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Evaluation of the environmental heavy metals and their circulation in the
Hiroshima Regional Urban Area

Research background

Fertilizers may affect agricultural ecosystem and human health.
General fertilizers are investigated their concentrations of specific
hazardous substances for humans to be evaluated the safety for using on
agricultural farms. Agricultural farm soils are regulated the concentrations
of zinc (Zn) and some class II specified hazardous substances. Any
contamination of hazardous substance is out of regulation for the special
fertilizers, to which oyster shell fertilizer belongs.

Hiroshima prefectural government has promoted recycling the shell
waste of oyster (Crassostrea gigas) into a kind of specific fertilizers to solve
an waste disposal problem. The resumed oyster culturing in the late 1940s
grew into an industrial system in the Hiroshima Bay. At the same time, as
the amount of oyster meat accounted for 65% of Japan’s total production in
2011, waste disposal problems concerning to oyster shells became serious.

Human activities to recycle industrial wastes may add to the burden of
hazardous substances on the ecosystem. The system to recycle oyster shells
from industrial waste to agricultural fertilizer may transfer cadmium (Cd)
from sea to land. Could the ecosystem including oyster culturing area
produce oyster meat with higher quality, sustain better human health and
improve preventive medicine? The law, Revision of the Law Concerning

Special Measures for Conservation of the Environment of the Seto Inland
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Sea and Modification of the Basic Plan for the Conservation of the
Environment of the Seto Inland Sea acted in 20115. In line with the law, the
concept of Hiroshima Regional Urban Area has been put into action since

2015 encompassing revitalization of local economy.

Hypothesis

Fertilizers made from oyster shell waste may affect the local ecosystem.
Zn and Cd in them may contaminate plants cultivated on the soil and
resident mammals, including humans, through plants (Fig. 1).

Terrestrial
Air plants L,
Heavy I - e - » and
metals I animals
r
1
Soil Oyster shell | Humans
fertilizer
A
I- -_—
1
Bedrock | I I
Water Aquatic [
animals

Fig. 1. A hypothesis of the Cd flow with the mediator of oyster shell fertilizer. Areas of the
ecosystem examined in this paper spans the sea and land. Elements of the sea area are
sediment and benthos. Elements of the land area are river sediment, soil, plants of natural
as well as agricultural farms and wildlife. [1 and arrows indicate the flows of heavy metals
well established. [] and hatched arrows are the hypothesized flow of heavy metals from sea

to land mediated by oyster shell fertilizer.

Cd is ubiquitous in rocks and geological stratum, whose sources in the
local ecosystems are Zn mining, battery production, metal smelting, and
cement factory. Maximum limit values of Cd/Zn in soil are 0.0133 and
0.0100 given by WHO and EU, respectively, considering their toxic effects
on human health.

If wildlife symbiotic with humans accumulated certain amounts of Cd
and Zn in their bodies, origin and flow of them in the ecosystem should be
investigated, since wildlife experience lifelong exposure to them in the local
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ecosystem. The best wildlife for investigation would be the medium-sized
mammals widely distributed within the target ecosystem.

Structure of this paper

This paper comprises six chapters. Chapter I is the introduction. The
background of this research, what has been known, and what will be
clarified are described.

Chapter II is entitled “Cd in the oyster culturing environment of
Hiroshima Bay”. Distribution of Cd, Zn, and Cd/Zn in the human
environment was referenced globally, and the concentrations of Cd and Zn
in the sediment, oyster and the fertilizers made of oyster shells provided
within the Hiroshima Regional Urban Area were screened locally. Total
amount of Cd fixed by oyster shell from sea was estimated.

Chapter III is entitled “Cd in local foodstuffs in the Hiroshima Regional
Urban Area”. Concentrations of Cd and Zn in game meat of deer (Cerves
nippon) and wild boar (Sus scrofa) commercially available within the Area
were screened. Distributions of Cd and Zn in the wild boar body privately
captured within the Area were examined. Concentrations of Cd and Zn in
the sediments of the Otagawa river system were examined. Risks for
humans being exposed to Cd by eating game meat was estimated.

Chapter IV is entitled “Origin of Cd and Zn in wildlife captured at the
southern part of the Hiroshima Regional Urban Area”. Accumulation of Cd
and Zn in plants and animals symbiotic with residents was examined in
local towns of Hiroshima Regional Urban Area. Pteridophytes, farm plants,
wild boars and raccoon dogs were selected as the elements in the terrestrial
ecosystem. Sources of Cd and Zn in wildlife kidneys were discussed.

