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ABSTRACT

The purpose of this study was to determine the inorganic elementsin 8 commercial algae foods using INAA and | CP-AES methods.
The results showed that the Na, Cl, and Al concentrationsin green algae food are 1.5~7 timesless than those in Spirulinafood. Other heavy
metal contents, including As, Cd, Cu, Hg, Pb, Cr, and Ni, were all within the allowed daily intake levels. The Spirulinafood samples were
found to contain more than 1 pug/g of As, which isthe limitation level for green agae food samples, and one contained 15 pg/g of Pb. Since
the concentrations of the inorganic elementsin this study were not found to exceed the present regulation levels, they can be considered as

safe food.
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INTRODUCTION

Algae, which isconsidered to be anatural food, is abun-
dant in protein (50~65%), amino acids (more than 10 types),
and chlorophyll (~5%)®. It also contains some trace ele-
ments(?, which are essential to the human body. Several
brands of health food made of cultured green algae and
Spirulinaare now commercially available. These algae foods
involve both trace elements and amino acids, which are read-
ily absorbed and utilized by the human body. However, due
to the cultured condition differences, trace element contents
could vary in different brands of algae food. Those trace ele-
ments in a suitable range level could be beneficial to our
body; while an overdose of trace elements could create an
additional load on the human body and thus a detrimental
effect could occur.

In general, the human body is composed of two groups
of elements, namely common and trace elements®®. Common
elements account for up to 99% of human body constituents,
including the four organic elements of O, C, H, N (96%), and
the elements of Ca, P, S, K, Na, Cl, Mg etc (3%). Only
10-3%~10""% trace elements exist in the human body.
Because only trace amounts of trace elements exist, enhanc-
ing detection sensitivity could increase the detectable num-
bers of trace elements. Until now, more than 70 trace ele-
ments have been found. (Some significant trace elements are
listed in Table 1 4).)

It is known that an overdose of trace elementsis harm-
ful to health. It was reported in Japan that consuming cadmi-
um contaminated rice could cause Itai-Itai disease(®.
Overdoses of lead can cause lead poisoning, resulting in
intelligence retardation and slow reactions®®). Arsenic could
cause black-foot-disease®. Some evidence also reveals that
insufficient trace elements could affect human health. For
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example, alack of the elements Se, Ge, Zn, Fe, and Mn could
have a detrimental effect on body metabolism and the devel-
opment of the brain and bones(”.

In this study, the Instrumental Neutron Activation
Analysis (INAA) and Inductively Coupled Plasma Atomic
Emission Spectrometry (ICP-AES) methods were used to
analyze the inorganic elementsin 8 commercia algae foods.
The main purpose of this study was to determineif the heavy
metal contentsin those health foods were higher than the tol-
erant levels. In addition, by analyzing the inorganic elements,
the properties of algae food could also be characterized.

MATERIALSAND METHODS

|. Materials

Eight marketed algae food samples were randomly col-
lected from chain stores such as WATSON'S, COSMED, or
specia contract stores. Six of the samples were green algae
food (G1-G6) and two were Spirulinafood (B1-B2). All sam-
ples were within the effective usage period according to the
expiration date shown on the packages. Table 2 liststhe daily
intake correction factors, which were used as the calculation
bases to correct the daily intake for the collected food sam-
ples, since the recommendation daily intakes varied for dif-
ferent brands.

1. Detection Methods

INAA is a non-destructive detection method and capa-
ble of simultaneously identifying and quantifying many inor-
ganic elements without any chemical pre-treatment. Thus,
the chance of sample contamination can be minimized.
However, some elements such aslead, copper, cadmium, and
mercury are either small in the reaction cross-section to neu-
trons or readily interfered with gamma-ray energies by other
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Table 1. Human major composition elements
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Common elements Trace elements (weight percent: 5x103-1.4x107%)
Organic Weight percent  Elements  Weight percent Essential (14-17 elements) Maybe / Non essential (=15 elements)
o 61 % Ca 1.40% Fe Rb
C 23% P 1.10% Zn As
H 10% S 0.20 % Cu Si
N 2% K 0.20 % Mn Bi
Na 0.14% Cr Al
Cl 0.12 % Mo B
Mg 0.03 % Co Ti
Se Pb
Ni Cd
Vv .

