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Arsenic (As) is awell-known human carcinogen and its dietary exposure has been found to be the mgjor
route of entry into general population. This study was performed to assess the body levels of As and their
associated factors in Korean adults by analyzing total Asin urine. Urine and blood samples were collected
from 580 adults aged 20 years and older, who had not been exposed to As occupationally. Demographic
information was collected with the help of a standard questionnaire, including age, smoking, acohol
intake, job profiles, and diet consumed in the last 24 hrs of the study. Total As, sum of Ag(Ill), As(V),
monomethylarsonic acid (MMA), dimethylarsinic acid (DMA), in urine was determined using atomic
absorption spectrometer involving hydride generation method. The geometric mean concentration of total
Asinurinewas 7.10 ug/L. Urine As was significantly higher in men (7.63 pug/L) than in women (6.75 png/
L). Age, smoking, alcohol consumption, and job profiles of study subjects did not significantly affect the
concentration of Asin urine. No significant relationship was observed between body mass index (BMI),
Fe, and total cholesteral in serum and urinary As. Urine As level was positively correlated with seaweeds,
fishes & shellfishes, and grain intake. A negative correlation between urinary As level and HDL-choles-
terol in serum and meat intake was observed. Overall, these results suggest that urinary As concentration
could be affected by seafood consumption. Therefore, people who frequently consume seafood and grain

need to be monitored for chronic dietary As exposure.
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INTRODUCTION

Various arsenic (As) compounds widely exist in the natu-
ral environment with soil, minerals and volcanic eruptions.
Toxicity of As depends on chemical forms of As com-
pounds (1). Inorganic As has been known as a human car-
cinogen in the lung, skin, bladder, kidney, and liver as well
as non-carcinogenic adverse health effects such as skin dis-
ease, diabetes, cardiovascular disease and neurotoxicity.
Inorganic arsenics, arsenite and arsenate, are metabolized to
the less toxic forms, monomethylarsonic acid (MMA) and
dimethylarsinic acid (DMA), through methylation process
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in the body which are more toxic than organoarsenics.
Organoarsenics, arsenocholine, arsenobetaine and arsenos-
ugars, essentialy are harmless and easily excreted in urine
without metabolism. And the trivalent forms are more toxic
than the pentavalent arsenics.

Anthropogenically produced As compounds are prima
rily arsenic trioxide (As,0O,) and arsenic pentoxide (As,0s),
those are used to the various industrial processes such as
non-ferrous metal smelteries, semiconductor and wood pre-
servatives. About 90% of all produced As is copper chro-
mated arsenic (CCA) as awood preservative, and others are
used in pesticides, aloys, optical glass and medicines (2).
Uses of inorganic As compounds in CCA and pesticides are
prohibited or suggested to transit by the eco-friendly prod-
ucts because of their risk on the living environment. However,
previous uses of inorganic As contained products before the
regulation may act as exposure sources of As in the living
environment.

Human body can be exposed to the As by inhalation and
oral ingestion. Workers generally are exposed to inorganic
Asthrough inhalation in industry, otherwise general popula
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tion are exposed to inorganic As through a drinking water
contaminated by arsenic, and organic As through food par-
ticularly seefood (2). Arsenicosis was reported from severa
countries such as Bangladesh, China, India, and Taiwan (3-
6). Arsenic-induced adverse hedth effect has not been
established yet in the general population of Korea, but sev-
era studies reported that some As compounds are found in
seafood, fishes & shellfishes and seaweeds, which are
favorite foods of Korean (7,8). Those marine foods contain
As compounds naturally from < 1 up to 25 mg/kg or more,
the most of As compounds is organic forms (2,7,8). How-
ever, recently it was reported that increased seafood con-
sumption elevates internal exposure to inorganic As and its
metabolites, MMA and DMA (9,10). Therefore, Korean
diet patterns preferred consumption of seafood may
increase the risk of As exposure. Also, it was demonstrated
that individua iron (Fe) and zinc (Zn) level might affect the
absorption and excretion of As, and cholesterol level could
be changed by exposure to As (11,12). Currently, As intake
from diet was reported by severa studies in Korea (7,13),
however, which is limited to perform a health risk assess-
ment of As exposure in Korean. This study was performed
to assess interna exposure level to As and their associated
factors by analyzing total Asin urine.

