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Abstract: In addition to naturally occurring arsenic, man-made arsenic-based compounds are other
sources of arsenic exposure. In 2013, our group identified 12 suspected arsenicosis patients in
a household (32 living members). Of them, eight members were diagnosed with skin cancer.
Interestingly, all of these patients had lived in the household prior to 1989. An investigation revealed
that approximately 2 tons of arsenic-based pesticides had been previously placed near a well that had
supplied drinking water to the family from 1973 to 1989. The current arsenic level in the well water
was 620 µg/L. No other high arsenic wells were found near the family’s residence. Based on these
findings, it is possible to infer that the skin lesions exhibited by these family members were caused
by long-term exposure to well water contaminated with arsenic-based pesticides. Additionally,
biochemical analysis showed that the individuals exposed to arsenic had higher levels of aspartate
aminotransferase and γ-glutamyl transpeptidase than those who were not exposed. These findings
might indicate the presence of liver dysfunction in the arsenic-exposed individuals. This report
elucidates the effects of arsenical compounds on the occurrence of high levels of arsenic in the
environment and emphasizes the severe human health impact of arsenic exposure.
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1. Introduction

Arsenic, a toxic element, is widely distributed in the environment. Accumulated evidence shows
that long-term exposure to arsenic is associated with cancers of the skin, lung, bladder, liver and
kidney. The International Agency for Research on Cancer has classified arsenic as a group I human
carcinogen [1]. In addition to cancers, long-term exposure to arsenic is also associated with various
non-cancer adverse effects, including skin lesions [2], cardiovascular diseases [3,4] diabetes [5], birth
defects [6], abortion [7] and cognitive impairment [8]. Despite these notorious toxic effects of arsenic
in humans, it is still widely used in both agriculture and industry [9–12]. The expanded use of
arsenic has increased the possibility of toxic exposure, posing a corresponding new health risk to
humans. Arsenic-based pesticides are the best examples of agricultural applications of arsenic. During
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the beginning and middle of the 20th century, inorganic arsenic-based pesticides, including lead
arsenate, copper arsenate and calcium arsenate, were extensively used to control insects. It has been
reported that approximately 15 million pounds of arsenic-based pesticides, which is equivalent to
6.8 million kilograms of arsenic, were applied to New Jersey (USA) soils between 1980 and 1990 [13].
This large amount of inorganic arsenic-based pesticides has led to serious arsenic contamination
in the environment [14,15]. A number of acute and sub-acute arsenic intoxication cases have been
reported [16,17]. Feinglass et al. described a case in which 13 individuals from Perham (MN, USA) were
exposed to well water containing from 11,800 to 21,000 µg/L of arsenic for nearly two months, resulting
in sub-acute arsenic toxicity in 11 individuals [16]. This severe contamination occurred because the well
was inadvertently drilled in an area that had been previously used to prepare and store arsenic-laced
grasshopper bait. Another outbreak of fatal arsenic poisoning, which was reported by Armstrong et al.,
occurred among nine members of a family, of whom eight developed gastrointestinal symptoms,
four developed encephalopathy, and two died [17]. The well water used by the family contained
108,000 µg/L of arsenic, most likely derived from waste arsenical pesticides that had been previously
placed in the vicinity of the well. In contrast, here, we report a chronic arsenic poisoning event that
occurred in a household. The event was probably caused by the family members’ chronic exposure
to well water contaminated with arsenic-based pesticides. Approximately one-half of the household
members were diagnosed with arsenic-related skin manifestations, including skin cancer. We hope
that this report will raise awareness of the important impacts of arsenic-based compounds on the
occurrence of high arsenic levels in the environment and also on human health.

2. Materials and Methods

2.1. Background

In 2013, our research group, together with the Institute of Endemic Disease Control and Prevention
in Yunnan Province, performed screening of arsenic-contaminated areas in Midu County, China. A
43-year-old woman was diagnosed with obvious skin manifestations that appeared to be symptoms of
chronic arsenic poisoning.

As shown in Figure 1, significant pigmentation, de-pigmentation and hyperkeratosis were found
on her palms and soles. A 3-cm scaly, erythematous plaque was also detected on her right arm. The
woman told us that her family members had similar skin features, some of which were more serious.
We then immediately went to the woman’s family to initiate an investigation.
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2.2. Investigation

All of the woman’s family members, except for those working outside of the village, were
examined for symptoms of chronic arsenic poisoning, including pigmentation and de-pigmentation
on the trunk and hyperkeratosis on the palms of the hands and soles of the feet. Skin biopsies were
performed on nine family members to confirm skin malignancy. Detailed interviews with the family
members were also performed to obtain information regarding age, sex, and dates of birth and marriage.
Samples of water previously and currently used by the family, as well as some groundwater samples
near the family’s residence, were collected for arsenic analysis. Additionally, 25 family members
agreed to provide their first void urine in the morning and fasting blood samples for further analysis.

2.2.1. Urinary Arsenic Speciation Measurement

Each family member’s first void urine was collected in the morning in a 15-mL polypropylene
tube and kept in a cooler. All samples were stored on dry ice and transferred by air to the Laboratory
of Arsenic Analysis at China Medical University (Shenyang, China). The urine samples were stored
at ´80 ˝C and were then measured for urinary arsenic speciation. The analytical method applied in
our study has been frequently used for detection urinary arsenic speciation in our laboratory, and
the detailed procedures have been described in our previous reports [18–20]. Briefly, a 1-mL urine
sample was thawed from ´80 ˝C to room temperature. Then, a 2 normality (N) NaOH solution was
added to the urine sample for digestion at 100 ˝C for 3 h, followed by dilution with Milli-Q water. The
samples were stirred once per hour. An atomic absorption spectrophotometer (AA-6800, Shimadzu Co.
Kyoto, Japan) equipped with an arsenic speciation pretreatment system (ASA-2sp, Shimadzu Co.)
was used to detect inorganic arsenic (iAs), monomethylarsonic acid (MMA) and dimethylarsinic
acid (DMA). Aliquoted samples were used for each assay. Arsenic speciation was determined by the
well-established hydride generation of volatile arsines, followed by cryogenic separation in liquid
nitrogen. The absorbance of arsenic in the treated urine samples was determined at a wavelength of
193.7 nm. The limit of detection for the three arsenic species (iAs, MMA, and DMA) was 1 ng, and
the coefficient of variation was <5%. Quality control for arsenic determination included analysis of
Standard Reference Material of freeze-dried urine (SRM 2670, National Institute of Standards and
Technology (NIST), Gaithersburg, MD, USA). The NIST-certified concentration value for arsenic was
480 ˘ 100 µg/L, and the value measured in our laboratory was 474 ˘ 20 µg/L. The reliability of arsenic
species separation was evaluated by the analytical recoveries of added arsenic species. The spiking
of urine samples with 10 µg/L of iAs, MMA and DMA resulted in recoveries of 81%–92%, 88%–98%
and 89%–103%, respectively. The concentrations of arsenic in the water samples were also determined
using the above-mentioned method.

