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ABSTRACT - Domestic studies for identification of causality between children exposure to toxic chemicals, such
as arsenic (As) and resulted hazardous effects were not implemented. This study was conducted to probabilistically
estimate dietary As intake and health risk assessment for young children and all age-specific populations from the con-
sumption of As-contaminated rice of Korea. Arsenic intakes for young children (1 to 6 years old) from As-contami-
nated rice were higher than other age-specific groups, based on a dose-per-body weight basis. Based on the current
EPA cancer slope factor for As, estimated cancer risks (to the skin cancer) associated with dietary intake of As-contam-
inated rice for 1 to 2 years old group and 3 to years old group are 1.76 per 10,000 and 3.16 per 10,000, respectively, at
the 50th percentile. Based on possible reference levels (0.005 mg/kg/day) for children, mean and 95" percentile value
of HQ from rice for young children are very below 1.0, which is a regulatory limit of non-carcinogenic risks for human.
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Arsenic (As), classified as group A (human carcinogen)
form IRIS, have shown statistically significant increment in
skin cancer with oral exposure". Dietary intake can be a
significant source of exposure to As for most individuals.
However, it is difficult to estimate the true extent of the
impact of As in food on human health. Especially because
health in childhood may be due to the long latency periods
that may occur between As exposure and outcome, it is
difficult to prove an association™,

Currently, the Codex committee noted the clear under-
standing that the margin between the provisional tolerable
weekly intake (PTWI1) for As and intakes reported to have
toxic effects in epidemiclogical studies was narrow and
therefore was no longer appropriate, and the Committee with-
drew the previous PTWIY. U.S. EPA also reported As intake
for infants through diet may approach the Provisional Tolerable
Daily Intake (PTD1)". However, until recently, domestic studies
for identification of causality between children exposure to
chemicals, such as arsenic {As) and resulted hazardous effects
have not been implemented”. Therefore, it is necessary to
accurately estimate subchronic exposure and human health
risk assessment of As for childhood in Korea.

On the one hand, because prevalence of non-cancer health
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effects for subchronic to chronic exposure is related to daily
dose combined with length of exposure, a subchronic
reference level should be higher than the chronic reference
level for lifetime exposure. Therefore, EPA has evaluated
and developed a subchronic reference level of As, 0.005 mg/
kg/day, for short-term exposure (i.c., preferably 6 years or
less), which is compared with 0.0003 mgrkg/day for long-
term exposure (i.e., over 7 years)”. Therefore, a subchronic
reference level should be used to accurately calculate non-
carcinogenic risk of As for young children (1 to 6 years old).

This study was schemed to assess probabilistic health risks
of As intake for young children (1 to 6 years old) and all age-
specific populations from the consumption of rice, the primary
dietary source in Korea. We used the rice cultivated near the
mining areas in Korea to consider human risk assessment of a
high-risk group in this probabilistic approach. There are still
a few reports on inorganic As speciation data of rice cultivated
in Korea. Therefore, in this study, we estimated dietary As
intake and calculated the human health risk assessment, such
as noncarcinogenic and cancer risk (to the skin cancer), for
Korean young children (1 to 6 years old) and all age-specific
populations, using the total As concentration data of rice
cultivated near the mining areas of Korea in previous study.

Material and Methods

Exposure assessment
Using previous results for total As concentration data of
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Table 1. Summary of Monte Carlo parameter assumptions and inputs

