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22 Abstract

23 Three decades ago, human arsenic (As) contamination has been recognized in,

24 Ron Phibun, a sub-district with tin mining activity in southern Thailand. Since then

25  different government bodies have attempted to mitigate the As-contamination problem
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1 by providing safe water in households. The most recent study conducted during 2000-
2 2002 reported only a small fraction of population still had high urinary As level. Less
3 attention has been paid to this issue afterwards. The present study aimed to re-assess
4  the current situation, including human As contamination, water use behavior as well as
5 identify risk factors of elevated As concentration among residents of Ron Phibun. The
6 survey of 560 participants living in Ron Phibun with urinary As assessment was
7  conducted. The median urinary As concentration of study participants was higher than
8 normal. Consumption of shallow well water, a source generally considered as As-
9 contaminated, was higher than a previous survey. A significant association was
10  observed between urinary As concentrations and water sources for drinking and
11 cooking. Gender and educational level were found to be associated with urinary As
12 concentration. Significant associations between urinary As concentration and certain
13  diseases (respiratory diseases, dermatitis, and dyslipidemia) were observed. The
14 findings suggested further investigation of all water sources in the area for As
15  contamination.

16
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22 1. Introduction

23 Heavy metal contamination is a serious problem worldwide, affecting both
24 ecosystems and human health. Arsenic (As) is one of the most toxic elements and also

25  known as “the king of poisons” [1]. The occurrence of As in nature can be found in a
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1  variety of different mineral forms in which around 60% are presented as arsenates,
2 20% are sulfies and sulfosalts, and the 20% remaining As are also in the form of
3 arsenides, arsenites, oxides, silicates, and elemental As [2]. Generally, it is well known
4  that the toxicity of inorganic As (iAs) forms are higher than the organic ones. The
5 anthropogenic activities are considered as the main source of As contamination of the
6 environment, including ore mining activity and smelting, application of fertilizers and
7  pesticides, and burning of fossil fuel [3]. However, natural geological activities of As
8 have been recently demonstrated its devastating impact on water quality, including
9 desorption of alkaline, oxidation of sulfide, reductive dissolution, among others [4].

10 Normally, humans are exposed to As through drinking water, soil, and air. For
11  populations residing on or near the geological source of As, drinking water could be
12 the major source of As exposure [5]. According to the guidelines of World Health
13  Organization (WHO), the range of As concentration from 10 to 50 g/l in drinking
14 water is considered as safe [6]. Globally, more than 200 million people in over 70
15  countries are exposed to high levels of As through drinking water [7]. Among these,
16 areas in South and Southeast Asia are most affected including Bangladesh, Cambodia,
17 China, India, Nepal, Pakistan, and Vietnam [8].

18 In Thailand, the first documented case of arsenic poisoning was reported in
19 1987, subsequently diagnosed with skin cancer case due to chronic arsenic exposure in
20  Ron Phibun sub-district, Nakhon Si Thammarat province, southern Thailand [9,10].
21  Both surface waters and groundwater around mining sites were found to have a high
22  concentration of As and the consumption of the water might be the main source of
23 exposure. Ron Phibun is a part of the Southeast Asian Tin Belt, a famous region for tin
24 (Sn) production. The occurrence of As contamination in this sub-district results from

25  former bedrock and alluvial mining, and tin mining activities over the past century
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1 [11]. Williams et al. [12] reported that As-contaminated surface waters in Ron Phibun
2 were above 580 g/l, while shallow groundwaters (<15 meter deep) from alluvial and
3 colluvial deposits contained extremely high As concentrations up to 5100 pg/l. A
4 survey conducted in 1991 by Choprapawan and Ajjimangkul [13] reported that over
5 1,000 cases were diagnosed with As-induced skin lesions. The chronic As poisoning
6 affecting Ron Phibun residents, as indicated by the skin lesions, was 26.3%.

7 Many attempts have been made by different government bodies to solve the
8 problem such as by closing mining sites, providing rainwater jars, installing water
9 pipelines, and using algae in household filtration system [14]. After water without
10 arsenic contamination has been supplied to the majority of households, high As-
11 contaminated shallow wells were closed.

12 About a decade later, a survey conducted by Oshikawa et al. [15] in 2001
13  reported that only a small number of residents had used contaminated shallow well
14 water for drinking or cooking in the last 10 years. The most recent survey conducted in
15  2000-2002 reported that an average urinary As concentration of residents living in
16  highly-contaminated areas (>50 ng/l) was higher than that of residents living in low
17  contaminated areas. This survey also reported that 6.33% of the investigated
18  population had inorganic As above 50 mg/g creatinine [16].

