de programes com el PRIME (Powering
Research Through Innovative Methods for Mixtures in Epidemiology) i el programa de
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recerca de mescles del NIEHS (National Institute of Environmental Health Sciences).
La disponibilitat de les dades de concentracions de metalls i elements traga en ungles
del peu i de les concentracions de contaminants organics persistents (COPs) en sérum
de I'estudi PANKRAS I, permetrien estudiar les possibles interaccions i/o sinérgies
entre els contaminants i els seus efectes en I'etiologia del cancer de pancrees exocri.
Al nostre grup de recerca s’estan investigant els efectes i els mediadors de les
concentracions individuals, en alguns casos, i de les barreges de 148 contaminants
mesurats el 2016-2027 (entre els quals s'inclouen PFAS, metalls, ftalats, fenols i altres
substancies relacionades també amb els plastics) sobre la resposta immunologica
humoral i cel-lular a la infeccio per SARS-CoV-2, sobre la resposta vacunal i sobre el
curs de la COVID-19%46:247,

Poc se sap també sobre la toxicocinética i la toxicodinamica dels elements traga, dels
metalls pesants i altres elements quimics inorganics en les seves diferents formes,
estats d’oxidacid, i com aix0 afecta la seva biodisponibiltat. En aquesta tesi hem pogut
estudiar que I'indi, I'or, el plati, el beril-li, 'urani, el ceri i el lanta es detecten amb més
freqliencia en participants amb sobrepés i obesos. L'index de massa corporal també
s’associa positivament amb concentracions d'arsénic, mercuri, seleni i zinc en els
homes. En canvi, s’han trobat frequiéncies de deteccié més baixes de cobalt en
participants obesos, fet que també s’ha observat en un estudi prospectiu recent?*®.
Alguns metalls, com el mercuri, el plom i I'arsénic, tenen afinitat pels lipids i s'acumulen
al teixit gras?*®?°%?>'_ En una poblaci6 espanyola, es van detectar nivells de niquel,
plom, estany i titani en el 100% de les mostres de teixit adipos de 228 adults, mentre
que l'arsénic es va trobar en el 50% d'ells?*2. Aixd podria explicar les associacions que
vam observar amb la pérdua de pes i I'MC, pero s’hauria d’ampliar la recerca per
poder-ne extreure conclusions. Cal entendre com afecten els estats d’oxidacio dels
metalls i les seves combinacions en la seva biodisponibilitat i acumulacié en diferents
teixits i 0rgans, i veure quina és I'associacié amb I'IMC i les variacions de pes. Aixi
doncs, és necessari fer més estudis sobre la biodisponibilitat de metalls en
I'organisme, aixi com les possibles interaccions sistémiques i entre ells.

Durant la recerca en poblacio general s’han observat algunes correlacions fortes entre
les concentracions d’alguns parells de terres rares; per exemple, entre disprosi i holmi
o entre ceri i lanta. Aquestes associacions suggereixen un potencial comu de fonts o
vies d'exposicid que mereixen més investigacio. De fet, I'addicié d'additius catalitics a
base de ceri i lanta en I'oli i en el refinament i la formulacié de gasoil és avui dia una
practica habitual; aixi, I'exposicié als gasos de gasoil pot explicar en part la correlacio
observada®®.
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6. Conclusions

Les principals conclusions, seguint les hipotesis expressades a I'apartat 2.1, son les
seguents:

1. S’han observat concentracions més altes de diversos metalls en pacients exposats
laboralment a hidrocarburs aromatics, pesticides, hidrocarburs clorats, dissolvents,
formaldehid, compostos volatils de sofre i PAH. Les troballes suggereixen que aquests
elements poden explicar alguns dels riscos laborals notificats anteriorment per a
cancer de pancrees exocri. Els resultats també mostren ocupacions amb probabilitat
de ser una font d'exposicio als metalls. Els biomarcadors de I'exposicioé a elements
traca poden ajudar a comprendre el paper dels contaminants quimics en l'etiologia del
cancer de pancrees exocri i, potencialment, d'altres malalties.

2. Les concentracions a les ungles dels 12 elements traca estaven débilment
influenciades o gens per la progressié de la malaltia o els procediments de diagnostic
del cancer de pancrees exocri. Les ungles son, per tant, utils com a biomarcadors per
estudis etiolodgics del cancer de pancrees exocri i altres malalties que incloguin la
presa de mostra en pacients tant en el moment del diagnostic com durant I'evolucié de
la malaltia.

3. Mentre que els contaminants coneguts, com ara el plom, el mercuri, el cadmi o
l'arsenic, encara sén detectats en la gran majoria de la poblacio, també hi ha
nombrosos individus que presenten concentracions de contaminants quimics
emergents com I'europi, I'indi, el tuli o I'or. Hi ha una clara necessitat de reforcar els
projectes actuals de biovigilancia amb mostres representatives de la poblacio general
per avaluar tendéncies, fonts i efectes sobre la salut d’aquests contaminants i de les
mescles individuals de terres rares i elements quimics relacionats. Finalment, ja que
les terres rares estan presents a les cadenes alimentaries, en els dispositius d'alta
tecnologia, en altres béns de consum i al medi ambient en general, i donat que I'is
d’aquests elements s’esta estenent a moltes més aplicacions, s'han d'avaluar els
riscos relacionats amb I'exposicid, perqué s’espera que la seva concentracié en
humans augmenti en els proxims anys.

4. Les caracteristiques sociodemografiques i fisiques (sexe, edat, classe social, canvi
de pes) van influir en les concentracions sanguinies d’alguns dels metalls, elements
traca, terres rares i altres elements quimics inorganics. Caldria ampliar els programes
de biomonitoritzacio existents en poblacié general per avaluar possibles tendéncies,
les fonts d’exposicid i els diferents efectes en salut en diferents segments de la
poblacié general d’aquests contaminants i les seves mescles.
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Methods: Incident cases of PDAC (n = 185) were prospectively identified in five hospitals in
Eastern Spain in 1992-1995 and interviewed face-to-face during hospital admission. KRAS
mutational status was determined from tumour tissue through polymerase chain reaction and
artificial restriction fragment length polymorphism. Blood and toenail samples were obtained
before treatment. Serum concentrations of POPs were analyzed by high-resolution gas
chromatography with electron-capture detection. Concentrations of 12 trace elements were
determined in toenail samples by inductively coupled plasma mass spectrometry. Multivariable
Cox proportional hazards regression was used to assess prognostic associations.

Results: Patients with a KRAS mutated tumor had a 70% higher risk of early death than patients
with a KRAS wild-type PDAC (hazard ratio [HR] = 1.7, p = 0.026), adjusting for age, sex, and
tumor stage. KRAS mutational status was only modestly and not statistically significantly
associated with survival when further adjusting by treatment or by treatment intention. The
beneficial effects of treatment remained unaltered when KRA.S mutational status was taken into
account, and treatment did not appear to be less effective in the subgroup of patients with a KRAS
mutated tumor. POPs did not materially influence survival: the adjusted HR of the highest POP
tertiles was near unity for all POPs. When considering the joint effect on survival of POPs and
KRAS, patients with KRAS mutated tumors had modest and nonsignificant HRs (most HRs
around 1.3 to 1.4). Higher concentrations of lead, cadmium, arsenic, vanadium, and aluminium
were associated with better survival. When KRA.S status, POPs, and trace elements were
simultaneously considered along with treatment, only the latter was statistically significantly
related to survival.

Conclusions: In this study based on molecular, clinical, and environmental epidemiology,
KRAS mutational status, POPs, and trace elements were not adversely related to PDAC survival
when treatment was simultaneously considered; only treatment was independently related to
survival. The lack of adverse prognostic effects of POPs and metals measured at the time of
diagnosis provide scientific and clinical reassurance on the effects of such exposures upon survival
of patients with PDAC. The weak association with KRA.S mutations contributes to the scant
knowledge on the clinical implications of a genetic alteration highly frequent in PDAC.

Keywords

persistent organic pollutants (POPs); trace elements; metals; pancreatic cancer; pancreatic ductal
adenocarcinoma (PDAC); survival; KRAS oncogene

Introduction

Reasons why pancreatic ductal adenocarcinoma (PDAC) generally continues to have such
dismal survival are only partly known (Huang et al., 2019; Tempero et al.,2017). Among
numerous potential explanations, the influence of KRAS mutations remains unclear. Even
less studied is the role of the body burden of environmental agents such as persistent organic
pollutants (POPs) and trace elements (Benetou et al, 2018).

Mutations in the KRAS oncogene are an early event in several neoplasms (Deramaudt and
Rustgi, 2005; Eser et al., 2014; Rachakonda et al., 2013; Waddell et al., 2015). In PDAC,
codon KRAS 12 mutations were traditionally thought to be present in 70% to 90% of
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tumours (Deramaudt and Rustgi, 2005; Parker et al., 2011a, 2011b; Porta et al., 1999;
Waddell et al., 2015). At present, older techniques as polymerase chain reaction (PCR) and
restriction fragment length polymorphism (RFLP) analysis are known to yield a lower
sensitivity to detect KRA.S mutations than more recent techniques as droplet digital (dd)
PCR, high resolution melting analysis or next-generation sequencing. Thus, tumours
identified as KRAS wild-type and KRAS mutated by traditional techniques may have levels
of KRAS mutations below and above 1 in 50 alleles, respectively (Bittoni et al., 2015;
Buscail et al., 2019; Collisson et al., 2011, 2012; Deramaudt and Rustgi, 2005; Porta et al.,
1999; Schlitter et al., 2017). Mutated and wild-type KRAS PDAC may have distinct gene
expression patterns, perhaps in part as a result of different gene-environment interactions,
some of which may involve POPs and trace elements (Gémez-Tomas et al., 2019; Porta et
al., 1999, 2009b); such processes might influence tumor progression and clinical prognosis
in PDAC differentially according to KRA.S mutational status (Bittoni et al., 2015; Collisson
etal., 2011, 2012; Crous-Bou, 2009; O’Brien et al., 2013; Porta et al., 1999, 2009b; Qian et
al., 2018; Rachakonda et al., 2013; Schlitter et al., 2017).

POPs are highly lipophilic and degradation-resistant synthetic chemicals. They
bioaccumulate in the environment, food webs and living organisms, and may contribute to
cause clinically and socially significant health effects. Exposed to such agents throughout
life, mostly from the ingestion of animal fats, virtually all humans store POP mixtures in
adipose tissues. Although production of some POPs was banned decades ago —and their
environmental, food, and human concentrations subsequently decreased— human exposure,
contamination, and health effects remain relevant (Alonso-Magdalena et al., 2011;
Department of Health and Human Services, 2019; Gore et al., 2015; Henkler and Luch,
2011; Porta, 2015; Quinn and Wania, 2012; Quinn et al., 2011; Stein, 2012; Vandenberg et
al., 2012; Wu et al., 2013). While it is biologically and clinically plausible that the toxic
effects of POPs could adversely affect prognosis in PDAC and other cancer types, very few
studies assessed the influence of POPs on cancer survival (Hardell et al., 2007; Parada et al.,
2016a,2016b, 2019; Roswall et al., 2018).

Some trace elements considered in this report are carcinogenic or probably carcinogenic to
humans. For instance, cadmium and cadmium compounds, as well as arsenic and inorganic
arsenic compounds, are carcinogenic to humans (IARC group 1); inorganic lead compounds
are probably carcinogenic to humans (IARC group 2A). Elements such as arsenic, cadmium
and lead, which have been associated with PDAC risk (Amaral et al. 2012), are weak
mutagens, and non-genotoxic mechanisms are their predominant carcinogenic mode of
action (Hartwig, 2010; Straif et al., 2009). In addition to their etiopathogenic roles, they may
adversely affect the clinical course and prognosis because they induce oxidative stress,
defective DNA repair, genomic instability, post-translational histone modifications, and
altered methylation of tumour-suppressor genes and oncogenes (Camargo et al., 2019;
Chervona et al., 2012; Gémez-Tomas et al., 2019; Henkler and Luch, 2011; Henkler et al.,
2010; Herndndez et al., 2009; Stein, 2012). Despite these pieces of evidence, studies that
have analyzed the influence of biomarkers of trace elements on the survival of cancer
patients are scarce (Du et al., 2019; He et al, 2017). Furthermore, no study has analyzed the
combined influence of KRAS mutations, POPs, and trace elements upon survival in any
human cancer.
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Therefore, the present study aimed to investigate the individual and combined effects of
these three factors on the survival of patients with PDAC.

2. Material and Methods

2.1.

Study population

Methods of the PANKRAS II study have been described in detail (Camargo et al., 2019;
Crous-Bou, 2009; Gasull et al., 2010; Gémez-Tomds et al., 2019; Lopez et al., 2014; Porta et
al., 1999, 2000, 2005, 2008, 2009b, 2009¢, 2012; Soler et al., 1999). Briefly, subject
recruitment took place between 1992 and 1995 at five general university hospitals in eastern
Spain, where 602 patients with biliopancreatic diseases, including 185 incident cases of
PDAC, were prospectively identified. Of the 185 patients with PDAC, 121 had results on
KRAS status, 144 on serum levels of persistent organic pollutants (POPs) (103 on the two
types of variables) (see below), 118 on toenail levels of trace elements (78 on elements and
KRAS), and 72 on all three factors (Supplemental Figure). There were no significant
differences between the 72 cases and the remaining cases in a broad range of
sociodemographic and clinical variables (including sex, education, occupation, hospital,
tumour stage, signs and symptoms of pancreatic cancer at presentation, diet, consumption of
coffee, tobacco and alcohol, and duration of the interview), except that the 72 cases were
slightly younger (Camargo et al., 2019; Crous-Bou, 2009; Gémez-Tomds et al., 2019; Porta
et al., 2009b), had more often treatments with a radical intention, and had a longer survival
than the other 113 PDAC patients (Supplemental Table). While our main strategy was to
analyse and present results for all subjects with available data in each phase of the analyses
(Supplemental Figure), we also analysed and will summarize results for the subgroup of 72
patients with data on KRAS, POPs and metals.

The clinico-pathological information of all cases, including diagnoses, was reviewed by a
panel of experts and by the study reference pathologists, blinded to the original diagnoses
and to molecular results (Porta et al., 2000, 2008; Soler et al., 1999). The Ethics Committees
of participating hospitals approved the study protocol, and patients gave informed consent to
participate.

2.2. Clinicopathological information and personal interviews

More than 89% of the 185 PDAC patients were interviewed face-to-face by trained monitors
during hospital stay, close to the time of diagnosis (Crous-Bou, 2009; Porta et al., 2005).
Interviews included questions about past medical conditions, symptoms, and coffee, tobacco
and alcohol consumption (Crous-Bou, 2009; Porta et al., 2005, 2008, 2009b). A structured
form was used to collect clinicopathological information from medical records, including
details on past medical conditions, diagnostic procedures, signs and symptoms of pancreatic
cancer, tumour stage, laboratory results, treatment, and follow-up (Crous-Bou, 2009; Porta
et al., 2000, 2005, 2009b; Soler et al., 1999). All items concerning medical conditions were
further reviewed by study physicians and checked for consistency (Crous-Bou, 2009; Porta
et al., 2000). Hospital discharge diagnoses and tumour’s clinical stage were also recorded in
the form (Crous-Bou, 2009; Porta et al., 1999, 2000). The tumour’s clinical stage at
diagnosis was classified according to the tumor-node-metastasis (TNM) system. All items
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concerning the presence of signs and symptoms were further reviewed by two experienced
oncologists and checked for consistency (Porta et al., 2005). Cholestatic syndrome involved
jaundice, hypocholia and choluria and the constitutional syndrome comprised fatigue,
anorexia and weight loss (Porta et al., 2005, 2008).

2.3. Detection of KRAS mutations

Cytohistological samples from patient tumors were obtained during hospital stay. Details of
tissue specimens and laboratory protocols have been described in detail elsewhere (Crous-
Bou 2009; Gémez-Tomas et al., 2019; Malats et al. 1995, 1997; Porta et al., 1999, 2009¢).
Briefly, mutations in codon 12 of the KRAS oncogene were studied using DNA extracted
from paraffin-embedded tumour tissue. Tumor DNA was extracted and analyzed
immediately after the end of patient recruitment (i.e, from a few weeks to about three years
after tumor procurement). Amplifications were done in two steps by nested polymerase
chain reaction; in the second amplification reaction, an artificial BstNI restriction
endonuclease site was created to discriminate between wild-type and mutated KRAS codon
12 sequences. The 103 bp product of this amplification reaction was digested overnight.
Wild-type sequences were cleaved, resulting in two fragments of 82 and 21 bp, whereas
codon 12 mutated sequences were not. Products were analyzed by acrylamide gel
electrophoresis and ethidium bromide staining. This technique was able to detect 1
heterozygously mutated cell per 50 wild-type cells (i.e., | mutant allele per 50 wild-type
alleles). Interpretation of digestion products’ electrophoresis was performed independently
by two investigators. When discordant results were obtained, the analysis was repeated and
results evaluated again. This strategy has been shown to yield an agreement of >95% for all
enzyme digestions (Malats et al., 1995, 1997).

2.4. Analysis of serum concentrations of POPs

Methods to analyze POPs have also been described (Gasull et al., 2010; Lopez et al., 2014;
Porta et al., 1999, 2009b, 2009¢). Briefly, blood samples were obtained before treatment, gas
chromatography analyses were performed, and selected samples were analysed by negative-
ion chemical ionization gas chromatography—mass spectrometry (Porta et al., 1999, 2009b).
Analyses were carried out in the Department of Environmental Chemistry (IIQAB-CSIC) in
Barcelona, Spain. In this report, statistical analyses are limited to the 7 POPs that were
detected above the detection limit in >85% of the 144 PDAC cases with POPs determined:
p.p -dichlorodiphenyltrichloroethane (DDT), p,p -dichlorodiphenyldichloroethene (DDE),
polychlorinated biphenyls (PCBs) 138, 153 and 180, hexachlorobenzene (HCB) and f-
hexachlorocyclohexane (HCH) (Porta et al., 1999, 2009b, 2009c).

