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Several species of submerged plants grow in flowing water of
polluted urban rivers in Japan. The measurement of heavy metals
content in the submerged plants are suitable for a criterion to
estimate the average heavy metals concentration in water.

DIETZ (1972) reported enrichment of heavy metals in six
submerged plants collected from the Ruhr river (Germany). He
found that the enrichment was dependent primarily on the species
of plant and specific selectivity, and that the microanalysis of
plants might yield useful results in the calculation of the con-
centration of heavy metals in water, making use of enrichment
factors (fe).

However, he did not describe the relationship between en-
richment factors and concentration changes in water. We have
investigated not only the relationship, but also changes of
enrichment factor when heavy metals coexist with phosphoric acid
ion. For this purpose, we chose Elodea nuttallii, because this
aquatic plant is prolific in polluted urban rivers in Japan and
accumulates heavy metals easily.

MATERIALS AND METHODS

Samples of Elodea nuttallii were collected from the unpol-
luted area in the Sagami river (Kanagawa Prefecture in Japan).
They were cultivated in a large water tank (acrylic plastic,
150x150x50 cm) for 1-2 mo. All experiments were conducted in a
greenhouse (25°C) during June to September.

In the first experiment, we prepared solutions containing a
single heavy metal (Pb, Cd, Cu or Zn) with concentrations of
0.025, 0.05, 0.1 or 0.5 ppm. In the second experiment, we pre-
pared solutions containing four heavy metals (Pb, Cd, Cu and Zn)
with concentrations of 0.025, 0.05, 0.1 or 0.5 ppm as to each
metal. In the first and second experiments, the adult bodies of
E. nuttallii were used and they were cultivated separately in
these solutions for 30 days. In the third experiment, we prepared
solutions containing four metals (Pb, Cd, Zn and Fe) and phos-
phoric acid ion. Each solution had the same concentration of 0.1
or 1.0 ppm as to each metal, and had the concentration of 0.25 or
2.5 ppm as to phosphoric acid ion. 1In the third experiment, the
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buds (5-8 cm) of the plant collected from the large water tank
were used and they were cultivated separately in these mixed
solutions for 30 days.

After the cultivation, they were stirred electrically for 20
min after washing by hand and were immersed in clean water for
one day. The samples without roots were dried at 100°C for 2 h
and the dry weight determined. Heavy metals were determined
generally by atomic absorption (DDTC-MIBK extract) after sulfuric
acid - nitric acid dissolution. Three aliquots from each solution
were analysed and means are given in Tables 1 through 4.

RESULTS

Table 1 gives the heavy metal contents in each part of bodies
of Elodea nuttallii collected from the Sagami river. The content
of heavy metals were generally rich in roots, but poor in leaves
and stocks. In the case of leaves and stocks, the contents of Zn,
Fe and Mn were comparatively rich, but poor of Pb, Cd and Cu.
Considering the results, we used green parts of the plants without
roots and chose four heavy metals (Pb, Cd, Cu and Zn) in the
following two experiments.

TABLE 1

Heavy metal contents in each part of E. nuttallii
collected from the Sagami river (mg/kg)

Heavy metal

Part Pb cd Cu Zn Fe Mn
Leaf 12.2 0.9 10.8 111 856 393
Stock 17.4 0.3 7.8 160 628 165
Root 323 13.5 23.7 332 1800 895

In the first experiment, we studied the relationship between
uptake of heavy metals and the concentration in water when E.
nuttallii were cultivated separately in the solutions of one of
four metals for 30 days (Table 2). The results indicated that the
uptake of heavy metals in the plant increased with increase of the
concentrations in water but the enrichment factor decreased. Tt
is seen that the uptake of Pb was greater than that of Cd and Cu
and high values of enrichment factors on Pb were confirmed at
comparatively low concentration. Cadmium is known for high
accumulation in rice in Japan. But, this element was not con-
sidered to be highly toxic te E. nuttallii. Values of enrichment
factor at 0.5 ppm was the highest of the four elements. Copper is
of physiological importance in the formation of chlorophyll.
However, the enrichment of copper was relatively low in comparison
with other elements and necrobiosis occurred at 0.5 ppm. These
results indicate that the toxicity of copper may be more signifi-
cant than that of other elements. Zine is essential for the
development of higher plants and is contained in abundance in the
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plants. It is suggested that the enrichment of zinc is similar to
that of lead.

In the second experiment, Table 3 gives the relationship
between heavy metal concentration in water and their uptake when
E. nuttallii was cultivated in the mixed solutions of heavy metals
for 30 days. Values of enriclment factor in Table 3 were rela-
tively low in comparison with that in Table 2, but the relative
ranking of four elements showed same results. It is suggested
that the marked decrease of values in Pb and Cd at 0.1 ppm may
show synergistic action of these four elements.

