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Abstract 

Arsenic is considered to be toxic and carcinogenic to both animals and humans 
and it is also toxic to microorganisms and plants. The paper deals with the main 
negative health effects of arsenic to humans focusing on cardiovascular diseases, 
obesity, metabolic syndrome, diabetes mellitus and cancer.    
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INTRODUCTION 

Arsenic has been regarded as the number one prioritized pollutant by the US 
EPA. Most of arsenicals are toxic and/or carcinogenic to both humans and 
animals. Chronic arsenic poisonings in a massive scale around the globe are 
mainly related to natural geological sources of arsenic that have led to 
contamination of the drinking water and its surrounding environments. It has 
been estimated that there are approximately 200 millions of people who are 
drinking water with arsenic levels exceeding the current WHO recommended 

value of 10 g.l
-1

 and therefore they are potentially at risk. Arsenic contamination 
is currently reported in over 70 countries worldwide including Slovakia. 
Inorganic arsenic compounds such as arsenite and arsenate are ubiquitous in 
the environment and have been classified as human carcinogens (IPCS 2001). 
Significant arsenic exposure mostly occurs through the drinking of arsenic-
contaminated water and food crops grown, irrigated and cooked with arsenic-
contaminated water (SMEDLEY & KINNINBURGH 2002). However, the severity of 
this pathway has been significantly reduced due community education and use 
of alternate water supplies. The adverse health effects of arsenic depend 
strongly on dose, duration of exposure, and the nutritional status of the exposed 
population. The clinical appearances of arsenic toxicity are many, but the most 
commonly observed symptoms in people who suffer from chronic arsenic 
poisoning are the visible skin discolouration and roughening, which is known as 
arsenicosis (TCHOUNWOU et al. 2004). The main dermatological symptoms 
observed in arsenic affected people are melanosis (change of pigmentation) 
and keratosis (rough, dry, popular skin lesions). Chronic arsenic exposure may 
also cause reproductive, neurological, cardiovascular, respiratory, hepatic, 



17 

hematological and diabetic effects in humans (IPCS 2001). Intake of inorganic 
arsenic is recognized as a cause of skin, bladder, liver and lung cancer (IPCS 
2001). A number of studies reported respiratory problems, including cough, 
chest sound, bronchitis and shortness of breath in the population exposed to 
arsenic-contaminated water (ISLAM et al. 2007). Exposure to drinking water 
containing arsenic has been linked to respiratory symptoms, obstructive lung 
diseases and mortality. But limited evidence exists on the effects of arsenic 
induced lung function particularly those exposed to low-to-moderate levels of 
arsenic exposure and without skin lesions (PARVEZ et al. 2010). Several 
epidemiological investigations have also indicated the risk of hypertension and 
cardiovascular disease mortality due to arsenic ingestion (NRC 2001; STEA et 
al. 2014). Increased prevalence of peripheral vascular disease has also been 
reported among residents with long-term arsenic exposure through drinking 
water in various countries (RAHMAN et al. 1999; IPCS 2001; NRC 2001). 
Peripheral neuropathy occurs inconsistently in individuals chronically exposed 

