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ABSTRACT

Instrumental neutron activation (INAA) with ky standardization has
been used to determine the concentration levels of a variety of major and
trace elements (Al, As, Br, Cd, Cl, Co, Cr, Cs, Cu, Fe, Hg, K, La, Mg, Mn,
Mo, Na, Rb, Sc, Se, and Zn) in rice grains (raw and parboiled) and in rice
flour collected from local markets in Sri Lanka. In addition, the energy-dis-
persive X-ray fluorescence (EDXRF) analysis has been used to determine
the three elements Ca, P, and S in powdered samples. To evaluate and
assure the accuracy and precision of the ky standardization method, the
IAEA standard reference material V-8 rye flour was analyzed. The results
obtained in the present investigation were compared with the results
reported from other countries. All of the elements detected in the rice
matrices from Sri Lanka were very low in concentration or within normal
limits for food plants. Approximate daily dietary intakes of the individual
elements supplied through rice were calculated and compared with the
available literature values of daily allowances.

Index Entries: INAA; kj standardization; neutron activation analysis;
rice; trace elements.

INTRODUCTION

Many mineral elements occur in living systems in “trace” quantities.
Of the 90 naturally occurring elements, only 17 (C, H, O, N, P, S, Ca, Mg,
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K, Cu, Zn, B, Fe, Mo, Cl, Mn, and Ni) are essential for plant life (1), whereas
for humans 25 elements (C, H, N, O, S, P, K, Mg, Ca, Cl, Na, F, Si, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Se, Mo, Sn, and I) are currently known to be essential
(2); in addition, two other elements, Al and Li, have recently been included
as possibly essential (3,4). The 25 essential elements include 4 light metals
(Na, K, Mg, and Ca) and 10 heavy metals (Cr, Mn, Fe, Co, Ni, Cu, Zn, Se,
Mo, and Sn). Just as some major and trace elements are essential for life,
their excesses, imbalances, or deficiencies can result in adverse effects on
living systems. The appropriate contents of nutritional elements in plants
are essential both for the health of plants and for the nutrient supply to
man and animals. The list of “essential” trace elements continues to grow
because of the growing knowledge of nutritional requirements and
because of the progress in analytical determinations. During the last 30 yr
or so, nine new elements have been added to the list of known essential
trace elements for man and animal nutrition. In the case of foodstuffs, the
form in which the trace elements are present affects the bioavailability of
trace elements.

The major entry of trace elements into the body is through diet. Rice
(Oryza sativa L.), being a staple in the diet of many people in Asian coun-
tries, supplies a major proportion of the total daily intake of major and
trace elements by these people. Various modern developments in agricul-
ture and technology can affect the trace element content of foods. Because
of this, concerns have increased over the contamination of crop plants with
various chemical elements by the introduction of mechanized farming, the
application of agrochemicals, and the processing of foodstuffs during and
after harvest. For instance, water used for irrigation during cultivation
together with the trace element content of soil might directly affect the
plant content of trace elements. During the postharvest processing, the
extent of milling of cereal grains is known to affect the trace element con-
tent of cereals such as rice. Milling not only removes the outer layers of the
grain, which are rich in minerals but also could potentially contaminate
the rice grain with trace elements. Another widely used postharvest prac-
tice is parboiling. In the process of parboiling rice, the paddy is soaked in
ambient water for some time, the water drained, the paddy steamed (or
otherwise heated) to gelatinize the starch, and dried (5). Steaming drives
the water-soluble vitamins from the outer layers into the endosperm so
that less of these nutrients will be lost during milling and washing. Par-
boiling also hardens the grain. Parboiled rice is, therefore, more nutritious
than what is referred to as “raw” rice. However, concern has been raised
about possible contamination of the paddy by trace elements and other
contaminants during the process of soaking, if clean water is not used. In
order to minimize the adverse impacts of these practices, it is important to
measure and continuously monitor the concentration levels of trace ele-
ments in foodstuffs such as rice (6,7), as it comprises more than 50% of the
average daily intake of the people of Sri Lanka. It is also important to note
that some people consume rice or rice-based products for all three meals.
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During the last two decades or so, the clinical interest in the trace ele-
ments has been expanding. One of the major reasons for this is the real-
ization that imbalances of trace elements (i.e., deficiencies or excesses) in
man might be an important contributory factor to some major chronic dis-
eases (8-10). Research directed to achieving a better understanding of the
role of the trace elements in plant and human metabolism will require a
variety of different approaches, and the accurate measurement of trace ele-
ment concentrations in foodstuffs is only one of these. Such measurements
will continue to have an important role in the detection and confirmation
of deficiency states and could contribute effectively to the improvement of
human nutrition through better assessment and planning. The primary
objective of this study was to obtain data on the elemental concentrations,
including those of the potentially toxic elements in rice grain and rice flour
from Sri Lanka, and to compare them with maximum permissible levels
prescribed in international literature and guidelines (11,12). In addition, no
detailed studies of major and trace elements in rice grains and rice flour
from Sri Lanka had been performed previously and the results of this
study are intended to be used as baseline values for future comparisons.

