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Abstract

Objectives Dietary intake of tin has seldom been studied
in children although they probably have a high intake. This
study was initiated to investigate dietary tin intake (Sn-D)
of children in Japan.

Methods In this study, 24-h food duplicate samples were
collected from 296 preschool children in Miyagi prefec-
ture, Japan. Sn in the samples were analyzed by inductively
coupled-plasma mass spectrometry, after homogenization
and wet digestion.

Results  Sn-D by the children was low, with 4.2 pg/day
as a median. The distribution was however wide, from
0.4 pg/day up to >3 pg/day. Canned foods were the major
dietary Sn source, whereas rice contributed essentially lit-
tle. Sn-D among canned food consumers was 30.2 pg/day
as a geometric mean (10.6 pg/day as a median), whereas
Sn-D among the non-consumers of canned foods was dis-
tributed log-normally, with 3.3 pg/day as a geometric
mean (2.5 pg/day as a median). Sn levels in urine did not
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differ between children who consumed canned foods on the
day previous to urine collection and those who did not. The
Sn-D was far below the provisional tolerable weekly intake
(14 mg/kg body weight/week) set by the 2001 Joint FAO/
WHO Expert Committee. Nevertheless, children took more
Sn than adults when compared on a body-weight basis.
Conclusions Canned foods were the major source of
dietary Sn intake for preschool children studied. Thus,
median Sn-D was higher for the canned food consumers
(10.6 pg/day) than for non-consumers of canned foods
(2.5 pg/day). Sn-D by canned food-consuming children
was, however, substantially lower than the provisional
tolerable weekly intake. No difference was detected in Sn
levels in urine between canned food-consuming and non-
consuming children.

Keywords Canned foods - Children - Dietary intake -
Inductively coupled plasma-mass spectrometry - Japan -
Preschoolers - Tin - Urine

Introduction

Inorganic tin (Sn) is a unique metal in the sense that it has
been considered least toxic to humans [1], possibly because
absorption from the gastrointestinal (GI) tract is limited
and passage through the tract is rapid [2] and accumulation
in the tissue is low [3], although the half life is substantially
long, e.g., 29 days in mice [4]. Sn may, however, cause
acute GI tract problems, such as abdominal distension, pain
and vomiting both in experimental animals [5] and in
humans [6] when ingested at a high dose [7]. Accordingly,
a provisional tolerable weekly intake was set at 14 mg/kg
body weight/week by the Joint FAO/WHO Expert Com-
mittee in 1989, and the provisional tolerable weekly intake
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was kept unchanged when re-evaluated in 2001 [8],
whereas the rationale for the provisional tolerable weekly
intake was questioned in a later meeting [2]. Possibly
because of such low toxicity, Sn has been extensively
employed for inside as well as outside coating of food cans
for packaging and preservation of various foods [6].

Thus, Sn use may result in direct contact with foods
(including liquid foods such as drinks and soup) for general
populations. The migration of Sn from the inside wall of
cans to edible contents may take place subject to acidity
of the liquid inside the can [6]. Subsequently, a number of
studies has been carried out in various industrialized (and
therefore canned food consuming) countries to examine the
extent of Sn ingestion through daily foods [9-13]. The
daily Sn intake appeared to be not in excess of the provi-
sional tolerable daily intake in any populations studied, as
will be discussed later. The existing results are, however,
all on healthy adult populations and have no focus on
possible sensitive populations such as children, although it
might be the case that children ingest more Sn on a body
weight basis than adult people as, for example, children
would take more canned drinks [7].

The present study was initiated to quantify dietary Sn
intake of children in Japan by use of food duplicate sample
collections [14], the method which allows instrumental
determination of Sn in collected samples. Attention was
given to possible contribution of intakes of canned foods
(canned juice in particular) and that of boiled rice as a staple
food. Levels of daily dietary tin intake (Sn-D) were com-
pared between canned food consumers and non-consumers
of canned foods. Comparison on Sn intake was also made to
adult populations [12] in the same country of Japan.