MATERIALS AND METHODS

Study subjects and sample collection. Study subjects
of 580 adults (242 males and 338 females) with 20 years of
age and older were recruited from randomly selected 6 dis-
tricts (two districts of urban, rural and costal, respectively)
in Korea. They had not been exposed to As occupationally.
Study subjects were informed about study aim and details
and a written consent was obtained from each individual
who are willing to participate in this study. We conducted
an individual personal interview to get information about
demographic characteristics, life-styles such as drinking and
smoking habits, jobs, and diets during the last 24 hrs, fol-
lowed a physical measurement. Whole blood and spot urine
were sampled from each subject. Serum was separated by
centrifugation at 3,000 rpm for 10 min. All samples stored
at —80°C until analysis.

Determination of As concentration in urine. Totd As
in urine was analyzed by the hydride generation method
with an atomic absorption spectrometer (Perkin-Elmer model
5100) coupled with the hydride generation system (Perkin-
Elmer FIAS 400). In this study, total As is defined as the
sum of inorganic As (arsenite and arsenate) and their metabo-
lites such as monomethylarsonic acid (MMA) and dimethy-
larsinic acid (DMA), because organic arsenics such as
arsenocholine, arsenobetaibe and arsenosugars, could not
measure by the hydride generation method (14). Briefly,
1 ml of urine sample mixed with 1 ml of HCl (36%, w/v),

0.5 ml of potassium iodide (5%, w/v), and 0.5 ml of ascor-
bic acid (5%, w/v) and diluted with 10% HCI after 1 hr
incubation. Then the mixture reacted with 0.2% sodium
borohydride and 0.05% sodium hydroxide to produce the
hydride arsine gas. Generally, organoarsenics, arsenocho-
line, arsenobetaibe and arsenosugars, do not produce an ars-
ine gas by reacting with the reductants. The limit of
detection of Asin this method was 0.05 ug/L.

Physical measurement and serum analyses. Height
and weight in the study subjects were measured according
to the standard protocol, and body mass index (BMI) was
calculated from weight (kg)/height® (m?) (15). Total choles-
terol and high density lipoprotein- (HDL-) cholesteral in
serum were measured by an auto-analyzer (ADVIA 1650/
2400, Hitachi 7180, Japan). Fe and unsaturated iron bind-
ing capacity (UIBC) in serum were measured using the FE-
750 reagent (Shin-yang Co., Korea) which reacts with Fe**
specific Nitroso-PSAP reagent. Total iron binding capacity
(TIBC) was caculated from the sum of Fe and UIBC. Fer-
ritin in serum was measured using the Accu-Bind ELISA
kit (Monobind Imc., USA) according to the manufacturers
instruction.

Statistical analysis. All statistical analyses were per-
formed using SPSS version 17.0. The concentration of As
in urine was presented as geometric mean (GM) and geo-
metric standard deviation (GSD), and the others are shown
as the arithmetic means + standard deviations. Statistical
evauation for means was performed by unpaired t-test or
analysis of variance (ANOVA) following multiple compari-
son tests with Duncan’s method. The relations between As
concentration in urine and other variables were examined
by Pearson's correlation analysis. The level of statistical sig-
nificance was set at p < 0.05.

RESULTS

The geometric mean concentration of total As in urine
was 7.10 ug/L with ranged from 0.36 ug/L to 36.79 ug/L.
Concentration of total Asin urine was significantly higher
in males (7.63 ug/L) than in femaes (6.75 ug/L) (p < 0.05,
Table 1). No significant differences in urinary As levels
were observed among age groups. The levels of Asin urine
were not different by smoking status and drinking habit.
The highest As concentration in urine was observed in fish-
erman (8.27 ug/L), however the As levelsin urine were not
significant statistically among jobs in this study subjects
(Table 2).