MATERIALS AND METHODS

In order to improve the accuracy of the results, the first author (R.].)
participated directly in the whole analytical procedure, including the sam-
pling (13). The rice grains, “raw polished” (local name: Rathu Kekulu) and
parboiled (brown variety), and the rice flour, each from two different pro-
ducers, were purchased at local markets in Sri Lanka. The rice grains were
cleaned of sand/stones and unhusked paddy seeds and washed quickly
with tap water, as normally would be at home. All samples in clean poly-
ethylene bags were then dried in an oven at 60°C for 36 h. All of the sam-
ples were brought to the Instituto Tecnolégico E Nuclear (ITN), where they
were freeze-dried (model: Heto DWS8) for 4 d. About 25 g of each of the
freeze-dried samples were then ground down to a fine powder (<200 um)
using a mill equipped with a Teflon vial and Teflon balls (model: Mikro-
Dismembrator, B. Braun, Biotech) in which the samples were kept and
placed for 10 min in liquid nitrogen before grinding. The parboiled grains
were not grindable because parboiling hardens the grain resulting in less
breakage. The ground samples were further homogenized by mixing in a
rotating plastic bottle (model: WAB-Turbula, T2C, Switzerland) for 6 h,
stored in precleaned plastic bottles, and screw-capped tightly to avoid
absorption of water. These plastic bottles were then stored over silica gel
in a desiccator. Three replicates of the standard reference material (SRM),
IAEA V-8 rye flour, were separately dried according to the instructions
given in the certificate for the determination of the water content.

In the recent past, instrumental neutron activation (INAA) with k
standardization followed by high-resolution y-ray spectrometry has
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become one of the most promising and widely applicable analytical
methods for simultaneous multielement analysis of biological material
(14-17). This technique does not require prior sample preparation, thus
diminishing the risk of contamination or loss of certain elements during
sample digestion. For the analysis of samples by the ky standardization
method, about 250-450 mg of the samples was weighed into a small
polyethylene vial (0.84 cm3; type: W; Vrije University, Amsterdam). This
vial was then capped, heat-sealed, and placed in a medium-sized vial for
a short irradiation (30 s) of one sample at a time. A disk of 8 mm diame-
ter cut from 0.1-mm (thickness) Au—Al foil (0.1% Au, IRMM-530RA) was
then gum-taped to the medium-sized vial and irradiated together with
each sample, the gold (Au) being the comparator. Samples of the stan-
dard, V-8 rye flour were also prepared for irradiation as described earlier.
After a decay time of 7 d, a number of samples, standards, and the blanks
were irradiated simultaneously for 7 h (long irradiation) for the produc-
tion and detection of longer-lived induced activities. For the long irradi-
ation, two to three small vials used for the short irradiation were placed
in a medium-sized vial together with a gold foil disk and capped for irra-
diation. The real samples of the parboiled rice grains were prepared for
irradiation using the same procedure described earlier, as they were
ungrindable.

