
1. Introduction 
Arsenic is one of the most toxic heavy metals, which is 
characterized by the symbol As in the periodic table and 
its atomic number is 33. This metal has many uses in 
industry (alloy making) and agriculture (as a pesticide). 
Arsenic is structurally very similar to phosphorus. Because 
of this similarity, it can be replaced with it in biochemical 
reactions, and hence it is toxic. When heated, it turns into 
arsenic oxide (1). Arsenic oxide is white and very dense, 
and it is extremely toxic. AsO3 was used in rodenticides 
(mouse death), but due to its high toxicity to humans 
and other mammals and environmental hazards, its use 
has been completely prohibited. Arsenic oxide smells like 
garlic. Arsenic and its compounds can also be converted 

to gas by heating (2). Arsenic is abundant in the earth’s 
crust (1, 3). Drinking water and some foods (for example, 
rice, cereals, or fruit juices) are major sources of arsenic 
(4). Its presence in drinking water or food and its effects 
on people’s health have become a major global problem. 
In Bangladesh, the consumption of drinking water and 
food contaminated with arsenic has put more than 80 
million people in this country at risk (5). The current 
WHO standard for arsenic in drinking water is 10 µg/L 
(6). Previously, black foot disease (BFD) was believed 
to be caused by drinking arsenic contaminated water in 
Taiwan (7). BFD is a disease that causes gangrene of the 
lower extremities. In this country, water from artesian 
wells, which contained high levels of arsenic, was used 
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Abstract
Arsenic (As) is a highly toxic and carcinogenic element. Drinking water and some foods (for 
example, rice, cereals, or fruit juices) are major sources of arsenic. Chronic arsenic poisoning, 
or arsenicosis, causes internal disorders, such as liver damage, as well as cancers. The purpose 
of this review study was to examine the epidemiological literature on the side effects of arsenic 
on liver cancer. Initially, 112 articles from January 1, 2000, to March 1, 2023, were found in 
the mentioned databases. Then, by removing duplicate items, 85 articles entered the stage of 
examining the title of the articles and removing irrelevant items based on the title of the article. 
After reviewing the full text of 38 articles, 14 articles were included in the study and used to 
investigate the effect of arsenic in drinking water on liver cancer. Many environmental pollutants, 
including arsenic, can cause many diseases in the human body. This metal can generally enter 
all body organs through the blood circulation system and affect them. The results of previous 
studies have shown that long-term exposure to arsenic causes disruption in normal liver function 
(hepatomegaly, sclerosis, fibrosis, and cirrhosis). Various mechanisms have been introduced for 
arsenic carcinogenesis. Among the important mechanisms that cause liver carcinogenesis by 
arsenic, the following can be mentioned: disturbance of the balance of liver enzymes, damage 
to the DNA wall, its destruction, inability to repair DNA, inappropriate function of estrogens, 
and liver apoptosis.
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for drinking and cooking, and later it was believed 
that BFD was caused by consuming water with high 
arsenic concentration. In other words, epidemiological 
studies have proven the association between drinking 
water contaminated with arsenic and its prevalence (8). 
Chronic arsenic poisoning, or arsenicosis, causes internal 
disorders, such as liver damage, as well as cancers. 
Inorganic arsenic (iAs) is widely found in groundwater. 
In most South American countries and some East Asian 
countries, high levels of arsenic have been observed in 
groundwater (9). The carcinogenic potential of arsenic 
is the most important concern. Excessive exposure to 
arsenic can cause many disorders in the body, which 
can appear as cancer in various organs of the body (10). 
Among the disorders caused by arsenic, liver cancer has 
not yet been proven and more epidemiological studies 
are needed. However, the effect of exposure to arsenic in 
causing skin, lung, and bladder cancers has been widely 
confirmed (11-16). IARC has classified arsenic as a group 
1 carcinogen, which has the greatest role in causing liver 
cancer (1). Epidemiological studies show that exposure of 
mouse embryos to inorganic arsenic can cause malignant 
liver tumors in adulthood (17). Exposure to low levels of 
arsenic can also cause disorders. These disorders mostly 
affect the liver tissue and cause fibrosis, cirrhosis, sclerosis, 
and hepatomegaly. Laboratory and epidemiological 
studies showed that long-term exposure to inorganic 
arsenic plays a major role in the development of type 2 
diabetes (18). The purpose of the present research is to 
investigate the level of arsenic in drinking water and the 
effects that contamination by arsenic has on the liver.

