Pteridophytes in the Hiroshima wide-area urban districts
concentrate cadmium (Cd) in their leaf and stem
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ABSTRACT

To investigate the status of Cd in the soil available in the Hiroshima wide-area urban
districts, pteridophytes have been collected from 5 districts. The concentrations of Cd
were measured by the Atomic Absorption Spectrometer. The pteridophytes accumulated
Cd depending on the soils they grew. The Athyrium yokosense and Plagioria euphlebia spe-
cies contained more than 1.0 mg/kg, while the Gleichenia japonica and Cyrtomium falca-
tum species showed less than 0.5 mg/kg. The soil of the two former species was com-
posed with the Jurassic stratum, and the latters of which was that with Cretaceous. Since
the average Cd was high in the wildlife habituated there, present data supported the specu-
lation that the accumulation of Cd in wildlife would be influenced by the soils, where the Cd
has accumulated differently depending on the geological periods.
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INTRODUCTION

Heavy metal contamination results from improper disposal, mining by-products or
released specific chemicals in and around urban districts. Cd is one of the metals and
possibly one of the non-essential elements for mammalian health, however high toxicities
have been obvious for humans when expsed chronicallyw) .

Assessing the exposure to environmental pollutants has been provided by the aquatic

8 . . . .
). Some birds accumulated heavy metals in their viscerous

and terrestrial organisms7‘
organs, and some other birds showed the reduction of reproductive success or physiolog-
ical abnormalities.

In view point of the ecological landscape, the anthropogenic environmental activities
to change the original vegetation in the target districts should be considered. Because

fields, heavy metals and anthropogenic activities compose visible as well as invisible parts
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of the landscape, where the wildlife is one of the main elements of biodiversity.

The objective of this study was to measure location-specific metal concentrations in
the Hiroshima wide-area urban districts through wildlife simbiotic with humans. Pterido-
phydes were provided to measure the concentrations of Cd in the soils of the distircts.
Making the circulation of Cd in the target districts visible could be informative for the

perspectives of biodiversity as well as health of the resident people.

MATERIALS AND METHODS

Ppteridophytes: Pteridophytes were collected from the 5 districts during the periods of
routine hunt from November in 2017 to February in 2019 (Table 1). Leaf and stem parts
of each pteridophyta were used for the Cd measurement.

Cd and Zn measurements: Samples were dried in a drying device (KM-300V, AS
ONE, Osaka, Japan) overnight and ground by a stainless ball mill and stored at -20C
until use. The drying ratio was 2.5*0.7 (mean = SD) for the 14 samples.

70% HNO, solution (reagent grade) was added to each sample to process microwave
digestion. The sample solution was dried on a hot plate at 180C and then filled up to 10
ml with deionized water. Concentrations of Cd and Zn were determined by the Atomic
Absorption Spectrometer (AA-6200, SHIMADZU, Kyoto, Japan). The limit of detection by
the instrument was 0.01 mg/kg. The average value of the triplicated measurements was
used as a representative for each sample. The values of the metals were shown per the

wet weight of the samples.

Table 1 Geologic characteristics of the southern part of Hiroshima wide-area urban districts.

Oyster Self-growing pteridophytes
. . .« Geologic Hunting Field .
Districts age* area™  area™™ CUItuimf Athyrium Plagiogyria Dicranop- Cyrtomium Gleichenia

area yokoscense euphlebia teris linearis  fortunei  japonica

1 Jurassic + - - + + - - -

2 period ¥ - - + + v - -

3 + + - - - + + +

4 Cretaceous ~ ~ . ~ ~ . . .

period
5 - - - - - + + +

Characteristics applicable or not was shown as + or -, respectively. *: previously reported in the reference No.
9; **: previously reported in the reference No. 10; ***: previously reported in the reference No. 11.
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Statistical analysis: Student’s t-test and F-test were performed to compare the concen-
trations of Cd and Zn. Pearson’s coefficient of correlation was used to examine the correla-
tion between the values of Cd and Zn. The software, Mac multiple regression analysis, ver-
sion 3 (ESUMI, Tokyo, Japan) and Kaleida Graph (HULINKS, Tokyo, Japan) were used".

RESULTS

Distribution of the pteridophytes in the Hiroshima wide-area urban districts was

. 13, 14
referenced to the previous reports ),

Investigating the pteridophyta vegetation in
Yamaguchi prefecture, the field work was performed for the mapping (Fig. 1). Athyrium
yokosense, Plagioria euphlebia and Dicranopteris linearis were observed in the districts of
Jurassic strata, while Gleichenia japonica, Cyrtomium falcatum and Dicranopteris linearis
were of the Cretaceous strata (Table 1).