The energy-dispersive X-ray fluorescence (EDXRF) analysis was used
to determine only calcium (Ca), phosphorus (P), and sulfur (S) in pow-
dered samples of raw rice and rice flour, as most of the other elements in
the rice matrices were below or close to the detection limits of the tech-
nique. For the EDXRF analysis, the pellets of 3.2 cm diameter were pre-
pared by pressing about 2 g of the powdered material with a 15-ton
manual press after adding 1 ml of a liquid binder (800-4-Chemplex). An
EDXRF spectrometer (Kevex Delta XRF Analyst System) equipped with
secondary targets and filters was used for the quantitative measurement of
Ca, P, and S. The details of the procedure, including the evaluation of spec-
tra and calibration, have been described elsewhere (18,19).

Irradiations

For the INAA ky analysis, all samples, blanks, and the V-8 rye flour
standard were subjected to two different irradiations: (1) for 30 s (short
irradiation) to detect and determine the radioisotopes with short half-lives
and (2) after they were allowed to decay for 7 d, for 7 h (long irradiation)
to observe the radioisotopes with long half-lives. Both irradiations were
performed at a thermal neutron flux density of 2.3 x 1012 n/cm? s at the
Portuguese Research Reactor at ITN, Sacavém. The selection of timing
parameters (i.e., irradiation, decay [cooling] and counting times), together
with the radioactive properties of the elements analyzed are summarized
in Table 1.
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Irradiation and Counting Details of Rice Samples
and the Relevant Nuclear Data Used for the Analysis

Table 1

87

Measurements Radioactive Properties
Irradiation Cooling Counting Nuclide Gamma Half-life
Duration Time Time Sought Energy (keV)
Short irradia-  10-15min 300 Al 1778.9 2.2 min
tion (30 s) e 1642.4 36 min
®Cu 1039.2 12.7h
2K 1524.7 124h
Mg 843.8,1014.2 9.5 min
*Mn 846.8; 1810.7 26h
*Na 1368.6 150h
60-90 min 600 s *l 1642.4 36 min
2K 1524.7 124h
Mg 843.8;1014.2 9.5 min
**Mn 846.8; 1810.7 26h
*Na 1368.6 150h
150 min 600 s " Au 411.8 2.7d
Long irradia- 4d 2h "As 559.1 1.1d
tion (7 h) $Br 776.5 1.5d
"5cd 527.9 22d
YK 1524.7 124h
s 328.9; 815.8;1596.5 1.7d
Mo 140.5 275d
*Na 1368.6 15.0h
10d 300s % Au 411.8 2.7d
30d 3.30h Do 1173.2; 1332.5 53yr
SIcr 320.1 27.7d
BiCs 604.7; 795.8 2.1yr
“Fe 1099.2 44.5d
O Hg 279.2 274
%Rb 1076.6 18.7d
Sc 889.3, 1120.5 83.8d
Se 264.7 120d
7n 1115.5 244 d
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Counting

The gamma spectra of the irradiated materials were recorded using a
158-cm3, liquid-nitrogen-cooled, ORTEC GEM series HPGe detector with
a resolution of 1.85 keV at the 1.33 MeV photopeak of ®°Co and an effi-
ciency of 30%. This detector was used in conjunction with a CANBERRA
4096-channel analyzer. All of the spectra obtained were converted to con-
centration data using the GELIAN and SINGCOMP software programs
(20,21). In some samples, the concentration of certain elements could not
be satisfactorily determined, possibly the result of the unforeseen changes
in the cooling times performed on the activated samples and/or high
errors in counting statistics affecting the sensitivity. Those cases are indi-
cated as “not analyzed” (n.a.). The detection limits of the INAA k for indi-
vidual elements vary significantly, depending on the background of the
spectra. The details of the kg standardization method are described in ear-
lier publications (14,15). To assure adequate quality control of the results,
the standard reference material (SRM) IAEA V-8 rye flour was analyzed.

RESULTS AND DISCUSSION

The analytical results obtained for the IAEA V-8 rye flour are presented
in Table 2, along with the certified /noncertified values. It is evident that
both the precision and accuracy of the analytical method are good. The ko
standardization method has been proved to be more powerful and conven-
ient than the relative method for multielement analysis, and the accuracy of
the method is usually better than 10% for most of the elements (16,22).

