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ABSTRACT: Laboratory experiment was carried out in soil columns.
Surface soil sample (0-40 cm depth) was collected from El-Sowa (Abu
Hamade), Sharkia Governorate. Air-dried sewage sludge (from E}-Gabal
El-Asfar) was used in the present study. The sludge-treated samples were
prepared by mixing sludge: soil portions {wt/wt) equivalent to 1.5, 3 and 6%%.
The moistened mixtures were incubated in the Iaboratory for 4 months then
the samples were air-dned and ground to pass trough a 2 mm sieve.

The objectives aimed to mvwhgate the effect of sewage sludge treatments
on plastic limit of silty clay soil, as well as, to evaluate aggregate stability in
response to sewage sludge application by measuring optical transmission
(0.T,%) of two size fractions (<2 pm and < 5 pum) dispersed in different
solutions NaCl/CaCl; at constant SAR of 4, 8, 16 and 20. Furthermore, the
hydraulic conductivity (HC) was also measured.

Values of plastic limit for silty clay soil column samples increased by
increasing organic carbon %. Therefore, the changes is plastic limit of the
soil indicate relative amounts of organic gel materials present. The data of
dry aggregate size distribution for the different samples showed a substantial
reduction of half the values of coarse aggregates % (1.6-20 and 1.0-1.6 mm)
for the sludge-treated soil samples compared to the initial or control
samples. Such a reduction ultimately in a corresponds the increase in the
percentage of fine (<0.25 mm) aggregates. This response was greater at
1.4 g cnr” than 1.29 g cm™ soil bulk density.

O.T, % for the < 2 and 5 pm size fractions of the soil suspensions
increased linearly with increasing electrolyte concentration beyond a certain
limiting value depending on the solution SAR and sludge application rate.
HC values of the 6% sludge-treated samples were greater than the
corresponding values of the other samples. This was mainly attributed to the
enhanceme:t of aggregate stability, clay dispersion and subsequent clogging
in the conducting macropores.
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INTRODUCTION

Soils of arid and semi-arid regions
are generally characterized by poor
aggregate  stability which s
associated with crust formation at the
soil surface and fragile structure in the
subsurface (Shainberg and Letey, 1984).
Effect of sewage sludge on soil physical
properties is well established by so many
workers, but no much emphasis has been
done on plastic limits and aggregate
stability.

The plastic limits of silty surface soils
have been found to increase water due to
the presence of coarse soil particles
which roiled over each other with

compacted portions of fine silt/clay
matrix in between (Emerson, 1995).

Aggregate slaking and the
subsequent clay dispersion may even
be observed when irrigating such silt
with water of low sodium adsorption
ratio (SAR) and/or low salinity {Abu-
Sharar, 1988). Increasing aggregate
stability can be achieved by increasing
soil organic matter. This may be
accomplished by the addition of
municipal sewage sludge (Glauser,  ef
al, 1988). However, when sludge
products are used judiciously, the risk to
human health and the environment is
negligible. According to (Jacobs, 1981)
when the levels of Cy and P, are lower
than 25 and 100 mg kg, respectively, is
considered to be of good quality sewage
siudge and recommended for agricultural
fand application.
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Biological processes can also

contribute substantially to short-term
changes in macro-aggregation through
binding effect on soil particles and
accordingly better aggregates (Haynes
and Francis, 1993).

However, the aims of the present
work are to study the effect of sewage
sludge treatments on plastic limit of
silty clay soil, as well as, to evaluate
aggregate stability in response to
sewage sludge application by measuring
optical transmission (O.T, %) of soil
suspensions and hydraulic conductivity
(HC) of soil columns pre-treated with
NacliCacl, solutions of decreasing
electrolyte concentration at constant
SAR values.

