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Daily intake of major and trace elements in residents of Gomel oblast, Belarus
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Abstract Gomel oblast in Belarus is one of the areas most seriously affected by the Chernobyl nuclear power plant
accident. While food contamination by radionuclides has been well studied after the accident, no reports describing intakes
of stable elements could be found. This paper describes a preliminary investigation on elements intakes. Diets of adults and
children in the region were analyzed by ICP-AES and ICP-MS. The daily intakes of elements for Belarusian children were
estimated as follows: Ba (1.6mg); Ca (0.44g); Cd (12pg); Co (20ug); Cs (3.3ug); Cu (0.90mg); Fe (29mg); K (2.2g); Mg
(0.17g); Mn (2.4mg); Na (2.1g); P (0.65g); Rb (0.83mg); Sr (1.5mg); Th (0.50pg); U (0.36pg); and Zn (5.0mg.) Although a
deficiency in Zn intake was found, the intakes of radionuclides such as *>Th and ***U were below levels of other regions.
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introduction
The Chernobyl nuclear power plant accident in 1986
caused serious effects on the global environment and health
condition of local residents. Since then, many researchers
have studied relationships between exposure to the
radioactive substances released from the accident and
human health [1].

stable element intake for the area.

Unfortunately, there are no reports on
For the sake of detailed
discussion about the effects of the radiation exposure
derived from the accident, some factors which have not
related to the accident, such as local food habits and
influence of economic situation on eating habits, need to be
clarified and taken into account.

Gomel oblast (Gomel province) in Belarus Republic is
one of the areas most seriously damaged by the nuclear
accident. Because the socio-economic situation of this
country has not been stable especially after the breakup of
the former Soviet Union, base data are limited [2].

In this paper, concentrations of radioactive and stable
elements in the diets of local adults and children were
preliminarily determined and daily intakes were estimated.

Experimental
Whole diet samples were collected in Gomel oblast with
the duplicate portion method (Fig. 1). Samples for adults
(n=4) were collected at Gomel City, and samples for
children (n=19) were taken at various locations over a wide
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area. The samples were heated in a muffle furnace at a
final temperature of 400°C to get ash. For ICP-MS and
ICP-AES analyses, the ash was digested with a microwave
oven (Ethos plus, Milestone s.r.l, Bergamo, Italy) using
HNO,;, HCIO, and HF to get a solution in 5% HNO; media.
Acid reagents were ultra pure grade (Tama pure AA-100,
Tama chemical, Kawasaki. Japan). In order to check the
error caused by inhomogeneity and chemical procedures,
three portions for each ash sample were digested. Details
of the digestion method have been given elsewhere [3].
Standard reference materials (SRM 1575 pine needles and
SRM 1577a bovine liver, NIST, Gaithersburg, MD) were
treated in the same way as the diet samples in order to
estimate the precision and accuracy of results. The
ICP-MS analysis was done using a HP4500 (Hewlett
Packard Co., Ltd., Rockville, MD). Standard solutions
were prepared by diluting mixed stock solution (XSTC-13,
SPEX Industries, Edison, NJ) and a calibration was made.
As internal standard, rhodium was added to the sample

"Minsk

i |@ Adult
" |o Child

RUSSIA

B 1518
14 706

o}
GOMEL  Gomel
s%: fl, 213

UKRAINE

100km

Fig. 1 Location where diet samples were collected in Gomel oblast



solutions to get | ppb to compensate for the fluctuation of
instrument parameters. ICP-AES analysis was done with
an IRIS AP Model (Thermo Jarrell Ash, Franklin, MA),
using 1ppm of Y as internal standard. Standard solutions
Daily intake of each
element was estimated from the results of the analysis and
total dietary intake of each case.

were prepared from stock solutions.

Results and discussion

Data display

The errors between the results and the certificated values
Mostly,
the errors among three analyses of the same samples were
less than 5%, and the repeatabilities of ICP-AES and
ICP-MS analyses were within 2-3% and 10%, respectively.

Estimated daily dietary
summarized in Table 1. Although the number of samples
for adults was limited to only four, the greatest daily intake
of each element among the analyzed samples was for adults

for standard reference materials were within 10%.

intakes of elements are

in most cases, mainly due to the differences in makeup of
meals although total dietary intakes were almost at the
same level. Hereafter, discussion is mainly made on
results of children’s samples.

Distributions of the results were not the same type.
Typically, distributions were close to a log-normal
For
that reason, a non parametric method would be suitable to
deal with such data. Between every two elements,
Spearman’s rank correlation coefficient was calculated.

Most sets showed good correlations with the exception that

distribution, but some elements had other patterns.
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Co and Fe had poor correlations against other elements.
Very good correlations (r>0.9) were found between Ca-K,
Ca-P, Ca-Rb, K-Mg, Mg-P, Mg-Rb and P-Rb. It is
suggested that these elements have common origin in the
diet because the behaviors of Rb are thought to be similar
to K, another alkaline metal.

