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ABSTRACT Mining is a high-risk activity due to its dangerous processes. Tin (Sn) is obtained from 
cassiterite ore and mining activities expose workers to the metal. Chronic exposure to Sn may cause 
pneumoconiosis, gastrointestinal and hematological effects, among others. This work aimed to assess the 
exposure of workers to tin in a cassiterite ore processing industry, using the speciation analysis in blood 
plasma. Twelve subjects donated the blood samples; six were occupationally exposed to Sn. Size exclusion 
chromatography separated proteins in blood plasma; a graphite furnace atomic absorption spectrometer 
determined total tin in the plasma and eluted fractions, while SDS-PAGE determined molecular masses 
of proteins. Tin levels in the workers’ plasma were four times higher than in the reference individuals. 
After fractionation, the metal only appeared in the total inclusion volume, not being possible to confirm 
the binding of tin to proteins, which certainly modifies their functions and impair workers’ health. 
Despite that, the work process needs to change since Sn levels in the workers’ plasma pointed to metal 
exposure. Further works are necessary to clarify whether the metal is free or bound to small proteins in 
blood plasma and understand the true impact of tin on workers’ health.

KEYWORDS Tin. Mining. Blood plasma. Speciation. Proteins.

RESUMO A mineração é uma atividade de alto risco devido aos seus processos perigosos. O estanho (Sn) 
é obtido do minério de cassiterita e as atividades da mineração expõem os trabalhadores ao metal. A expo-
sição crônica ao Sn pode causar pneumoconiose, gastrointestinal e hematológica entre outros efeitos. Este 
trabalho avaliou a exposição de trabalhadores ao estanho em uma indústria de processamento de minério 
de cassiterita, utilizando a análise de especiação no plasma sanguíneo. Doze indivíduos doaram amostras 
de sangue, sendo seis expostos ocupacionalmente ao Sn. A SEC separou as proteínas do plasma sanguíneo, 
a GFAAS determinou a concentração total de estanho no plasma sanguíneo e frações eluídas, enquanto o 
SDS-PAGE determinou as massas moleculares das proteínas. O plasma dos trabalhadores apresentou níveis 
quatro vezes maiores do que os indivíduos de referência. Após fracionamento, Sn só apareceu no volume de 
inclusão, não sendo possível confirmar sua ligação às proteínas. Contudo, o processo de trabalho precisa 
mudar, pois os níveis de Sn no plasma dos trabalhadores apontam para exposição ao metal. Outros trabalhos 
são necessários para esclarecer se o metal está livre ou ligado a pequenas proteínas do plasma e entender o 
verdadeiro impacto do estanho na saúde dos trabalhadores.

PALAVRAS-CHAVE Estanho. Mineração. Plasma sanguíneo. Especiação. Proteínas.

SAÚDE DEBATE   |  RIO DE JANEIRO, V. 46, N. 133, P. 459-472, Abr-jun 2022

459

1 Fundação Oswaldo Cruz 
(Fiocruz), Escola Nacional 
de Saúde Pública Sergio 
Arouca (Ensp), Centro 
de Estudos da Saúde do 
Trabalhador e Ecologia 
Humana (Cesteh) – Rio de 
Janeiro (RJ), Brasil.
mfr.moreira55@gmail.com

2 Fundação Oswaldo Cruz 
(Fiocruz), Instituto de 
Tecnologia em Fármacos 
(Farmanguinhos), Vice-
diretoria de Educação, 
Pesquisa e Inovação 
(VDEPI) – Rio de Janeiro 
(RJ), Brasil. 

3 Universidade Federal do 
Rio de Janeiro (UFRJ) – Rio 
de Janeiro (RJ), Brasil.

ORIGINAL ARTICLE  |  ARTIGO ORIGINAL

This article is published in Open Access under the Creative Commons Attribution 
license, which allows use, distribution, and reproduction in any medium, without 
restrictions, as long as the original work is correctly cited.