to arsenic in drinking water ranging from 100 to 1000 g.l
-1

 (NRC 2001; YIP et 
al. 2002). Several investigations have been reported neurological involvements 
due to arsenic toxicity in the population exposed to arsenic present in drinking 
water in arsenic-affected areas (RAHMAN et al. 2001; MUKHERJEE et al. 2003, 
2005; AHAMED et al. 2006). Peripheral neuropathy is the most common 
neurological complication of arsenic toxicity (MUKHERJEE et al. 2003). Diverse 
neurotoxic effects have been reported in children and adults receiving or 
exposed to different doses of arsenic. Cerebellar symptoms and mental 
retardation associated with brain atrophy have been described in adults and 
infants drinking well water contaminated with arsenic (ISHII et al. 2004). Children 
exposed to low levels of arsenic during their life showed hearing impairment 
(BENCKO & SYMON 1977) and lower scores in verbal intelligence quotient (IQ) 
(CALDERON et al. 2001). Adolescents exposed to high levels of inorganic arsenic 
presented alterations in memory and attention processes (TSAI et al. 2003) or 
mental deterioration (BROUWER et al. 1992), while in adults acutely exposed to 
high amounts of inorganic arsenic, impairments in learning, memory, and 
concentration and severe encephalopathy have been described (BERBEL-
GARCIA et al. 2004). Ingestion of arsenic via drinking water may also cause 
obstetrics problems in women exposed to arsenic-contaminated water 
(MUKHERJEE et al. 2005; AHMED et al. 2006). The link between diabetes and 
arsenic was first speculated in 1998. Then, several studies have linked diabetes 
mellitus to elevation of arsenic in drinking water (RAHMAN et al. 1998; MANDAL & 

SUZUKI 2002). This is consistent with numerous studies reporting the incidence 
of diabetes mellitus amongst people from the blackfoot-disease endemic areas 
of Taiwan (CHEN et al. 2007). Individual variability in human arsenic metabolism 
has been reported to be an underlying determinant of individual susceptibility to 
arsenic-induced diseases (U.S. EPA 1988). 

 

CARDIOVASCULAR EFFECTS OF ARSENIC 

Arsenic is a potent but modifiable environmental pollutant that has been linked 
to the increasing global prevalence of high-mortality in cardiovascular disease 
(CVD) (NAVAS-ACIEN et al. 2005). Various electrocardiogram abnormalities have 
been observed among cases of acute arsenic poisoning and individuals 
exposed to excess arsenic through drinking water (WANG et al. 2007a). 
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However, the underlying mechanism by which arsenic may lead to CVD is 
unclear (CHEN et al. 2011b). Experimental studies have suggested that arsenic 
induces oxidative stress, inflammation and endothelial dysfunction which 
increase the risk for CVD (KUMAGAI & PI 2004). CHEN et al. (2012) reported that 
chronic arsenic exposure from drinking water may increase vascular 
inflammation and endothelial dysfunction, past long-term arsenic exposure at 
low-to-moderate levels in drinking water is associated with subsequent QT-
interval prolongation (time between the beginning of QRS complex and the end 
of T wave in the heart’s electrical cycles), especially in women and finally, 
incomplete arsenic methylation capacity may be adversely associated with risk 
of heart disease. Studies of other health effects of arsenic exposure have 
suggested effect-modification by arsenic methylation capacity (AHSAN et al. 
2007). However, epidemiologic studies of susceptibility to CVD risk due to 
variations in arsenic methylation capacity are lacking. Arsenic methylation 
capacity decreases with the increase in the dose rate or the time of arsenic 
exposure (SUN et al. 2007). They also found out that the oxidative stress status 
of arsenic-exposed population is closely related to arsenic methylation capacity, 
which underlies the possible mechanism of relationship between variability of 
arsenic methylation patterns and susceptibility to CDV. As referred in STEA et al. 
(2014), in different countries have found a relationship between CVD and high 
levels of arsenic in drinking water. However, less is known about the CVD of 
exposure to lower arsenic levels, closer to the WHO recommended value, which 
interests a much larger population worldwide. At low levels of arsenic exposure, 
high blood pressure (WANG et al. 2011; ABHYANKAR et al. 2012; ZHANG et al. 
2012), renal dysfunction (CHEN et al. 2011a) and proteinuria (CHEN et al. 2011b) 
have been confirmed. 