2.2.2. Biochemical Analysis

The following common clinical biochemical variables were measured using a Hitachi autoanalyzer
(Type 7170A; Hitachi; Ltd., Tokyo, Japan): triglyceride (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), glucose (Glu), uric acid
(UA), glycated hemoglobin (HbA1c), alanine aminotransferase (ALT), aspartate aminotransferase
(AST), γ-glutamyl transpeptidase (γ-GT), and homocysteine (Hcy). Urinary creatinine was
determined by the Jaffe reaction using a commercial kit (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China).

2.3. Statistical Analysis

The urinary concentration of total arsenic (tAs) was defined as the sum of the concentrations
of iAs, MMA and DMA. The Mann-Whitney U test was performed to analyze the differences in
biochemical variables between the subjects with and without arsenic exposure in the family. Fisher’s
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exact test was used to explore the differences in categorical variables between the subjects with and
without arsenic exposure in the family. We used a p value of <0.05 to identify statistical significance.

2.4. Ethical Statements

All subjects gave their informed consent for inclusion before they participated in the study. The
study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved
by the Ethics Committee of China Medical University (Identification code: CMU62073018).

3. Results

3.1. Chronic Arsenic Poisoning Diagnosed in the Household

Figure 2 shows the pedigree tree of the family. Member “K” is the woman who was first identified.
Members “A” and “a” are brothers who lived in the same household and died in 2009 and 1994,
respectively. The cause of death of member “A” was cerebral hemorrhage and that of member “a” was
skin cancer. Therefore, the household consisted of a total of 32 living members. Of them, four members
(M, Q, R and j) worked outside of the village. Thus, detailed physical examinations of the remaining
28 family members were performed. Skin lesions similar to symptoms caused by chronic arsenic
poisoning were detected in 12 members, including two in generation I, nine in generation II and one
in generation III. According to the family members’ recollections, members “A”, “a” and “M” also
presented with similar skin signs, while members “Q”, “R” and “j” lacked these skin manifestations.
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Figure 2. The pedigree tree of the family.

The clinical severities of skin symptoms observed among the 12 individuals differed. As shown
in Figure 3, pigmentation and de-pigmentation on the back and apparent hyperkeratosis on the palms
were the major skin features in member “N” (Figure 3i). Apart from these skin lesions, family member
“G” simultaneously presented with a number of bordered black-brown plaques on his chest and back
(Figure 3ii). The size of the largest plaque, which was present on his hip, was approximately 6 cm. For
family member “B”, a large excrescence occurred on the left side of her head (Figure 3iii). Similarly,
gray-black excrescences were found on the back and head of member “E” (Figure 3iv). Based on the
skin biopsy results, three individuals (b, C and E) were diagnosed with basal cell carcinoma, three (B, K
and c) were diagnosed with Bowen’s disease, and two (G and I) were diagnosed with both basal cell
carcinoma and Bowen’s disease. Only typical pathological features of hyperkeratosis were detected
for family member “g”.

Considering the findings of the physical examinations and skin biopsies, it was possible to infer
that the skin changes observed among these family members were associated with arsenic exposure.
However, the family was currently obtaining drinking water from a tap water supply system that used
surface water as a source. Arsenic concentration analysis showed that the arsenic levels in the drinking
water were within the normal range (<10 µg/L). According to the urinary arsenic concentration test
results, the median (25th, 75th) urinary values of iAs, MMA and DMA were 6.7 (4.3, 12.6) µg/L,
3.7 (3.0, 7.0) µg/L and 24.4 (18.8, 52.9) µg/L, respectively.



Int. J. Environ. Res. Public Health 2016, 13, 133 5 of 14

Int. J. Environ. Res. Public Health 2016, 13, 133 5 of 13 

5 

 
Figure 3. Clinical appearances of family members “N” (i); “G” (ii); “B” (iii) and “E” (iv). 

The median (25th, 75th) value of urinary tAs for these family members was 37.3 (25.4, 64.6) μg/L, 
which is within the normal range (<100 μg/L) suggested by the Agency for Toxic Substances and 
Disease Registry (ATSDR) for unexposed populations [21]. These findings provide additional 
evidence that the family members were not presently being exposed to arsenic. 

Based on a careful review of the patients’ characteristics in the household, we found an 
interesting pattern: the 15 members affected by skin lesions were born or had moved into the 
household through marriage before 1989, and correspondingly, none of the 19 members who lived 
in the household after 1989 were affected (Table 1). After a thorough investigation and interview, the 
family members recalled that a large amount (approximately 2 t) of an arsenic-based pesticide 
known by the Chinese name “Shi Huang” (also known as “realgar”) had been previously placed in 
the vicinity of a well that supplied the household with drinking water from 1973 to 1989 (Figure 4i). 
The main components of the pesticide were As4S4 or As2S2. The pesticide was in powder form and 
packed in paper bags. No materials were used to cover these pesticides. In 1989, the large amounts of 
pesticides were completely removed because a neighbor wanted to build a small house at the site 
where it had been placed. The same year, the well stopped supplying drinking water to the family. 
Arsenic concentration testing of the well water was conducted immediately. As expected, the arsenic 
level was 620 μg/L, which was 62 times the maximum allowable level for arsenic in drinking water 
recommended by the World Health Organization (10 μg/L). However, it should be noted that the 
620 μg/L arsenic in the well water might be a natural occurrence. Studies have found that the 
presence of naturally occurring arsenic in groundwater is determined by various geological and 
hydro-geochemical parameters, such as geology, climate, drainage, topography and soil type [22]. 
Thus, collecting additional groundwater samples near the family’s residence would be helpful for 
confirming whether the 620 μg/L arsenic in the well water was naturally occurring. As shown in 
Figure 4ii, a total of 21 groundwater samples near the residence were collected. The arsenic test 
results showed that the arsenic concentrations in these samples were normal, ranging from a 
minimum of 1 μg/L to a maximum of 8 μg/L (Figure 4ii). These findings provide further evidence 
that the excessive arsenic detected in the well water of the household was not a natural occurrence 
but that it was probably derived from the large amount of arsenical pesticides. Based on the above 
findings, it is possible to establish that the family members with skin lesions suffered from chronic 
arsenic poisoning and that the arsenical pesticides were probably responsible for the event. 

Figure 3. Clinical appearances of family members “N” (i); “G” (ii); “B” (iii) and “E” (iv).

The median (25th, 75th) value of urinary tAs for these family members was 37.3 (25.4, 64.6) µg/L,
which is within the normal range (<100 µg/L) suggested by the Agency for Toxic Substances and
Disease Registry (ATSDR) for unexposed populations [21]. These findings provide additional evidence
that the family members were not presently being exposed to arsenic.