Materials and methods
Ethical issues

The protocol of this study was approved by the Ethics
Committee of Miyagi University. A guardian of each child
(a mother in most cases) provided an informed consent in
writing on behalf of her (his) child.

Food duplicate sample collection, and analysis for Sn
in the duplicates, boiled rice and urine

The food duplicate collections were conducted in winter
seasons (December—March) in 2001-2004 in Miyagi pre-
fecture on the Pacific coast in northeast Japan, the pre-
fecture where there has been no known environmental
pollution with toxic metals such as cadmium or lead. In
total, 296 preschool children (159 boys and 137 girls) aged
of 3-6 years in 15 kindergartens participated in the study

by offering 24-h food duplicate samples [14, 15]. In
addition, a majority (217 children) offered first-morning
urine samples on the next day of survey. Participation of
kindergartens was on a voluntary basis, whereas all chil-
dren in the volunteering kindergartens joined the survey.

The procedures for collecting 24-h food duplicate
samples and pre-treatment for instrumental analysis were
previously described in detail [12, 16—-18]. In short, each
mother of the children was asked to prepare a food dupli-
cate sample by cooking for a hypothetical child in her
family. The same food items at the same portions her child
consumed on the entire study day (i.e., three meals and any
snacks including energy-free tea, water and other drinks)
were saved in metal leakage-free plastic containers.

After manual separation for each food item (by use of
metal leakage-free utensils) and weighing of separated food
items (weight being recorded), a total homogenate (includ-
ing a major portion of boiled rice) was prepared, and a
portion of the homogenate was subjected to Sn analysis after
wet-digestion by heating in presence of extra-pure mineral
acids. A minimum portion (a few gram) of the boiled rice
was digested separately for determination of Sn in boiled
rice. Energy intake was estimated from the food weight by
use of the 2010 version of food composition tables [19]. The
child’s guardian who prepared the food duplicate sample
(his/her mother in most cases) was asked to submit food
menus of the day and to report if her child took canned foods
(including canned drinks) in three meals or snack.

Analyses for Sn in food homogenate, boiled rice and in
urine samples were conducted by inductively coupled-
plasma mass spectrometry under the conditions previously
detailed [12]. The material limits of determination (LOD)
were 0.05 pg Sn/l for wet digests of the homogenate and
boiled rice, and 0.03 pg Sn/l for urine wet digests, which
were equivalent to 0.05 pg Sn/day for food duplicate,
0.01 pg Sn/kg for boiled rice, and 0.03 pg Sn/l for urine.
Daily dietary intake of Sn (Sn-D) was calculated from Sn
in the unit weight of each homogenate and a total weight of
the homogenate.

Creatinine (CR) and a specific gravity of urine (SG)
were measured by colorimetry and refractometry, respec-
tively. Sn in urine as observed (Sn-Ug,) was further cor-
rected for CR (Sn-U,) [20] or for SG (SG of 1.016 was
taken as a standard) (Sn-Us,) [21], respectively.

Statistical analysis

A preliminary statistical analysis of Sn-D showed that the
distribution of Sn-D as a whole was markedly skewed, and
was not normal or log-normal. Accordingly, a median was
taken as a representative parameter in general, and Mann—
Whitney test in addition to 7-test was employed for detec-
tion of possible difference in distributions. An arithmetic
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mean (AM) and a geometric mean (GM) were also calcu-
lated when adequate. When Sn-D levels in some cases were
remarkably deviated from Sn-D in other samples, Smirnov
test for extreme values was applied; the cases were iden-
tified as extremely deviated with p < 0.05, and such cases
were excluded from further statistical evaluation.

Results

Demographic characters of participating children
and adequacy of 24-h collection of food duplicate
samples

The participating subjects were 296 children in total (159
boys and 137 girls) at the ages of 3—6 years, as previously
described in detail [22]. The average energy intake estimated
from the food duplicate samples was 1382 (3 year-olds) to
1529 kcal/day (6 year-olds) for boys, and 1140 (3 years) to
1332 kcal/day (6 years) for the girls. When compared with
reference intake of foods for 3—6 year-old Japanese children
[23], the observed energy intake was 91.8-109.7 % of rec-
ommended daily allowance [22]. Thus, food duplicate sam-
ples were considered as adequately collected.