Chapter V is entitled “Experimental transfer of Cd from oyster shell to
lant”. Transition of Cd from oyster shell into plant was investigated. Farm-,
pot-, and hydroponic cultivation for two kinds of plants were performed. One
of functions of oyster shells as a transporter of Cd from sea to land was shown
by the index of concentration factor (CF), which was given be the equation:
CF = (value of foliage) / (value of pot soil).

Evaluation of the environment of the Hiroshima Regional Urban Area
was challenged from the viewpoint of circulation of Cd and Zn in Chapter VI
entitled “General discussions”. Concentrations of Cd and Zn in organisms
were expressed by an indicator, CF.

The following four tables are shown as Appendixes: “Standard values of
Cd and Zn in the sediments, fertilizer, soil, and foodstuff’, “Samples and
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methods for the measurements of Cd and Zn”, “Sizes of oysters cultured and
wild”, and “Concentrations of Cd and Zn in the oyster shells of cultured and

wild”.

Materials and Methods

Study areas are the terrestrial areas in Hiroshima Regional Urban
Area and the sea area of Hiroshima Bay. Target chemical substances are Cd
and Zn. Original samples are marine sediments, river sediments, soils,
oyster meat, oyster shells, pteridophytes, agricultural farm plants, game
meat, and wildlife. Measuring devices are Atomic Absorption Spectrometry
and Inductively Coupled Plasma Atomic Emission Spectrometry.

Results

Chapter II: To investigate the distribution of Zn and Cd in the Hiroshima
Bay, their concentrations in the sediment, whole oyster, oyster meat, and
oyster shell were evaluated. The sediment at the coast of Hiroshima Bay
contained 144.3+95.8 mg/kg of Zn and 0.34+0.19 mg/kg of Cd. Oysters
attached on the coast sediment contained 340+173.2 mg/kg of Zn and
0.19+0.14 mg/kg of Cd as a whole, sediment below the culturing rafts
contained 160.0+39.2 mg/kg of Zn and 0.38+0.06 mg/kg of Cd. Cultured
oysters contained 183.9+120.1mg/kg of Zn and 0.22+0.12 mg/kg of Cd in
meat, and oyster shell wastes contained 24.4+23.2 mg/kg of Zn and
0.05+0.05 mg/kg of Cd. Considering the total amount of oysters produced in
the area, 5.5~6.3 kg/year of Cd was fixed in oyster shells.

Chapter III: Cd contamination in foods is unavoidable. The Cd
concentrations in game meat were screened with the criterion of <0.05
mg/kg in the Hiroshima Regional Urban Area, where no specific spot
showing high Cd levels in the sediment was reported. On screening two
kinds of commercially available game meat, it was observed that all wild
boar meat contained less than 0.05 mg/kg of Cd, however, 28.6 % of sika
deer meat contained Cd over the criterion limit. On screening of wild boars
privately captured in two narrow districts, the Cd concentrations found to
be were <0.05 mg/kg in muscle tissues and 1.97+1.67 mg/kg in the kidneys,
which was more than 40 times higher than that in muscles. Thus, screening
of the kidneys of wildlife can be useful to assess Cd contamination in every
ecosystem.

Chapter IV: Information on anthropogenic Cd in local areas is important for
public health, food hygiene and ecosystem. Bioaccumulation of Cd and Zn in
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wild pteridophytes, harvested farm plants and wildlife were measured in a
local area of the southern part of Hiroshima Regional Urban Area for 3
years from 2017 to 2019. Wild pteridophytes showed mean values of
1.083+1.899 mg/kg for Cd and 68.2+71.3 mg/kg for Zn with a strong
correlation between the Cd concentrations of the two metals. Farm plants,
contained 0.0063+0.0056 mg/kg for Cd, which were not correlated with the
concentration of Zn, 14.7+21.8mg/kg. Farm plants and wild boar muscles,
which are used as foodstuffs, contained <0.025 mg/kg of Cd and <89.0 mg/kg
of Zn. The kidneys of female wild boars and raccoon dogs contained Cd, and
the concentration was correlated to that of Zn. The accumulation of Cd
correlated to Zn among the examined elements indicated that female
raccoon dogs are the primary element for investigating Cd in the local
ecosystem. These data could be useful for risk communication on the food
safety among residents, hunters, and researchers.