Tin speciation in the blood plasma of 
workers occupationally exposed in a 
cassiterite ore processing industry 
Especiação de estanho no plasma sanguíneo de trabalhadores 
expostos ocupacionalmente em uma indústria de processamento de 
minério de cassiterita

Débora Resende de Souza Lima1, Filipe Soares Quirino da Silva2, Renato Marçullo Borges1, Rejane 
Correa Marques3, Maria de Fátima Ramos Moreira1   

DOI: 10.1590/0103-1104202213315 

459

mailto:mfr.moreira55@gmail.com


SAÚDE DEBATE   |  RIO DE JANEIRO, V. 46, N. 133, P. 459-472, Abr-jun 2022

Lima DRS, Silva FSQ, Borges RM, Marques RC, Moreira MFR460

Introduction

The relationship between work and health has 
been known for a long time. In particular, work 
can cause illnesses, reduce the working life, 
and lead to workers’ death when performed 
without adequate conditions. All work pro-
cesses involve risk situations, which influence 
workers directly or indirectly and in different 
ways, such as physiologically, psychologically, 
and emotionally. Direct action occurs when 
chemicals come into contact with the worker 
by inhalation, for instance1. 

Mining is one of the highest risk activities 
due to extremely dangerous work processes. 
Among the reasons, there are the risks posed 
by the work process related to the safety and 
health of miners, and the high cost of imple-
menting the preventive measures, especially 
for small and medium-sized companies. 
Worrying data showed workers have become 
increasingly ill in mining industries over the 
years, representing a high number of illnesses, 
an 82.5% increase, in a short period (3 years)2.

Naturally, the earth’s crust contains small 
amounts of tin (Sn), mainly in the cassiterite 
ore (SnO2). However, especially in cassiterite 
mining and processing activities, anthropogenic 
actions contribute to raising the natural levels 
of metallic compounds in the workplace and 
the human body. Sn attached to dust particles, 
fumes, and gases can be spread by the wind 
and removed from the atmosphere by rain3,4. 

Sn compounds are in both inorganic and 
organic forms in the environment. The metal 
and its compounds are industrially relevant 
owing to their low melting point, affinity to 
form alloys, resistance to corrosion, and oxida-
tion4. Their applications are as anticorrosion 
plating in food and beverage containers, in the 
production of modern alloys such as bronzes, 
brasses, solders, and dental amalgams, ceramic 
glazes, glass industry, in the textile industry 
as a mordant, in the cosmetic industry, in the 
chemical industry as stabilizers, production 
of biocides, wood and leather preservation, 
agriculture and antifouling paints in boats5,6.

Poor absorption, low retention in tissues, 
and rapid elimination contribute to the low 
toxicity of inorganic Sn. However, like in oc-
cupational exposures, the length of exposure 
and species generated can lead to toxic effects. 
The contamination of workers and the popu-
lation living near such industries can occur 
through inhalation of Sn dust or fumes, contact 
with minerals, or ingestion of water and food 
contaminated by the metal5. 

People chronically exposed to inorganic 
Sn, such as SnO2 present in dust and fumes, 
may develop non-fibrinogen pneumoconio-
sis, which involves mainly the lower respira-
tory system3. Inorganic Sn compounds can 
cause gastrointestinal and hematological 
effects, as well as kidney, and liver damages6. 
Based on the few available studies already 
developed, especially in workers, Sn did not 
show human development and reproduction 
effects. Likewise, there was no evidence of 
neurotoxicity, immunotoxicity, mutagenicity, 
or carcinogenicity. However, there are few 
reports as to the genotoxicity of Sn compounds 
in the literature. Similarly, a limited number 
of animal studies have failed to clarify the 
potential toxicity of inorganic Sn. It affects the 
absorption and retention of essential minerals 
such as calcium, copper, iron, zinc, and sele-
nium. Therefore, it is not easy to determine 
the cause of a particular effect due to these 
interactions7,8.

Most cassiterite production is in low- and 
medium-income countries, like Burma, China, 
and Indonesia9. Brazil has about 7.5% of the 
world’s tin reserves, the sixth-largest producer 
globally. The Brazilian reserves are in the 
Amazon-region, and the states of Rondônia 
(RO) and Amazonas are responsible for ap-
proximately 50% each of the national produc-
tion of cassiterite10.