MATERIALS AND METHODS

Samples of surface siity clay soil
(0-40 cm depth) were collected from
El-Sowa, (Abu Hammad), Sharkiya
Govemnorate. Air-dried sewage sludge
was obtained (from El-Gabal El-Asfar)
was used in the present study. The main
physical and chemical characteristics of
soil and sludge samples are set-up in
Table (1). The samples were dried and
ground to pass through a 2.0 mm sieve.
A sludge sample was suspended in
distilled water at a ratio of 133 wt/wt.
Shaken for 5 hr and filtered. EC, pH,
soluble Ca, Mg, Na, K and P were
determined in the filtrate according to
standard methods of analysis (Page,
1982). Trace elements were determined
by UlPA-extractablc (Lindsay and
Norvell, 1978) using atomic absorption



Table (1 2); Some physical and chemical properties of the investigaied soil
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Table (1 b) : Chemical properties of the studied sewage sludge.

Extract of suspended sludge in water ‘DTPA extract '(mg/kg) sludge

oC | N EC ! Ca |Mg | Na K ) 1

dSm™ | pH ‘ Ca | Fe {Zn |  Mn | Ca | Pb | Ni

(%) meq/L : . '

204 | 51| 356 | 5667|121 116 121 |{ 684 | 23.4 | 95 | 279} 003 | 6.6 | 048
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spectrophotometry. Sludge content of
O.C and total N were determined by
Walkely, Black and Kjeldahl methods,
respectively (Page, 1982).

Soil/sludge mixture preparation
and its measurement:

I- Stability of soil aggregates:

Soil and sludge samples were
mixed to obtain mixtures with municipal
shudge percentage of 1.5, 3 and 6% by
weight. The greater values of sludge %
were applied mainly to establish basic
concept of sludge effect in this regard.
PVC columns (30 cm length and 5 cm
diameter) with a funnel shape bottom
were packed with the homogeneous
soil/studge mixtures to obtain two bulk
densities (i.e 1.29 and 1.4 g cm™).

The sludge-amended soil columns
were wetted from below then placed
vertically in a plastic tray filled with
distilled water in a manner such that
the lowest 1 cm of each column was
submerged with water. Thenafter, the
columns were incubated for 4 months
during which once a week, each soil
column was rewetted from below,
then excessive water was allowed to
drain. This process was employed to
redistribute soluble constituents that
may have accumulated at the soil
surface along with the upward-
moving water by Capillarity. At the
end of incubation period, the columns
were air-dried and gently ground to
pass through a 2 mm sieve. Sub-samples
were employed in the determination
of O.C% and dry aggregate size

Ghali, MHA.

distribution using 4 sieves
having openings of 1.6, 1.0, 0.5 and
0.25 mm, according to Klute, (1986).

Stability of soil aggregates was
determined by measuring optical
transmission % of soil suspensions
(OT %) using a spectrophoiometer at
wavelength of 420 nm (Abu-Sharar,
1988). 8 ml of NaCl/CaCl, solutions of
increasing electrolyte concentration but
constant SAR values of 4, 8, 12, 16 or 20
were gently pipetted into triplicate 0.2 g
soil samples placed in test tubes of
identical optical transmission. Each tube
was stopered by thumb then slowly
inverted and returned to an upright
position. The test tubes were left
standing for the time required for settling
of >5 or >2 um fractions under definit
depth.

IL Plastic limit of silty clay loam soil:

Different soil/sludge mixture
columns at an average bulk density of
129 g em” were air-dried and gently
ground to pass a through 2 mm sieve.
The samples are mixed with sufficient
water so that it can be made
homogeneous by kneading. It is then
shaped into a ball. Next a sub-sample is
rolled out on a glass plate applying
minimum finger pressure. The ball is
then allowed to dry until a sub-sample
can be just rolled out as a 3 mm
diameter thread without breaking. The
soil is then in the plastic limit
condition and its gravimetric water
confent is considered as the plastic
limit. (Haines, 1930).
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IIl. Measurement of hydraulic
conductivity (HC):