Concentrations of total cholesterol and triglycerides were determined enzymatically, using
serum obtained at the same time as the serum used for the organochlorine analyses (Gasull
etal.,2010; Lopez et al., 2014; Porta et al., 1999, 2009b, 2009¢). Total serum lipids (TL)
were calculated by the standard formula 2 of Phillips et al. (1989), based on total cholesterol
and triglycerides (Bernert et al., 2007; Phillips et al., 1989). POP concentrations were
individually corrected for TL and are expressed in nanograms per gram lipid (ng/g of lipid)
(Bernert et al., 2007; Lopez et al., 2014; Phillips et al., 1989; Porta et al., 1999, 2009b).

Environ Res. Author manuscript; available in PMC 2021 November 01.

194



1duosnuepy Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuepy Joyiny

Porta et al. Page 6

2.5 Analysis of trace elements

Toenail samples were also obtained during hospital stay before treatment (Amaral et al.,
2012; Camargo et al., 2019; Gomez-Tomads et al., 2019). Toenails are not altered with long-
term storage, and they provide a valid measure of cumulative exposure to trace elements 6—
18 months prior to their clipping (He, 2011; Laohaudomchok et al., 2011; Slotnick and
Nriagu, 2006; Slotnick et al., 2007; Wickre et al., 2004). The rationale for their use in the
present study is that the ranking of toenail concentrations in a group of individuals (e.g., in
KRAS mutated and non-mutated cases) at one point in time will be highly similar to the
ranking in the more distant past.

Toenails were stored at room temperature until analysis. In 2009, after careful cleaning and
washing to remove external contaminants, twelve trace elements (lead, cadmium, arsenic,
selenium, zinc, vanadium, manganese, aluminium, chromium, iron, nickel, and copper) were
quantified at the Trace Element Analysis Core (Dartmouth College, NH, USA) using
inductively coupled plasma-mass spectrometry. Toenails were acid digested with Optima
nitric acid (Fisher Scientific, St. Louis, MO) at 105°C followed by addition of hydrogen
peroxide and further heating the dilution with deionized water. All sample preparation steps
were recorded gravimetrically. As a quality control, each batch of analyses included six
standard reference material (SRM) samples with known trace element concentrations and six
analytic blanks, along with the study samples. The amount of SRM used ranged from less
than 10 to 50 mg to mimic the mass of toenails (Amaral et al., 2012; Camargo et al., 2019;
Go6mez-Tomads et al., 2019). Concentrations of trace elements are expressed as ug/g.

2.6. Follow-up and survival analysis

The date of death was obtained from hospital records, interviews with relatives, and the
mortality registry of Catalonia (Macia et al., 2013; Puigdefabregas et al., 2013). 90.0% of
patients died of causes related to the pancreatic cancer. Follow-up for all participants in the
PANKRAS II study was 17.5 years. We lost to follow-up only three of the 185 PDAC
patients (one patient 5 years after diagnosis, one after 2.5 years, and one after 8 days). 49.2%
of PDAC patients died during the first 3 months after the diagnosis of PDAC, whereas
survival at 6 and 12 months was 29.7% and 15.1%, respectively; at 2 years it was 6.5%, and
at 5 years, 2.2%.

Univariate statistics were computed as customary (Armitage et al., 2002). Survival curves
were estimated by the Kaplan-Meier method and compared by the log-rank test and Tarone’s
trend test (Armitage et al., 2002). Cox proportional hazards regression was applied to
estimate the hazard ratio (HR). HRs were used to describe the relationship between the
explanatory variable and survival time adjusted for potential confounding and effect-
modifying variables (e.g., age, sex, tumour stage). The assumption of proportional hazards
was checked for each variable. The level of statistical significance was set at 0.05 and all
tests were two tailed. Statistical analyses were performed using SPSS version 22.0.0.0 (IBM
SPSS Statistics, Armonk, NY, USA, 2013) and R version 3.5.2 (2018).
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3. Results

Median survival after diagnosis was 3.1 months, with significant differences by age (but not
sex), tumour stage, treatment, and history of pancreatitis in models adjusted for age, sex and
tumour stage (Table 1). In such models, patients who underwent radical surgery had a 66%
lower risk of death (HR = 0.34,95% CI: 0.19, 0.60, p-value <0.001) than patients with no
specific treatment; for patients who received chemotherapy or other specific treatment the
HR was 0.19 (95% CI: 0.09,0.41, p-value <0.001) (Table 1). As expected, treatment
intention was also significantly associated with survival. Cox’s multivariate regression
models did not reveal significant differences by sex, alcohol drinking, coffee intake, or
tobacco smoking. No differences were observed either by individual signs and symptoms
(nor by syndromes) preceding diagnosis. History of pancreatitis was not statistically
significantly associated with survival when unadjusted by stage.

Patients with a KRA.S mutated tumor had a 70% higher risk of death than patients with a
KRAS wild-type PDAC (HR =1.70,95% CI: 1.07, 2.70, p-value = 0.026), adjusting for age,
sex, and stage (Table 1 and Figure 1). However, KRAS mutational status was only modestly
and not significantly associated with survival when further adjusted by treatment or by
treatment intention (in two separate models, Table 2): the HRs for patients with a KRAS
mutated tumor (vs. KRAS wild-type PDAC) were then increased by 24% and 52%,
respectively. In the subgroup of 72 patients with data on KRA.S, POPs and metals
(Supplemental Figure), the respective HRs for KRAS were 1.88 (95% CI: 0.89,3.95, p-
value = 0.097), and 2.33 (95% CI: 1.18,4.57, p-value = 0.014).

Adjusting by treatment or by treatment intention, PDAC patients with a KRAS mutated,
stage IV tumor had a 49% and a 92% higher chance of death, respectively, than PDAC
patients with a KRAS wild-type, stage I tumor (HR =1.49, 95% CI: 0.55, 4.02, p-value =
0.429 when adjusted by treatment and stage, and HR =1.92,95% CI: 0.72, 5.10, p-value =
0.193 when adjusted by treatment intention and stage).

The beneficial effects of treatment remained unaltered (and they even increased slightly)
when KRAS mutational status was taken into account: compare HRs for treatment and
treatment intention in Tables 1 and 2.

Treatment did not appear to be less effective in patients with a KRAS mutated tumor than in
patients with a KRAS wild-type tumor. Among patients with a KRAS mutated tumour, those
who underwent radical surgery had a 77% lower chance of death (HR = 0.23, 95% CI: 0.10,
0.50, p-value <0.001) than patients with no specific treatment; the corresponding figures
among patients with a KRAS wild-type tumour were 35% (HR =0.65; 95% CI: 0.04, 11.24,
p-value = 0.765) (adjusting for age, sex, and stage). Among patients with a KRA.S mutated
tumour, those who received chemotherapy or another specific treatment had a 91% lower
chance of death (HR =0.09, 95% CI: 0.01,0.71, p-value = 0.023) than patients with no
specific treatment; the corresponding figures among patients with a KRA.S wild-type tumour
were 88% (HR =0.12; 95% CI: 0.02, 0.81, p-value = 0.029) (again adjusting for age, sex,
and stage).
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Some POPs appeared to weakly and negatively influence survival in crude (unadjusted)
analyses. Thus, PDAC patients who had serum concentrations of p,p ~DDT, HCB and S-
HCH in the highest tertile had a modestly lower median survival than patients with
concentrations in the other tertiles (Table 3). The unadjusted HR of the highest tertile was
slightly increased for all 7 POPs (from 1.12 to 1.39, all p-values >0.12). But when adjusted
for age, sex, tumour stage, and treatment, such HR of the highest tertile was slightly below
or near unity for all 7 POPs (Table 3). With the example of PCB 153, Figure 2 illustrates that
survival curves can give the impression of a weak association between higher POP
concentrations and lower survival, similar to the relationship suggested by the unadjusted
HRs, which is not corroborated by the adjusted HRs. In the subgroup of 72 patients with
data on KRAS, POPs and metals, the HRs for all POPs were slightly closer to unity than
figures shown in Table 3.

In models including both POP concentrations and KRAS mutational status, as well as age,
gender, stage, and treatment, neither POPs nor KRA.S were statistically significant, although
patients with KRAS mutated tumors had consistently and modestly increased HRs (Table 4).
All these HRs for patients with KRAS mutated tumours increased in the subgroup of 72
patients, ranging from 1.57 to 2.51 in the case of KRAS adjusted for DDT and the other
mentioned factors (95% CI: 1.05, 5.97, p-value = 0.038). By contrast, the HRs for POPs
shown in Table 4 did not materially change in the 72 patients.

There were few significant correlations between concentrations of POPs and trace elements,
all inverse. The strongest correlations were between arsenic and DDT, DDE, HCB and $-
HCH (all Spearman’s p less than —0.3 and p<0.05).

Higher concentrations of several trace elements (lead, cadmium, arsenic, zinc) were
significantly associated with better survival (Table 5 and Figure 3). The HRs for the upper
tertile were from 0.55 to 0.60 (i.e., 45% to 40% better survival than patients with
concentrations in the lowest tertile) (all p <0.04). The HR of the upper tertile was also 220%
lower than the HR of the lower tertile for vanadium, manganese, aluminium, chromium,
iron, and copper (all statistically nonsignificant). In adjusted models (again including
treatment), patients with concentrations of lead, cadmium, arsenic, and vanadium in the
upper tertile had HRs around 0.5 — 0.6 (p-values from 0.057 to 0.011) (Table 5 and Figure
3).

When KRAS status was also included in the models, concentrations of lead (HR = 0.45,
95% CI: 0.20, 1.01) and arsenic (HR =0.51,95% CI: 0.26,0.99) in the upper tertile
remained associated with better survival. In these models the HR for mutated KRAS was
1.56 (0.78,3.13), and 1.52 (0.75, 3.07), respectively.

POPs and trace elements did not substantively change their respective associations with
survival when examined simultaneously; e.g., the HRs for POPs adjusted by selenium were
similar to those unadjusted by this trace element (Table 3), and the HRs for trace elements
adjusted by POPs were similar to those shown in Table 5. We did not find consistent
interactions upon survival between POPs and KRAS, between metals and KRAS, or
between POPs and metals.
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When KRAS mutational status, concentrations of POPs and of trace elements were
simultaneously considered in the same adjusted model (which continued to include age, sex,
stage and treatment), only treatment was statistically significantly related to survival, with
the HRs for treatment being very similar to those shown in Table 2, even though this model
included only 70 PDAC patients.

4. Discussion

We did not find strong influences of KRA.S mutational status, POPs and metals on the
survival of the study participants. By contrast, two well-established clinical factors —stage,
and therapeutic interventions— remained the strongest predictors of survival. The lack of
adverse prognostic effects of POPs and metals measured at the time of diagnosis provide
scientific and clinical reassurance on the effects of such exposures upon survival of patients
with PDAC. The weak or null association with KRA.S mutations contributes to the scant
knowledge on the clinical implications of a genetic alteration frequent in PDAC and other
cancers (Porta et al., 2009a).

However, the possible relevance of the findings is constrained by the study limitations:
diagnostic and therapeutic procedures common more than 20 years ago; low survival; low
sensitivity of the laboratory method to detect KRA.S mutations; lack of detailed information
on surgical and nonsurgical treatments, on BMI and weight loss at diagnosis, treatment
onset, and during follow-up; relatively low number of POPs analyzed; modest numbers of
patients and, therefore, limited precision of estimates, even when their magnitude was
potentially important; blood samples obtained at the time of diagnosis and, hence, possibility
of disease progression bias (Camargo et al., 2019; Crous-Bou, 2009; Gasull et al., 2010;
Gomez-Tomas et al., 2019; Porta, 2001).

During recent decades, diagnostic and therapeutic procedures for PDAC have improved
considerably (Gobbi et al., 2013; Huang et al., 2019; Tempero et al., 2017), and have
benefitted many patients with access to quality care; nonetheless, in unselected series of
patients survival remains quite stable and low, unfortunately. As just mentioned, our study
did not collect detailed information on treatments or on other variables that might influence
survival; e.g., on ABO blood groups or circulating nucleic acids (Rizzato et al., 2013;
Bernard et al., 2019). Still, there is little evidence that such unmeasured variables could be
confounders in the processes we focused on: the combined influence upon PDAC survival of
KRAS mutations, POPs and trace elements. Today, few studies assess the role of such
genetic and environmental factors on clinical outcomes (Porta and Vandenberg, 2019), and
this is the most original, central component of the present report.

Without any doubt, it is necessary to refute or to replicate the present findings in a more
contemporary and large series of patients (Carrato et al., 2015; Huang et al., 2019). If
possible, incident cases arising from a healthy cohort followed prospectively for 15 or more
years before PDAC diagnosis; with detailed information on PDAC histopathology, stage,
treatments, comorbidity, and lifestyle; with information on changes in BMI and health status
during follow-up (i.e, long before diagnosis); and with biological samples collected at entry
into the cohort and at some other intervals (again, long before diagnosis), to avoid possible
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reverse causation: the validity of prognostic estimates based on measurements of POPs and
metals close to the time of diagnosis is uncertain. Thus, two strengths of our study that
future research should incorporate are the study of incident PDAC cases, and the biological
measurement of POPs in serum (or fat tissue) and of trace elements in toenails. The latter
feature is relevant because most studies have determined trace elements in serum or in
pancreatic juice at the time of diagnosis (Carrigan et al., 2007; Farzin et al., 2013; Kriegel et
al., 2006; Laohaudomchok et al., 2011; Lener et al., 2016). No such studies have also
assessed KRAS mutations.

A related, third strength is the assessment of KRAS mutations in tumour tissue, which is
known to yield better sensitivity than detection in serum (Brychta et al., 2016; Parker et al.,
2011a,2011b; Takai et al., 2015). However, as mentioned earlier, our PCR and RFLP
analysis yields a lower sensitivity to detect KRAS mutations than more recent techniques
such as droplet digital (dd) PCR, high resolution melting analysis or next-generation
sequencing (Buscail et al., 2019; Schlitter et al., 2017). Thus, many or perhaps most samples
we characterized as wild-type probably had some KRAS mutations. Therefore, KRAS wild-
type and KRA.S mutated tumors likely had non-zero levels of KRA.S mutations less than and
greater than 1 in 50 alleles, respectively. Today, studies could overcome this possible
misclassification, although, to avoid selection bias, they will likely need to collect tumor
tissue from >80-90% of cohort members diagnosed with incident PDAC —which is feasible,
though not easy (Hoppin et al., 2002; Porta et al., 2002).

Lipid mobilization and the other metabolic changes characteristic of PDAC progression may
have altered serum concentrations of POPs (Gasull et al., 2019), but are unlikely to have
influenced toenail levels of the trace elements. Hair and nail samples reflect the
concentration of elements in the organism over several months, and are thus useful for the
evaluation of chronic exposure (Golasik et al., 2015; Gémez-Tomas et al., 2019; Goyer and
Clarkson, 2001; He, 2011; Hopps, 1977; Slotnick and Nriagu, 2006). Trace elements in nails
are incorporated during their formation (12—18 months) from blood, lymph vessels, body
tissues and epidermis; thus, they reflect exposures or body burdens that have occurred in
such months (Goyer and Clarkson, 2001; Hopps, 1977; Slotnick and Nriagu 2006). The
rationale for their use in studies on disease survival is that the ranking of toenail
concentrations in a group of individuals remains relatively stable over the etiologically
relevant subclinical or clinical time period (Camargo et al., 2019; Gémez-Tomds et al.,
2019). In contrast with etiologic studies, for prognostic studies both the ranking of patients
based on their concentrations of trace elements and POPs at diagnosis, and the absolute
concentrations at diagnosis themselves, may be a valid option.

Patients with a KRA.S mutated tumor had a HR of 1.70 when adjusting only for age, sex, and
stage, which is similar to findings from other studies (Rachakonda et al., 2013; Qian et al.,
2018). However, KRAS mutational status was not significantly associated with survival
when further adjusted by treatment; such adjustment answers a different question, which we
suggest is more clinically significant than the question addressed when treatment is not
taken into account.
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Treatment did not appear to be less effective in patients with a KRA.S mutated tumor than in
patients with a KRAS wild-type tumor. The positive effect of radical surgery on survival was
clear among patients with a KRAS mutated tumour and statistically nonsignificant among
patients with a KRAS wild-type tumour (HR = 0.23 and 0.65, respectively). The positive
effect of chemotherapy or other specific treatments was similar among patients with a KRAS
mutated and a KRAS wild-type tumour (HR =0.09 and 0.12, respectively). When assessing
these results it is important to keep in mind the wide confidence intervals, especially among
wild-type cases. In principle, results rule out confounding by indication. Furthermore, during
the study years, as at present, KRAS mutational status did not influence treatment decisions.
Also, we are not aware that the environmental exposures may affect PDAC in a way that
could affect choice of treatment (if that were the case, when adjusting by treatment, as we
did, we would be adjusting away some of the effect of the exposures on survival).

Low numbers of cases did not allow to analyze the different KRAS codon 12 mutations (i.e.,
their spectrum); nor did we assess KRAS codon 13 mutations (which are uncommon in
PDAC) (Rachakonda et al., 2013). Different KRA.S mutations have different downstream
signaling effects (Céspedes et al., 2006; Porta et al. 2003, 2009b; Shields et al., 2000), and
might differently influence prognosis.