Mineral exploration is the main economic 
activity in RO. Tin, niobium, and tungsten 
are the main metals products, accounting for 
71% of the goods traded, of which 66% are 
cassiterite. Currently, different activities are 
related to Sn, such as extraction and processing 
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of Sn ore, and smelting. Its mining attracts 
large companies and generates jobs. Among 
the top five companies, three deal with cassit-
erite extraction, two of which are the first ore 
producers in the state11. Those work processes 
pose a risk to the health of workers, generating 
noise, waste, loads, and repetitive efforts. In 
addition, workers face extenuating working 
hours, with long periods of exposure per day 
to powders, dust, aerosols, particulate matters, 
and fumes containing different chemical sub-
stances, including Sn2,12,13.

The identification and quantification of 
elements are necessary in toxicology. Besides, 
the toxicological effects of an element depend 
on its chemical form in the original sample. 
For example, Cr VI is toxic, while Cr III is es-
sential for humans14. However, the total metal 
concentration is insufficient to understand the 
metabolism, mode of entry, distribution in the 
cell, elucidation of mechanisms, and interac-
tion between metals and proteins, as well as 
deposition in tissues. The metal speciation is 
a more complex task than the determination 
of its total content. Accordingly, speciation is 
essential for knowing the characteristics de-
pendent on the chemical forms of the element. 
Toxicity is a species-dependent property, and 
therefore, the knowledge of concentrations 
of each species present in a specific matrix 
is much more relevant for the exposure as-
sessment than its total concentration. The 
different species of a particular metal can 
differ significantly in their effects on human 
health. Knowing about the chemical species 
of an element provides a better understanding 
of the chemical and biochemical reactions 
involving these species and thus providing 
information on their toxicity or essentiality15. 
The speciation analysis allows understand-
ing the mechanisms and processes by which 
trace elements are absorbed, transported, and 
incorporated into proteins14. However, the 
lability of species searched is one of the main 
challenges of the chemical speciation in bio-
logical systems since it is necessary to preserve 
the integrity of such species throughout the 

analytical procedure. Changes in the condi-
tions of the biological environment studied 
disturb the existing physical-chemical balance. 
Thus, in the end, the species measured may not 
fully represent those existing in the original 
samples. Besides, after fractionation of the 
different metal species, too low concentra-
tions will require much more sensitive and 
selective detectors to perform measurements 
in real life15. The International Union for Pure 
and Applied Chemistry (IUPAC) defined 
speciation as the distribution of an element 
among particular chemical species in a system, 
whereas the expression ‘speciation analysis’ 
refers to analytical activities for identifying 
and/or measuring the quantity of one or more 
chemical species in a sample16.

Although speciation analysis can be per-
formed in environmental and biological 
systems, most published studies involving 
metal speciation are related to environmen-
tal samples17-20. Research using biological 
fluids as a matrix for Sn speciation analysis 
is scarce21, and it is generally limited to the 
separation and determination of organic Sn 
compounds22,23. Nevertheless, neither of these 
published papers assessed the binding of Sn to 
biological proteins. Such studies only report 
the different organotin species (butyl, phenyl, 
and propyl) present in these biological fluids. 
This fact explains the actual necessity to carry 
out studies based on its presence in a protein 
structure. The blood plasma shows the bio-
available fraction of the analyte, enabling to 
characterize proteins that bind and carry the 
metal, eluding the distribution of metals in the 
body24. Therefore, the present work planned 
to assess the exposure to Sn in a cassiterite 
ore processing industry, using the speciation 
analysis in the blood plasma of workers in the 
state of Rondonia, Brazil. 

Material and methods

The study was conducted with workers occu-
pationally exposed in a Sn processing industry 
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at Ariquemes, one of the main municipalities in 
the state of Rondonia, with 4,426.571 km² and 
located 198 km from the capital Porto Velho. 
It is the third most populous city in the state, 
with an estimated population of 107,863 inhab-
itants, the second in demographic density, with 
23.9 inhabitants km-², and one of the highest 
human development indexes (HDI = 0.702) 
in the state, but lower than the national HDI 
(0.765)25,26. 

The research selected the Production area 
within the cassiterite processing industry. Two 
population groups participated in the study. 
One of them consisted of six workers from the 
production area of the cassiterite processing 
facility, while the other comprised six adults 
environmentally exposed to Sn, with similar 
quality of life to the former group, living near 
a Sn foundry industry and used as a reference 
group. Both agreed to participate by signing 
the Free and Informed Consent Form. 

