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SILICA AND ESOPHAGEAL CANCER IN
GOLESTAN PROVINCE NORTHEAST OF IRAN
Sima Besharat1, Ali Jabbari2, Shahryar Semnani3
ABSTRACT
Objectives: Association of silica with diseases like cancers has been determined previously. This
study was designed to determine the quantity of silis in flour produced in Golestan province and
its relation to the esophageal cancer.
Methodology: We took flour samples from all flour mills in Golestan province. Base-melting
method in nickel cruise was used in 550°c; the extract was reduced with acid. The differences
between silis concentration in various regions were compared. P-value <0.05 was assumed
significant.
Results: Median silis concentration was 0.0030grams, mean was 0.008760 ± 0.004265 (SD) grams
in each 100 grams flour. The differences in mean silis concentrations of various regions were not
significant (P>0.05).
Conclusions: This study did not show high level of silica in the flour of Golestan province. We
could not find significant differences between silica contaminations in the various areas. Further
studies on the consumed bread and rice in the various regions of the province can be helpful.
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INTRODUCTION
Silica (SiO2) is an oxide of silicon. It is an
abundant mineral in rock, sand, and soil. Its
existence in food products is a presentation of
contamination. 1 Silica dust is an inhalation
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hazard. Some occupations have a high poten
tial for exposure to crystalline silica dust and
consequent silicosis. It has been estimated that
more than two million workers are exposed to
silica dust in the general maritime and construc
tion industries. Silica is used in pharmaceuti
cal industries, too.2
On one hand, in several studies, association
of silica with diseases like cancers has been
evaluated.1 But on the other hand, some biological functions of Silica are known. Silicon
has been discovered to be an important trace
element necessary for cartilage and bone tissue formation. Silicates are essentially non-toxic
when taken orally as antiacid (magnesium
trisilicate).3
Biological reactions of Silica are due to the
stimulation of the Immune System. Both Innate
and Adaptive Immunity are involved. Silicosis
can be considered as a “Collagen” Disease,
related to other diseases like Rheumatoid Ar
thritis, Lupus erythematosus and Scleroderma.
Some people have suggested that the relation
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ship between Silica and immune system can
work as a two-headed sword.3
Not surprisingly; the incidence of these dis
eases has been shown to be significantly in
creased in human exposed to Silica. Some nu
tritional investigators speculate that a silica
mineral deficiency is involved in the causation
of several human disorders including athero
sclerosis, osteoarthritis, and hypertension, as
well as, the aging process.3
The excess risk of esophageal cancer mortal
ity among caisson workers with silicosis could
be explained best by the very heavy exposure
to free silica dust in their working environ
ment. An increased mortality risk of esophageal
cancer (EC) among silicotics who had worked
in underground caissons after adjusting for
cigarette smoking and alcohol drinking was
seen.4-7 Ingestion of silica particles after lung
clearance may increase the risk of EC among
workers exposed to silica.7
The International Agency for Research on
Cancer (IARC) classified crystalline silica as a
known human carcinogen. Exposure to crys
talline silica has been associated with an in
creased risk of developing lung cancer. Previ
ous studies have also documented an associa
tion between airborne silica exposure and other
health problems, including chronic obstructive
pulmonary disease, rheumatoid arthritis, scle
roderma, Sjogern’s syndrome, lupus, and re
nal disease,2 but the relationship between silica
and EC must be evaluated further.
The northeastern part of Iran in Golestan
province is known to have the highest inci
dence of esophageal cancer in the country and
one of the highest areas in the world.8 Exami
nation of the seeds of wheat in this region
showed that the fiber originates from the seeds
of the common Mediterranean grass Phalaris
minor can contaminate the wheat. The inves
tigators presented a hypothesis for the involve
ment of these plant mineral fibers (contain high
concentration of silica) in the etiology of esoph
ageal cancer in Iran and in other areas of high
incidence.9
This study was designed to determine the
relationship between silica, as a known human