19 Since then, less attention had been paid to As contamination in Ron Phibun
20  from both government and the general public. There are no more reports concerning
21 As contamination in humans from Ron Phibun. However, continuous monitoring is key
22  to contain the problem and prevent further human exposure. Knowledge concerning a
23 current situation of human As contamination and water use behaviors in Ron Phibun is
24 important. Therefore, the present study aimed to re-assess the current situation,

25 including human As contamination, water use behavior, and identify risk factors of
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1 elevated As concentration among residents of Ron Phibun sub-district three decades

2  after early mitigation attempts.

4 2. Materials and Methods

5 2.1. Study design and ethical consideration

6 This study was a cross-sectional survey using a simple random sampling
7 technique conducted from December 2016 to February 2017. The study objectives and
8  protocol were, fully, explained, and written informed consent was obtained from all the
9  participants prior to the data collection. The protocol for this study was reviewed and
10  ethical approval was issued by Human Research Ethics Committee of Walailak
11 University (WUEC-16-009-0).

12

13 2.2. Site of study

14 The survey of the current situation of human As contamination and risk factors
15  associated with urinary As concentration was conducted in the Ron Phibun sub-district,
16  Nakhon Si Thammarat province, southern Thailand. In certain areas of the sub-district,
17  arsenopyrite (AsFeS), the major waste from past mining activities and its leaching, has
18 released As into groundwater that causes As contamination of shallow wells. Shallow-
19  well As contamination was unevenly distributed within this area [15,16]. According to
20  previous reports, three villages were considered high As-contaminated areas including
21  village 2, 12, and 13, whereas other villages were classified as low contaminated areas
22 [15,16].

23

24 2.3. Selection of participants and sample size
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1 The participants were recruited from historically high and low As-
2  contaminated areas. The inclusion criteria for enrollment were (i) aged 18 years or
3 older; (i) agreed to give consent to participate in the study; and (iii) continuous
4 residency in the study area for at least 6 months at the time of the interview.
5 Participants who were unable to communicate were excluded.

6 The sample size was calculated using a formula for proportion estimation
7  Dbased on the prevalence of urine As >50 ng/l obtaining from a previous study [16]. The
8  prevalence of urinary As exceeding 50 ug/l was 6% in high contaminated areas. We
9 assumed the prevalence of 1% in low contaminated areas. The required sample size
10 was 250 participants from high As-contaminated areas and 250 from low As-
11  contaminated areas. Thus, the total sample size was 500. To compensate for 10%
12 potential missing data, the target sample size was increased to 556 participants. The
13  sample size calculation was performed using epicalc package in R software version
14 2.15.1.0.[17,18].

15

16 2.4. Questionnaire interview and specimen collection

17 Participants who satisfied eligibility criteria were randomly selected from the
18  population registry of Ron Phibun. Individuals on the participant list were approached
19 by trained interviewers who conducted a door to door survey. In-person interviews
20  were conducted to collect data using a structured questionnaire concerning the
21  sociodemographic characteristics, length of stay in the area, history of chronic
22  diseases, water-use information including cooking, drinking, cleaning food composites,
23 showering or bathing, brushing the teeth, cleaning face, and hands, and cleaning

24  utensils.
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1 At the end of an interview, an appointment was made for participants to
2  provide urine specimen. All participants were asked to refrain from eating seafood
3 products for 3 days before the specimen collection [19]. Each participant was given a
4  sterile container to place their fresh morning urine specimen in the morning of the 4t
5 day. Urine samples were collected from participants’ houses in early morning,
6 immediately placed in an ice box, and transported to a laboratory at Walailak
7 University. The urine samples were stored frozen at -20 <C and analyzed within 3

8  weeks of collection according to a standardized protocol [20].

10  2.5. Sample preparation and urinary As determination

11 The urine samples were analyzed by using inductively coupled plasma tandem
12 mass spectrometry (ICP-MS) according to the method described by Scheer et al. [21].
13  They were thawed at room temperature and a portion (170 ml) of the sample was
14  transferred into a Plastibrand® microtube (Brand GmbH + Co KG, Wertheim
15 Germany). Each sample was diluted with 10% (v/v) nitric acid (HNO3z) (Merck,
16  Darmstadt, Germany) containing the mixed solution of internal elements of Ge, In, and
17 Lu (CPI International, Santa Rosa, CA, USA) at a concentration of 44 g/l. The
18 mixture was centrifuged at 13,000 >g for 10 min and supernatant was collect and
19 filtrated through a 0.22 pm Nylon filter (Whatman GmbH, Dassel, German) before
20  determination of total As content by ICP-MS (Agilent 7500 CS, Agilent Technologies,
21  Tokyo-Japan).

