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Table 73. Influence of the surface drainage on Cd concentration in brown rice

Brown rice Moist soil Ai.r-dried
Soil Stage of cd (Aug 25) soil
surface drainage 0.1INHCI Eh 0.INHCI
ppm Cd ppm mV Cd ppm
Brown Early ( Aug 14) 0.88 2.94 +327 2.60
lowland Middle( o 21) 0.79 2.36 +212 2.86
soil Late ( n 28) 0.52 2.29 — 65 2.77
Early ( Aug 14) 0.50 2.18 +216 2.30
Glei Middle( v 2D 037 191 +210 2.52
soil Late ( no 28) 0.33 1.75 - 28 2.66

% Average of Yunami, sorachi and matsumae
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Studies on the Problems of Heavy Metals
in the Farmland of Hokkaido

by

Ken-ichi KAMADA

Summary

Defective soils, such as unweathered and infertile andosol, peat soil, and heavy clay, comp-
rise about 90% of the farmland area in Hokkaido. However, the distribution of heavy metals
has not been systematically examined until the present. In addition, there are complications
of soil pollution by Cd, Cr, Mn. etc. caused by mine drainage, factory and waste matters,
and accumulation of heavy metals from the use of sewage sludge on farmland. This paper attempts

to clarify questions about heavy metals in Hokkaido’s farmland.

1 Concentration distribution of the more important heavy metals.

Farming areas were classified by land category (upland, paddy, or orchard fields), soil group
(upland fields-andosol, gray lowland, brown lowland, gray upland, brown forest, peat; paddy fields-
glel, gray lowland, brown forest, glei and gray upland, peat), and by agricultural zone.

At first, total concentrations of heavy metals were studied. The concentrations of Pb
and As in orchard fields were slightly higher than those of these metals in other fields.
However, it is suggested that the concentrations of these metals, by agricultural chemicals
such as lead arsenate, are lower in Hokkaido than in other prefectures. The density of Ni is
high in central Hokkaido, a serpentine rock zone. In general, the density of Mn in paddy
fields i1s lower than in upland fields. It is therefore suggested that solution and leaching
of Mn 1s promoted by water-saturated conditions. Yet, Mn mines are common in hiyama, shiri-
beshi, oshima, and abashiri districts, and soils of high Mn density exist in these zones as
well. Zn and Cu are generally lower concentrations in peat soils than in other soils.

Next was studied soluble concentrations of heavy metals. Though 0.1N HC1 -soluble Zn
shows little difference in density between upland and paddy fields, easily reducible Mn and
0.IN HC1-soluble Cu are generally lower concentration in upland fields than in paddy fields.
It 1s suggested that there is more insoluble MnO, in upland fields than in paddy fields.
The coefficient of variation of 01N HC1 -soluble Cu is extremely large in andosols,
brown forest soils and peat soils of upland fields. The density of 0.IN HC1 -soluble Cu

in these soils tends to be lower than that in the other soils.

2 Mn toxicity in rice plants

There are zones of high Mn concentration where there are mines in Hokkaido. However, Mn
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concentration which causes Mn toxicity in rice plants has not been investigated up to the
present. From the results of field studies and pot tests, it became clear that Mn toxicity
in rice plants occurs when the amount of easily reducible Mn in air-dried soil is more than
about 1000ppm, and when Mn concentration in shoots at harvest time is more than 3000-4000ppm.
Mn concentration in shoots of rice plants and in soil solution increased through surface drain-

age from the blooming period on.

3 Cu deficiency in wheat plants.

With the increasing acreage of wheat in Hokkaido Cu deficiency has become a problem in
various parts of Hokkaido since 1979. Cu deficiency was found in some andosols, brown forest
soils and peat soils, whose total Cu concentration ranged from 5.5 to 22.0ppm. Sterility of
wheat plants was seen in soils whose soluble Cu concentration (soil : 0.IN HC1 ratio, 1 :
5) was lower than 0.15ppm (mineral soils) or 0.20-0.25ppm (peat soils). It was difficult to
determine Cu deficiency from the concentration of Cu in the tops of wheat plants. On the
other hand, it was found that wheat plants deficient in Cu tended to have a high concentration
of Fe. The Cu: Fe ratio in all wheat plants which became sterile through Cu deficiency
was 0.003 to 0.01, whereas the same ratio in fructiferous wheat plants was mostly 0.01 to 0.1,
Application of CuSO, « 5H,O 4kg. 10a to Cu-deficient soils resulted in healthy wheat
plant growth.

4 Cd pollution in paddy seil.

Soils which were polluted by Cd were found in some parts of paddy fields in shiribeshi
district. From the result of field studies, though a soil dressing of 20cm and soil turning
tillage effects a remarkable decrease of Cd concentration in brown rice, application of soil
amendment inputs has little effect. Treatment to retard surface drainage has a little effect
in decreasing Cd concentration in brown rice. The distribution of Cd in brown rice was about
20% 1n the bran layer and about 80% in the endosperm. The mobility ratios of metals were

Zn 10.0: Cd 6.1: Cu 3.9 in paddy soil polluted by irrigation water.

5 Cr'' pollution in paddy soil.
Recently, leaching of Cr°' from furnace slag has become a serious problem, and injury to
rice plants by Cr’' is anticipated, too. The degree of toxicity in rice plant by Cr’" varies

§

with soil type, scil conditions, and growing times. Cr’ is more toxic than Cr' in the
growth of rice plants. Injury by Cr"" to rice plant appears from a Cr'" concentration
of about 80ppm in gravelly soil, but it does not appear until there are high concentrations of
Cr"" in lowland soils because Cr’ is reduced to Cr’' in proportion to the reducible ratio
of submerged soil. Injury by Cr' to the growth of rice plants did not occur until a con-
centration of 400ppm in this experiment. Therefore, injury by Cr'' to rice plants can be
avoided by application of organic matter, etc. Cr"  conceniration in irrigation water causes
growth damage when above 1-5ppm during the transplanting period and when above 20ppm during 30

days after transplantation.
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6 Accumulation of heavy metals by application of sewage sludge in farmland.

Accumulation of heavy metals in farmland becomes a serious problem in the case of continu-
~ ous application of sewage sludge because the concentrations of heavy metals in sewage sludge
are higher than in the other manures. In general, the relative concentrations of heavy metals
in sewage sludge are Mn - Zn > Cu > Cr > Pb > Ni > As > Hg . Cd, and the coefficients
of variation of Cd, lg and As are higher than those of the other heavy metals. The ratios
of accumulation of heavy metals in soil together with application of sewage sludge were rela-
tively Zn>>Fg> Cu.

Forms of 7Zn in sewage sludge are mainly organic-bound in polyion sewage sludge and mainly
carbonates and organic-bound in calcareous sewage sludge. These forms of Zn increased in the
soils where sewage sludge was applied. The amounts of exchangeabl-adsorbed 7Zn were gradually
increasing in the soils where polyion sewage sludge was applied and were decreasing in the soils
where calcareous sewage sludge was applied. Therefore, 1t was recognized that the influence
of accumulated heavy metals on crops 1s more serious in polylon sewage sludge than in calcareous
sewage sludge.

The amount of sewage sludge to be applied should be determined by the heavy metal concent-
rations in the soils and sludges. In the present case an upper value for Zn concentration was
120ppm in Hokkaido's farmland. This figure should be a standard for determining the amount

of sewage sludge to be applied.
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