Dietary Sn intake (Sn-D)

The 296 cases were classified into two groups by intake of
canned foods, i.e., 132 cases with reported consumption of
canned foods (including drinks or juice) and 164 cases with
no report of such consumption. Among the 164 cases with no
report, Sn levels in several cases were found to be markedly
higher than others. Application of Smirnov test after loga-
rithmic conversion gave p values smaller than 0.05 for 9 cases
(with Sn-D of 77.5-1113.6 pg/day). Thus, the 9 cases were
excluded, and 155 cases were identified as non-consumers.
Statistical parameters for Sn-D distribution were calcu-
lated for total 296 cases, 132 canned food consumers and
155 non-consumers, as summarized in Table 1. For visual

Table 1 Distribution of Sn by canned food intake

Total cases Those who consumed

Canned foods No canned foods®

No. of cases 296 132 155
Sn intake (pg/day)
Arithmetic mean 149.9 292.0 54
Geometric mean 10.3 30.2 33
Minimum 0.4 0.9 0.4
Median 4.2 10.6 2.5
Maximum 3255 3255 48

? Nine cases were excluded after Smirnov test for extreme values

@ Springer

understanding, the distributions are presented as histo-
grams after logarithmic conversion in Fig. 1. It was clear
that the distribution of total cases (Fig. 1a) did not follow a
normal distribution even when logarithmic conversion was
applied; there was a larger compilation around log Sn-D
(hg/day) = 0.5 [=log 3.16 (ng/day)] and a smaller accu-
mulation with less remarkable peak formation at 3.0 [=log
1000 (pg/day)]. Analysis with 132 canned food consumer
cases (Fig. 1b) showed less clear accumulations, but the
peak at 0.5 (which was observed also in Fig. 1a) became
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Fig. 1 Distribution histograms for daily Sn intake. a Total cases.
b Cases of canned food consumers. ¢ Cases of non-consumers of
canned foods. The curve in each figure indicates a normal distribution
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smaller, whereas the incomplete peak at 3.0 stayed essen-
tially unchanged. In cases of 155 non-consumers (Fig. 1c),
there was a single peak at around 0.5 and the distribution
was essentially log-normal. The median and GM Sn-D
were 2.5 and 3.3 pg/day, respectively (log 2.5=0.40 and
log 3.3=0.52). Statistical comparison between the canned
food consumer and non-consumer groups by Mann—
Whitney test showed that Sn-D for the consumer group
(10.6 pg/day as a median) was significantly (p < 0.01)
higher than that for the non-consumer group (2.5 pg/day).

Possible role of boiled rice as a Sn source

The amount of boiled rice was 206 g/day on an average
which accounted for 15.6 % (maximum; 33.1 %) of total
foods (1312 g/day) by weight. Thus, it was considered
possible that boiled rice might play a role as a dietary
source of Sn. Sn level in boiled rice was, however, rather
low (0.27 pg/kg as a median) and accounted for only a very
minor portion in daily Sn-D (i.e., 0.047 pg/day as a
median).

A multiple regression analysis was conducted taking
daily Sn intake as a dependent variable, and sex (1 for
boys and O for girls), age, daily consumption of total
foods (by weight), boiled rice (by weight) and energy,
together with canned food intake (1 for YES and O for
NO) as independent variables (R2 = 0.263, p <0.01)
(Table 2). It turned out that standardized regression
coefficients were negative (i.e., <0), although significant,
both for total foods (p < 0.01) and for boiled rice

Table 2 Multiple regression analysis taking dietary Sn intake
(pg/day) as a dependent variable

(p < 005). Taking together the previous observation that
the account for Sn from boiled rice (0.047 pg/day) in total
foods (4.2 pg/day) was very small (i.e., 1 %), the con-
tribution of boiled rice as a dietary Sn source was con-
sidered to be very limited. The coefficient was positive
and significant (p < 0.01) for energy intake. Canned food
intake had a positive and significant (p < 0.01) coefficient
of 0.330, as expected. Other independent variables of sex
and age were insignificant.