22

23 2.6. Creatinine (Cr) determination in urine

24 Urine creatinine adjustment was applied to adjust for urine wvolume and

25  concentration. Creatinine concentrations in urine samples were determined using
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1  creatinine assay kit (Sigma, St. Louis, Mo, USA). Urinary As concentrations were
2 divided by urine creatinine concentrations (mg/g creatinine) and expressed as
3 creatinine adjusted urinary As (mg/g of creatinine). In addition, the normal value of

4 creatinine-adjusted urinary As concentration is <50 mg/g of creatinine [22].

6 2.7. Statistical analysis

7 All statistical analyses were performed by using epicalc package R, version
8 2.15.1 [17,18]. Descriptive statistics (mean, standard deviation, median, interquartile
9 range, and percentage) were applied according to types of data of each variable. In
10  Dbivariate analysis, Kruskal-Wallis test was applied to test whether urinary As levels
11  differed among the participants with different characteristics. Linear regression was
12 employed to determine the factors associated with elevated urinary As level. The log-
13  transformed urinary As level was a dependent variable in the regression model since
14 urinary As levels were not normally distributed. A p-value of < 0.05 (two-sided) was
15  considered statistically significant.

16

17 3. Results

18  3.1. Characteristics of the study population

19 In total, there were 560 participants: 280 of them were from historically high
20  As-contaminated areas, while the rest resided in low As-contaminated areas. They
21  consisted of 78.2% females and 21.8% males with a mean age of 53.6 years. More than
22  half of the total participants had grade 11 education or lower. Three-quarters of the
23 participants had resided in Ron Phibun before 1988 with an average 41.7 years of
24 residence. Overall, 40.0% and 39.1% of participants rated their health status as fair and

25 good, respectively. Most of the participants did not smoke. Nearly half of the total
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1  participants had chronic diseases. The most prevalent disease was hypertension,

2  followed by dyslipidemia and diabetes (Table 1).

4  3.2. Water sources in households and usage

5 A majority of the participants had access to tap water in their households. A
6 third of the total participants reported having shallow wells at home. Most of them had
7  purchased drinking water in households (Table 2). Half of the participants experienced
8 water shortage in the past 12 months. Most of the participants (64.6%) purchased
9  drinking water (Table 3). Tap water and purchased water were equally popular sources
10  for cooking. Tap water was a primary source of water used for other purposes. Shallow
11 well water was still in use by over 10% of the participants for various purposes.

12

13 3.3. Urinary As concentration and health conditions

14 The median urinary As concentration of total study participants was 75.0 pg/g
15  creatinine (IQR: 52.5-111.4 pg/g creatinine), which was higher than the normal values
16  of not exceeding 50.0 pg/g creatinine. In the bivariate analysis, high urinary As
17  concentration was significantly correlated with respiratory diseases (p < 0.001),
18 dermatitis (p < 0.001), and dyslipidemia (p = 0.038). For respiratory diseases and
19  dermatitis, there was only one participant reported having such a condition. It is worth
20  noting that the participants who described their health status poorer tended to have
21  higher median urinary As concentration although the relationship was not statistically
22  significant. Those rated their health as very poor had a median concentration of 91.6
23 ug/g creatinine; those rated their health as excellence had a median concentration of
24 59.7 6 ng/g creatinine (Table 4).

25
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1  3.4.Urinary As concentration, water source in households, and water usage

2 Associations between urinary As concentration in participants and water
3 sources in their households shown in Table 5. Higher urinary As concentrations were
4 significantly associated with having underground water in households (p = 0.020) and
5 not purchasing drinking water (p = 0.039). Residing in historically high As-
6  contaminated areas had no effect on urinary As concentration. The highest urinary As
7 concentration was observed in participants using underground water for all purposes.
8  Significant differences in urinary As concentration between participant using different
9  water sources were observed for all purposes of water use except washing food (Table
10  6).

11

12 3.5. Factors associatedwith urinary As concentration

13 The results of the linear regression model are presented in Table 7. Female
14 participants and participants in the highest education group had significantly higher
15 urinary As concentration. Period of residence was associated with urinary As
16  concentration but living in historically high contaminated areas was not associated with
17  urinary As concentration. We found that water sources for drinking and cooking were
18  significantly associated with urinary As concentration. However, the relationships were
19 in opposite direction. Compared to shallow well water, those who drank water from
20  other sources had higher urinary As concentration, whereas those used water from
21  sources other than shallow well for cooking had lower urinary As concentration.