carcinogen, and esophageal cancer, in
Golestan province, northeast of Iran, which is
known as a high incidence area of esophageal
cancer in the world.
METHODOLOGY
This descriptive study was started in spring
2005 and lasted about 18 months, with the
support of “Food and Drug Committee” of
Golestan University of Medical Sciences. Bread
is the main food in this area and flour contami
nation was considered as the indicator of silica
contamination. Flour samples were collected
from all flour manufactures in Golestan
province.
We categorized Golestan province into three
parts, according to the incidence and preva
lence of esophageal cancer and from geo
graphical point of view then we located the
mill manufactures in this area due to our clas
sification. Census method was used to get the
samples. Three samples were collected from
each factory, at different times. Samples were
transported to the specific chemical laboratory,
under the tight controlled condition. We
choosed an equal weight of the samples of each
manufacture and mixed them, this blended
sample was considered as the final sample of
each factory (250 grams).Base-melting method
in nickel cruise in 550°c was used for burning
and the extract was reduced with acid. The
complex was evaluated with spectrophotom
eter (820 nanometer wavelength). Extraction
method is a less known method in food prod
ucts, therefore five control samples of wheat
seeds and five control samples of wheat
pedicles were examined. The concentrations of
silis that were measured in control samples
were equivalent with the standard tables.10
Recommended Dietary Allowance / Intake
(RDA / RDI) of this material are not men
tioned. Table-I
All the chemical procedures were rechecked.
Then data were matched with the location of
manufacturers based on our categorization.
We pointed the location of the manufactures
and the result of the chemical analysis of flour
on the map of Golestan province. Data was
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Table-I: Standard values of silica suggested
in International measurements
Certain groups
Suggested dose
More 18 years old

5mg - 20mg

estimated daily

20mg - 50mg

intake of silicon
Therapeutic Range

10mg - 300mg

In the form of horsetail

500mg - 6,000mg

entered into SPSS-12, central, distributive
indices were calculated and the differences
between silis concentration in various regions
were compared with non-parametric Kruskul
Walis test. P-value < 0.05 was assumed signifi
cant. Results were discussed with specialists.
RESULTS
Generally, median silis concentration was
0.0030 grams, mean concentration was
0.008760 ± 0.004265 (standard deviation),
minimum was 0.003 and maximum was 0.018
grams in each 100 grams flour produced in
province’s factories. Statistical analyses regard
ing the mean concentration differences were
not done between different areas, because of
the small sample size; median was compared
with nonparametric test.
As shown in Table-II, mean silis concentra
tions were 0.012, 0.01 and 0.003 in Gorgan
and the central part of the province, western
and eastern part, respectively. The differences
were not statisticaly significant [Ï÷2 = 3.259,
P=0.196] (Table-II). The differences between
silis median concentrations in wheat seeds,
pedicles and flour were statistically significant
(P-value<0.05). (Table-III)
Table-II: Median concentration of silis
(gr/100 grams) regarding to the area of
Golestan province
Median concentration
Area
of Silica
0.003
0.010
0.012
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Table-III: Silica concentration in seed, pedicle
of the wheat (control) and flour in
Golestan province
Median silica concentration
(gram in 100 grams)
1.88
0.0166
0.00876

