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Summary
This report outlines the investigations conducted between 1993 and 1996 to identify the potential for
water treatment sludges, which are subject to stringent EPA guidelines with respect to handling and
disposal, to be used as a soil ameliorant in preference to dumping it in municipal landfill sites.
Before the sludge can be utilised in an unregulated manner, however, it was necessary to establish
whether it had any physical or chemical properties that might pose an environmental health hazard
when released. While there was no evidence in the literature of any such problems, much of the
literature was from overseas, and thus applicable to different soils and environmental conditions. It
was considered necessary to establish up-to-date local evidence to govern the disposal of sludges -
generated in Australia. The four objectives of the project were therefore to 1) determine the -
magnitude of soluble aluminium in alum studge in comparison with naturally occurring soils, 2)
deterrhine the magnitude of soluble aluminium in an acidic soil at the Waite Research Institute with
and without sludge and lime in various proportions, 3) determine the effects of adding sludge to
soils in different proportions on the establishment and growth of lawn grasses, and 4) evaluate the

utility of sludge as an ingredient in commercial potting mixes.

In all laboratory, glasshouse and field experiments, the sludge was found to possess no serioﬁs
detrimental properties, and in particular no soluble aluminium by comparison to other natural soils in
Australia. On the contrary, a number of beneficial properties were identified, including low. bulk
density, high infiltration rate, plenty of available nitrogen, a neutral to alkaline pH, and a modest
calcium carbonate equivalence. When mixed as a potting ingredient with sand and other materials,
the sludge imparted favourable properties whén compared with commercially available mixes. Plant
yields from sludge and from sludge-based mixes were as high or higher than those in just soil. The
main agronomic limitation of the sludge was its large P-fixing capacity, which necessitated large
quantities of added P-fertiliser. From an environmental viewpoint, however, this could be regarded
as an advantage, as the sludge might be used to remove P from contaminated water sources; further
research to quantify its effectiveness is being planned. In short, once the sludge has been air dried,
its disposal need not be stringently regulated and can be safely used in many ways, only a few of

which have been identified here (eg. to raise soil pH of acidic soils, or as a potting mix ingredient).




1. Introduction

1.1 Background

Water filtration plants in South Australia produce drinking water by treating ‘raw’ water from the

liiver Murray and from catchment reservoirs. The treatment process involves flocculation and

filtration of the suspended clays and dissolved organic compounds using either aluminium sulphate
“(alum), ferric chloride, poly electrolytes, activated carbon, or a combination of these (Lehmann and

Palmer, 1995). The flocculated material, commonly known as sludge, is de-watered either by

evaporation from shallow lagoons, or where space is limited, by using mechanical presses before

partial dryngg in concrete holding bays.  The sludge is then considered to be an industrial waste, and

is thus disp:ised of, generally in regulated landfill sites.

The quantity of sludge produced depends upon the municipal demand for water, and is therefore
greatest at filtration plants near urban areas and during hotter months of the year. For example, the
Happy Valley water treatment plant near Adelaide, SA, annually produces in excess of 10,000
tonnes of sludge (25% dry solids), and at present, most of this is disposed of in municipal landfill
dumps at a cost to the State estimated conservativciy at $120,000 pa (Lehmann and Palmer 1995).
Moreover, the landfill disposal option is becoming increasingly problematic as suitable sites for

disposal come under pressure for urban development; an internationally acknowledged problem (eg.

Elliott and Dempsey 1991).

It has been suggested, on the basis of numerous studies (e.g. Rengasamy et al. 1980; Bugbee and
Frink 1985; Grabarek and Krug 1987), that the physical and chemical properties of water treatment
sludges make them suitable for use as a soil ameliorant rather than simply for disposal as a waste
product. For example, because of the high content of calcium carbonate in alum sludges (added to
raise pH of water to precipitate soluble aluminium compounds) these sludges are commonly used in
the United States as a substitute for lime, and no phytotoxic effects (which might be expected if
soluble forms of aluminium were to be produced) have yet been associated with their use on land
(eg. Elliott and Singer 1988; Geertsema et al, 1994). Unlike sewage sludges and other industrial

wastes, water filtration sludges contain few, if any, contaminants (Geertsema et al. 1994). When

contaminants do occur they are usually associated with the raw water itself, which may contain, for
example, copper sulphate - added during some summers to control algal growth in reservoirs (Lucas
et al. 1994). The amount of copper in sludges thus varies, but is usually small and below the
acceptable upper limits established by US-EPA standard procedures (Grabarek and Krug 1987).
Contaminants may also occur as impurities (eg. heavy metals) in the coagulants used, but these

metals are generally found in such low concentrations as to be nonbioavailable and virtually

immobile in most soils, particularly at modestly alkaline pHs (Elliott ez al. 1990).