Comparison of present results with world values

Because the results did not have a normal distribution,
the median should be suitable as a nonparametric
representative value of each element. Table 2 compares
the current results with some reference data [4-10]. In the
table, ratios of the results to model values for daily balance
of elements in Reference man (ICRP, 1974 [10]) are
included. For children, these ratios were calculated by
comparing the results with 50% of the model values,
according to energy expenditure.
Daily intakes of most of the analyzed elements (Ca, Cs, Cu,
K, Mg, Mn, Na, P, Rb and Sr) were almost the same or
The intake of Ba
for children was 1.63 mg/day per capita (for adults was
3.73 mg) and this was several times higher than other data.
The intake of Cd, which is known as toxic element, was
less than 20% of the Reference man. The intake of Co for
children was 20.1pg/day per capita and this was one order

slightly lower than the reference values.

of magnitude lower than the Reference man, but it was
several times higher than the values of Co intake in other
regions [10]. The Fe intake was about 3 times higher than
other data. Some Fe could have been included from tools
and vessels used during food processing.

Table |  *Daily intakes of seventeen elements in Belarusian
Sample Ba Ca Cd Co Cs Cu Fe K Mg Mn Na P Rb St Th U Zn
No. (mg) (g (Mg (Mg) (ug) (mg) (mg) (@) (mg) (mg) (g) (g) (mg) (mg) (ug) (Mg) (mg)
Aduit
1 637 179 34 471 460 11.14 83 3.69 320 580 3.15 1.11 2.14 7.08 3.15 2.14 189
2 213 170 307 249 598 095 21 348 260 2.86 3.06 1.60 137 398 093 088 7.2
4 367 083 134 703 403 121 58 288 219 358 227 096 1.19 169 444 146 8.8
5 379 085 93 505 537 133 50 340 232 327 231 101 136 174 539 156 6.6
Child
6 115 089 167 31.1 397 118 28 235 158 209 140 096 080 252 068 193 5.0
7 228 1.10 239 201 3.66 1.79 36 336 276 3.12 354 1.28 148 436 070 0.71 85
8 102 041 106 113 3.18 050 17 227 170 1.79 1.89 0.64 090 190 051 036 4.0
9 207 083 11.6 181 504 1.10 25 322 205 239 300 0.96 124 230 0.68 124 6.2
10 137 044 65 114 211 090 22 156 167 228 172 0.65 085 173 0.50 040 4.1
11 245 072 211 187 3.19 093 22 248 229 265 2.12 1.02 1.21 L13 063 075 5.0
12 1.87 044 49 209 3.09 092 21 237 187 237 2.16 0.62 082 223 065 035 3.7
13 1.87 068 153 82 4.17 064 13 233 164 1.69 181 0.78 098 1.47 0.17 037 5.2
14 294 030 50 126 561 097 35 190 130 2.71 2.18 049 0.74 151 039 022 6.1
15 443 066 774 332 393 126 35 204 193 330 254 1.02 1.18 1.45 035 0.64 105
16 209 034 50 186 228 073 32 216 168 2.72 230 054 0.70 252 056 036 4.5
17 1.09 0.14 87 225 291 071 28 143 100 1.74 1.38 037 061 060 030 0.15 4.1
23 1.63 090 297 351 5.06 1.24 105 3.05 280 3.30 2.59 1.08 200 1.72 037 024 58
24 058 0.19 135 263 197 044 37 152 107 233 154 038 0.58 0.37 055 024 2.5
28 211 072 557 208 507 1.05 32 242 258 307 237 1.06 1.13 465 1.09 2.05 11.7
29 133 034 753 160 329 082 37 184 151 365 209 0.67 071 127 031 024 7.1
36 072 031 28 120 219 047 20 162 107 1.50 1.83 048 0.68 066 026 045 3.7
44 032 012 6.7 227 138 024 20 1.19 84 137 094 027 038 040 027 0.16 08
45 019 0.10 30 376 3.58 045 31 60 142 071 023 043 020 030 0.15 1.9

0.98

¥ Mean of three analyses
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Table 2 Comparison of current results and reference data
Child Adult
Reference
Element  Current results .14 Current results . 110}
: T Russia Other region man

