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Physiolgical and Ecological Studies of the Vegetation on Ore Deposits

3. Radioecological Symptoms of Plants over Uranium Ore Deposits in Koisan, Korea
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ABSTRACT

From 1975 to 1981, the survey was carried out to find out radioecological effects of uranium ore deposits

on natural vegetation in Koisan, Korea. The symptoms of spotty and mosaic chlorosis, and necrosis were

observed in flowering plants in the areas of uranium ore deposits at Deok-Peung-Ri A, B, and C in Koisan.

Although 13 species were found to be chlorosis and necrosis, foliages observed are small and very rare.

The features of these symptoms closely resemble those occured by the effects of heavy metals.

The amount of transparent radiation throughout the depth of soils from uranium radiation sources decre-

ases exponentially. The mean contents in leaves of spotty and mosaik chlorotic plants, and soils were 1.36

~1.53 and 5.3~7. 4ppm, respectively.

INTRODUCTION

Plants may respond to their edaphic environments
by showing characteristic variations in their morp-
hological, ecological and physiological features. The
features of the symptoms of plants growing in ura-
nium ore deposits closely resemble those caused by
effects of heavy metals and are characteristic of the
mature leaves. The interveinal areas of the leaf
show the pattern of mosaic while the cells adjacent
to the veins remain green.

Color changes in flower are usually the result of

either radioactivity or the presence of certain elem-

Shacklette(1964) has observed
extensive flower variation of Epilobium angustifol-

ents in the soils.

ium growing in Canada over uranium deposits adja-
cent to those described,

The concentration range of essential elements in
plants would be narrower than that of uranium
because of regulatory mechanisms which tent to
keep the amounts of essential elements relatively
constant in plants. Goldschmidt(1937) reported that
mean uranium concentrations in plants and igneous
White-
head and Brooks(1969) have reported uranium values

rocks were 0.05 and 2.6 ppm, respectively.

ranging from 1.5 to 1000 ppm in the ash of the
New Zealand shrub, Coprosma australis.
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This paper is an account of a survey of Koisan
over uranium ore deposits in Korea carried out dur-
ing the period 1975~81.

MATERIALS AND METHODS

1. Survey method
A care was taken to distinguish characteristic
features from symptoms of fungal, virus and insect

attack. Records were included only where drop or

127° 477 307

2. Chemical analysis of soils and plants

Uranium ore in Koisan contains 0.049% of U;04
and irradiates 126~255 cpm, which are detected by
G-M counter, on the suface soils.

Soils were sampled in duplicate from areas about
1m?® which seemed uniform and typical for the site.
Samples were taken A, horizon from four places
within the square, there was a superficial layer of
stones or plants and roots which were removed be-

fore sampling. All analyses were carried out in
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Fig. 1. Map showing the areas of the uranium ore deposits at Koisan in Korea.

mosaik chlorosis was pronounced and occurred with
In 1975~81,
observations were confined to areas uranium ore
deposits of Koisan and were replicated in greater

detail and lists of species of radioecological variations

the severity mm the mature foliage.

were obtained.

The survey was extended to include the vegetation
in the areas of uranium ore deposits in Koisan. The
position of the sites at which lists of drop and mosaik

chlorotic species were collected is shown in Fig. 1.

duplicate on an air-dried fraction of the sample and
on a fraction that had passed through a standard
Z2mm sieve.

Soil pH was determined in a 1:2.5 soil/distilled
water mixture. Total nitrogen in soils was determined
by the micro-Kjeldahl method. Exchangeable cation
and hydrogen were analysed by the methods of
Brown(1943). Exchangeable K, Na, Ca, Mg and Zn
were extracted by 1 N ammonium acetate solution
of pH 7.00 and determined by flame photometer and
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atomic absorption spectrophotcmeter. Available pho-
sphorus was extracted with Truogs reagent and
analysed by spectropkotometer. Radiaticn irradizated
in soils and on the soil surface was detected by G-
M counter.