The initial and sludge-amended
duplicate samples were mixed with
equal portions of 0.! M HCI- washed
sand (<1.6 mm_size fractions) and
packed in PVC cylinders (30 cm
length, 5.0 cm diameter) with a
funnel-like bottom, to a depth of 17.0
cm at an average bulk density of 1.29
Mg m™>. A sand layer of 2.0 cm was
first packed in the bottom of each
cylinder to prevent the movement of
fine soil aggregates with effluent
solutions. Each soil column was then
wetted from below using 50 meq/L
NaCl/CaCl, electrolyte solution of
constant SAR values of 4, 8, 12, 16
and 20. The initial sample used in the
HC measurements at SAR 20 was first
wetted with 100 meq/L solution. For
each soil column, HC was first
measured using the most concentrated
solution, then the solution was
successively replaced with diluted
solutions of 25, 20, 10, 8, 5, 2 meqg/L
and distilled water) for constant SAR.
Hydraulic conductivity was measured
by a constant hydraulic head of 10
cm. Effluent solutions of each soil
column discharged to a siphon device
of 2 ml volume and, in turmn, into a
fraction collector glass tubes in 8 m!
increments. The discharge time of the
8 ml volumes was reported and,
subsequently, the corresponding HC
was calculated.

For each treatment solution,
leaching of the soil columns continued
as long as stead state HC. was not
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reached. Because of the difficultly in
obtaining reproducible result from
duplicate columns, HC was expressed on
relative basis, i.e., relative to the
maximum HC reported when employing
the most concentrated solution of the
same SAR. '

Once dispersed clay appeared in the
effluent solutions, (O.T, %) of & ml
portions of these solutions were reported.
The amount of dispersed clay in the
effluent solutions was determined
gravimetrically. The dispersed clay
was first flocculated in a given
volume using CaCl, then over-dry
weights of difinit volume samples
from each of clay suspension (clay
+ salt) and clear supernatant (salt
content) were determined. Clay is
determined by difference oven-dry
weight (Klute, 1986).

RESULTS AND DISCUSSION

El-Gabal El-Asfar sewage sludge is
slightly acidic with a relatively mild
salinity (EC = 3.5 dS m") the concent-
ration of DTPA-extractable heavy metals
were generally low. Some chemical
properties of the sewage sludge and
some physical and chemical properties
of the investigated soil are presented in
Table (1 a & b).

The plastic limit values from the
zero, 1.5, 3.0 and 6% sludge treated
soil column samples, after incubation
period, were 22.6, 235, 251 and
274 %) and the organic carbon values
were (.36, 0.55, 0.64 and (.95 %),
respectively. The data reveal that the
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plastic limit for silty clay soil column
increased by increasing). O.C %. The
plastic limit is increased because of
water sorbed by organic gel materials
in additional to 1-3 um sized pores
between the compacted portions
which is created by the process of
measuring the plastic limit. The
presence of such pores should have
little effect on the matrix suction since
this is determined by the size of the
largest water-filled pores present.
Also, water sorbed is proportional to
carbon content. This allows changes
in the plastic limit of a soil to be used
to indicate relative amounts of organic
gel materials present. However,
several years after cropping which has
been changed from grass to arable,
more gel material was present
compared to the same soil under
continuous arable. This argument are
consistent with those of Chenu,
(1993), Emerson, ef al. (1994); and
Emerson, (1995).

The values of dry aggregate size
distribution are presented in Table (2).
The effect of extensive physical
desterption due to mixing and grinding
of the sludge treated soil, was impacted
on aggregates formation. This is noticed
by comparing dry aggregate size
distribution of these samples with the
initial or control samples under two bulk
densities. The data of dry aggregate size
distribution for the different samples,
also, show a substantial reduction of half
the values of coarse aggregate % (1.6-2.0
and 1.0-1.6 mm) for the sludge treated
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soil compared t. the mtial or control
samples. Such 2 eduction resulted, in
turn, in a correspoding increase in the
percentage of the fine (<0.25 mm)
aggregates. This respnse was greater at
14 than 129 g om” oil bulk density.
Tisdall er al (1978) ud Gupta ef al
(1984) argued that phys:al distripution
of soil aggregates causs a greater
decrease in their stability i1.absence than
in presence of microbial activity. In
addition to the aggregate stabilizing
effect of organic matter. Tie greater
sludge application rate may increase
microbial activity and, subseently,
promotes the establishment of tnding
substances strong enough to ffect
slaking of the fine aggregates and
ultimately clay dispersion. Increasng
stability and size of soil aggregates lexd
to a reduction in clay dispersion
Glauster, et al. (1988).

