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Abstract: Arsenicosis, a disease caused by toxicity of arsenic, has been reported as a severe global health threat for the
millions of peoples who are bound to use arsenic contaminated ground water as the main source of drinking water. Arsenicosis
can be managed by using synthetic remedies. But, most of these synthetic remedies have side effect and/or are costly for the
people of poor countries where arsenicosis is more prevalent. Hence, research on an alternative strategy for management of
arsenicosis is important for public health. In this study, as a strategy to manage arsenicosis, a diet regime containing proper
foods and vitamin C supplementation was suggested to follow for six months by arsenicosis patients who were selected from
three study areas located in northwestern districts (Nawabganj and Rajshahi) of Bangladesh. It was found that the suggested
diet regime can cause significant reduction of urinary arsenic excretion, enhancement of blood hemoglobin level, and
improvement of keratosis condition in investigated arsenicosis patients after following the diet regime for six months,

indicating a positive role of diet regime on betterment of health condition of arsenicosis patients.
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1. Introduction

Arsenic contamination in ground water has been reported
as a severe health threat for the population who are using
contaminated water for drinking and/or for cooking their
meal [1, 2]. According to the World Health Organization, the
maximum permissible limit of arsenic in drinking water is 10
pg/L (0.01 ppm) [3]. In Bangladesh, ground water with
contaminated arsenic above the permissible limit has been
found in 59 districts out of 64 districts [4]. Around 24 million
people are exposed potentially to arsenic contaminated water
collected from hand-pumped tube-wells in Bangladesh, and
8500 people of them are seriously suffering from toxic effect
of arsenic, known as arsenicosis [4]. Similarly, a large
population from different states (West Bengal, Bihar, Uttar
Pradesh, Modhya Pradesh etc.) in India is using arsenic
contaminated water yielded from tube-wells, even some of
them with very high concentration of arsenic (up to 3400
png/L) [5-7]. Recently, it has been reported that millions of
people in the USA and in many European countries are
exposed to arsenic contaminated drinking water [5-7]. Hence,
arsenic contamination in drinking water is now considering

as global health threat.

To manage arsenicosis many types of synthetic medicines
such as 2,3-dimercaprol and meso2,3-dimercaptosuccinic
acid which are metal-chelating agents have been used in
many cases. However, most of the synthetic remedies have
some forms of disadvantages such as toxic side effects on
patients [8]. Hence, searching for antidotes without side-
effect to manage arsenicosis effectively is a demand of time.
As many types of foods, especially vegetable contains
several classes of antioxidant compounds, it has been
suggested that consumption of these types of foods lead to
reduction of toxic compounds in humane body resulting
health benefit [9-11]. Moreover, several studies have revealed
that dietary supplementation with selective foods and vitamin
is positively correlated with the decline of toxic effect of
various environmental agents such as heavy metals [12].
Hence, developing a diet-chart using appropriate foods and
vitamin supplementation may be an effective strategy to
manage arsenicosis without any side effect. In this study,
investigated patients with arsenicosis were motivated to
follow a diet regime containing proper foods and vitamin C
supplementation for six months with an aim that their
condition would be better after that time. Interestingly, it was
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found that health condition of investigated patients was
improved remarkably as shown by significance difference in
several parameters which were investigated to compare
severity of arsenicosis before following diet regime with that
after following diet regime. Thus, the finding of this study is
indicating that a diet regime with proper foods and vitamin
supplementation may be an effective strategy to manage
arsenicosis.

2. Materials and Methods
2.1. Selection of Study Areas and Samples

In this study, three villages from two northwestern districts
(Nawabganj and Rajshahi) of Bangladesh were selected as
study areas (Table 1) on the basis of specific subjects
identified those having skin lesions caused by continuous
arsenic exposure from drinking water. To avoid ambiguity, at
first, patients with arsenicosis were identified upon their
arrival at hospital for seeking outdoor service. After that a
link was established to trace their community with an
intention to find out more cases of arsenicosis. Total 200
people (70 from SA-1, 70 from SA-2 and 60 from SA-3)
were interviewed from three study areas to select 36 (12 from
each area) arsenicosis patients who were voluntarily
interested to take part in this study for further investigation
and experimental management of their arsenicosis.

Table 1. Basic information on the three study areas.

Area Village POh.c ¢ District Population
station

(Ssnf_}I )A rea-1 Namosankarbati Nawabgang Nawabgang 4000

(Sstl:i_};)A rea-2 Ranihati Nawabgang Nawabgang 6000

Study Area-3 . . .

