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ABSTRACT

To investigate the distribution of Mg in the Hiroshima Regional Urban Area, concen-
trations of Mg in the elements were examined. Concentrations of Mg in the seaweeds (n
= 3) and plants (n = 4), which were representative of aquatic and terrestrial elements,
respectively, were determined by the inductively coupled plasma atomic emission
spectrometry. Ulva pertusa contained Mg the highest among the organisms examined.
Concentrations of Mg as well as Ca in the extracts of soils (n = 9), sediments (n = 4), sea-
weeds (n = 3), and plants (n = 12) were measured and determined by spectrophotometry
and colorimetric method. Concentrations of Mg in the sediment extracts were as high as
those of seaweeds in aquatic area, whereas, the concentrations of Mg in the extracts of
plants were higher than those of soils in terrestrial area. These two ways of measurement
could make a part of the environment, in which humans live, visible and contribute for the
evaluation of ecosystem in the Area.
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INTRODUCTION

Mg as an essential element for humans:

Organisms are made up of raw elements. The main elements are C, O, HN, Ca, P,
and K with the composition ratios of 50, 20, 10, 8.5, 4. 2.5, and 1%, respectively, for
humans.

Ca, P K, and Mg are the light metals among the elements, whose concentrations in
the human body, are the highest in this order. Mg2+ is one of the electrolytes playing
important roles to prevent or treat for many diseases”. Low levels of serum Mg associ-

ated with chronic or inflammatory diseases, while, high levels of serum Mg were reported
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in the chronic renal failure patients when prescribed laxatives.
Mg in marine organisms:

O, Si, Al, Ca, Na, K, and Mg are the elements composing earth’s crust, those concen-
trations are the highest in this order (http://www.spring8.or.jp/ja/news_publications/
research_highlights/no_93/). Mg has dissolved in seawater or deposited as sediments
on seabed, from which marine organisms have taken the Mg in their bodies. Mg and
other metals in aquatic environments were found in organisms, seaweeds, bivalve mol-
lusks, fishes, and whales, of collected or captured as foodstuffs or research sampleSZ).
Mg in terrestrial organisms:

Plants require the following 17 elements, C, H, O, N, P, K, Ca, Mg, S, Fe, Mn, B, Zn,
Mo, Cu, and CI for their growth. Terrestrial plants absorb the metals from soil and
water”. The decomposed granite soil is one source of Mg for naturally growing plants.
Fertilizers are the other sources of Mg for agricultural farm plants.

Through consumption of grasses in farm pasture, Mg are accumulated in the bodies

of fielded ruminants””.

The Mg is transferred to the human body through food chain.
Mg in bedrocks and waters:

Granites are the main bedrocks in the western part of Japan. The composition ratio
of Mg in the granite at Mihara City in the Hiroshima Regional Urban Area is 0.04~0.23%".
The Mg contained in public drinking well waters is 1.06~5.11mg/L all over J apan7).
Questions to be clarified in this study:

The objective of this paper is to screen current concentrations of Mg in drinking
waters and foodstuffs available in a local area as a case study. Mg concentrations in
sediments, seaweeds, soils, and terrestrial plants were measured based on the food chain
hypothesis of metal flow in ecosystem (Fig. 1?. The dynamics of Mg from geological
environment to terrestrial organisms was challenged to be shown numerically. Geological
maps of Yamaguchi’ and Hiroshima (https://www.gsj.ip/Map/EN/geology2-5.
html#Hiroshima) prefectures will be helpful to obtain the bedrock information. Concen-
trations of Mg, a light metal, in granitoids of the Sanyo Belt” will provide additional infor-
mation on the local natural environment.

This study is the beginning of a cross examination of the Mg flow at a local area of the
Hiroshima Regional Urban Area in 2020s. The data will contribute for the evaluation of

present biological environment and for the promotion of human health in the Area.
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Fig. 1. A hypothesis of Mg flow in local area.
Both aquatic and terrestrial areas were examined. The examined elements in

the ecosystem were sediments and seaweeds for the sea area and soils, naturally
growing plants, and agricultural farm plants for the land area.

MATERIALS AND METHODS

Study area:

The Hiroshima Regional Urban Area is an economic unit comprising of 23 cities and
towns of Hiroshima and Yamaguchi prefectures, the population of which is 2 million (The
total number of municipalities is 24 in April, 2022, since another city, Miyoshi, has
attended) (Fig. 2).

Sample collection:

Samples used in the present experiment were collected between 2019 and 2022.
Sediments and soils were collected in April and stored at -20°C until use. A specific sam-
pler was used for collection (Ekuman-Birge, RIGO Co. Ltd., Tokyo, ] apan)lo). The sedi-
ments at the mouth of rivers were collected when the tide was low. The sediments under
the oyster rafts around the iles of Kakuma-jima were collected at a depth of 20 m from the
surface, with wet weight of more than 0.3 kg each scoop. Depth was measured using a
water depth detector.

Seaweeds at the mouth of the Otagawa river were collected from the surface of
stones, when the tide was low in June. They were stored at -20°C until use.

Two kinds of Brassicaceae plants, B. rapa x B. oleracea and Raphanus sativus var.
hrtensis, and four kinds of Lamiaceae plants, Salvia hispanica, P furutescens, P frutescens

var. crispa, P citriodora, were collected from an experimental farm (N34°09" 39.77, E132°
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Fig. 2. Hiroshima Regional Urban Area and Hiroshima
Bay.
A rough map of the Hiroshima Regional Urban Area
(6302.8 kmz). The iles of Kakuma-jima (N34°31" 33.21,
E132°40’ 17.83) face the mouth of Otagawa river.

