Bean sprouts (Pisum sativum L.) accumulate
cadmium (Cd) in their foliage
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ABSTRACT

To investigate the transfer of Cd from fertilizer into farm plants, a hydroponic experi-
ment was performed with bean sprout. The concentrations of Cd in the foliage were
measured by the Atomic Absorption Spectrometer. The bean sprout increased their
weight for 1 week and then gradually decreased the rates of weight gain to the end of the
experiment. When added the oyster shell powder (Crassostrea gigas) in the cultivation
liquid as a source of the heavy metals, they accumulated Cd and zinc (Zn) in their foliage
time dependently.
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INTRODUCTION

Cd and Zn are widespread ubiquitously with the Cd/Zn ratio of one hundredth in

. 1-4
rocks, soils and seagrass beds ),

Both Cd and Zn are present in the sediment and shells
of oyster at the mouth of Otagawa river in Hiroshima bay, where the oysters were culti-
vated””. There has been no regulation of the Cd contamination in oyster meat by the
Food Safery Commission of Japan. No attention has been paid to the Cd contaminated in
shells”. The cycle of Cd from benthic organisms to terrestiral organisms has received
little attention. Meanwhile, several plants for recycling oyster shells as fertilizers began
to operate in the Hiroshima Regional Urban Area.

The bean sprout are a nutritious vegetable that have been widely consumed in China,
Korea and ] apang). The hydroponic cultivation enables the bean sprouts to enrich their
nutritional value and allowed us to consume the vegetable throughtout yearg).

In order to confirm the transfer of Cd from oyster shells into vegetables, a hydroponic

cultivation method was prefered for the bean sprout. This is a part of our project to make
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the circulation of Cd in the target districts visible, which could be informative for the

health of resident people and the perspective of biodiversity.

MATERIALS AND METHODS

Oyster shell: Commercially available cultured oysters were used (Hiroshima Prefectural
Union of Fishermen, Hiroshima, Japan). After removing meat, the shells were washed
with running water, air-dried and ground by the stainless ball mill. The pulverized shells
were sieved through a 2 mm screen to remove impurities. For the comparison of the
appearance of the shell powder, three products from the three different companies were
purchased.

Their concentrations of the metals were measured by the sediment determining meth-

ods of II-5.1 and II-5.4 for Cd and Zn, respectively. The mean value of the triplicated
measurements was sued as representative for each sample.
Hydroponic cultivation of bean sprout: Commercially available bricks of bean sprout
(Murakami Field Co, Itd., Hiroshima, Japan) were used. FEach brick was placed in a 6.5L
plastic tank of polysulfone (CL-0123-3, CLEA Japan Inc., Tokyo, Japan) with or without 100 g
of oyster shell powder (Fig. 1). Deionized water of 0.5 L was added to cultivate bean
sprouts hydroponically for 0, 1, 2 or 4 weeks in a laboratory room with natural light and
temperatures from 11 to 20°C. The 0.5 L of deionized water was supplied every morning
until the end of the observation duration. This every day’s supply of water helped the irri-
gation of the hydroponic water in the tank. The hydroponic cultivation experiments were
performed from December in 2018 to March in 2019. The oyster shell powder was pre-
pared from the shells purchased in 2018.

Parts of the foliage were dried in a drying device (KM-300V, AS ONE, Osaka, Japan)
overnight and then ground by a stainless ball mill and stored at -20°C until use. Drying
ratios (mean + SD) were 5.4 + 0.8 times. For microwave digestion, 70% HNO, solution
(reagent grade) was added to each sample. For drying, the sample was set on a hot plate
at 180°C. After filled up to 10 ml with deionized water, the concentrations of their Cd and
Zn were determined by the atomic absorption spectrometry (AA-6200, SHIMADZU, Kyoto,

Japan). Values of the metals are presented per wet weight of the samples.
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RESULTS

Cd concentration in oyster shell: The oyster shells cultured in Hiroshima bay con-
tained 0.160 = 0.071 mg/kg (mean = SD) and 15.2 + 9.1 mg/kg (mean + SD) of Cd and
Zn, respectively (Table 1). The 2018 powder contained 0.18 and 19.00 mg/kg of Cd and

Zn, respectively.