Assumption . .
Parameters  Distribution type v Ren Basis for selection
alues eference
(a)Using the As concentrations of rice
As concentration Lognomal Mean = 92.8 ng/kg 3 as results analyzed in previous study
of rice -oghorma 95" percentile = 303.4 {b)Values below limit of detection
(1.OD) was put as one haif of LOD.
Mean = 73.3 g/day
7 vears &
I't0 2 years old 95" percentile = 203.6
R Mean = 1353 g/day
310 6 years old 95" percentile = 289.6
Mean = 176.8 g/day
N veare »
7to 12 years old 95" percentile = 349.6
Mean = 205.3 g/day
3 to 19 years . o
Ingestion rate Losnormal 130 W9 yearsold g percentile = 450.9 9
of rice 08 20 to 29 vears old Mean = 2124 g/day
B 95" percentite = 449.5
. Mean = 240.7 g/day
49 vears ¢
30 to 49 years old 95" percentile = 479.9
Mean = 258.6 g/day
5 'S .
5010 64 years old 95" percentile = 500.7
c Mean = 230.7 g/day
S 6y
2 65 years old 95" percentile = 426.5
{a) As gut bioavailability, particularly
Bioavailability Point 0.33 11 for inorganic As, from rice grain for
swine was is 33 + 3%
1 to 2 years old Mean = 12.7 kg
3 to 6 years old Mean = 19.2 kg
7 to 12 years old Mean =37.6 kg
. . 13 t0 19 years old Mean = 59.9 k¢
Body weight Point years o g 11
20 to 29 years old Mean = 61.4 kg
30 to 49 years old Mean = 63.5 kg
50 to 64 years old Mean = 62.4 kg
= 65 years old Mean = 56.5 kg
CSF Point 1.5 13
ot P (aySubchronic exposure for young
Point 1 10 6 years old 0.005 mg/kg/day 12 ;
RID o children
Point Over 7 years old 0.0003 mg/kg/day 3 (a)Chronic exposure, near lifetime,

for over 7 years

OCSF = Cancer Slope Factor

RfD = Reference Dose

300 rice samples cultivated near the mining areas in Korea, we
calculated the dietary intake of As for young children (1 to 6
years old) and age-specific population in Korea. Mean total
As concentrations of rice samples analyzed in previous study
was 92.8 ug/kg (303.4 pg/kg at 95" percentile)® and lognormal
distribution model was set for probabilistic estimation by
Crystal ball” program (Table 1). Dietary intakes of rice for
Korean young children and other age-specific populations
were based on Korea Health and Nutrition Examination
Survey”.

To estimate As exposure for young children and other age-

specific populations from rice, the following basic exposure
algorithm was developed.
ACxIRxBF
ADD = ——— 1
BW (1)

where ADD is arsenic daily dose from via ingestion of
rice, AC is arsenic concentration in rice (ug/kg), IR is inges-
tion rate of rice (kg/day), BF is relative bioavailability factor
for As'?, considering the ingestion of cooked rice, BW is body
weight (kg)'”. The input assumptions of As are summarized
in Table 1.
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Fig. 1. Results of probabilistic analysis of ADD (arsenic daily dose) values, based on a pg/day unit (a) and on a pg/kg/day unit (b) from

the consumption of rice cultivated near the mining areas of Korea.
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Fig. 2. Results of probabilistic analysis of arsenic HQ (hazard quotient), assessed for young children (1 to 6 years old) by the higher
reference level (0.005 mg/kg/day) (a) and for other age groups (over 7 years old) by the lower reference lever (0.0003 mg/kg/day) (b)
from the consumption of rice cultivated near the mining areas of Korea.

Health risk assessment

The noncarcinogenic hazard quotient (HQ) and cancer risk
(CR) from rice were caleulated using the equations.
2
3)

where SCF was the cancer slope factor and RfD was the
reference dose (mg/kg/day). The parameters used in calculating
the HQs and CRs were based on standard EPA assumed
values (Table 1). The higher reference level (0.005 mg/kg/
day) could be applied to subchronic exposures for young
children (i.c., less than 6 years)'> and the lower reference level
(0.0003 mg/kg/day) to chronic exposures for other age-specific
population (i.e., over 6 years)'.

CR = ADD x CSF
HQ = ADD/RD

Results and Discussion

Exposure assessment

The ADD values for young children and other age-specific
population are shown in Fig. 1. The ADD on a pg/day basis
shown at Fig. | a means As daily intake from the consumption
of rice, without considering the bodyweight for each group.

The ADD values, on a pg/day basis, of all age-specific
populations ranged from 1.41 pg/day to 4.16 ug/day tor 50"
percentile (mean) estimates. 1 to 2 years old population had
the lowest ADD value based on a pg/day. However, the ADD,
based on a pg/day, of 3 to 6 years old group was higher than
those of other age-specific groups (Fig. 1(a)). The older
population gets, the more the ADD values on a pg/day basis
increase for all groups above young childhood, but except
above 65 years old group. In other words, there is little
difference between young children and other age-specific
group from As daily intake from consumption of rice, when
considering the bodyweight for each group.