 

OBESITY AND METABOLIC SYNDROME  

Recent data show that arsenic may play a role in obesity-related diseases (SU 
et al. 2012). Methylation of ingested arsenic is considered as detoxifying 
mechanism in humans. Biomethylated inorganic species, especially 
monomethylarsonic acid (MMA(V)) and dimethylarsinic acid (DMA(V)), are 
excreted by the kidneys into urine (THOMPSON 1993). LINDBERG et al. (2007) 
reported that body mass index (BMI) influenced arsenic methylation profiles in 
adults exposed to low levels of arsenic via drinking water from Hungary, 
Romania, and Slovakia. SU et al. (2012) found out that with increasing BMI, 
urinary total arsenic significantly decreased. Thus, obese children can retain 
higher levels of arsenic in their bodies. Positive association between BMI and 
arsenic methylation capacity in humans was also provided by YU et al. (2014). 
Also WANG et al. (2007) reported that arsenic exposure is connected with 
increased incidence of type 2 diabetes. Moreover, they found out association 
between metabolic syndrome and arsenic exposure. There is a relation 
between hair arsenic concentrations and increased levels of plasma glucose 
and lipids, and also blood pressure. 

 

DIABETES MELLITUS  

Inorganic arsenic exposure is one of the disease-environment interactions that 
have recently been related to the occurrence of type 2 diabetes mellitus (NAVAS-
ACIEN et al. 2006). CORONADO-GONZÁLES et al. (2007) provided evidence that 
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inorganic arsenic exposure may be diabetogenic. Their human subjects with 
intermediate total arsenic concentration in urine had two-fold higher risk of 
having diabetes, but the risk was almost three times greater in subjects with 
higher concentrations of total arsenic in urine. JAMES et al. (2013) also 
confirmed that exposure to low-level inorganic arsenic in drinking water is 
associated with increased risk for type type 2 diabetes mellitus. Moreover, the 
association between chronic low-level arsenic exposure and diabetes mellitus is 
affected by risk factors over time such as age, BMI, ethnicity and physical 
activity. Also, the association between the prevalence of diabetes mellitus and 
total urinary arsenic concentrations was showed by KIM & LEE (2011) in a 
representative sample of the adult population, especially women, with 
environmental arsenic exposure. WANG et al. (2009) found connection between 
chronic arsenic exposure, diabetes mellitus and kidney dysfunction. In spite of 
the lack of information on the mechanism by which inorganic arsenic induces 
diabetes mellitus, WALTON et al. (2004) suggested that inorganic arsenic or its 
metabolites interfere with insulin-stimulated signal transduction pathway or with 
critical steps in glucose metabolism. Association between long-term arsenic 
exposure and the development of diabetes mellitus (and hypertension) was 
found in both high and low arsenic exposure areas (CHEN et al. 2007). Díaz-
VILLASENOR et al. (2007) added some new information on mechanisms how 
arsenic exposure affected development of diabetes mellitus in humans. They 
found out that arsenic affects insulin sensitivity in peripheral tissue by modifying 
the expression of genes involved in insulin resistance and shifting away cells 
from differentiation to the proliferation pathway. In the liver arsenic disturbs 
glucose production, whereas in pancreatic beta-cells arsenic decreases insulin 
synthesis and secretion and reduces the expression of antioxidant enzymes. 
The consequences of these changes in gene expression include the reduction 
of insulin secretion, induction of oxidative stress in the pancreas, alteration of 
gluconeogenesis, abnormal proliferation and differentiation pattern of muscle 
and adipocytes as well as peripheral insulin resistance. 

 

ARSENIC AND CANCER 

It is well known that chronic arsenic exposure may cause various types of 
cancers and arsenic is an established human carcinogen. CELIK et al. (2008) 
concluded that on the basis of the evidence reviewed in their report, the 
epidemiologic evidence supports the presence of a causal association between 
exposure to elevated arsenic concentrations in drinking water and the risk of 
developing or dying from lung cancer. Uncertainty persists about the lung 
cancer risks at lower levels of exposure. However, at high concentrations, the 
evidence is clear. CHEN et al. (2010) also confirmed association between 
arsenic exposure and lung cancer. They found a significant dose-response 
trend of lung cancer risk associated with increasing arsenic concentration. 
There was no apparent increased risk at concentrations between 10 and 100 
mg.l