Evidence on associations between KRAS mutations, downstream cell signaling, and
oxidative stress should be considered when assessing the present findings (Parsons et al.,
2013; Boldogh et al., 2012). Certainly, it is beyond the scope of an observational study in
humans to address in detail such mechanistic scenarios. However, it is interesting to consider
how KRAS mutations participate in and are themselves impacted during tumor progression.
KRAS mutation is an early driver of a large percentage of PDAC (Rachakonda et al., 2013;
Waters and Der, 2018), but KRAS mutant cells may also be selected against during tumor
progression (Parsons and Myers, 2013). Our publications have long underlined that we
assess the prevalence of KRAS mutations at diagnosis (i.e., their occurrence and
persistence), not their incidence during preclinical or clinical phases.

When KRAS status and trace elements were jointly included in the models, higher
concentrations of lead and arsenic were significantly associated with better survival.
Although statistically the finding is clear, mechanistic interpretations remain open. We
previously reported that concentrations of several trace elements were higher in KRAS wild-
type PDAC cases than in KRAS mutated cases (Gémez-Tomds et al., 2019).

Indeed, our final sample size was small, and estimates were often statistically imprecise; this
limitation also hampered a wider quantitative assessment of interactions and combined
effects. Furthermore, for studies integrating environmental, clinical, anatomopathological
and genetic information it remains a challenge to overcome incomplete overlapping of the
data; i.e., to have data available on all types of factors for a high proportion of subjects
(Hoppin et al., 2002; Porta et al., 2002). It is important to report transparently these issues
(Gallo et al., 2011), as we do in the section on Methods, in the Supplemental Table and in
the Supplemental Figure. Results in the subgroup of 72 patients with data on KRAS, POPs
and metals are not necessarily more valid than results on the larger subsets of patients, but
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presentation of results in the 72 patients is warranted to interpret changes in estimates when
adjusting for multiple factors.

This study based on molecular, clinical, and environmental epidemiology is the first one to
analyze in any human cancer the combined influence upon survival of KRAS mutations and
biomarkers of POPs and trace elements —three frequent cancer-related factors (Porta et al.,
2009a). Only one previous study (Hardell et al., 2007) analysed the association between
PDAC survival and POP concentrations; it did so in adipose tissue (a strength) of only 21
patients, and it observed a longer survival in patients with lower levels of some POPs. With
six times more patients, our study did not replicate such findings.

Knowledge is available on possible adverse pancreatic effects of POPs and other
contaminants (Amaral et al., 2012; Antwi et al., 2015; Barone et al., 2016; Benetou et al.,
2018; Eriksen et al., 2009; Gasull et al., 2018, 2019; Gore et al., 2015; Hardell et al., 2007
Porta, 2006). There is also extensive evidence on the high number of toxic mixtures
contaminating humans (Lee et al., 2014; Ngst et al., 2017; Porta et al., 2008, 2012;
Pumarega et al., 2016; Tamayo-Uria et al., 2019). Therefore, another study limitation is the
small number of POPs analysed, just the 7 POPs that were detected above the detection limit
in more than 85% of the 144 PDAC cases with POPs determined. Some of the observed
hazard ratios might be confounded —positively or negatively— by other, unmeasured
environmental contaminants, such as dioxins and furans, phthalates, polybrominated
diphenyl ethers (PBDEs), phenols, per- and polyfluorinated alkyl substances (PFAS) and
others (Agier et al., 2019; Chen et al., 2019; Patel and Manrai, 2015; Porta et al., 2008;
Robertson et al., 2001; Rosofsky et al., 2017).

Given the study limitations, it may be premature to definitely rule out significant roles for
KRAS mutations, POPs and metals in the prognosis of PDAC. While inherited and acquired
genetic alterations have been extensively studied, environmental factors also deserve so.
Nevertheless, findings suggest that the well-established clinical factors —pathology, stage,
and therapeutic interventions (Tempero et al., 2017)— remain the strongest predictors of
PDAC survival. Results from models adjusting for treatment imply that therapeutic decisions
influence PDAC survival more than KRA.S mutations, and than environmental contaminants
such as POPs and metals.

5. Conclusions

KRAS mutational status, POPs, and trace elements were not related to PDAC survival when
simultaneously considered along with treatment; only the latter was independently related to
survival. The lack of adverse prognostic effects of POPs and metals measured at the time of
diagnosis provide scientific and clinical reassurance on the effects of such exposures upon
survival of patients with PDAC. The weak association with KRAS mutations contributes to
the scant knowledge on the prognostic implications of a genetic alteration highly frequent in
PDAC.
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Figure 1.
Unadjusted Kaplan-Meier analysis of overall survival of 120 patients with pancreatic ductal

adenocarcinoma according to KRAS mutational status.
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Unadjusted Kaplan-Meier analysis of overall survival of 143 patients with pancreatic ductal

adenocarcinoma according to serum concentrations of polychlorinated biphenyl (PCB) 153

(ng/g of lipid).
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Figure 3.
Unadjusted Kaplan-Meier analysis of overall survival of 117 patients with pancreatic ductal

adenocarcinoma according to toenail concentrations of cadmium (pg/g).
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Table 1.
Survival of patients with pancreatic ductal adenocarcinoma according to clinical and sociodemographic
characteristics.
Characteristics N (%) Median survival (months) Hazard ratio? (95% CI)  p-value
Total 185 3.1
Age
<66 years 85 (459 410 1.00 - 0.005
=66 years 100 (54.1) 22 1.53 (1.13,2.07)
Sex
Men 110 (59.5) 29 1.00 - 0.698
Women 75 (40.5) 3.1 0.94 (0.68, 1.29)

Tumour stage at diagnosis

Stage I 45 (24.6) 5A8b 1.00 - <0.001
Stage II 23 (12.6) 39 1.04 0.62,1.75)
Stage IIT 23 (12.6) 42 1.39 (0.83,2.33)
Stage IV 92 (50.3) 1.7 2.34 (1.62,3.39)
Treatment
No specific treatment 69 (38.3) 1A6b 1.00 - <0.001
Radical surgery 24 (13.3) 84 0.34 (0.19,0.60)
Palliative surgery 45  (25.0) 37 0.49 (0.33,0.75)
Symptomatic surgery 31 (172) 34 0.63 (0.40,0.98)
Chemotherapy or other specific 11 (6.1) 64 0.19 (0.09,041)

Treatment intention

Radical 25 (140) 12.6° 1.00 - <0001
Palliative 53 (29.8) 44 1.07 (0.63,1.83)
Symptomatic 100 (56.2) 20 223 (1.32,3.78)

History of pancreatitis
No 176 (96.2) 27 1.00 - 0.038
Yes 7 (3.8) 6.4 0.44 (0.20,0.95)

History of diabetes mellitus
No 138 (74.6) 2.7 1.00 - 0.846
Yes 46 (249 34 0.94 (0.68,1.29)

Cholestatic syndrome at presentation

Absent 64 (34.6) 3.1 1.00 - 0.148

Partial 39 (21D 20 1.48 (0.98,2.25)

Complete 82 (443) 34 1.33 (0.90,1.94)
Constitutional syndrome at presentation

Absent 12 (65 2.1 1.00 - 0.594

Partial 39 (21D 34 0.86 (0.44,1.69)

Complete 134 (72.4) 29 1.05 (0.57,1.92)
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Characteristics N (%) Median survival (months) Hazard ratio? 95% CI)  p-value
Alcohol consumption
No and occasional 43 (26.2) 24 1.00 - 0.807
Moderate and heavy 121 (73.8) 3.7 0.95 (0.64,1.42)
Tobacco smoking
Never 73 (442) 32 1.00 - 0.275
Former 37 (224 42 0.64 (0.34,1.20)
Current 55 (333) 38 0.89 (0.52,1.53)
Coffee intake
Non-regular drinkers 24 (14.6) 43 1.00 - 0.581
Regular drinkers 140 (854 3.1 1.13 (0.73,1.76)
KRAS status
Wild-type 27 (22.3) 42 1.00 - 0.026
Mutated 94 (77.7) 2.7 1.70 (1.07,2.70)

“All factors adjusted for age, sex and tumour stage.

b
p-value <0.001 (log-rank test).
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Table 2.

Influence on survival of KRAS mutational status, tumour stage, and treatment.

Model Variables Hazard ratio” 95% CI) p-valueb
1 KRAS
Wild-type 1.00 - 0416
Mutated 1.24 (0.74,2.07)
Tumour stage
Stage I 1.00 - 0.046
Stage II 0.66 (0.33,1.34)
Stage IIT 1.07 (0.54,2.11)
Stage IV 147 (0.79,2.72)
Treatment
No specific treatment 1.00 - <0.001
Radical surgery 0.24 (0.11,0.51)
Palliative surgery 051 (0.31,0.86)
Symptomatic surgery 0.67 (0.35,1.27)
Chemotherapy or other 0.13 (0.05,0.35)
2 KRAS
Wild-type 1.00 - 0.087
Mutated 1.52 (0.94,2.46)
Tumour stage
Stage [ 1.00 - 0.089
Stage II 0.72 (0.36,1.45)
Stage 111 1.06 (0.54,2.09)
Stage IV 149 (0.81,2.76)
Treatment intention
Radical 1.00 - <0.001
Palliative 1.38 (0.71,2.69) <0.001 ¢
Symptomatic 3.16 (1.62,6.18)

“In each Cox’s proportional-hazards model the three variables are mutually adjusted for, as well as adjusted for age and gender. Model 1, N = 116;

Model 2, N = 114. There were 121 patients with available results on KRA.S mutational status, of whom 5 and 7 had missing values for treatment or

treatment intention, respectively.

b
Unless otherwise specified, p-value derived from Wald’s test.

c . - .
Test for linear trend (multivariate analogue of Mantel’s extension test).
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Table 3.

Influence upon survival of each persistent organic pollutant.‘7

Unadjusted model Adjusted model®

Compound Medianb (months) Hazardratio (95% CI) p-value Hazardratio (95% CI) p-value

pp-DDT
<224 42 1.00 - 01219 1.00 - 02199
225-614 3.1 103 (0.68,1.55) 0.83 (0.53,131)
>614 25 139 (0.93,207) 0.75 (0.47,1.19)
p.p’-DDE
<1652 34 1.00 - 01839 1.00 - 02009
1653 - 4384 2.1 1.09 (0.72,1.65) 0.86 (0.55.1.36)
>4384 34 132 (0.88,1.99) 0.74 (0.47,1.17)
PCB 138
<167 24 1.00 - 0211 1.00 - 0.052
168 — 299 50 0.77 0.52,1.17) 0.61 (0.39,0.96)
>299 29 112 (0.74,1.69) 097 (0.62,1.53)
PCB 153
<187 24 1.00 - 02509 1.00 - 0.239
188 -313 34 1.09 (0.72,1.65) 0.71 (0.45,1.11)
>313 3.1 128 (0.84,1.95) 097 (0.63,1.50)
PCB 180
<186 34 1.00 - 04829 1.00 - 0.698
187322 3.1 111 (0.74,1.67) 0.96 (0.61,1.50)
>322 38 1.16 0.77,1.74) 1.15 (0.74,1.77)
HCB
<997 3.1 1.00 - 0.324 1.00 - 0.866
998 — 1950 42 0.90 (0.60,1.37) 0.90 (0.56,1.43)
>1950 22 122 (0.81,1.85) 0.88 (0.52,1.48)
BHCH
<625 3.1 1.00 - 0.717 1.00 - 0.199
6261217 42 0.97 (0.65,147) 0.65 (041,1.05)
>1217 25 1.14 (0.76,1.72) 0.73 (0.46,1.18)

Unadjusted model, N = 144; adjusted model, N = 137. There were 144 patients with available results on POP concentrations, of whom 7 had
missing values for tumour stage or treatment.

a . . . . -
Concentrations of each persistent organic pollutant in ng/g of lipid.
Differences were statistically non-significant in all compounds.
c . . . .
Hazard ratios for each POP in Cox’s proportional-hazards models are adjusted for age, gender, tumour stage and treatment.

d . R .
Test for linear trend (multivariate analogue of Mantel’s extension test).

Environ Res. Author manuscript; available in PMC 2021 November 01.

215



Porta et al. Page 27

Table 4.

Influence upon survival of KRAS mutational status and each persistent organic pollutant.‘7

1duosnuepy Joyiny 1duosnuepy Joyiny 1duosnueypy Joyiny

1duosnuepy Joyiny

Hazard ratiob

Model Exposures 95% CI)  p-value
1 KRAS
Wild-type 1.00 - 0.098
Mutated 179 (0.90,3.58)
p.p-DDT
<224 1.00 - 0.260
225-614 0.62 (0.35,1.10)
>614 0.75 (0.43,1.31)
2 KRAS
Wild-type 1.00 - 0.266
Mutated 143 (0.76,2.68)
p.p-DDE
<1652 1.00 - 0422
1653 — 4384 0.70  (0.40,1.22)
>4384 091  (0.52,1.60)
3 KRAS
Wild-type 1.00 - 0.573
Mutated 121 (0.63,2.33)
PCB 138
<167 1.00 - 0.042
168 - 299 0.55  (0.30, 1.00)
>299 1.18  (0.69,2.02)
4 KRAS
Wild-type 1.00 - 0416
Mutated 132 (0.68,2.55)
PCB 153
<187 1.00 - 0.381
188 -313 075 (0.43,1.31)
>313 1.08 (0.63,1.87)
5 KRAS
Wild-type 1.00 - 0.335
Mutated 140 (0.71,2.75)
PCB 180
<186 1.00 - 0.311
187 -322 138  (0.79,242)
>322 149 (0.87,2.55)
6 KRAS
Wild-type 1.00 - 0.255
Mutated 145  (0.77,2.74)
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Hazard ratiob

Model Exposures (95% CI)  p-value
HCB
<997 1.00 - 0.777
998 — 1950 101 (0.59,1.73)
>1950 124 (0.64,2.40)
7 KRAS
Wild-type 1.00 - 0.355
Mutated 134  (0.72,2.49)
B-HCH
<625 1.00 - 0.290
626 - 1217 0.65 (0.38,1.11)
>1217 0.80 (045,141

a . . . . .
Concentrations of each persistent organic pollutant in ng/g of lipid.

Page 28

b
In the Cox’s proportional-hazards models the two variables are mutually adjusted for, as well as adjusted for age, gender, tumour stage and
treatment (N = 98). There were 103 patients with available results on KRAS mutational status and POP concentrations, of whom 5 had missing

values for tumour stage or treatment.
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Table 5.
Influence upon survival of each trace element.
Unadjusted model Adjusted model®
Trace element Median (months) Hazard ratio (95% CI) p-value Hazardratio (95% CI) p-value
Lead
<032 2.1 1.00 - 0.039° 1.00 - 0057
0.33-0.66 3.1 0.66 (0.36, 1.20) 0.76 (0.40, 1.46)
>0.66 4.1 0.55 (0.32,0.94) 0.53 (0.30,0.94)
Cadmium
<001 1.6 100 - 0.010° 1.00 - 0032”
0.01-0.02 3.1 1.05 (0.57,1.92) 0.88 (0.47,1.65)
>0.02 50 0.58 (0.35,0.97) 0.60 (0.35,1.02)
Arsenic
<0.06 29 1.00 - 00162 1.00 - 0011
0.07-0.09 3.1 0.99 (0.63,1.58) 123 (0.75,2.01)
>0.09 50 0.59 (0.38,0.92) 0.58 (0.35,0.96)
Selenium
=<0.55 25 1.00 - 0437 1.00 - 0432
0.56-0.65 44 0.75 (0.48,1.16) 0.72 (0.44,1.19)
>0.65 45 0.94 (0.52,1.70) 0.85 (0.44,1.61)
Zinc
<98.23 20¢ 1.00 - 00357 1.00 - 01167
98.24-117.6 27 0.76 (048,1.221) 0.74 045,1.221)
>117.6 5.8 0.60 (0.37,0.96) 0.65 (0.39,1.10)
Vanadium
<0.01 27 1.00 - 0.079? 1.00 - 0015
0.02-0.03 25 091 (0.58,1.42) 049 (0.29,0.82)
>0.03 55 0.66 (0.40, 1.06) 0.55 (0.33,0.92)
Manganese
<0.17 3.1 1.00 - 02240 1.00 - 0318°
0.18-0.44 2.7 0.80 (0.52,1.23) 0.92 (0.58,1.44)
>0.55 3.7 0.76 (0.47,1.22) 0.77 (0.46,1.28)
Aluminium
<7.10 3.8 1.00 - 0.547 1.00 - 0.074°
7.11-16.75 2.7 1.06 (0.70, 1.60) 0.75 (047,1.18)
>16.75 5.1 0.80 (0.49,1.33) 0.61 (0.34,1.07)
Chromium
<0.21 2.1 1.00 - 0.097? 1.00 - 0.844
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Unadjusted model Adjusted model”
Trace element Median (months) Hazard ratio (95% CI) p-value Hazardratio (95% CI)  p-value
0.22-0.69 34 0.68 (0.42,1.08) 0.84 0.47,1.51)
>0.69 4.7 0.65 (0.40,1.04) 0.92 (0.53,1.60)
Iron
<992 27 1.00 - 0.198 1.00 - 0.225%
9.93-21.20 3.1 1.14 (0.72,1.78) 093 (0.57,1.51)
>21.20 5.1 0.75 (0.46,1.24) 0.73 (0.43,1.24)
Nickel
<023 23 1.00 - 0.340 1.00 - 0.908
0.24-0.64 40 0.73 (048,1.12) 1.00 (0.63,1.59)
>0.64 55 0.95 (0.57,1.58) 1.13 (0.64,1.98)
Copper
<303 21 1.00 - 0.089° 1.00 - 0712
3.04-3.89 29 0.99 (0.63,1.56) 1.22 0.76,1.97)
>3.89 55 0.68 (0.43,1.08) 1.14 (0.69, 1.88)

Concentrations of trace elements (xg/g) in tertiles. Unadjusted model, N = 118; adjusted model, N = 114.

a . . .
“Hazard ratios for each trace element in each model are adjusted for age, gender, tumour stage and treatment.

b, . R .
Test for linear trend (multivariate analogue of Mantel’s extension test).

