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中文摘要 

    砷被認為對人體具有極大危害之毒性元素，由於天然及人為活動，使其

廣泛分布於全球各地。稻米為全球眾多人口之主食，而稻米之來源地區會

影響米粒中砷的生物有效性。地下水⾧期被認為是在農業生產過程中，影

響稻米產物中砷汙染的主要來源，據統計全球有數以百萬計的人口自飲食

中攝取過量的砷，而稻米之攝食被認為是暴露於砷的主要攝食途徑，並因

此導致包括癌症在內的各式疾病。因此，本研究之目的在於計算成年人因

攝食稻米而暴露於砷之癌症風險。研究中以 19 至 40 歲之亞洲成年人為標

的族群，並以其攝食不同市場販售之稻米為主要途徑，計算其每日平均食

米量(ADC)，並以 ADC、稻米含砷濃度(AC)及體重(BW)計算其對於無機

砷之每日估計攝取量(EDI)。 其次以美國環保署公布之無機砷攝食斜率因

子，透過 EDI 計算其終身癌症風險(LCR)。研究結果顯示，男性及女性之

每日估計攝取量，以台灣而言分別為 0.000857639 及 0.00086207 mg/kg、

中國為 0.001222885 及  0.001286998 mg/kg、孟加拉為 0.000801263 及
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0.000845778 mg/kg、印度為 0.001158507 及 0.001100409 mg/kg、日本為

0.000893792 及 0.000982722 mg/kg、韓國為 0.000470044 及 0.000522336 

mg/kg、菲律賓為 0.000920943 及 0.000866739 mg/kg、泰國為 0.000490676

及0.000448238 mg/kg。在非癌症風險部分，男性及女性之危害商數(HQ)，

以台灣而言分別為 2.858796296 及 2.873565891、中國為 4.076283988 及

4.289994183、孟加拉為 2.670877193 及 2.819259259、印度為 3.861689021

及 3.668031059、日本為 2.979306667 及 3.275740391、韓國為 1.566812652

及 1.741120944 、 菲 律 賓 為 3.069811321 及 2.889130435 、 泰 國 為

1.635586207及 1.49412766。在癌症風險部分，男性及女性之標的風險(TR)，

以台灣而言分別為 0.001286458 及 0.001293105、中國為 0.001834328 及

0.001930497、孟加拉為 0.001201895及 0.001268667、印度為 0.00173776及

0.001650614、日本為 0.001340688 及 0.001474083、韓國為 0.000705066 及

0.000783504、菲律賓為 0.001381415 及 0.001300109、泰國為 0.000736014

及 0.000672357。由本研究可發現，雖然 AC皆小於最大污染標準 0.2 mg/kg， 
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但推估亞洲成年人之終身癌症風險(LCR)皆超過美國建議值 1.0 × 10−4 之五

倍以上，表示其因攝食稻米造成無機砷暴露的健康風險過高。本研究之結

論為，無機砷為致癌物質且易累積於食米中，因此成年人自成⾧期起，因

⾧期食用稻米而暴露於無機砷之風險，必須特別關注。 

關鍵詞：總砷、砷風險評估、危害商數、標的風險 
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Abstract 

Arsenic is viewed as a universal harmful component having a place with the most 

noteworthy wellbeing risk classification. Wide scopes of characteristic just as 

anthropogenic exercises are liable to make worldwide arsenic circulation in the 

wide sense. Rice is the significant staple food devoured by total populace on the 

greatest scale. Developing climate of rice ordinarily ascribed by geological 

birthplace may effect on arsenic bioavailability in rice grain. Over misuse of 

arsenic polluted, groundwater assets have perceived as significant worry in 

horticultural viewpoint for rice creation. A large number of individuals overall 

ingest unreasonable measures of arsenic (As) through drinking water and food. 

The dietary admission of rice is the major as introduction course in people and 

can cause As-related antagonistic wellbeing impacts including tumours. The 

point of this investigation was to evaluate potential disease dangers of as 

introduction for grown-ups through rice utilization. Normal day by day utilization 

of rice (ADC) was assessed from grown-up gathering (19-40) of Asian area, rice 

tests got from various market. Assessed every day admission (EDI) of iAs was 

determined utilizing ADC, AC (arsenic fixation in rice), and normal body weight 

(BW). Lifetime Cancer Risk (LCR) was determined utilizing EDI and U.S. The 

Estimated Daily Intake (EDI) for Taiwan man and lady 0.000857639 and 

0.00086207 mg/kg, China 0.001222885, 0.001286998 mg/kg, Bangladesh 

0.000801263, 0.000845778 mg/kg, India 0.001158507, 0.001100409 mg/kg,   



 
 
 
 
 
 
 
 
 
 
 
 

 

                                                                                    vii 
 

Japan 0.000893792, 0.000982722 mg/kg, South Korea 0.000470044, 

0.000522336 mg/kg, Philippines 0.000920943, 0.000866739 mg/kg, Thailand 

0.000490676, 0.000448238 mg/kg. Hazard Quotient (HQ) for Taiwan male and 

female 2.858796296, 2.873565891, China 4.076283988, 4.289994183, 

Bangladesh 2.670877193, 2.819259259, India 3.861689021, 3.668031059, Japan 

2.979306667, 3.275740391, South Korea 1.566812652, 1.741120944, 

Philippines 3.069811321, 2.889130435, Thailand 1.635586207, 1.49412766 

Target Risk (TR) for Taiwan male and female 0.001286458, 0.001293105, China 

0.001834328, 0.001930497, Bangladesh 0.001201895, 0.001268667, India 

0.00173776, 0.001650614, Japan 0.001340688, 0.001474083, South Korea 

0.000705066, 0.000783504, Philippines 0.001381415, 0.0001300109, Thailand 

0.000736014, 0.000672357. Life Time Cancer Risk (LCR) multiple times over 

the U.S. While the AC was underneath the greatest foreign substance level of 0.2 

mg/kg. Study results demonstrated that Asian grown-ups might be at expanded 

danger for iAs-related malignancies. 

Inorganic arsenic (iAs) is cancer-causing and exceptionally packed in rice. 

Dietary introduction to iAs is worried among grown-up because of their formative 

stage and iAs' long-dormancy impacts. 

Keywords: Total Arsenic, Arsenic Risk Assessment, Hazard Quotient (HQ), 

Target risk (TR)   
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Chapter 1 Introduction 

 

1.1 Motivation  

 

Prologue to harmful debasements in food is endeavoured to be one of the huge 

general prosperity challenges for the 21st century. Arsenic (As) is especially 

prevalent in the atmosphere and can without a very remarkable stretch enter the 

food structure through contaminated soil or water. Of arsenic's two manufactured 

structures (regular and Inorganic), inorganic arsenic (iAs) is portrayed by the 

International Agency for Research on Cancer (IARC) as a non-edge (even little 

parts may give some harmful development peril) class 1 human malignancy 

causing specialist and is connected with skin, lung, liver, kidney, and bladder 

sicknesses. Among As species, I-AsIII (arsenate) is the most abundant species 

found in rice and moreover the most destructive to individuals. Arsenic has no 

single critical strategy for action in the human body. A few the inside and out 

recorded parts depicting arsenic's effect on harmful development are (1) 

extending the period of hydrogen Peroxide and superoxide anions; (2) interfacing 

with cysteine stores in zinc finger spaces, in the long run provoking loss of protein 

work; (3) freeing cell extension and instigating epigenetic changes. Since harm 

threat may be non-immediate, a protected level can't be directed by Extrapolating 

danger from high bit presentations. Overpowered rice fields and the anaerobic 
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thought of paddy soils empower the advancement of arsenic in the rice crop stood 

out from other agrarian yields. Rice can develop to 10–20 times more arsenic than 

wheat or grain since silica and phosphate transporters in the rice crop suitably 

move iAs up into the rice grain. As shown by the Food and Agriculture 

Organization of the United States (FAO), China is the most raised rice conveying 

and eating up country on the planet and records for Rice filled in Asia has also 

been found to have higher iAs content than rice filled in the U.S. A normal 57–

96% of the total arsenic assessed in Chinese-conveyed rice has been found to be 

of the inorganic structure, which centres around the criticalness of driving iAs 

danger notwithstanding, evaluating iAs introduction from rice is irksome in China 

due to the huge size of the country, its variable geology, and the country's diverse 

dietary models among sub-peoples. These segments immovably pressure the 

importance of doing nearby threat evaluation gathers in China. India is maybe the 

greatest producer of rice on earth, second to China. West Bengal is the greatest 

creator of rice in India. West Bengal is the greatest rice conveying state in India. 

For all intents and purposes half of its arable land is under rice advancement. In 

the financial year 2016, the state conveyed about 15.75 million tons of rice over 

5.46-million-hectare cultivable zone. In Japan, announced by the Ministry of 

Agriculture, Forestry and Fisheries. Hokkaido is situated first in the proportion 

of collect creation, to some degree outperforming Niigata situated second. In 

South Korea the rice creation is evaluated to record 3.779 million tons in 2019, 

falling by 2.3% from 2018. Developed zone: 737,673 ha in 2018, 729,820 ha in 
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2019 (1.1%). In Bangladesh about 75% of the total managed district and over 

80% of the hard and fast overflowed zone is planted to rice. Thus, rice accepts a 

basic capacity occupied with the people of Bangladesh. Complete rice creation in 

Bangladesh was about 10.59 million tons in the year 1971 when the country's 

general population was particularly about 70.88 million. Regardless, the country 

is by and by conveying about 25.0 million tons to deal with her 135 million people. 

This shows that the advancement of rice creation was much snappier than the 

improvement of people. This extended rice creation has been possible generally 

due to the gathering of present day rice combinations on around 66% of the rice 

land which adds to about 73% of the country's total rice creation. The full scale 

an area under rice is evaluated to associate with 11 million ha, addressing 

generally 40% of the altered land district. Rice grounds can be named overflowed, 

down-poured swamp, Deepwater, and upland conditions. Thailand situated sixth 

on the planet for rice-making. Rice locale accumulated has stretched out from 

practically 3.8 million hectares. As yet, official food looking at over the world 

considered simply complete As in rice (not Inorganic As species) and as of late 

iAs introduction and its prosperity impacts have become also, various 

examinations on occasion measure iAs in rice honestly and rather check iAs using 

a modest quantity of the total arsenic assessed. Related examinations in like 

manner miss the mark on the use of individual-level data just as don't evaluate 

danger peril using rice tests, particular Consumption rates, and body loads from 

these components are commonly fundamental for a precise prosperity risk 
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examination of iAs. Moreover, certain general populations may be particularly at 

serious risk. For example, considering the long inactivity time span (around 25 

years) of iAs-related threat, kids have a more conspicuous potential for long 

stretch presentation. 

1.2 Objectives 

  

There are two types of arsenic in food, inorganic and natural. Inorganic arsenic 

levels detailed in these items isn't a worry as far as prompt poisonousness at the 

levels found in food, however might be a wellbeing concern when they are 

devoured long haul. Natural arsenic – monomethylated and dimethylated arsenic, 

or MMA and DMA, are likewise found in rice and rice items. We realized that 

arsenic was available in an assortment of nourishments in the human eating 

regimen however up to this point there were insufficient information to decide 

the sum that is inorganic versus natural. To give data to our evaluations of dietary 

admission of arsenic from rice and rice items. The targets of this danger 

evaluation are to survey the danger of antagonistic wellbeing impacts related with 

introduction to arsenic from utilization of rice grain and rice items and to analyse 

how that danger might be moderated. This danger evaluation gives a logical 

premise to the improvement of danger the board strategy and shopper alternatives 

for lessening introduction to arsenic from utilization of rice grain and rice items.  