Based on a careful review of the patients’ characteristics in the household, we found an interesting
pattern: the 15 members affected by skin lesions were born or had moved into the household through
marriage before 1989, and correspondingly, none of the 19 members who lived in the household
after 1989 were affected (Table 1). After a thorough investigation and interview, the family members
recalled that a large amount (approximately 2 t) of an arsenic-based pesticide known by the Chinese
name “Shi Huang” (also known as “realgar”) had been previously placed in the vicinity of a well that
supplied the household with drinking water from 1973 to 1989 (Figure 4i). The main components of
the pesticide were As4S4 or As2S2. The pesticide was in powder form and packed in paper bags. No
materials were used to cover these pesticides. In 1989, the large amounts of pesticides were completely
removed because a neighbor wanted to build a small house at the site where it had been placed. The
same year, the well stopped supplying drinking water to the family. Arsenic concentration testing
of the well water was conducted immediately. As expected, the arsenic level was 620 µg/L, which
was 62 times the maximum allowable level for arsenic in drinking water recommended by the World
Health Organization (10 µg/L). However, it should be noted that the 620 µg/L arsenic in the well
water might be a natural occurrence. Studies have found that the presence of naturally occurring
arsenic in groundwater is determined by various geological and hydro-geochemical parameters, such
as geology, climate, drainage, topography and soil type [22]. Thus, collecting additional groundwater
samples near the family’s residence would be helpful for confirming whether the 620 µg/L arsenic in
the well water was naturally occurring. As shown in Figure 4ii, a total of 21 groundwater samples near
the residence were collected. The arsenic test results showed that the arsenic concentrations in these
samples were normal, ranging from a minimum of 1 µg/L to a maximum of 8 µg/L (Figure 4ii). These
findings provide further evidence that the excessive arsenic detected in the well water of the household
was not a natural occurrence but that it was probably derived from the large amount of arsenical
pesticides. Based on the above findings, it is possible to establish that the family members with
skin lesions suffered from chronic arsenic poisoning and that the arsenical pesticides were probably
responsible for the event.
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According to above information, a total of 15 individuals in the family, including members “A”
and “a”, had been exposed to high levels of arsenic. The exposure durations of these individuals varied
significantly, from 16 years for 12 individuals to nine years for family member “D”, eight years for
family member “M” and six years for family member “N” (Table 1). Moreover, family members “M”
and “N” were exposed to arsenic as fetuses. Based on the diagnostic standard for endemic arsenicosis
in China (WS/T211-2001), 10 individuals in the family were classified as advanced arsenicosis patients,
and two were classified as mild arsenicosis patients (Table 1). At the time of this investigation, the
family members had not used the arsenic-contaminated well water for nearly 24 years.

3.2. Persistent Health Influence

To fully understand the current physical conditions of the family members, some biochemical
indexes commonly measured in clinical settings were tested. We found that the family members who
had been previously exposed to arsenic had statistically significantly higher median AST and γ-GT
levels than those who were unexposed (Table 2). The median level of urinary creatinine was higher
for the subjects with arsenic exposure than those without (p < 0.05). A borderline significantly higher
UA level was detected in the individuals who had been exposed to arsenic than in those who were
unexposed (p = 0.074).

In addition, we compared the proportion of subjects with high ALT, AST, γ-GT and UA levels
between the individuals who had been exposed and those who had not been exposed to arsenic. A high
ALT (>40 U/L) level was only detected in family member “g”, who had been exposed to arsenic for
16 years. In contrast, 4 of the family members had abnormal AST (>40 U/L) and γ-GT (>50 U/L) levels,
and they all had a history of arsenic exposure (Table 3). No significant difference in the proportion of
individuals with a high UA level was found between the two groups (Table 3).
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Table 1. General characteristics of the family members in the household (n = 34) £.

Variables Number Birth Year # Skin Symptoms Exposure Duration Grade † Pathological Examination

Generation I

A * 1936 Yes 1973–1989 (16) NA NA
B 1935 (NA) Yes 1973–1989 (16) § Advanced Bowen’s disease

a * 1941 Yes 1973–1989 (16) NA NA
b 1945 (1963) Yes 1973–1989 (16) Advanced Basal cell carcinoma

Generation II

C 1956 Yes 1973–1989 (16) Advanced Basal cell carcinoma
D 1958 (1980) Yes 1980–1989 (9) Mild NA
E 1963 Yes 1973–1989 (16) Advanced Basal cell carcinoma
F 1965 (1990) No Non-exposed
G 1966 Yes 1973–1989 (16) Advanced Basal cell carcinoma/Bowen’s disease
H 1969 (1991) No Non-exposed
I 1972 Yes 1973–1989 (16) Advanced Basal cell carcinoma/Bowen’s disease
J 1976 (1996) No Non-exposed
K 1970 Yes 1973–1989 (16) Advanced Bowen’s disease

L $ NA No Non-exposed
c 1965 Yes 1973–1989 (16) Advanced Bowen’s disease
d 1970 (1989) No Non-exposed
e 1970 Yes 1973–1989 (16) Advanced NA
f 1974 (1997) No Non-exposed
g 1973 Yes 1973–1989 (16) Advanced Hyperkeratosis
h 1976 (2000) No Non-exposed

Generation III

M & 1981 Yes 1981–1989 (8) NA NA
N 1983 Yes 1983–1989 (6) Mild NA
O 1993 No Non-exposed
P 1997 No Non-exposed

Q & NA No Non-exposed §

R & NA No Non-exposed §

S 1998 No Non-exposed
T 2004 No Non-exposed
U 1996 No Non-exposed
V 2001 No Non-exposed
i 1990 No Non-exposed

j & NA No Non-exposed §

k 1998 No Non-exposed
m 2004 No Non-exposed

Notes: £: information on founding parents of the family is not included in the table because they died before 1973; *: family member deceased; &: family member works outside; #: the
number in the bracket is the year that the family member moved into the household through marriage; $: this member is the husband of member K, and he has always lived in another
village; §: the arsenic exposure status was confirmed based on the birth year of the next of kin.† Based on the diagnosis standard for endemic arsenicosis in China (WS/T211-2001), the
grade of arsenicosis was determined by the clinical severities of skin pigmentation and de-pigmentation on the trunk and hyperkeratosis on the palms of the hands and soles of the
feet; NA: not available.



Int. J. Environ. Res. Public Health 2016, 13, 133 8 of 14

Table 2. Levels of biochemical indexes for family members exposed and not exposed to arsenic a.