However, these results on a pg/day basis didn’t show
similarly at the results of ADD on a pg/kg/day basis. The
ADD, on a pg/kg/day basis, of all age-specific populations
ranged from 0.06 ug/kg/day to 0.21 pg/kg/day for 50 percentile
estimates (Fig. 1(b)). Median of 3 to 6 years old group of
dietary As intake estimate for rice was 0.21 pg/kg/day with
a range of 0.01 to 1.72 pg/kg/day for the Sth and 95th per-
centiles, respectively, which is the highest value among other
age-specific group in Korea. And also, median of ADD, on
a pg/kg/day basis, of 1 to 2 years old group was 0.12 pg/
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Fig. 3. Arsenic cancer risk, expressed as chance per 10,000, at the
‘30 percentiles for age-specific groups from the consumption of
rice cultivated near the mining areas of Korea.

kg/day, showing the second highest value. Whereas, median
of ADDs for populations over 7 vears old were ranged from
0.06 ug/kg/day 1o 0.08 pg/kg/day. That is, As daily intakes for
young children (I to 6 years old) were lower overall than
Korean adolescents from 13 to 19 and adulis over 20 years old,
if considered As intake just throughout a consumption of rice.

In previous study®, the ADD value for general population
in Korea was 0.07 ug/kg/day, ranging from 0.01 ug/kg/day
for the 5th percentile 1o 0.47 pg/kg/day for the 95th percentile
estimate. As daily intake estimated in this paper for all groups

who are over 13 years old were near the previous values of

As intakes for general population from same rice, which
indicate that there is no difference for dietary As intake,
based on body weight basis, among adolescents, aduits and
senescent. However, this study showed that young children
who are | 1o 6 years old are susceptible to more As exposure
throughout a consumption of rice than other age-specific
populations above 12 years old. These results may be due to
the application of bodyweight for each group in this estimation.

aldivar also reported the similar presumption with this paper,
interpreting that older age groups receive more cumulative
exposure over their lifetime, but younger children receive a
higher daily dose of As per-unit-body-weight than older age
groups at the same As concentration levels because of their
lower bodyweight'™,

Health risk assessment

Fig. 2 shows HQ) values that indicate the non-carcinogenic
risk of As by consumption just the rice cultivated near the
mining areas in Korea. HQ values estimated in this study
were based on possible reference levels, which are 0.005 mg/
kg/day for subchronic exposure of young children (less than
6 years old) and 0.0003 mg/kg/day for chronic exposure over
7 years',

HQs of all groups above 7 years old ranged from 0.19 to
0.26 for the 50 percentile estimates, which were below 1.0,
a regulatory limit of non-carcinogenic risks for human by EPA
(Fig. 2(b)". In addition, median and even the 95 percentile
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estimates of HQs for young children (both 1 to 2 years old
and 3 to 6 vears old group) were very below 1.0, indicating
a low risk for childhood heath, if considering that all dietary
intake consists of the only consumption of rice cultivated
near the mining areas of Korea.

The types of effects considered for subchronic reference
eriteria do not include cancer. Some evidence indicates that
healthy dysfunction such as skin signs is a sensitive indicator
of later developing cancer in individuals and populations of
subsequent health risk''"". The risk of cancer is closely
related with HQ value, non-carcinogenic risks, However,
there are the few studies available on shorter-term exposure,

“mostly of chronic exposure for adults.

In this assessment, CR values for skin cancers were
generated using the standard default value of 1.5 mg/kg/day,
which is listed currently in the USEPA’s IRIS database™. Fig.
3 showed median values of CR for age-specific groups, based
on chance per 10,000. Median CRs for all age-specific
populations by consumption of rice cultivated near the mining
areas in Korea ranged from 0.86 x 107 t0 3.16 x 10, Especially,
CRs of young children such as 1 to 2 years and 3 to 6 years age
group were higher than other age-specific groups, showing
1.76 x 10 and 3.16 x 10™ for the 50 percentiles, respectively.

In other words, risks of young children associated with the
consumption of rice cultivated near the mining areas of
Kovea are slightly above EPA’s upper target risk goal of |
in 10,000", based on the current As slope factor of 1.5 per
mg/kg/day. Tsuji ef al. also reported similar results with this
estimation that symptoms of chronic arsenic poisoning may be
more severe in children (ages 0-15 years) compared (o
adults'. However, additional examination or specific health
cffects of As in young children (ages 6 years and younger) is
also needed to address uncertainties in health effects. In
addition, development of health-protective reference levels and
cancer slope factors by regulatory agencies makes it possible
to induce more exact the health risk of As for young children.
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