The significant segments of the danger evaluation are:  
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1. Quantitative appraisals of disease event from long haul presentation to 

inorganic arsenic in rice grain and rice items.  

2. A subjective evaluation of the danger of non-malignant growth wellbeing 

impacts to certain vulnerable life stages.  

3. Movement and sequestration in the plant draws near, joined with legitimate 

eating routine administration and making public mindfulness on potential 

wellbeing chances coming about because of constant introduction.  

4. To start assessing how expanded grown-up utilization of rice influences arsenic 

presentation during the period from 19 - 40 years. 
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Chapter 2 Literature review 

 

Rice is staple sustenance for over a bit of the complete people, be that as it may, 

there is some stress over the occasion of arsenic (As) in this grain and the possible 

overexposure to this metalloid. Starting late, the Codex Aliment Arius 

Commission set up a most extraordinary requirement of 200 µg kg–1 for inorganic 

arsenic (iAs) in rice (Arukawa and Hioki, 2012). Since the best substance of As 

in water has been reduced to 10 µg L–1, intoxication through rice constantly based 

things can be seen as a critical wellspring of As hurting. The constant effects of 

this iAs introduction can be lung and bladder danger, skin wounds, or other non-

malignancy causing diseases. There is away from raised degrees of iAs in rice 

constantly based things (Adomako et al., 2011). Various responses for the 

abatement of As affirmation are proposed at different levels: (1) during the plant-

creating cycle through agronomic practices, (2) pre-treatment of rice before its 

usage in the food business, (3) progression of the conditions of unit errands during 

dealing with, and (4) by cooking It is in like manner the ensuing grain crop after 

maize, the United States Department of Agriculture (USDA) assesses that the 

World Rice Production 2019/2020 will be 499.31 million metric tons for human 

use  (Cubadda et al., 2017).  
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The essential clarification behind the dug in association among rice and arsenic 

(As) is the excellent creating conditions (overpowered soils) of rice. Previously, 

various fertilizers containing normal As were used as pesticides or defoliants. 

Presently, notwithstanding the way that its usage is denied or has been restricted, 

the presence of As in soils and groundwater drives forward right up till today 

(Hensawang and Chanpiwat, 2017). Along these lines, flooded soils offer an 

amazing atmosphere for the turn of events and food of rice, but, they are the ideal 

circumstances for the most vital possible openness of As for rice plants (Ma et al., 

2016). There are four segments, iron (Fe), phosphorus (P), Sulphur (S), and 

silicon (Si), that associate unequivocally with As during its course from the earth 

to the plants. Plants take up arsenate As through the phosphate transporters, and 

arsenate As(III) and unseparated methylated As species through the nodule 26-

like inherent aquaporin channels. Arsenate is quickly lessened to arsenate in the 

plant, which is later detoxified by complexation with thiol-rich peptides, for 

instance, phytochelatins just as vascular sequestration. While the most 

extraordinary limitation of As in water is astoundingly controlled the world over 

(10 mg L–1), the best level of As developments in significantly consumed 

sustenance’s, for instance, rice, is up til now an impending issue; the essential 

clarification is political in light of the fact that none of the managerial affiliations 

need to set up the best edge for iAs, which can risk their rice creation. In spite of 

the way that there isn't joking stress over the presence of As in this grain and the 

possible overexposure, no overall office overseeing disinfection, for instance, the 
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European Food Safety Authority (EFSA), the Food and Drug Administration of 

the United States, and the Food and Agriculture Organization of the United 

Nations (FAO), have yet settled most extraordinary cut off focuses for this poison 

in rice or rice-based things; in any case, all of them are truly working regarding 

this matter. The people's Republic of China is the country with the strictest rule, 

with a most extraordinary edge of 150 μg iAs kg–1 (Mondal et al., 2010; Mania et 

al., 2017). Recently, near the farthest furthest reaches of July 2014, the Codex 

Aliment Arius Commission has set up the best imperative of 200 μg iAs kg–1, 

which is more permissible than that of the People's Republic of China. 

Additionally, all as of late alluded to affiliations are totalling overall data on 

supreme As and iAs in cleaned rice constantly based things, to set up a fitting 

most extraordinary development level that reflects the veritable substance of this 

metalloid and that doesn't imperil the worldwide rice market. if an amazingly low 

most prominent development limit is set up for iAs in rice, an overall crisis can 

be made and the secured smoothly of rice worldwide could be sabotaged; this 

condition could make a basic worldwide crisis, especially affecting the vulnerable 

pieces of countries that uncommonly depend upon rice as the staple food.  

Concerning the best protected affirmation of this toxic substance, in 1988, The 

Joint FAO/WHO (World Health Organization) Expert Committee on Food 

Additives proposed a transitory alright step by step confirmation of 15 mg kg–1 

body weight (BW). Regardless, in 2011, this value was discarded considering the 
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way that the EFSA wrapped up in 2009 that a single worth was not appropriate 

because affirmations between 0.3 μg kg–1 BW and 8.0 μg kg–1 BW are inside the 

benchmark parcel lower assurance limit (BMDL01) for explicit sorts of 

threatening development. At the present time, there is no most outrageous safe 

confirmation regard set up by any overall sterilization authority (Phan et al., 

2013).  

Considered a metalloid, As has properties centre among metals and non-metals, 

since it can shape metal mixes, yet also covalent bonds with carbon, hydrogen, 

and oxygen. It starts ordinarily in the atmosphere and has a huge spot in the once-

over of the most plentiful parts: the 20th spot on the planet's outside, fourteenth 

in seawater, and a twelfth spot in the human body; in addition, it is a portion of 

more than 245 minerals. Commonly, the normal blends of metals are more toxic 

than the inorganic structures, mercury. In any case, this isn't the circumstance for 

As for this particular segment, the regular structures are basically less hurtful than 

the inorganic ones (Shibata et al., 2016). The harmfulness of As decreases from 

inorganic blends containing As in the trivalent structure (arsenic trioxide, sodium 

arsenate, arsenic trichloride, etc.), to inorganic blends of pentavalent As (arsenic 

pentoxide, arsenic destructive, lead arsenate, calcium arsenate, etc.), in 

conclusion the normal blends (oAs), which are the most un-unsafe ones 

(dimethylarsinate DMA and mono methylarsonate MMA).  
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The essential courses of As introduction to individuals are air, water, food, and 

soil. Generally speaking, when As is brought into the body through the eating 

schedule, the level of osmosis in the gastrointestinal plot depends upon the 

compound species, oxidation state, water dissolvability, and multifaceted design 

of the food framework. For instance, about 95% of arsenite and arsenate from 

drinking water is immediately held after ingestion (Schmidt, 2015).  

Bioavailability of As, both oAs and iAs, in the stomach related framework 

through the use of rice is an open request. In the composition, there are in vitro 

re-establishments suggesting that just in the stomach related plot, the openness of 

iAs through cooked rice usage is in the arrive at some place in the scope of 60% 

and 100%. The primary in vivo study was in animals, and it exhibited 90% 

bioavailability in blood checking.  

Generally, when ingested, iAs enters the dissemination framework and is 

appropriated among plasma and erythrocytes. This iAs binds to the globin chains 

of the haemoglobin molecule. From the dissemination framework, iAs can show 

up at a couple of target organs, including liver, kidney, spleen, and lung, and later 

on, it accumulates and can be found in hair, nails, and skin.  

In the human body, As experiences colossal biotransformation intervened by 

synthetic compounds, achieving progressive methylation. The methylation of As 

happens essentially in the liver through arsenate methyl transferase protein 

(As3MT), which has been isolated from the cytosol of hepatocytes (Schmidt, 
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2014). Interestingly, fibroblasts and urothelial cells don't impart As3MT in this 

manner, As is gathered in these cells. Noxiousness due to As in hepatocytes is 

insisted by its get-together in the centre and mitochondria. Other methylation 

districts are the kidney, gonads, and lungs. The most recent procedure depicting 

As detoxification in the human body. The huge metabolites released in human 

pee are normal As species (As), basically DMA (Dimethylacetamide) and MMA 

(Methyl methacrylate), with a customary extent of DMA (60% - 80%), MMA 

(10% - 20%), and iAs (10% - 20%) in individuals who don't eat (fish, shellfish, 

and green development). Fish use increases urinary release of arsenobetaine and 

DMA in a few days after usage since they are rich in arsenobetaine and 

arsenosugars. Different assessments have related rice use and urinary As release.  

Demonstrating that rice use prompts an extended release of iAs biomonitoring 

focus on the effect of rice use on urinary arsenicals in a comprehensive network 

social event of UK Bangladeshis and UK Caucasians (Tseng et al., 2016), 

considering the way that the Bangladeshi people really addresses the greatest rice 

customer pack in the UK, with an ordinary rice usage on numerous occasions 

higher than that of White Caucasians. The guideline results exhibited that whether 

or not complete urinary As didn't generally fluctuate between the two social 

affairs, the measure of medians of DMA, MMA, and iAs for the Bangladeshi get-

together was found to be over triple higher than that of the Caucasians. Urinary 

DMA and iAs were through and through higher among the UK Bangladeshis than 
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among White Caucasians. Strangely, cationic blends were inside and out lower 

in the Bangladeshis when appeared differently in relation to the comparable in 

Caucasians. Huge positive connections were found between the levels of the two 

iAs and DMA and the regular rice use. The higher DMA and iAs levels in the 

Bangladeshis were considered by the makers to be the aftereffect of higher rice 

usage in this organization. Rice really gathers the two iAs and oAs, and after 

ingestion, iAs can be used through MMA to DMA by individuals. Moreover, the 

presence of various parts impacts the bioavailability of As. Zinc utilization 

manufactures the intermingling of metallothioneins, leaning toward 

detoxification of As. A higher As confirmation, as differentiated and that of Se, 

empowers competition between the segments, and As can displace Se in the Se-

subordinate proteins, in this way inactivating them and extending As harmfulness. 

Healthy status moreover impacts the peril of introduction to As. A couple of 

assessments show that high affirmations of supplement C and methionine 

decrease As noxiousness, however an inadequacy of supplement An uplifts it.  

Arsenic hurting can be designated serious or progressing. An oral confirmation 

of 100 – 300 mg (1-5 mg kg–1 Bw) of iAs in individuals for the most part prompts 

passing inside an hour, if untreated.  The most significant and away from of As 

consistent harmfulness or arsenicosis are connected with consistently use of 

degraded drinking water. However, for the people who eat up without as water or 
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water with As substance <10 μg L–1, intoxication through rice a lot based things 

is seen as the standard wellspring of hurting.  

Close by the malignancy causing properties of iAs, a portion of no disease causing 

impacts have been proposed. Introduction to As may result in neurobehavioral 

and neuropathic impacts in pre-adulthood, ramifications for memory and 

insightful limit, regenerative contacts with extended deadly adversity and sudden 

work, steatosis, cardiovascular disorders, ischemic heart diseases, carotid 

atherosclerosis, and respiratory structure impacts, for instance, tireless hack and 

progressing bronchitis. To be sure, even at obsessions as low as 0.4 μg L–1, iAs 

has been represented to go about as an endocrine disruptor that can alter quality 

record.  Regardless of the amount of in vivo and in vitro considers endeavouring 

to clarify the capacity of As in the headway of diabetes in individuals, the current 

open affirmations are not palatable to set up a causal work. After change for 

biomarkers of fish utilization, total pee As was found to be connected with 

extended inescapability of type 2 diabetes (Zhuang et al., 2016). 