The two species, Athyrium yokosense and Plagioria euphlebia contained Cd of more
than 1.0 mg/kg (Fig. 2-A). While, the concentrations of Cd in the other two species, the
Gleichenia japonica and Cyrtomium falcatum were less than 0.5 mg/kg. Correlation coef-

ficient between the two metals for the 14 samples of all species of the pteridophytes exam-
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Figure 1. Distribution of the pteridophyta in the Hiroshima wide-area urban districts.
The mesh illustrations colored were referenced from the original illustration by Yoshino Y.,
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Figure 2. Concentrations of Cd in plants as a function of Zn.
A: Five species of the pteridophytes were collected from the districts in Table 1. Reggression curve for the pte-
ridophytes was given by the equation of y = 0.027x -0.880 (R = 0.82, p < 0.0002). Values of Cd in oyster shells
were overlaid'”. Hatched square included the data of over 1.0 mg/kg. B: A meta-analysis of the Cd and Zn con-
centrations among the pteridophytes and foodstuffs. Values were overlaid 1519,

ined was high (R = 0.817, p < 0.0002), no matter if their habituating districts had long dis-
tances in between.
Meta-analysis indicated that values of the pteridophytes from the Jurassic strata were as

high as those of rice contaminated with Cd in 1970s and those in cacao beans (Fig. 2-B).

DISCUSSION

15, 22-29)

Plants absorb Cd from soil™ . Reported concentration of Cd in foods varied

When the risks of the heavy metal contamination for humans were assessed, foodstuffs are
the main source of Cd exposurego).

Since the sources of Cd in soils, such as Zn mining, battery production plants or
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heavy metal smelters were not observed in the Hiroshima wide-area urban districts of this
study, the phosphate fertilizers were the major inputs of Cd into the agricultural soils™.
The previous reports indicated the contamination of Cd in wildlife and oyster shells'” .
The accumulation of Cd in wildlife could be caused by the agricultural land, where the
fertilizers blended with oyster shells were spread. The human activity to reuse oyster
shells as one of the fertilizer components adds a burden of Cd on our sanitary environ-
ment.

The districts of Jurassic strata in the Hiroshima wide-area urban districts had 2 abo-
andoned manganase mines, where 2 streams of natural pathway unaffected by human
activities flowed”. Plants growing in such a natural environment drop berries and leaves
of their own to rot and return to the soil. Consequently, the mineral concentrations of the
plants have been in equilibrium for a long time. The high concentrations of Cd in the
pteridophytes in the districts indicated the Cd in the districts, where wildlife hunted® *.
The accumulation of Cd in wildlife could be influenced by their home range, where the

geological characteristics were inevitable.
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INSYINCE Y1) [P0 LY/RE Y i W IR & o4

oW OhETs

(ZAF 20194210 A 2 H)

BRI A (CA) I ZERBHEWE T, 1BURE e P MERSEEE L T T Bk
HHEW O Cd A OFRELZ A L THRIRMET 2 2 L1, HEEO Cd IR
FHET 5, HHE, KBINSHESTB O & (Crassostrea gigas) & WIS & % 85
BlgEL, Cd LHish (Zn) OEAREZWEL TV D, AT, YFHEWICEENS
Cd & Zn E2E L7z, TIEEREAVAERRICKIZTTEEL RZ21LL, 1> SHY
~O Cd BT & WAEALE Y DKM Cd EftE L OB TERT 572007 -5 & L
720 MRRVAE : 2017~20195FE OFFHIIH IR L7z v A Wiz, REHD
Cd & Zn OB TG CTIE Lz BIE - O FHiiE, WEFEROBN
AHTHIHESR R 572 @V 2 FRMBIAET LY FHEWIEERED, Hifiidi
JEIZAET Ly SIS ED T ORET Cd 2 EE L T, @2 EHOESRE
B, YARWICBW T CHBE LA (R=0.82, p<0.0002). EZR © L kL8
HEOTEIEY 2 5L QOB SR I, /72 vEIFLo LT L4
Wi, ThooTEE2fTEEE LTERLTWS, TEPFo Cdmx, ZIIEET
DYTHWOGEHMEL LTHERLL, COERBRICBITS CAEREZHSMIZT S
i, b FORKEERENORE L LT 512 DIZUHDIEMEE R E 25,
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