19° 06.01) in spring and autumn for the plants of Brassicaceae and Lamiaceae, respectively.
All the collected samples were stored at -20°C until use.
Hot water extraction method:

One gram of each sample was put into 50 mL plastic tube. Fifty mL of boiling deion-
ized water was poured into the tube. The tube was left for 5 min at room temperature.
Then aqueous solution was extracted through a qualified filter paper using funnel. The
extracts were used for further experiments.

Measurements of Mg and Ca:

Concentrations of Mg in seaweeds and plants were determined via ICP-AES (Induc-
tively Coupled Plasma Atomic Emission Spectrometry)s) and calculated on a wet weight
basis.

Concentrations of Mg and Ca in the extracts of samples were measured by a colori-
metric method. Commercial water quality test kits (Kyoritsu Chemical Check Lab. Co.
Ltd, Tokyo, Japan) were used. Concentrations of Mg and Ca were shown on a dry weight

basis.
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Statistical analysis:

Student’s #test was performed to compare the concentrations of Mg and Ca for the
farm plants. Pearson’s coefficient of correlation was used to compare the Mg and Ca
values. KaleidaGraph software version 3.6 (HULINKS, Tokyo, Japan) was used.

RESULTS

A comparison of Mg concentrations as a component of organisms to those as
an extract of organisms:

Ulva pertusa contained the highest Mg among the organisms examined when deter-
mined by ICP-AES (Table 1). The Mg in Ulva pertusa was found successfully to be
extracted into water by the method with high doses when determined by the colorimetrical
method.

Concentrations of Mg in Brassicaceae plants were not so high when compared to
those of the other organisms, whereas, their extract concentrations were high.

Mg concentrations in the extract of soil, sediment, and organisms:

Concentrations of Mg were shown for most of the commercially available natural min-
eral waters (14/15 cases of examined) with those of Ca simultaneously (Fig. 3-A). The
exceptional water was made in a local town within the Hiroshima Regional Urban Area.
The correlation co-efficiency of the concentrations between Mg and Ca was high (R = 0.67,
p< 0.01).

Average concentrations of Mg were 37.3 + 22.5 mg/L for the sediment extracts (n =
4) and 54.6 = 23.7 mg/L for the seaweed extracts (n = 3) (Fig. 3-B). Average concentra-
tions of Ca in extracts were 32.5 = 20.6 mg/L and 16.7 + 5.8 mg/L for the sediments and

Table 1. Concentrations of Mg in seaweeds and farm plants.

Mg  Extracted Mg/g

No. Order Family Species

(mg/g) (mg/L)
1 Undaria pimmatifida 2.70 41.0
2 Algae Seaweed Ecklonia kurome 4.03 41.0
3 Ulva pertusa 14.40 82.0
4 . Brassica rapa x Brassica oleracea 0.17 82.0
Brassicaceae . .
5 Spermatophyta Raphfmus sativus var. hor.temls 0.31 68.3
6 Lamiaceae Perilla frutescens var. crispa 2.24 20.5
7 Perilla citriorora 2.04 8.2
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Fig. 3. Mg concentrations in extracts of soil, sediment, and organism.

seaweeds, respectively. The concentrations of Mg and Ca in the sediment extracts were
as high as those of the seaweed extracts.

Average concentrations of Mg in extracts were 5.4 + 1.6 mg/L for soil (n =9), 13.2 +
6.5 mg/L for the Lamiaceae plants (n = 8), and 78.6 + 6.9 mg/L for the Brassicaceae
plants (n = 3) (Fig. 3-C). Average concentrations of Ca in extracts were 12.1 + 15.3 mg/
L for soils, 10.0 + 8.7 mg/L for Lamiaceae plants, and 16.0 + 23.0 mg/L for Brassicaceae
plants.

DISCUSSION

Information on natural as well as anthropogenic metals in the local area is essential to
ensure the health of residents. In this study, Mg, a light element essential for humans, in
the environment has been measured. The established measurement method of Mg via
ICP-AES was used"”. Simultaneously, a commercially available test kit for water quality
was used, since just one step was enough to prepare the sample for measurement.

Concentration of Mg in Ulva pertusa, a kind of seaweed commonly observed in the
Seto Inland Sea, was the highest among the samples examined. The doses were as high
as those shown in the Food Composition Database by the ministry of Education, Culture,
Sports, Science and Technology (https://fooddb.mext.go.jp). However, seasonal effects
on the Mg concentration in seaweeds are to be examined, since the best season for the

measurement of Mg for each seaweed has not been grasped, yet.

767



Yumiko Nitta, Hiroyuki Katsuoka, Toshihide Harada and Fumiko Ishizaki:
Measurements of Mg in the ecosystem of Hiroshima Regional Urban Area

Concentrations of Mg in Brassicaceae plants were as high as those shown in the Food
Composition Database. The concentration of Mg in P, citriodora was as high as those of
seaweed, however, no standard data were available from the Food Composition Database.
Monitoring the Mg concentration with growth are to be examined for each species of
plants.

When compared the amount of Mg in the extracts, the Brassicaceae plants showed
the highest. Any relationship between the extraction method and chlorophyll destruction
might influence on data. Commercially available teas do not present the concentrations
of Mg, no matter how they show the way of tea extraction individually on their package.

In conclusion, devising better ways to obtain extracts are the first to force the mea-

surement of Mg in the ecosystem including humans.
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NOTE

Element symbols used are boron: B, carbon: C; calcium: Ca; cadmium: Cd; chloride:
CI; copper: Cu, iron: Fe; hydrogen: H; potassium: K; magnesium: Mg; manganese: Mn,;

molybdenum: Mo; nitrogen: N; oxygen: O; phosphorus: P; sulfur: S and zinc: Zn.
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