The hurtfulness of iAs has been described by the International Agency for 

Research on Cancer in pack 1 of malignant growth causing specialists for 

individuals. This gathering relies upon the acknowledgment of fundamental skin, 

lung, and bladder malignancies. For various dangerous developments, for 

instance, tumours of the kidney, liver, and prostate, only a couple of assessments 

have been coordinated and the results are decidedly not persuading. Likewise, 
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skin (dermis) wounds, for instance, hyperpigmentation and palmoplantar 

hyperkeratosis (Blackfoot affliction), are fragile markers of constant ingestion of 

iAs. These routinely appear following 5 –10 years of eating up As-degraded water 

and may progress into disease-causing structures on the skin (no melanoma skin 

harmful development) and in within organs. 
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Chapter 3 Materials & method 

 

3.1 Data collection 

Rice is a plant that requires a lot of water and warmth. It is appropriate to the heat 

and humidity of spots. The referenced nations develop a ton of rice as they keep 

up an appropriate climate normally for rice creation, as they are exceptionally 

creating just as innovatively for build up another assortment of rice, creation, 

collecting. The investigation was planned at the shopper end, in this way, 

concerning the buyers' buying conduct, kind of rice creation, it was expected that 

individuals would buy rice with various brands dependent on the value, attributes, 

deals advancement, and quality. All the information’s are gathered from the 

individual nations' data set and insights, investigating their writing, thinking 

about the current circumstance. This investigation centres around grown-ups on 

the grounds that, rice is high in starches, wealthy in selenium, manganese, 

filaments, wealthy in enemies of oxidants, thought about an entire grain, enables 

the stomach related framework, to low in immersed fat, sans cholesterol, sans fat, 

without gluten, sans sugar. For improved all-round wellbeing rice assumes an 

indispensable function in their dietary. 
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Table 3.1.1 Data collection in Asian countries 

Country 
 

Target people 
(Adult19-40 

years) 
 

IR (kg/day) BW (kg) Total 
As in 
Rice 

(mg/kg) 

SD Reference 

M F M F 

 
Taiwan 

 

Adult19-40 
years 

0.225 0.1951 64.8 55.9 0.247 0.063 
(0.027–
0.098) 

Lamm, 
2014 

 

 
China 

 

Adult19-40 
years 

0.2313 0.2107 66.2 57.3 0.35 0.14 
(0.02–
0.46), 
0.22 

(0.019–
0.586) 

Liang, 2010 

 
Bangladesh 

 

Adult19-40 
years 

0.4384 0.4152 57 54 0.11–
0.22 

0.17–
0.22 

0.18–0.31 
0.21–0.27 

Islam, 2017 

 
India 

Adult19-40 
years 

0.4007 0.3409 67.1
3 

60.1 0.03 
(0.02–
0.05) 
0.194 

(0.025–
0.576) 

0.05 
(0.03–
0.08) 
0.07 

(0.01–
0.18) 

Mondal, 
2010 

 
Japan 

 

Adult19-40 
years 

0.3286 0.3058 62.5 52.9 0.10 0.19 
(0.07–
0.42) 

Oguri, 
2014 

 
South Korea 

 

Adult19-40 
years 

0.3788 0.3472 68.6 56.5 0.085 0.247 
(0.104–
0.774) 

ParkJung, 
2016 

 

Philippines 
 
 

Adult19-40 
years 

0.3254 0.2658 53 46 0.15 0.07 
(0.01–  
0.25) 

Salud Gnilo, 
2017 

Thailand 
 

Adult19-40 
years 

0.4312 0.3192 58 47 0.066–
0.114 

0.10 Chanpiwat, 
2018 
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3.2 Sources of exposure  

Arsenic could be a characteristic piece of the world's covering and is 

cosmopolitan all through the air inside the air, water, and land. it's incredibly 

venomous in its inorganic sort. people square measure presented to raised degrees 

of inorganic arsenic through drinking tainted water, abuse of defiled water in food 

planning and water system of food crops, modern cycles, admission polluted food, 

and smoking tobacco. long presentation to inorganic arsenic, mostly through 

drinking-water and food, will cause constant arsenic harming. Skin injuries and 

carcinoma square measure the preeminent trademark impacts. 

 

3.3 Drinking water & food  

The best danger to general wellbeing from arsenic starts from defiled 

groundwater. Inorganic arsenic is obviously a blessing at elevated levels inside 

the groundwater of an assortment of states, along with Argentina, Bangladesh, 

Chile, China, India, Mexico, and furthermore the utilization of America. 

Drinking-water crops flooded with sullied water and food prepared with polluted 

water zone unit the wellsprings of introduction.  

Fish, shellfish, meat, poultry, ranch product, and oats additionally can be dietary 

wellsprings of arsenic, however, an introduction from these nourishments is 

generally plentiful lower contrasted with presentation through debased 

groundwater. In fish, arsenic is particularly found in its less harmful natural sort. 
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3.4 Industrial cycle  

Arsenic is utilized mechanically as partner alloying specialists, besides as inside 

the cycle of glass, colours, materials, paper, metal glues, wood additives, and 

ammo. Arsenic is furthermore used in the shroud tanning strategy and, to a 

confined degree, in pesticides, feed added substances, and endorsed drugs. 

 

3.5 Exposure estimation and cancer risk calculation 

Average daily consumption rates (ADC) of white rice (g/day) were estimated 

using the 72-h. Recalls for both males and females separately. Estimated daily 

intake (EDI) of iAs from rice consumption (mg/kg-BW/day) was calculated using 

the ADC, average concentration (AC) of iAs in sampled rice, and average body 

weight of the adolescents (BW): 

                                            Estimated daily intake: 

                                            EDI = (AC × ADC) / BW………………… (1) 

 

Lifetime Cancer Risk (LCR), the probability of excess lifetime cancer risk, was 

calculated using the EDI and the U.S. EPA derived iAs oral slope factor (SF), 1.5 

(mg/kg)/day. The oral slope factor is the plausible upper-bound estimate of the 

probability of a response per unit intake of a chemical over a lifetime and refers 

to a linear, non-threshold model of risk. Lifetime cancer risk assumes daily 

exposure (365 days of the year) over one’s entire lifetime. 
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3.6 Exposure assessment of arsenic 

As tainted rice is the most generally devoured food things for the Asian nation. 

Tainted drinking water is likewise a wellspring of As admission. Notwithstanding 

the immediate water admission from drinking, the water content in arranged food 

and refreshments comprises the aberrant type of water consumption. Rice and 

vegetables are normally overflowed with overabundance water during the 

cooking cycle with the end goal that cooking may bring about extra As 

presentation. Additionally, burning-through refreshments arranged to utilize As 

sullied water increments As. 

 

 

 

 

 

 

 

 

 

 

                                   Fig 3.6.1: Arsenic exposure route source 
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Source: T. Joseph, B. Dubey, E. McBean, A critical review of arsenic exposures 
for Bangladeshi adults, The Science of the total environment, 2015.        
As is among the most minor components in rice grains. 

 

 Rice plants are especially proficient at As take-up and this is exacerbated by As 

being more bio-accessible under the diminishing conditions that exist in 

groundwater and the overflowed field or the cultivable land climate wherein rice 

plants are generally developed. Paddy development in soil enhanced with As-rich 

water system water can possibly expand the As substance in rice grains. In 

contrast with all other grain crops, rice plants amass the most noteworthy As. In 

Asia, rice is the essential agrarian yield reaching out over 75% of the absolute 

farming area zone. It is additionally a significant staple food in the nation, giving 

up to 80% of the day by day caloric admission of the populace. The normal day 

by day rice utilization for a Bangladeshi grown-up ranges from400 to 650 g. This 

is one of the most elevated per capita rice utilization figures on the planet. 
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                                        Fig.3.6.2:  Dietary source of As intake. 

 

3.7 Risk characterization 
 
In the current study, the traditionalist rice utilization pace of grown-up men 

0.225-0.43842 kg/day and grown-up lady 0.1951-0.4152 kg/day were embraced 

for introduction investigation. To evaluate the fluctuation of As introduction from 

rice utilization, the lognormal dissemination model was fit to the absolute As 

substance in the most mainstream rice in business sectors. To expressly evaluate 

the vulnerability/fluctuation of the information, a Monte Carlo reproduction was 

performed with 10,000 emphases (soundness condition) to get the 95% certainty 

span. The Monte Carlo recreation was executed utilizing Crystal Ball. In this 

examination, the danger was described by (I) contrasting As focuses and EDI and 

the rule esteems, (ii) assessing the danger of malignant growth utilizing the 

Arsenic intake 
through water

1.  Direct Water 
Intake. 

2. Indirect Water 
Intake.

Cooking process

Arsenic intake 
through food 
and beverage
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disease incline factor list, and lifetime normal day by day portion with a 

probabilistic methodology. Arsenic is likewise known to cause inner diseases 

(prominently bladder and cellular breakdown in the lungs), however The EPA, s 

IRIS information base doesn't give incline components to these endpoints. For 

hazard portrayals utilizing the malignancy slop factor, for every grown-up 

gathering. 

                   Target Risk (TR)           = EDI × 1.5 (mg/kg.day) ……… (2) 

                 Hazard Quotient (HQ)  = EDI / 0.0003 mg/kg.day….… (3) 

 
3.8 Monte carlo simulation iteration 
 
Monte Carlo re-enactments square measure acclimated model the probability of 

different results in a very strategy that can't just be normal due to the intercession 

of irregular factors. it's a strategy acclimated see the effect of danger and 

vulnerability in forecast and articulation models. Monte Carlo reproduction 

performs hazard investigation by building models of feasible outcomes by 

subbing an assortment of qualities a probability appropriation for any issue that 

has intrinsic vulnerability.  

It at that point computes results again and again, on each event utilizing an 

entirely unexpected arrangement of irregular qualities from the probability 

capacities. In the event that we tend to determined basically one bunch of arbitrary 

factors, the value would be no a great deal of dependable than the primary gauge. 

The way in to the Monte Carlo Simulation is that each factor is appointed an 
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arbitrary worth, the whole worth is determined, an entire bundle or possibly a 

great many occasions all through the reproduction. When the reproduction is 

finished, the outcome's a gathering of chances that the whole worth. during this 

case the whole timetable time for the narrowing task. For instance: if ninety fifth 

of the emphases of the recreation lead to a cost under the preeminent conceivable 

gauge, at that point can we can say that there's a ninety fifth probability will meet 

that gauge. 
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Chapter 4 Results & discussion 
 

4.1 Summary of simulation results of EDI, HQ, & TR 

The simulation results of EDI, HQ, and TR for male and female in different Asian 

countries were summarized in Table 4.1.1 The simulation was performed by 

calculating EDI, HQ, and TR. For calculating EDI, multiplying Average Daily 

Consumption (ADC) into Arsenic Concentration (AC) present in the rice divided 

by Body Weight (BW). The potential risk for exposure to non-cancer from iAs 

under different scenarios were evaluated by comparing the Estimated Daily 

Intake (EDI) of iAs through rice consumption with Reference dose to produce 

Hazard Quotient (HQ), Cancer risk was estimated for an individual developing 

cancer over a lifetime as a result of exposure to a potential carcinogen. 

Multiplying EDI into slope factor for exposure to iAs through rice consumption. 