Biochemical Variables Overall (n = 25) Individuals Exposed to Arsenic (n = 12) Individuals Unexposed to Arsenic (n = 13) p-Value

ALT (U/L) 22.0 (16.0, 30.0) 27.5 (17.0, 30.8) 18.0 (13.0, 26.0) 0.185
AST (U/L) 34.0 (31.0, 38.0) 37.5 (33.0, 42.5) 31.0 (29.0, 34.0) 0.006
γ-GT (U/L) 14.0 (11.0, 34.0) 25.5 (13.3, 77.0) 12.0 (9.0, 19.0) 0.021

Creatinine (mg/dL) 102.0 (77.1, 163.1) 156.5 (108.7, 167.0) 77.4 (62.9, 127.7) 0.012
UA (µmol/L) 286.0 (201.0, 395.0) 353.5 (249.5, 396.5) 237.0 (183.0, 286.0) 0.074
Glu (mmol/L) 4.1 (3.8, 4.5) 4.1 (3.8, 4.7) 4.1 (3.6, 4.4) 0.518

HbA1c (%) 5.8 (5.7, 6.1) 6.1 (5.7, 6.1) 5.8 (5.5, 6.0) 0.245
TG (mmol/L) 1.5 (1.0, 1.6) 1.4 (1.0, 1.6) 1.5 (1.0, 1.8) 0.667
TC (mmol/L) 4.2 (3.9, 4.8) 4.2 (3.8, 5.6) 4.2 (4.0, 4.7) 0.580

HDL-C (mmol/L) 1.3 (1.2, 1.5) 1.4 (1.2, 1.5) 1.3 (1.2, 1.5) 0.599
LDL-C (mmol/L) 1.8 (1.6, 2.4) 1.7 (1.6, 2.9) 1.9 (1.6, 2.1) 0.902

Hcy (µmol/L) 14.0 (13.4, 16.8) 15.2 (13.7, 17.7) 13.7 (12.6, 16.2) 0.166

Notes: the data are expressed as the median (25th, 75th). Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; γ-GT, γ-glutamyl transpeptidase; UA, uric acid;
Glu, glucose; HbA1c, glycated hemoglobin; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Hcy,
homocysteine. a The Mann-Whitney U test was performed to analyze the differences in these biochemical indexes between the subjects with and without arsenic exposure in the family.

Table 3. Distribution of high AST, γ-GT and UA levels between family members who were exposed and unexposed to arsenic a.

Variables Individuals Exposed to Arsenic (n = 12) Individuals Unexposed to Arsenic (n = 13) p-Value

AST (U/L) 0.039

>40 4 (33.3) 0 (0.0)
ď40 8 (66.7) 13 (100.0)

γ-GT (U/L) 0.039

>50 4 (33.3) 0 (0.0)
ď50 8 (66.7) 13 (100.0)

UA (µmol/L) 0.593

HUA b 2 (16.7) 1 (7.7)
Normal 10 (83.3) 12 (92.3)

Notes: data are expressed as number (%). Abbreviations: AST, aspartate aminotransferase; γ-GT, γ-glutamyl transpeptidase; UA, uric acid. a Fisher’s exact test was used to explore
the differences in the variables between the two groups; b HUA is defined as a uric acid level of higher than 420 µmol/L in males and of higher than 360 µmol/L in females.
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4. Discussion

It has been long recognized that arsenic-based pesticides are among the most common arsenical
compounds used in agriculture. Most synthetic pesticides containing arsenic, such as lead arsenate,
copper arsenate and calcium arsenate, were extensively produced after World War II [23]. In China,
however, the practice of using arsenic in pesticides dates to the “Warring States Period,” when people
used arsenical minerals to produce arsenic trioxide to kill rodents and to control silkworm diseases [24].
The arsenical pesticides placed near the well, which had previously supplied drinking water for the
family, was a type of arsenical mineral known as realgar. Although the main components of realgar
are As4S4 or As2S2, it naturally contains arsenic trioxide as an impurity [25]. Unlike As4S4 or As2S2,
which have low solubilities, arsenic trioxide is easily dissolved in water. Experiments have shown
that small amounts of soluble arsenic can be detected in realgar, even in that used for medication [26].
In addition, the realgar mentioned in our study had been crushed into powder by machines before
being used as a pesticide. During this procedure, the main components, As4S4 or As2S2, were, at least
partly, oxidized to arsenic trioxide due to the high temperatures used in this process. It should also be
noted that no materials were used to cover the arsenical pesticides. Considering the above points, it is
possible to infer that the soluble arsenic in the pesticides gradually permeated into the soil along with
rainwater washout and then seeped into the nearby well. To some extent, collecting soil samples from
around the site where the arsenic-based pesticides was placed was helpful for determining whether
the excess arsenic in the well water was derived from these pesticides. Unfortunately, the soil at the
particular site where the pesticides were placed was removed to pave the road in front of the family
house and thus was not available (Figure 4i). However, no other high-arsenic wells were found near
the family’s residence, providing evidence to conclude that the excessive arsenic in the well water was
not a natural occurrence and correspondingly that the large amount of arsenical pesticides placed there
is the most probable culprit. Furthermore, it is expected that the arsenic level in the well water during
the period from 1973 to 1989 was higher than the current level (620 µg/L). Long-term consumption
of well water contaminated with excessive arsenic consequently led to severe health outcomes, with
approximate one-half of the family members exhibiting arsenic-related skin lesions.

Given the notorious adverse effects of arsenic exposure in humans, the United States
Environmental Protection Agency (EPA) banned the use of many inorganic arsenic-based pesticides
during the late 1980s and early 1990s [15]. In contrast, organic forms of arsenic (e.g., MMA and DMA)
are considered less toxic and have been used as herbicides on agricultural lands, orchards and golf
courses [15,27]. The use of organoarsenicals can also be a problem because a growing body of data
indicates that there is a strong possibility that organic and inorganic forms of arsenic can be transformed
via both biotic and abiotic processes [27–29]. Although some countries have issued documents to
phase out organoarsenical pesticides from the market, large agricultural sites contaminated by years of
organoarsenical pesticide application still exist. These agricultural lands might pose significant health
risks in the present and in the future. Apart from its use in pesticides, arsenic is still allowed in the
production of other materials, such as wood preservatives, glassware, and semi-conductors. The use of
these synthetic arsenical compounds increases the possibility of arsenic exposure in humans. Therefore,
the environmental effects of arsenical compounds should not be ignored; in fact, more attention should
be paid to this issue, especially for people in direct contact with these arsenical products.