(SA-3) Saidara Bagmara Rajshahi 1700

2.2. Analysis of Water Samples for Arsenic

Total 60 water samples (20 from each study area) were
collected from 60 different tube-wells which were usually
used as sources of drinking water by selected patients. Then,
water samples which were contained in clean plastic bottles
were preserved in refrigerator at 4°C. The collected water
samples were analyzed for arsenic concentration by modified
spectrometric technique as described by Tahir and their
colleague, 2012 [13].

2.3. Implementation of Diet Regime

The selected patients were invited to attend a day long
discussion on a diet regime (Table 2) and its importance on
reduction of toxicity caused by heavy metals. By the open
discussion they were motivated to follow the diet regime for
six months. Then, discussion was conducted individually to
each patient for helping him/her to select appropriate foods
depending on their food habits and economic condition to
follow the diet regime.

Table 2. Dietary Regime given to the patients for at least six months to
follow.

Consultation and Recommendations for
Daily Dietary Intake (considering about 3500
calories required in a day)

Dietary factor

15-30% of required calories (correspond to 70-
100 g edible oil)

55-75% of required calories (correspond to
450-500 g of complex sugar eg. starch)
10-15% of required calories (correspond to

Total Fat

Total carbohydrate

Protein 125-150 g net protein)

Sodium chloride (salt) <3 g per day

Vegetables >200 g per day

Pulse, nuts and seeds >50 g per day

Vitamin C 1000 mg (as part of the 200 g of total fruits)

Safe Drinking water
(from tube wells
sources those brought
under investigation)
Total dietary fiber

2500 mL to 4000 mL per day (depending on
nature of activity in that particular day)

From fiber-rich food (about 50 g)

2.4. Analysis of Urine for Arsenic

Before and after diet regime following, the morning-hour
urine from selected patients were collected in clean and
labeled plastic bottles which were then transported to the
laboratory for arsenic analysis. Then, collected urine was
analyzed for measuring arsenic concentration by Atomic
absorption spectrophotometry (AAS) method for biomarker
samples as described by Dang and their colleague, 1999 [14].

2.5. Analysis of Hemoglobin in Blood

Before and after diet regime following, blood samples
were collected from selected patients in the labeled tubes.
Then, the collected blood samples were transferred to a
private diagnostic center located at Rajshahi city, Bangladesh
for analysis of hemoglobin in supplied samples.
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Figure 1. Arsenic concentration in water from 20 tube wells of each study
area. The detection limit (DL) of the method used was 20 ppb (£ 10 ppb),
that corresponds 0.02 ppm (£ 0.01 ppm), therefore arsenic concentrations
those were found less than 20 ppb are put here as 0.01 ppm. “P> 0.05,
**P<(0.01.

2.6. Analysis of Degree of Keratosis

Before and after diet regime following, patients were
investigated to analyze the grade of keratosis in their body.
Depending on degree of keratosis and their distribution on
body parts, patients were categorized into three types i.e. (a)
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Spotted keratosis on palms/soles (least severe form), (b)
Diffuse keratosis on palms/soles (moderate severe form), and
(c) Dorsal keratosis (most severe form).

2.7. Statistical Analysis

Data were pooled for presentation as mean + SEM. All
data were analyzed with Prism software (GraphPad, La Jolla,
CA, USA) using two-tailed unpaired Student’s t-tests. P-
values <0.05 were considered significant.

3. Results

In 3 studied areas, total 200 people were interviewed to
find out the sources of their drinking water. It was found that
more than 98% of people were using tube-wells as the source