BMI, cholesterol and body Fe levels in serum of study
subjects are shown in Table 3. The means of height and
weight were higher in males than in females, but BMI was
similar between two groups. Total cholesterol and HDL-
cholesterol were higher in females than in males. Fe and
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Table 1. Geometric mean concentrations of arsenic in urine of study subjects (ug/L)
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Mae Femae Tota Satistics
N 242 338 580
GM (GSD) 7.63 (1.82) 6.75 (2.04) 7.10 (1.96) =2 2d'
(Min-Max) (0.36-27.72) (0.47-36.79) (0.36-36.79) i

GM: geometric mean, GSD: geometric standard deviation, ": p < 0.05.

Table 2. Geometric mean concentrations of arsenic in urine by demographic factors in study subjects (ug/L)

Mae Femae Tota
N GM (GSD) N GM (GSD) N GM (GSD)  Swatistics
(Min-Max) (Min-Max) (Min-Max)
~ 8.38 (1.48) 6.81 (2.13) 7.30 (1.94)
3 2 (2791537) 047 6 (047-334)
g 7.36 (1.88) 6.40 (2.04) 6.79 (1.98) _
Age 40-59 107 (036-25.72) 148 (0.4936.79) 25 (03s3679) 102
! 7.74 (1.83) 7.09 (2.02) 7.37 (1.94)
60 U3 (13120772 146 (0.91-33.80) 29 (0.91-3380)
7.21 (1.81) 4.45 (1.89) 6.99 (1.83)
Current R (0362625 T (201-1023) 106 (0.36-26.25)
. ] 7.65 (1.89) 9.50 (1.69) 7.78 (1.87) _
Smoking  Bx-Smoker B 272172 T (as12271) & ooy FTO®
8.27 (1.76) 6.74 (2.05) 6.98 (2.01)
None 6 (2112572 21 0ar3s79) B (0473679
7.53 (1.80) 5.89 (2.11) 6.82 (1.95)
—_— ves 185 (127277 125 (047-3200) 310 (0473200 (=150
9 No 5 195089 oo 728019 sy 142(19) -
(0.36-23.72) (0.49-36.79) (0.36-36.79)
. 8.60 (1.60) 5.50 (2.38) 7.08 (2.02)
Business B (2012084 3 (047-2050) 6 (0472084
7.39(2.00) 5.96(2.24) 6.77(2.11)
Farmer 8 (0362572 % (075-3380) 138 (0.36-33.80)
. 8.04 (1.69) 8.51 (1.93) 8.27 (1.80) _
Job Fisherman 8 (1621911 47 (150-32.00) % @asoz00 T8
. 6.33 (1.82) 6.37 (1.92) 6.36 (1.87)
Service 2 (1271678) AL (127-2089) 6 (1272989
7.49 (1.81) 6.93 (1.95) 7.05 (1.92)
Labor & housekeeper 465 19 57 70y 18 (116:36.79) 204 (116-36.79)
GM: geometric mean, GSD: geometric standard deviation.
Table 3. Physical characteristics and the levels of cholesterol and iron in serum of study subjects
Mae Female Tota Statistics
Height (cm) 1662+ 6.6 1531+ 6.6 1586+ 92 t=23.1%*
Weight (kg) 66.5+10.1 57.4+87 613+ 10.4 t= 1110
BMI (kg/m?) 241+32 245+33 243+33 t=-130
h-cholesterol (mg/dl) 416+10.7 457+117 440+ 115 t=-432%*
t-cholesterol (mg/dl) 1776351 1831+ 364 1837+ 362 t=-3.46+*
sFe (ug/dl) 1325+ 487 104.7 + 39.0 1162+ 45.4 t=7.26*
UIBC (ug/dl) 1750+ 55.7 208.4 + 56.2 1946 + 583 t=-6.99%
TIBC (ug/dl) 307.5+49.8 3130+49.7 310.8+49.8 t=-130
Ferritin (ug/dl) 1059+ 104.3 51.8+588 742+ 849 t=7.15*

* p<0.05, ** p<00].
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Table 4. Pearson's correlation coefficients of BMI, serum
cholesterols and serum irons with arsenic concentration in urine

Subjects Correlation coefficient
BMI (kg/m?) -0.008
h-cholesterol (mg/dl) -0.098
t-cholesteral (mg/dl) 0.012
ske (ug/dl) -0.014
UIBC (ug/dl) —-0.020
TIBC (ug/dl) —-0.036
Ferritin (ug/dl) —-0.040
* p <0.05.