It is well recognized that long-term arsenic exposure can have multisystemic toxic effects,
including skin, cardiovascular, neurological, respiratory, and developmental effects [30]. In particular,
the skin is the most sensitive organ to arsenic exposure. Skin lesions (e.g., hyperkeratosis, pigmentation,
and Mee’s lines on nails) and skin malignancies (e.g., Bowen’s disease and basal cell carcinomas)
are usually the first visible signs of arsenic exposure and are considered to be the most prominent
symptoms of chronic arsenic toxicity [31,32]. These skin manifestations can occur within months
or several years after arsenic exposure and can persist for many years [33]. Therefore, a thorough
physical examination for the presence of arsenic-related skin symptoms is invaluable to assess both
recent and past arsenic exposure in field investigations. As shown in the current report, although the
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household had stopped drinking arsenic-contaminated well water by 1989, apparent arsenic-related
skin manifestations were clearly observed in the arsenic-exposed individuals. More importantly, these
skin characteristics provided important clues with which to trace the source of arsenic exposure in
our study.

Several cross-sectional and case-control studies conducted in arsenic endemic areas of Taiwan,
Bangladesh and India have suggested that the relationships between arsenic exposure and skin lesions
and skin malignancies are in a dose-response manner [34–39]. A recent prospective study has also
revealed that the dose-dependent association between arsenic exposure and skin lesions is present
even at arsenic concentrations lower than 100 µg/L [2]. In our study, although the exact amount
of arsenic ingested by each individual in the family was difficult to estimate, their arsenic exposure
duration might reflect the cumulative arsenic dose. The 10 family members who were exposed to
arsenic for 16 years had more severe skin manifestations, 8 of whom were diagnosed with skin cancer
(Table 1). In contrast, the skin changes observed in family members “D” and “N”, who had arsenic
exposure durations of 9 and 6 years, respectively, were relatively mild. The differences in skin changes
observed among these family members might be related to the different arsenic exposure durations.
Additionally, the findings might reflect the dose-response relationship between arsenic exposure and
arsenic-related skin diseases.

Apart from the classical skin changes, liver injury is another common adverse effect induced by
arsenic exposure [40,41]. A positive association between environmental arsenic exposure and abnormal
liver function, as manifested by elevated ALT, AST and alkaline phosphatase (ALP) levels, has been
reported [42]. Hepatomegaly, hepatoportal sclerosis, liver fibrosis and cirrhosis are also found much
more frequently among populations with arsenic exposure compared to the general population [40–43].
A more recent meta-analysis has further proposed that arsenic exposure increases the risk of liver
cancer mortality [43]. In this report, we also observed that subjects previously exposed to arsenic
had significantly higher AST and γ-GT levels than those who were unexposed, although the family
had not been exposed to arsenic for 24 years. These findings might indicate, at least to some extent,
that the family members with arsenic exposure had liver dysfunction. However, it should be noted
that the AST and γ-GT levels can be influenced by various factors, including age, body mass index,
alcohol consumption and medication usage [44]. In this study, these influencing factors were not taken
into consideration when analyzing the differences in the AST and γ-GT levels between the subjects
exposed and not exposed to arsenic. Therefore, caution should be exercised in the interpretation
of these findings. Additionally, as shown in Table 2, the urinary creatinine levels were significantly
higher in the subjects exposed to arsenic than in the non-exposed subjects. Urinary creatinine is a
reflection of hydration status, and it is widely used to adjust concentrations of urinary chemicals or
their metabolites in spot samples [45]. Many factors, such as age, sex, body mass index and diet, have
been shown to affect the urinary creatinine level [45]. These factors might have caused the differences
in the urinary creatinine levels observed in our study.

There is no doubt that malignancies are the most serious health outcomes of arsenic exposure.
These malignancies can occur either in the continuing presence of or after the cessation of exposure
because of the long-term latency period for their development in humans [46]. A report of a Chilean
cohort suggested that the lung and bladder cancer mortality rates in arsenic-exposed populations began
to increase at approximately 10 years after the water arsenic levels increased, peaking at 10–20 years
after the levels had decreased to the normal range [47]. Another well-known study that demonstrated
the long latency period of arsenic-related malignancies is from Nakajo, Japan [48]. This study found
that residents exposed to arsenic via well water for 5 years had an elevated risk of lung cancer at
34 years after the exposure ended. In contrast to the long average latency periods of internal cancers,
as mentioned above, skin changes appear within a relatively short time period after exposure to
arsenic, and accumulating evidence suggests that these skin changes can be considered precursors
of arsenic-induced internal malignancies [49–52]. The associations between arsenical skin lesions
and subsequent internal malignancies were first systematically explored by Cuzick et al. [50–52]. A
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cohort of 478 patients who had been given Fowler’s solution (containing 1% arsenic trioxide) for
several weeks to 12 years was monitored for cancer mortality [50]. Excess bladder cancer mortality was
reported in a 10-year follow-up study of arsenic-exposed patients with palm hyperkeratosis [50–52].
Another prospective study conducted in Taiwan also revealed that patients with skin cancer (Bowen’s
disease and non-melanoma skin cancers) had significantly increased lung cancer (hazard ratio = 4.64,
95% confidence interval: 2.92–7.38) and urothelial carcinoma risks (hazard ratio = 2.02, 95% confidence
interval: 1.23–3.30) after adjusting for confounding factors [49]. In the household examined in the
current study, all of the members who had been exposed to arsenic from 1973 to 1989 presented with
skin changes, either skin lesions or skin malignancies. Therefore, these individuals might be at a high
risk of developing internal malignancy in the future. Based on this consideration, careful follow-up
health examinations of the 13 living family members are crucial.

5. Conclusions

In this study, we have described a unique chronic arsenic poisoning event that occurred within
a household in which approximately one-half of the family members were affected by skin changes.
Although the family members had not been exposed to arsenic for 24 years, those who had been
previously exposed to arsenic exhibited higher serum levels of AST and γ-GT than those who were
unexposed. The family members with skin lesions and skin malignancies might be at a high risk of
developing internal cancer in the future.

In modern society, the use of arsenic in industry and agriculture is very common. This report has
elucidated the effects of arsenic-based compounds on the occurrence of high arsenic levels in drinking
water. Environmental policymakers should formulate regulations to strengthen the management of
these arsenic-related products.

Acknowledgments: This work was sponsored by the Project for Construction of Major Discipline Platform in
Universities of Liaoning Province. We would like to thank the family members for their support and cooperation.
We also thank T.V. Loung, senior consultant, Water and Environmental Sanitation, United Nations International
Children’s Emergency Fund, East Asia and Pacific Regional Office, Bangkok, Thailand for performing English
language editing of the manuscript.

Author Contributions: Yongfang Li, Feng Ye, Anwei Wang, Quanmei Zheng, Da Wang, Boyi Yang and Guifan Sun
conducted the investigation. Yongfang Li and Da Wang detected the levels of arsenic metabolites in the urine
and of biochemical indexes in the serum samples of the family members. Yongfang Li drafted the manuscript.
Xinghua Gao and Guifan Sun critically revised the manuscript. Guifan Sun took charge of the whole framework.
All authors read and approved the final manuscript.

Conflicts of Interest: The authors declare that they have no competing interests.