Table 2. Daily intake correction factors for various samples

Table 3. Inorganic elements to be determined by INAA method

Sample number Gl G2 G3 G4 G5 G6 Bl B2

Irradiation time Cooling time Elements to be determined

Correction factor 100 48 40 30 50 6.0 50 30

elements, resulting in low detection sensitivity. Phosphorus
(P) is likely to be activated to release B-emitter 32P.
Therefore, the gamma-ray spectrometer is not suitable for P
detection.

| CP-AES has been widely adopted in inorganic element
detection. In this study, INAA was mostly used to detect the
inorganic elements in algae food samples, while ICP-AES
was used to detect those elements (lead, copper, phosphorus,
cadmium, and mercury), which show less sensitivity to the
INAA method. Furthermore, these two methods were mutu-
ally validated by the detection of potassium.

(1) INAA Detection

A Zero-Power Reactor (ZPRL) at Lungtan, Taiwan, was
used to provide the neutron source for INAA detection. The
maximum neutron flux in the reactor core was about
6.7 x 101 necm2esecl. Inside the reactor core, there exists
an open area (7 cm x 7 cm) alowing for irradiating samples.

Algae food samples (0.8~1 g) were individually packed
into a polyethylene plastic bag prior to irradiation. The refer-
ence standards (peach leaves SRM 1547 and coal fly ash
SRM1633b), which were used as the quantification stan-
dards, were purchased from the National Institute of
Standards and Technology (NIST).

Test samples were exposed to neutron beamsfor 5 or 20
hours depending on the elements to be analyzed. After an
appropriate time of cooling, the activated samples were ana-
lyzed with agamma-ray spectrometer to identify and quanti-
fy the inorganic elements in test samples. The inorganic ele-
ments, which are intended to be determined by the INAA
method, are listed in Table 3.

(I1) 1ICP-AES Detection
Five inorganic elements including lead (Pb), copper

(Cu), phosphorus (P), cadmium (Cd), and mercury (Hg) were
analyzed using ICP-AES (Leeman model SP1000) in this

Short (5 min.) 5min. Mg ~Al ~Cl ~Ca~Ti ~ Mn
Long (20 hr.) 3d. Na-K -Br ~As~La~Sm- &
21d. Sc~Cr~Fe~Co-2Zn-Rb -~

Se ~Sr ~Cs- Ba

study. The reagents purchased from E. Merck Co. were used
for the preparation of standard solutions. Test samples (~1g)
were digested with a mixture of nitric acid (5 mL) and sulfu-
ric acid (3 mL) and heated with an electric plate prior to
analysis.

To determine if the sample matrix could interfere with
the analyte, the inorganic elements listed in Table 4 were
spiked into the test samples of green algae G5 and Spirulina
B1 and tested for recovery. Therelative errors of recovery for
spiked elements were al within 10% as shown in Table 4.

RESULTS

The inorganic element contents in algae food analyzed
either by INAA or ICP-AES were designated to be mg/g or
Ho/g. Because the recommend daily intake levels were dif-
ferent among those test samples, the inorganic contents were
converted to daily intake concentrations (mg/d) by multiply-
ing a factor as listed in Table 2 in order to more effectively
reflect the actual daily intake levels.

Table5 and 6 liststhe daily intake levels of common and
trace elements expressed by mg/d and pig/g. Data were most-
ly generated by using INAA except for the data with paren-
theses, which were generated by using ICP-AES. The potas-
sium level intest sampleswas analyzed by both methods, and
the results generated from these two methods were consis-
tent. Titanium was not found in most of samples, except for
sample G4 aslisted in Table 6.