From the simulation result, the highest EDI value was 0.001222558 for male in 

China, followed by, India, Philippines, Japan, Taiwan, Bangladesh, Thailand and 

South Korea. The highest EDI value was 0.001286998 for female in China, 

followed by, India, Japan, Philippines, Taiwan, Bangladesh, South Korea and 

Thailand. The HQ was all higher than unity for male and female in all Asian 

countries, indicating adverse non-cancer health effects exposure over a lifetime 

of exposure. The highest HQ was observed 4.076283988 for male in China, 

followed by India, Philippines, Japan, Taiwan, Bangladesh, Thailand, and South 

Korea; and 4.289994183 for female in China, followed by India, Japan, 

Philippines, Taiwan, Bangladesh, South Korea and Thailand respectively. The 

target cancer risk (TR) was ranged from 1 × 10-4 to 1 × 10-6 (mg/kg/d), implying 

that might be concern for a potential risk of carcinogens. The risk assessment 

result for each country was detailed in the following section. 
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Table 4.1.1 Simulation results of EDI, HQ, & TR 

 

Country EDI (M) EDI (F) HQ (M) HQ (F) TR (M) TR (F) 

Taiwan 0.000857639 0.00086207 

 

2.858796296 2.873565891 0.001286458 0.001293105 

China 0.001222558 0.00128698 

 

4.076283988 4.289994183 0.001834328 0.001930497 

Bangladesh 0.000801263 

 

0.00084578 2.670877193 2.819259259 0.001201895 0.001268667 

India 0.001158507 

 

0.00110049 3.861689021 3.668031059 0.00173776 0.001650614 

Japan 0.000893792 

 

0.00098272 2.979306667 3.275740391 0.001340688 0.001474083 

South 

Korea 

0.000470044 0.00052236 1.566812652 1.741120944 0.000705066 0.000783504 

Philippines 0.000920943 

 

0.00086679 3.069811321 2.889130435 0.001381415 0.001300109 

Thailand 0.000490676 

 

0.00044828 1.635586207 1.49412766 0.000736014 0.000672357 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 

 

26 
 

4.2 EDI graph for different countries in Asia 
 
Taiwan: The U.S Environmental security organization's harmfulness esteems 

and red reference portion for arsenic, the premise of guidelines for natural arsenic 

presentation in the U.S is gotten from epidemiological examinations for the 

Taiwanese populace presented to arsenic in drinking water. Despite the fact that 

rice is resolved to be the transcendent food hotspot for the examination populace. 

Their real inorganic arsenic content has not known. When building up the arsenic 

Rfd, EPA expected that the dietary admission of inorganic was 2µg/day. EPA 

inferred this worth expecting that 225 µg/day of rice containing 0.03 mg/kg of 

complete arsenic was overwhelmed by 35% of the all-out arsenic thought to be 

in inorganic structures. 

 

 

 

 

 

 

Fig. 4.2.1: EDI graph for Taiwan male 
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Fig. 4.2.2: EDI graph for Taiwan female 

 

 

 

 

 

 

Fig. 4.2.3: HQ graph for Taiwan male 

 

 

 

 

 

 

Fig. 4.2.4: HQ graph for Taiwan female 
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Fig. 4.2.5: TR graph for Taiwan male 

 

 

 

 

 

 

Fig. 4.2.6: TR graph for Taiwan female 

Bangladesh: Arsenic debasing groundwater in Bangladesh is one of the biggest 

ecological wellbeing dangers on the planet. On account of the likely danger to 

human wellbeing through the utilization of agrarian produce filled in fields 

inundated with arsenic-debased water. Rice grain (Oryza sativa) had arsenic 

fixations more than the suggested furthest reaches of 1.0 mg/kg. Nonetheless, rice 

plants, particularly the roots had an altogether higher grouping of arsenic (2.4 

mg/kg) contrasted with the stem (0.73 mg/kg) and rice grains (0.14 mg/kg). In 

Bangladesh, 50 ppb is considered as the acknowledged level for arsenic. 
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Fig. 4.2.7: EDI graph for Bangladesh male 

 

 

 

 

 

 

                             Fig. 4.2.8: EDI graph for Bangladesh female 

 

 

 

 

 

 

 

Fig. 4.2.9: HQ  graph for Bangladesh male 
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Fig. 4.2.10: HQ  graph for Bangladesh female 

 

 

 

 

 

 

Fig. 4.2.11: TR  graph for Bangladesh male 

 

 

 

 

 

 

 Fig. 4.2.12: TR  graph for Bangladesh female 
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China: Arsenic in Rice and Cancer Risk. The current Chinese MCL of 0.2 mg/kg, 

intelligent of the most extreme level set by the Codex Aliment Arius Commission, 

was raised from the 2005 Chinese MCL of 0.15 mg/kg. 

 

 

 

 

 

 

Fig. 4.2.13: EDI graph for China male 

 

 

 

 

 

 

Fig. 4.2.14: EDI graph for China female 
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Fig. 4.2.15: HQ graph for China male 

 

 

 

 

 

 

Fig. 4.2.16: HQ graph for China female 

 

 

 

 

 

 

Fig. 4.2.17: TR graph for China male 
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Fig. 4.2.18: TR graph for China female 

India: The rule worth or maximum contaminant level (MCL) for arsenic in 

drinking water is 10 ppb (as per WHO) trailed by the greater part of the created 

nations. In non-industrial nations including India and Bangladesh, 50 ppb is 

considered as the acknowledged level for arsenic in drinking water. World Health 

Organization rules express that the admissible furthest reaches of arsenic in 

drinking water is 10 ppb. 

 

 

 

 

 

Fig. 4.2.19: EDI graph for India male 
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Fig. 4.2.20: EDI graph for India female 

 

 

 

 

 

Fig. 4.2.21: HQ graph for India male 

 

 

 

 

 

Fig. 4.2.22: HQ graph for India female 
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                                 Fig. 4.2.23: TR graph for India male 

 

 

 

 

 

                               Fig. 4.2.24: TR graph for India female 

Japan:  Arsenic (As) accumulation and phylogeny within the major cultivars 

presently big in Japan, as a result of variations in grain As levels among cultivars 

could influence dietary As exposure in Japanese individuals. 10 major cultivars, 

were big underneath flooded conditions in an exceedingly paddy with a noise 

level of As (low-As soil) or in pots full of soil containing a high level of As (high-

As soil). within the low-As soil, the full grain As ranged from 0.11 to 

0.17 mg kg−1, with a mean concentration of 0.14 mg kg−1, and inorganic As was 

the most important species altogether cultivars. there have been few composition 
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variations within the levels of either total As or inorganic As within the grain. 

within the high-As soil, total grain As accumulated to a mean level of 2.4 mg kg−1 

within the ten cultivars, with markedly accumulated levels of dimethylarsinic acid. 

The composition variations among cultivars within the levels of each total As and 

dimethylarsinic acid were statistically important. However, the composition 

variability of inorganic As levels was quite little, and these levels remained low 

(at concerning 0.2 mg kg−1) even once total As levels accumulated markedly. 

These results counsel that variations in grain As levels among Japanese cultivars 

might not influence dietary As exposure, as a result of there's very little 

composition distinction within the accumulation of inorganic As, that is taken 

into account additional cyanogenetic than organic on humans. we tend to discuss 

the doable mechanism of As accumulation in Japanese paddy rice, within the 

context of the build-up of As species within the developing grain and in different 

plant tissues. 

 

 

 

 

 

Fig. 4.2.25: EDI graph for Japan male 



 
 
 
 
 
 
 
 
 
 
 
 

 

37 
 

 

 

 

 

Fig. 4.2.26: EDI graph for Japan female 

 

 

 

 

 

Fig. 4.2.27: HQ graph for Japan male 

 

 

 

 

 

Fig. 4.2.28: HQ graph for Japan female 
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Fig. 4.2.29: TR graph for Japan male 

 

 

 

 

 

Fig. 4.2.30: TR graph for Japan female 

Thailand: In the South-East Asia Region, arsenic contamination of groundwater 

has been reported in Bangladesh, India, and Asian nations and to a restricted 

extent in Asian countries and Asian countries. In the Republic of India and 

Bangladesh, and probably Asian countries and Asian nations, arsenic is of earth 

science nature originating from the natural aquifers. However, in the Asian 

nations, the contamination is a thropogenetic in nature, being because of mining 

activities. no matter the origin of arsenic, in Bangladesh, the Republic of India, 

and the Asian nation, the concentrations in many groundwater samples vary from 
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0.06 mg/L to 1.86 mg/L, a price that's way over the World Health Organization 

Potable Guideline price of 0.01 mg/L. 

 

 

 

 

 

Fig. 4.2.31: EDI graph for Thailand male 

 

 

 

 

 

Fig. 4.2.32: EDI graph for Thailand female 
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Fig. 4.2.33: HQ graph for Thailand male 

 

 

 

 

 

Fig. 4.2.34: HQ graph for Thailand female 

 

 

 

 

 

Fig. 4.2.35: TR graph for Thailand male 
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Fig. 4.2.36: TR graph for Thailand female 

South Korea: Water is that the main supply of human exposure to arsenic. Hence, 

the determination of arsenic in groundwater is crucial to assess its impact on 

public health. Total arsenic in groundwater ranged from 0.1 to 48.4 μg/l. An 88.0-

89.0% of websites were <2.0 μg/l and also the remaining ones usually failed to 

exceed 10 μg/l (6.4-7.0%, 2.0-4.9 μg/l; 2.4-3.0%, 5.0-9.9 μg/l). However, some 

areas (1.0-9.2%) exhibited >10 μg/l. notably, urinary arsenic excretion of 

individuals around these regions was markedly higher compared with non-

contaminated areas (<5 μg/l) (79.7±5.2 μg/g (N=122) vs 68.4±5.4 μg/g (N=65) 

creatinine, P=0.052). All stratified analysis conjointly disclosed higher urinary 

excretion, wherever a statistically important distinction was noted for non-

smokers (85.9±12.7 vs 54.0±6.3, P=0.030), suggesting that arsenic-contaminated 

groundwater might contribute to its general exposure. 
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Fig. 4.2.37: EDI graph for South Korea male 

 

 

 

 

 

Fig. 4.2.38: EDI graph for South Korea female 

 

 

 

 

 

Fig. 4.2.39: HQ graph for South Korea male 
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Fig. 4.2.40: HQ graph for South Korea female 

 

 

 

 

 

Fig. 4.2.41: TR graph for South Korea male 

 

 

 

 

 

Fig. 4.2.42: TR graph for South Korea female 
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Philippines: The momentum suggested presentation level of arsenic in drinking 

water was set by the World Health Organization (WHO) and the Environmental 

Protection Agency (EPA) at 10 μg/L or 10 ppb. Over this level, side effects show 

as an indication of intense or ongoing poisonousness. Intense arsenic 

poisonousness brings about the gastrointestinal inconvenience, loose bowels, 

retching, grisly pee, anuria, spasms, stun, unconsciousness, and passing. Then 

again, ongoing poisonousness produces non-harmful skin injuries like 

hypopigmentation, hyperpigmentation, and hyperkeratosis and can prompt 

malignancy of the skin and distinctive inside organs. the lifetime dangers of 

malignancy from drinking faucet water that are defiled with various degrees of 

arsenic. In 5 ppb and 10 ppb, Approximate Total Cancer Risk is 1 of every 1,000 

and 1 out of 500 Lifetime dangers of biting the dust of malignant growth from 

arsenic in tap water. (National Resource Defence Council, 2000). While in the 

Philippines identified arsenic level is 0.0017-0.0070 mg/l. 