The average concentrations of 24 major and trace elements in the two
types of rice grain (i.e., raw and parboiled) and in rice flour, each purchased
from two different leading producers, are listed in Table 3. Because of the
low concentration levels present, which are below or close to the detection
limit of the technique, both Cd and Hg were detected only in two samples.
In Table 3, each value represents the average of two or three independent
determinations, except for a few cases. It is interesting to note that the mean
concentration levels of most of the elements detected in “raw” rice compare
tavorably with those of the parboiled rice. Only the three elements cesium,
manganese, and rubidium were substantially higher in parboiled rice than
in raw rice (see Table 3). In the case of parboiled rice grains, the real samples
(grains) were analyzed by the ky method, as they were not grindable. There-
fore, it was not possible to determine Ca, P, and S in the parboiled grains by
the EDXRF analysis. Overall, the values obtained in the present investiga-
tion are more or less consistent with the concentration values given by
NIST for SRM 1568a rice flour (Table 3), except for higher values of Br,
which is noncertified, and lower values for Na and Rb in the SRM 1568a.

In terms of the concentration values obtained, it is reasonable to com-
pare the “raw” rice with rice flour, as the rice flour is commercially pro-
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Table 2

Analytical Values Obtained (in mg/kg)
for Constituent Elements in IAEA V-8 Rye Flour
by the ko Standardization Method

Element Certified/Non- Measured Value
Certified Value

X+ CI X £ CI
(Al) 3+ 15 4.89
Br 0.38 + 0.07 0.364 + 0.001
Ca 149 + 10 n.a.
(Cd)” 17 + 10 <500
Cl 570 + 108 636 + 45
(Co)’ 25+ 1.5 <10
Cr - 0.94 + 0.15
(Cs)" 24+ 1 <10
Cu 0.95 + 0.19 <1
Fe 41+ 0.7 523 + 027
Hg - 0.028
K 1925 + 135 2234 + 88
(La) - 0.002
Mg 121 + 9 133 + 12.7
Mn 2.06 + 0.12 2.08 + 0.10
(Mo)” 120 + 70 133 + 19.6
(Na) 25+ 1.0 26412
p 592 + 87 -
Rb 0.48 + 0.07 0.609 + 0.046
(S) 620 + 90 -
(Sc) - 0.001°
Zn 2.53 + 0.33 2.72 + 0.05

Note: X: mean concentration; CI: confidence interval at
95%; ( ): noncertified information values; n.a.: not analyzed.
* Concentration in micrograms per kilogram.

7 Mean of two identical values.

duced by grinding raw rice grains; despite the producer-to-producer con-
centration variations, the two types of rice matrix compare favorably with
each other, with slightly lower values for Fe, Mg, and Se in rice flour.

In another exercise, the present results (Table 3) were compared with
the results obtained by INAA for similar rice types of other countries (6,7)
(Table 4). The Al content in all the rice samples from Sri Lanka is charac-
terized by higher values than in samples from Iraq (6). The confidence
interval (CI) values reported from Iraq and Japan (6) compare favorably
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Concentrations of Elements (Mean * SD in mg/kg Dry Weight) Determined