Chapter V: To investigate the transfer of Cd from fertilizers to farm plants,
farm-, pot-, and hydroponic cultivation were performed to the two species of
plants, perilla (Perilla citriodora) and bean sprout (Pisum sativum L.)
conditioned with the fertilizer made from oyster shell waste. Farm-
cultivated perilla concentrated Cd and Zn from soil with the concentration
factor (CF) of 0.14 and 0.27, respectively. The transition of Zn from soil to
plant increased via the pot-cultivation. Four weeks of hydroponically
cultivated bean sprouts accumulated Zn in their foliage time dependently by
a conditioning with oyster shell powder. Cd and Zn concentrations increased
by 5.5 and 2.2 times, respectively. Amounts of the metals were estimated as
0.5 u g/foliage/brick and 0.77 mg/foliage/brick for Cd and Zn, respectively.

Discussion
Heavy metals in the Hiroshima Regional Urban Area

Information on natural as well as anthropogenic heavy metals in local
area is essential to ensure the health of residents. This study focused on Cd
in the oyster shell fertilizer made from the aquacultural waste. Contribution
of the oyster shell waste to increase the amount of Cd in the terrestrial area
was shown numerically (Table VI-1).

Concentrations of Zn and Cd in the sediment, oyster shell and organism
at Hiroshima Regional Urban Area are compared with the previous studies.
Sediments of the Hiroshima Bay contained Zn above the standard upper
limit. Commercially available oysters contained Zn in meat with as high
levels as those of 50 years ago, and Cd concentrations in their shells were as
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high levels as those in their meat.

Cd concentrations were comparable between the terrestrial wild
mammals and humans. Wild boars and raccoon dogs accumulated Cd in
kidney with high doses considering their short lifespan compared to

humans.

Table VI-1. Zn and Cd in the aquatic area, fertilizer, and terrestrial area

Zn (mg/kg) Cd (mgrkg)
Hiroshima Regional Hiroshima Regional
Nakanishi, et al., Zn, 2008 Urban Area Nakanishi, et al., Cd, 2008 Urban Area
(2018~2021) (2018~2021)
Cultureing sea water <0.01* - <0.005% -
Sea area water <0.02* - <0.02* -
. Sediment <150 120 - 210 0.03-1.1 0.31-0.44
Aquatic
area Clams - - <-2 -
Benthos - 140 - 370 0.56 0.06 - 0.41
Oyster 33 33-540 0.1-0.68 0.09-0.32
Hiroshima oyster (Tanaka et al., 1974) 139.0 - 272.0 - 0.12-0.32 -
Sewage sludge - - 0.9
Fertilizer Sewage sludge. fer.ti.lizer - - 5 -
Opyster shell fertilizer - 8-65 - 0.005-0.13
Generalfertilizer - - 0.02-5.5 -
Pedosphere - - 2
Granite (Ishihara et al., 2006) 89 - 5438 - 0.5-66 -
Granite - 92-120 - 0.35-0.39
Soil - 75-180 0.1-1000 0.05- 0.32
. Pteridophyta - 5.85-212.0 - 0.03 - 6.92
Terrestrial Farm plant - 0.5-67.8 - 0.0005 - 0.0217
area Game (deer) - 15.9 - 88.9 0.001-0.03 < 008
Game (wild boar) - 11.4-41.9 - < 0.05
Wild boar kidney - 16.11-25.9 - 0.43- 6.03
Raccoon dog kidney - 12.6 - 31.7 - 0.26 - 20.60
Human (Komai et al., 2013) 8.5~15.9 (blood) * - 2 (kidney) -
* mg/L.

Sediments of Hiroshima Bay contained Zn with exceeded the level of maximum limit
acceptable. Commercially available oysters contained Zn in meat with as high levels as
those in sediment. Fertilizers made from oyster shell waste contained 0.005~0.32 mg/kg of
Cd. All agricultural farm plants contained <0.1 mg/kg of Cd. Wild boars and raccoon dogs

accumulated Cd in kidney with high doses compared with humans.

Concentrations of Cd and Zn in the organisms were compared with each
other by the index of CF obtained by the equation: CF = (value of organism)
/ (value of ambient). Female mammals symbiotic with humans could be the
sentinel for the evaluation of biological environment locally, since whose
high sensitivity to environmental Cd could be shown numerically by CFs
(Table VI-2).



Table VI-2. Concentration factor (CF) of Cd and Zn in organisms.