ferritin in serum were higher in males than in females and
UIBC was higher in femaes than in maes. Therefore,
TIBC was similar level between males and females. Corre-
lation analysis was performed between total As in urine
with BMI, cholesterols, and Fe levels (Table 4). No relation
was observed between urine As and BMI. Arsenic concen-
tration in urine was not significant with total cholesterol in
serum, while was significantly correlated negatively with
HDL-cholesterol in serum. Total Asin urine was not associ-
ated with body Fe status, such as serum Fe, UIBC, TIBC
and ferritin.

In the previous study, we estimated daily As intakes from
diet at 56.46 ug/day in the same study subjects with this
study (13). In this study, we performed a correlation analy-
sisto evaluate whether As intakes through diet affect on the
As level in urine. Daily As intake was estimated with the
24-hr recall method. There was shown a significantly posi-

Table 5. Relations between the dietary intake in each food
group with the arsenic concentration in urine

Food group Correlation coefficient
Energy (kcal) -0.015
Totd food intakes —-0.051
Daily Asintake 0.096"
Grains 0.083"
Potatoes -0.051
Sugars -0.031
Pulse -0.013
Seeds -0.022
Vegetables -0.071
Fruits -0.051
Mests -0.107
Fishes & shellfishes 0.087"
Seaweeds 0.114"
Oils 0.048
Milks 0.005
Beverages -0.035
Flavors -0.039
Eggs -0.008
Others 0.019

* p<0.05, * p<00].

tive relation between As intakes from diet and As concen-
trations in urine (r = 0.096, p < 0.05). This finding suggests
that dietary As intake may affect on the total As level in
urine. However, As concentration in urine was not statisti-
cally correlated with total diet intake or calorie daily. Fur-
ther analysis was performed to evaluate the relation
between urine As and specific food group consumption
(Table 5). Total As in urine was positively correlated with
specific food groups consumptions such as seaweeds (r =
0.114, p<0.01), fishes & shellfishes (r =0.087, p < 0.05)
and grains (r = 0.083, p < 0.05), while was negatively corre-
|ated with meats consumption (p < 0.05).

DISCUSSION

In this study, we analyzed total Asin urine for 580 adults,
who had not been exposed to As occupationally, and evalu-
ated associated factors, such as age, gender, lifestyles, nutri-
tional status and diet habit, with urinary As concentration.

The geometric mean concentration of As in urine was
determined at 7.10 ug/L (male 7.63 ug/L, female 6.75 ug/
L) in Korean adults. The urine As level observed in Korean
adults was lower than those reported in other Asian coun-
tries [Bangladesh, 20.77 ug/L (16); China, 28.30 ug/L (17);
Taiwan 20.71ug/g creatinine (18)], but was similar or
higher than western countries [Spain, 1.14 ug/L (19); Italy,
7.8 ug/L (20)]. However, urine As from this study was sim-
ilar level with previous report by the same method in
Korea [8.47 ug/g creatinine (21)]. The wide variations of
urine As among countries might be attributed by various
geographical contaminations sourced from natural, such as
volcanic eruption and weathering, and anthropogenic activi-
ties such as mines and metal industries. Also, it could be
influenced by race, life-style, nutrition and diet habits (3,22-
24).

In generally, the human exposure to various metals has
been observed a tendency of gender differences and age-
dependent patterns (25). At present study, As concentration
in urine was higher in males than in females, but was not
different among the age groups. Arsenic has much short
biological haf-life in the body compared to other metals
which could be explained partially for the independence of
age (2). Severa studies reported that lifestyles such as
smoking and drinking habits may affect the metabolism of
inorganic As (18,22). In particularly, smoking may act com-
petitively with enzymes and co-factors in the methylation
process of inorganic As (26). Aguilera et al. (19) reported
that acohol intake is associated with As concentration in
urine. In this study, urine Aslevels were not statistically dif-
ferent by smoking and drinking habits which were consis-
tent with previous reports (27,28). The As concentration in
urine was the highest in fisherman, but was not significant
among jobs.