22 4. Discussion

23 This study demonstrated that three decades after mitigation attempts, exposure
24 to As was still a problem for people living in Ron Phibun. Overall, the median urinary

25  As concentration was higher than normal. Shallow well water, which was considered
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1 to have a high risk of contamination, was still in use for various purposes. Higher
2 urinary As concentration was associated with worse health outcomes. Sources of water
3 consumed and period of residence in Ron Phibun were associated with urinary As
4 concentration as well as gender and educational level.

5 Urinary As is the biomarker of recent exposure. In the study site, the water
6  sources that were considered as having no As contamination may be contaminated. The
7 significant association between urinary As concentrations and water sources for
8 drinking and cooking was found. The participants who used shallow well water for
9 drinking showed lower urinary As concentration than those who drunk from other
10  water sources. In contrast, using a shallow well water source for cooking showed
11  higher urinary As concentration. These relationships were in the opposite direction.
12 The possible explanations were that people were exposed to As through food materials
13 and many participants could not totally avoid using shallow well water that
14 contaminated with As for their cooking.

15 To solve the As contamination, different government bodies have provided
16  safe-water sources to households. Shoko et al. [15] studied on type of water for each
17  water-use activity among Ron Phibun residents and found that shallow well water
18  contaminated with As was used for cooking by 2.5% of population and for drinking by
19  none. Our study found that 7.0% and 3.6% of the participants used shallow well water
20  for cooking and drinking, which was higher than the previous survey. Accordingly, our
21  result showed median urinary As level was higher than normal for residents living in
22  these areas. In Vietham, As was removed in water using sand filter to reduce exposure
23 in many households, nevertheless As-related health problems were still reported [23].
24 In India, highly As-contaminated water was switched to arsenic-free water using As

25  removal filters. It found that As concentration in drinking/cooking water decreased (p
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1 < 0.01) from 91 /L (Year-1) to 30 pg/L (Year-1l), and 13 /L (Year-1ll) and
2  drinking/cooking water were from safe water source arsenic intake through the water
3  significantly decreased. However, people were still exposed to As through food
4  materials instead of water [24].

5 Our study found that high urinary As concentration was significantly associated
6  with certain diseases, including respiratory diseases, dermatitis, and dyslipidemia. This
7  result was in agreement with with Sanchez et al. [25] who reported that inorganic As
8 exposure was associated with respiratory health including lung function, symptoms,
9 acute respiratory infections, chronic non-malignant lung diseases, and non-malignant
10 lung disease mortality. Watanabe et al. [26] reported that dermatological
11  manifestations were associated with arsenic exposure among children living in arsenic-
12 contaminated communities in rural Bangladesh. In addition, As can induce health
13  problems and long-term exposure also can cause several diseases especially
14 cardiovascular diseases, diabetes, oxidative stresses, and various types of cancers [27].
15 The significant association between gender and urinary As concentration was
16 found in this study and it was higher in females. This result was inconsistent with
17  Vahter et al. [28] who reported that As found to be lower in women due to a higher rate
18 of arsenic methylation affected by sex hormones. The possible explanation may be
19  different food and water intake habits in males and females [24]. We found educational
20  level was significantly associated with urinary As concentration. The participants with
21  an educational level of bachelor degree or higher tended to have higher urinary As than
22  those with below or grade 6 to 11. The result disagreed with Vahter et al. [29] who
23 reported that urinary As concentration decreased with increasing level of archived
24 education. Some studies showed that no association between urinary As concentration

25 and educational level [30,31]. As our findings indicated that water from sources
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1 thought to be As-free, such purchased drinking water maybe indeed contaminated,
2  participants with higher education might consume water from these sources according
3  totheir prior knowledge.

4 A major limitation of this study was that total urinary As concentration, instead
5 of metabolites of inorganic arsenic, was measured. This was due to the budget
6 constrain of the project. The main problem of measuring total urinary As is that
7  seafood intake, a source of organic arsenic, before urine sample collection could lead
8 to a high level of total urinary As. Participants were asked to refrain from consuming
9 seafood three days before urine sample collection to mitigate the issue.

10

11 5. Conclusions

12 Three decades after mitigation attempts, exposure to As still remains an
13 environmental health issue in Ron Phibun. According to our findings, contamination of
14 As in sources of water considered safe was observed. Gender and educational level
15 were identified as a significant association of urinary As concentration. Urinary As
16  concentration was shown to be associated with certain diseases (i.e., respiratory
17  diseases, dermatitis, and dyslipidemia). An investigation of As contamination in all
18  sources of water consumed in Ron Phibun should be done to understand current
19  exposure.

20
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