2. Materials and Methods
2.1. Search Strategy
The search was conducted to obtain all articles on the 
effect of arsenic in drinking water on liver cancer between 
2000 and 2023. This review was conducted using databases 
including PubMed, Scopus, Web of Science, and Embase.

As can be seen in Fig. 1, initially 85 articles from January 
1, 2000, to March 1, 2023, were found in the mentioned 
databases. Then, by removing duplicate items, 38 articles 
entered the stage of examining the title of the articles and 
removing irrelevant items based on the title of the article. 
After reviewing the full text of 21 articles, 14 articles were 
included in the study and used to investigate the effect of 
arsenic in drinking water on liver cancer (Fig. 1). 

The keywords and MeSH terms used in the study were 
as follows: (As [Title/Abstract]) OR (“source”[Title/
Abstract])) OR (“mechanism”[Title/Abstract])) AND 
(“liver cancer”[Title/Abstract])) AND (arsenic [Title/
Abstract])

2.2. Study Selection
The primary evaluation of the retrieved articles was done 
based on (a) Title, (b) Abstract, and (c) Full text of the articles.

Articles that were not about the effect of arsenic in 
drinking water on liver cancer were removed. Related 
articles were downloaded after the abstract screening. 

2.3. Inclusion Criteria 
The criteria for screening the articles were as follows: 
1. A descriptive study on drinking water contamination 

with arsenic

Fig. 1. Representation of the Search Strategy Based on PRISMA Flow Diagram
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2. The availability of the full text 
3. Original studies
4. The mechanism of the effect of arsenic on liver cancer.

2.4. Exclusion Criteria
1. Non-English articles
2. Books
3. Duplicate articles
4. Conference papers
5. Review articles
6. Systematic review articles

3. Results and Discussion
3.1. Source of Arsenic 
Nature and various human activities have a great role 
in changing the global cycle of metalloids and heavy 
metals. Samples of toxic and heavy metals include arsenic, 
mercury, cadmium, chromium, and lead. These five heavy 
metals pollute water, air, food, and soil (19). Arsenic is a 
highly toxic substance that has a very complex metabolic 
pathway. It is an environmental contaminant that is 
toxic to both humans and plant and animal ecosystems 
(20). Arsenic is produced from natural sources and 
anthropogenic activities (industrial activities, cooking, 
and smoking) (21). The study done by Masaferi et al 
found that the level of arsenic in potable water in Ardabil 
varied between 6 and 61 µg/L, with a mean level of 
39 ± 20 µg/L. The quantity of arsenic, a maximum of six 
times higher than the acceptable standards (10 μg/L), 
indicates the presence of arsenic bearing materials in the 
geological structure of the region (22). To determine the 
concentration of arsenic in the groundwater of Hamadan, 
Sobhanardakani et al conducted a study. The findings of 
the study indicated that the mean concentrations of arsenic 
in the samples of groundwater taken from different areas 
were 0.052, 0.007, 0.007, 0.006, and 0.004 mg/L. This study 
also demonstrated how the soil structure of the region 
caused arsenic to move into the groundwater (23) (Fig. 2).

Rice is a food that is widely consumed in Southeast Asia 
(especially in India and Bangladesh). In areas where rice 
cultivation is the main agricultural activity, we are faced 

with high concentrations of arsenic. Considering that rice 
is an important component of the diet in most parts of the 
world, the presence of arsenic in it is a big challenge. The 
lack of water in some countries has caused farmers not to 
care about the type of water they use to irrigate rice fields; 
for this reason, by irrigating paddy fields with polluted 
water, they increase the amount of arsenic in rice. Cereals 
like rice contain a lot of arsenic. The amount of arsenic 
accumulated in this product depends on the type of rice, 
agricultural soil, irrigation water, and chemical fertilizer. 
The WHO has declared the permissible amount of arsenic 
in rice to be 0.4 mg/kg (24). 