References

1. IARC. Some drinking water disinfectants and contaminants, including arsenic. In Monographs on the
Evaluation of Carcinogenic Risk to Humans; IARC Monographs, IARC: Lyon, France, 2004; Volume 84.

2. Argos, M.; Kalra, T.; Pierce, B.L.; Chen, Y.; Parvez, F.; Islam, T.; Ahmed, A.; Hasan, R.; Hasan, K.;
Sarwar, G.; et al. A prospective study of arsenic exposure from drinking water and incidence of skin lesions
in Bangladesh. Am. J. Epidemiol. 2011, 174, 185–194. [CrossRef] [PubMed]

3. Chen, Y.; Wu, F.; Liu, M.; Parvez, F.; Slavkovich, V.; Eunus, M.; Ahmed, A.; Argos, M.; Islam, T.;
Rakibuz-Zaman, M.; et al. A prospective study of arsenic exposure, arsenic methylation capacity, and
risk of cardiovascular disease in Bangladesh. Environ. Health Perspect. 2013, 121, 832–838. [CrossRef]
[PubMed]

4. Tsuji, J.S.; Perez, V.; Garry, M.R.; Alexander, D.D. Association of low-level arsenic exposure in drinking
water with cardiovascular disease: A systematic review and risk assessment. Toxicology 2014, 323, 78–94.
[CrossRef] [PubMed]

5. Wang, W.; Xie, Z.; Lin, Y.; Zhang, D. Association of inorganic arsenic exposure with type 2 diabetes mellitus:
A meta-analysis. J. Epidemiol. Community Health 2014, 68, 176–184. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/aje/kwr062
http://www.ncbi.nlm.nih.gov/pubmed/21576319
http://dx.doi.org/10.1289/ehp.1205797
http://www.ncbi.nlm.nih.gov/pubmed/23665672
http://dx.doi.org/10.1016/j.tox.2014.06.008
http://www.ncbi.nlm.nih.gov/pubmed/24953689
http://dx.doi.org/10.1136/jech-2013-203114
http://www.ncbi.nlm.nih.gov/pubmed/24133074


Int. J. Environ. Res. Public Health 2016, 13, 133 12 of 14

6. Rudnai, T.; Sandor, J.; Kadar, M.; Borsanyi, M.; Beres, J.; Metneki, J.; Maraczi, G.; Rudnai, P. Arsenic in
drinking water and congenital heart anomalies in Hungary. Int. J. Hyg. Environ. Health 2014, 217, 813–818.
[CrossRef] [PubMed]

7. Quansah, R.; Armah, F.A.; Essumang, D.K.; Luginaah, I.; Clarke, E.; Marfoh, K.; Cobbina, S.J.;
Nketiah-Amponsah, E.; Namujju, P.B.; Obiri, S.; et al. Association of arsenic with adverse pregnancy
outcomes/infant mortality: A systematic review and meta-analysis. Environ. Health Perspect. 2015, 123,
412–421. [CrossRef] [PubMed]

8. Hamadani, J.D.; Tofail, F.; Nermell, B.; Gardner, R.; Shiraji, S.; Bottai, M.; Arifeen, S.E.; Huda, S.N.; Vahter, M.
Critical windows of exposure for arsenic-associated impairment of cognitive function in pre-school girls and
boys: A population-based cohort study. Int. J. Epidemiol. 2011, 40, 1593–1604. [PubMed]

9. Camm, G.S.; Glass, H.J.; Bryce, D.W.; Butcher, A.R. Characterisation of a mining-related arsenic-contaminated
site, Cornwall, UK. J. Geochem. Explor. 2004, 82, 1–15.

10. Lagerkvist, B.J.; Zetterlund, B. Assessment of exposure to arsenic among smelter workers: A five-year
follow-up. Am. J. Ind. Med. 1994, 25, 477–488. [PubMed]

11. Park, D.; Yang, H.; Jeong, J.; Ha, K.; Choi, S.; Kim, C.; Yoon, C.; Paek, D. A comprehensive review of arsenic
levels in the semiconductor manufacturing industry. Ann. Occup. Hyg. 2010, 54, 869–879. [CrossRef]
[PubMed]

12. Kumaresan, M.; Riyazuddin, P. Overview of speciation chemistry of arsenic. Curr. Sci. India 2001, 80,
837–846.

13. Murphy, E.A.; Aucott, M. An assessment of the amounts of arsenical pesticide used historically in a
geographic area. Sci. Total Environ. 1998, 218, 89–101. [CrossRef]

14. Datta, R.; Sarkar, D. Consideration of soil properties in assessment of human health risk from exposure to
arsenic-enriched soils. Integr. Environ. Assess. Manag. 2005, 1, 55–59. [CrossRef] [PubMed]

15. Quazi, S.; Sarkar, D.; Datta, R. Human health risk from arsenical pesticide contaminated soils: A long-term
greenhouse study. J. Hazard. Mater. 2013, 262, 1031–1038. [CrossRef] [PubMed]

16. Feinglass, E.J. Arsenic intoxication from well water in the United States. N. Engl. J. Med. 1973, 288, 828–830.
[PubMed]

17. Armstrong, C.W.; Stroube, R.B.; Rubio, T.; Siudyla, E.A.; Miller, G.B., Jr. Outbreak of fatal arsenic poisoning
caused by contaminated drinking water. Arch. Environ. Health 1984, 39, 276–279. [CrossRef] [PubMed]

18. Li, Y.; Wang, D.; Li, X.; Zheng, Q.; Sun, G. A potential synergy between incomplete arsenic methylation
capacity and demographic characteristics on the risk of hypertension: Findings from a cross-sectional study
in an arsenic-endemic area of inner Mongolia, China. Int. J. Environ. Res. Public Health 2015, 12, 3615–3632.
[CrossRef] [PubMed]

19. Sun, G.; Xu, Y.; Li, X.; Jin, Y.; Li, B.; Sun, X. Urinary arsenic metabolites in children and adults exposed to
arsenic in drinking water in Inner Mongolia, China. Environ. Health Perspect. 2007, 115, 648–652. [CrossRef]
[PubMed]

20. Xu, Y.; Wang, Y.; Zheng, Q.; Li, X.; Li, B.; Jin, Y.; Sun, X.; Sun, G. Association of oxidative stress with arsenic
methylation in chronic arsenic-exposed children and adults. Toxicol. Appl. Pharmacol. 2008, 232, 142–149.
[CrossRef] [PubMed]

21. ATSDR (Agency for Toxic Substances and Disease Registry). ToxGuide™ for Arsenic. Available online:
http://www.atsdr.cdc.gov/toxguides/toxguide-2.pdf (accessed on 1 June 2015).