Page 30

c . . . -
p-value <0.05 (Tarone trend test). There were 118 patients with available results trace elements, of whom 4 had missing values for tumour stage or

treatment.
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ANNEX 2: Questionaris de I’estudi col-laboratiu PANKras Il

ANNEX 2A: Imprés de I’entrevista al pacient (IEP)

IDENTIFICACION DEL PACIENTE

—_

.Codigodelhospital . .. ..ot

2. NUmerodelcasoincluido . . ........... i

3. Nimero de historiaclinica .. ............ccvuuuenn.. S Y
T T T T T T T T T T T T T 11

4. Nombre...........cc .. L1110 111 11 11111
T T T T T T T T T T T T T T1

5. Primer apellido . . ................. e T FE FE N Fe B B B B B A
T T T T T T T T T T T T T T

6. Segundo apellido . . .. ... ... (N N YN
T T T T T T T T 1]

7000010 . Y Y O

IDENTIFICACION DEL MONITOR

T 11
8. Nombre y apellidos (Codificar las iniciales) . . ... .......... ... ... L1
IDENTIFICACION DEL MEDICO ASISTENTE
!
9.Nombre...........c i S R R
T 1T T T 1T 1T 1T 1T 1T 1T T 171711
10. Primer apellido . . ................. D e = B I B B A e B B B
| — —
11. Servicio (especificar): L1
DATOS DE LA ENTREVISTA / 1
[
#. La entrevista se inicia a las froras/minutos] . . . . . ... -
INFORMACION SOCIODEMOGRAFICA
—
12. SEXO [1-Masculino, 2-FEMENino] . . . . « v v v v e et e e et e e e e L
Y e e Y o |
13. Fechadenacimiento . .............................. R R ) S
14. Municipio y provincia de nacimiento: (Especificar)
I I I — —
/ L1 1]
—
15. Estado civil [1-Soitero/a, 2-Casado/a, 3-Separado/a, 4-Divorciado/a, 5-Viudo/a] . . . . oo v ov oo L
11
16. ¢ A qué edad inici6 10S eStUdIOS? . . .. oo v vt L
|
17. ¢ A qué edad termind los estudios? . ...........c.ci i L
—
18. Si edad de escolarizacién < 2 afios, ¢ sabe leer/escribir? (1-si,2Noj . . ... ...... ... .. L
19. Clase ocupacional familiar:
(Especificar profesién/ocupacion actual del cabeza de familia o la tltima que tuvo si esta jubilado o en paro)
| I ——
11
LOCALIZACION DEL PACIENTE
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Datos del paciente:
20. Calle.. . ..

21. Numero
22. Piso
23. Municipio .
#. Provincia
24. Codigo postal

25. Teléfono

I R e |

L1 11 1 11

O I I I Y B R

_________________ T T Y Y Y Y Y I
CT T T T T T T T T 1T T I T T T T T T T T 1 T T T
NN Y Y O A Y
I I I I O R B

_____ (T Y Y Y Y Y Y Y
TTTT7T

L1 1 1 11

s I B B

Datos de un familiar o amigo préximo que no conviva con el paciente:

26. Nombre

27. Primer apellido .

28. Segundo apellido . ................ M e
FT T T T T T T T T T T T T T T T 1T T T 1T 1T 1711

29. Calle . . .. (N Y Y Y Y Y Y O
I B

30.NUMEIO . . oot L1t 11111
I B I R B B B

31.PiSO.....o e
I I B B B B N B B B B

32. Municipio . (N Y Y Y Y Y Y O
T T T T T T T T T T T T T 1T T T 1T 1T

# Provincia . . . . ... ..., (T Y T Y A Y
N N N E— — |

33.COdIigo postal . . ..ot e
e e e s B B |

34. Teléfono

INFORMACION CLiNICA

Antecedentes familiares patologicos

Preguntar si sus padres, hermanos o hijos padecieron o padecen enfermedades graves (hipertension
arterial, diabetes, enfermedades coronarias, tumores, ...), si han sufrido alguna intervencion quirtrgica
0 algun traumatismo importante, y si fallecieron, preguntar por la causa de muerte.

(Especificar parentesco / Localizaciéon tumoral)

—T—1 T 717
35-36. / L 1 L1 11
11 17717
37-38. / I A A
—T—1 111
39-40. / [ O
N s Y s
41-42. / [N -
| I — - — — —
43-44. / [
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Antecedentes personales patoldgicos

¢ De cuales de los siguientes transtornos patolégicos ha sido diagnosticado/a por algun médico?
Preguntar por todos ellos.

[]

45. Diabetes Mellitus -Azdcar en la sangre- [1-Si, 2-NoJ « < v o v v v v vt e i

46. Fechadiagnostico . . .. ...t R

#. Tratamiento: (especificar)

47. Pancreatitis cronica
-Varios episodios de: dolor abdominal, inflamacién pancreética, quistes en el pancreas- [1-Si, 2-Noj . .

s e I e e I
48. FechadiagnOstico . . ... .coooiii i L

[]

#. Tratamiento: (especificar)

49. Pancreatitis aguda
-Un solo episodio de: dolor intenso abdominal, inflamacion del pancreas- [1-Si, 2-NoJ . . . . . ... ..

[]

50. Fecha diagndstico . . ... ..o L1l
#. Tratamiento: (especificar)

[]

51. Colelitiasis -Piedras en el higado 0 en la vesicula- [1-Si, 2-N0] . .« « « v v oo v e e eae

52. Fechadiagnostico . . . ...oovveve oo L
#. Tratamiento: (especificar)

[]

53. Colecistitis -Infeccion de las piedras del higado o de la vesicula- [1-Si, 2-NoJ . « v+« v v v o v v v ..

54. FechadiagnOstico . . . .. cooviieni i LL L1l
#. Tratamiento: (especificar)

(o)
o
g~
Q
(0]
=
[}
«Q
QO
2]
=3
=
Q
Q
=
o
Q
@
=)
L
=
Q
«Q
D
[v]
=}
o
(7]
IR
a
QO
Q
R
D
a
o
3
Q
«Q
o
[e]
@
=}
R
D
a
o
3
Q
«Q
?
=
P
2
S

#. Tratamiento: (especificar)

57. Transtorno/s psiquiatrico/s —/
-Ansiedad, depresion o nervios que precisaron tratamiento por el psicélogo/psiquiatra- [1-Si, 2-Noj . . L

#. Especificar

58. Fechadiagnostico .. ...........oo i, L = B

#. Tratamiento: (especificar)

59. Alergias —
-Rinitis, asma, erupciones cutaneas, fiebre del heno, alergia a algin medicamento- [1-Si, 2-No] . . . . L

#. Especificar

60. Fechadiagnostico . . .. ... iiii i R

#. Tratamiento: (especificar)
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Sintomatologia

61. ¢ Desde cuando se encuentra mal? [Primera fecha que el paciente refiere] N oy S N By

62. ;Qué fue lo primero que notd por aquel entonces?: (especificar)

i

[Primer sintoma que el paciente refiere -1SPR-]
Preguntar si antes o después del 1SPR noto o ha notado alguno de los signos o sintomas siguientes:

63. ¢Notd o ha notado dolor abdominal? [1-8;,2-Noj . . .. . oo oo i

L] []

64. ;COmo era el dolor? [3-Continuo, 4-DiSCONtinUO] - « « « « v« v v v v e e ettt eeans
¢ Donde se localizaba el dolor?

65. Dolor en hipocondrio derecho [1-Si, 2-Noj . . .+« o v oo i
66. Dolor en hipocondrio izquierdo [1-8i, 2-NoJ . . . . .. ..o
67. Dolor en epigastrio [1-Si, 2-Noj . . « « .« o v oot
68. Dolor dorsal [1-8i, 2-Noj . . . . o oot e

69. ¢ Not6 o ha notado si vomitaba o vomita mas? /1-si,2Noj. . ... ..o

(100000

70. ¢Notb o ha notado si tenia o tiene arcadas como si fuera a vomitar? [1-si, 2-Noj . . . .

71. ¢Noté o ha notado si hacia o hace mas deposiciones o deposiciones menos
CONSISEENtES? [1-5/, 2-NOJ . .« v o e e e et e e e e e

72. i Notb o ha notado si sus heces eran o son brillantes o flotaban o flotan? 1-si, 2-Noj
73. ¢Notb o ha notado si sus heces eran o son de un color mas claro? 1-si, 2Noj . . . .

74. i Not6 o ha notado si su orina tenia o tiene un color mas oscuro? 1-Si, 2-Noj . . . . . .
75. ¢ Notb o ha notado si su piel tenia o tiene un color mas amarillento? j1-si, 2-Noj . . . .

76. ¢ Notb o ha notado si tenia o tiene mas picor? [1-Si, 2Noj . . . .. oo ii i

OOl

77. ¢ Not6 o ha notado si se encontraba o encuentra mas débil? j1-si, 2noj . . .. .. ...

78. ¢ Notb o ha notado si no tenia o no tiene tanto apetito como de costumbre?
[1-80, 2-NOJ « v v v e e e e e e e e e

][]

79. ¢, Notb o ha notado si perdi6 o ha perdido peso? [1-Si,2-NoJ . . . . . ..o vvivnn.

80. ¢ Notb o ha notado si tenia o tiene menos animo de hacer las mismas cosas de
SIBMPIE? [1-8, 2-NOJ . « o« o e et e e e e e e e e e e e

[]

81. ¢Notb o ha notado dolores intensos en diferentes partes de sus piernas o brazos?
[1-Si,2-NOJ . v oo it e e e

[]
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INFORMACION EPIDEMIOLOGICA
Tabaquismo

82. ;Es 0 ha sido fumador/a? [1-8i, 2NoJ . . . .« v o
[Definicién de fumador: fumar o haber fumado una cantidad igual o superior a 10 cigarrillos/semana, o
4 puros/semana o 4 pipas/semana, durante un periodo de tiempo igual o superior a 1 afio.]
Si no es ni ha sido fumador/a, pasar a Habito endlico

83. ¢, Qué tipo de tabaco fuma/ba?:
[1-Exclusivamente cigarrillos, 2-Exclusivamente puros, 3-Exclusivamente pipa, 4-Cigarrillos y puros,
5-Cigarrillos y pipa, 6-Cigarrillos, puros y pipa, 7-Puros ypipal . « « « v v v v v i i i i it e e
Dentro de cada apartado de los que siguen determinar para cada periodo la marca, la edad de inicio,
la edad de finalizacién, y el promedio diario (n° aproximado de cigarrillos, puros o pipas por dia).

[]

[]

Cualquier cambio de alguna de estas caracteristicas debe consignarse como un nuevo periodo.

SN ——
T—T11 I i I
84-7. Cigarrillos . . . ........... Negros -——— L | pypjos L LL L]
Marca Desde Hasta Clase de tabaco Patron inhalatorio N° cigarrillos/dia

(edad-afos-) (edad-arfios-) (1-Negro,2-Rubio) (1-Boca,2-Cuello,3-Profundo)

JddddHHE
JddddEHD

ﬁDDDDDDDD

" BHABRBBAA

88-9. PUIOS . . ..o
Marca Desde Hasta Ne puros/dia
(edad-arios-) (edad-afios-)
T T 1 T T
90-1. PIpas . . .o e e e
Marca Desde Hasta Ne pipas/dia
(edad-anos-) (edad-afos-)
L1 [ L1
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Habito endlico

Preguntar si el paciente toma o ha tomado los siguientes tipos de bebida y en su caso, la cantidad
semanal tomada (volumen semanal):

Tipos de bebida: Unidades de volumen:
cervezas: ligera, media, mas fermentada 1/2 medida de licor
vinos espumosos, champan-cava, sidra 1 medida de licor
vinos aperitivos, vermouth, amontillados, jerez 1 vaso de vino
licores de frutas, marc de champan-cava 1/4 botella
vino, oporto 1 jarra de cerveza
cofac, whisky 1/2 botella
ron, ginebra 1 jarra grande de cerveza
etc. 1 botella

T T
92-3. Alcohol e T e

Para cada periodo determinar el tipo de bebida, la edad de inicio, la edad de finalizacién y el promedio
semanal (volumen de alcohol por semana). Cualquier cambio de alguna de estas caracteristicas debe
consignarse como un nuevo periodo.

Tipo de bebida Desde Hasta Volumen semanal
(afios de edad) (anos de edad)

11
11
11
T
11
11

11
11

11
11
11

E} E} E} E} E} E} E} E} E} E} E} =

CCECCEEEEEEE

Si bebe vino varias veces al mes:

94. ;Compra normalmente el vino embotellado o a granel?

(B
[1-embotellado, 2-a granel, 3-embotelladoyagranel] . . . . . . v v o i i e L
Si compra el vino embotellado:
) . [
95. ¢ Las botellas que compra son de 3/4 de litro o de 1 litro? [1-de 3/4 de litro 2-de 1 litro] . . L
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Consumo de café

1

96. ¢ Bebe 0 ha bebido habitualmente café? [1-Si, 2Noj . . . ... ... L
[Definicién de bebedor habitual de café: consumo regular de al menos dos tazas por semana, durante al menos un afio.]
Si no es ni ha sido bebedor/a habitual de café, pasar a Habitos nutricionales generales
, " .

97. Numero de tazas que tomaba a la semana durante el afio anterior al 1SPR. 11
98. Edad de iNICIO [enaios] . . « « v v v vttt e e e e L1
99. Edad de finalizacion fen arios. i atin es bebedor/a habitual de café, codificar edad actual] . . . . . . L1

Habitos nutricionales generales

Preguntar si durante el afio anterior al 1SPR ha consumido los siguientes grandes tipos de alimentos,
codificando la frecuencia de consumo de cada uno de ellos.

Tipo de alimento Frecuencia de consumo
[1-Rara vez o nunca, 2-Si, varias veces por mes,

3-Si, varias veces por semana,

4-Si, a diario, 5-No sabe, no recuerda]

100. Leche o derivados (queso, yogourt, etC) . . .. ..ottt
101 HUBVOS . . .
102. Carne . . . .o e
103, PeSCAUO . . . ..ot
104. Verduras frescas . . . ... ..o
105. Verduras CoCIdas . . . .. ..ottt e

106. Frutas . ... .o
107, Pan . .
108. Patatas . .. ...
109. Cereales y legumbres . .. .. ... i e
110. Embutidos . . ... ...

111. Mantequilla . .. ... ..

T12. Manteca / Grasa . . ... oo vttt

OO0l

113. Aceite vegetal . . . .. ..
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Exposicion laboral

—
114. ;Ha estado alguna vez en contacto con herbicidas? j1-si, 2Noj . . .. .. ... ... ... L
Si Si, especificar: T T
115. ; De qué edad a qué edad o durante cuantos meses? L1 11
¢Actividad realizada?

¢ Productos a los que estuvo expuesto?

116. ¢ Ha trabajado en alguna industria en la que se procese o maneje petroleo,
gasolina o alquitran (refineria, gasolinera)? [1-si, 2-Noj . . . . ..o

Si Si, especificar: — T
117. ¢ De qué edad a qué edad o durante cuantos meses?

¢Actividad realizada?

¢Productos a los que estuvo expuesto?

118. Ha trabajado en alguna industria quimica? [1-si, 2-Noj . . .. ... oo i

Si Si, especificar: — T
119. ¢ De qué edad a qué edad o durante cuantos meses?

¢Actividad realizada?

¢Productos a los que estuvo expuesto?

—
120. ¢ Ha trabajado en alguna industria metalurgica? /1-Si,2Noj . . . . ..o v v un ... L

Si Si, especificar: —TT 1
121. ¢ De qué edad a qué edad o durante cuantos meses?

¢Actividad realizada?

¢Productos a los que estuvo expuesto?

—
122. jHa trabajado alguna vez con caucho? [1-8i, 2-NoJ . « v o v v cve v e e L

Si Si, especificar: — T
123. ; De qué edad a qué edad o durante cuantos meses?

¢Actividad realizada?

¢Productos a los que estuvo expuesto?

—
124. ;Ha trabajado alguna vez en artes graficas (imprenta, fotocopias)? [1-si, 2-Noj . . . . L

Si Si, especiﬁcar: i ——
125. ; De qué edad a qué edad o durante cuantos meses?

¢Actividad realizada?

¢Productos a los que estuvo expuesto?
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Exposicion laboral (continuacion)

1

126. ¢ Ha trabajado alguna vez en una joyeria? [1-8;, 2Noj . .« .« o coeeiiiaa e L

Si Si, especificar: e —

127. ¢ De qué edad a qué edad o durante cuantos meses? L1 11
¢Actividad realizada?

¢Productos a los que estuvo expuesto?

128. ¢ Ha trabajado alguna vez en una industria de fabricacion de automoviles o taller

1

de aUtOMOVIIES? [1-5, 2-NOJ . « « . o v o e e e e e e e e e e L

Si Si, especificar: —T—T

129. ; De qué edad a qué edad o durante cuantos meses? LT 1
¢Actividad realizada?

¢Productos a los que estuvo expuesto?

130. ¢, Ha trabajado alguna vez como curtidor de pieles? 1-si, 2Noj . . . ... ..........

Si Si, especificar: — T
131. ;De qué edad a qué edad o durante cuantos meses?

¢Actividad realizada?

¢Productos a los que estuvo expuesto?

—
132. ¢ Ha trabajado en alguna industria textil? /1-si, 2-Noj . . . . ..o L

Si Si, especificar: —TT 1
133. ¢ De qué edad a qué edad o durante cuantos meses?

¢Actividad realizada?

¢Productos a los que estuvo expuesto?
134. ;Ha realizado algun otro trabajo por un periodo superior a 6 afios?

Si Si, especificar: — T
135. ;De qué edad a qué edad o durante cuantos meses?

¢Actividad realizada?

¢ Productos a los que estuvo expuesto?
136. ¢ Ha realizado algun otro trabajo por un periodo superior a 6 afios?