There would thus appear to be considerable potential for land-based disposal of water treatment
sludges under certain conditions. If, for example, it could be shown that application of water

treatment sludges to land represented an environmentally safe and economically viable option in

Australia, this would represent a significant advance. The costly and problematic disposal issue

would be neatly solved, and the future demand for this material might even outstrip its supply
(Skene and Qades 1995). Nevertheless, because the soil environment in which the sludge could be
released varies enormously across the Murray-Darling Basin, a range of different soil types needs. to
be examined in conjunction with appropriate agronomic research to test the applicability of

conclusions drawn from research overseas conducted on very different soils. . -

2 Aims

2.1 Original aims

In order to explore the land-based options for disposal of water treatment sludges produced in South
Australia, a collaborative study was proposed by the Engineering and Water Supply Department of

South Australia and the Department of Soil Science of the University of Adelaide.

The original aims of this study were twofold:
1) to assess the potential for using water treatment studge as an ameliorant on sandy vineyard soils,
and for the preparation of recreational areas, especially lawns and ornamental gardens. (It was

thought that the high clay and organic matter contents of the sludge would improve soil structure,




increase water and nutrient holding properties, and thus increase plant growth and productivity on
amended soils) and,

2) to determine whether sludge, and sludge-amended soils, might become potential sources of
phytotoxic aluminium in the environment with time. (On the basis of preliminary results from
laboratory techniques that use highly acidic extraction procedures, there was a perception that a

potential hazard might exist if the sludge were to be applied to acidic soils).

2.2 Revised aims

BecauSt? water treatment sludges and sewage sludges in Australia are classified by the Environmental
. _

Protecti})"p Authority (EPA) as 'industrial wastes'; these are subject to stringent disposal regulations.
Official EPA approval is thus required to transport sludges from production planfs. Because the.
South Australian EPA did not want the sludge to be released onto private land before the issue of
possible aluminium mobility and phytotoxicity was clarified (cf. Cugley 1994), approval to cart
sludge to selected vineyards near Adelaide was not granted. Two public sites, however, were
approved for transport: (i) the Waite Agricultural Research Institute, and (ii) the disused site of the
old Hackney Bus Depot adjacent the Royal Botanical Gardens, the city of Adelaide. Of these twé
sites, only the Waite Institute was suitable for controlled experimental work, so for all intents and

purposes, the nature of the research that could be planned was severely restricted®.

The aims of this project were therefore revised to focus primarily on the aluminium issue, and to
explore potential uses of the studge where its dispersal in large quanﬁtie's could be limited (e.g. in
the ‘potting mix industry). The revised aims, (which encompass the original aims to a large extent)
were therefore to:

1) determine the concentration of soluble aluminium species from the sludge in comparison with a

range of naturally occurring Australian soils,

.Sludge at the. Hackney site was used primarily as landfill and has been vegetated with lawn grass,
which has flourished. (P. Matthews, Senior Curator Royal Botanical Gardens Adelaide, Pers. Com.)

2) determine the concentration of soluble aluminium in the (acidic) Waite Institute soil with and
without the addition of alum sludge and lime in various proportions. -

3) determine the effects of adding alum sludge to soils in different proportions on the establishment
and growth of lawn grasses.

4) evaluate the utility of alum sludge as an ingredient in commercial potting mixes used in
horticultural industry.