Cholesterol is a well known risk factor for atherosclero-
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sis and cardiovascular disease. Previous studies reported
that chronic exposure to As could increase the risk of car-
diovascular disease as well as diabetes mdlitus (29,30).
These findings suggest that As could affect to the lipid
metabolism or regulation. However, Nabi et al. (12) reported
that chronic As exposure subjects, arsenicosis patients, had
significantly lower levels of cholesterol, HLD- and LDL-
cholesterols, compared to unexposed subjects. At present
study, no relation was observed between total cholesterol in
serum and urine As, while HDL-cholesterol was associated
negatively with As concentration in urine (p <0.05). No
relation was shown between BMI and urinary As concen-
tration in this study. There is suggested that some essential
metals, such as iron and zinc, interact with toxic metals in
absorption in the gastrointestinal tract and in deposit in the
tissues (31). Paul et al. (11) reported that As accumulation
in the tissues was higher in Fe-deficient rats than in Fe-sup-
plemented rats. However, we could not find any significant
relation between body Fe level and As level in urine. This
finding might be attributed to the body iron levels with nor-
mal range in the most of study subjects.

In our previous study, we estimated daily As intake at
56.46 ug/day, 0.93 ug/kg/day (male: 56.60 ug/day, female:
56.36 ug/day) using 24-hr recall method for the same popu-
lation with this study (13). In this study, we analyzed a
relation between daily As intake from diet and As concen-
tration in urine individualy. There was shown a signifi-
cantly positive relation between As intakes from diet and
As concentrations in urine (r = 0.096, p < 0.05), which sug-
gests that dietary As intake may affect on the total Aslevel
in urine. In analysis for the relation between urine As and
specific food group consumption, urine As was positively
correlated with the consumptions of seaweeds (r =0.114,
p <0.01), fishes & shdlfishes (r = 0.087, p < 0.05) and grains
(r=0.083, p<0.05). Approximately 75% of daily Asintakes
by diet were sourced from the consumptions of fishes &
shellfishes and seaweeds (13). Those findings suggest that
seafood and grain consumption may increase internal expo-
suretothe As.

Most of arsenicsin fishes & shellfishes and seaweeds are
organic forms, such as arsenobetaine, arsenocholine, arse-
nosugar, and also contain trace of inorganic As and their
metabolites. Although, organoarsenics are essentially harm-
less to human health, overconsumption of seafood could
increase body exposure to the inorganic As as well as organic
As. Meanwhile, severa studies reported the increase of
DMA excretion in urine after the seafood consumption
(8,32), which is more toxic than organoarsenics. Accord-
ingly, long-tem effects of seafood consumption frequently
might be interested in public hedlth, particularly races
including Korean who have diet habit favorable to seafood.
Therefore, people who frequently consume seafood and
grain may need to be monitored for chronic low-level As
exposure through diet.

ACKNOWLEGEMENTS

This study was supported by the National Research Foun-
dation of Korea, Republic of Korea (2009-0083814).

REFERENCES

1. Akter, K.F,, Owens, G, Davey, D.E. and Naidu, R. (2005)
Arsenic speciation and toxicity in biologica systems. Rev.
Environ. Contam. Toxicol., 184, 97-149.

2. Agency for Toxic Substances and Disease Registry (ATSDR).
(2007) Toxicologica Profile for Arsenic, Department of
Health and Human Services, Public Health Service, Atlanta,
pp. 303-381.

3. Guha Mazumder, D.N., Hague, R., Ghosh, N., De, B.K,,
Santra, A., Chakraborty, D. and Smith, A.H. (1998) Arsenic
levels in drinking water and the prevalence of skin lesionsin
West Bengal, India. Int. J. Epidemial., 27, 871-877.

4. Sun, G, Xu, Y., Zheng, Q. and Xi, S. (2011) Arsenicosis his-
tory and research progress in Mainland China. Kaohsiung J.
Med. i, 27, 377-381.

5. Laskar, M.S., Rahaman, M.M., Akhter, A., Sayed, M.H,,
Khan, M.H., Ahmad, SA. and Harada, N. (2010) Quality of
life of arsenicosis patients in an arsenic-affected rural areain
Bangladesh. Arch. Environ. Occup. Health, 65, 70-76.