Si Si, especiﬁcar: —T—T—1
137. ¢ De qué edad a qué edad o durante cuantos meses?

¢Actividad realizada?

¢ Productos a los que estuvo expuesto?
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DATOS DE LA ENTREVISTA / 2

#. La entrevista finaliza a 1as fhoras/minutos] . . . . ... oo L1

HH

138. Duracion de la entrevista fenminutos] . . . ... oo o

139. Fechadelaentrevista.............coviiiiinuinn.. L L1

1
140. ¢ Se tuvo que interrumpir la entrevista y seguirla en otro momento? 1-si, 2-Noj . . . . L
[

# Si Si, especificar
141. Fiabilidad subjetiva de la informacion recogida en la entrevista: —
[1-Muy fiable, 2-Bastante fiable, 3-Poco fiable, 4-Muy poco fiable] . . . . . . v v v v v i i i e e e L
142. Persona/s que responde/n la entrevista: —
[1-Exclusivamente el paciente, 2-Exclusivamente un/os familiar/es, 3-Paciente y familiar/es] . . . . . . ... ... L
. 1
143. Estado de la entrevista [1-Completa, 2-Incompleta, 3-No realizada] . . . . . . oo v vve e ann L
144. Motivo de entrevista incompleta o no realizada: —
[1-No quiere/n responder, 2-Imposibilidad fisica o mental, 3-Muerte del paciente, 4-Otro (especificar)] . . . . . . L
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Comentarios

Comentarios que el entrevistador/a crea oportuno resaltar sobre el presente caso:
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ANNEX 2B: Impreés de diagnostic clinic (IDC)

IDENTIFICACION DEL PACIENTE

—
1. Codigo del hospital . . .. ... L
T T 1
2.Numerodelcasoincluido . ... ....... ... L1 11
I O
3. Numero de historiaclinica. ..............ccovevun.... Lt 111111
I B Y B B
4.Nombre . .......ccouiiiiiii... R S S Y
rT T T T T T T T T T T T T 11
5. Primer apellido . .................. L
T T T T T T T T T T 1T T T 11
6. Segundo apellido . ................ R R S S )
T 1T 111
# Fechadenacimiento..............oiuiininiinennnnn. R S A
T T T T T T T T 1
7.CO0IGO . .. I T Y Y Y Y
IDENTIFICACION DEL MONITOR
T 11
8. Nombre y apellidos (Codificar las iniciales) . . . ... ....................... L1
IDENTIFICACION DEL MEDICO ASISTENTE
T T T T T 1T T T 17 T 11
9.Nombre............ ... ... ... ... ... Lt 11111111
rT T T T T T T T T T T T T 11
10. Primerapellido . . ................. e S e
| I —
11. Servicio (especificar): [
INFORMACION CLINICA
Proceso diagnéstico / 1 — Ingreso —
T 1 T 111
12. Fecha deingreso . ...........ouiiiiinnnnnnnana... R R S
T T 1 1
13. Motivo de ingreso: (especificar) I
Proceso diagnodstico / 2 — Exploracion al ingreso —
—
14. Paciente CaqUECHICO [1-S7, 2-NoJ . « « « v o v oot e e e e e L
—
15, ICEIICIA [1-5, 2-NOT .« « e v e e e e e e e e e e e e e e e e e e e L
1
16. Masa en epigastrio [1-Si, 2-NoJ . . v v v v vt et e L
1
17. Masa en hipocondrio dereCho [1-5i, 2-Noj . .+« .« v oo v e e e L
—
18. Masa en hipocondrio izquierdo [1-8i, 2-Noj . . . ... oo L
19. Signo de Courvoisier-Terrier -Palpacién dolorosa de una masa en hipocondrio derecho- ™/
[1-80, 2N0] « v o e e e e e e e e e e L
1
20. Hepatomegalia [1-Si, 2-NoJ . . .« v o v e e e e e L
—
21, Esplenomegalial [1-Si, 2-NoJ . . . .« oo v ot e et e e L
—
22, ASCHIS [1-87, 2-NOJ « +  « v e v e e e e e e e e e e L
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Proceso diagnostico / 3 — Antecedentes patoldgicos —

¢De cuéles de los siguientes transtornos patolégicos ha sido diagnosticado/a por algun médico?

[]

23. Diabetes Mellitus -Azicar en la sangre- [1-Si, 2-N0J . < v o v v oo v e e e e e

24. FechadiagnOstico . . ... .ooviien i L
#. Tratamiento: (especificar)

25. Pancreatitis cronica
-Varios episodios de: dolor abdominal, inflamacién pancreatica, quistes en el pancreas- [1-Si, 2-Noj . .

[]

26. FechadiagnOstico . . . ........coviieeeeeennnn, L 11l
#. Tratamiento: (especificar)

27. Pancreatitis aguda
-Un solo episodio de: dolor intenso abdominal, inflamacion del pancreas- [1-Si, 2-No] . . . . . . .. ..

[]

28. Fechadiagnostico . . .. ... T
#. Tratamiento: (especificar)

[]

29. Colelitiasis -Piedras en el higado 0 en la vesicula- [1-S;, 2-N0J . . « v o oo e e eee e eaae .

30. Fechadiagndstico . . .. ... oo L1l
#. Tratamiento: (especificar)

[]

31. Colecistitis -Infeccion de las piedras del higado o de la vesicula- [1-Si, 2-NoJ . . v . . oo oo v o v ..

32. Fechadiagnostico . . .. ....oovvviee i R
#. Tratamiento: (especificar)

[]

33. Ulcera gastro-duodenal -Llaga en la salida del estomago o en el estémago- [1-Si, 2-No] . . . . .

34. Fechadiagndstico . . ... ..o L1l
#. Tratamiento: (especificar)

35. Transtorno/s psiquiatrico/s
-Ansiedad, depresion o nervios que precisaron tratamiento por el psicélogo/psiquiatra- [1-Si, 2-Noj . .
#. Especificar

[]

36. Fechadiagndstico . . . ........covinieeeennnn, L e el
#. Tratamiento: (especificar)

37. Alergias
-Rinitis, asma, erupciones cutaneas, fiebre del heno, alergia a algin medicamento- [1-Si, 2-NoJ . . . .
#. Especificar

[]

38. Fecha diagnOstico . . . ... v v L1
#. Tratamiento: (especificar)

39. Cancer -Tumor maligno de cualquier localizacion- [1-Si, 2-NoJ . . . v o v oo v e e e ee e
#. Especificar

40. Fechadiagnostico . . .. ...covovi i R
#. Tratamiento: (especificar)
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Proceso diagnéstico / 4 — Sintomatologia —

e e T e s e
41. Fecha del primersintoma . . ..........coovviiiiiinn... Ll
42. Primer sintoma: (especificar)
I — |
-

Sintomatologia que el paciente presenté desde el primer sintoma hasta el diagndstico:
43. ;Dolor abdominal? [1-8i, 2-NoJ . « « v v v o e e e

44, z,Cc')mo era el dolor? [3-Continuo, 4-Discontinuo] . . . . ... oo
¢Donde se localizaba el dolor?

45. Dolor en hipocondrio derecho [1-Si, 2-NoJ . . .+« o oo e e
46. Dolor en hipocondrio izquierdo [1-Si, 2-NoJ . « « .« « v oo
47. Dolor en epigastrio [1-8, 2-NoJ . .« o v o v ittt e
48. Dolor dorsal [1-8i, 2-Noj .+« v o v e e
49, G VOMILOS? [1-8, 2-NOT .« v o v v e e e e e e e e e e e e e e e e e e e
B50. {NAUSEAS? [1-5i, 2-NOJ .« « v o v e e e et e et e et e et e e e e
BT, ¢DIAIT@aT [1-Si, 2-NOJ . « v v o e v e e e e e
B52. (Esteatorrea? [1-8i, 2-No . « o o v v
53. HIPOCOIA? [1-8, 2N . « v o e e et
B4, 6 COIUMAT [1-Si, 2-NOJ « « v v v et e e e e e e
B5. ¢ICteriCia? [1-8i, 2-NOT .« o o v e e
B6. ¢ PIUMLO? [1-51, 2NOJ « v v v et e e e e e e e e e
57, GASIENIAT? [1-81, 2-NOJ .« « o v e e e e
B58. ¢ ANOIEXIAP[1-Si, 2-NOJ .« « v v v e e e e e e e e

59. (Pérdida de PeSO? [1-Si, 2-NO « « « v v ot e e

OO0 o

60. ¢, Sintomas psiCOlOGICOS? [1-Si, 2-NoJ . « .« o v v v e et e e e e
# ;Cudles? (especificar)

[]

61. ¢ Tromboflebitis? [1-Si, 2-NoJ . . . ... ...

Se ha planteado la posibilidad de que el caso se trate de:

62. ¢ Una neoplasia de pancreas? [1-Si, 2-No, 9-NOCONStA] « « « « v v v v v v e ve e eee e eeenns
63. 4 Una neoplasia de vias biliares? [1-Si, 2-No, 9-Noconsta] . . . .o oo
64. ;Una pancreatitis cronica? [1-Si, 2-No, 9-No constal . .« « v v v v v v e e e eeen

65. ¢ Un pseudoquiste pancreatico? [1-Si, 2-No, 9-Noconstal . . . .« v v o v v i eaaaeae e

10000

66. ¢, Un quiste pancreatico? [1-5i, 2-No, 9-NoConstal . « « « v v v v e v e vt et e e
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Proceso diagndstico / 5 — Analitica —

67. Fecha de la analitica (la mas préxima alingreso) . . . . . .......... {S S A
68. Glicemia (mg/di) [Si no realizada, codificar; 999] . « « + v+ v v vt e [
69. Bilirrubina directa -conjugada- (mg/di) [Si no realizada, codificar; 99.99] . . . . . . . L1
T 11
70. Bilirrubina total (mg/di) [Si no realizada, codificar; 99.99] . « .« + v oo v i L1
71. GOT/AST (U/) [Si no realizada, codlificar; 999] . « « « « « v v v v v ev et et et e eeaeaes L1 11
72. Gamma-GT (U/) [Si no realizada, codificar; 9999] . . .« « v v v v v oo eee et L1 11
.
73. Fosfatasas alcalinas (U) (Si no realizacas, codificar; 9999] . . . . . . oo oo oo vvvn.. L1111
74. Lipasa sérica (U/) [Si no realizada, codlficar; 9999 . « « « « « « « v e v e e L1111
75. Amilasa sérica (U/) [Si no realizada, codificar; 9999] . « « v« v v e e L1111
T T 11
76. Amilasa orina (U/) [Si no realizada, codificar; 999] . . . . v . v v i L1111
Proceso diagndstico / 6 — Marcadores tumorales —
T T 11
77. CEA (ngr/mi) [Si no realizado, codificar; 9999]. . . . . . v v v v v e et L1111
78. Fechadeterminacion CEA . ........................... e
79. CA 19-9 (U/ml) [Si no realizado, codificar; 9999] . « + « v v vt v v e et L1111
T 1T 1T
80. Fecha determinacion CA19-9 ......................... [S A
81. CA-125 (U/ml) [Si no realizado, codificar; 9999] . « « « v v v v v v e et et e e aee e I -
T 1T 1T
82. Fecha determinacion CA-125. .. ....................... SN Ry
83. CA-50 (U/mi) [Si no realizado, COGIfICar; 9999 . « « « « « « v v v ve e e e e e L1111
1 rr1rri
84. Fechadeterminacion CA-50 . .......................... Iy A N )
Proceso diagnostico / 7 — Fibrogastroduodenoscopia —
) . 1
85. Fibrogastroduodenoscopia [1-Si, 2-No, 9-Si, pero no constal . .+« « « v v oo e e vi e e een s L
Si no se hizo o no consta la fibrogastroduodenoscopia, pasar a Proceso diagnéstico /8
» 1
86. TUMOracion dUOdENal [1-5, 2-NOJ . « « « o v v e e e e e e e e e e e e e e L
. 1
87. TUMOracion ampuUlar [1-8i, 2-NoJ . - .« o« oo e e e e e e e e e e e e L
. 7 . '_|
88. TUMOracion QAStriCa [1-Si, 2-NOJ . « v v v oo e ettt e et e et et e L
. ’ . ,_l
89. ¢ Existe otra patologia no mencionada? [1-Si, 2-NoJ . . . ..o . vt L
Si existe otra patologia no mencionada, especificarla:
. . ’ ,_l
90. ¢,Se hizo CItologia? [1-Si, 2NoJ . .+« . v v v et L
1
L

91. ¢, Se hizo biopsia? [1-5i, 2NoJ . . . o o oo

92. Fecha de la fibrogastroduodenoscopia . . .. .............. L

93. Médico que realizo la exploracion (1er apellido) S A
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Proceso diagndstico / 8 — Ecografia —

94. z,Se hizo eCcog rafia? [1-Si, 2-No, 9-Si, perono constal . . . v« v v i

Si no se hizo 0 no consta la ecografia, pasar a Proceso diagnéstico /9

95. ;Se visualiza el pANCreas? [1-8i, 2-Noj . . . .« v oot e

96. Presencia de masa pancreatica [1-5;, 2-Noj . . . v v oo v ve e

Si existe masa pancreatica:

97. Ecogenicidad:

[4-hipoecoica, 5-isoecoica, 6-hiperecoical . . . . . . o o i i i e

98. Sublocalizacién/es:

[1-cabeza, 2-cuerpo, 3-cola, 6-cabeza y cuerpo, 7-cuerpo y cola, 8-cabeza, cuerpo y cola, 9-no constaj . . .

99. Presencia de quiste/s pancreatico/S [1-Si, 2-NoJ . . . .« oo oo

Si existe quiste/s pancreatico/s:

100. Sublocalizacion/es:

[1-cabeza, 2-cuerpo, 3-cola, 6-cabeza y cuerpo, 7-cuerpo y cola, 8-cabeza, cuerpo y cola, 9-no constaj . . .

101. Presencia de pseudoquiste/s pancreatico/s [1-Si, 2Noj . . v« v oo oo vn s

Si existe pseudoquiste/s pancreatico/s:

102-3. Localizacion/es:

[J 00 [

[J 00 [

][]

104. Dilatacion del Wirsung [1-8i, 2-Noj . . . . .. oo oo i e
105. Dilatacion del colédoCo [1-Si, 2-Noj . . v v v oo e e
106. Calcificaciones pancreaticas [1-Si, 2-NoJ . . .« o oo v i
107. Presencia de masa hepatica1-si,2Noj. . . . ...
108. Presencia de adenopatias regionales [1-5i, 2-Noj . . . o« oo i i i

109. Afectacion de 6rganos VeCiNOS [1-8i, 2-Noj . . . . .« oo v v i

Si existe afectacion de 6rganos vecinos:

110-2. Localizacion/es:

OO OO0

/ / L0

113. Presencia de colelitiasis [1-Si,2-Noj . . . ... . oo

114. ; Existe otra patologia no mencionada? (1-si,2-Noj . . .. ..o vvvvii ...

Si existe otra patologia no mencionada, especificarla:

115. ¢ Se hizo citologia? [1-Si, 2NoJ .« « v v v et

][]

[]

116. Fechade laecografia ..................coiiiinnnn... L

117. Médico que realiz6 la ecografia (1er apellido) . . S
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Proceso diagnéstico / 9 — Tomografia axial computarizada (TAC) —

118. §,Se hizo TAC? [1-Si, 2-No, 9-5i, PEro N0 CONSIA] « «+ « « « v v v v e e e e e et ettt e e ene e
Si no se hizo o no consta la TAC, pasar a Proceso diagnéstico /10

119. Aumento difuso del PaANCreas [1-Si, 2-NoJ . « « v v v v v v v et e e et e

(100 [

120. Presencia de tumor pancreatiCo [1-8i, 2-NoJ . .« o« o v vt
Si existe tumor pancreatico:
121. Sublocalizacion/es:

[1-cabeza, 2-cuerpo, 3-cola, 6-cabeza y cuerpo, 7-cuerpo y cola, 8-cabeza, cuerpo y cola, 9-no constaj . . .
122. Dilatacion del WirSUNG [1-Si, 2-N0J .« « « v o v e e e e e e et e e et i
123. Dilatacion de vias biliares extrahepaticas [1-Si, 2NoJ . . . .o oo i i
124, TumMor hepatiCo [1-5i, 2-NoJ .« « v v v o e e e e e e e e e
125. Tumor de vias biliares extrahepaticas [1-Si, 2-Noj . . . . . ..o
126. Tumor en el dUOdENO [1-Si, 2-NoJ .« .« v v v v e e e e e e e e e e e e eeas

127. Afectacion de adenopatias regionales [1-Si, 2Noj . . . ..o o i

128. Afectacion grasa peripanCreatiCa [1-5i, 2-Noj . . « o v v v v v v e et

O OO0 000

129. Afectacion de 6rganos VECINOS [1-8i, 2-NOJ . « v v v v v o v it e e e
Si existe afectacion de 6rganos vecinos:

130-2. Localizacién/es:

/ / N T T N A

133. Calcificaciones pancreaticas [1-Si, 2-NoJ . « . v v o v o v et

][]

134. Presencia de quiste/s pancreatico/S [1-Si, 2-NoJ . . .« v v o v o i i
Si existe quiste/s pancreatico/s:

135. Sublocalizacion/es:
[1-cabeza, 2-cuerpo, 3-cola, 6-cabeza y cuerpo, 7-cuerpo y cola, 8-cabeza, cuerpo y cola, 9-no constaj . . .