 

 

 

 

 

Fig. 4.2.43: EDI graph for Phillipines male 
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Fig. 4.2.44: EDI graph for Phillipines female 

 

 

 

 

 

Fig. 4.2.45: HQ graph for Phillipines male 

 

 

 

 

 

Fig. 4.2.46: HQ graph for Phillipines female 
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Fig. 4.2.47: TR graph for Phillipines male 

 

 

 

 

 

Fig. 4.2.48: TR graph for Phillipines female 

4.3 Non carcinogenic risk 

Human health risk assessment includes the assurance of the nature and extent of 

unfavourable wellbeing impacts in people who might be presented to harmful 

substances in a polluted climate. Human introduction to weighty metals basically 

happens through pathways of drinking water, food, breathed in airborne particles, 

and residue. The level of poisonousness of substantial metals to human wellbeing 

is straightforwardly identified with their day by day consumption. The initial 
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phase in the non-cancer-causing investigation is the count of the Estimated daily 

intake (EDI) values. At that point estimation Hazard Quotient (HQ).                     

As given in the work sheet, Hazard Quotient for male and female of Taiwan, 

China, India, Bangladesh, Philippines, Thailand, South Korea, Japan less than 1 

(<1). A hazard quotient less than or equal to 1 indicates that adverse effects are 

not likely to occur, and thus can be considered to have negligible hazard. HQ 

greater than 1 is risky. 

 
4.4 Carcinogenic risk 

 

Weighty metals can possibly improve the danger of malignant growth in people. 

Long haul introduction to low measures of harmful metals could, in this manner, 

bring about numerous sorts of tumours. For one weighty metal, an ILCR under 

1 × 10-6 (mg/kg/d) is considered as irrelevant and the malignancy danger can be 

disregarded; while an ILCR above  is considered as destructive and the disease 

hazard is inconvenient. For the complete of all substantial metals through all 

presentation courses, the adequate level is 1 × 10-5 (mg/kg/d). 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 

 

48 
 

4.5 Geological process of arsenic contamination & removal of arsenic from 
water 

 

For Bangladesh and India, it is normally held that stones containing arsenic 

disintegrated from the Himalayas and put away in the Gangetic fields later got 

canvassed in the sediment for in excess of countless years. These arsenic-bearing 

build up structure parts of the springs that are eventually being tapped for water 

resources. Arsenic may be conveyed in the groundwater by oxidation of the 

arsenopyrites or pyrites from the earth due to air spilling through wells or sand-

pipes; a decline of the oxy-hydroxides of iron or manganese by diminishing 

microorganisms or lessening of ionic oxygen on account of developing, and 

desorption of arsenic by phosphate from fertilizers or various sources. The open 

treatment advancements for arsenic clearing give fluctuating results depending 

upon the centralization of arsenic in water, the manufactured blend of water 

including interfering particles and the proportion of water to be managed. Other 

huge considerations consolidate the feasibility and cost of the treatment cycle. 

The most by and large used biophysical methodologies are: coagulation, 

unwinding, iron and manganese oxidation, anion exchange, started alumina film 

measures, and electro dialysis. The prohibitive cost of these headways has incited 

the journey for elective sources, for instance, water gathering for getting sans 

arsenic water. 
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4.6 Global situation 

Groundwater is a colossal wellspring of appreciating water from various bits of 

the world. All around guaranteed groundwater is safer to the extent of 

microbiological quality than water from open tunnelled wells and lakes. In any 

case, groundwater is broadly disposed to substances and various types of 

contamination from standard sources or by anthropogenic activities. Trustworthy 

data on presentation and prosperity impacts are rarely available, nonetheless, 

obviously, there are various countries on the planet where arsenic in drinking 

water has been recognized at obsessions more critical than the WHO Guideline 

Value, 0.01 mg/L or the regular public standards. These join Argentina, Australia, 

Bangladesh, Chile, China, Hungary, Mexico, Peru, the United States of America, 

and a couple of countries in the South-East Asia Region. Countries, where hostile 

prosperity impacts have been recorded, consolidate Bangladesh, China, India, and 

the United States of America. 

4.7 The situation in the South East Asia region 

In the South-East Asia Region, arsenic contamination of groundwater has been 

represented in Bangladesh, India, and Thailand, Japan, South Korea. In India, 

Bangladesh, and Thailand, arsenic is of land nature starting from the trademark 

springs. Regardless, in Thailand, the spoiling is anthropogenic in nature, being a 

direct result of mining works out. Free of the wellspring of arsenic, in Bangladesh, 

India, and Thailand, the concentrations in a couple of groundwater tests range 
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from 0.06 mg/L to 1.86 mg/L, a value that is in a bounty of the WHO Drinking 

Water Guideline Value of 0.01 mg/L.  

West Bengal in India shows that around 5 million individuals are eating up 

groundwater containing arsenic outperforming 0.05 mg/L that is their public 

standard. Progressing unverified reports feature the presence of arsenic in Tamil 

Nadu and various states of India, proposing present-day corrupting of 

groundwater. In India, it is evaluated that 220 000 of the 5 million revealed 

subjects are giving signs of arsenicosis.  

The arsenic crisis in Bangladesh has been depicted as one of the most critical 

situations of mass hurting in world history. Introduction to arsenic in Bangladesh 

is through the use of water got from some 8-12 million chamber wells passed on 

all through the country the specific number of affected individuals in Bangladesh 

isn't known, yet most measures put the quantity of people being introduced to 

arsenic obsession at around 25 million, outperforming the Bangladesh public 

standard of 0.05 mg/L. Besides, around 10 000 subjects have made signs of 

arsenicosis. These progressing evaluations are higher than the hidden ones 

obtained in the year 1997. Regardless, they ought to be unravelled with alert in 

endeavouring to develop any extending designs, as the apparent augmentation 

may also be a result of extension in arsenic testing, case affirmation, and case 

reporting. Reliable testing by various social affairs is going on. The National 

Arsenic Mitigation Information Center (NAMIC), DPHE, DANIDA, and others 

assemble data as shown by an agreed plan. Social event of the data is repetitive 



 
 
 
 
 
 
 
 
 
 
 
 

 

51 
 

and as it also requires quality control, invigorating of aides is going moderate. At 

the sub district level, gradually better information is opening up.  

Thailand begins from tin mining containing arsenate and arsenate. Tin mineral 

burrowing practices were cleaned for over 50 years. At present these mining areas 

have become water lakes and with basic precipitation, they residue downstream, 

degrading shallow wells used by towns for their water deftly. The water checking 

a piece of PCD coordinated an outline in 1993 to set up the level of arsenic 

pollution in groundwater in the Thammarat territory. During the survey, it was 

set up that arsenic obsession in a wealth of Thailand standard (0.05mg/L) was 

recognized in over 90% of shallow wells and there were "trouble spots" in the 

earth with arsenic centre outperforming 1 000 mg/Kg of soil. A progressing audit 

done in a joint exertion with JICA has perceived that six trouble spot regions 

really remain for zeroing in on tainting control measures. A prosperity study 

financed by means of SEARO in August 2000 appraisals that around 6 120 of 

possibly 24 566 revealed subjects were showing signs of arsenicosis. 

 

4.8 Health impact of chronic arsenic poisoning 

The prosperity consequences of introduction to arsenic depend upon the 

procedure and length of presentation similar to the source and sort of arsenic. In 

our Region, the fundamental prosperity results are a direct result of the use of 

arsenic from groundwater, achieving steady effects. The signs of steady arsenic 

hurting show themselves with gathering bits of the consumed arsenic centre. The 



 
 
 
 
 
 
 
 
 
 
 
 

 

52 
 

indications of consistent arsenic hurting are dermal changes including melanosis, 

extended pigmentation or obscuring of the skin around lips, hyperkeratosis, or the 

setting of the skin especially of palms and soles and furfur acetous desquamation, 

or shedding of epithelial parts of the skin in cerebrum like scales. These wounds 

are defenceless against super illness by living beings and microorganisms. A 

couple of patients may show outrageous traps, for instance, solid edema of the 

feet, first depicted as dim feet in Taiwan; hepatomegaly, and splenomegaly. Long 

stretch prologue to arsenic, with a mean lethargy season of 10 years, has in like 

manner been considered as a cofactor in the improvement of the skin infection 

called squamous cell carcinomas. Up to now, there is no inside and out the agreed 

case–the importance of arsenic infections and this makes the assessment of the 

clinical pictures over the Region an irrational exercise. Continually, fundamental 

dietary components, age, and the presence of other weakening conditions will 

manage the clinical signs. There is no comprehensive clinical treatment for 

industrious arsenicosis, yet different clinical meds have been maintained. The 

chelating expert, dimercaprol which is amazing in extreme mischief, may give a 

positive result in certain patients with consistent hurting. Patients should be 

disposed of from the wellspring of introduction and interesting organization 

endeavoured. 
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4.9 Mitigation action taken so far 

4.9.1 Actions taken by the countries 

Tremendous exercises to diminish the effects of arsenic pollution of water 

grasped by the state and neighbourhood governments in India join the constitution 

of a working social event by the Government of West Bengal (GOWB) in 

December 1983, a resulting undertaking upheld by the Government of India (GOI) 

in 1988, the constitution of expert sheets by the GOI in 1988 and an authority 

warning gathering set up by the GOWB in April 1992. The Central Ground Water 

Board, the All India Institute of Public Health and Hygiene, Calcutta, the 

Department of Environmental Science of Jadavpur University, and the National 

Bureau of Soil Sample and Land Use Planning are working in the West Bengal 

area of Murshidabad, Malda, Nadia, 24 Parganas North, 24 Parganas South, 

Hughli and Burdwan. A variety of activities, including land surveys for noticing 

levels of arsenic obsession in groundwater and epidemiological diagrams for 

checking the level of arsenic contamination, is being finished by these affiliations 

alone or in a joint exertion with progress associates, for instance, CIDA and DFID. 

In Bangladesh, the Government met a special between administrative social event 

in 1996 and involved a National Steering Committee with the Minister of Health 

as a chief. A couple of worldwide and sponsor associations offered assistance 

with this field. In 1997, the World Bank helped the Government of Bangladesh 

in the arrangement of an Arsenic Mitigation and Water Supply Project and gave 

a credit of US$ 35 million; so far US$ 2 million have been utilized for the 
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undertaking based with the local government. A National Conference on 

Coordinated Action for Arsenic Mitigation was met by the Steering Committee 

in Dhaka in February 1999 and different prosperity related proposition were made. 

The Government of Bangladesh has one undertaking of about US$ 13 million 

focusing in on drinking water smoothly from lakes in arsenic-affected zones and 

the saline belt. 

 

4.9.2 Actions taken by the regional office 

Perceiving the gravity of the circumstance, the Regional Office gave strategy and 

specialized help to the administrations of Bangladesh and India. Hence, in May 

1997, a respective discussion of specialists from Bangladesh and India just as 

intrigued contributors was coordinated. An activity plan, consolidating both 

prompt and long haul help measures, in view of the proposal of a WHO 

momentary expert (STC), was concluded at this gathering and has been 

acknowledged as rules by numerous advancement accomplices in their execution 

ventures. WHO keeps on assuming a significant function in helping the 

legislatures of both the nations with specific counsel of an assortment of 

specialists regarding the matter. WHO upheld the visit of an uncommon mission 

to help the Government of India in August 1996, and hence, the visit of Prof. J.M. 