To achieve these aims, several laboratory and glasshouse studies, plus a small field study were
embarked upon at the Waite Institute, and these will be outlined in the Materials and methods
section 4. Before these studies were initiated, however, the literature was examined to establish
what was known about i) the physical and chemical properties of water treatment sludge, ii) the
implications these properties might have for experimental measurements required and iii) how land

might best be managed once sludge was applied. The following sections summarise this literature. -

3. Literature review

3.1 Properties of water treatment sludge and implications for land disposal

To a large extent, the physical and chemical properties of water treatment sludgés depend upon the
coagulants and carbonates used in their preparation (eg. alum, ferric chloride, activated carbon,
polymers, lime etc.), plus the nature of the dissolved and suspended matter removed from the raw
water. For example, the pH of alum sludges can range from 5.1 up to 8.0 depending upon the
amount of lime (CaCQO3) added to cause precipitation of soluble species of aluminium (EHiot and
Dempsey 1991). Because alum sludges can have a calcium carbonate equivalence of up to20%,
(depending upon their alkalinity) they have an inherent liming value, or pH-neutralising value. .This
property of water clarification sludges has been appreciated for some time now; in fact, various
different types of sludges have been used to raise pH of agricultural soils in the mid western United
States over the past 40 - 50 years (Ibid ). Bugbee and Frink (1985) also found alum sludge
applications to a forest soil increased the pH by about 0.5 to 1.0 unit. The magnitude of any
increase in pH depends of course on several factors including the original soil pH, the pH of the

sludge itself, and the application rate of the sludge.




Alum sludges commonly consist of highly disordered clay minerals plus organic matter and
precipitates of aluminium hydroxides (Bugbee and Frink 1985; Rengasamy ez al. 1980). The
aluminium hydroxides are similar in nature to those commonly present in soils (Lucas er al. 1994),
and may occur in quantities between 3% and 30% total aluminium (Elliot and Dempsey 1991;
Rengasamy et al. 1980). Total nitrogen content of alum sludges has been found to range from as
low as 0.44 - 1.00% (Elliot and Dempsey 1991) to as high as 2.1% (Skene et al. 1995). Itis
generally acknowledged that by comparison with sewage sludges, most alum water treatment
sludges are relatively inert with respect to biological pathogens, pesticides, and other organic
contaming{ns (Elliot et al. 1990; Grabarek and Krug 1987).

Despite the fact that alum sludge has some highly beneficial properties, advantage of these has
generally not been taken, primarily for historical reasons. In Australia, we have followed
procedures established in the United States (eg. Kawamura 1991), wherein water filtration sludges
and have been classed together with industrial metal hydroxide sludges. The disposal of these
materials must adhere to internationally stringent criteria (USC 1980}, which generally means they

can only be disposed of in prescribed municipal landfill sites.

Concern about alum sludges in Australia appears to centre around their total aluminium content (eg.
Cugley 1994; SA EPA 1996). One reason for this may be that aluminium occurs in the natural
environment in relatively high concentrations. Next to oxygen and silicon, which comprise 74.3%
of elements in the Earth's crust, aluminium is the next most abundant element (8.1%); other

elements such as iron, calcium, sodium, potassium, magnesium, each comprise smaller proportions

than this (Wild 1993).

Nevertheless, it is generally agreed that for human consumption, the concentration of total
aluminium in drinking water should not exceed 200 pg/litre (Sayer 1988). In aquatic environments,
the tolerance of various organisms to aluminium is somewhat lower. For example, the toxic limits
of concentration for aluminium in fresh and marine waters is approximately 5 pg/litre when pH <

6.5, and 100 mg/litre when pH > 6.5 (ANZECC 1992). The different concentration limits for

different pHs relate to the fact that the hydrolysis of aluminium in solution is pH-dependent, and
certain hydrolysed species are more harmful to biota than others. The most important steps in the

hydrolysis reactions in dilute solutions of aluminjum are:

Hydrolysis Reaction Reaction Constant

AP*+H,0 « AIOH** +H' K, =107
AIOH?* + H,O « Al(OH)," +H* K, =104
Al(OH)," + H,0 & AKOH),°aq) + H" K, =107
AI(OH),’(ag) + H,0 « AI(OH), +HY K,=1074