Lack of association of canned juice intake with Sn-D

Reported food intakes showed that a number of children
consumed canned juice (mostly tomato juice) on several
occasions on the survey day. Accordingly, cases were
selected for those who consumed tomato juice. In practice,
the consumption was confirmed in 27 cases, and the
amounts were in a range from 5.0 to 308.2 g/day (Table 3).

Analysis for Pearson’s correlation gave a negative and
insignificant coefficient. Analysis for non-parametric
Spearman’s correlation also resulted in an insignificant
coefficient, suggesting that no correlation existed between
Sn-D and canned juice intake.

Sn in urine of canned food-consumers
and non-consumers

Complete sets of Sn, CR and SG for the first morning urine
sample were available for 217 children. The Sn-U levels of
the 217 cases as a whole were distributed almost log-
normally with GM of 2.69 ng/l for Sn-Uyy, 3.83 pg/g cr for
Sn-Ug,, and 1.92 ug/l for Sn-Uy, (Table 4). For visual
understanding, the distribution of the observed (uncor-
rected) Sn-U values is depicted in Fig. 2. When Sn-U

Independent variable SRC P . .
values were classified by the consumption of canned foods
Item Unit (i.e., 97 consumers and 120 non-consumers), no significant
Sex® —0.074 0.164 difference (p > 0.10) was detected either by unpaired #-test
Age Years 0.042 0413 (after logarithmic conversion) or non-parametric Mann—
Total foods giday —0579 <0.01 Whitney test (Table 4). It should be noted that a significant
Boiled rice o/day ~0.130 0023  difference in Sn-D was re-confirmed for the 217 cases, as
Energy intake keal/day 0.278 «0p1  for total 296 cases. , . .
Canned food intake® 0330 <001 When possible correlation was examined with total 296
cases between Sn-D and Sn-U (as observed, as corrected
SRC standardized regression coefficient for CR, and as corrected for SG) before and after loga-
* 1 for boys and 0 for girls rithmic conversion (Table 5), Pearson’s and Spearman’s
* 1 for Yes and 0 for No correlation coefficients were all insignificant (p > 0.10).
:fa ;)uliecs irl;z‘;:bif ;i(:tl;?;[;tlllon Parameter Unit AM Median Minimum Maximum Correlation coefficient®
intake Pearson’s Spearman’s
Sn-D* pg/day 144.7 5.26 1.9 1200
" Sn-Dis dietary intake of Sn ke gday 1446 1309 50 30822 —0.056  0.173

b p > 0.10 for both coefficients

@ Springer



234 Environ Health Prev Med (2013) 18:230-236

Table 4 Sn in urine (Sn-U) in selected children by canned food consumption

Sn-D (ng/day) Sn-Ugp (ng/l Sn-Uer (ug/g cr) Sn-Ugg (ng/h

Total Consumers Non- Total Consumers Non- Total Consumers Non- Total Consumers Non-

case consumers  case consumers — case consumers ~ case consumers
No. of 217 97 120 217 97 120 217 97 120 217 97 120

cases

GM 9.86 34.11 3.61 2.69 2.95 2.49 3.83 4.18 3.56 1.92 2.15 1.76
GSD 10.35 13.61 4.32 3.55 3.37 3.71 3.59 3.38 3.77 3.63 3.41 3.80
Minimum <LOD <LOD <LOD <LOD <LOD <LOD
Median 35 18.9 2.6 2.4 2.5 2.3 3.7 4.0 35 1.7 2.0 1.6
Maximum 3254.8 3254.8 1113.6 185.9 49.4 185.9 250.6 79.2 250.6 198.3 494 198.3

No significant difference (p > 0.10) was detected between consumers and non-consumers in urine by unpaired #-test (after logarithmic conversion), as well as
Mann-Whitney test irrespective of correction of urine for creatinine (U,,), urine specific gravity (1.016) (Usg) or none (i.e., as observed; Ugp). Difference in Sn-D

was significant (p < 0.01) by Mann—Whitney test
217 children for whom Sn-U, CR, SG were available in urine
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Fig. 2 Distribution of Sn levels in urine (observed uncorrected
values). The curve in the figure shows a normal distribution