Wheat is the second most important source of food in 
the world. The concentration of arsenic in wheat has been 
reported to be relatively lower than in rice because wheat 
is grown under aerobic conditions, and silica is less likely 
to accumulate in wheat grains (25). Legumes (legumes) 
are rich in protein. Legumes are consumed in Southeast 
Asia, especially by people on a vegetarian diet. The amount 
of arsenic in legumes is relatively low (26). Vegetables 
are another source of human food around the world. 
Numerous reports have evaluated the concentration 
of arsenic in a variety of vegetables and fungi. Potato 
(Solanum tuberosum) is one of the largest crops in the 
world (27-29). Studies in Bangladesh and several other 
countries have found that potatoes contain mineral arsenic 
and very little organic arsenic. Bhattacharya et al reported 
that the concentration of arsenic in potatoes is higher 
than in rice (30). Arsenic pollution in groundwater is 
caused by natural and human activities. Arsenic is present 
as a major element in many minerals (31, 32). The high 
concentration of arsenic in the groundwater of deltaic and 
alluvial plains is due to the excretion and dissolution of 
natural minerals and alluvial sediments (25). Arsenic is 
abundant in arsenopyrite (Feas). Arsenopyrite is found 
in stone-forming minerals such as sulfides, oxides, 
phosphates, carbonates, and silicate (9). In places where 
high concentrations of metal oxides (such as iron and 
hydrogen) or pyrite are present, arsenic concentration 
in sediments is also high. The deeper the sediment, the 
higher the concentration of arsenic (13, 33). Mostly, 
humans contaminate groundwater with arsenic through 
mining, burning, and toxin use. Coal burning can cause 
environmental arsenic pollution. Arsenic can be released 
into the environment by burning coal and eventually 
transferred to groundwater. The degree of groundwater 
contamination with arsenic by anthropogenic resources 
is much lower as compared to natural sources. However, 
they cannot be ignored (31, 34).

3.2. Effects of Arsenic on Human Health
This pseudo-metal exists everywhere on the earth’s 
crust and humans are exposed to it mainly through the 
consumption of drinking water. The main sources of 
this toxic element entering drinking water are the output 
of some industries such as petrochemical, ceramic, 
and glass industries. Long-term consumption of water Fig. 2. Source of Arsenic
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contaminated with arsenic causes skin complications and 
various types of cancers. WHO has announced that the 
maximum permissible arsenic concentration in drinking 
water is 10-50 ppm (35). Arsenic enters the body of living 
organisms in different ways. This element enters the 
human body through the digestive tract (contaminated 
food and drinking water), the respiratory tract (polluted 
air in industrial areas), and the skin (polluted soil in 
industrial areas) and accumulates in vital organs. Finally, 
the accumulation of arsenic in these organs disrupts their 
normal function (36). The symptoms of arsenic exposure 
are similar to those of most diseases. As a result, it is 
difficult to diagnose. 

Air pollution attributed to arsenic is very high in 
industrial areas, as a result, inhalation is the main way 
of entering this element into the body of humans and 
living organisms. This toxic and dangerous pseudo-
metal not only causes disease in living organisms but can 
also be a threat to the ecosystem and natural resources 
(37). As mentioned above, arsenic can enter the body in 
different ways and affect vital organs. Therefore, arsenic 
concentrations in urine, blood, and milk have been used 
as biomarkers of arsenic exposure (38).
 
3.2.1. Arsenic Toxicity (Carcinogenicity)
Arsenic is a highly toxic and carcinogenic substance that 
can cause cancer of the respiratory and gastrointestinal 
tracts. Epidemiological studies have shown through 
sufficient evidence that arsenic is a carcinogenic 
substance (39). As a result, these studies have confirmed 
the association between exposure to arsenic and 
carcinogenesis. The mineral compounds encompassing 
arsenic can be classified as carcinogenic (group 1) and 
potentially carcinogenic (group 2B). This classification is 
the result of animal, epidemiological, and international 
studies by IARC. Epidemiological studies have shown that 
consumption of drinking water containing high levels of 
arsenic (150 μg/L) is associated with cancer (40). 