Venous blood samples were collected in 
vacuum tubes, 7ml, specific for the determina-
tion of trace metals, containing heparin as an 
anticoagulant. After the collection procedure, 
samples were kept refrigerated, transported to 
the Laboratory, and centrifuged at 3500 rpm 
for 15 min to obtain the blood plasma. Then, 

the supernatant was removed and frozen at 
–20°C until analysis. Only the workers’ blood 
plasma was divided into two. The determina-
tion of the total Sn concentration required part 
of it, while the metal speciation analysis used 
the other portion. Fractionation only occurred 
in the six plasma samples from workers, and 
two aliquots were prepared for each sample.

All glass and plasticware used underwent 
rigorous decontamination, reagents were of 
analytical grade, and the water was ultra-
pure. Merck supplied all reagents used. Blood 
plasma samples were diluted 1 + 4 in 0.1% (v/v) 
Triton X-100 for the determination of the total 
Sn concentration, while the eluted fractions 
needed no dilution. 

Sn concentration in blood plasma samples 
and chromatographic fractions were per-
formed using an AAnalyst 800 atomic ab-
sorption spectrometer equipped with a 
transversely heated electrothermal atomizer, a 
Zeeman longitudinal background corrector, an 
AS-800 automatic sampler, and end cap tubes, 
all Perkin-Elmer. Table 1 shows the operating 
conditions of the graphite furnace for tin in 
blood plasma samples and fractions collected 
from the chromatographic system.

Table 1. Conditions for Sn determination in blood plasma and its fractions in the graphite furnace

Graphite furnace operation

Pyrolysis Temperature (ºC) 1400

Atomization Temperature (ºC) 2200 (blood plasma) / 2100 (fractions)

Injection volumes (µL) 10 (modifier) / 20 (sample)

Modifier (deposited mass, µg) Pd (10) + MgNO3 (6)
Source: Own elaboration.

A serum reference sample (Contox I Serum, 
lot TM144-1097, Kaulson Laboratories, USA), 
with a tin concentration of 3 ± 2 µg L-1, checked 
the accuracy of the procedure. The limit of 
quantification (LOQ) was 0.26 μg Sn L-1. 

Size-exclusion chromatography (SEC) was 
carried out in a GradiFrac System (Amersham 

Pharmacia Biotech), using an XK 16/100 
column (Amersham Pharmacia Biotech), 
filled with Sepharose CL 4B (Amersham 
Pharmacia Biotech). The mobile phase was a 
50 mM Tris-HCl/30 mM NaHCO3 buffer (pH 
7.4). The column was calibrated using 0.05% 
(w/v) sodium azide (Merck) and 1% (w/v) 



SAÚDE DEBATE   |  RIO DE JANEIRO, V. 46, N. 133, P. 459-472, Abr-jun 2022

Tin speciation in the blood plasma of workers occupationally exposed in a cassiterite ore processing industry 463

Blue Dextran (Sigma) to determine the inclu-
sion and exclusion total volumes, respectively. 
Blood plasma samples were diluted 1+1 with 
the mobile phase, and an aliquot of 2 mL was 
injected into the chromatographic system, 
using 0.7 mL min-1 as the flow rate. Fractions 
(2 mL) were collected and analyzed in a UV-
Visible Spectrophotometer, model UV-1601 
(Shimadzu Corporation), at 280 nm to monitor 
protein signal of all fractions.

The graphite furnace atomic absorption 
spectrometry (GF AAS) determined Sn in the 
chromatographic fractions with high UV signal 
without dilution. The LOQ achieved for Sn 
in the fraction was 0.34 µg L-1. Blood plasma 
samples with no detectable Sn levels provided 
laboratory reference materials in the absence 
of certified materials. The average recovery of 
the total amount of Sn spiked to the samples 
was 90 ± 2.3%. Fractions presenting levels of 
Sn above the quantification limit were selected 
for electrophoresis.