Table 1. Concentrations of Cd and Zn in oyster shells.

Cultured oyster (mean * SD)

Hiroshima a) Except Hiroshima b)
n 4 5
Cd (mg/kg) 0.16 = 0.07 0.13+0.03
Zn (mg/kg) 15.23+9.10¢) 4.44+1.80
Cd/Zn 0.013 =0.008 0.036 = 0.024

a): Oysters were cultivated within the Hiroshima Regional Urban Area.

b): Oysters were cultivated in Hyogo, Miyagi (Ishinomaki and Onagawa),
Miyazaki and Niigata prefectures.

0): p <0.02 by #test when compared to the Zn value of the prefectures except
Hiroshima.

A: Oyster shell powders in ¢30 mm dish.
The experimentally used 2018 powder (a) and
the other three commercially available oyster
shell powders (b, ¢, d). B: Representative
bricks of bean sprout hydroponically cultivated
for 0 (a) and 1 (b) week. Plastic scales indi-
cate 30 cm in maximum.
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The oyster shell powder used in this experiment was composed with the finest parti-
cles compared to the others purchased commercially (Fig. 1-A). The color was whitest
among the four kinds of powder products.

Cd concentration in bean sprout: The weight of the 52 bricks of bean sprout was
360.0 = 35.4 (mean + SD) g. Growth of the hydroponically cultured bean sprout was
shown by the relative weight to the weight at 0 week (Fig. 2-A). The rates of weight
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Fig. 2. Hypotonic cultivation of the bean sprout.
A: Weight changes of the bean sprout treated with or without oyster shell powder. Circle
symbols (@, O) indicate the weight of roots and foliage. Square symbols (Hl, []) indicate
the weight of foliage. Vertical bars indicate standard deviation. B: pH transition of the cul-
tivation solutions with or without oyster shell powder. C: Concentrations of Cd in the bean
sprout. Solid line is expressed by the formula: y=2.67 - e "X (R=0.84). D: Concentrations
of Zn in the bean sprout. Solid line is expressed by the formula: y=6.80 - e " X R=0.85).
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increase reached the highest at 1 week and then gradually decreased to the end of the
observation period. There was no statistically significant difference in the relative weights
between the two groups of with or without oyster shell except the culturing duration at 2
weeks.

The hydroponic condition monitored by the pH values was constant in the oyster shell
treated group during the experimental periods (Fig. 2-B). While, the pH values increased
after 3 weeks of cultivation in the oyster-non-treated group.

The bean sprouts accumulated Cd and Zn exponentially (Fig. 2-C, D). There was a

time-dependency in accumulation.

DISCUSSION

The Cd in the oyster shells was able to be absorbed into the foliage of bean sprout
experimentally in this study. This is one example of the flow of Cd from benthic organ-
isms in sea to terrestiral organisms on land.

The measurement of Cd in oyster shells was informative to speculate the additional
burden of Cd on the fields. Oysters biologically consentrates a certain amount of Cd from
sea to the shell®'”. The oyster shells cultured in Hiroshima bay showed the 0.013 +
0.008 mg/kg of Cd, while, the fertilizers available in Japan contained 67 mg/kg of 45%
cq

When the risks of heavy metal contamination for humans were assessed, foodstuffs

1519, Vegetables absorb Cd from soil™™,

23, 24)

are the main source of Cd Reported concen-

tration of Cd in foods varied Therefore, the exposure to Cd could be different
personallyz‘r’). The human activity to reuse oyster shells as one of the fertilizer compo-
nents adds burden of Cd on our sanitary environment, since the oyster shell usage in the

fields could be a contributor to the Cd circulation in land.
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