3.2.2. Non-carcinogenic Effects
Arsenic can accumulate in the body because it has the 
property of accumulating. Arsenic accumulation in 
childhood causes neurobehavioral disorders during 
adolescence and neurobehavioral changes in adulthood 
(41). Norite, which affects the sensory function of 
peripheral nerves, can be the most well-known effect 
of arsenic on the human body. Researchers in Mexico 
have found an association between arsenic exposure and 
verbal intelligence and long-term memory (42). While 
organic arsenic, mostly found in seafood like fish, oysters, 
prawns, mussels, and so on, does not cause significant 
health problems in humans, exposure to inorganic arsenic 
through the ingestion of contaminated food and water 
and inhalation of contaminated air does. Arsenicosis 
is a term used to describe a variety of health issues that 
result from prolonged exposure to low levels of arsenic 
(43). Skin lesions, circulatory problems, neurological 

problems, diabetes, respiratory problems, hepatic and 
renal dysfunction, and mortality from chronic diseases 
are among the negative consequences of low to moderate 
levels of arsenic exposure (10-300 µg/L) from drinking 
water (44). It is believed that approximately 100 million 
people worldwide are exposed to arsenic levels exceeding 
50 µg/L through both industrial processes and drinking 
water (45).

3.3. Liver Cancer
Liver cancer is a chronic liver disease. Liver cancer is 
considered one of the most malignant and common 
cancers among men and women in the world. In general, 
the rate of this disease is higher in men than in women 
(almost 3 times). Environmental conditions are very 
effective in the spread of this disease; therefore, in high-
risk countries, this disease occurs at a young age (20 years 
old), but in low-risk countries, it can occur at an older age 
(50 years old) (46). Epidemiological studies have shown 
that chronic arsenic exposure causes liver disorders and 
liver cancer.

3.3.1. Abnormal Liver Function
Gastrointestinal problems (such as indigestion and 
anorexia) and the increase in serum enzymes are 
symptoms of abnormal liver function, which are often due 
to exposure to arsenic in drinking water (47) or inhalation 
of arsenic by burning coal (48).

3.3.2. Hepatomegaly
In epidemiological studies conducted in West Bengal, 
the researchers found that there was a strong association 
between high arsenic levels in drinking water and 
hepatomegaly (more than 75%). In another study 
conducted in China, researchers found that the incidence 
of hepatomegaly due to exposure to smoke from burning 
coal is higher compared to drinking water contaminated 
with arsenic (47). 

3.3.3. Hepatic Sclerosis (Non-cirrhotic Portal Hypertension)
Hepatic sclerosis is a rare disease that occurs after chronic 
exposure to arsenic. Researchers have found that in a 
hospital in India, patients with arsenicosis drank highly 
arsenic-contaminated water. Chronic poisoning with oral 
arsenic, through drinking water, traditional medicines, 
and so on, has been reported to cause liver sclerosis in 
Indian populations. Hepatic endothelial cell damage and 
parenchymal cell damage are the results of chronic arsenic 
exposure in animals (49).

3.3.4. Liver Fibrosis and Cirrhosis
Cirrhosis of the liver can be caused by high levels of hepatic 
arsenic. Patients who consume “home-brewed” prepared 
with highly arsenic-contaminated water are more likely to 
develop liver cirrhosis. Foods that are cooked by burning 
coal contain high amounts of arsenic, which can increase 
the risk of liver fibrosis. Cirrhosis of the liver was the 
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leading cause of death from arsenic in China in 2002 (47).

3.3.5. Biodegradation of Liver and Arsenic
After ingestion, arsenic is absorbed from the 
gastrointestinal tract and reaches the liver. Arsenate is 
converted to Arsenite in the liver. The liver is the main site 
of arsenic detoxification due to its glutathione content. 
The main site of arsenic methylation is also the liver. 
However, in patients with liver disease, the methylation 
capacity of arsenic is compromised (50).

3.4 The Effect of Arsenic on Liver Cancer
Various potential mechanisms for arsenic carcinogenesis 
have been proposed, but the underlying mechanism is not 
completely understood (51). Scientists have introduced 
various mechanisms for arsenic carcinogenesis. Among 
the important mechanisms that cause liver carcinogenesis 
by arsenic, the following can be mentioned: damage to the 
DNA wall, its destruction, inability to restore damaged 
DNA, abnormal estrogen signaling, and hepatic apoptosis 
(Fig. 3) (3). 

