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ҁࣴزЬाҞࣁޑႣෳϷຑ՗ู࠸Ӣኪ៛֖ܭઈ໯ҔНԶᇨᏤҜጥཞ্ϐ

॥ᓀǴ٠௖૸ 18 ྃаΠู࠸Ӛԃសቫϐ໯ҔНӼӄ֖ઈໆǶҜጥཞ্ϐՅન؈

๱ੱ (Hyperpigmentation) Ϸفϯੱ (Keratosis) ᆶᄌ܄ઈኪ៛Ԗ๱ஏόёϩϐ

ᜢ߯ǶҁࣴزаӑࡋՋۏу܎ (West Bengal, India) ઈࢬՉࣝ୔ϐࢬՉੰᏢፓࢗ

ၗ਑ࣁ୷ᘵǴճҔॡդ (Weibull) ኳԄࡌҥઈኪ៛ᏊໆǵԃសϷู࠸Ҝጥཞ্ਏ

ᔈϐᜢ߯Ǵຑ՗ู࠸໯ҔНӼӄ֖ઈໆǴӆ่ӝағ౛ࣁ୷ᘵϐᛰ౛୏ΚᏢ

(Physiologically Based Pharmacokinetic, PBPK) ኳԄኳᔕู࠸όӕғ౛ݩރϷж

ᖴᐒڋǴа௖૸໯Нໆᡂ౦܌೷ԋᡏϣᐚࡋϐᡂϯǶғڮ໘ࢤϐ PBPK ኳԄඔ

ॊู࠸ჹЬाжᖴނᅿઈ As(III)ǵAs(V)ǵMMA(III) ǵMMA(V) ǵDMA(III) Ϸ

DMA(V)ϐ֎ԏǵϩթǵжᖴϷ௨ନǴ٠ຑ՗ู࠸ᡏϣӚᏔނ۔ᅿઈᐚࡋϐ୏ᄊ

ᡂϯǶҁࣴزճҔയᆉК (Odds Ratio, OR) ௢՗ู࠸ኪ៛ܭઈ܌೷ԋҜጥཞ্ϐ

όճ଼நਏᔈϐ࣬ჹӒᓀ܄ελǴЬाճҔ PBPK ኳԄኳᔕኪ៛ಔϷ௓ڋಔ࠸

ֿูనύ MMA(III) ϐᐚࡋǴ่ӝॡդኳԄኳᔕόӕԃសϷόӕઈᐚࡋϐ౰Չ

౗Ǵीᆉኪ៛ಔϷ௓ڋಔಕᑈ౰Չ౗ϐКॶǶ่݀ᡉҢǴઈኪ៛ᐚࡋᆶҜጥཞ্

ϐಕᑈ౰Չ౗և҅࣬ᜢ (R2=0.91−0.96)ǴӢ܄تҜጥཞ্നࣁᝄख़Ǵࡺа܄تҜ

ጥཞ্ࣁ୷ྗǴ٠೛ځനଯёௗڙ॥ᓀࣁ 10-3Ǵёள ϐ໯Ҕ܄Ϸζ܄تྃ 0−6

НӼӄ֖ઈໆϩձࣁ 2.2 Ϸ 6 µg/LǴԶ ࣁϩձ߾܄Ϸζ܄تྃ 7−18 1 Ϸ 2.8 

µg/LǶҁࣴزаയᆉК (95%ߞᒘ୔໔) ຑ՗ӑࡋՋۏу܎ǵۏу܎аϷѠ᡼Ջ

ࣁϩձࡋ೽ϐѳ֡໯ҔНઈᐚࠄ 283.19ǵ282.65 Ϸ 468.61 µg/L ਔǴ18 ྃаΠ

ϐู࠸ OR ϩձࣁ 1.38−5.20ǵ2.03−20.97 Ϸ 3.50−21.10Ƕҁࣴࡌز᝼ֿన

MMA(III) ᐚࡋϐቚуᆶઈᇨᏤู࠸Ҝጥཞ্॥ᓀϐቚуԖᜢǶҁፕЎගٮᕉნ

॥ᓀᆅ౛ϐࢎᄬ٠᏾ӝࢬՉੰᏢ଺ۓु۬ࡹࣁೕጄϐࡌ᝼Ƕ 

ᜢᗖຒᜢᗖຒᜢᗖຒᜢᗖຒǺǺǺǺઈኪ៛ǹู࠸ǹҜጥཞ্ǹҘ୷ϯǹॡդኳԄǹᛰ౛୏ΚᏢǹ॥ᓀຑ՗ǹ 

ӑࡋՋۏу܎ 

 



Abstract 

The purpose of this study was to predict and assess the arsenic-related children 

skin lesions risk from drinking water and estimate the safe drinking water arsenic 

standard below 18 years old children. Chronic arsenic exposure and skin lesions (such 

as hyperpigmentation and keratosis) are inextricably linked. We established the 

relationship among arsenic exposure dose, age and effects of children skin lesions 

with Weibull model based on arsenic epidemiological data in West Bengal, India. We 

assessed the safe drinking water arsenic standard for children with Weibull model and 

linked Physiologically Based Pharmacokinetic (PBPK) model to estimate children 

organ-specific arsenic concentrations varied with methylating activity and drinking 

water consumption rates. This study present an integrated approach by using Weibull 

model-based framework on the basis of gender/age-specific epidemiological data on 

arsenic exposure, skin lesions prevalence, and using PBPK model to predict 

monomethylarsonous acid (MMA(III)) levels in urine to estimate the likelihood risk 

obtained from studies conducted in arseiasis-endemic in West Bengal, India. A 

life-stage PBPK model is used to describe the absorption, distribution, metabolism, 

and excretion of the metabolites: arsenate (As(V)), arsenite (As(III)), 

monomethylarsonic acid (MMA(V)), monomethylarsonous acid (MMA(III)), 

dimethylarsinic acid (DMA(V)), and dimethylarsinous acid (DMA(III)) in target 

tissue groups, considering the potential impact by physiologically life-stage 

differences. We calculated odds ratio (OR) to assess the relative magnitude of the 

effect of the arsenic exposure on the likelihood of the prevalence of children skin 

lesions. The results show that arsenic exposure dose, age and cumulative prevalence 

ratio of the hyperpigmentation and keratosis are correlated significantly 

(R2=0.91-0.96). On the other hands, arsenic exposure dose raised followed 



cumulative prevalence ratio. The safe arsenic drinking water standards were estimated 

to be 2.2, 6 respectively for 0-6 years males and females as well as 1, and 2.8 µg/L 

respectively for 7-18 years males and females based on the index skin lesions of male 

hyperpigmentation with cumulative prevalence ratio equals 10-3. Risk predictions 

indicate that estimated ORs have 95% confidence intervals of 1.83−5.20, 2.03−20.97, 

and 3.50−21.10 based on mean drinking water arsenic concentrations of 283.65, 

282.65, and 468.81 µg/L, respectively, in West Bengal, Bangladesh, and southwestern 

Taiwan. Our finding also suggests that increasing urinary MMA(III) levels are 

associated with an increase in risks of arsenic-induced children skin lesions. This 

study offers an environmental risk management framework to suggest regulations and 

administrating process by linking arsenic epidemiological data. 
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