Table 5 Possible correlation of Sn in urine with dietary Sn intake

log Sn-U.. (ug/day)

-9 i 1 1 1 1 1

5 0 .5 1 1.5 2 2.5 3 3.5 4
log Sn—D (u g/day)

Fig. 3 Relationship of Sn in urine with dietary Sn intake after
logarithmic conversion. Each dot indicates one case and the solid line
in the middle is a calculated regression line. Two broken curves on
both sides of the line indicate the 95 % range for the regression line.
Note that the range of distribution is wide and that the regression line
is almost in parallel to a horizontal line

X¢ Y Intercept  Slope Correlation coefficient
(@) B The relation of log Sn-D and log Sn-U, is presented in
Pearson’s Spearman’s Fi
ig. 3 as an example.
Sn-D? Sn-UY, 5.948 0.001 0.032 0.159
Sn-US.  6.672 <0.001 <0001 0231
Sn-U, 4371 <0.001  <0.001  0.241 Discussion
Log Log Sn-  0.342 0.079 0.148
Sn-D Uy The present analyses on Sn-D of pre-school children in
Log Sn-  0.520 0.059  0.110 Miyagi prefecture, Japan, gave very similar results with the
Uer previous observation on adult populations in four regions in
Log Sn- 0217 0.061  0.114 Japan. Median Sn-D for the populations studied were
U

sg

% Sn-D is dietary intake of Sn in pg/day

b Sn-Uy, (in pug/l), Sn-U,, (in pg/g creatinine) and Sn-Ug, (in pg/l) are
Sn in urine as observed, after correction for creatinine concentration
[20], and after correction for a specific gravity of urine (taking 1.016
as a standard) [21], respectively

¢ o and f are the intercept and the slope in a regression equation

Y = o + X, where X is Sn-D or log Sn-D, and Y is Sn-Ug,, Sn-U,,
Sn-Ug,, log Sn-Uyy, log Sn-U,, or log Sn-Ug,, respectively

9" All correlation coefficients are statistically insignificant (p > 0.10)
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4.2 pg/day for children (Table 1) and 5.6 pg/day for adults
[12]. Sn-D was higher for canned food consumers than for
non-consumers, both in children (Table 1) and in adults
[12]. The finding of higher Sn-D for canned food con-
sumers than for non-consumers of canned foods is in a
close agreement with the observation that Sn in canned
foods was much higher than that in fresh foods of the same
kind, and the consumption of canned foods was associated
with high dietary Sn intake [9]. Among non-consumers of



Environ Health Prev Med (2013) 18:230-236

235

canned foods, Sn-D was distributed log-normally (Fig. 1c);
medians were 2.5 and 4.5 pg/day for children (Table 1)
and adults [12], respectively. These distributions may
indicate background Sn intake via foods, although the
minimum-maximum range was rather wide (Table 1)
suggesting substantial variation in Sn contents in natural
foods.

While the medians for Sn-D on a daily consumption
basis were larger for adults than for children, the reverse
was the case when evaluated on a body weight basis. Boys
in the present study were 16.6 (at 3 years) to 23.2 kg
(at 6 years) heavy and girls were 14.2 (at 3 years) to
20.7 kg (at 6 years), or 18.7 kg on average for boys and
girls in combination. Typical Japanese adult (i.e., >20
years of age) men and women weigh 65.3 and 52.7 kg [24]
or about 59 kg. Thus, adults may be 3 times heavier than
3—6-year-old children. As a result, the Sn-D was 0.225 pg
Sn/kg body weight/day for children whereas it was
0.095 ng Sn/kg body weight/day in case of adult people.
Thus, it was clear that children took substantially more
Sn-D (0.225/0.095 = 2.4 times) than adults (e.g., their
parents) on a body weight basis.