The error percentage for detection of K, Na, Cl, Mg, P,
Mn, Cu, Br, and Pb were within 10%, while for Fe, Al, Cr,
Co, Sc, Rb, and Ba detection were 10~20%, and for Ca, Sr,
As, and Zn were 20~30%. Sulfur content in all test samples
was lower than the detection limit of the instrument. All the
errors, including statistical and systematic errors, were esti-
mated repeatedly after being analyzed 4 times.
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Table 4. ICP-AES recovery tests
Element Addition (ug) Measurement (1) Recovery (%) Addition (ug) Measurement (ug) Recovery(%)
(G5) (B1)
Cu 5.0 4.7 9 5.0 4.6 92
Pb 10.0 11.0 110 10.0 9.1 91
Cd 5.0 5.4 108 5.0 47 94
P 10000 9320 93 10000 10200 102
K 8000 8420 105 8000 7920 99
Hg 5.0 45 0 5.0 45 90
Table 5. Common element daily intake? for this study
Common Daily Intake? (mg/daily)
Element G1 G2 G3 G4 G5 G6 B1 B2
77.8 430 124 7.2 444 50.9 545 46.2
K (64.0) (43.2) (328) (51) (35.5) (36.6) (455) (42.0)
Na 32 1.0 12 0.6 10 23 18.7 29.7
Ca 49.9 36.9 19.7 75 22.6 14.8 20.3 44
Cl 18 15 0.6 12 17 1.2 149 16.5
Mg 243 17.2 1.7 29 15.7 10.9 20.1 16.0
P (118.0) (85.0) (624) (13.2) (785) (414) (40.0) (27.0)
S (<100) (<48) (<40) (<30) (<50) (<60) (<50) (<30)
8Data with parenthesis are measured with ICP-AES otherwise INAA will be prevailed.
bEstimated errors. ~10% for K ~ Na ~ Cl ~ Mg ~ P
20~30% for Ca.
Table 6. Trace element daily intake for this study
Trace Daily intake* (ug/daily)
element G1 G2 G3 G4 G5 G6 B1 B2
Fe 5957.0 5260.8 4859.6 12768 7140.5 6794.4 43185 1188.0
Al 1340.0 700.8 732.0 294.0 595.0 270.0 2080.0 7097.0
Mn 275.0 258.7 309.6 81.3 229.0 1342.8 265.5 90.0
Zn 507.0 158.4 90.0 191 120.5 59.6 236.5 62.4
Cu (120.0) (30.6) (32.7) (10.4) (24.5) (41.6) (49.6) (36.0)
Cr 6.9 38 23 2.0 31 26 32 2.0
Br 4.4 149 14 6.0 185 4.7 435 11.9
Sr 392.0 115.2 156.8 <334 108.0 87.6 203.0 79.2
Ba 117.6 64.9 457 65.1 1615 162.3 86.5 <30.0
Co 0.6 24 14 1.0 3.0 0.8 18 11
Rb 12.7 15.0 6.6 <7.6 14.4 84 33.0 35
Sc 0.1 0.2 0.1 0.1 0.2 01 0.7 0.1
La <14 37 0.4 05 4.6 <0.75 <25 <141
Se <0.08 0.1 <0.04 0.1 0.2 0.1 <0.05 <0.02
Sm <0.3 0.6 <0.14 0.1 0.7 <0.13 0.3 <0.135
As <35 46 21 14 24 3.6 9.9 <3.84
Hg <0.3 <0.14 <0.12 <0.09 <0.15 <0.18 0.15 <0.09
Pb (<5.0) (<2.49) (<2.0) (<15) (<2.5) (<3.0 (76.0) (16.8)
Ti 3924.9

3Estimated errors: ~10% for Br ~ Mn ~ Cu ~ Pb

10~20% for Fe ~ Al ~ Cr
20~30% for As ~ Sr ~ Zn.

DISCUSSION

I. Heavy Metal Contents

In general, heavy metals are the metals which belong to
the transition elements with higher specific gravity. However,
only 7 of them, Cd, Cu, Cr, Ni, Hg, Pb, and Zn, havereceived
more attention, due to their detrimental effect on health and
the possibility of food contamination. Arsenic carries similar
propertiesto the heavy metals, although it is categorized asa

~Sc~Co-Rb-Ba-La ~Se-Sm

none-heavy metal element. Therefore, the results of analyz-
ing the above 8 elements are discussed as follows.

The recommend daily intake heavy metal elements for
humans are listed in Table 7(7). As compared to the results
listed in Table 6, al the contents of heavy metal elementsin
this study were far below the recommend daily intake levels
(Table 7). The recommend daily intake levels listed in Table
7 include all the food sources. However, the ratio of algae
food consumption is far less than other food consumption.
Comparing the data listed in Table 6 to those listed in Table
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7, most of the elementsin the algae food samples showed less
than 10% of recommend daily intake, except for Crin G1 and
Pb in B1 samples, which showed 13.8% and 25.3% of rec-
ommend daily intake, respectively.

According to the heavy metal element regulation
announced by the Department of Health, ROC, arsenic in
green algae and Spirulina food is limited to 1 and 2 ug/g,
respectively, and heavy metal (based on Pb element) is
restricted to 5 and 20 pg/g, respectively. The heavy metal
concentrations for the test samples are summarized in Table
8. Arsenic contents in green algae food samples were all
within the regulation range (1 pg/g). Although it showed
higher arsenic contentsin Spirulinafood samples, those con-
centrations were still within the regulation range (2 pg/g).
The spectro-photometric method is the official method for
the detection of lead, which is designated to be the total
heavy metal contents. Thus, the individua heavy metal con-
tents determined in this study can not be used to compare the
total heavy metal contents detected by a spectro-photometric
method.