][]

136. Presencia de pseudoquiste/s pancreatico/s [1-Si, 2NoJ . . v« v oo v v ie e
Si existe pseudoquiste/s pancreatico/s:

137-8. Localizacion/es:

o o
/ I Yy B
1
L

139. ¢ Existe otra patologia no mencionada? [1-i,2-Noj . . . . ..o oo
Si existe otra patologia no mencionada, especificarla:

[]

140. ¢, Se hizo citologia? [1-8i, 2-Noj . . .« oo o e e

141. Fechade laTAC ... ..ot L1l

142. Médico que realiz6 la TAC (1er apeliido) . . . . . . s e T S S S B B A
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Proceso diagnostico /10 — Colangiopancreatografia retrograda endoscépica
(ERCP) —

143. ;Se hizo ERCP? [1-Si, 2-No, 9-Si, perono consta] . . . « v oo oo v i i e e e aee
Si no se hizo o no consta la ERCP, pasar a Proceso diagnéstico /11

144. Estenosis del COIEdOCO [1-S7, 2-NoJ . . .« o v v vt e
145. Estenosis del WirsSung [1-Si, 2-Noj . .« « o« oo v et e e e e e
146. Dilatacion del WirSUNg [1-Si, 2-NoJ .« « .« v v e e e e e e e e e e e
147. Afilamiento del Wirsung [1-8i, 2-Noj . . .« oo o e i
148. Obstruccion completa del Wirsung [1-87, 2-Noj . o« v v v oo e

149. Afectacion de vias biliares extrahepaticas (1-si,2Noj . . . .. ...

OOt o

150. ¢ Existe otra patologia no mencionada? [1-8;,2-Noj . . .. .. oo i
Si existe otra patologia no mencionada, especificarla:

151. §Se hizo citologia? [1-Si, 2NoJ .« « v v v et

L] [

152. $Se hizo biopsia? [1-8i, 2-NoJ . . o v v oo

153.FechadelaERCP . ... ...t Yy S

154. Médico que realiz6 la ERCP (1er apeliido) . . . . . SN A A R

Proceso diagndstico /11 — Colangiografia transparietohepatica (CTPH) —

155. ¢Se hizo CTPH? [1-Si, 2-No, 9-Si, perono constal . . . .« v v v oo i et e e e e e
Si no se hizo o no consta la ERCP, pasar a Proceso diagndstico /12

156. Estenosis de la via biliar extrahepatica 1-si,2-Noj . . .. .. ...
157. Amputacion via biliar extrahepaticaj1-si2Noj. . .. ... ..o i
158. Dilatacion via biliar extrahepatica 1-5i, 2-Noj . . .. oo oo
159. Litiasis biliar [1-8i, 2-Noj . . . . o oo

160. Visualizacion del Wirsung [1-Si, 2-Noj . « v v v v o e e et e e e et e s

OO on ol

161. ;Existe otra patologia no mencionada? [1-Si,2-Noj . . .. .. ..ot
Si existe otra patologia no mencionada, especificarla:

162.Fechadela CTPH ... ...t L1l
O I

163. Médico que realizo la CTPH (1er apeliido) . . . . . Y R
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Proceso diagnéstico /12 — Laparoscopia —

[]

164. ;Se hizo Iaparoscopia? [1-Si, 2-No, 9-Si, peronoconstal . . . . . v v v v i i e

Si no se hizo 0 no consta la laparoscopia, pasar a Proceso diagnéstico /13

[]

165. Presencia de masa panCreatica [1-Si, 2-Noj . « « v v o v v e e et
Si existe masa pancreética:

166. Sublocalizacion/es:
[1-cabeza, 2-cuerpo, 3-cola, 6-cabeza y cuerpo, 7-cuerpo y cola, 8-cabeza, cuerpo y cola, 9-no constaj . . .

167. Presencia de masa/s hepatica/S [1-5i, 2-Noj .« « v« v v it
168. Presencia de masa vesicular [1-Si, 2-NojJ . . . . ..o oot
169. Afectacion peritoneal [1-57, 2-Noj . . . v oo v oo e

170. Presencia de adenopatias regionales [1-8i, 2-Noj . . . . . o« oot i i

OO0

171. Afectacion de 6rganos VECINOS [1-8i, 2-NoJ . « v v v v v e e e e e e e
Si existe afectacion de 6rganos vecinos:

172-4. Localizacién/es:

/ / L1 1

[]

175. ¢ Otra/s tumoracion/es abdominal/es? [1-5i, 2-Noj .« « v v v oo v e e

Si existe otra/s tumoracion/es abdominal/es, especificarlas:

[]

176. ; Existe otra patologia no mencionada? [1-5;,2-Noj . . .. .o v it

Si existe otra patologia no mencionada, especificarla:

177. ¢ Se hizo citologia? [1-8i, 2NoJ .« o v vt e

][]

178. ¢ Se hizo biopsia? [1-5/, 2-NoJ . . . oo v oo e

179. Fecha de la laparoscopia . . .. ....ovvevviine e, L1111l

180. Médico que realizo la laparoscopia (1er apellido) S R R S L S

Proceso diagnéstico /13 — Radiografia de torax —

[]

181. ¢ Se hizo radiografia de térax [1-Si, 2-No, 9-Si, peronoconstal . . . . oo oo i i

Si no se hizo o no consta la radiografia de térax, pasar a Proceso diagnéstico /14

—
182. Compatible con metastasis pulmonares [1-8i, 2Noj . .« .« oo oo v i L

183. Fecha de la radiografiadetorax....................... L L1 1l
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Proceso diagnéstico /14 — Gammagrafia 6sea —

[]

184. ;,Se hizo gammagrafia 6sea? [1-Si, 2-No, 9-Si, peronoconsta] . . . . . . ... ..

Si no se hizo o no consta la gammagrafia 6sea, pasar a Proceso diagnoéstico /15

[]

185. Compatible con metastasis 6S€as [1-57, 2-Noj . . « o« v v v i e

186. Fecha de la gammagrafiadsea........................ LL L L1l

Proceso diagndstico /15 — Laparotomia exploradora —

[]

187. ¢ Se hizo laparotomia exploradora? [1-si, 2-No, 9-Si, peronoconstal . . .« v« v v v v vun. .

Si no se hizo 0 no consta la laparotomia exploradora, pasar a Analisis anatomopatolégico / 1

[]

188. Presencia de masa pancreatica [1-Si, 2-NoJ . . . v oo oo it
Si existe masa pancreatica:

189. Sublocalizacion/es:
[1-cabeza, 2-cuerpo, 3-cola, 6-cabeza y cuerpo, 7-cuerpo y cola, 8-cabeza, cuerpo y cola, 9-no constaj . . .

190. Presencia de masa/s hepatica/s [1-5i, 2-Noj . . . o« oo o i
191. Presencia de masa VESICUIAr [1-Si, 2-NOJ . « v v v v oo e oo e
192. Afectacion peritoneal [1-5i, 2NoJ . . . . v oot oo

193. Presencia de adenopatias regionales [1-5i, 2-Noj . . . .« oo oot i i

(100000

194. Afectacion de 6rganos VECINOS [1-Si, 2-NOJ . « .« « v v v vt e e e e e e
Si existe afectacion de 6rganos vecinos:

195-7. Localizacion/es:

/ / [

[]

198. ¢ Oftra/s tumoracion/es abdominal/es? [1-Si, 2NoJ . . . . oo v i

Si existe otra/s tumoracién/es abdominal/es, especificarlas:

[]

199. ¢ Existe otra patologia no mencionada? [1-Si,2-Noj . . .. .. oo

Si existe otra patologia no mencionada, especificarla:

200. ;Se hizo citologia? [1-5i, 2-NoJ . .« v« o ettt

][]

201. $Se hizo biopSIia? [1-Si, 2-NoJ . « .« oot e

202. Fecha de la laparotomia exploradora . . . ................. e L

203. Médico que realizo la laparotomia (1er apellido) e
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Analisis anatomopatologico / 1 — Citologia —

1
204. ¢,Se hizo citologia? [1-Si, 2-No, 9-Si, perono constal . . v v v v v v vt e e e et L
Si no se hizo o0 no consta la citologia, pasar a Analisis anatomopatoldgico / 2
205. La muestra se obtuvo mediante: —
[1-Fibrogastroduodenoscopia, 2-Ecografia, 3-TAC, 4-ERCP, 5-Laparoscopia, 6-Laparotomia, 7-Otros] . . . . . . . L
T 117111
206. Fecha de obtenciondelamuestra . .................... I S A
207. Localizacién y sublocalizacion de la muestra:
| I —— . — |
LT T T 01
208. Diagnastico citolégico de la muestra: (especificar)
| I I — —
111
o . ) i T 1r 1 1 1 1r1rrrrrrl
209. Médico que informa la citologia (1er apeliido) . . R S S
210. ¢Se hizo otra citologia? [1-Si, 2-No, 9-Si, perono constal . . v« « « v v v e e L
Si no se hizo o no consta otra citologia, pasar a Analisis anatomopatolégico / 2
211. La muestra se obtuvo mediante: —/
[1-Fibrogastroduodenoscopia, 2-Ecografia, 3-TAC, 4-ERCP, 5-Laparoscopia, 6-Laparotomia, 7-Otros] . . . . . . . L
T 11111
212. Fecha de obtencidbndelamuestra. . ................... S L R A
213. Localizacion y sublocalizacién de la muestra:
| I — . —
L1 1 1 L1
214. Diagnostico citolégico de la muestra: (especificar)
N I — —
L1 1 1 1
o ) oo rrrrTrrrrrorororordl
215. Médico que informa la C|tolog|aI | |(1e|r | Iaplellicljo) | L
216. ¢,Se hizo otra citologia? [1-Si, 2-No, 9-Si, perono constal . . v« « « v v v e e e L
Si no se hizo o no consta otra citologia, pasar a Analisis anatomopatolégico / 2
217. La muestra se obtuvo mediante: —/
[1-Fibrogastroduodenoscopia, 2-Ecografia, 3-TAC, 4-ERCP, 5-Laparoscopia, 6-Laparotomia, 7-Otros] . . . . . . . L
T 11111
218. Fecha de obtencibndelamuestra. . ................... S L R A
219. Localizacion y sublocalizacién de la muestra:
| I ——

E

220. Diagnostico citolégico de la muestra: (especificar)

| N I I —

I

o ] . ) T T T T T T 7 1T T T T 71

221. Médico que informa la citologia (7er apeliido) . . L1111 111111
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Analisis anatomopatolégico / 2 — Histologia —

I
222, ; Se hizo histologia? [1-5i, 2-No, 9-Si, perono constal . . . v« v« v v v v e e L
Si no se hizo o no consta la histologia, pasar a Diagnéstico
223. La muestra se obtuvo mediante: —
L

[1-Fibrogastroduodenoscopia, 2-ERCP, 3-Laparoscopia, 4-Laparotomia, 7-Otros] . . . . . . . v v v v v v vt

224. Fecha de obtenciondelamuestra. ... ................. L1111l
225. Localizacién y sublocalizacion de la muestra: (especificar)

E

226. Diagnostico histologico de la muestra: (especificar)

1T T
1T 17
227. Grado de diferenciacion histologico: —
[1-Bien diferenciado, 2-Moderadamente diferenciado, 3-Mal diferenciado, 9-Noconstaj. . . . . . . . . ... ... L
T T T T T T T T T T 11
228. Médico que informa la histologia (1er apeliido) (Y S
229. 4Se hizo otra histologia? [1-Si, 2-No, 9-Si, peronoconstal . . . .+« + vt vt .
Si no se hizo o0 no consta otra histologia, pasar a Diagnéstico
230. La muestra se obtuvo mediante: —
[1-Fibrogastroduodenoscopia, 2-ERCP, 3-Laparoscopia, 4-Laparotomia, 7-Otros] . . . . . . . . . . oo oo v v u L
e o Y o

231. Fecha de obtenciondelamuestra. . ................... R N

232. Localizacion y sublocalizacion de la muestra: (especificar)
| I — — . — |
I I

233. Diagnostico histologico de la muestra: (especificar)
I I — —
L1 11
234. Grado de diferenciacion histologico: —
[1-Bien diferenciado, 2-Moderadamente diferenciado, 3-Mal diferenciado, 9-Noconstaj. . . . . . ... ... ... L
o ) ) . I
235. Médico que informa la histologia (er apeliido) L e T S S B B S B B
236. ¢, Se hizo otra histologia? [1-Si, 2-No, 9-Si, perono consta] . . « « « v v v v v ii e L
Si no se hizo o0 no consta otra histologia, pasar a Diagndstico

237. La muestra se obtuvo mediante: —
[1-Fibrogastroduodenoscopia, 2-ERCP, 3-Laparoscopia, 4-Laparotomia, 7-Otros] . . . . . . . . . ..o oo v v v L
rT 1T 1011
238. Fecha de obtenciondelamuestra . .................... R N

239. Localizacién y sublocalizacion de la muestra: (especificar)
—T—T1 1
I I

240. Diagnostico histologico de la muestra: (especificar)

I I — — |
I |
241. Grado de diferenciacion histologico: —
[1-Bien diferenciado, 2-Moderadamente diferenciado, 3-Mal diferenciado, 9-Noconstaj. . . . . .. .. ... ... L
o ) ) . T T T T T T 1T T 1T T 1711
242, Médico que informa la histologia (1er apeliido) e T e e e e
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Diagndstico

243. Diagnostico principal de alta hospitalaria: (especificar)
—T—— 1
N N N I N N |
244-1. Diagnéstico/s secundario/s de alta hospitalaria: (especificar)
i e I — — |
N N N N |
—T—— 1
N N NN N
—T—— T
N N N R
T 1
LT T T 11
i i — N —— |
N N N I A |
—T—— T
N N N I N |
—T—— 1
N N N R
T 1
LT T T 11
252. Base més fiable del diagnéstico principal:
[1-Sdlo clinica (inspeccion, palpacion), 2-Investigacion clinica (Rx, endoscopia), 3-Cirugia exploradora o autop-
sia sin histologia, 4-Tests bioquimicos o inmunolégicos especificos, 5-Citologia o hematologia, 6-Histologia de |
metastasis, 7-Histologia de primario, 8-Autopsia con histologia previa o simultanea, 9-Desconocido] . . . . . . . . L
. L L 11111
253. Fecha del diagnéstico principal . .. ..................... I L = R B
Si el diagnéstico principal no es cancer, pasar a Comentarios (al final del cuestionario)
254. Localizacion y sublocalizacién de la neoplasia: (especificar)
o — —
‘ LT T T
255. Histologia del tumor: (especificar)
 ——— —
‘ LT T T 7
256. Extensién tumoral:
[1-Local (tumor circunscrito en el érgano de origen), 2-Regional (tumor con invasion a érganos vecinos |
Yy/o ganglios linfaticos regionales), 3-Diseminada (tumor con metastasis adistancial . . . . . . . . .. oo v ... L
Tratamiento
257. Tipo de tratamiento:
[1-Cirugia (Cir), 2-Radioterapia (Rta), 3-Quimioterapia (Qmt), 4-Cir+Rta, 5-Cir+Qmt, 6-Rta+Qmt, T
7-Cir+Rta+Qmt, 8-Hormonoterapia, 9-Desconocido, 10-No tratamiento] . . . . . . . v v v v v v v v i o v v L1
. . 11101
258. Fecha de inicio del tratamiento . . .. .................... L
259. Intencion del tratamiento:
[1-Radical (cuando se piense que con el tratamiento se ha extraido todo el tumor), 2-Paliativa (cuando el
tratamiento no es curativo, pero es realizado con la intencién de prolongar la supervivencia del enfermo),
3-Sintomatico (tratamiento realizado para apaciguar sintomas de la enfermedad, sin que prolongue la super- i
vivenciadel enfermo) . . . . . . ... e e L
 ——
260. Grado de certeza diagnOstica . . . . .o it o —
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Comentarios

Comentarios que el entrevistador crea oportuno resaltar sobre el presente caso:
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ANNEX 2C: Impreés de revisiéo Anatomica Patologica (IAP)

Estudio colaborativo PANK-ras Il

Institut Municipal d'Investigacié Médica (Barcelona)
Universitat Autbnoma de Barcelona
Hospital General de Elche (Alicante)

Hospital del Mar (Barcelona)
Hospital Son Dureta (Mallorca)
Hospital Vall d'Hebron (Barcelona)
Hospital Matua de Terrassa (Barcelona)

Impreso de revisibn AnatomoPatolégica (IAP)
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IDENTIFICACION DEL PACIENTE

1. NUMEI0 de Caja ......ccuoiuiiiiiie s

2. COAIGO Al NOSPILAL. ... ettt ettt st a e e e s bt en e nn e e e e nreens

3. NUMero del Caso iNCIUIAO ..........civeeeirieecee et

L 70 To oo TR U PR P SR UTPURORRUPPRTO

IDENTIFICACION DE LA MUESTRA

5. Muestra de tejiso fresco (Codigo del cuaderno del MONItOr) ..........ceveeseeeseeesireesseeesneans

6. Localizacion y Sublocalizacion (especificar)

7. Muestra tejido parafinado (Cod serv Anat patol) ...........coceeeeeeeseeeiireeiieennienens

8. Localizacién i sublocalizacion: (Especificar)

9. Histologia informe Anatomia PatolOgica............c.cocvreeriiiiiiicnieecerec e

10. Material remitido a Anatomia Patologica procedente de: (Especiicar)

11. Céodigo procedencia material remitido a Anatomia patolégica.............ccceceeee
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REVISION ANATOMOPATOLOGICA DE LA MUESTRA
—
12. Realizacion d 18 FEVISION (1-Si, 2-N0)......ccceeecruurrrrrreeeeeeieeeeeeeeeee e e eeteeeeaaae e eeeaeeaeeeeeeessesssassbnsssaereeeeeeeeees L

# Si No, especificar porqué

rrrr 1111711

13. Pat6logo que revisa la MUESEra (16r.ap6lido) ..........coveueverereereresienieieseesessieseeseenas S R R

I s B |

14, FECNA 0@ FBVISION........uecvieieieeee ettt ettt ettt ettt st et ebeebeeaeeaeenas L1 111111
: .