In the third experiment, we studied the effects of phosphoric
acid on the enrichment of heavy metals (Table 4). We used buds
(5-8 cm) of E. nuttallii because it was suggested that a submerged
plant may markedly take up heavy metals in budding period. The
buds of the plant markedly took up heavy metals in comparison with
adult bodies of E. nuttallii and the enrichment were increased
further when heavy metals at 1.0 ppm coexisted with phosphoric
acid at 2.5 ppm.

DISCUSSION

Regarding the significance of the enrichment factor (fe),
DIETZ (1972) suggested that the enrichment of heavy metals in
water plants is a useful criterion to calculate the average con-
centration of these elements in water and thus by means of a
relatively small number of samples, it is readily possible to
assess the trend of water pollution by metals.

We have investigated the basic problems on the enrichment
factor, making use of Elodea nuttallii, and found that the fe
values of heavy metals in the plant were decreased with increase
of concentration in water and the fe values for E. nuttallii in
the presence of a single heavy metal were relatively high in
comparison with that of mixed heavy metals.

These results suggest that in estimating the average con-
centration of heavy metals in water it is possible to use the
enrichment factor of the heavy metals such as Cd, Pb and Cu, which
are comparatively poor in control plants.

MULLIGAN et al. (1969) reported that submerged plants such as
E. nuttalliji grow comparatively well in low concentration of
phosphoric acid ion. NAKAMURA et al. (1969) found that the en-
richment of Cd in the yeast run parallel with that of phosphorus.
Based on these results, we examined the effect of phosphorus in
water on the enrichment of heavy metals in submerged plants. Our
data indicated that the enrichment of heavy metals in the buds of
E. nuttallii markedly increased at 1.0 ppm solution of heavy metal
with 2.5 ppm phosphoric acid ion, but the same result did not
occur in the case of adult bodies of E. nuttallii. It is of
physiological interest that the enrichment of heavy metals in

2



- pesp - PE2P - peep - pesp $°0
009¢ JAY4 0%s (AR 08¢ RA) 08y L LYy T°0
- - 006 8 %Y 0G6 €LY 00s¢s 9.2 c0°0
- - 09¢T 1°v¢ 0991 S 1Y 00sYy 711 Gc0°0
a3 (3/3w) o3 (31/3w) 23 (31/3uw) 23 (8/3w) (1/3w)
ayeadn ayeidn oveadn oxeldn 193eM UT

Jo 3ua3uo) Jo 3uL3uo0) Jo 3uejuo) JO Ju®31u0y UOTIBIIUSIUOY

uz nj PO qd Te1°9uW KABSH

sfep (¢ 103 (uz pue n) ‘pDy ‘qq) sTEISW LABOY InojJ
Jo TT® BuTurelUV0D SUOTINTOS XTW U A7ojeiedos paleATITND Sem
TTITEIINU *F USYM IS9IBM UT UOTIBIFUDOUOD 2Y3 PUEB STeIau Laeey Jo oyeadn

¢ HI9V.L

25



*posn 9a9M Yurl I918A 28aBT

°43 woiy pe3deTTod TITTEIInu T Jo (Wd g-g) spnq oyl

0608 0608 006%T 00s¥%T 00201 0020T  006ST 006¢T1 §°¢

0%8s 0%8s 0049 02L9 00%¢ oeyve 0062 o6%L YAl 0°1

00L8% 0/8Y 0006¢ 0zee 009¢ 09¢ 008s 08¢ R4

000SY 00sY 0005¢€ 006¢€ 0029 029 009¢L 094 SZ'0 1°0

o3 (8y/8m) 93 (84 /3w) o3 (84/8uw) o3 (8y/38w) ('1/8u) (1/8w) a93eMm
o¥e1dn ayeidn axeldn ayeadn Ie3emM ul pIow ur Tejouw AAway

3O 3Jjuaijuo)

3O JuL23uU0)

30 3ua3u0)H

Jo Jju=@3uo)

o4

uz PO

qd

otaoydsoyd jo
uoT1eI31U3VUO)

JO uoTjeAJULIUOYH

sfep Q¢ 103 (24 pue uz °p) qq) STeILuW Inoj jo TI®

Y HI9VL

SUTUTBIUOD SUOTINTOS POXTW 9y} UT Aro3eiedes poIBATITND 2I9M LT[[EIINT °*H
3O spnq 9yl YIFM sTe3lou LAESy JO JUSWYDTIUR dY3 uo proe oraoydsoyd jo s310933%
¥



these buds markedly increased during budding period and phosphorus
in water promote further the enrichment.

Making use of these results we are planning to estimate the
average concentration of heavy metals in various river water in
Japan.
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