3.4.1. Oxidative DNA Damage
Arsenic causes hepatotoxicity and possibly carcinogenicity, 
producing oxidative stress (1). Acute high-dose exposure 
to arsenic can increase the number of genes associated 
with oxidative stress, such as co-oxygenase-1and 
metallothionein. However, in chronic exposure to low 
doses of arsenic, the expression of stress-related genes 
does not increase. Various adaptive mechanisms are 
created in the body that can reduce the acute toxicity of 
arsenic. These mechanisms are developed to protect the 
liver and other organs against arsenic-induced oxidative 
stress (51). Glutathione plays a very important protective 
role in the liver because it can transfer arsenic out of the 
liver and dispose of it (47).

3.4.2. Impaired DNA Repair
DNA repair mechanism can repair arsenic-induced 
oxidative DNA damage. However, it has been shown 
that arsenic may interfere with nucleotide cleavage and 
basal cleavage by interacting with zinc finger proteins. 

Zinc finger proteins play a key role in DNA binding and 
protein-protein interactions. Intracellular targets appear 
to be sensitive to arsenic. Arsenic is known to inhibit many 
enzymes, and exposure to it disrupts DNA repair (52).

3.4.3. Apoptotic Tolerance and Hyper Proliferation
If the damage is severe enough, arsenic-poisoned cells 
can be killed by apoptosis. However, during chronic 
exposure to arsenic, adaptation to the effects of arsenic, 
including apoptosis, occurs, and this often leads to general 
resistance to apoptosis. Arsenic can cause cell apoptotic 
resistance. Following the tolerance of apoptosis, which 
plays a key role in the occurrence of all types of cancers, 
cells multiply in large numbers; the same issue occurs in 
most cancers (including liver cancer). Acquired resistance 
to apoptosis occurs in cancers, including liver cancer. 
Resistance to apoptosis can be associated with increased 
cell proliferation (53).

3.4.4. Aberrant Estrogen Signaling
Researchers have found that exposure to arsenic can 
cause cancer in organs such as the liver, ovaries, adrenals, 
uterus, and fallopian tubes. The estrogen signaling 
system is a potential factor in inducing or promoting 
liver cancer after exposure to carcinogens such as arsenic. 
ER-α overexpression in liver tumors, uterine tumors, and 
bladder carcinoma can be observed in pregnant women 
after arsenic exposure (54). 

3.5. Arsenic and Liver Cancer Worldwide
Numerous epidemiological studies have been performed 
around the world showing that arsenic is known to be 
a carcinogen that can cause cancer of the liver. Studies in 
various countries, including Mongolia, China, Bangladesh, 
and Japan, have shown that arsenic in drinking water is 
associated with liver cancer. A study in China also showed that 
environmental exposure to arsenic through the use of coal 
containing high arsenic content causes excessive mortality 
(due to liver cancer) (55). However, another Chinese article 
claimed that there was no association between liver cancer 
mortality and environmental arsenic exposure (2).
4. Conclusion 

Fig. 3. The Effect of Arsenic on Liver Cancer
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Arsenic is available from a variety of sources, including 
natural resources, groundwater, industrial activities, food, 
and tobacco. One of the elements that can cause problems 
for the environment and humans is arsenic. Humans are 
exposed to arsenic in a variety of ways. Researchers have 
shown that arsenic is transmitted to humans through 
drinking water, food, smoking, and cosmetics. Arsenic is 
highly toxic and carcinogenic to humans and dangerous 
to the environment. They are widely used in industry, 
medicine, and agriculture. The molecular mechanism 
of arsenic is not known; however, the process of arsenic 
transport and biological transformation is known. Human 
exposure to environmental toxins may affect their health 
and cause disease. Generally, after arsenic is absorbed 
by the digestive system, it enters the bloodstream and 
circulates throughout the body. Then, the liver cells 
absorb arsenate. Liver cancer is a chronic liver disease. 
Laboratory and epidemiological studies have shown that 
long-term exposure to arsenic causes disturbances in the 
normal function of the liver (hepatomegaly, sclerosis, 
fibrosis, and cirrhosis). There are various potential 
mechanisms for arsenic carcinogenesis including DNA 
dysfunction, acquired tolerance to apoptosis and excessive 
cell proliferation, DNA methylation changes, genomic 
instability, and abnormal estrogen signaling. Therefore, 
the association between environmental arsenic exposure 
and liver cancer has been demonstrated by several studies 
worldwide.
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