22. Smedley, P.L.; Kinniburgh, D.G. A review of the source, behaviour and distribution of arsenic in natural
waters. Appl. Geochem. 2002, 17, 517–568. [CrossRef]

23. Rodrigo, M.A.; Oturan, N.; Oturan, M.A. Electrochemically assisted remediation of pesticides in soils and
water: A review. Chem. Rev. 2014, 114, 8720–8745. [CrossRef] [PubMed]

24. Wu, Q. Arsenic and society. Chem. Teach. Ref. Middle Sch. 1997, 172, 41–43. (In Chinese)
25. Li, H.; Zhao, M.; Liang, A.; Li, C.; Wang, J.; Xue, B.; Yang, B. Comparative study on contents of As2S2 and

As2O3 in realgar and processed products. Chin. J. Exp. Tradit. Med. Formulae 2013, 19, 49–51. (In Chinese)
26. Jiang, H.; Zhang, Y.; Ding, J.; Shi, S.; Xue, P.; Gao, S.; Gong, H.; Sun, G. Determination of As(III) content in

realgar by HPLC-HG-AFS. Chem. Res. 2008, 19, 67–69. (In Chinese)
27. Sarkar, D.; Datta, R.; Sharma, S. Fate and bioavailability of arsenic in organo-arsenical pesticide-applied soils.

Part-I: Incubation study. Chemosphere 2005, 60, 188–195. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.ijheh.2014.05.002
http://www.ncbi.nlm.nih.gov/pubmed/24916166
http://dx.doi.org/10.1289/ehp.1307894
http://www.ncbi.nlm.nih.gov/pubmed/25626053
http://www.ncbi.nlm.nih.gov/pubmed/22158669
http://www.ncbi.nlm.nih.gov/pubmed/7516623
http://dx.doi.org/10.1093/annhyg/meq051
http://www.ncbi.nlm.nih.gov/pubmed/20724556
http://dx.doi.org/10.1016/S0048-9697(98)00180-6
http://dx.doi.org/10.1897/IEAM_2004a-022.1
http://www.ncbi.nlm.nih.gov/pubmed/16637147
http://dx.doi.org/10.1016/j.jhazmat.2012.10.027
http://www.ncbi.nlm.nih.gov/pubmed/23142055
http://www.ncbi.nlm.nih.gov/pubmed/4348410
http://dx.doi.org/10.1080/00039896.1984.10545849
http://www.ncbi.nlm.nih.gov/pubmed/6497443
http://dx.doi.org/10.3390/ijerph120403615
http://www.ncbi.nlm.nih.gov/pubmed/25837203
http://dx.doi.org/10.1289/ehp.9271
http://www.ncbi.nlm.nih.gov/pubmed/17450238
http://dx.doi.org/10.1016/j.taap.2008.06.010
http://www.ncbi.nlm.nih.gov/pubmed/18640141
http://dx.doi.org/10.1016/S0883-2927(02)00018-5
http://dx.doi.org/10.1021/cr500077e
http://www.ncbi.nlm.nih.gov/pubmed/24983494
http://dx.doi.org/10.1016/j.chemosphere.2004.11.060
http://www.ncbi.nlm.nih.gov/pubmed/15914238


Int. J. Environ. Res. Public Health 2016, 13, 133 13 of 14

28. Feng, M.; Schrlau, J.E.; Snyder, R.; Snyder, G.H.; Chen, M.; Cisar, J.L.; Cai, Y. Arsenic transport and
transformation associated with MSMA application on a golf course green. J. Agric. Food Chem. 2005, 53,
3556–3562. [CrossRef] [PubMed]

29. Datta, R.; Sarkar, D.; Sharma, S.; Sand, K. Arsenic biogeochemistry and human health risk assessment in
organo-arsenical pesticide-applied acidic and alkaline soils: An incubation study. Sci. Total Environ. 2006,
372, 39–48. [CrossRef] [PubMed]

30. Naujokas, M.F.; Anderson, B.; Ahsan, H.; Aposhian, H.V.; Graziano, J.H.; Thompson, C.; Suk, W.A. The
broad scope of health effects from chronic arsenic exposure: Update on a worldwide public health problem.
Environ. Health Perspect. 2013, 121, 295–302. [CrossRef] [PubMed]

31. Das, N.K.; Sengupta, S.R. Arsenicosis: Diagnosis and treatment. Indian J. Dermatol. Venereol. Leprol. 2008, 74,
571–581. [CrossRef] [PubMed]

32. Sengupta, S.R.; Das, N.K.; Datta, P.K. Pathogenesis, clinical features and pathology of chronic arsenicosis.
Indian J. Dermatol. Venereol. Leprol. 2008, 74, 559–570. [PubMed]

33. Yu, H.S.; Liao, W.T.; Chai, C.Y. Arsenic carcinogenesis in the skin. J. Biomed. Sci. 2006, 13, 657–666. [CrossRef]
[PubMed]

34. Tseng, W.P. Effects and dose—Response relationships of skin cancer and blackfoot disease with arsenic.
Environ. Health Perspect. 1977, 19, 109–119. [CrossRef] [PubMed]

35. Haque, R.; Mazumder, D.N.; Samanta, S.; Ghosh, N.; Kalman, D.; Smith, M.M.; Mitra, S.; Santra, A.; Lahiri, S.;
Das, S.; et al. Arsenic in drinking water and skin lesions: Dose-response data from West Bengal, India.
Epidemiology 2003, 14, 174–182. [CrossRef] [PubMed]

36. Chen, Y.; Parvez, F.; Gamble, M.; Islam, T.; Ahmed, A.; Argos, M.; Graziano, J.H.; Ahsan, H. Arsenic exposure
at low-to-moderate levels and skin lesions, arsenic metabolism, neurological functions, and biomarkers
for respiratory and cardiovascular diseases: Review of recent findings from the Health Effects of Arsenic
Longitudinal Study (HEALS) in Bangladesh. Toxicol. Appl. Pharmacol. 2009, 239, 184–192. [PubMed]

37. Smith, A.H.; Arroyo, A.P.; Mazumder, D.N.; Kosnett, M.J.; Hernandez, A.L.; Beeris, M.; Smith, M.M.;
Moore, L.E. Arsenic-induced skin lesions among Atacameno people in Northern Chile despite good nutrition
and centuries of exposure. Environ. Health Perspect. 2000, 108, 617–620. [PubMed]

38. Hsueh, Y.M.; Chiou, H.Y.; Huang, Y.L.; Wu, W.L.; Huang, C.C.; Yang, M.H.; Lue, L.C.; Chen, G.S.; Chen, C.J.
Serum beta-carotene level, arsenic methylation capability, and incidence of skin cancer. Cancer Epidemiol.
Biomark. Prev. 1997, 6, 589–596.