6. Ling, M.P. and Liso, C.M. (2007) Risk characterization and
exposure assessment in arseniasis-endemic areas of Taiwan.
Environ. Int., 33, 98-107.

7. Korea Food and Drug Administration (KFDA). (2009)
Dietary intake and risk assessment of contaminants in Korean
food, Korea Food and Drug Administration, Seoul.

8. We, C,, Li, W, Zhang, C., Van Hulle, M., Cornelis, R. and
Zhang, X. (2003) Safety evaluation of organoarsenical spe-
cies in edible Porphyra from the China Sea. J. Agric. Food
Chem,, 51, 5176-5182.

9. Ma, M. and Le, X.C. (1998) Effect of arsenosugar ingestion
on urinary arsenic speciation. Clin. Chem.,, 44, 539-550.

10. Francesconi, K.A., Tanggaar, R., McKenzie, C.J. and Goesder,
W. (2002) Arsenic metabolites in human urine after ingestion
of an arsenosugar. Clin. Chem,, 48, 92-101.

11. Paul, PC., Misbhahuddin, M., Ahmed, A.N., Dewan, Z.F. and
Mannan, M.A. (2002) Accumulation of arsenic in tissues of
iron-deficient rats. Toxicol. Lett., 135, 193-197.

12. Nabi, A.H., Rahman, M.M. and Idam, L.N. (2005) Evalua-
tion of biochemical changes in chronic arsenic poisoning
among Bangladeshi patients. Int. J. Environ. Res. Public
Health, 2, 385-393.

13. Im, R,, Youm, H.C., Kim, D.W.,, Bae, H.S., Ahn, S.J,, Ryu,
D.Y., Choi, B.S. and Park, JD. (2010) Dietary exposure
assessment of arsenic in Korean adults. Environ. Health Toxi-
col., 25, 307-314.

14. Norin, H. and Vahter, M. (1981) A rapid method for the selec-
tive analysis of total urinary metabolites of inorganic arsenic.
Scand. J. Work Environ. Health, 7, 38-44.

15. Eknoyan, G. (2008) Adolphe Quetelet (1796-1874)--the aver-
age man and indices of obesity. Nephrol. Dial. Transplant.,
23, 47-51.

16. Chowdhury, U.K., Rahman, M.M., Sengupta, M.K., Lodh, D.,



142

17.

18.

19.

20.

21.

22.

23.

24.

H.-S. Bae et al.

Chanda, C.R,, Roy, S., Quamruzzaman, Q., Tokunaga, H.,
Ando, M. and Chakraborti, D. (2003) Pattern of excretion of
arsenic compounds [arsenite, arsenate, MMA(V), DMA(V)]
in urine of children compared to adults from an arsenic
exposed area in Bangladesh. J. Environ. Sci. Health A Tox.
Hazard Subst. Environ. Eng., 38, 87-113.

Wen, W., Wen, J, Lu, L., Liu, H., Yang, J., Cheng, H., Che,
W, Li, L. and Zhang, G (2011) Metabolites of arsenic and
increased DNA damage of p53 gene in arsenic plant workers.
Toxicol. Appl. Pharmacol., 254, 41-47.

Hsueh, Y.M., Chung, C.J.,, Shiue, H.S., Chen, J.B., Chiang,
S.S, Yang, M.H., Tai, CW. and Su, C.T. (2009) Urinary
arsenic species and CKD in a Taiwanese population: a case-
control study. Am. J. Kidney Dis., 54, 859-870.

Aguilera, 1., Daponte, A., Gil, F, Hernandez, A.F., Godoy, P,
Pla, A. and Ramos, J.L. (2008) Biomonitoring of urinary met-
alsin apopulation living in the vicinity of industrial sources: a
comparison with the general population of Andalusia, Spain.
<ci. Total Environ., 407, 669-678.