15. N° porta referencia en el que se analiza |a MUESHIa .............ccecveuieviuiieicieceee e L

16. Delimitacion de 12 ZONa TUMOFAI N%T (1-57, 2:N0) c...veeveeeeeeeeeeeeeeeeteeeeeeeeeeseeeeeeeeeseeseeeseteesesseseneseeane L1

17. Porcentaje de células malignas (Codificar n°de 0.8 100) .......c.euevevrrevrireseesensesssessssssssssssssesenns S

18. Localizacién

19. Tipo Histologico de la muestra: (especificar)

20. Grado de diferenciacion (1-Bien dif, 2-Moderadamente dif, 3-Mal dif)
21. Delimitacion de 1a Zona TUMOFAI N%2 (1-5i, 2-N0) .........uueeeieeieeeeeeeeee e eeeee e e e et e e s s e eee e e s sebeee e e s saaeeeseaans

22. Porcentaje de células malignas (Codificar n°de 0a 100).........ccereererererisisiisiesies s

28. LOCANIZACION ...ttt et s

24. Tipo Histologico de la muestra: (especiicar)

T T T T 11
AN I I
1
25. Grado de diferenciacion (1-Bien dit, 2-Moderadamente dif, 3-Mal dif) ...........c.eeeeesveeeeeereseesereneessseeessesseenns L1
1
26. Delimitacion de |a Zona TUMOTEAI NO3 (1-5i, 2-NO)........c.eeeeeeeeeeeeeeeeeeeeeeeeeaeeseeseeseeseseessesseseeseesseseassensaneas L
27. Porcentaje de células malignas (Codificar n1°de 0 100) «.....veveveeerereresueseseessssssssesesessssssssesens L1 11
. . s ’_|
28. LOCANIZACION ........cevevveevieeeeeeieeeteteee ettt sttt s st seas e s s st eaese s s sesesesesnas L1 1L
29. Tipo Histologico de la muestra: (especiticar)
T T T T 11
AN I
30. Grado de diferenciacion (1-Bien di, 2-Moderadamente dif, 3-Mal Qi) ..........cereeereeesreesessseseesreeseeeeseeeeans L1
o 1
31. Zonas tumorales delimitadas CONCOIrAANTES .............cceeiiuierierieiieeieieeee ettt e e eneas L
o 1
311. Localizacion cONCOrdaNte (1-57, 2-No, 0-NUIO, 9-MISSING) +.vv.vveveeveressersereeresrasssesssessesseassassssssssssesssssesseassssssneas L
) ) 1
312. Histologia CONCOrdante (1-Si, 2-No, 0-Nulo, 9-MISSING) ......v.veuevruerrenereesessentasenesseseeseneasenessesesseneaseassseseeseneanas L1
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32. Delimitacion de la Zona Normal n°1 (N0 tuMOTal) (7-Si, 2-N0) ...c..eeeeveeiiieiiiie e

T T
33. Localizacion L

34. Tipo Histologico de la muestra: (especiticar)

T T 1111
A I Y |
35. Fiabilidad con que el patdlogo cree que la zona esta libre de céls tumorales:
1
(1-Muy fiable, 2-Bastante fiable, 3-POCO fiable, 4-MUy DOCO fIabE) «..vuvveruesseesesereeneseseessesesesesessesessessessesesenierienn L
36. Delimitacion de la Zona Normal n°2 (N0 tUMOTal) (1-Si, 2-N0) .......eeeueeiiuieeiiee i L1
N e ’_|
37. LOCANZACION ...ttt et ettt et et e et et ne e e eneenes L1110

38. Tipo Histologico de la muestra: (especiticar)

39. Fiabilidad con que el patdlogo cree que la zona esta libre de céls tumorales:

(1-Muy fiable, 2-Bastante fiable, 3-Poco fiable, 4-Muy poco fiable) ...

40. Delimitacion de la Zona Normal n°3 (N0 tUMOTal) (1-Si, 2-N0) ......eeeeveeiuieiiiie e
41, LOCANZACION ...ttt ettt eaeeteeteete et e s tese e e e e e s eaeereenes L1 11

42. Tipo Histologico de la muestra: (especificar)

43. Fiabilidad con que el patdlogo cree que la zona esta libre de céls tumorales:
(1-Muy fiable, 2-Bastante fiable, 3-Poco fiable, 4-Muy POCO fiablE) ... ...uviuiiiiiiiiiiitiiiieiiiiie i iiesaria i saeaeeiaeanenas
44, Zonas no tumorales delimitadas CONCOrdANtES ..........ccocueiiriiiriieeiie e e
441. Localizacién concordante (1-Si, 2-No, 0-Nulo, 9-MISSING) .....vvvvsessuureressasserssesasisesessasssseesassssesssssesssesasssseesannes

442. Histologia concordante (1-si, 2-No, 0-Nuio, 9-Missing)

00000

F T 070 4o T= 10 t= Lo R AR A AN
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ANNEX 2D Imprés d’antecedents familiars (IAFam)

IMPRESO DE ANTECEDENTES FAMILIARES (IAFam)

IEP1. Cbdigo del hospital..........iiiiienn.. []
IEP2. NGmero del caso incluido ................. [T
IEP8. Nombre y apellidos del monitor........... [:[:[]

IEP139. Fecha de la entrevista........ 1 T 7

IEP142. Persona/s que responde/n la entrevista: []
(1.861o paciente 2.S6lo Familiares 3.Ambos) ..

IDENTIFICACION DEL PACIENTE E INFORMACION SOCIODEMOGRAFICA

IEP4. Nombre .............
LI T T T T T T I I I TI]

IEP5. Primer apellido T T T T T T T T T T T 1]

IEP6. Segundo apellido....| T T T T T T T T T T 11

IEP12. Sexo(l.Masculino,2.Femenino) ................. []

IEP13. Fecha de nacimiento ......... 1 T 1

IEP14. Municipio y provincia de nacimiento: (Especificar)

Edad al diagndstico ......... ... [:[]
L]

IS. Estado vital (1.Vivo,2.Perdido,3.Muerto)........

IS. Fecha del Gltimo control..........

IS. Causa de muerte (l.Atribuible al cancer, []
2.No atribuible al céncer,3.No se sabe).........

LOCALIZACION DEL PACIENTE

tEp20. catle L LT T T T TP T T T TT]

IEP21. Nﬁmero.[:[:[] 22. Piso [:[:[]

IEP23. Municipio y provincia de nacimiento: (Especificar)

IEP24. Codigo postal ..........ciiiiunnnnn. [:[:[:[:[]

TEP25. Tel6£Ono ................ SEEpEEEEEEE

PANK-ras II / IAFAM-1 /01-08-96
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INFORMACION CLINICA

IDC243.Diag principal de alta hospitalaria [:[:[] [:[]

IDC270.Diag clinico-patoldgico principal.. [:[:[] [:[]

HEREENEE

IDC253.Fecha del diagndstico principal.

SINTOMATOLOGIA

LT L) L

IEP61. ¢Desde cuédndo se encuentra mal?.

IEP62. Primer sintoma que el paciente refiere -1SPR-

mn

ANTECEDENTES FAMILIARES PATOLOGICOS

IEP35. Parentesco:

IEP36. Localizacidn tumoral:

IEP37. Parentesco:

IEP38. Localizacidn tumoral:

IEP39. Parentesco:

IEP40. Localizacidn tumoral:

IEP41. Parentesco:

IEP42. Localizacidn tumoral:

IEP43. Parentesco:

dHBHHHHHHE

IEP44. Localizacidn tumoral:

PANK-ras II / IAFAM-1 /01-08-96
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DATOS DE FAMILIAR O AMIGO PROXIMO QUE NO CONVIVA CON EL

IEP26. Nombre ............. SENEEEEEEEEEEER

18p27. Primer apellido ... 1 1 I T LIITTTTTI]]

IEP28. Segundo apellido ...l [ LTI T TP TTTTTT]

S

IEP30. Nﬁmero..[:[][] 31. Piso [:[:[]

IEP32. Municipio y provincia de nacimiento: (Especificar)

IEP33. Cbdigo postal [:[:[:[][]

TEP34. Teléfono ................. EEEpEEEEEEE

DATOS DE LA PERSONA ENTREVISTADA

. primer apeitido . LITTTTTTTTTITTIIT]

. sequndo apeltido [IITTTTTTTTTTTTT]

4. Sexo (1l.Masculino 2.Femenino) ............ouvueenn.. []

5. Fecha de nacimiento.................

6. Grado de parentesCO. . ..ot v ittt ittt e e e []
(1.conyuge;2.hermano/a;3.cufiado/a;4.hijo/a;5.otros)
especificar:

7. ¢Convive/ha convivido con el paciente? (1.Si,2.No) [:

8. Fecha de inicio convivencia.........

9. Fecha de finalizacidn convivencia...| [ L] L]

o catte,  ITTTITITITTIIIITITITIIIIITIT]
11. Nﬁmero...l:_—.]::]::| 12. Piso [:[:[]

13. Municipio y provincia de nacimiento: (Especificar)

14. Cédigo postal {E}E}E}EEE}

15, Tel&£On0. ..o \oeeeene .. SENEpEEEEEEE

PANK-ras II / IAFAM-1 /01-08-96
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DATOS ENTREVISTA

16. FECha. . et Ll
17. Duracidén de la entrevista..............c....... [][]
18. Estado de la entrevista.......... ..., []
(1.completa,2.Incompleta,3.No realizada)
19. Motivo de la entrevista incompleta o no realizada
Especificar
Comentarios: (1,SI;2N0) & v i i ittt ettt e []
........... #

PANK-ras II / IAFAM-1 /01-08-96
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ANNEX 3: Criteris generals de codificacié mitjangant la CNO-94
(1ISCO-88)

1. Quan hi hagi diversos codis consecutius que es podrien utilitzar indistintament, es
creara un codi inespecific per a I'ultim nivell d'agregacio (es faran servir els tres
primers digits de la rubrica 'arrel', als quals se'ls afegira un zero 0).

2. Quan quedin dubtes sobre si acomplia certes tasques o no i fer aquestes tasques
comporti assignar un codi diferent, es considerara que no duia a terme aquestes
tasques.

3. Quan es dubti entre diversos codis es desestimaran aquells que siguin 'inventats' a
favor dels que siguin originals CNO-94.

4. Quan es dubti entre dues rubriques referents a ocupacions molt similars, entre les
quals es necessita un nivell d'estudis diferent per dur-les a terme, es comprovara I'edat
d'inici i final d'estudis del pacient. Per exemple, a una 'diplomada en comptabilitat' li
correspon el codi 2911, mentre que a una 'empleada en comptabilitat' li correspondria
la rubrica 4011.

5. Quan consti una activitat econdmica en lloc d'una ocupacio, s'utilitzara la ribrica
més frequent de la dita activitat economica segons el sexe de la persona. Per
exemple, si consta 'Hostaleria' es codificara com a 'cambrer' (5020) si és un home, i es
codificara com a 'cambrera de pis' (9121) si és dona.

6. Quan consta la paraula 'taller' es considera que I'activitat empresarial es realitza
amb menys de 10 empleats (a la CNO-94 es divideixen les activitats empresarials
segons si les empreses tenen més o menys de 10 empleats).

7. Els propietaris d'empreses de comerg es codificaran com a 'gerents d'empreses de
comerg al detall sense assalariats' (1520).

8. Si consta unicament el lloc de treball, i no 'ocupacio ni el tipus de tasques
realitzades, es codificara com a 'ped’ a I'activitat corresponent. Per exemple, cas 2064,
item 1951, posa 'treballava en fabrica textil' => rabrica 9719.
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ANNEX 4: Criteris concrets de codificacié mitjangcant la CNO-94
(1ISCO-88)

1. Una 'dona de la neteja o netejadora’ es codificara com a 'personal de neteja
d'oficines i altres enllagos similars' (9121), i no com a 'empleada de la llar' (9110).

2. En els casos de propietaris de bars i empreses petites d'hostaleria, s'assignara
també la rubrica de 'cambrer' (5020) només si consta que duen a terme tasques com a
tals.

3. Quan no sapiga si és Enginyer 'técnic' o 'superior’, es codificara com a 'Enginyer
tecnic' (2600).

4. Les infermeres es codificaran com a 'diplomats en infermeria' (2720), 'técnics de
sanitat' (3120) i 'auxiliars d'infermeria’ (5111), en funcid de les edats d'inici i finalitzacio
d’estudis.

5. Quan consti 'carnisser’, es codificara com a 'cansalader-xarcuter' (7801) si ha
acomplert tal activitat per un periode superior o igual a dos anys; en cas contrari, es
codificara com a 'depenent de carnisseria' (56320).

6. Quan constin les paraules 'camp’, 'agricultor' o 'llaurador’, es codificara com a
'treballadors qualificats per compte propi en activitats agricoles, excepte en hortes,
vivers i jardins' (6011).

7. Quan consti 'treball al camp' abans de I'edat de catorze anys o després dels
seixanta-cinc anys, es codificara com a 'treballadors qualificats per compte propi en
hortes, vivers i jardins' (6012).

8. Si tan sols consten tasques de 'cura d'horts', perod no d'agricultura en general, es
codificara com a 6012.

9. Quan consti 'fumigar’, si I'activitat s'ha realitzat per un periode inferior a dos anys,
codificara com a 'ped agricola' (9410). En el cas que I'activitat s’hagi dut a terme per
un periode superior a dos anys, s'utilitzara la rubrica de 'treballadors qualificats per
compte d’altri en activitats agricoles, excepte en hortes, vivers i jardins' (6021).

10. Quan consti 'pintor’, i no es pugui saber si és 'pintor d'edificis' (7240) o 'pintor de
quadres' (2512), es codificara com a 'pintor d'edificis' (7240).

11. Quan es dubti si es tracta d'un 'treballador qualificat' (grup 7), o un 'operador de
magquina' (grup 8), es tindra en compte el temps durant el qual ha desenvolupat
l'activitat. Si és menor a dos anys es codificara com a 'operador de maquina', i si és
major o igual a dos anys es codificara com a 'treballador qualificat'. Per exemple,
'mecanics' (7520 versus 8311).

12. Els 'adobers' es codificaran com a 'operador de maquina d'adobs' (8365) i no com
a 'adobers i preparadors de pells' (7941).

13. Quan consti 'ped’, i no es disposi de cap informacié addicional sobre la tasca que
realitza, es codificara com a 'peé de la construccid' (9600) i no com a 'ped d'industria
manufacturera' (9700).
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14. En el cas dels 'envasadors', 'empaquetadors' i 'embaladors’, si no és que es troba
una evidéncia del contrari, es codificaran assumint que fan la seva activitat utilitzant
magquines dissenyades a aquest efecte (8490), i no 'a ma' (9700).

15. Si consta 'metal-lurgic’ i res més, es codificara com a 'operador en instal-lacions
per a I'obtencié i transformacié de metalls' (8120).
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ANNEX 5: Criteris especifics per als ‘fumigadors'

Per codificar les ocupacions de qué consta el terme 'fumigar' o un terme similar
(sulfatar, polvoritzar), es crea un codi inventat que s'afegira al codi que pugui tenir per
l'ocupacio que es faci segons el CNO-94.

A tal efecte, es creen dos grups de fumigadors fent servir tres digits:
1.'948'
2.'949'

* Al primer grup ('948') s'inclouen aquelles situacions en qué no apareix a la resta del
questionari cap ocupacio on fumigar pugui ser una tasca frequent.

+ Al segon grup ('949") s'inclouen aquelles situacions en qué apareix a la resta del
questionari qualsevol ocupacio on fumigar pugui ser una tasca freqient (agricultors,
jornalers, jardiners...).

El quart digit per als dos grups sera:
1" si consta la paraula 'fumigar'.
'2' si consta la paraula 'sulfatar'.

'3' si consta un altre terme —matar herbes, matar pugé, polvoritzar, desparasitar
plantes—, i quan la tasca de fumigar és 'implicita’.
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ANNEX 6: Criteris generals utilitzats pels experts higienistes

1. En els casos de dubte, la majoria de les codificacions s'adjudicaven en funcio del
que era més probable.

2. La durada de l'exposicié no es feia servir per determinar la intensitat de I'exposicio.

3. La valoracié de la intensitat de I'exposicio es va realitzar de forma QUALITATIVA (1
= alta, 2 = baixa, 3 = no es pot saber), i no es va utilitzar la suma del temps durant el
gue van estar exposats els pacients, mentre que si que es tenia en compte quan va
tenir lloc I'exposicio.

4. Es van tenir en compte totes les ocupacions realitzades durant un periode minim
(sis mesos a un any). Excepte en els casos en qué constava una activitat duta a terme
per un periode inferior a un any si la intensitat de I'exposicié a qualsevol compost era
molt petita.

5. Per a l'avaluacio d'algunes exposicions, com per exemple als plaguicides, es va
tenir en compte I'época i la zona geografica on es va realitzar I'activitat, ja que aquests
factors podien ser orientatius.

6. Hi havia molts individus que havien comencat treballant en una activitat agricola,
per posteriorment dedicar-se al sector serveis. Per aixd es va assumir, en els casos en
qué es desconeixia l'ordre correcte, que primer es van dedicar a l'agricultura i
posteriorment a altres activitats.

7. Per codificar que «Si» havia estat exposat un individu a un determinat compost, es
demanava una prova. El «kNO ES POT SABERY, si havia estat exposat, era més a
prop del «NO EXPOSAT» que del «Si».

En els casos en qué una persona hagués realitzat més d’'una ocupacié diferent que
impliqués exposicié a un determinat compost, perd en que la intensitat d'exposicioé en
aquestes ocupacions fos DIFERENT, es va codificar la INTENSITAT de MAJOR
exposicio.

256



ANNEX 7: Criteris especifics utilitzats pels experts higienistes

1. En la codificacio de I'exposicio a pesticides, és molt important tenir en compte la
década en la qual es du a terme I'activitat (per la legislacioé i costums), aixi com la
localitzacié geografica (pel tipus de cultiu).