3. Chemical analysis of plants

The contents of chlorophyll and carotenoid in tke
normal and chlorotic fresh leaves cf plants in the
areas of the uranium ore derosits were determined
by the method of Mackinny(1941). Plant samples
were collected from the sites of the uranium ore
deposits. The plant material was bulked and thus
only cne collection from each site was analysed. The
materials were rinsed in distilled water. Leaves and
stems were separated from the plints 2nd cven-dried
at 105°C. These materials were zshed in a mixture
of mnitric and perchloric acids. The analyses of P, of
K and of Ca, Mg e¢nd U were carried out by spect-
rophotometry, flame photometry, and atomic absor-
ption spectrophotometry, respectively. The nitrogen
contents ¢f the materials were determined by the

micro-Kjeldahl method.
RESULTS AND DISCUSSION

1. A feature of vegetation

Spotty and mosaic chlorotic plants were frequently
observed in the vegetation of the sites of the uranitm
ore deposits during the period from May to October.
The proportion of foliage cffected wzs very small
although spotty chlorosis was severe(Photo. 1-6)
and spotty necrosis was in old leaves(Photo. 7).

As shown in Table 1, chlorotic plants in vegetation
at Deok-Peung-Ri A, B and C were 6,3 and 7 spe-
cies of flowering plants. In three areas at Leok-
Peung-Ri, plants of spotty chlorosis were shown in
13 species.

Chung(1965) reported that exceeding Zn ion sho-
wed yellow color of leaf tips of Digitaris sanguin-
alis var. ciliglis and in the cases of lead znd coryer
occurred chlorotic symptoms with reddish spots of
the leaves of Chenopodium album var. centrorubrum

and Echinochloa crusgalli. 1t is also apparent that

the observations of chlorotic sign are consistent with
results obtained by Chung(1965). Therefore, the
features of the symptoms of plents growing on soils
of urznium ore degosits closely resemble those occ-
ured by the effects of Zn, Pb and Cu.

Takle 1. A compariscn of the incidence of chlorosis
in areas cf tke uranium ore deposits in

three arcas of Ceck-Peung-Ki

Deok-Peung-Ri

Species A B C
Artemisia astatica + - 4
Artemisia mongolika — — 4.
Arundinella hirta + + —
Callicarpa japonica — - 4+
Commelina communis — - 4
Erigeron annuus - + -
Palura chinesis — — +
Rubia Akane + - —
Rubus parvifolius — — 4+

Rubus crataegifolius

Salix koreensis

+ 44
|
|

Smilax china

i
!
+

Trifolium repens

2. Chlorosis and necrosis

Mosaik chlorosis of Trifolium repens, Commelina
cemmuni end Arfemisia asiatica, end spotty chlor-
osis of Arundinella hirta, Rubus crataegifolius and
Smilax ckina were often severely apparent in mat-
ure leaves. The shrub such Palura chinesis wes sub-
ject to a mosaik pattern of yellow green and green.
The radioecological aspect of severe chlorosis was
frequently observed as a necrosis sign.

The comparison of the contents of chlorotic and
normal foliages of several plants in the areas of
uranium ore deposits are set out in Table 2. The
contents of chlorophyll a znd b in the severely
chlorotic leaves were atout half in the normal leaves
end carotenold ccntents were lower than those in
tke normal. It suggests that spotty and mosaik chic-
rosices stow decrezse respomses of chlorophyll and

carotenoid contents in plant leaves. In this vegetation



Photo. 1~6. Explanaticn of photograph.

1~2. Spotty chlorosis in Arundinella hirta from vegetation in Deok-Peung-Ri A,
3~4. Mosaic chlorosis in Trifolium repens from vegetation in Deok-Peung-Ri C,
5~6. Spotty chlorosis in Rubus crataegifolius from vegetation in Deck-Peung-Ri B.

on the uranium ore deposits, there is the same sign
of plant leaves to heavy metals with the sign of
these same species in a pot experiment made on the
heavy metal treatments(Chung, 1965). Shacklette
(1964) has observed flower variation of Epilobium

angustifolium growing in Canada over uranium ore

deposits adjacent to these described.

3. Chemical properties of plants on seils of
uranium ore deposits

The use of rock analysis is misleading. Rock an-
alyses do not accurately represent the elements av-

ailable to plants which grow on soils. Therefore,
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Table 2. The compatison of the amount of chlorophyll and carotenoid in the mormal and chlorotic fresh
leaves of plants in the areas of uranium ore deposits in Deok-Peung-Ri