in Rice Samples from Sri Lanka

Raw (Polished) Grains Parboiled Grains

Producer 1* Producer 2° Producer 1* Producer 2°
Al 564 + 1.45 11.0 + 0.78 531 + 029 841 + 081
As 0.034 £ 0.006 0.034 £ 0.001 0.065 + 0.012 0.092 + 0.001
Br 0.308 + 0.030 0.208 + 0.002 0.221 + 0.010 0259 + 0.008
Ca’ 946 + 26 942 + 78 - -
cd 0.192 (0.088)° <0.5 <0.5 <0.5
Cl 191 + 18 240 £ 8 137 + 4 146 + 1.4
Co” 104 £ 5 35 + 1 39 + 2 39 £ 1
Cr .11 + 001 0.96 + 0.01 037 + 0.04 0.64 + 033
Cs 0.016 = 0.003 0.015 + 0.006 0.046 + 0.004 0.032 + 0.006
Cu 337 + 0.70 na. 280 + 024 272 £ 0.76
Fe 176 + 3.5 168 + 0.8 129 + 2 200 + 3.1
Hg <0.01 <0.01 0.033 (0.014) <0.01
K 1995 + 205 1810 + 42 2105 + 120 2275 + 49
La  0.0020 + 0.0001  0.007 + 0.001 0.004 + 0.002  0.0028 + 0.0003
Mg 845 + 85 677 + 4 954 + 12 1105 + 35
Mn 124 + 0.6 874 + 0.26 194 + 2 206 + 021
Mo  0.824 + 0.049 0.893 + 0.040 0.920 + 0.14 0.675 + 0.156
Na 113 + 0.8 79 + 19 106 + 1.0 197 + 6.2
P 1800° 1450 + 150 - -
Rb 189 + 1.6 237 £ 0.6 475 + 3 443 + 0.99
S’ 1250 + 50 1250 + 50 - -
Sc” 1.1 £ 0.1 25 + 0.5 1€ 2 % 1
Se 0.217 (0.058)° n.a. 0.177 (0.044)° 0.115 (0.041)"
Zn 23 + 2.8 211 £ 0.2 258 + 1 260 + 035

with the present results from Sri Lanka (137-357 mg/kg). The three ele-
ments Mg, Mo, and Rb are substantially higher in the samples from Sri
Lanka than the values reported in refs. 6 and 7 for the rice samples from
other countries. The very high levels of Sc in the samples from Iraq
(480-950 ug/kg) seem to be an indicator of contamination of the samples
by external dust (23). The contents of the other elements are more or less
mutually consistent with the values published in refs. 6 and 7.

As already mentioned, rice is the dietary staple for many Sri Lankans,
and it accounts for more than 50% of the dry diet. Therefore, we decided
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Table 3
(continued)
Rice Flour NIST Rice Flour

Producer 1* Producer 2° SRM 1568a"
Al 745 £ 093 3.17 + 0.98 44 + 10
As 0.035 + 0.001 0.061 + 0.006 029 + 0.03
Br 0.310 + 0.013 0.267 + 0.022 8¢
Ca 70.0 + 0.65 711 = 2 118 + 6
cd <0.5 <0.5 0.022 + 0.002
Cl 357 + 13 250 + 6 300¢
Co 51 £ 3 119 + 04 18¢
Cr 0.86 = 0.08 0.64 £ 0.06
Cs 0.016 + 0.005 0.011 + 0.001 .
Cu 326 £ 0.25 n.a. 24 + 03
Fe 105 + 0.49 786 + 1.56 74 + 09
Hg <0.01 <0.01 0.0058 + 0.0005
K 1470 + 71 1550 + 127 1280 + 8
La 0.008 = 0.006 0.003 + 0.002 -
Mg 502 + 43 573 + 4 560 + 20
Mn 113 + 03 113 = 03 200 + 1.6
Mo 1.02 + 0.04 145 + 0.04 146 + 0.08
Na 98 + 04 834 + 0.02 66 + 0.8
P 1450 + 50 1600 + 100 1530 + 80
Rb 200 + 0.35 237 + 0.21 6.14 £ 0.09
S 1200¢ 1200° 1200 + 20
Sc 1.7 £ 0.1 1+ 01 -
Se n.a. 0.108 = 0.002 0.38 + 0.04
Zn 223 £ 007 209 £ 0.07 194 = 05

7 Different producers; n.a.: not analyzed.

*ug/kg.