2. Es valora, seguint els mateixos criteris, els agricultors que van referir aquesta
condicio a l'apartat que pregunta exposicio a pesticides que els que la refereixen a
I'apartat d’'una altra feina superior a sis anys.

3. En el 'cultiu de fruiters' i per 'matar pugé', es considera que es van utilitzar pesticides
organoclorats i organofosforats.

4. Els pesticides arsenicals i organoclorats, tipus DDT, ja no s'utilitzaven als anys
vuitanta.

5. Es codifica I'exposicio a 'pesticides arsenicals' només si hi ha indicacié explicita del
seu Us, i també en els cultius intensius i d'hivernacles.

6. Quan s'esmenten els termes 'pesticides’ i 'herbicides’, es consideren els quatre tipus
de pesticides (si s’escau pels periodes de temps).

7. Tots els conductors que s'han considerat exposats a HAP amb intensitat baixa,
també s'han de codificar com a exposats a plom amb intensitat baixa.

8. Les prostitutes es consideren exposades a 'agents biologics'.
9. Les infermeres es consideren exposades a 'agents biologics'.

10. L'exposicio a pols de silice en els treballadors de les pedreres depén del tipus de
roca, que sol estar relacionada amb la localitzacio geografica. A Mallorca i Catalunya
no solen haver-hi pedreres d'aquest tipus, per contra, si que n'hi ha a I'altipla.

11. Els paletes i peons de paleta pateixen exposicié a cromats hexavalents i trivalents
per via dermica (per contacte amb ciment) amb intensitat baixa.

12. En el cas d’un taller on hi ha una llauna de petroli amb dissolvents i un pinzell, es
pot considerar que hi ha exposicié a dissolvents i hidrocarburs aromatics, alifatics i, si
és anterior a 1970, possiblement al benzé. El tipus d'exposicio seria “baixa”.

13. L'exposicio al benze sera dificil d'avaluar, ja que hi ha hagut una desaparicio
relativament progressiva del seu Us, tot i que alguns combustibles actuals (gasolina i
gasoil) encara en tinguin.

14. Hi ha un paral-lelisme entre I'exposicié a 'anilines' i a 'tints i pigments organics', ja
gque molts pigments organics sén anilines.

15. Seria incorrecte assumir I'exposicié a I'alumini quan entre els productes a qué fa
referéncia una persona quan diu haver estat exposada hi consti 'metall' o 'metalls’, ja
que normalment la gent sol especificar si ha estat exposada a l'alumini.

16. L'exposicié al plom i el benzé en conductors, mecanics i guardies urbans es basa
en el fet que aquestes substancies poden estar presents en els combustibles, i els
HAP es formen en el procés de combustio.
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17. L'exposicio a 'altres dissolvents organics' en relacié amb el cautxu és pel fet del
seu Us a la industria sabatera en el vulcanitzat de soles, i no pel contacte amb el
cautxu «per se».

18. L'exposicié a 'anilines' en relaciéo amb el cautxu es dona durant el processament
del cautxu, i no pel contacte amb cautxu «per se».

19. No hi ha exposici6 a 'altres pigments inorganics' en el context de la industria téxtil,
d’adobats o en impremtes.

20. Els dissolvents que s'utilitzen al costat dels pesticides son els 'hidrocarburs
aromatics' i els 'hidrocarburs alifatics'.

21. Abans de 1970 els pintors estaven més exposats al benzé (per contacte amb els
dissolvents que el contenien) que els mecanics.

22. Es considera que tot dissolvent amb més d'un 1% de benze és benze.

23. Hi ha exposicio a 'cromats hexavalents' i 'trivalents' en el procés de fabricacio i
processament de pells en el context dels adobaments, perd NO hi ha exposicio al
contacte amb pells ja acabades o processades.

24. Existeix exposicié a cromats hexavalents en treballs de galvanoplastia.

25. En arts grafiques NO s'utilitzen tints, s'usa tinta. També es poden fer servir
pigments, pero I'exposicié és nul-la.

26. Hi ha exposicio a plom en arts grafiques (tipografia), en treballadors de metalls si
s’especifica, i en persones exposades a combustibles.

27. Es consideren exposats a alumini aquells treballadors que es dediquen a cromitzar
metalls, i els polidors.
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ANNEX 8: Curriculum vitae

Nom: Judit Cognoms: Camargo Sanroma

DNI: 46742645K

PCT/EP2023/069683: PROCESS FOR PREPARING BENZOIC ACID ESTERS AND INTERMEDIATES
THEREOF

PCT/EP2023/070972: COMPOSITION COMPRISING A PHOTOCHEMICAL ULTRAVIOLET ABSORBER
PRECURSOR AND A COMPOUND FOR INCREASING THEIR PHOTOCHEMICAL CONVERSION RATE

PCT/EP2024/058310 WO 2024/200549: DIBENZOYLMETHANE COMPOUNDS AS PHOTOCHEMICAL
PRECURSORS OF ULTRAVIOLET ABSORBERS

PCT/EP2024/077893 WO 2025/073864: MIXTURE OF ESTERIFIED LIGNIN AND CARBOXYLIC ACIDs
EP24383115.3: ORGANIC-SILICA HYBRID TRIAZINE DERIVATES FOR UV PROTECTION

Marc 2019 — a dia d’avui: CEO & Fundadora de Roka Furadada.

Fundada el 2019 a Barcelona, Roka Furadada és una empresa deeptech que es dedica a la investigacid, el
desenvolupament i la produccié d'ingredients actius i dispositius medics, amb alta eficiencia i baix impacte toxicologic
i ambiental. Amb un equip de 20 professionals, 3 families de patents concedides a 40 paisos, 3 noves PCTs en
avaluacid i 2 més publicades en fases nacionals, Roka té tres productes al mercat i una cartera de 4 més.

Activitats principals i responsabilitats:
Definicié de I'estratégia de I'empresa i construccio de I'equip que lidera i executa les operacions, vendes,
administracid i finances i recerca:

Escalat: com fem créixer les vendes dels productes que ja tenim al mercat, estrategia de vendes (distribucid, agents
locals, venda directa o llicencies) i paisos.

Prioritzacié dels productes de la cartera en funcioé de la seva rellevancia per al negoci, dificultat d'execucio i abast
regulador i calendari de llangament.

Finangament de les operacions, recerca i costos directes, entre d'altres.
Ampliar el nombre d'empreses proveidores (fabricants) i paisos.

Establir quines noves aplicacions volem desenvolupar i buscar i crear aliances per executar-les en sectors que no
coneixem.

Establir quines tecnologies volem desenvolupar en el futur i com podem aplicar tot el coneixement generat perque
aquest desenvolupament sigui més eficag i es faci en menys temps i amb menys recursos.

Marc 2014 — Maig 2019: Business Projects Development Director: Ferrer. Reportant al
Director General.

Activitats principals i responsabilitats:
Crear nous projectes empresarials identificant proactivament les necessitats externes i convertint-les en productes
rendibles i sostenibles.

Ampliar la gamma de productes farmaceutics, cosmetics i dispositius meédics ja disponibles amb noves indicacions o
mercats.

Definicié del model de negoci, mercats i clients objectiu, desenvolupament del pla de negoci i del cas de negoci dels
projectes.
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Disseny i execucié del prototip de cada projecte, prova de funcionament amb treball de camp als mercats objectiu
(Europa, América i Asia Pacific), analisi del feedback, redisseny del producte i revisié del model de negoci. Per a
aquest proposit, contactar amb clients potencials, prescriptors, distribuidors i llicenciataris mitjangant visites
comercials i analisis de mercat.

Liderar i gestionar totes les activitats necessaries fins al langament del producte treballant transversalment amb els
directors de les unitats de negoci, logistica, produccié i qualitat i els seus equips.

Assoliments:

Llangament d'un cosmétic a la Xina.
En fase clinica, dos dispositius medics regeneradors de classe II1B després de cirurgia laser.
Desenvolupament UVB a escala industrial, desenvolupant filtres solars d'ampli espectre (UVA, UVB, Vis).

Creaci¢ i desenvolupament de dues noves unitats de negoci: vendes industrials (fabricacié per contracte de
productes farmaceutics, cosmeétics i accessoris per un valor de cinc milions d'euros de facturacié i sals d'ingredients
cosmetics.

2011 — 2014: Demand & supply chain manager: Ferrer. Reportant al Director
d’Operacions.

Activitats principals i responsabilitats:

Analitzar els processos de planificacid i la cadena de subministrament de la planta farmaceutica.
Dissenyar i executar un sistema de gestié de la planificacié de la demanda en SAP.

Coordinar i negociar previsions de vendes amb arees de negoci, clients, planificacié i logistica.
Recopilar i analitzar dades de demanda, detectar tendéncies i proposar accions.

Reclutar, liderar i gestionar |'equip de planificacié de la demanda (5 persones).

Liderar i coordinar projectes d'externalitzacié de plantes farmacéutiques amb socis interns (Mexic, Alemanya) i
externs (Perd, Espanya).

Gestid d'equips de gestors interns de produccid, desenvolupament, registres, control de qualitat, transversals i
multiculturals.

Assoliments:
Creacié del departament de gestié de la demanda i plena integracié en el procés de planificacid, fabricacié i logistica
de la planta farmaceéutica.

Transferencia reeixida dels processos de fabricacié de diferents formes farmaceutiques (comprimits, liofilitzats i
gotes) a socis nacionals i internacionals dins I'empresa.

2001 - 2011: Quality Control Lab Manager. Reportant al Director de Qualitat (tres
laboratoris farmacéutics i quimics espanyols de mida mitjana diferents (Rubio, Coprima,
Gelos)

Activitats principals i responsabilitats:

Liderar i gestionar equips multidisciplinaris de laboratori de control de qualitat de fins a 15 persones dins de la Unitat
de Qualitat, incloent-hi la planificacio, direccio i supervisié del treball i dels seus recursos humans i financers.
Assessorament cientific i técnic relacionat amb I'analisi quimica a I'equip i a altres unitats.

Garantir el compliment de les bones practiques de laboratori. Guiar el desenvolupament del pla de treball individual i
d'equip, supervisar el treball de I'equip i supervisar directament els membres de I'equip i la realitzacié de les seves
avaluacions de rendiment.
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Assoliments:

Ferrer/Gelos (2007-2011):
Liderar la implementacié de SAP i LIMS al laboratori.
Liderar la integracié del laboratori de control de qualitat des de la planta d'Esplugues fins a la planta de Sant Cugat.

Projecte personal: Desenvolupament i implementacié d'un procés d'alliberament immediat amb NIR per a
comprimits de paracetamol (prova de puresa i dissolucid).

Coprima: (2002—-2007):

Concebre, liderar, coordinar, gestionar i implementar el sistema de qualitat de la FDA al laboratori de control de
qualitat i superar amb exit la inspeccié de la FDA per a I'API de fenofibrat.

2016 — present: Doctorat en Metodologia de la Recerca Biomeédica i Salut Publica a la UAB.
Articles publicats fins ara:

“Toenail concentrations of trace elements and occupational history in pancreatic cancer”. Environmental
International (https://doi.org/10.1016/j.envint.2019.03.037).

“Influence of KRAS mutations, persistent organic pollutants, and trace elements on survival from pancreatic ductal
adenocarcinoma”. Environmental Research. (https://doi.org/10.1016/j.envres.2020.109781).

“Timing of toenail collection and concentrations of metals in pancreatic cancer. Evidence against disease progression
bias” Exposure and Health (https://doi.org/10.1007/s12403-021-00436-2).

“Blood concentrations of metals, essential trace elements, rare earth elements and other chemicals in the general
adult population of Barcelona: Distribution and associated sociodemographic factors”. Journal: Science of the Total
Environment https://doi.org/10.1016/].scitotenv.2023.168502).

2014 — 2016: Master en Metodologia de la Recerca Biomedica i Salut Publica. UAB.
2005 — 2010: Master en Disseny estadistic aplicat a Ciencies de la Salut. UAB.

1996 — 2001: Llicenciatura en Quimica. UAB.

2013 — 2014: Programa de Desenvolupament Directiu. IESE Business School.

2010 — 2011: Postgrau en Lideratge i Comunicacio. ESCI (UPF)

2002 — 2003: Postgrau en Bioenginyeria. UAB. Melissa Project (European Space Agency)

2001 — 2002: Postgrau en Electroquimica. UAB. Project: Electrochemical Oxidation Mechanisms

Catala i Castella (Bilingle), Anglés C1, Alemany B2.
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ANNEX 9: Noticies en premsa sobre els articles de la present tesi

En el marc de les noticies, articles i entrevistes que regularment apareixen als mitjans
de comunicaci6 escrita i audiovisual sobre els estudis de recerca del nostre grup, a
continuacié en destaquem algunes relacionades amb els tres articles que formen el
nucli de la present tesi doctoral.

El Periddico. Michele Catanzaro.
https://www.elperiodico.com/es/sociedad/20231203/trazas-tierras-raras-sangre-
ciudadanos-95251965. Edicion impresa: 3 diciembre 2023, pag. 14.

Porta, M. (2022). «Epidemiologia cercana. La salud publica, la carne y el oxidado
cuchillo del miedo» el nou llibre de Miquel Porta.

Porta, M., & Espar, M. (2018). Vive mas y mejor : reduciendo téxicos y contaminantes
ambientales (Primera edicion). Grijalbo.
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ANNEX 10: Llistat de publicacions del Grup de Recerca en
Epidemiologia Clinica i Molecular del Cancer (GRECMC PSMAR)
sobre metalls, elements traga, terres rares i altres elements quimics
inorganics

Des de fa més de trenta anys, el Grup de Recerca a Epidemiologia Clinica i Molecular
del Cancer (GRECMC) del Parc de Salut Mar (PSMAR), liderat pel Dr. Miquel Porta,
desenvolupa una linia d’investigacio solida, reconeguda a escala internacional, sobre
els metalls, elements traga i altres contaminants ambientals. En aquest annex
d'aquesta tesi ens ha semblat apropiat presentar un llistat actualitzat de la majoria de
les publicacions cientifiques —i altres documents i materials cientifics relacionats amb
aquestes exposicions ambientals— als que ha donat lloc aquesta investigacio al llarg
dels anys. En aquest annex incloem publicacions i documents generats pel GRECMC
entre els anys 2016 i 2026.

Alguns exemples d'aquests i altres materials del grup es poden consultar a:
https://www.researchmar.net/programesrecerca/epidemiologia/grecm.html.

D'altres es poden trobar faciiment amb els buscadors habituals. El llistat que segueix
exclou les publicacions cientifiques i altres documents relacionats amb les altres linies
de recerca del GRECMC.

2026

Donat-Vargas C, Vandenberg LN, Aguacil J, Lee DH, Martinez-Gonzalez, M. A., Straif,
K., & Porta, M. (2026). Beyond glyphosate: Is it feasible to counterbalance perverse
incentives to profit from preventable disease? PREVENTIVE MEDICINE, 204, Article
108513. https://doi.org/10.1016/j.ypmed.2026.108513

2025

Porta M, Pumarega J, Aguilar R, Prieto-Merino D, Campi L, Rius C, Villar-Garcia J,
Vidal M, Jimenez A, Pefia A, Mufioz MA, Trasande L, Bolumar F, Moncunill G, Gasull
M, Dobafio C. Prepandemic levels of cytokines and immunoglobulins and risk of
SARS-Co V-2 infection and COVID-19 in the general population of Barcelona. Front
Public Health 2025; 13: 1548456.

Gasull M, Pumarega J, Aguilar R, Campi L, Prieto-Merino D, Villar-Garcia J, Rius C,
Bolumar F, Trasande L, Dobafio C, Moncunill G, Porta M. Stability of cytokine and
immunoglobulin concentrations in the general population: prepandemic basal
concentrations and intraindividual changes until the COVID-19 pandemic. Front Public
Health 2025; 13: 1548379.

Meyer A, Sichieri S, Porta M, Robinson O, Verly E, Nogueira Neto JF, Simoes Rosa
AC, Vineis P, Faerstein E. The risk of diabetes associated with DDE exposure and its
interaction with a common FTO gene variant: The Pro-Saude Study, Brazil. Expo
Health 2025; 17: 341-352.

Long S, Porta M, Yang J, Jing X, Gasull M, Burgos G, Simeone D, Trasande L.
Concentrations of per- and polyfluoroalkyl substances (PFAS) and pancreatic cancer: a
case-control study in New York. Expo Health 2025; 17: 293-301.
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2024

Gasull M, Camargo J, Pumarega J, Henriquez-Hernandez LA, Campi L, Zumbado M,
et al. Blood concentrations of metals, essential trace elements, rare earth elements
and other chemicals in the general adult population of Barcelona: Distribution and
associated sociodemographic factors. Sci Total Environ 2024; 909: 168502.

2023

Pumarega J, Busca O, Gasull M, Porta M. Supporting legislative action: Urinary levels
of phthalates and phenols among influencers in the 'Plastics in the spotlight' advocacy
initiative. Environ Res 2023; 3 (Pt 2): 116205.

Porta M, Pumarega J, Gasull M, Aguilar R, Henriquez-Hernandez LA, Basagafa X,
Zumbado M, Villar-Garcia J, Rius C, Mehta S, Vidal M, Jimenez A, Campi L, Lop J,
Pérez Luzardo OL, Dobafo C, Moncunill G. Individual blood concentrations of
persistent organic pollutants and chemical elements, and COVID-19: A prospective
cohort study in Barcelona. Environ Res 2023; 223: 115419.

Cavalier H, Trasande L, Porta M. Response to: Comments on "Exposures to pesticides
and risk of cancer: Evaluation of recent epidemiological evidence in humans and paths
forward". Int J Cancer 2023; 152: 2220-2221.

Mustieles V, Arrebola JP, Porta M. From old pollutants to the regulation of bisphenol A:
Lessons learned for health promotion and disease prevention. Prev Med 2023; 169:
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