Total Total
Chlorophyll Chlorophyll  Chiorophyll a: Chlorophyll carotenoid
Species a (mg/10g) b (mg/10g) Chlorophyll b  (mg/108) (mg/108)
Artemisia asiatica Normal 7.64 4.61 1.7:1 12.25 2.47
Chlorosis 3.70 2.77 1.4:1 6.47 1.87
Callicarpa japonica Normal 4.21 2.28 1.9:1 6.49 1.51
Chlorosis 2.01 1.16 1.8:1 3.17 1.20
Commelina cammunis Normal 6.85 4,66 1.5:1 11.51 1.76
Chlorosis 2.67 1.69 1.6:1 4.36 1.48
Rubus parvifolius Normal 6.20 3.80 1.7:1 10.00 1.87
’ Chlorosis 3.06 1.74 1.8:1 4.80 1.57
Trifolium repens Normal 8.25 6.17 1.4:1 14.42 2.60
Chlorosis 4.38 2.75 1.6:1 7.14 1.82
Table 3. Chemical analyses of soils in the areas of ;300
uranium ore deposits at Deok-Peung-Ri -
Areas ;200
Components >
A B C -
= 100
Organic materials(%) 5.3 7.3 5.2 s
Soil pH 5.80 5.68 5.87 =
Exchangeable hydrogen 8.81 6.16 3.39 = 0 1 ! ! !
(meq/1008) 0 50 100 150 2068
Exchangeable cation 6.38 7.48  9.91 Depth of Sails (cm)
(meq/1008)
. o
Tota.l nitrogen(%) .21 0.22  0.19 Fig. 3. The amount of transparent radiation accor-
Available P(ppm) 24.6 14.9 19.2 ding to the depths of soils.
Exchangeable K(ppm) 97 125 136
Exchangeable Ca(ppm) 90 120 366 contains plant roots.
Exchangeable Mg(ppm) 16 20 77 Chemical properties of soils on the uranium ore
Exchangeable Na(ppm) 106 134 98 deposits at Deok-Peung-Ri were presented in Table
7.3 3.8 12.4 3. Organic matter, soil pH, exchangeable hydrogen,

Uranium(ppm)

Table 3 gives data of the mineral nutrient contents
available to plants but uranium contents are the
total amount in soils. The amount of transparent
radiation throughout the depths of soils from uran-
ium radiation sources(Fig. 2) shows that radiation
activity, CPM, decreases exponentially. Radiation
activity of 255 CPM of uranium ore deposits decre-
ased to 50 CPM on 100cm depth of soils. The soil
horizen of 100cm depth is Aoco to C soil layers and

exchangeable cation, total N and available P were
5.3~7.3%, 5.68~5.87, 3.39~8.81meq/100g, 6.38
~9.91meq/100g, 0.19~0.22% and 14.9~24.6ppm,
respectively. The contents of exchangeable K, Ca,
Mg and Na were 97~136, 90~366, 16~77 and 98~
134ppm. The uranium level was 7.3~12.4ppm.
Under these soil conditions, the chemical composition
of the chlorotic leaves of plants are shown in Table
4,

As shown in Table 4, N, P, K, Ca, Mg and Na
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Table 4. Inorgamc components of chlorotic plants in the areas of uranium ore deposits at Deok-Peung-Ri :

Specws N(%) P(Ppm)
Artemisia aszattca(L) 1.96 475
Callicarpa japonica(L) 1.44 233

©) 1.19 261
Rubus parvifolius(L) 1.89 366

*L: Leaves, S: Stems

contents in Artemisia asiatica, Callicarpa japonica
and Rubus parvifolius were 1,19~1.96%, 233~
475%, 2.15~3.32%, 650~1650ppm, 198~595ppm
and 826~1651ppm, However,
chlorotic leaves contain uranium of 1,36~1.53ppm

respectively. severe
in ash.

Goldschmidt(1937) reported that mean concentr-
ations in plants and igneous rocks were 0.05 and
2.6ppm, respectively. Whitehead and Brooks(1969a)
have reported uranium values ranging from 1.5 to
1000ppm in the ash of the New Zealand shrub Cop#-
osma australis. According to Whitehead and Broocks

(1969b),
ash, peat absorbers in ash and strecam waters from

uranium concentrations in Bryophytes in

the lower Buller Gerge Region of New Zealand
were 4.0~3240. 0ppm, 0.65~3. 25ppm and 0.7~86.0
ppm, respectively. It suggests that nonessential ele-
ments such as uranium in plants were absorbed as
a function of the soil content of the elements and

damaged by radiation.
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K( Ca(ppm) Mg(ppm) \Ia(ppm) U(ppm)
3.32 725 198 826 1.45
2.15 650 225 1651 1.36
2.25 775 200 472 1.44

2.25 1650 595 1651 1.53
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