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Review Article

industrial Pollutants and nasopharyngeal Cancer:  
an Open Question
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abstract

introduction and Objectives: Nasopharyngeal 
Carcinoma represents 0.7% of the total cancer cases in 
the world with an ASR index of 1.7 and is widely associated 
with Epstein-Barr virus. It is not common in Italy (ASR 
index of 0.5) while in China (ASR 1.9), one third of the 
clinical cases are observed in Guangdong (ASR index 
11.3). It is also quite common in Malaysia and Indonesia. 
The activation of the cancerogenesis process happens 
after the exposure to some environmental parameters 
that epidemiological studies have indicated with various 
dietary habits, mainly for salted fish consumption. The 
purpose of this work is to highlight such as exposure to 
compounds, such as formaldehyde, which is present in 
the different working conditions of these countries and 
may lead to the real cause to establish the carcinogenic 
process.

Materials and Methods: The most recent publications 
regarding the impact of various external factors on Pub 
Med, Google, TOXLINE, Chem Abstract, were analyzed with 
the radiological data that were found in Milan hospitals 
database.

results: The relationship between food consumption 
and nasopharyngeal cancer are not clear and statistically 
insignificant in Indonesia. In Malaysia, the preparation of 
natural rubber for the use of formaldehyde is a dangerous 
environmental factor. The same exposure is a risk factor 
in Guangdong, where many workers are employed in 

the wood panel industry. Incidence of cancer in these 
Chinese ethnic groups decreases when they migrate 
to other countries. In the last 5 years, few cases were 
recorded in Italy, without any apparent change in ethnic 
environmental factors or HBV infection

discussion: In the production of natural rubber, a lot of 
people are exposed to formaldehyde during the various 
steps of preparation and production such as stripping, 
drying and coagulation without observing proper 
environmental hygiene precautions. The same working 
conditions are present in industrial production of wood 
panels in Guangdong, China.

The relationship between exposure to formaldehyde and 
nasopharyngeal cancer is demonstrated by the fact that 
epidemiological studies on the population of this Chinese 
district whose immigrant populations were not exposed 
to these pollutants, the appearance of these tumors 
decreases. Also an examination of our radiological data 
in Italy shows that in about one hundred sixty cases 
of nasopharyngeal cancer none of the patients were 
Indonesian or Chinese 

Conclusion: The preliminary results of our study suggest 
that EPST-BARR virus could be a risk factor if associated 
with exposure to compounds such as formaldehyde 
which is present in industrial productions of countries like 
Indonesia, Malaysia, and China.

Keywords: nasopharyngeal cancer, natural rubber, wood 
panel, formaldehyde, migrants
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introduction 
Nasopharyngeal carcinoma (NPC) arises from 

nasopharyngeal epithelium and is primarily localized 
in the Rosen Müller fossa (1), where the cancer typically 
invades adjacent anatomical spaces and it is a rare 
disease, with a particular geographical distribution. 
Worldwide, 86,500 cases of nasopharyngeal carcinoma 
were reported in 2012, (2) equal to 0.6% of all cancers 

diagnosed in that year. Most of them (70-80%) were 
reported in Malaysia, Indonesia, and some districts of 
southern China, such as Guangdong. The incidence, 
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expressed as age standardized incidence rate (ASR) (2), is 
8.7 new cases per 100,000 inhabitants for Indonesia, 9.2 
for Malaysia, and 14.0 in southern China (3-4). 

In the regions where disease is endemic, the 
undifferentiated subtype “non-keratinizing carcinoma” 
has an incidence higher than 95% (3) and a strong 
association with the Epstein-Barr virus (EBV) is reported. 
EBV infection is perhaps the most widely studied etiological 
factor of NPC. In situ hybridization for EBV-encoded 
ribonucleic acid (RNA) showed that the virus is detected 
in all cancer cells but not in normal nasopharyngeal 
epithelium, suggesting role for activating exogenous 
factors promoting cancer pathogenesis

Large-scale epidemiological studies proposed an 
association between different dietary and social practices 
and NPC risk. In particular, salted fish consumption 
reported as a common habit in NPC patients, specifically 
ingesting N-nitrosamines generated in fish conservation, 
(4) thought to confer long-term increased risk for NPC. 
Some authors indicate that in these conditions the risk 
increases 20 times. Other risk factors are consumption of 
food preserves, tea, alcohol, and smoking (5-7). However, 
working conditions as a risk factor should be taken 
into consideration, especially subjects employed in the 
extraction or production of natural rubber. This is typical 
in Malaysia and Indonesia (world’s main producers of 
natural rubber), having extensive plantations of Hevea 
and using toxic chemical compounds and /or carcinogens 
such as formaldehyde clearly demonstrated to induce 
NPC formation. Also  in Guangdong, China where the 
incidence of nasopharyngeal carcinoma is very high (ASR 
= 16), there are some industrial productions which use 
large quantities of formaldehyde in the production of 
wood-based panels that are made using wood particles, 
wood fibers, and wood chips. Conversely, removing 
these dangerous conditions in the work environment (as 
happened in Southern China) could reduce NPC incidence. 
Given the unresolved gaps in understanding NPC, there is 
a clear need for large-scale, population-based molecular 
epidemiologic studies to understand how environmental 
conditions (pollutants principally formaldehyde) are the 
main risk factors in triggering nasopharyngeal cancer