Soleo, L., Gigante, M.R., Antelmi, A., Lovreglio, P, Drago, I.,
Gagliardi, T., Sannelli, G, Schiavulli, N., Conversano, M.,
Bailardi, F., Greco, L., Persechino, B. and lavicoli, S. (2007)
Exposure assessment of carcinogenic metals (Cr, As) in stedl
foundry workers and in the genera population in Taranto
(Italy). Prevention Today, 3, 37-56.

Eom, S.Y,, Lee, Y.C., Yim, D.H., Leg, CH., Kim, Y.D., Choi,
B.S, Park, C.H., Yu, SD., Kim, D.S,, Park, JD. and Kim, H.
(2011) Effects of low-level arsenic exposure on urinary N-
acetyl-beta-D-glucosaminidase activity. Hum. Exp. Toxical.,
30, 1885-1891.

Hsueh, Y.M., Ko, Y.F,, Huang, Y.K., Chen, H.W.,, Chiou, H.Y.,
Huang, Y.L., Yang, M.H. and Chen, C.J. (2003) Determinants
of inorganic arsenic methylation capability among residents of
the Lanyang Basin, Taiwan: arsenic and selenium exposure
and alcohol consumption. Toxicol. Lett., 137, 49-63.

Vahter, M. and Marafante, E. (1987) Effects of low dietary
intake of methionine, choline or proteins on the biotransfor-
mation of arsenite in the rabbit. Toxicol. Lett., 37, 41-46.

Tice, R.R,, Yager, JW., Andrews, P. and Crecelius, E. (1997)

25.

26.

27.

28.

29.

30.

31

32.

Effect of hepatic methyl donor status on urinary excretion and
DNA damage in B6C3F1 mice treated with sodium arsenite.
Mutat. Res., 386, 315-334.

Concha, G, Nermell, B. and Vahter, M.V. (1998) Metabolism
of inorganic arsenic in children with chronic high arsenic
exposure in northern Argentina. Environ. Health Perspect.,
106, 355-359.

Hsueh, Y.M., Hsu, M K., Chiou, H.Y., Yang, M.H., Huang,
C.C. and Chen, C.J. (2002) Urinary arsenic speciation in sub-
jects with or without restriction from seafood dietary intake.
Toxicol. Lett., 133, 83-91.

Gil, F, Capitan-Valvey, L.F., De Santiago, E., Balesta, J.,
Pla, A., Herndndez, A.F., Gutiérrez-Bedmar, M., Fernandez-
Crehuet, J., Gomez, J., Lopez-Guarnido, O., Rodrigo, L. and
Villanueva, E. (2006) Heavy metal concentrations in the gen-
eral population of Andalusia, South of Spain: a comparison
with the population within the area of influence of Aznalcol-
lar mine spill (SW Spain). <ci. Total Environ., 372, 49-57.
Vimercati, L., Carrus, A., Sciannamblo, G, Caputo, F,
Minunni, V., de Nichilo, G, Bellotta, M.R., Gagliardi, T., Bis-
ceglia, L. and Assennato, G. (2009) A study of factors influ-
encing urinary arsenic excretion in exposed workers. Int. J.
Environ. Health Res., 19, 369-377.

Vako, M., Leibfritz, D., Moncoal, J., Cronin, M.T., Mazur, M.
and Telser, J. (2007) Free radicals and antioxidants in normal
physiological functions and human disease. Int. J. Biochem.
Cell Biol., 39, 44-84.

James, K.A., Marshall, JA., Hokanson, JE., Médliker, JR.,
Zerbe, GO. and Byers, T.E. (2013) A case-cohort study exam-
ining lifetime exposure to inorganic arsenic in drinking water
and diabetes mellitus. Environ. Res., 123, 33-38.

Moulis, JM. (2010) Cellular mechanisms of cadmium toxic-
ity related to the homeostasis of essential metals. Biometals,
23, 877-896.

Choi, B.S,, Choi, SJ.,, Kim, D.W.,, Huang, M., Kim, N.Y.,
Park, K.S,, Kim, C.Y., Lee, HM., Yum, Y.N., Han, E.S,
Kang, T.S, Yu, I.J. and Park, J.D. (2010) Effects of repeated
seafood consumption on urinary excretion of arsenic species
by volunteers. Arch. Environ. Contam. Toxicol., 58, 222-229.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