When alum (KAKSO 4)212H2O, or NH 4A1(SO 4),12H,0) dissolves in water it flocculates negatively

charged, dissolved or suspended forms of organic and inorganic material; this occurs through the
hydrolysis of the aluminium ion to form a gelatinous precipitate of aluminium hydroxide with the
charged material. The total concentrations of dissolved species of aluminiurmn in the presence of
gibbsite, AI(OH),, is highly dependent upon pH and reaches a minimum in the range of pHs from 6
to 7 (McBride 1994). For aquatic species, aluminium becomes toxic when pH enters the range 4;4
to 5.4, and is most toxic in the pH range 5.0 to 5.2. Because of its amphoteric nature, aluminium
may also become moderately toxic in the alkaline pH rangé 7 to 9 (Freeman and Evert 1971). The
extent of toxicity of aqueous aluminium varies with speciation. The A** ion (dominant for pH <
4.5) and the simple hydroxides, AI(OH)** and Al(OH); (dominant for pHs in the range 4.5 to
6.5), are generally regarded as the most toxic forms of aluminium both to plants (eg. Cameron et al.
1986; Bruce er al. 1988) as well as to aquatic biota (eg. Alva et al. 1986a,b; Driscoll et al. 1980). In
the pH range 8 to 10, the anionic species dominate and are also phytotoxic (Hesse 1971).

Regardless of pH, the organically bound and the polymeric forms are less toxic and considered to be

essentially harmless (Hue et al. 1986).

While it is generally agreed that information on the various species of aluminium present in soil
water can be useful for predicting the consequences of low pH conditions (e.g. Johnson et al.

1981), there is less concurrence on the methods that should be used to quantify the various species




of aluminium. For example, determination of aluminium in soil extracts by atomic absorption
spectroscopy has been found not to differentiate well between soluble and colloidal forms of
aluminium nor between labile and non labile soluble complexes. It therefore does not make a good
estimate of the toxic fractions of aluminium in soils (Manley et al. 1987). Spectrophotometric
methods, on the other hand, provide better estimates of the species of aluminium based upon the
rates of reaction between various reagents for different periods of time. Among at least four of the
spectrophotometric methods currently available, is the pyrocatechol violet method of Dougan and
Wilson (1974). Siep et al. (1984) used this method (with a reaction time of 4 minutes) to estimate
the total 1:\conce:ntration of monomeric aluminium, and the pyrocatechol violet method has been
rclativel; ‘widely adopted for the estimation of aluminium in waste water and drinking water

(A.PH.A. 1992). This method will be adopted for all work reported in the present document.

3.2. Land application of .water treatment sludges and agronomic effects

Land application of water treatment sludges has been suggested as a potentially effective long term
solution to the disposal problem (eg. Skene and Oades 1995), yet only relatively few studies have

+ been conducted to demonstrate the benefits. Rengasamy er al. (1980) reported that application of |
sludge to soils in pots reduced slaking and dispersion, increased soil aggregate stability, and
increased moisture retention between the water potentials -10 and -1000 kPa. Application of sludge
at 2 tha'l increased yield of maize (due to improved physical properties and nutrient status),
although at the highest application rate (e.g. 20 t ha‘i) there were some problems with gexminatioh
and phosphorus deficiency in the maize plants. Bugbee and Frink (1985) applied alum sludge to a
moderately acidic soil in pot experiments and on forested land, and found that sludge raised the soil
pH significantly. There were no germination problems found with lettuce and marigold plants, but
at higher application rates a serious phosphorus deficiency problem occurred in all plan{s and this

resulted in decreased yields even when P fertilisers were added.
In a separate experiment using smaller sludge application rates, however, Lucas ef al. (1994) found
that P-deficiency problems in fescue grasses could be overcome by doubling the application rate of P

fertiliser, which also increased plant yield. Geertsema et al. (1994) concluded that alum sludges
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may be applied to forest lands at loading rates of at least 1.5 to 2.5% (dry weight basis) without
negative effects. Furthermore, 30 months after sludge application, there was no evidence of any

migration of metal elements such as Zn or Cu (minor contaminants in the alum sludge) through soil

or ground water.

Skene et al. (1995) compared the growth of broad beans in glasshouse pots of sand amended with
either alum sludge or alum sludge containing the poly-electrolyte, diallyldimethyl ammonium
chloride (polyDADMAC). The sludges were applied to the surface of pots of sand in order to mimic
a field trial (cf. Skene er al. 1994) in which the effects of water treatment sludge on the establishment
of cereal ryegrass on sand dunes were examined. In the pot trial, dry matter production of the broad
beans was greater in the polyDADMAC sludge treatments than in the alum sludge treatments, and
the difference was attributed primarily to the presence of phosphorus, nitrogen and potassium iﬂ the
polyDADMAC sludge (all constituents of the poly-electrolyte). The main advantages of using the
sludge as a growth medium for plant growth wefe attributed to an improvement in physical
properties: increased water holding capacity, improved drainage characteristics and greater structural
stability. Of particular importance with respect to the issue of aluminium mobility and toxicity to |
plants was that the broad bean plant tissue from the treatments with the highest application rates of
alum sludge contained significantly lower aluminium than the plant tissue from the control soil to
which no alum sludge was added. Skene et al. (1994) also demonstrated that a wide range of
vegetable crops grew satisfactorily on beds of sludge in the field, and that plant tissue analysis did