Median (*ratio) Range Median (**ratio)  Range
Ba (mg) 163 (43)  0.19-4.43 373 (5.0) 2.13-6.37 0.3611 0.75
Ca(g) 0.44 (08)  0.10-1.10  0.68 128 (1.2)  083-1.79 .56 0.57" 11
Cd (ug) 1.6 (0.2) 28-774 114 (.1 3.4-30.8 18-33!7 150
Co (ug) 20.1 (0.1) 8.2-37.6 6.85 488 (0.2) 24.9-70.3 25,716 300
Cs (ug) 329 (0.7) 1.38-5.61 5.9 4.99 (0.5)  4.03-598 7.2 1028 10
Cu (mg) 090 (0.5)  0.24-1.79 127 (0.4)  095-11.14 1.31% 0.7.1.6!" 35
Fe (mg) 285 (3.7)  13.1-1053 9 53.9 (3.4) 21.3-83.3 9.15!%l 16
K(g) 2.16 (1.3) 0.98-336  2.18 344  (1.0) 2.88-3.69 1.9 1280 33
Mg (mg) 167 (1.0) 60-280 227 246 (0.7) 219-320  200'*, 370" 340
Mn (mg) 237 (1.3) 1.37-3.65 3.7 343 (0.9) 2.86-5.80 3.415 3l 3.7
Na (g) 2.09 (1.0) 0.71-3.54  3.241 269 (0.6 227315 4.5 2570 44
P(g) 0.648 (0.9) 0.23-1.28 1.06 (0.8) 0.96-1.60 0.921%1 1.4
Rb (mg) 0.83 (0.8) 038200 3.8 137 (0.6) 1.19-2.15 1.34" 2.2
Sr (mg) 151 (1.6)  0.20-465 <524 286 (1.5  1.69-7.08 230 18 1.9
Thug) 050 (03)  0.17-1.09 3.80 (1.3)  093-539  0.99!% 041" 3
Uug) 0358 (04) 0.150-2.051 1.508 (0.8) 0.875-2.136  0.66!%, 0.71"" 1.9
Zn (mg) 497 (08) 0.77-11.74 928 8.00 (0.6)  6.60-18.87 7.1 7 55l 13

* Ratio to half of the Reference man

The daily intakes of Zn for children and adults were 4.97
and 8.00 mg, respectively. They were slightly lower than
On the other hand, it has been
reported that Zn deficiencies occurred in the diets of
children and adolescents in Chernobyl disaster territories in
Russia close to Gomel oblast, although their values were
higher than our result [4]. According to their discussion,
also in Gomel oblast, children would be deficient in Zn.

The intakes of **Th and 2*U were below the levels of
other regions [8-10]. No evidence could be found that
higher amounts of such radioactive elements were included
in the diets of the region.

the Reference man.

The results should be interpreted as showing that
children of this region take adequate amounts of elements
with some exceptions, although recommended or standard
values for children have not yet been established.

Since reports on intakes of elements in Belarus have not
been found, the results of this study should provide base
data. It is required that the number of samples and the
sampling area will be increased for further discussion and
fixed conclusion.

References

1. Moysich KB, Menezes RJ, Michalek AM:
Chernobyl-retated ionising radiation exposure and
cancer risk: an epidemiological review. Lancet Oncol 3
(5): 269-279, 2002

2. Matsko VP, Imanaka T: Content of radionuclides of
Chernoby! origin in food products for the Belarusian
population. KURRI Report 79: 103-111, 2002

** Ratio to the Reference man

3. Shiraishi K: Estimation of magnesium intake for
Japanese using eighteen food categories. J Jap Soc Mg
Res 17: 17-30, 1998

4. Zaichick V, Tsyb A, Matveenko E, Chernichenko I:
Instrumental neutron activation analysis of essential and
toxic elements in child and adolescent diets in the
Chernobyl disaster territories of the Kaluga Region. Sci
Total Environ 192: 269-274, 1996

5. Shiraishi K, Yoshimizu K, Tanaka G, Kawamura H:
Daily intake of 11 elements in relation to reference
Japanese man. Health Phys 57 (4): 551-557, 1989

6. Liu SM, Chung C: Trace elements in Taiwanese diet in
different seasons. J Radioanal Nucl Chem 161 (1): 27-38,
1992

7. Favaro DIT, Maihara VA, Armelin MJA, Vasconcellos
MBA, Cozzolino SM: Determination of As, Cd, Cr, Cu,
Hg, Sb and Se concentrations by radiochemical neutron
activation analysis in different Brasilian regional diets, J
Radioanal Nucl Chem 181 (2), 385-394, 1994

8. Giang N, Shiraishi K, Sinh NM, Kimura S, Tuan NN,
Arae H: Estimation of dietary *°Th, ®U, cesium, and
strontium intakes in Vietnamese people from different
geographical regions. Health Phys 80 (6): 605-611, 2001

9. Shiraishi K, Igarashi Y, Takaku Y, Masuda K,
Yoshimizu K, Nishimura Y, Hongo S, Yamaguchi H:
Daily intakes of *2Th and **U in Japanese males, Health
Phys 63 (2): 187-191, 1992

10. International commission on radiological protection:
Report of the task group on Reference man. ICRP
publication 23, New York, 1974