The present survey made it clear that children will take
4.2 pg Sn/day as a median although the maximum value
observed was as high as 3255 pg/day. In 1989, the Joint
FAO/WHO Expert Committee [7] converted previously
established provisional maximum tolerable daily intake of
2 mg/kg body weight/day to provisional tolerable weekly
intake of 14 mg/kg body weight/week, and kept the same
value after re-evaluation in 2001 [8]. The intake of 4.2 pg
Sn/day (or 3255 pg Sn/day as the maximum) (Table 1) by
a 18.7 kg heavy child will be equivalent to 0.0016 (or
1.218) mg Sn/week. The current intake level should be
taken as far less than the provisional tolerable weekly
intake.

It should be considered in addition that the Committee
noted in a later meeting that the basis for the provisional
tolerable weekly intake was unclear as the value might be
based on acute effects and studies on possible health effects
after chronic exposures should be desirable [2]. It would be
the Sn concentration and not the amount that induces the
acute effects. Furthermore, the effects may be different
depending on valencies of Sn and co-presence or absence
of Sn-adsorbing solid materials [25, 26].

International comparison was intended to evaluate the
Sn intake by Japanese children. In winter in 1984-1985,
Smart et al. [27] studied 24—27-month-old children UK and
observed that Sn intake was 1.16 mg/day (1.16) as GM
(geometric standard deviation; GSD). The method
employed for analysis was flame atomic absorption spec-
trometry [28], the high values observed in the study of
Smart et al. [27] might be attributable to the difference in
the method of analyses i.e., flame atomic absorption

spectrometry (Smart et al. [27] ) versus inductively coupled
plasma-mass spectrometry (the present study). It should
also be noted that no information on canned food con-
sumption was given unfortunately. No other report was
available on Sn intake by children elsewhere.

The previous survey [12] on adult populations revealed
that the Sn intake by the Japanese population (0.04 mg/day)
was substantially lower than the levels reported for other
populations, e.g., people in the UK (2.4 mg/day by Ysart
et al. [13]) and France (2.3 mg/day by Noél et al. [11]),
whereas nearly equal to that for Spanish population
(0.035 mg/day by Bocio et al. [10]). It is quite conceivable
that the situation is similar for children to that for adult
people.

With regard to Sn-U, GM among the children studied
(canned food consumers and non-consumers together) was
3.8 pg/g cr. Hayashi et al. [29] reported similar GM values
of 2.1 and 5.3 pg/g cr for adult Japanese men and women,
respectively (the GM values were estimated from AM and
arithmetic standard deviation [ASD] by use of the moment
method [30] for comparison). Hayashi et al. [29] also found
no difference in Sn-U between canned food consumers and
non-consumers. Pascal et al. [31] observed 3.1 pg/g cr for
general US population. Later, Shimbo et al. [12] obtained
2.0 pg/g cr for adult Japanese people. Over-all, it appears
likely that there will be no substantial difference in Sn-U
among the populations studied.

The absence of correlation between dietary Sn-D and
Sn-U is as previously observed by this study group [12].
The absence is expected as the absorption of Sn via the GI
tract is low [3] and the half -life is long [4], so that Sn-U
will not reflect Sn-D on the previous day. In addition,
urinary excretion is a minor route for Sn elimination [32].

The lack of association between the quantity of canned
juice ingestion and Sn-D on the day is rather contrary to the
expectation. This point may deserve further study. It might
be the case that cans for liquid foods such as tomato juice
were well lacquered to minimize Sn migration from cans,
or the pH of the juice was not low [25].

There are several limitations in the present study. First,
concern remains with regard to the accuracy of the
information on intake of canned foods. The exclusion of
nine high-Sn cases after the Smirnov test may indicate
that the information given by guardians may not be
complete, but some cases of the canned food consumption
may remain unreported. In this respect, it should be noted
that the visual inspection of collected samples [33] may
not be sensitive enough to identify canned foods which
are the leading source of Sn in the daily foods. Sn con-
centration ingested was out of the study target due to
technical reasons in the present study. It was also not
possible to carry out Sn valency analysis despite the
discussion described above.
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In conclusion, the present study made it clear that,
whereas dietary Sn intake by preschool children distributed
in a wide range up to >3 mg/day, the median was as low as
4.2 pg/day. The increase in Sn intake was primarily asso-
ciated with canned food consumption. The role of boiled
rice as a dietary Sn source is apparently limited.