not reveal the presence of any elements detrimental to human health.

4. Materials and methods

4.1 Introduction

Four main experiments were conducted to achieve the Revised aims stated in Section 2.2. The
initial work was conducted to characterise the physical and chemical properties of the alum sludge
deemed important from an agronomic standpoint (cf. Section 4.3). Another experiment involved the
comparison of soluble aluminium in alum sludge with that in different soils from across Australia

(¢f. Section 4.4). A third study involved both glasshouse and field trials designed to examine the

11




agronomic effects of adding sludge to a soil (¢f. Section 4.5). The final study was conducted to
evaluate the use of water treatment sludge as an ingredient in potting mixes by comparison with
several commercially available products (cf. Section 4.6).
4.2 Collection and pretreatment of alum sludge
Several tonnes of alum sludge from the Happy Valley water filtration plant near Adelaide, South
" Australia were collected from the concrete holding bay at the de-watering plant, and transported to
the Waite Agricultural Research Institute to be stockpiled for use in all experiments (see Appendix
photos). Because the sludge existed in relatively large chunks when it left the de-watering plant, it
needed to bc broken into smaller pieces, and this was done in various ways depending upon the
experimental purpose. For laboratory investigations, for example, sludge was dried at 40°C for 48
hours, then passed through a 1 mm sieve. For glasshouse experiments, the sludge was wetted and
dried 5 times on plastic sheeting in a glasshouse (to promote finer aggregation), then passed through
a 5 mm sieve. For the field trials, sludge was simply left outside to wet and dry naturally and turned

periodically to promote crumbling it into finer aggregates over a several month period.

4.3 Physical and chemical properties of alum sludge from Happy Valley

To obtairi an idea of the porosity and pore sizes in the sludge, water retention at four different matric
potentials ranging from Wy, =-30 to -1500 kPa were determined using a pressure plate apparatus.
Electrical conductivity was determined on samples of solutions having ratio 1:5 sample to water.
DTPA extractable Fe, Mn, Cu and Zn were determnined by the method. of Lindsey and Norvell
(1978) and calcium chloride-extractable B was determined by the method of Aitken et al. (1987).
Available N was determined by the method of Keeney and Nelson (1982), and the P-sorption

characteristics were determined by the method of Fox and Kamprath (1970).

4.4 Aluminium in alum sludge and natural soils
Aluminium in the alum sludge was compared with that in nine different soils from across Australia.

Mixtures of 1:5 soil or sludge and distilled water or 0.01 M CaCly were agitated for one hour on an

12

end-over-end shaker. The pH of the supernatant was determined first after which it was poured

onto Whatman No.44 filter paper and then through a 0.2 um filter. Aluminium in the extracts

(bereafter referred to as water soluble aluminium) was determined using the pyrocatechol violet

method of Dougan and Wilson (1974).

In a laboratory incubation experiment, the sludge was mixed with one of the nine soils (Urrbrae
Red-brown Earth, from the Waite Institute} to produce application rates equivalent to 0, 200, 400,
800, and 1600 t ha'}, assuming a bulk density of 1.2 t m™3 (Susanto 1992). Agricultural lime was
incorporated into these mixtures at application rates equivalent to 0, 1.8, 3.6, 7.2, and 14.4 t ha-1,
Samples of each of these mixtures (20 g) were placed in sealed plastic containers (120 cm3 capacity)
and stored for eight weeks at 20°C at gravimetric water contents corresponding to 6.8 x 'field
capacity' as determined for each mixture. At the end of the incubation period, water was added to
each sample to make sample-to-water ratios of 1:5, and they were shaken for one hour.

Suspensions were analysed for pH and then extracts were taken for determination of water soluble

aluminium as described above.