Methods
Search strategy. We searched on Pub Med (MEDLINE) 

for articles published from Jan 1, 2000 to Dec 31, 2015. 
The following keywords were used: “nasopharyngeal 
carcinoma”, “epidemiology”, “traditional food habits”, 
“environmental pollution”, “formaldehyde”, “industrial 
hygiene”, “rubber production”, “migrants”, and 
“nasopharyngeal cancer in natural rubber workers”. We 
also searched on the Cochrane library, Google, Pub Med 

Compound, Toxiline, Chem Abstract and YouTube using 
these key words. Free text was used in the search for these 
key words with cross–referencing method application 
and the results of our research are summarized below. In 
addition, we also analyzed the radiological data available 
in some Italian database (Milan district).

results and discussion
1. For the search key “nasopharyngeal cancer in 

natural rubber workers”, only three studies have 
been reviewed, of which only one was relevant to 
our study. (5) Examining this article and doing an in-
depth with cross-referencing, we have not found 
studies that would illustrate a link between the 
production of natural rubber and nasopharyngeal 
cancer.

2. The conclusions are that rubber industrial workers 
in Hainan Province (China) have a higher possibility 
of getting the malignancy. The top 5 types of cancer 
found in this study were lung cancer (17.96%), 
liver cancer (17.36%), stomach cancer (13.17%), 
rectal cancer, and nasopharyngeal carcinoma 
but not indicating any precise risk factor such as 
formaldehyde.

3. The majority of studies show instead how 
nasopharyngeal carcinoma (NPC) has a unique and 
complex etiology that is not completely understood. 
Although NPC is rare in most populations, it is a 
leading form of cancer in a few well-defined 
populations, including natives of southern China, 
Southeast Asia, the Arctic, and the Middle East/
North Africa. The distinctive racial/ethnic and 
geographic distribution of NPC worldwide suggests 
that both environmental factors and genetic traits 
contribute to its development.

4. Large-scale epidemiological studies proposed an 
association between dietary or social practices 
and an increased NPC risk .Well-established risk 
factors for NPC include elevated antibody titles 
against the Epstein-Barr virus, consumption of 
salt-preserved fish, a family history of NPC, and 
certain human leukocyte antigen class I genotypes. 
Consumption of other preserved foods, tobacco 
smoking, and a history of chronic respiratory tract 
conditions may be associated with elevated NPC 
risk, whereas consumption of fresh fruits and 
vegetables and other human leukocyte antigen 
genotypes may be associated with decreased risk. 
Evidence for a causal role of various inhalants, 
herbal medicines, and occupational exposures is 
inconsistent.

5. Notably a history of salted fish consumption has 
been reported to be common in NPC patients. 
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Specifically, N-nitrosamines are believed to be the 
associated carcinogen, and long-term exposure 
to them was associated with a two-three folds 
increase in the risk of developing the disease. Other 
reported risk factors are consumption of preserved 
foods, herbal teas, slow-cooked soups, alcohol 
consumption and smoking habits (6-8). However, 
such associations were variable across studies, 
and even when reported, were weaker than that 
salted fish consumption and dissemination of this 
limited habit, especially in Indonesia and Malaysia.

6. Epidemiology studies confirmed that the highest 
NPC incidences are independent from ethnicity in 
both Malaysia and Indonesia. In these countries 
direct working personal experience and YouTube 
movies, showed that during the production of 
natural rubber, workers are exposed to many toxic 
compounds, such as ammonia and formaldehyde, 
a well-known carcinogen.

7. Regarding the exposure to various chemical 
compounds during the natural rubber production, 
we have to examine the entire working cycle from 
latex extraction up until packaging and storage. 
Freshly harvested, the latex is added with formic 
acid, acetic acid or ammonia or sodium sulfite 
to prevent it from clotting and finally sent to the 
processing plant. The final product to the market 
is the concentrated latex, and the dried gum. The 
concentrate, 60% rubber, is obtained by simple 
centrifugation and further addition of ammonia, 
boric acid and zinc diethyldithiocarbamate for 
preservation purposes. The 15% is derived from 
the dried rubber latex dilution and acidification with 
formic acid or acetic acid resulting in coagulation 
and precipitation to the bottom; a subsequent 
passage through a grille rotating cylinders (at 
equal or different speeds) imparts the form of plain 
or creped sheets (sheets and crepe) respectively. 
The product is rotating cylinders then sent to 
drying in stoves in the presence of wood smoke 
(ribbed smoked-sheet) or air (air-dried-sheet). It 
is evident that the aim of this study is to focus on 
the processes carried out in the various steps of 
the production of natural rubber (12). In the various 
steps of this process, exposure to various chemical 
compounds is variable depending on everything 
from personal protective means and equipment 
that should remove the polluted air outside and 
enter it or absorb it in special direct filters. From a 
direct experience and as you can see by the various 
movies present for example also on YouTube, the 
possibility of exposure is high, and the reduction 
of it is almost never performed, and in particular, 

no precautions are applied for protecting workers 
from exposure to formaldehyde. Of note, data on 
formaldehyde as a high risk factor for NPC are 
publicly available since many year (13-15).