The level of Sn intake even by canned food consuming
Japanese children was far below the provisional tolerable
weekly intake maintained by the 2001 Joint FAO/WHO
Expert Committee. Thus, the risk of excess dietary Sn intake
should be very remote for children in Japan. The Sn levels in
urine were similar between children who consumed canned
foods on the previous day and those who did not .

Acknowledgments This study was supported by a research grant
for FY 2001-2004 from the Ministry of Education, Culture, Sports,
Science and Technology, the Government of Japan (Grant No.
13680662: Chief investigator; S. Shimbo, Kyoto Women’s Univer-
sity, Kyoto, Japan, for FY 2001-2004).

Conflict of interest The authors declare that they have no conflicts
of interest.

References

1. Hodgson E, Mailman RB, Chambers JE, editors. Tin. In:
Dictionary of toxicology. 2nd ed. London: Macmillan; 1998.

2. Joint WHO/FAO Expert Committee on Food Additives. The 64
meeting in Rome, 8§-17 Feb 2005. WHO Food Additives Series
No. 55/FAO Food and Nutrition Paper 83. Geneve: WHO; 2005.

3. Hiles RA. Absorption, distribution and excretion of inorganic tin
in rats. Toxicol Appl Pharmacol. 1974;27:366-79.

4. Brown RA, Nazario CM, de Tirado RS, Castrillén J, Agard ET. A
comparison of the half-life of inorganic and organic tin in the
mouse. Environ Res. 1977;13:56-61.

5. Benoy CJ, Hooper PA, Schneider R. The toxicity of Sn in canned
fruit juices and solid foods. Food Chem Toxicol. 1971;9:645-56.

6. Blunden S, Wallace T. Tin in canned food; a review and
understanding of occurence and effect. Food Cosmet Toxicol.
2003;41:1651-62.

7. Joint WHO/FAO Expert Committee on Food Additives. The 33rd
Report. WHO Technical Report Series 776. Geneve: WHO; 1989.

8. Joint WHO/FAO Expert Committee on Food Additives. 5.2 Tin.
In: Evaluation of certain food additives and contaminants. WHO
Technical Report Series 901. Geneve: WHO; 2001.

9. Biégo GH, Joyeux M, Hartmann P, Debry G. Determination of
dietary tin intake in an adult French citizen. Arch Environ Con-
tam Toxicol. 1999;36:227-32.

10. Bocio A, Nadal M, Domingo JL. Human exposure to metals
through the diet in Tarragona, Spain; temporal trend. Biol Trace
Elem Res. 2005;104:193-201.

11. Noél L, Leblanc J-C, Guérin T. Determination of several ele-
ments in duplicate meals from catering establishments using
closed vessel microwave digestion with inductively coupled
plasma mass spectrometry detection; estimation of daily dietary
intake. Food Add Contam. 2003;20:44-56.

12. Shimbo S, Matsuda-Inoguchi N, Watanabe T, Sakurai K, Date C,
et al. Dietary intake of tin in Japan, and the effects of canned food
and beverage consumption. Food Add Contam. 2007;24:535-45.

13. Ysart G, Miller P, Crews H, Robb P, Baxter M, De L’argy C,
et al. Dietary exposure estimates of 30 elements from the UK
total diet study. Food Add Contam. 1999;16:391-403.

@ Springer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Acheson KJ, Campbell IT, Edholm OG, Miller DS, Stock MJ.
The measurement of food and energy intake in man—an evalu-
ation of some techniques. Am J Clin Nutr. 1980;33:1147-54.
World Health Organization. Guideline for the study of dietary
intakes of chemical contaminants. WHO Offset Publication No.
87. Geneve: WHO; 1985.

Watanabe T, Abe H, Kido K, Ikeda M. Relationship of cadmium
levels among blood, urine, and diet in a general population. Bull
Environ Contam Toxicol. 1987;38:196-202.

Shimbo S, Imai Y, Yasumoto M, Yamamoto K, Kawamura S,
Kimura K, et al. Quantitative identification of sodium chloride
sources in Japanese diet by 24-hour total food duplicate analysis.
J Epidemiol. 1993;3:77-82.