4.5 Effects of alum sludge on performance of lawn grass

4.5.1 Glasshouse study |

Sludge was mixed with Urrbrae Red-brown Earth at rates equivalent to 0, 200, 400, 800 and 1600 t
ha-1, either by incorporation or by surface application in 10 litre pots. For the treatments to which
the sludge was applied on the soil surface, superphosphate fertiliser was pre-mixed with the sludge
at a rate of 100 kg P ha'1 prior to placing them in the pots. For the treatments to which the sludge

was incorporated, superphosphate was mixed together with the soil and the sludge at the same time.

The weight of each pot at "field capacity" was determined as follows: The bases of the pots were
fitted with plastic drainage tubes that could be open or shut. The tubes were closed and the pots
were saturated for a period of 24 hours, after which the tubes were opened to allow free drainage for
a further 24 hours. Weights at this time were deemed to represent "field capacity" and were thus

maintained during the first four weeks of the experiment by adding appropriate quantities of water
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every other day. (After the first four weeks, it was noted that some of the pots may have been too
wet, and so to half of the pots, water was subsequently added until the pot weights corresponded to

only 60% field capacity, while the rest were watered as before).

Lawn grass seed was sown in all pots at a rate of 237 kg ha-1 and the pots were arranged in a
randomised complete block design. To minimise differences in growth due to variable temperature
and lighting in the glasshouse, the pots were periodically moved to different positions. The
experiment lasted 12 weeks after sowing and the grass was harvested 3 cm above the ground surface
every 4 \{yeeks during this time. After the first harvest at 4 weeks, all pots received a further
applicatién of fertiliser (192 kg N ha-1, 53 kg P ha-!, and 100 kg K ha'1) plus micronutrients
aécording to rates applied by Rengasamy ef al. (1980) to sludge from the same source. Samples of
the lawn grass were dried (70°C for 3 days) to determine dry matter yields, and a subsample of the
fresh grass was taken to determine nutrient concentrations in the plant tissue; these subsamples were
thoroughly washed in distilled water, dried, ground, then digested in nitric acid for analjfsis using

ICP (Zarcinas et al.. 1987).

4.5.2 Field trial

A field experiment was established in a randomised complete block design on Urrbrae Red-brown
Earth at the Waite Institute to determine the effect of sludge addition on germination and performance
of lawn grass. Sludge was applied at similar rates as for the glasshouse study (Section 4.5.1), but
there were no surface applications of the sludge - all of it was incorpbrated with the soil as follows.
Soil was removed from each plot to 20 ¢m with a front-end loader. Air dry sludge was mixed with
this soil in quantities prescribed by the application rates, and the mixtures were placed back into the
appropriate plots. Fertiliser was applied to all plots (200 kg P ha'l, 100 kg Kha'l, 10kgMn ha'l,

5kgZnha-!, and 0.4 kg Cu ha'l) and incorporated using a rotary hoe. Each treatment was

replicated four times in plots having dimensions 3m x 5m and separated from each other by a buffer -

strip of 1m width. The sludge-soil mixtures in the individual plots were contained by a timber frame

around their margins dug into the soil surface (see Appendix colour photographs). Rye grass
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seeds were sown on all plots at an application rate of 200 kg ha-!, and an automatic sprinkler system

was installed to irrigate each plot.

Due to extensive (historical) weed problems on the site, ryegrass had to be sown three times
followed by rigorous weed control efforts over a period of several months before satisfactory grass
establishment was achieved. Two months after the third sowing all grass was cut to a height of 3
cm using a lawn mower. Harvesting was conducted after an additional 30 days, at which time the
total fresh weight of all the grass clippings from each plot was recorded. A subsample of the moist
grass clippings was taken from each plot to determine moisture content (dried 70°C) from which dry
matter yield was calculated. A second subsample of the moist clippings was taken for tissue
aﬁalysis for the determination of plant nutrients; this sample was thoroughly washed in de-ionized

water, dried and ground prior to analysis using ICP.

When the plots had been established for a total of 14 months, a final dry matter harvest was -

conducted, and available soil P was determined on each plot by the method of Colwell (1963).

Various soil physical properties were also determined on each plot, including infiltration rate using a

single ring, bulk density using small cylindrical cores, particle density using pycnometers (Blake

and Hartge 1986), total porosity, moisture content at field capacity, and air-filled porosity.