39. Chen, Y.; Ahsan, H. Cancer burden from arsenic in drinking water in Bangladesh. Am. J. Public Health 2004,
94, 741–744. [CrossRef] [PubMed]

40. Liu, J.; Waalkes, M.P. Liver is a target of arsenic carcinogenesis. Toxicol. Sci. 2008, 105, 24–32. [CrossRef]
[PubMed]

41. Mazumder, D.N. Effect of chronic intake of arsenic-contaminated water on liver. Toxicol. Appl. Pharmacol.
2005, 206, 169–175. [CrossRef] [PubMed]

42. Santra, A.; Das Gupta, J.; De, B.K.; Roy, B.; Guha Mazumder, D.N. Hepatic manifestations in chronic arsenic
toxicity. Indian J. Gastroenterol. 1999, 18, 152–155. [PubMed]

43. Wang, W.; Cheng, S.; Zhang, D. Association of inorganic arsenic exposure with liver cancer mortality: A
meta-analysis. Environ. Res. 2014, 135, 120–125. [CrossRef] [PubMed]

44. Sohn, W.; Jun, D.W.; Kwak, M.J.; Park, Q.; Lee, K.N.; Lee, H.L.; Lee, O.Y.; Yoon, B.C.; Choi, H.S. Upper limit
of normal serum alanine and aspartate aminotransferase levels in Korea. J. Gastroenterol. Hepatol. 2013, 28,
522–529. [CrossRef] [PubMed]

45. Barr, D.B.; Wilder, L.C.; Caudill, S.P.; Gonzalez, A.J.; Needham, L.L.; Pirkle, J.L. Urinary creatinine
concentrations in the U.S. population: Implications for urinary biologic monitoring measurements.
Environ. Health Perspect. 2005, 113, 192–200. [CrossRef] [PubMed]

46. Yang, C.Y.; Chiu, H.F.; Chang, C.C.; Ho, S.C.; Wu, T.N. Bladder cancer mortality reduction after installation
of a tap-water supply system in an arsenious-endemic area in southwestern Taiwan. Environ. Res. 2005, 98,
127–132. [CrossRef] [PubMed]

47. Marshall, G.; Ferreccio, C.; Yuan, Y.; Bates, M.N.; Steinmaus, C.; Selvin, S.; Liaw, J.; Smith, A.H. Fifty-year
study of lung and bladder cancer mortality in Chile related to arsenic in drinking water. J. Natl. Cancer Inst.
2007, 99, 920–928. [CrossRef] [PubMed]

http://dx.doi.org/10.1021/jf047908j
http://www.ncbi.nlm.nih.gov/pubmed/15853401
http://dx.doi.org/10.1016/j.scitotenv.2006.08.003
http://www.ncbi.nlm.nih.gov/pubmed/16973204
http://dx.doi.org/10.1289/ehp.1205875
http://www.ncbi.nlm.nih.gov/pubmed/23458756
http://dx.doi.org/10.4103/0378-6323.45098
http://www.ncbi.nlm.nih.gov/pubmed/19171979
http://www.ncbi.nlm.nih.gov/pubmed/19171978
http://dx.doi.org/10.1007/s11373-006-9092-8
http://www.ncbi.nlm.nih.gov/pubmed/16807664
http://dx.doi.org/10.1289/ehp.7719109
http://www.ncbi.nlm.nih.gov/pubmed/908285
http://dx.doi.org/10.1097/01.EDE.0000040361.55051.54
http://www.ncbi.nlm.nih.gov/pubmed/12606883
http://www.ncbi.nlm.nih.gov/pubmed/19371619
http://www.ncbi.nlm.nih.gov/pubmed/10903614
http://dx.doi.org/10.2105/AJPH.94.5.741
http://www.ncbi.nlm.nih.gov/pubmed/15117692
http://dx.doi.org/10.1093/toxsci/kfn120
http://www.ncbi.nlm.nih.gov/pubmed/18566022
http://dx.doi.org/10.1016/j.taap.2004.08.025
http://www.ncbi.nlm.nih.gov/pubmed/15967205
http://www.ncbi.nlm.nih.gov/pubmed/10531716
http://dx.doi.org/10.1016/j.envres.2014.08.034
http://www.ncbi.nlm.nih.gov/pubmed/25262084
http://dx.doi.org/10.1111/j.1440-1746.2012.07143.x
http://www.ncbi.nlm.nih.gov/pubmed/22497339
http://dx.doi.org/10.1289/ehp.7337
http://www.ncbi.nlm.nih.gov/pubmed/15687057
http://dx.doi.org/10.1016/j.envres.2004.07.013
http://www.ncbi.nlm.nih.gov/pubmed/15721893
http://dx.doi.org/10.1093/jnci/djm004
http://www.ncbi.nlm.nih.gov/pubmed/17565158


Int. J. Environ. Res. Public Health 2016, 13, 133 14 of 14

48. Nakadaira, H.; Endoh, K.; Katagiri, M.; Yamamoto, M. Elevated mortality from lung cancer associated with
arsenic exposure for a limited duration. J. Occup. Environ. Med. 2002, 44, 291–299. [CrossRef] [PubMed]

49. Hsu, L.I.; Chen, G.S.; Lee, C.H.; Yang, T.Y.; Chen, Y.H.; Wang, Y.H.; Hsueh, Y.M.; Chiou, H.Y.; Wu, M.M.;
Chen, C.J. Use of arsenic-induced palmoplantar hyperkeratosis and skin cancers to predict risk of subsequent
internal malignancy. Am. J. Epidemiol. 2013, 177, 202–212. [CrossRef] [PubMed]

50. Cuzick, J.; Evans, S.; Gillman, M.; Price Evans, D.A. Medicinal arsenic and internal malignancies. Br. J. Cancer
1982, 45, 904–911. [CrossRef] [PubMed]

51. Cuzick, J.; Harris, R.; Mortimer, P.S. Palmar keratoses and cancers of the bladder and lung. Lancet 1984, 1,
530–533. [CrossRef]

52. Cuzick, J.; Sasieni, P.; Evans, S. Ingested arsenic, keratoses, and bladder cancer. Am. J. Epidemiol. 1992, 136,
417–421. [PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons by Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1097/00043764-200203000-00017
http://www.ncbi.nlm.nih.gov/pubmed/11911031
http://dx.doi.org/10.1093/aje/kws369
http://www.ncbi.nlm.nih.gov/pubmed/23299695
http://dx.doi.org/10.1038/bjc.1982.143
http://www.ncbi.nlm.nih.gov/pubmed/6212076
http://dx.doi.org/10.1016/S0140-6736(84)90931-0
http://www.ncbi.nlm.nih.gov/pubmed/1415161
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Materials and Methods 
	Background 
	Investigation 
	Urinary Arsenic Speciation Measurement 
	Biochemical Analysis 

	Statistical Analysis 
	Ethical Statements 

	Results 
	Chronic Arsenic Poisoning Diagnosed in the Household 
	Persistent Health Influence 

	Discussion 
	Conclusions 