The Bio-Rad Mini-Protean II system 
(Bio-Rad) performed SDS-PAGE to evalu-
ate protein fractions homogeneity according 
to Laemmli27. The PAGE concentration was 
12%, and the molecular weight determination 
applied low range Bio-Rad standards. The 
SpeedVac (Thermo Scientific) concentrated 
the samples collected, and a sample-reducing 
buffer was added (10 µL). Gels were stained 
with silver nitrate and digitized on a GS-800™ 
calibrated densitometer using the Quantity 
One® 1-D analysis software (Bio-Rad).

The statistical software SPSS (Statistical 
Package for Social Science) for Windows 
version 21.0 calculated mean and standard 
deviation, and the Mann-Whitney test com-
pared Sn concentrations in the blood plasma of 
exposed and unexposed groups. The statistical 
significance level was 5% (p=0.05) and 95% 
confidence interval.

The research followed the recommen-
dations of Resolution No. 466/2012 of the 
National Health Council regarding human 
beings, and the Ethics Committee in Research 

from the National School of Public Health ap-
proved the study (CAAE nº 0201.0.031.000-05).

Results and discussion

Speciation analysis

Different analytical procedures were necessary 
for the development of the speciation analysis. 
They mainly consisted of a separation system, 
chromatography, and another to determine 
the metal concentration, graphite furnace. 
Thus, SEC separated the blood plasma, and 
gel electrophoresis fractionated the proteins 
by bands, while the GF AAS determined the 
total concentration of Sn in blood plasma and 
chromatographic fractions.

Gel Filtration Chromatography (GFC) per-
forms a physical separation of proteins under 
native conditions, avoiding their denaturation. 
These are suitable conditions for speciation 
as no interference occurs in the metal-protein 
interaction. However, GFC has a poor resolu-
tion, and proteins are not entirely separated. 
Therefore, this technique is generally used for 
pre-analysis, followed by other methods with 
a higher resolution, allowing better identifi-
cation of these proteins28. Nevertheless, the 
use of SEC was a conservative option due to 
the lability of the species since the pressure 
applied in the high performance liquid chro-
matography could not guarantee the preserva-
tion of the original species. 

The findings of two studies28,29 corrobo-
rated our results (figure 1) since the gel filtra-
tion chromatography for the separation of 
blood plasma proteins was not satisfactory 
due to the lack of selectivity (separation based 
on molecular mass) and ability to resolve the 
albumin and transferrin profiles appropri-
ately, the most important among several other 
proteins in blood plasma. Thus, SDS-PAGE 
electrophoresis performed the identification 
of the proteins.
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Tin determination in blood plasma

Table 2 shows the concentration of Sn in the 
blood plasma of workers and environmentally 
exposed individuals. The Sn concentration 
ranged from 3.44 to 4.38 μg L-1 in the blood 

plasma of workers. As expected, such results 
were fourfold higher than the range found 
in the reference population (≤ 0.26 to 1.87 μg 
L-1). Data presented a statistically significant 
difference between Sn concentrations in blood 
plasma samples of both groups (p < 0.05). 

Figure 1. Tin speciation analysis in a blood plasma sample of a worker occupationally exposed by LC – GF AAS. 

Source: Own elaboration. 

Note: The bars show tin contents (µg L-1) as measured in each fraction collected from the LC column. The lines represent the proteins 
profiles measured at 280 nm.
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Table 2. Tin concentration and standard deviation found in the blood plasma of occupationally and environmentally 
exposed populations

Sample

Exposed Populations (µg L-1)

Occupationally Environmentally

01 4.21 (0.32) 0.81 (0.22)

02 4.07 (0.31) 1.12 (0.30)

03 3.76 (0.28) 0.62 (0.17)

04 4.07 (0.31) 0.93 (0.25)

05 3.44 (0.26) 1.87 (0.50)

06 4.38 (0.33) ≤ 0.26

Overall Average 3.99 (0.34) 0.94 (0.54)

Source: Own elaboration.

Note: Standard deviation in parentheses. Limit of quantification = 0.26 µg L-1.

Inorganic Sn concentration in blood plasma 
is scarce in the literature since absorption and 
toxicity of the metal have been considered 
low. According to the Toxicological Profile 

for Tin, little information has been published 
regarding inorganic tin on human health6. As 
there is little research on such a matter, the Sn 
levels of an environmentally exposed group, 
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composed of six individuals from the same 
region and similar socioeconomic levels and 
habits, allowed comparing the results found in 
the occupationally exposed population.