Cd/Zn Concentration factor (CF) Concentration rate of
Number Cd (mgkg) 7Zn (mg/kg) 100) o . Cdizn
Sediment Hiroshima Bay 4 0.38+0.06 160.0+39.2 0.24 1 - - 1 - - 1
Soil Agricultural farm 3 0.18+0.14 110.3+60.3 0.19 - 1 - - 1 - - 1
Pteridophytes 18 1.08+1.90 59.6+64.2 1.06 - - 1 - - 1 - - 1
Cultured oyster meat 5 0.22+£0.12 183.9+120.1 0.15 0.58 - - 1.15 - - 1.60

Organism Agricultural farm plants 16 0.006+0.006 14.7+21.8 0.51 - 0.033 - - 0.13 - - 2.11
Wild boar muscle 38 0.004+0.005 39.5£26.3 1.7 - - 0.004 - - 0.66 - - 1.55
Wild boar kidney 17 1.51+0.99 211425 72 - - 1.398 - - 0.35 - - 6.55
Raccoon dog kidney 16 4.40£5.26 22.9+4.5 17.7 - - 4.074 - - 0.38 - - 16.09

2 Obtained by the equation: CF = (value of organism)/ (value of ambient).

»:  Defined as the value of (Cd/Zn of organism) / (Cd/Zn of ambient).

Oysters fixed Cd and Zn from the sea water into meat by 0.58 and 1.15 of CF's, respectively.
Agricultural farm plants accumulated Cd from the soil into body by 0.033 of CF.
Accumulations of Cd in wildlife kidney were more obviously shown by the concentration
rate of Cd/Zn, 6.5 and 16.1 of for wild boar and raccoon dogs, respectively, than the values of
CFE.

Effects of Cd in oyster shell waste to the agricultural farm soil

Estimated total amount of Cd in oyster shell waste was 5.5~6.3
kg/year in Hiroshima prefecture. This annual supply of Cd from sea to land
would increase 0.0031~0.0035 pg of Cd/kg of agricultural farm soil, if the
fertilizers were consumed locally. Hydroponic cultivation of bean sprouts
accumulated 0.5 pg/foliage/brick of Cd into foliage from the oyster shell
powder.

These results may indicate the possibility that a part of Cd in the
agricultural farm plants has been originated from the fertilizers made from
oyster shell waste, no matter how the examinations of Cd dynamics in the
agricultural farm soil remain.

Effects of Cd in agricultural farm soil to the reginal ecosystem
Zn and Cd, when sprinkled on agricultural farms as the
contaminants of fertilizer, are transferred from the sea to land of the
Hiroshima Regional Urban Area. Annual use of oyster shell fertilizers could
affect ecosystem because of long time persistency of Zn and Cd in the
environment (Fig. 2).
1. The sediment below oyster culturing rafts of Hiroshima Bay contained
7Zn and Cd: the mean value of Zn exceeded the maximum limit of
sediment acceptable, and that of Cd was as high as those of 9 years ago.
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2. Commercially available oysters contained Zn in meat as high
concentrations as those of sediment and in shell as one tenth of the
sediment.

3. (Cd concentrations in game meat did not exceed 0.05 mg/kg except sika
deer meat, which had 28.6 % of risk for consumers to reach the
Provisional Tolerable Weekly Intake of Cd, 7Tpug/kg body weight/week,
when consumers eat >100 g of deer meat every day.

4. Wild plants, four kinds of pteridophytes, accumulated Cd in their foliage
with a correlation to Zn with the value of Cd/Zn, 0.012+0.001, which
partly reflected geologic background of the Area.

5. Cd concentrations in the edible parts of the agricultural farm plants
were <0.1mg/kg.

6. Females of wild boar and raccoon dog inhabiting satoyama accumulated
Cd in their kidney with a positive correlation to Zn accumulation.
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Fig. 2. Cd flows in the Hiroshima Regional Urban Area. Total amount of Cd in the oyster
shell fertilizer was 5.5~6.3 kg/year. Agricultural farm plants absorbed the Cd into their
foliage.

Conclusion
There 1s a route for Cd to circulate in the human environment with

the mediator of oyster shell waste as a specific fertilizer at the Hiroshima
8



Regional Urban Area. The amount of Cd in oyster shell, 5.5~6.3 kg/year, is
an identifier of the burden added to the terrestrial environment by the
human activities based on only one system of recycling oyster shell waste.

Cd concentrations in the foodstuffs available in this Area was lesser
than the provisional tolerable weekly intake level except oyster meat and
game meat. However, wildlife symbiotic with humans are the primary
mammals with high concentrations of Cd accumulated in the kidneys.

Detrimental substance investigation is required to promote the
oyster shell recycling as a kind of specific fertilizers. Additional burden of Cd
on agricultural farm soil cannot be ignored, when the oyster shell fertilizer
is used annually. For the investigation, female raccoon dogs are the sentinel
mammals to provide valuable data related to Cd in the terrestrial
environment.

The fundamental solution would be to regain the sediment of lesser
concentrations of Zn and Class II specified hazardous substances, which
would restore the healthy Hiroshima Bay for oyster culturing, decrease viral
infections through oyster meat, and conserve the ecosystem with landscape
level.
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