§ Mean + 95% expected coverage statistical tolerance interval.
¢ Mean of two identical values.
d Noncertified values.
T EDXREF values only for powdered samples.

b Counting statistics errors.

that it would be interesting to calculate the daily dietary intakes of the ele-
ments measured. Approximate daily dietary intakes of the individual ele-
ments supplied through rice grains and rice flour (on a dry weight basis)
are presented in Table 5, assuming that an adult, healthy individual in Sri
Lanka eats rice grains for two meals (about 300 g dry weight), and rice

Biological Trace Element Research
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Table 5
Approximate Daily Dietary Intake of the Individual Elements
Supplied Through Rice
Raw Rice’ Parboiled Rice" Rice Flour’ DA®

Consumption

g/day 300 300 200

Al 2.50 mg 2.1 mg 1.1 mg -
Ca 28.3 mg - 14.1 mg 08¢g
Cl 64.8 mg 42.6 mg 60.8 mg -
Cu 1.01 mg 828 ng 652 ng 3mg
Fe 5.16 mg 4.9 mg 1.8 mg 10-20 mg
K 571 mg 657 mg 302 mg 2-5¢g
Mg 228 mg 309 mg 108 mg 0.7¢g
Mn 3.18 mg 6 mg 2.2mg 4 mg
Na 3.9 mg 591 mg 2.8 mg 1-2 mg
P 750 mg - 460 mg -
Rb 6.4 mg 13.8 mg 4.4 mg

S 540 mg - 360 mg -
Zn 6.5 mg 7.8 mg 4.3 mg 15 mg
As 10.2 g 1.1 pg 9.6 ug

Br 77.4 ng 72 ug 57.8 ug

Cd 57.6 ug - -

Co 21 ug 11.7 pug 6.4 ug 3 g
Cr 312 ug 156 pg 150 pg 0.1 mg
Cs 4.8 ug 11.7 pg 2.8 ug

Hg - 9.9 ng -

La 1.5 ng 1.2 ng 1.2 ug

Mo 257.7 ug 2394 ug 248 pg 0.3 mg
Sc 0.6 ng 0.6 pg 04 pg

Se 65.1 ug 43.8 pg 21.6 pg Otlg

* Based on the mean concentration value of the two producers.
@ Daily dietary allowance for humans (24).
b Of vitamin By,.

flour (about 200 g) in the form of various preparations for one meal (break-
fast or dinner). For the calculation in Table 5, the mean concentration value
of the two producers for each element was taken. Available literature val-
ues (24) of “daily allowances” (DA) (i.e., the dietary intake of a given ele-
ment that a human can consume per day) are also presented in column 5
of Table 5. For the human-essential elements such as Ca, Cr, Cu, Fe, K, Mg,
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Mn, Mo, Se, and Zn, the daily dietary intakes through rice are lower than
the DAs. They are considerably higher for Co and are slightly higher for
Na than the DA values. The DA of 3 ug of Co represents only the amount
associated with vitamin Bjy. The toxicity of Co is, however, low at these
concentrations; also, in humans and animals, Co does not accumulate in a
target organ (25). It is known that in humans, Co is required in the form of
the Co-containing vitamin Bjp, and most of the dietary Co is not assimi-
lated, thus excreted (25). Therefore, the higher values for Co in Table 5
could not pose a problem for human health. It should, however, be empha-
sized that the levels of elements in prepared food (in this case, the boiled
rice) are more relevant than raw products, as some elements are partially
lost as a result of cooking (e.g., Br, Cl, and Hg) or some are added from
water and utensils used in cooking. Therefore, the values in Table 5 can be
considered as a guide for the approximate daily intake of elements
through rice.

Overall, the variations observed in different rice samples from Sri
Lanka as well as from other countries can generally be attributed to a
number of factors such as varietal differences, soil composition, geo-
graphical location, environmental factors, agricultural chemicals,
postharvest processing, and the quality of trace element analysis. In gen-
eral, the values obtained for the rice samples from Sri Lanka in this study
are either lower than or consistent with general values published for food
plants (11).

CONCLUSIONS

It appears that the rice samples from Sri Lanka had normal levels of
both the nutritional (essential) and the nonessential elements. All of the
concentration levels of potentially toxic elements such as Cd and Hg
(detected only in two samples) were very low in concentration or within
normal limits for food plants. The nondestructive analytical technique
used, the INAA ky method, proved to be well suited to the assay of rice
matrices, even in their normal state, as in the case of parboiled grains, for
their trace element content.
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