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ABSTRACT

Cement kiln by-pass dusts from Canada Cement Lafarge Ltd. plants at
Woodstock and Bath, Ontario, respectively, were tested as limestone
substitutes in reclaiming acid, metal-contaminated soils from the Sudbury
area. Laboratory, growth chamber and field trials showed that both dusts
constituted effective 1iming materials at an application rate of
'apprbximately 10 t/ha. Toxic effects were found only in the case of Bath
dust, at an application rate of 50 t/ha. In sandy .soil, Bath dust at 50
t/ha also inhibited seed germination. This inhibition disappeared after a
few days, presumably due to the leaching of soluble alkaline materials and
chlorides. In pots, the addition of N-P-K fertilizer lessened the toxic
effect of Bath dust, while in the field it converted the effect of the dust
from inhibition to stimulation. These by-pass dusts have good potential as
1iming materials in reclaiming Sudbury's industrial barrens, but their
caustic nature precludes their use at this time, in view of the

predominantly manual application technigues that prevail.

INTRODUCTION

One hundred years of logging, fire, acidification by sulphur

dioxide, particulate metal deposition and erosion have created extensive






material, as an ameliorant and 1imestone substitute.

MATERIALS AND METHODS - POT TRIALS

Soils.

Four soils were chosen to represent different sand, clay and organic
matter contents. Each was both acid and metal-contaminated, and was taken
from a barren or semi-barren site. The sample was taken from what might be

considered as the "rooting zone" of most herbaceous plants (0-15 cm).

The soils were as follows:

Soil 1. A silty fine sand from the valley of Coniston Creek, 2
miles northeast of the Coniston smelter (Barren ground,
pH 4.5).

Soil 2. A clay soil from Coniston, 1 mile south-of the smelter-
(Barren ground: pH 4.5).

Soil 3. A sandy soil containing some organic matter, from near
Wahnapitae, 3% miles northeast of the Coniston smelter
(semi-barren, pH 4.1).

Soil 4. A sandy soil containing some organic matter from the Skead
area, 4 miles north-northeast of the Falconbridge smelter
(semi-barren, pH 4.5).

Each soil was passed through a coarse sieve in order to remove large

stones. A small sample of each soil was kept for later analysis if

necessary.

Neutralizing Materials.

Two samples of by-pass dust were provided by Canada Cement Lafarge

Ltd.. Chemical data on the materials, as provided by the company, are given












TABLE 2c. FINAL pH OF SANDY, HUMIC SOIL FROM SOUTH OF SKEAD (n = 1)

g of Equivalent Woodstock Bath
dust in t/ha dust dust
0 0 4.5 4.7
0.1 1.0 4.7 4.7
0.25 2.5 5.1 B.l
0.5 5.0 5.7 5.4
1.0 10.0 6.3 6.0
1.5 15.0 6.6 6.2
2.0 20.0 6.8 6.7
5.0 50.0 7.4 8.1

TABLE 2d. FINAL pH OF SANDY, HUMIC SOIL FROM NORTH OF WAHNAPITAE (n

0 0 4.1 4.2
0.1 1.0 4.6 4.6
0.25 2.5 (4.1)* 4.6
0.5 5.0 5.1 5.0
1.0 10.0 5.9 BT
I=5 15.0 6.8 6.2
2.0 20.0 7.0 6.3
5.0 50.0 7.3 8.0

* These highly inconsistent values are almost certainly due to

experimental error.






TABLE 3a. FINAL pH OF CLAY SOIL FROM SOUTH OF CONISTON AFTER INCUBATING
WITH VARIED AMOUNTS OF BATH DUST AND CaC0, (n=1)

g of Equivalent Bath dust CaCO3
dust in t/ha

1.0 10.0 5.6 | 6.3

1.5 15.0 6.5 7.1

sl 20.0 6.1 7.2

2.5 25.0 6.8 6.8

TABLE 3b. FINAL pH OF SANDY SOIL FROM CONISTON-GARSON ROAD AFTER
INCUBATING WITH VARIED AMOUNTS OF BATH DUST AND CaCo, (n=1)

g of Equivalent Bath dust CaCo

dust t/ha 3
1.0 10.0 6.5 7.3
1.5 15.0 7.0 7.3
2.0 20.0 7.5 7.5

2.5 25.0 ' 745 158
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under all treatments and no definite trends emerged, suggesting that by-pass
dust and calcium carbonate are equally effective 1iming materials when

application rates are kept within the by-product's non-toxic range.

GROWTH EXPERIMENT AT OPTIMAL AMELIORANT LEVELS

Each soil was mixed with calcium carbonate, Woodstock dust and Bath
dust equivalent to 5, 10 and 20 t/ha, respectively and sown with Redtop seed.
Each treatment was replicated five times. Final soil pH values and dry

weight production of tops are given in Tables 4a to 4d.