Dave in 1996 and 1997, and of Dr. Allan Smith in 1997 to Bangladesh. WHO 

sent an advisor again in 1998 to Bangladesh to survey the prior suggestions and 

to additional aid the usage of GOB crisis alleviation program. Help has 
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additionally been given to the association of preparing of Bangladeshi nationals 

on the treatment of arsenicosis at the Jadavpur University in Calcutta. The visit 

of Bangladeshi water flexibly designers to West Bengal (India) was additionally 

upheld. A few courses were financed by WHO at the All India Institute of 

Hygiene and Public Health, Calcutta, for investment both from India and 

Bangladesh. Likewise, the National Environmental Engineering Research 

Institute (NEERI), Nagpur, India, which is a WHO teaming up focus, was 

charged in 1997 to assess the arsenic testing packs utilized in the two nations. 

Because of the whirlwind of exercises created while reacting to the arsenic risks 

in the Region, the Regional Office has built up an idea plan comprising of three 

objectives to be specific, heightened reaction to arsenic perils, fortifying 

foundation, and limit building. As point by point in Section 5 beneath, these are 

being executed in a joint effort with advancement accomplices both at the 

provincial and national levels in Bangladesh. Also, a UN report on arsenic in 

drinking water has been set up in participation with other UN organizations under 

the protection of an interagency planning body (Sub-board on Water Resources 

of the Administrative Committee on Coordination) which gives accessible data 

on synthetic, toxicological, clinical, epidemiological, wholesome and general 

medical problems; builds up a fundamental technique to adapt to the issue and 

prompts on evacuation advances and water quality administration. 
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4.9.3 Partnership of WHO & other agencies 

The World Health Organization meeting command in New Delhi in could 1997 

made prodigious interest among global organization and reciprocal organizations, 

as an example, UNDP, WB, UNICEF, JICA, and Arsenic Asia Network. The 

second five hundredth of 1998 saw associate increasing inclusion of some 

international organization organizations within the exertion in East Pakistan. the 

long run functions for multi-office endeavours were examined by the 

international organization body Committee on Coordination (ACC) throughout 

the gathering of its Inter-Agency committee on property Development for 

installation and Sanitation that was control in Beirut from 29th Sep to 1st Oct 

1998 and visited by delegates of UN/DESA, UNDP, UNEP, UNICEF, UNIDO, 

IDNDR, ESCAP, ESCWA, UNESCO, WHO, CBD, and WSSCC. Arrangements 

at this gathering for workplace jobs were as per the subsequent 
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Table 4.9.3.1 Activities of WHO & its partnerships 
 
 

Agency Roles 

WHO 1. Health impacts and epidemiology. 
2. Plant treatment through nutrition. 
 

UNICEF 1. Public information Campaigns. 
2.Mitigation through use of 
Alternative supply sources. 
 

UNESCO & IAEA Hydro-geology and geochemistry 
 

 

UNIDO Treatment for arsenic removal. 
 
 

UNIDO & FAO Food security and agricultural 
aspects. 
 
 

 

Resulting to the ACC suggestions, a United Nations Foundation award for US$ 

2.5 million endorsed in July 2000, will empower UNICEF and WHO to help an 

undertaking for giving clean drinking-water options in contrast to 1.1 million 

individuals in three of the most noticeably terrible influenced sub-regions of 

Bangladesh. The undertaking uses an incorporated methodology including 

correspondence, limit working for arsenic moderation of all partners at sub-region 

level and underneath, tube wells testing, quiet administration, and arrangement 
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of elective water flexibly choices. In May 2001, WHO took an interest in a joint 

gathering with UNICEF, and ESCAP (Economic and Social Commission for Asia 

and the Pacific) in Bangkok on "Settling the arsenic emergency in the Asia-

Pacific Region" and upheld, among others, the proposal to make a provincial 

community for resemblance and trade of data on arsenic. WHO has and will keep 

on working in association with improvement and two-sided offices just as public 

governments in the zone of danger evaluation and weight of illness decrease, 

setting standards and principles in wellbeing and giving specialized and strategy 

backing to the arsenic issue in the South-East Asia Region. 

 

4.10 Regional strategies goals for arsenic mitigation 

Understanding the certifiable prosperity impacts of arsenic polluting, SEARO has 

grasped a key game plan focusing on three guideline zones: responding to arsenic 

threats through presentation assessment, risk affirmation, and peril the board; 

fortifying establishment for arsenic control and, breaking point working through 

human resource headway. The guideline practices executed or orchestrated so far 

have been: describing tests for presentation examination; setting the principles 

and standards for the risk the chiefs in the arrangement of standard case-definition, 

enumerating and the board; developing the piece of healthy or various cofactors 

for peril affirmation before all else and expectation of arsenic afflictions and 

helping the evaluation of headways for the plan of without arsenic water. 
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4.11 Exposure assessment 

The sub-goals of introduction appraisal contain characterizing and approving lab 

examines and assessing the genuine predominance of arsenic in groundwater. The 

Regional Office will work with different offices, for example, the International 

Atomic Energy Commission on characterizing the provincial approach and rules 

for arsenic testing and approval of test units. The legitimacy of any pervasiveness 

gauge is dependent upon the exact research centre estimation of arsenic in 

groundwater. As of now, there are many test packs that are utilized in our Region, 

yet the outcomes don't show a serious level of concordance among different 

measures in the field. The Regional Office has upheld the underlying lab appraisal 

of a portion of these packs and will keep on supporting the epidemiological 

assessment of these units for approving their actual affectability and explicitness 

under field conditions. 

4.12 Risk determination 

The sub-targets of danger assurance are to set up:  

1.The extent of the danger for creating arsenicosis after the presentation to 

arsenic-tainted water by a case-control design.  

2. The populace inferable danger. 

3. portion reaction relationship, especially for long haul presentation to low 

dosages of arsenic.  
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The main part of the proof connecting arsenical dermatitis to the arsenic 

introduction is gotten from cross-sectional investigations. While such 

investigations give the mainline of proof, the translation of the end is restricted 

by frustrating because of other introduction. Subsequently, the degree to which 

unexposed or uncovered people create clinical dermatological conditions copying 

ongoing arsenical dermatitis isn't known; correspondingly, the degree to which 

uncovered people don't create persistent arsenical dermatitis isn't known. These 

impediments must be overwhelmed by a case-control concentrate in which both 

uncovered and non-uncovered subjects are researched for arsenic-related 

infections. By legitimate control, the case-control study can likewise set up if the 

beginning of arsenicosis is altered by winning nearby conditions, for example, 

atmosphere, dietary admission, and occupation. There is a wide scope of the 

extended number of arsenic-influenced patient's in Bangladesh, India, and 

Thailand. This is halfway because of a functioning case search being directed in 

the closeness of a sullied well and summing up the outcomes to the entire 

populace. Another factor representing this wide error of the figures is the absence 

of a steady case definition. An impartial gauge of events of arsenicosis, and in 

this way the populace who are in danger, must be made by utilizing standard 

working case definition and sound epidemiological plan, for example, group 

inspecting to limit the determination inclination. The subjects recognized for the 

situation control studies might be followed up tentatively to evaluate the drawn-

out well-being impacts of introduction to low portions of arsenic. 
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4.13 Risk management 

The sub-targets of danger the executives are to set the standard for case definition; 

plan rules for case the board and give arsenic-safe water. The precise recognition 

of arsenic cases is the foundation of a good case for the executives and 

announcing. Up to this point, no uniform case meaning of arsenicosis has been 

created or approved provincially or globally. The plan of rules for grouping cases 

into the classifications of Suspected, plausible, and affirmed should be created. 

These uniform case definitions will be utilized to gauge the predominance and 

the board of arsenicosis. The absence of presently accessible demonstrated 

treatment for clinical administration of constant arsenic harming has prompted 

various unverified remedial measures being utilized for treating arsenicosis. On 

the off chance that the case-control study, portrayed under the danger assurance 

area above, will recognize specific dietary propensities as cofactors, at that point 

suitable intercession measures could be focused at those variables for the 

counteraction of arsenicosis beginning. A specialist board of trustees will at that 

point basically survey the best-in-class treatment for persistent arsenicosis and 

proof-based suggestions for the correct administration of patients experiencing 

arsenicosis. The restrictive expense of arsenic expulsion advancements for a huge 

scope has incited the quest for elective sources. These include affirmation and 

utilization of "green" tube wells, utilization of more profound springs in regions 

where there is a very much evolved aquiclude isolating the upper and more 

profound pieces of the springs, the advancement of downpour water, thought of 
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funnelled plans dependent on focal flexibly of surface water treatment or higher-

yielding further, without arsenic tube wells, and utilizing a parcel of synthetic 

compounds for family treatment. A few models incorporate the purported "tea 

sack" treatment created by NEERI and the Pan American Centre of Sanitary 

Engineering and Environmental Sciences. Since the adequacy of these advances 

shifts, various conventions exist. Accordingly, it is important to create 

conventions for the autonomous check of arsenic-safe water advancements and 

to prepare public specialists in any event two public places of greatness in there. 

Accordingly, the nation’s themselves may assess advancements that are proposed 

for usage in arsenic moderation ventures in the future. Expanding customers' 

admittance to arsenic-safe drinking water can just lessen wellbeing hazards 

because of arsenic in drinking water, regardless of whether at the network or 

family level. Scientists, NGOs, and private areas have built up various networks 

and purposes of-utilization arsenic expulsion advance concerns and many have 

been applied in Bangladesh, West Bengal, and Thailand. These innovations and 

others might be considered in the future for application in Nepal and other SEAR 

nations where arsenic-polluted drinking water might be found. A set number of 

arsenic expulsion advances being used in Bangladesh have been assessed in 

discrete activities by CIDA and DFID, yet neither has zeroed in on fortifying 

public ability to freely assess such advances. 
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4.14 How might we exposed to arsenic 
 
 
Since arsenic is found normally in the climate, you will be presented to some 

arsenic by eating food, drinking water, or breathing air. Logical strategies utilized 

by researchers to decide the degrees of arsenic in the climate by and large don't 

decide the particular type of arsenic present. Accordingly, we don't generally 

know the type of arsenic an individual might be presented to. Additionally, we 

frequently don't have a clue what types of arsenic are available at perilous waste 

destinations. A few types of arsenic might be so firmly connected to particles or 

implanted in minerals that they are not taken up by plants and creatures. At the 

point when ingested in a broke down structure, inorganic arsenic is promptly 

retained. Around 80-90% of a solitary portion of arsenate As(III) or arsenate 

As(V) was consumed from the gastrointestinal plot of people and test creatures. 

A much lower level of gastrointestinal retention was accounted for arsenic-

defiled soil in spite of the fact that the type of arsenic in the dirt, just as the sort 

of soil, can be accepted to impact the level of arsenic assimilation. Likewise, 

arsenic mixes of low dissolvability arsenic sulphide and lead arsenate and gallium 

arsenide are assimilated substantially less productively than is broken down 

arsenic. There is an absence of information on the bioavailability of inorganic 

arsenic in different kinds of nourishments. 
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4.15 Factors influencing the metabolism of arsenic 

 

All things considered, factors affecting the methylation of arsenic can alter the 

tissue maintenance and harmfulness of arsenic, in light of the fact that the bio 

methylation of inorganic Arsenic produces metabolites that have low reactivity 

toward most tissues and that are promptly discharged in the pee. This part depicts 

the trial proof for impacts on the methylation of arsenic by such factors as the 

synthetic structure and portion of arsenic assimilated protein authoritative, 

nourishment, and hereditary polymorphism. The noticed variety in human 

methylation of arsenic in relationship to portion, sex, identity, and sporting 

propensities is examined. 