Matsuda-Inoguchi N, Nakatsuka H, Watanabe T, Shimbo S,
Higashikawa K, Ikeda M. Estimation of nutrient intake by the new
version of Japanese food composition tables in comparison with
that by the previous version. Tohoku J Exp Med. 2001;194:229-39.
Ministry of Education, Culture, Sports, Science and Technology,
Japan. Standard Tables of Food Composition in Japan, 2010.
Official Gazette Corporation of Japan, Tokyo, 2010 (in Japanese
with English translation).

Jackson S. Creatinine in urine as an index of urinary excretion
rate. Health Phys. 1996;12:843-50.

Rainsford SG, Lloyd Davies TA. Urinary excretion of phenol by men
exposed to benzene; a screening test. Br J Ind Med. 1965;22:21-6.
Watanabe T, Nakatsuka H, Shimbo S, Yaginuma-Sakurai K,
Ikeda M. High cadmium and low lead exposure of children in
Japan. Int Arch Occup Environ Health; 2012. doi: 10.1007/
s00420-012-0821-1

Ministry of Health, Labour and Welfare, Japan. National Health
and Nutrition Survey in Japan, 2008. Dai-ichi Suppan Publishers,
Tokyo (in Japanese); 2011.

Ministry of Health, Labour and Welfare, Japan. Dietary reference
intakes for Japanese, 2010. Dai-ichi Shuppan Publishers, Tokyo
(in Japanese); 2010.

Boogaard PJ, Boisset M, Blunden S, Davies S, Ong TJ, Taverne
J-P. Comaprative assessment of gastrointestinal irritant potency
in man and Tin(II) chloride and tin migrated from packaging.
Food Chem Toxicol. 2003;41:1663-70.

World Health Organization. Tin and inorganic tin compounds.
Concise International Chemical Assessment Document No. 65.
Geneva: 2005.

Smart GA, Sherlock JC, Norman JA. Dietary intakes of lead and
other metals; a study of young children from an urban population
in the UK. Food Add Contam. 1987;5:85-93.

Evans WH, Jackson FJ, Dellar D. Evaluation of a method for
determination of total antimony, arsenic and tin in foodstuffs
using measurement by atomic absorption spectrometry with
atomization in a silica tube using the hydride generation tech-
nique. Analyst. 1979;104:16-34.

Hayashi R, Shima S, Hayakawa K. A study on urinary tin in
healthy adults; relationship between the concentration of urinary
tin and life style. Jpn J Hyg. 1991;46:898-904. (in Japanese with
English abstract)

Sugita M, Tsuchiya K. Estimation of variation among individuals
of biological half-times of cadmium calculated from accumula-
tion data. Environ Res. 1995;68:31-7.

Pascal DC, Ting BG, Morrow JC, Pirkle JL, Jackson RJ, Samp-
son EJ, et al. Trace metals in urine of United States residents;
reference range concentrations. Environ Res. 1998;A76:53-9.
Johnson MA, Greger JL. Effects o dietary tin on tin and calcium
metabolism of adult males. Am J Clin Nutr. 1982;35:655-60.
Kikunaga S, Tin T, Ishibashi G, Wang D-H, Kira S. The appli-
cation of hand-held personal digital assistant with camera and
mobile phone card (Wellnavi) to the general population in a
dietary survey. J Nutr Sci Vitaminol. 2007;53:109-16.


http://dx.doi.org/10.1007/s00420-012-0821-1
http://dx.doi.org/10.1007/s00420-012-0821-1

	Dietary tin intake and association with canned food consumption in Japanese preschool children
	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Ethical issues
	Food duplicate sample collection, and analysis for Sn in the duplicates, boiled rice and urine
	Statistical analysis

	Results
	Demographic characters of participating children and adequacy of 24-h collection of food duplicate samples
	Dietary Sn intake (Sn-D)
	Possible role of boiled rice as a Sn source
	Lack of association of canned juice intake with Sn-D
	Sn in urine of canned food-consumers and non-consumers

	Discussion
	Acknowledgments
	References