In all cases, the cement kiln dusts were effective in promoting
plant growth at the levels used. Woodstock dust was approximately equal to

calcium carbonate in its effectiveness, Bath dust slightly less so.

GROWTH EXPERIMENT AT POTENTIALLY TOXIC AMELIORANT LEVELS

This experiment was designed to explore the relative toxicities of
the by-products at high application rates. Each soil was treated with
calcium carbonate, Woodstock dust and Bath dust at levels equivalent to 30,
40 and 50 t/ha, respectively, and sown with Redtop seed. Final soil pH

values and dry weight of tops are shown in Tables 5a to 5d.

In all soils growth enhancement was found in all treatments except

Bath dust at 40 and 50 t/ha, which depressed growth. In the sandy Coniston

soil, 50 t/ha of Bath dust even inhibited germination.

GROWTH EXPERIMENT AT POTENTIALLY TOXIC AMELIORANT LEVELS,
WITH VARIED LEACHING REGIMES AND INCUBATION TIMES

This experiment was designed to test two hypotheses. It has been
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GROWTH EXPERIMENT IN FERTILIZED SOIL =

Previous experiments have been carried out on unfertilized soil,
since 1iming alone is sufficient to overcome the single overriding factor
limiting plant establishment and growth - soil toxicity. The normal
practice in reclaiming these soils, however, is to apply an N-P-K fertilizer
in addition to the 1imestone, phosphorus deficiency being a secondary
1imiting factor (Winterhalder, 1975). Since a number of interactions are
possible between 1iming material and fertilizer, it seemed desirable to
determine whether the effects of the ameliorants on plant growth were any

different in a fertilized soil from those in an unfertilized soil.

Each soil was treated with calcium carbonate, Bath dust and
Woodstock dust, respectively, at levels equivalent to 0, 20 and 50 t/ha, and
sown with Redtop seed. 0.1 g pulverized C.I.L. "Gardenite" was mixed into
each pot, which was then seeded to Redtop. Mean final soil pH values. are

shown in Table 8 and mean dry weights of tops in Table 9.

Once again, pH figures show Bath dust to be the most effective
neutralizer. At high levels, however, it is clearly deleterious to plant
growth, particularly in sandy soils that lack humus or clay. The moderating
effect of fertilizer on Bath dust toxicity can be seen, however, if we
compare dry weight reduction from 20 t/ha to 50 t/ha in the first incubation
experiment (no fertilizer) with the dry weight reduction from 20 to 50 t/ha

in the fertilizer experiment (Table 10).
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TABLE 8. MEAN pH OF FOUR FERTILIZED SUDBURY AREA SOILS AFTER INCUBATION
WITH THREE LEVELS OF CALCIUM CARBONATE, WOODSTOCK KILN DUST
AND BATH KILN DUST, RESPECTIVELY. (MEAN OF THREE REPLICATES).

NEUTRALIZER
SOIL CaCO3 Woods tock Bath
TYPE LOCATION RATE dust dust
Clay Coniston 0 t/ha 3.6 4.2 3.7
20 t/ha 6.5 5.9 6.1
50 t/ha 6.8 7.0 7.2
Sand Coniston- 0 t/ha 5.3 4.8 5.4
Garson
20 t/ha 7.3 7.1 7.1
50 t/ha 7.5 7.5 7.7
sand Skead 0 t/ha 4.6 4.6 5.2
with ’
Humus 20 t/ha 7.4 7.0 6.9
50 t/ha 7.4 7.6 8.0
Sand Wahnapi tae 0 t/ha 4.8 4.6 4.5
with
Humus 20 t/ha 7.5 6.7 6.2
50 t/ha 7.6 7.4 7.7

In an Analysis of Variance, soil and level effects, as well as soil-
level, soil-neutralizer, neutralizer-level and soil-neutralizer-level
interactions are highly significant (p < .01), while neutralizer alone is
only significant at the p < .05 Tlevel.
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R.D.W. and C/W Factor are all percentages.

Experimental Design.

The experiment was set up using 1 m2 plots in a randomized block
design, and 5 replicates of each treatment combination at Coniston, 2
replicates at Garson (due to lack of space).

1 species x 2 fertilizer regimes x 4 neutralizer regimes

X 5 replicates = 40 plots (Coniston) |
1 species x 2 fertilizer regimes x 4 neutralizer regimes

x 2 replicates = 16 plots (Garson)

The experiments were set up and seeded in late August, 1980. This
has been found to be the best season for establishing herbaceous plants in
the Sudbury area. Percent cover was determined in each plot, and above-

ground parts harvested for biomass (standing crop) determination in July,

1981.

Results.

Percent cover, biomass and cover/weight factors are shown in Tables

11 & 12.