4.15.1 Transportation & elimination of arsenic through human body 

Retained arsenic is shipped in the blood, chiefly bound to sulfhydryl (SH) 

bunches in proteins and low-sub-atomic weight mixes, for example, glutathione 

(GSH) and cysteine, to the organs in the body. The development of buildings 

between trivalent arsenicals and GSH, likely fundamentally As has been shown 

in water arrangements. In any case, Arsenic can be moved effectively from the 

As perplexing to restricting locales of higher fondness. As of late, inorganic 

arsenic was accounted for to be the primary type of arsenic bound to serum 

proteins in patients on consistent wandering peritoneal dialysis, and transferrin 

was the principal transporter. The vast majority of the arsenic in the blood is 

quickly cleared, following a three-remarkable leeway bend. Most of the arsenic 
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in the blood is cleared with a half-season of around 1 hr. The half-times and third 

stages are around 30 and 200 hr, separately. Trial information on creatures and 

information on patients with uraemia show that the convergence of arsenic in red 

platelets is a few overlay that in plasma at low or foundation openness focuses 

yet is near one crease at expanded blood fixations. The proportion among plasma 

and the red platelets may likewise rely upon the openness type of arsenic; 

concentrates on bunnies found that As(III) is more effectively taken up by 

erythrocytes than is As, MMA, or DMA. Early examinations on solid people with 

no known openness to arsenic show comparative fixations (about 2.5 µg/L) in 

plasma and entire blood. Individuals from the region in Taiwan with arsenic-rich 

water had around 15 µg/L in plasma and 22 µg/L in entire blood. Patients with 

Blackfoot illness and their families had around 30 µg/L in plasma and 60 µg/L in 

entire blood. 

 

4.15.2 Elimination of arsenic from human body 

The significant course of discharge of most arsenic mixes is by means of the pee. 

Following openness to inorganic arsenic, the natural half-time is around 4 days. 

It is marginally more limited after openness to Organic arsenic than to inorganic 

arsenic. The methylated metabolites MMA and DMA are discharged in the pee 

quicker than the inorganic arsenic. In people, about 78% of MMA and 75% of 

DMA were discharged in the pee inside 4 days of ingestion of the portion. 
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Comparable outcomes were accounted for mice in which the half-season of MMA 

and DMA was around 60 minutes. The 24-hr entire body maintenance was about 

2% of the portion.  

Albeit ingested arsenic is eliminated from the body essentially through the pee, 

limited quantities of arsenic are taken out by means of different courses. The 

normal grouping of arsenic in perspiration actuated in a hot and moist climate 

was 1.5 µg/L, and the hourly misfortune was 2 µg. With a normal arsenic fixation 

in the skin of 0.18 mg/kg, assessed that the everyday loss of arsenic through 

desquamation was 0.1-0.2 µg in guys with no known openness to arsenic. As 

referenced over, the discharge of arsenic in bosom milk is low.  

In individuals occupationally, tentatively, or ecologically presented to inorganic 

arsenic, the urinary substance of metabolites of inorganic arsenic, by and large, 

comprises of 10-30% inorganic arsenic, 10-20% MMA, and 55-75% DMA. A 

few gatherings of individuals who discharge a couple of percent of MMA have 

been distinguished. That reaction, along with stamped singular varieties, can 

demonstrate a hereditary polymorphism in the arsenic methyl transferases. 

Exploratory examinations demonstrate that the methylation of arsenic may 

likewise be affected by the arsenic species retained, by intense significant level 

openings, just as by nourishing elements and illnesses. 

 

 



 
 
 
 
 
 
 
 
 
 
 
 

 

67 
 

4.16 Strengthening infrastructure for arsenic mitigation 

Understanding the capacity of the establishment for arsenic help, the Regional 

Office is invigorating key existing systems in India, Bangladesh, Thailand, and 

Nepal. Two points are being tended to: invigorating of the reference research 

focus and setting up of an arsenic alleviation association. To screen and endorse 

arsenic testing and arsenic departure progresses, centres are being furnished with 

equipment and reagents similarly as planning in the usage of the shows. A nearby 

association will be made by cross-interfacing open public and overall spotlights 

on enormity and collaborating centres.\ 

 

4.17 Capacity building through human resource 

A purposeful reaction to arsenic alleviation can possibly happen if a basic number 

of HR is created in the field of arsenic illnesses. The Regional Office is supporting 

human asset improvement by giving worldwide specialists to help researchers in 

arsenic-tormented nations, for example, Bangladesh, India, Nepal, and Thailand, 

and creating standards preparing educational plans and materials. Also, WHO has 

upheld a recent report visits or short courses at the All India Institute of Hygiene 

and Public Health, Calcutta, for members from Bangladesh, India, and Thailand. 

WHO is subsidizing the creation of standard preparing modules that will be 

utilized for preparing mentors all through the arsenic-influenced nations of the 

Region. 
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4.18 Time frame for implementing of regional strategic goals 

The vital objectives of the Regional Office have just been actualized in parts and 

will be strengthened in the following biennium. The underlying stage which 

conceals the period to the year 2001 will zero in on standards and standard-setting 

in test approval, case location, and case the executives. The following stage 

beginning in 2001 will zero in on creating standards. 

 

4.19 Suggestion for future research 

 

During this research, the amount of data gets from literature, reference data source 

was not enough. Every country has the data of arsenic concentration in ground 

water & drinking water. But they are not concern about amount of arsenic intake 

throughout the year by consuming rice and other food items. In data table, the 

author shows that, how much we consume arsenic in a day. Because, rice is the 

staple food for most of the people in Asia. For Philippines, they have not yet set 

a maximum limit of arsenic in rice. This research can help them to set a range. 

This research also shows that, most of the country in south Asia, they are highly 

risk position in carsonosic cancer risk. For preventing this situation, we have to 

move about alternative food habit.  
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Chapter 5 Conclusion 

Rice and rice items are stapled nourishments in Asia. Rice grains may collect 

abundance arsenic (As) when presented to As tainted soil. Arsenic have been 

distinguishing the effect of arsenic on the climate and the danger to human 

wellbeing. Normally happening in bedrock, arsenic may be brought into different 

ecological parts – dregs, soil, water, and air – bringing about genuine natural 

pollution. Hence, arsenic can be joined into the natural pecking order and 

promptly enters the human body. This survey has summed up the noteworthy 

outcomes concerning arsenic tainting of spring, soil, and air, just as helpful data 

about the negative impacts and expected dangers of arsenic presentation. 

Satisfactory consideration was paid to the effect of arsenic on the deserted mine-

following biological system. At long last, the circumstance of relinquished mine 

tailings indicated the result of the absence of consideration during and subsequent 

to mining measures, and along these lines, demonstrated the need of supportable 

turn of events. Plainly, ecological effect evaluation, reclamation, and the board 

of the environment in the mine regions during and subsequent to mining misuse 

are critical. Hence, it is critical to survey potential human wellbeing hazards 

through day by day rice utilization. The ingestion pace of rice of nearby 

inhabitants was additionally explored. A probabilistic danger appraisal was then 

utilized to assess cancer-causing and non-cancer-causing dangers of Taiwan 

occupants by means of rice utilization. The outcome demonstrated that the mean 
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absolute As fixation in soil for Taiwan, China, Bangladesh, India, Japan, South 

Korea, Thailand, Philippines was 2.858796296, 2.873565891, 4.076283988, 

4.28994189, 2.670877193, 2.819259259, 3.861689021, 3.668031059, 

2.979306667, 3.275740391, 1.566812652, 1.741120944, 3.069811321, 

2.889130435, 1.635576207, 1.49412766. Target Risk for male and female is 

Taiwan, China, Bangladesh, India, Japan, South Korea, Thailand, Philippines is 

0.001286458,0.001293105, 0.001834328, 0.00193049, 0.001201895, 

0.001268667, 0.00173776, 0.001650614, 0.001340688, 0.001474083, 

0.000705066, 0.000783504, 0.001381415, 0.001300109, 0.000736014, 

0.000672357. The appraisal results show that the anticipated 95th percentile for 

target malignant growth hazards (TRs) both especially higher than the 

satisfactory objective disease danger of 10-4 - 10-6. Geochemical contrasts in 

groundwater, the monetary capacity to continue remediation endeavours and 

different components make the moderation of inorganic arsenic remarkable for 

every area influenced by inorganic arsenic in groundwater. A need exists to build 

up superior coordination among neighbourhood and worldwide information 

gathering on wellbeing impacts and infection ethology for weak populaces. 

Besides, an epidemiologic worldwide exertion is expected to fill holes in our 

comprehension of the connection between arsenic introduction and sickness in 

subgroups of the populace, including youngsters. At the point when ingested in 

broke up structure, inorganic arsenic is promptly invested in the gastrointestinal 

parcel. Arsenic gives off an impression of being ineffectively ingested through 



 
 
 
 
 
 
 
 
 
 
 
 

 

71 
 

flawless human skin yet can tie remotely to skin and hair. Retained arsenic is 

shipped in the blood, bound to SH bunches in proteins and low-atomic weight 

mixes, for example, cysteine, to the organs in the body. Studies on blood arsenic 

focus in haemodialysis patients demonstrate that piece of arsenic is bound to 

transferrin. The degree of the authoritative in sound people isn't known. A large 

portion of the arsenic in the blood is cleared with a half-season of around 1 hr. 

The entire body half-season of ingested arsenate is around 4 days, pee being the 

major excretory pathway. A superior comprehension of the timing of introduction 

and defencelessness to arsenic-related illnesses is fundamental. Understanding 

the instruments of collaborations among arsenic and irresistible infections is 

significant, just as ecological co-presentations that are special to every locale and 

the communication among arsenic and hereditary cosmetics to comprehend the 

inclination to illness and to create avoidance in those districts. The whole natural 

introduction pathways and the weak subgroups of the populaces, including social 

practices, should be viewed as when planning mediations to improve general 

wellbeing. Notwithstanding general medical care and anticipation, we should 

create remediation innovations that are manageable in the networks influenced 

by arsenic. In particular, centres must be set around evacuation productivity and 

the financial effect on the networks. 

 

 



 
 
 
 
 
 
 
 
 
 
 
 

 

72 
 

Reference 
 
1. Arukawa T., Hioki A., Chiba K. (2012). Speciation and monitoring test for 

inorganic arsenic in white rice flour. Journal of Agriculture and Food 

Chemistry. 60:1122–1127. 

2. Adomako E.E., Williams P.N., Deacon C., Meharg A.A. (2011). Inorganic 

arsenic and trace elements in Ghanaian grain staples. Environmental Pollution. 

159:2435–2442. 

3. Awata H., Linder S., Mitchell L.E., Delclos G.L. (2017). Association of 

Dietary Intake and Biomarker Levels of Arsenic, Cadmium, Lead, and 

Mercury among Asian Populations in the United States: NHANES 2011– 

2012. Environmental Health Perspective. 125:314–323. 

4. Ahmed M.K., Shaheen N., Islam M.S., Habibullah-Al-Mamun M., Islam S., 

Islam M.M., Kundu G.K., Bhattacharjee L. (2016). A comprehensive 

assessment of arsenic in commonly consumed foodstuffs to evaluate the 

potential health risk in Bangladesh. The Science of the Total Environment. 

544:125–133 

5. Bulka C.M., Jones R.M., Turyk M.E., Stayner L.T., Argos M. (2016). Arsenic 

in drinking water and prostate cancer in Illinois counties: An ecologic study. 

Environmental Research. 148:450–456. 