pedicle of the wheat
seed of the wheat
Wheat flour

DISCUSSION
Some studies have revealed to the probable
role of silica exposure and diseases like esoph
ageal cancer, but its definite effect has not been
confirmed, yet. The results of a case-control
study of the relationships among silica expo
sure, gastric cancer, and esophageal cancer in
Japan, suggested that gastric and esophageal
cancer were related to silica exposure and sili
cosis in that study area, although they did not
reach a statistically significant level because of
the small sample size. The estimated odds
ratios were higher for esophageal cancer and
silicotic patients.11
O’Neill et al reported the high contamina
tion with fibrous silica contaminant in the diet
of north-east of Iran where esophageal cancer
has a very high incidence (Turkman Sahra).9
In the present study we found out that the to
tal amount of silis in the flour is in the normal
range in this area. May be the modern and new
purification technologies have been effective in
this results. In O’Neill report, low quality of
wheat and its contamination to weed and sand
was considered important.9 At the present time
the flour contamination to ash and its humid
ity are measured intermittently by different
methods and under the supervision of special
organizations. Thus the previous contaminants
can be supposed less important. We measured
the total amount of silis in the flour with re
gard to a fine point that a great deal of silis is
omitted from the flour during the preparing
process.
Our findings suggest that there are not sig
nificant differences between the various area
flours, revealed less important role of silis in
the esophageal cancer but from the medical
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point of view it is important. Despite the
differences between the present results and pre
vious studies, we can not rule out the probable
role of this element in the etiology of the esoph
ageal cancer.
In 1986 Newman found out that certain
plants contain structures consisting of biogenic
silica. This form of silica has been supposed to
be causative agent in the high cancer areas of
Southern Africa, Northeast Iran and North of
China. 1
O’Neill et al reported an association of silica
fibers in the millet bran and esophageal tumors
in another study.11 Millet bran is a component
of the diet in the area of highest esophageal
cancer incidence in northern China. Millet bran
was found to contain up to 20% by weight of
silica; some of this silica occurs as friable sheets
or sharply-pointed fibers. These types of silica
in millet bran are the most likely source of an
unusual contamination with fragments of silica
found in the esophageal mucosa surrounding
tumors in patients in northern China. If such
fragments enter the mucosa, they must cause
some degree of trauma, and they may also be
able to stimulate proliferation by providing
anchorage. These findings suggest the possi
bility that silica particles might be involved in
the etiology of esophageal cancer.11 The Inter
national Agency for Research on Cancer
(IARC) suggested silica as a known carcino
gen,10 so in this study silis was considered as a
carcinogen, not its compound or its biologic
derivatives. So the total silis concentration was
noted and the electronic microscope was not
assumed necessary to measure the fibers in the
flour, which has been used in O’Neill’s
studies.9
Calvert et al in 2003 reported an association
between exposure to crystaline Silica and some
disease like lung cancer, COPD and pulmo
nary tuberclosis. They also supported the as
sociation between silica exposure and Rheu
matoid arthritis, but they did not mention
about esophageal or gastric cancer.12
Some other investigations revealed this
important fact that exposure to the silica dust
can be a predisposing factor to the esophageal

cancer in workers of caissons and other indus
tries exposed to the silica crystalline.4-7,13-14 Per
haps, the oral or inhalation absorption of silis
has an effect on its carcinogenicity.
A case-control study of lung cancer was done
among sugar cane farmers in India 1999, that
supported this opinion. Exposure to fibers of
biogenic amorphous silica may increase risk of
lung cancer among sugar cane farmers.15 We
estimate that it would not play a role as the
predisposing factor when we eat it.
A historical cohort study showed an
increased mortality risk of esophageal cancer
among silicotics who had worked in under
ground caissons in Hong Kong after adjusting
for cigarette smoking and alcohol drinking.
Authors believed that the excess risk of esoph
ageal cancer mortality among caisson work
ers with silicosis could be best explained by the
very heavy exposure to free silica dust in their
working environment.4 In that study, the con
tact method to silica dust was not considered
as a confounding factor.
Pan et al reported a relationship between
occupational exposure to silica dust and the
risk of Esophageal Cancer (EC). They supposed
that the ingestion of silica particles after lung
clearance may increase the risk of Esophageal
Cancer (EC) among workers exposed to silica.3
Magnesium trisilicate is widely used as an anti
acid, but there is not any report about increas
ing in Esophageal Cancer (EC) in customers
and it proved so. It is said that silicates are
essentially non carcinogen when taken orally
as antacids.3
As discussed above, different results are
available about the significant relationship be
tween silis exposure and Esophageal Cancer
(EC), some are in agreement and suggest etio
logical role for silis or propose silis as predis
posing factor, and others are in disagreement.
The distribution of esophageal cancer in
Golestan province is not concordant with the
silis amounts reported in this study. Silica con
centration was higher in the west part but
esophageal cancer is higher in the east. Despite
the high incidence of esophageal cancer in
Northeast of Iran, no significant differences
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were seen between silis in wheat flour of this
area and the standard measures.
We could not confirm the hypothesis of high
contamination of the flour in this area, which
was considered important risk in increasing
esophageal cancer in the Golestan province
that was assumed in previous studies. As such
complementary studies are needed to exam
ine the role of environmental factors in the oc
currence of gastrointestinal cancers in the area.
Studies on the consumed breads and rice in
the various regions of the province are needed
which can be more helpful.
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