Optical transmission values (O.T. %)
for <2pm clay suspensions from 1.5 to
6% sludge treated samples which have
been obtained with solutions of
increasing electrolyte concentration at
different constant SAR (i.e. 4, 8, 12, 16
and 20) are presented in Fig. 1. The data
indicate that (O.T, %) values were
increased linearly with  increasing
electrolyte concentration, and maximum
clay dispersion was obtained at OT % <
10 (except for the 6% sludge-amended
samples treated with solutions of SAR 4
or 8). For the low SAR values the 6%
treatment seems to be effective in
limiting clay disperion, Abu-Sharar,
(1988) termed clectrolyte concentration
corresponding to (O.T, %) of 10 a
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Table (2): Dry aggregatc size distribution for sludge-treated soil samples
under different bulk densities.

Studge Soil bulk density 1.29 ¢ cm™
application Dry aggregate diameter (mm)
rate (%) 1.6-2.0 1.0-1.0 | 05-10 0.25-0.5 <0.25
* IS 20.5 16.2 15.1 27.4 20.8
** CS 18.7 15.7 14.9 29.3 21.4
1.5 153 14.1 13.7 214 355
3.0 14.7 13.2 14.2 19.6 383
6.0 17.4 12.5 134 17.8 38.9
Soil bulk density 1.4 g cm™
IS 21.7 17.7 149 14.1 25.6
CS 25.2 16.3 14.5 15.2 27.8
1.5 13.2 13.6 12.9 18.9 41.4
3.0 12.3 11.9 " 134 17.3 447
6.0 14.1 11.6 12.1 16.5 45.7
* The initial sample (IS) was neither treated with sludge, nor other subsequent
procedures.

** The control sample (CS), without sewage sludge treatment, but subjected to
other subsequent procedures.

Table (3): Critical concentrations (meq/L) for the initial and sludge-
treated soil samples at different SAR values. .

Sewage sludge
app%icationg SAR
rate (%) 4 8 12 16 20
Initial sample 2.8 4.6 5.5 83 10.7
1.5 4.4 53 6.9 13.4 13.0
3.0 2.3 6.1 7.6 11.3 12.6
6.0 1.9 3.8 8.1 11.2 12.1
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critical concentration. The critical
concentration solution of sludge-treated
samples were greater than the
corresponding values of the initial
sample Table (3). At SAR > 8§ the
critical concentration solution of the 1.5
and 3% sludge treated samples were
almost similar, but with decreasing SAR
value to 4, critical concentration
decreased with increasing sludge
application.

Concerning aggregate slaking values
of (O.T, %) for soil suspensions of < 5
size fractions dispersed from different
sludge-treated samples with solution of
increasing electrolyte concentration at 4,
8, 12, 16 and 20 SAR are presented in
Fig, (2). Results show a linear increase in
(O.T, %) with increasing electrolyte
concentration in a manner analogous to
that clay dispersion. According to Abu-
Sharar ef al (1987,) clay does not
disperse from the peripheries of intact
soil aggregates, but clay disperses at
ultimate stage of aggregate slaking, The
obtained results reveal that clay
dispersion to < 2 pm fractions was more
susceptible to increasing SAR in
comparison to aggregate slaking to < 5
um fractions. Metzger and Robert,
(1985) indicated that the application of
sewage sludge extract to Na-
montmotillonite can bring about the
formation of microaggregates of
approximately 10 um size. Once such
aggregates are destroyed. Extensive clay
dispersion may take place. Quirk (1978)
pointed out that the intergrowth of clay
crystals is mainly dependent on the fine
clay particles but not on organic matter
or any other cementing agent. This was
attributed to pliability of the fine clay
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particles which act as the binding agent
at the clay domain level-organic matter
was thought to be important only in
strengthening coarse soil aggregates
with an equivalent pore size range of
15-50 pm.