8. Guangdong province is part of the production area 
of the Pearl River Delta (PRD), the most productive 
areas of Hong Kong. It has the highest industrial 
concentration and income level all over China. 
Some cities or districts are currently characterized 
by high concentrations of polluting productions 
such as furniture, clothing, leather goods, home 
and public lighting, small metal parts, household 
appliances, and all sorts of products. Most 
important is the fact that in the Chinese district of 
Guangdong, the wood-based panel’s production 
that use wood particles, wood fibers, and wood 
chips have a particular impact on the process of 
formation of nasopharyngeal cancer. The industrial 
production in Guangdong is occupied by about one 
hundred thousand employees. Numerous studies 
have shown that in the production of these panels, 
there are significant emissions of formaldehyde 
and TVOC (16-17), with the consequent risks for 
the health not only for employees but also for the 
inhabitants whose houses are located nearby. 

9. Formaldehyde is a key component of several 
polymers used in building materials including urea 
formaldehyde, phenol formaldehyde (PF, or more, 
commonly known as phenolic resin), and melamine 
resin. It is also a building block in the manufacture 
of methylene diphenyl diisocyanate (MDI), Urea 
Formaldehyde (UF–CAS,#9011-05-6), an amino 
resin widely used as a binder in composite wood 
products like particleboard, plywood, and paneling 
as well as in carpet  and Phenol Formaldehyde 
(PF–CAS #9003-35-4) which is used as a binder 
in fiberglass insulation and in composite wood 
products designed for exterior use (due to its 
higher water resistance than urea formaldehyde). 
Also used increasingly as an alternative to urea 
formaldehyde in interior composite wood products, 
PF is also used as a binding agent for paper-based 
products such as paper composite countertops. 
Melamine resin (CAS #108-78-1), an amino 
resin used to make laminated countertops, glues, 
and fabrics. Melamine formaldehyde has recently 
been introduced as an alternative to UF and PF for 
composite wood products.

indoor air Quality and Other User exposures 

Formaldehyde is one in a group of volatile organic 
compounds (VOCs) that help form smog and ground level 
ozone in the outdoor environment. Inside of buildings, 
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it is a growing threat to human health due to its use in 
a wide range of building and consumer products that 
release it into the indoor air environment. Formaldehyde 
can be released to the user from products treated 
directly with formaldehyde, such as fabrics, and from 
products that use formaldehyde-based binders. Urea 
formaldehyde continues to outgas formaldehyde for years 
after manufacture and has been a target of green building 
programs and regulatory actions. Products containing 
phenol formaldehyde also outgas formaldehyde during 
use, however at a far lower rate than urea formaldehyde-
based products. Some paints, adhesives and other wet 
applied products create formaldehyde as they cure.

If workplace safety regulations are inadequate, 
exposure to pollutants is obvious and relevant for those 
working processes associated with a high risk for NPC. 
Some examples are the regulations recently adopted in 
force in Italy for the same industrial process where the 
ASR index for nasopharyngeal cancer is 0.5 

With the data recorded by radiological data base for 
Milan District, in four-hundred thirty-four people, male 
and female Indonesians and Malaysians registered at 
Lombardia, we found no reported cases of nasopharyngeal 
cancer in 2016. This could be partially explained by 
the fact that the emigrant’s age is relatively low. The 
NPC incidence seems to decline in these last few years 
probably due to the replacement of the above-mentioned 
dangerous substances listed or due to the adoption of 
new regulations and protection devices at workplaces. 
Moreover, the only way to avoid EBV latency is not to be 
exposed to carcinogens repeatedly.

A special study must be dedicated to cancer incidence 
in the same populations after migration. Not surprisingly, it 
decreases sharply (18) which clearly confirms the influence 
of environmental factors. The other two studies showed 
the same type of risks, even though the populations under 
observation have a different ethnicity (19-20).

Conclusion
In those regions where NPC is endemic, the non-

keratinizing undifferentiated subtype had the highest 
incidence, closely associated with the EBV infection. 
However, other exogenous factors are necessary to 
activate the cancerous transformation of the infected 
cells, and the principal exogenous factor is formaldehyde. 
This chemical compound involved in the production of 
natural rubber, especially in poor environmental hygiene 
conditions, should not be neglected, considering that 
Malaysia and Indonesia are the top producers of natural 
rubber. These countries have the highest ASR index 
for NPC. Similar considerations apply to the districts of 
southern China where the industrial production of the 

wood panel implies a large emission of the formaldehyde 
in work place and it contributes to a not less dangerous 
indoor pollution. Notably, to further support this evidence, 
migration of these workers to other countries have 
strongly reduced the incidence of NPC.
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