-1
, but concentrations between 100 and 300 mg.l

-1
 showed evidence of 

excess risk. CHUNG et al. (2013) investigated the association between chronic 
arsenic exposure and the mortality of cancers by estimating individual urinary 
arsenic methylation profiles. They found out that people with high urinary 
inorganic arsenic or low DMA levels or low secondary methylation index were 
the most likely to suffer bladder cancer after adjusting other risk factors. Arsenic 
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exposure may cause urothelial carcinomas through the hypermethylation of 
genes involved in cell adhesion, proteolysis, transcriptional regulation, neuronal 
pathway and ion transport (YANG et al. 2014). The increase in cancer risk 
observed in epidemiological studies is attributed mainly to the presence of 
inorganic trivalent arsenic (arsenite). Any arsenate in the water is rapidly 
reduced to arsenite once it enters cells. Besides lung cancer, arsenic exposure 
often causes other cancers such as bladder and skin cancer (ROSSMAN 2003). 
Recent epidemiological studies have shown that the relative risk for cancer 
among populations exposed to 60 ppb As in their drinking water is often lower 
than the risk for the unexposed control population. SNOW et al. (2005) have 

found that treatment of human keratinocyte and fibroblast cells with 0.1 to 1 M 
arsenite also produces a low dose protective effect against oxidative stress and 
DNA damage. This low dose adaptive (protective) response by a toxic agent is 
known as hormesis and is characteristic of many agents that induce oxidative 
stress. According to recent studies, health effects of arsenic exposure at low-to-
moderate levels (10–300 μg.l

-1
) are not well understood. CHEN et al. (2009) 

suggest adverse effects of low-to-moderate levels of arsenic exposure on the 
risk of pre-malignant skin lesions, high blood pressure, neurological 
dysfunctions, and all-cause and chronic disease mortality. In addition, the data 
also indicate that the risk of skin lesion due to arsenic exposure is modifiable by 
nutritional factors, such as folate and selenium status, lifestyle factors, including 
cigarette smoking and body mass index, and genetic polymorphisms in genes 
related to arsenic metabolism.                

 

CONCLUSION 

Several epidemiological studies have confirmed the relationship between 
arsenic exposure and various health effects including diabetes mellitus, 
neurological, respiratory complications and cancers. But the association 
between low level of arsenic exposure and human health effects still need to be 
confirmed. 
 

SÚHRN 

Arzén je v prostredí široko rozšírený. Jeho zdrojom v prostredí sú ako prírodné 
procesy, tak aj antropogénna činnosť. Väčšina zlúčenín arzénu má toxické 
a/alebo karcinogénne účinky na človeka a živočíchy. Zlúčeniny arzénu sú 
toxické aj pre rastliny a mikroorganizmy. Kontaminácia prostredia arzénom sa 
týka viac ako 70 krajín sveta, vrátane Slovenska, kde kontaminácia arzénom 
súvisí najmä s banskou činnosťou v minulosti a spaľovaním fosílnych palív. 
Ohrozenie obyvateľstva arzénom je však najmä v rozvojových krajinách a 
chudobných regiónoch, kde nie je dostatočný prístup ku kvalitnej pitnej vode. 
Škodlivé účinky arzénu na zdravie človeka závisia najmä na dávke, dĺžke 
expozície a celkovom zdravotnom stave (vrátane kvality výživy) obyvateľstva 
vystaveného účinkom arzénu. Chronická otrava arzénom sa u človeka prejavuje 
najmä zmenami na koži, ale časté sú i zmeny a ochorenia pečene, dýchacieho, 
reprodukčného, nervového, kardiovaskulárneho a respiračného systému. 
V súčasnosti sa intenzívne študuje význam arzénu pri vzniku cukrovky, 
rakoviny, obezity, metabolického syndrómu, vysokého krvného tlaku a ďalších 
kardiovaskulárnych ochorení. 
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