of drinking water (data not shown). Then, total 60 water
samples (20 samples from each area) which were collected
randomly from 3 study areas were analyzed for quantifying
the arsenic concentration in those samples. As shown in
Figure 1, the higher concentration of arsenic in tube-well
water was found in study area-2 followed by study area-1 and
3. However, these differences of arsenic concentration in
tube-well water was statistically significant only between
study area-2 and study area-3 (Figure 1). Nevertheless,
arsenic concentrations in tube-well water in all three studied
areas were above the permissible limit (0.01 ppm) set by
World health organization [3] indicating that people of three
studied areas were might be affected by toxicity of arsenic by
drinking tube-well water.
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Figure 2. Betterment of health condition of the patients with arsenicosis resulted from suggested diet regime. A diet regime with proper foods and vitamin C
supplementation was prepared. Then, 36 patients from 3 study areas were selected and motivated to follow the suggested diet chart for 6 month. Just before
starting suggested diet regime, different markers of arsenicosis in investigated patients were measured and recorded as control to compare with same
parameters after 6 months of diet regime following. (4) is a comparison of arsenic level in urine between before and after diet regime following. (B) is a
comparison of hemoglobin level in red-blood cells between before and after diet regime following. (C) and (D) are percent of investigated patients with
different degree of keratosis before and after diet regime respectively. *P<0.05, **P<0.01.
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It has been revealed by several studies that intake of proper
foods which are rich in antioxidant and vitamins can cause
the reduction of toxic effect of heavy metal in animal body
[9-11]. Hence, it was assumed that arsenic toxicity might be
lessened by consumption of proper foods and vitamin C
resulting in health improvement in patients suffering from
arsenicosis. To test this assumption, selected patients with
arsenicosis were motivated to follow the suggested diet
regime for 6 months. It was found that arsenic level in urine,
a marker of arsenicosis, was reduced significantly by
following suggested diet regime for six months (Figure. 2A).
Similarly, hemoglobin level in blood, another marker of
arsenicosis, was increased significantly by six-month use of
suggested diet regime (Figure. 2B). Moreover, degree of
keratosis which is usually used for grading the severity of
arsenicosis was lessened by using suggested diet regime
(Figure. 2 C and D). However, sign of keratosis was
disappeared in 14% of arsenicosis patients after six month
diet regime (Figure. 2 D) while no change in percentage was
found for patients with the most severe form of keratosis
(dorsal keratosis) (Figure. 2 C and D) indicating that only
diet regime is not enough to manage the severe form of
arsenicosis. Altogether, it can be concluded that following a
diet regime containing proper foods and vitamin C
supplementation for six months is an effective strategy for
reducing arsenic toxicity in patients suffering from
arsenicosis.

4. Discussion

As shown by results of the studied markers of arsenicosis,
remarkable health improvement was observed in the
investigated patients by following suggested diet regime for
six months. However, using proper diet with vitamin
supplementation to reduce toxicity of heavy metal in animal
body is a well-studied mechanism. For example, a study
revealed that oxidative stress induced by arsenite can be
remarkably prevented by combined intake of a-lipoic acid
and vitamin C during arsenite exposure in animals [7].
Likewise, it has been shown by an in-vitro study that HL60
and U266 cells have been protected from arsenic toxicity by
vitamin C [15]

In this study, it was found that arsenic level in urine, a
marker of arsenicosis[16], was significantly reduced by
following diet regime for six months. It has been revealed by a
study that vitamin B, vitamin C and soy isoflavones can reduce
urinary inorganic Arsenic significantly [17]. Conversely,
urinary arsenic excretion can be increased (10-15%) by greater
intake of protein, methionine, and cysteine[18]. Actually, the
newer and improved diet regime might be involved in different
pathway of metabolism resulting in different distribution
pattern for excreted arsenic. Hence, further investigation is
required for explaining the role of suggested diet regime on
reduction of arsenic level in urine.

It was found in this study that the amount of hemoglobin
in blood was increased significantly by suggested diet

regime. Importantly, it has been reported by a study that level
of hemoglobin in blood has been correlated with severity of
arsenicosis[19]; hence it can be considered as a biomarker of
severity of arsenicosis. In another study, arsenic has been
shown as a causative agent of reversible megaloblastic
anemia [20]. Similarly, an association between low level of
hemoglobin and high arsenic exposure was observed in a
study in Bangladesh[21]. Interestingly, it has been shown by
a study that arsenic induced anemia in rat can be recovered
by iron supplemented food [22].

Clinical keratosis is divided into following grades, (1)
Spotted keratosis in palms/soles, (2) Diffuse keratosis in
palms/soles, and (3) Dorsal keratosis [23]. In this study, it
was found that health condition of studied patents was
improved remarkably in respect of severity of keratosis after
following diet regime for six months. Likewise, it has been
reported by another study that supplementation of vitamins
A, C, and E and related foods can reduce the number,
distribution and size of keratosis caused by arsenic toxicity
[24].

5. Conclusion

In this study, it was found that a diet regime containing
proper foods and vitamin C supplementation can cause
significant reduction of wurinary arsenic excretion,
enhancement of blood hemoglobin level, and improvement of
keratosis condition in investigated arsenicosis patients after
following the diet regime for six months. As all of these
changes were indicators of betterment of health condition of
arsenicosis patients, it can be concluded that the diet regime
with proper foods and vitamin C supplementation can play an
effective role in management of arsenicosis in those area
where people were using arsenic contaminated tube-well
water as the main source of drinking water.
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