I1. Common and Trace Elements

The contents of common/trace elements labeling for
marketed algae food are quite different and selective,
depending on the brands or manufactures. Potassium (K),
calcium (Ca), and iron (Fe), for example, are the elements
frequently selected for algae food labeling. The labeling con-
tents could only be used as a reference since the test results
were different from the label contents.

(I) Common Element Contents

The contents of phosphorus (P), sulfur (S), potassium

Table 7. Recommend daily intake heavy metal elements
Element As Pb Zn Cu Hg Cd Cr Ni
Daily intake (ug/daily) 100 300 13000 2500 10 40 50 400
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(K), and calcium (Ca) in algae food were found to be higher
than the other common elements. This result reveals a com-
mon property existing in this kind of health food. In terms of
the common element contents, a significant difference was
observed between green algae and Spirulina food. The sodi-
um (Na) and chloride (Cl) contents in Spirulina food were
even 5 times higher than those in green algae food. This
could be due to fact that the Spirulinawas cultured in seawar
ter.

(I1) Trace Element Contents

The major trace elements in algae food included iron
(Fe), zinc (zZn), aluminum (Al), copper (Cu), and manganese
(Mn), and their contents ranged from tens to ten thousands
microgram (g). The results of our study indicated that the
contents of the above 5 elementsin al test samples, G1-G6
and B1-B2 as listed in Table 9, were far below the recom-
mend daily intake (RDI) level or recommend safety contents
reported by some literature. These results are reasonable
because RDI counts the elementsin all the food being taken
daily; while algae food merely represents one of those foods.

The RDI percentage for iron in both group G and B were
significantly higher than those for other elements. This result
isin accordance with atrait of green algae food that is usual-
ly declared with high iron content. The result as shown in
Table 9 also revealsthat Group B food was rich in aluminum
(Al), indicating the aluminum content in Spirulina food was
much higher than that in green algae food.

It has been reported that algae food is also abundant in
strontium (Sr) and barium (Ba). A well-known property of
algee is its strontium absorption ability. This trait had been
used to absorb radioactive strontium for treatment of nuclear
waste with high radioactivity®).

The results also showed that G4 food sample contained
high concentration of titanium (Table 6). G4 food sample was
the only test sample packed in capsule form. After analysis,
we found that the titanium in G4 food mainly came from the

Table 8. Heavy metal concentration for this study(G1-G6, B1-B2) unit: pg/g

Sample G1 G2 G3 G4 G5 G6 B1 B2

As <0.35 10 0.5 0.5 0.5 0.6 2.0 <1.28

Pb <0.5 <0.5 <0.5 <05 <0.5 <0.5 152 5.6

Zn 50.7 33.0 225 6.4 24.1 9.9 47.3 20.8

Cu 120 6.4 8.2 35 49 6.9 9.9 12.0

Hg <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03

Cd <05 <05 <0.5 <0.5 <05 <05 <0.5 <0.5

Cr 0.7 0.8 0.6 0.7 0.6 0.4 0.6 0.7
Table 9. RDI and recommend safety contents for certain major trace elements

RDI2 Gl-Gg° B1-B2°
(mg/daily) mg/daily RDI Percent (%) mg/daily RDI Percent (%)

Fe 16 49-12.8 (30.6-80) % 1.2-43 (7.5-26.9) %

Zn 13 0.02-0.51 (0.2-3.9) % 0.06-0.24 (0.5-1.9) %

Al 10 0.27-1.34 (2.7-13.4) % 21-7.1 (21-71) %

Cu 25 0.01-0.12 (0.4-4.8) % 0.04-0.05 (1.6-2) %

Mn 4 0.08-1.34 (2-33.5) % 0.09-0.27 (2.2-6.8) %
%Ref. 7.

bThis study (Table 6).
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capsule. The purpose of using titanium (titanium dioxide) is
to provide awhite color so that the capsule becomes opague.
Basicaly, titanium is not harmful to human health since it
does not easily accumulate in human body.

CONCLUSIONS

The inorganic elements in 8 marketed algae food were
identified and quantified in this study. Results showed that
the contents of Na, Cl, and Pb in green algae food samples
were significantly lower than those in spirulinafood samples.
The contents of As, Cd, Cu, Hg, Pb, Cr, and Ni in al test
agae food samples were al within the daily intake levels.
Although the As content in Spirulina food and Pb content in
B1 algae food sample were higher than others, those concen-
trations were found not to exceed the regulation levels.
Therefore, al the test samples were considered to be safe
food.
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