In Coniston soil, the importance of low nutrient status is obvious
from the great differential in response to neutralization between
unfertilized and fertilized soils. In both unfertilized and fertilized soil,

the best response is to Woodstock dust.

In Garson soil, the response differential between unfertilized and
fertilized soil is not so great, but it still exists. It is interesting to
note, however, that in the case of Bath dust, the effect seems to be

transformed from an inhibitory one to a stimulatory one by the addition of
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TABLE 12. MEAN PERCENT COVER AND MEAN ABOVE-GROUND DRY WEIGHT OF PLANTS
FROM GARSON FIELD EXPERIMENT (BASED ON TWO REPLICATES).

FERTILIZER _ X DRY WEIGHT
REGIME NEUTRALI ZER x % COVER (g) C/W FACTOR
Control 0.5 0 0.1
Not Limestone 30 34 12.9
Fertilized |, 04stock 44 12 13.2
Bath 8 14 4.3
Control 2 5 1.3
Limestone 20 50 13.4
Fertilized
Woods tock 45 94 26.2
. Bath 50 102 28.8
DISCUSSION

Both growth chamber and field trials suggest that cement kiln by-pass
dusts have good potential as 1imestone substitutes in the revegetation of
acid, metal-contaminated land. There are, however, several aspects of the
kiln dusts' properties that necessitate somewhat more care in their use than
that required in the case of ground limestone. For example:

a. Because of ‘the potential for inhibiting germination and growth
that some dusts (e.g. Bath) possess, the application level should be kept
within the non-toxic 1limits (below 50 t/ha) or application should be
carried out several weeks before seeding or both of the above. Purdy (1980),
in growth chamber trials on sand and tailings at Falconbridge Nickel Mines

Ltd., reached a similar conclusion. Indeed, he found that the germination
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available without cost from the cement manufacturer, although the transporta-
tion costs would probably 1imit the economic feasibility of their use in the
Sudbury area. Perhaps more important is the fact that the use of these dusts
to counteract smelter-emitted pollution would be a fine example of appropriate
technology, in which one waste product is used to counteract the harmful
effects of another waste product, thereby achieving two waste disposal
objectives in a single act. Such procedures, while desirable, are rare in
waste disposal practice, except in the case of sewage sludge, either in raw
or in composted form (e.g. Murray, Townsend & Sopper, 1981; Stucky, Bauer &
Lindsey, 1980; Sutton & Vimmerstedt, 1973). In fact, in 1973 a consultant's
report (Dillon, 1973) recommended the installation of a garbage grinding
facility and ground garbage/sewage sludge composting plant for Sudbury, the
resulting compost to be used in land reclamation. Although the project was
never funded, preliminary work by the present author (w1nterha1der,_g§'gl.,
1976 and unﬁub]ished data) iﬁdicate that such a compost would be highly
beneficial in reclaiming Sudbury's acid, metal-contaminated soils. With
respect to the use of cement kiln dusts in land reclamation, however, no
previously published reports on this subject exist, to the knowledge of the
present author. The closest parallel can be drawn with the work of Gemmell
(1981), who used two types of industrial lime waste ("dried calcareous slurry"
and Leblanc wastes, respectively) in reclamation experiments on colliery spoil
in the U.K. The success of their experiments was later confirmed by large-
scale reclamation. Their wastes lacked the potentially toxic alkalies and
chlorides present in cement kiln wastes, and they found that particle size,
a factor not considered in the present report, was the largest single arbiter
of short-term effectivity.

In conclusion, it appears that the possibility of utilizing

industrial 1ime wastes, particularly those from the cement industry, has not









NINTH ANNUAL MEETING
CANADIAN LAND
RECLAMATION ASSOCIATION

RECLAMATION IN MOUNTAINS.,
FOOTHILLS AND PLAINS:
DOING IT RIGHT!

AUGUST 21-24, 1984
Calgary, Alberta, Canada










The Organizing Committee for the Ninth Annual Meeting was:

Chairman Jennifer Hansen, J. Hansen Consulting
Functions Lynda Watson, Techman International Limited
Technical Sessions P.D. Lulman, TransAlta Utilities Corporation
Registration A.J. Kennedy, Esso Resources Canada Limited
Public Relations M.K. Ross, Crows Nest Resources Limited
Field Tours ' Karen Natsukoshi, Manalta Coal Limited

Julia Fulford, Fording Coal Limited
Commercial Displays L.A. Panek, Montreal Engineering Company Ltd.
Audio Visual A. Schori, Monenco Consultants
Alternate Programs Holly Quan, TransAlta Utilities Corporation
Citation

The citation of this document in all references is:

1984 Canadian Land Reclamation Association
Ninth Annual Meeting, Calgary, Alberta, August 21st - 24th