The Brazilian Regulatory Standard (NR 
7)30 does not establish reference values or 
maximum permissible biological indexes for 
Sn in biological matrices. Likewise, other in-
ternational agencies, such as The American 
Conference of Governmental Industrial 
Hygienists (ACGIH)31, and The German 
Permanent Senate Commission (known as 
the MAK Commission) for the Investigation 
of Health Hazards of Chemical Compounds in 
the Work Area32 have not established biologi-
cal exposure indicators for Sn. Such indexes 
provide the level of exposure in the body of 
workers through the measure of a chemical, 
its product of decomposition or biochemical 
changes resulting from exposure31.

A study evaluated the blood plasma of a 
population with no known exposure to Sn 
as control. The concentration range found 
was <0.09 – 2.4 μg L-1, similar to the non-
occupationally exposed population in this 
work33. Another research reported usual Sn 
concentrations of 1.4 ± 0.5 μg L-1 (mean ± SD) 
in blood plasma of 12 adults (8 women, 4 men, 
mean age 77.8 years)4. Reports on the deter-
mination of Sn concentration in the blood 
plasma of occupationally exposed workers 
and Sn speciation analysis were not found in 
the literature.

Blood plasma fractionation

The environmentally exposed population 
obtained an overall mean concentration of 
Sn fourfold lower than that of workers. Thus, 
after separating the species, the detector 
used would not have sufficient sensitivity to 

determine the metal concentrations in the 
different species. All of them would be below 
the limit of quantification. Therefore, only 
the blood plasmas of exposed workers under-
went fractionation. Figure 1 shows Sn contents 
measured in each fraction collected from the 
gel filtration column. Such concentrations in 
blood plasma fractions of the exposed workers 
ranged from ≤ 0.34 to 2.57 μg L-1. The metal 
only appeared in the total inclusion volume 
(fractions 87-95) in all six samples. The highest 
UV signals (280 nm) were in fractions 45 to 86, 
showing the position of most plasma proteins. 
A little peak also arose between fractions 87 
and 95, where the Sn signal appeared (see 
figure 1 above).  

Two different approaches for the appear-
ance of Sn in the total inclusion volume could 
explain those results. In the first one, the metal 
is not bound to proteins but as free ions like 
lead, a toxic metal chemically similar to Sn14, 
available for the transport to tissues, and it 
migrates through the column with other low 
molecular weight species. Such availability 
would allow Sn to reach different organs and 
tissues and impair their proper functioning. 
The second possibility is that Sn could be 
bound to minor proteins present in fractions 
such as 84 to 89. Among them, low molecu-
lar weight bands could be associated with 
metallothioneins (MTs).

SDS-PAGE evaluated proteins presented 
in the fractions with Sn concentrations above 
the LOQ. The prominent peak had 66 kDa in 
all fractions corresponding to human serum 
albumin (HSA). In addition to albumin, a 57 
kDa band likely related to the immunoglobu-
lin chain occurred. Minor proteins are also 
present in the total inclusion fractions and 
could be associated with metallothioneins 
(MTs) (figure 2). 
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A group of abundant proteins including 
albumin and immunoglobulin dominates the 
protein profile of plasma. In human plasma, 
albumin accounts for 57–71% w/w and immu-
noglobulin for 8–26% w/w of the total protein34. 

HSA contains four metal-binding sites of 
different structures, metal ion specificities, and 
binding affinities35,36. Among numerous func-
tions in the body, HSA plays an essential role 
in the transport and distribution of essential 
metals, as Cu2+ and Zn2+. Nonetheless, it also 
binds to relevant toxic metals, like Ni2+, Co2+, 
Pb2+, or Cd2+ 35-37. However, Sn was not present 
in the fractions with high concentrations of 
HSA (45-86), indicating that no important 
interaction with such a protein occurred.