6. Cubadda F., Jackson B.P., Cottingham K.L., Van Horne Y.O., Kurzius- 

Spencer M. (2017). Human exposure to dietary inorganic arsenic and other 



 
 
 
 
 
 
 
 
 
 
 
 

 

73 
 

arsenic species: State of knowledge, gaps and uncertainties. The Science of 

the Total Environment. 579:1228–1239. 

7. Chen H., Tang Z., Wang P., Zhao F.J. (2018). Geographical variations of 

cadmium and arsenic concentrations and arsenic speciation in Chinese rice. 

Environmental Pollution. 238:482–490. 

8. Cheasley R., Keller C.P., Setton E. (2017). Lifetime excess cancer risk due to 

carcinogens in food and beverages: Urban versus rural differences in Canada. 

Canadian Journal of Public Health.108: e288–e295. 

9. Chanpiwat P., Hensawang S., Suwatvitayakorn P., Ponsin M. (2018). Risk 

Assessment of Bioaccessible Arsenic and Cadmium Exposure through Rice 

Consumption in Local Residents of Themae Tao Sub-District, Northwestern 

Thailand. Environmental Geochemistry & Health. 1–14. 

10.  Dai S., Yang H., Mao X., Qiu J., Liu Q., Wang F., Wang M. (2014). 

Evaluation of arsenate content of rice and rice bran purchased from local 

markets in the People’s Republic of China. Journal of Food Additives and 

contaminates: part B. 77:665–669. 

11.  Dakeishi M., Murata K., Tamura A., Iwata T. (2006). Relation between 

benchmark dose and no-observed-adverse-effect level in clinical research: 

Effects of daily alcohol intake on blood pressure in Japanese salesmen. Risk 

Analysis. 26:115–123. 

12.  Fang Y., Sun X., Yang W., Ma N., Xin Z., Fu J., Liu X., Liu M., Mariga A.M., 

Zhu X. (2014). Concentrations and health risks of lead, cadmium, arsenic, and 



 
 
 
 
 
 
 
 
 
 
 
 

 

74 
 

mercury in rice and edible mushrooms in China. Food Chemistry. 147:147–

151. 

13.  Gundert-Remy U., Damm G., Foth H., Freyberger A., Gebel T., Golka K., 

Röhl C., Schupp T., Wollin K.M., Hengstler J.G. (2015). High exposure to 

inorganic arsenic by food: The need for risk reduction. Achieves of 

Toxicology. 89:2219–2227. 

14.  Halder D., Bhowmick S., Biswas A., Chatterjee D., Nriagu J., Guha 

Mazumder D.N., Šlejkovec Z., Jacks G., Bhattacharya P. (2013). Risk of 

Arsenic Exposure from Drinking Water and Dietary Components: 

Implications for Risk Management in Rural Bengal. Environmental Science 

& Technology. 47:1120–1127. 

15.  Hanh H.T., Kim K.W., Bang S., Hoa N.M. (2011). Community Exposure to 

Arsenic in the Mekong River Delta, Southern Vietnam. Journal of 

Environmental Monitoring. 13:2025–2232. 

16.  He Y., Zheng Y. (2010). Assessment of in vivo bio accessibility of arsenic in 

dietary rice by a mass balance approach. The Science of the Total 

Environment. 408:1430–1436. 

17.  Huang Z., Pan X.D., Wu P.G., Han J.L., Chen Q. (2013). Health risk 

assessment of heavy metals in rice to the population in Zhejiang, China. 

18.  Huang Y., Wang M., Mao X., Qian Y., Chen T., Zhang Y. (2015). 

Concentrations of Inorganic Arsenic in Milled Rice from China and 



 
 
 
 
 
 
 
 
 
 
 
 

 

75 
 

Associated Dietary Exposure Assessment. Journal of Agriculture and Food 

Chemistry. 63:10838–10845. 

19.  Hensawang S., Chanpiwat P. (2017). Health impact assessment of arsenic and   

cadmium    intake    via    rice    consumption    in    Bangkok, Thailand. 

Environmental Monitoring Assessment. 189 (11):599. 

20.  Islam S., Rahman M.M., Islam M.R., Naidu R. (2017). Geographical 

variation and age-related dietary exposure to arsenic in rice from Bangladesh. 

The Science of the Total Environment. 601–602:122–131. 

21.  Jiang Y., Zeng X., Fan X., Chao S., Zhu M., Cao H. (2015). Levels of arsenic 

pollution in daily foodstuffs and soils and its associated human health risk in 

a town in Jiangsu Province, China. Ecotoxicology & Environmental Safety. 

122:198–204. 

22.  Lamm S.H., Robbins S., Chen R., Lu J., Goodrich B., Feinleib M. (2014). 

Discontinuity in the cancer slope factor as it passes from high to low exposure 

levels—Arsenic in the BFD-endemic area. Toxicology. 326:25–35. 

23.  Lei M., Tie B., Zeng M., Qing P., Song Z., Williams P.N., Huang Y. (2013). 

An arsenic-contaminated field trial to assess the uptake and translocation of 

arsenic by genotypes of rice. Environmental Geochemistry and Health. 

35:379–390. 

24.  Liang F., Li Y., Zhang G., Tan M., Lin J., Liu W., Lu W. (2010). Total and 

speciated arsenic levels in rice from China. Journal of Food Additives and 

contaminates: part A. 27:810–816. 



 
 
 
 
 
 
 
 
 
 
 
 

 

76 
 

25.  Lai P.Y., Cottingham K.L., Steinmaus C., Karagas M.R., Miller M.D. (2015). 

Arsenic and Rice: Translating Research to Address Health Care Providers’ 

Needs. The Journal of Pediatrics. 167:797–803. 

26.  Liu C.P., Luo C.L., Gao Y., Li F.B., Lin L.W., Wu C.A., Li X.D. (2010). 

Arsenic contamination and potential health risk implications at an abandoned 

tungsten mine, southern China. Environmental Pollution. 158:820–826. 

27.  Li G., Sun G.X., Williams P.N., Nunes L., Zhu Y.G. (2011). Inorganic arsenic 

in Chinese food and its cancer risk. Environment International. 37(7):1219–

1225. 

28.  Li H.B., Li J., Zhao D., Li C., Wang X.J., Sun H.J., Juhasz A.L., Ma L.Q. 

(2017). Arsenic Relative Bioavailability in Rice Using a Mouse Arsenic 

Urinary Excretion Bioassay and Its Application to Assess Human Health Risk. 

Environmental Science and Technology.51:4689–4696. 

29.  Ma L., Wang L., Jia Y. Yang Z. (2016). Arsenic speciation in locally grown 

rice grains from Hunan Province, China: Spatial distribution and potential 

health risk. The Science of the Total Environment. 557–558:438– 444. 

30.  Mondal D., Banerjee M., Kundu M., Banerjee N., Bhattacharya U., Giri A.K., 

Ganguli B., Sen Roy S., Polya D.A. (2010). Comparison of drinking water, 

raw rice and cooking of rice as arsenic exposure routes in three contrasting 

areas of West Bengal, India. Environmental Geochemistry and Health. 

32:463–477. 



 
 
 
 
 
 
 
 
 
 
 
 

 

77 
 

31.  Mania M., Rebeniak M., Szynal T., Starska K., Wojciechowska-Mazurek M., 

Postupolski J. (2017). Exposure assessment of the population in Poland to the 

toxic effects of arsenic compounds present in rice and rice based products. 

Roczniki Państwowego Zakładu Higieny. 68:339–346. 

32.  Norton G.J., Pinson S.R., Alexander J., McKay S., Hansen H., Duan G.L., 

Rafiqul Islam M., Islam S., Stroud J.L., Zhao F.J. (2012). Variation in grain 

arsenic assessed in a diverse panel of rice (Oryza sativa) grown in multiple 

sites. The New Phytologist. 193:650–664. 

33.  Nunes L.M., Otero X. (2017). Quantification of health risks in Ecuadorian    

population due to dietary ingestion of arsenic in rice. Environmental Science 

Pollution Research. 24:27457–27468. 

34.  Oguri T., Yoshinaga J., Tao H., Nakazato T. (2014). Inorganic arsenic in the 

Japanese diet: Daily intake and source. Archives of Environmental 

Contamination & Toxicology. 66:100–112. 

35.  Phan K., Sthiannopkao S., Heng S., Phan S., Huoy L., Wong M.H., KimK.W. 

(2013). Arsenic Contamination in the Food Chain and Its Risk Assessment of 

Populations Residing in the Mekong River Basin of Cambodia. Journal of 

Hazardous Material. 262:1064–1071. 

36.  Praveena S.M., Omar N.A. (2017). Heavy metal exposure from cooked rice 

grain ingestion and its potential health risks to humans from total and 

bioavailable forms analysis. Food Chemistry. 235:203–211. 



 
 
 
 
 
 
 
 
 
 
 
 

 

78 
 

37.  Rasheed H., Slack R., Kay P., Gong Y.Y. (2017). Refinement of arsenic 

attributable health risks in rural Pakistan using population specific dietary 

intake values. Environmental International. 99:331–342. 

38.  Signes-Pastor A.J., Carey M., Meharg A.A. (2016). Inorganic arsenic in rice-

based products for infants and young children. Food Chemistry.191:128– 134. 

39.  Schmidt C.W. (2015). In search of “just right”: The challenge of regulating 

arsenic in rice. Environmental Health Perspectives.123: A16–A19. 

40.  Sun G.X., Van de Wiele T., Alava P., Tack F., Du Laing G. (2012). Arsenic 

in cooked rice: Effect of chemical, enzymatic and microbial processes on bio 

accessibility and   speciation   in   the   human   gastrointestinal tract. 

Environmental Pollution. 162:241–246. 

41.  Shibata T., Meng C., Umoren J., West H. (2016). Risk Assessment of Arsenic 

in Rice Cereal and Other Dietary Sources for Infants and Toddlers in the U.S. 

International Journal of Environmental Research & Public Health. 13:361. 

42.  Schmidt C.W. (2014). Low-dose arsenic:  In search of a risk threshold. 

Environmental Health Perspectives. 122: A130–A134. 

43.  Tseng W.P., Chu H.M., How S.W., Fong J.M., Lin C.S., Yeh S. (2016). 

Prevalence of Skin Cancer in an Endemic Area of Chronic Arsenics in Taiwan. 

Journal of National Cancer Institute. 40:453–463. 

44.  Tseng W.P. (2016). Effects and Dose-Response Relationships of Skin Cancer 

and Blackfoot Disease with Arsenic. Environmental Health Perspective. 

19:109–119. 



 
 
 
 
 
 
 
 
 
 
 
 

 

79 
 

45.  Tattibayeva D., Nebot C., Miranda J.M., Cepeda A., Mateyev E., Erkebaev 

M., Franco C.M. (2016). A study on toxic and essential elements in rice from 

the Republic of Kazakhstan: Comparing the level of contamination in rice 

from the European Community. Environmental Geochemistry and 

Health.38:85–98. 

46.  Wong W.W., Chung S.W., Chan B.T., Ho Y.Y., Xiao Y. (2013). Dietary 

exposure to inorganic arsenic of the Hong Kong population: Results of the 

first Hong Kong total diet study. Food & Chemical Toxicology. 51:379–385. 

47.  Zhuang P., Zhang C., Li Y., Zou B., Mo H., Wu K., Wu J., Li Z. (2016). 

Assessment of influences of cooking on cadmium and arsenic bio accessibility 

in rice, using an in vitro physiologically-based extraction test. Food Chemistry. 

213:206–214. 

 

 

 

 

 

 

 


	10774112封面
	那哈山
	10774112謝志英摘
	10774112目錄修改
	10774112-ok