Data of relative HC for the zero and
sludge treated soil colunns Fig. (3)
indicated that for solution series having
SAR 4, 8 and 12, HC decreased with
decreasing electrolyte  concentration
below 50 meg/L for zero, 1.5 and 3%
sludge-treatments and below 20 and
25 meg/LL for the 6% sludge-treated
samples, respectively. At SAR 16 or 20
all samples showed a reduction in HC
with decreasing electrolyte concentration
below 50 meg/L. and, indicate a
decreasing in aggregate stability with
increasing SAR. The HC values for the
1.5 and 3% sludge-treated samples were
similar but greater than the respective
values of zero when permeating
solutions of electrolyte concentration > 5
meg/L at any level of SAR. Maintenance
of the studied HC can be achieved by
the application of a relatively rate of
sewage sludge (6%). This was mainly
attributed to the enhancement  of
aggregate stability, clay dispersion and
subsequent clogging of the conducting
macropores seem to contribute very little
to the decreasing HC values the zero and
low sludpe applications subjected to
leaching electrolyte concentration
content.

The (O.T, %) of effluent solutions
related to clay dispersion falls to a
minimum value after permeation of
about 130 ml of these solution. Fig.
{4) reveals that (O.T, %) of the water
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effiuent from the 6% Sludge.roated

samples do not drop to 25 (clay
dispersion was negligible) and was
always greater than the corresponding
(OT, %) of the other samples.
Minimum (O.T, %) of the effluent
solution decrease (more clay
dispersion) with increasing SAR for a
given sludge-treated sample and
maximum increasc (less clay
dispersion) with increasing the studge.
application rate at a constant SAR
were observed in Table (4). The
relatively limited clay dispersion.
(especially for the 6% sludge-treated
sample permeated with distilled water
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(ollowitp SAR 20 solubion seres

Table 4) indicates that the major cause
for HC reduction (=70%) was mainly
due to aggrepate slaking rather than to
clay dispersion and clogging of the
conducting pores as suggesied by
Shainberg ef al. (1981). The total
amount of clay dispersed from each
soil column was smail in comparison
lo the clay content of each column.
The total clay dispersed from zero,
1.5, 3 and 6% sludge-treated soil
columns permeated with SAR 20
solution series was 0.32, 0.21, 0.20
and 0.04 g, respectively.

[~ zero —W—2% —v—3% —e—6% siudge ]

Optical transmission %
2

10 50 100 150

200 250 o 3s0 40

Effluent volume (mi)

Fig. (4): Optical transmission of the distilled water effluent solutions collected
from the initial and sewage siudge treated soil columns previgusl
perimeated SAR 20 eleciroiyte solutions.

1
RPN Y
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Table (4): The minimum (O.T, %) observed in 8 ml portions of the effluent solutions
collected from the sludge treated soil columns with solutions of
decreasing electrolyte concentration at constant SAR values.

S‘:;:%i::?:nge Electrolyte concentration meqg/L.,
rate (%) 100 | 80 | 40 | 20 T 00
SAR 4
Zero *NCD NCD NCD 49 21
1.5 NCD NCD NCD 57 24
3.0 NCD NCD 84 NCD 29
6.0 NCD NCD NCD NCD 35
SAR 8 .
Zero NCD 78 55 86 19
1.5 NCD NCD 63 72 - 21
3.0 NCD NCD NCD NCD - 26
6.0 NCD NCD NCD h) 32
SAR 12
Zero NCD 62 - 47 18 17
1.5 NCD 51 42 65 19
3.0 NCD NCD NCD NCD 22
6.0 NCD NCD NCD 40 30
SAR 16
Zero 46 58 40 43 14
1.5 42 45 37 55 15
3.0 62 NCD 48 44 18
6.0 NCD NCD NCD NCD 27
SAR 20
Zero 38 40 35 36 10
1.5 32 64 31 34 ] 12
3.0 69 NCD 36 35 - 16
6.0 NCD | NCD 52 44 24

*NCD = No clay dispersion.
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