The immunoglobulin chain is the 
second largest fraction of plasma proteins. 
Immunoglobulins play a vital role in adaptive 
immune responses34,38. A review of the litera-
ture on human exposure to non-essential metals 
and its relationship with immunotoxicity con-
cluded that toxic metals could change cellular 
functions, induce cell proliferation and activa-
tion, as well as contact dermatitis. Also, those 
elements could modify cell structures, compete 
with essential molecules to physiological pro-
cesses, causing autoimmune diseases. However, 
mechanisms for immunotoxicity development 

have not been elucidated39. Similar to HSA, 
Sn did not appear in the fractions with higher 
immunoglobulin concentration, showing no 
relevant binding to this protein.

Metallothioneins are a family of low mo-
lecular weight proteins with a unique capac-
ity to bind seven metal ions through twenty 
sulfhydryl groups5. They have many functions, 
and the main one is to keep essential elements 
in balance. These proteins protect against free 
radicals and toxic effects of metals, homeosta-
sis, oxidant damages, metabolic regulation, 
sequestration, and redox control. MTs are 
essential proteins to metal homeostasis40.

The presence of Sn in such fractions is in 
agreement with the literature, in which Sn (IV) 
is bound to important biological ligands of low 
molecular weight41. The suggested mechanism 
for protein-tin interaction is through covalent 
bonds between the Sn (IV) atom and thiols 
groups present in proteins. The monothiols 
are responsible for mediating the biochemical 
effects of organotin compounds42,43. 

Interactions between amino acids and metals 
play decisive roles in the structure and functions 
of natural metalloproteins and metal activating 
proteins. The binding of toxic metals, such as 
lead, cadmium, or mercury, with proteins results 
in unrepairable damage to protein functions44.

Figure 2. Gel with β-mercaptoethanol, stained with AgNO3, protein standard of 6.5 - 66 kDa molecular weights

Source: Own elaboration. 

(A.2): Protein standard in 1st pool; fractions 84 to 88 from 2nd to 6th pool; (B.2): Protein standard in the 1st pool; fractions 89 to 95 from 2nd 

to 6th pool.
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Although the literature shows that essential 
and toxic metals bind to plasma low molecular 
weight proteins, such as albumin, immuno-
globulins, and MTs, it is not possible to state 
that Sn was bound to such proteins with the 
procedure applied in this study. It would be 
necessary to use a more sensitive and spe-
cific technique such as mass spectrometry. 
Nevertheless, it is mandatory to hold a dis-
cussion about exposure to Sn and its possible 
consequences on human health.

Albeit Sn is a naturally occurring element 
in the environment and classified as poten-
tially toxic by the WHO, studies associating 
exposure to the metal with adverse effects on 
human health are scarce or non-existent45. 
In particular, occupational exposure is not 
even considered. Most reports about effects 
of tin on the human health, except for studies 
in volunteers, are generally deficient in the 
exposure characterization. On the other hand, 
numerous studies have been conducted on the 
effects of tin in animal species, mainly rodents, 
by the oral route. However, insufficient in-
formation has been published regarding the 
effects of inhaled tin and its compounds on 
human health. Research on occupational ex-
posures often lack details on actual exposure 
concentrations and condition since they assess 
numerous substances6.

According to the scarce literature, Sn affects 
the metabolism of some essential minerals such 
as iron, copper, zinc, calcium, and selenium by 
mechanisms that are not fully clear but could 
involve absorption and/or retention. Thus, Sn 
would play an important role concerning the 
effects on human health since it may alter the 
metabolism of essential minerals6.

Studies investigating a link between 
chronic, low level exposures to inorganic 
Sn and adverse human health outcomes are 
limited. A cross-sectional study reported a pos-
itive but non-significant association between 
urinary Sn concentration and diabetes46. In 
coke oven workers in China, urinary Sn levels 
were associated with elevated fasting plasma 
glucose levels47. The National Health and 

Nutrition Examination Survey (NHANES) 
2011-2014 analyzed demographic, socioeco-
nomic, and lifestyle factors associated with 
total urinary Sn levels in adults and concluded 
that exposure to the element was ubiquitous 
to the general population, and its levels were 
associated with gender, race, income, and/or 
physical activity. The study still suggested that 
environmental exposures to Sn are linked to 
adverse health outcomes in humans45. 

A work evaluated the possible genotoxic 
effects of a series of eight Sn (II) and Sn (IV) 
inorganic compounds for the detection of mi-
cronuclei (MN) in human blood lymphocytes 
in the absence of metabolic activation. Such 
inorganic compounds did not induce MN for-
mation but increased cytotoxicity in several 
concentrations for all tested Sn compounds7.

The metallic Sn has an adjuvant-like property 
of increasing the levels of natural antibodies, 
inducing hemagglutinins, and enhancing the 
induction of allergic encephalomyelitis in rats. 
However, a study found that the metal was an 
adjuvant for a different immunologic process, the 
anaphylactic sensitization. The authors conclud-
ed that metallic Sn could enhance immunologic 
reactions as a result of polyclonal B cell activation 
with the proliferation of plasma cells48.

Human exposure to Sn is almost ubiquitous. 
However, little is known about factors affecting 
human health in Sn exposure. In this decade, the 
development of some studies started to occur45-47. 
Before, Sn was not recognized as possibly toxic, 
and little attention was paid to exposures, espe-
cially the occupational ones. Therefore, further 
research is needed to assess if low level, chronic 
exposures to inorganic forms of Sn are associated 
with adverse outcomes in humans.

Furthermore, tin and lead belong to the 
same group in the periodic table. Therefore, 
they are very similar physically and chemically, 
with equivalent radii and the same oxidation 
state49. Regarding their toxicity, both mimic 
calcium and are stored in bones6,50. Lead is 
recognized worldwide as extremely toxic 
to human health, whereas it interferes with 
all organs and systems in the body, mainly 
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bound to proteins, impairing their functions50. 
Additionally, blood plasma contains the free 
lead fraction, like Sn, available to cross cell 
membranes and cause its toxic effects14,50. 
The great difference between such elements 
is that lead has been studied for a long time, 
while there are practically no studies about tin 
in humans. Thus, inorganic Sn is an element 
that needs more attention from researchers 
concerning its effects on human health, es-
pecially workers.

In addition to being exhaustive, work in 
the mining of cassiterite and the processing 
industry of Sn ore mainly exposes workers to 
SnO2 (Sn IV) powders and dust, while metal-
lic fumes are the primary way of exposure to 
those workers in Sn casting industries. All 
those occupations are considered as high-level 
tin exposure according to their production 
amount. Research carried out in the mining 
sector of Bahia concluded that the working 
conditions described by workers and the risks 
to which they were submitted demonstrated 
conditions that could lead to the develop-
ment of particular occupational diseases as 
it was already perceptible in some of them. 
Changes are mandatory in the work process 
to lessen the deterioration and, consequently, 
improve the health conditions of the mining 
worker51. Although the activities carried out in 
the mining chain are relevant, it is necessary to 
preserve the worker’s health due to the risks 
present throughout the work process.

Conclusions

Although the number of participants has been 
small, the levels observed for Sn in the blood 
plasma of workers were much higher than 
those in the reference group. On the other 
hand, the procedure used could not establish 
the Sn binding to proteins. A technique such 
as mass spectrometry could probably confirm 
those ligands. However, there are no similar 
studies published in the literature to cor-
roborate the results found. If confirmed, the 

binding of Sn to some proteins modifies their 
functions and impairs health. Our findings 
can represent a breakthrough for the health 
of workers exposed to Sn since ‘poor absorp-
tion and low toxicity’ of the metal were always 
considered a kind of protection against impair-
ment to health. Notwithstanding, damage can 
occur if Sn interferes with the physiology of 
its ligands. 

We cannot infer that Sn levels in workers 
were high, but they were significantly dif-
ferent from non-occupationally exposed 
people. Further studies are needed to evaluate 
workers´ health, verify any possible Sn effect 
in their bodies, and reduce human exposure 
to total Sn and different forms of the metal. As 
cassiterite production occurs in an impover-
ished region with low economic opportunities 
for the population, it was challenging to recruit 
people for this study, probably due to their fear 
of losing jobs in the mining industry.

The mining chain is significant to the socio-
economic development. However, modifica-
tions in the work process are mandatory to 
improve the health conditions of the mining 
workers. It is a complex challenge due to the 
risks present throughout the work process. 
Thus, it is necessary to know the work process 
in mining and its relationship with the work-
er’s health-illness process from the perspective 
of health surveillance.
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