4.6 Evaluation of alum sludge as a potting mix ingredient

The following four materials were used to design 34 different potting mixes: alum sludge, coarse
sand, pine bark (<4 mm, composted), or peat moss (known as 'Euroturf"). The. mixes varied |
according to the proportion by which sludge replaced either the sand or the pine bark/peat moss.
Pine bark and peat moss were included as variables in this experiment because these are used in
commercially available potting mixes, the pine bark being used in the "regular" grades, and the peat
moss being used in the "premium” grades due to it greater water holding properties. The air filled
porosity and water holding capacity of each mixture were determined according to the procedures
outlined in the Australian Standards for Potting Mixes (Standards Australia 1993), and on the basis

of this, the list of potentially acceptable mixes was reduced to six, which were known as Mixes #20,
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#25, and #31 with either peat moss or pine bark as the organic component. These were examined in

detail for standard physical and chemical properties for commercial potting mixes. All the mixes

containing sludge showed low available P, indicating a significant P-fixing capacity of the sludge; it

‘was thus necessary to determine the P-fertiliser requirements for the six mixes. P-fertiliser was
therefore applied at rates of 0, 200, 400, 600 and 1200 g P m-3, and the P content of DTPA extracts

was determined after 10 days incubation.

The six mixes were evaluated against two commercially available potting mixes, "Nu Erth" and
"Peat Soil", by assessing the growth response of marigolds in them. Samples of each potting mix
(in5 litre\zdontainers) were fertilised with 5 kg m-3 nutricote (20-0-10) plus 700 g m-3 iron sulphate.
For the two commercial potting mixes, iron was not applied to the mix, but rather as a sprayed iron
chelate onto the plant foliage itself, two weeks after planting. Single seedlings of marigold plants
were placed into each pot and allowed to grow for 8 weeks in a glasshouse. The experimental
design consisted of 5 replicatidns of each treatment in a completely randomised design, whe_rein the
position of the pots was changed regularly to overcome any variability of growth conditions in the

glasshouse. After 8 weeks, the plants were harvested and the number of flowers per plant, plus the

shoot dry matter yield per plant were recorded.

5. Results and discussion
5.1 Phyéical and chemical properties of alum sludge from Happy Valley

| The alum sludge possessed a high water content at ‘¥, = -30 kPa (simulating "field capacity") and
also at ¥, = -1500 kPa (simulating "wilting point™). As Figure 1 and Table 1 show, there is
only a small change in water content between field capacity and wilting point, which indicates the
sludge provides little "available" water for plant growth. Similar data on "available” water were also
obtained on samples of alum sludge collected independently from Happy Valley in 1996 (S.P.
Macks pers comm.). The reason for the small available water content is not entirely clear,
considering the alum sludge contains so much clay and organic matter (eg. Rengasamy et al. 1980),

and also since alum sludges collected from other water clarification plants {eg. Morgan Treatment
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Table 1. Water content of alum sludge as a function of applied matric potential.

Applied Matric Potential Mean Water Content
(¥m, kPa) (kg kg
-30 0.548
-100 0.502
-200 0.511
-1500 0.472

0.60
- w=0.600-0.0412*Log(¥,kPa) <
- R~2=0.877 . : |
b ]
0.55
Water
Content
w
(ka/kg)
0.50
0.45 M N M M ] 2 o 9 3 | » 3 3 M

0 500 1000 1500
Water Potential ¥ (-kPa)

Figure 1. Moisture retention curve for aggregates of alum water treatment sludge
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Plant, South Australia) contain significantly higher available water (eg. Skene et al. 1995). The
result suggests the clarification process at Happy Valley must create pores dominantly in the size
range < 0.2 pm. An analysis of the pore size distribution according to Innes (1957) confirms this:
the majority of pores iﬁ the aggregates of sludge, in fact, were found to be < 10 nm in size. This
implies the sludge may not be able to provide sufficient water to support plant growth if the sludge
were to be used as the sole rooting medium. If the sludge were to be well mixed with a soil, on the
other hand, the available water may be controlied more by the aggregate size distribution of the soil-
sludge mixture than by the sludge alone.

Various": themical properties of the alum sludge afe presented in Table 2 in comparison with the
Urrbrae Red-brown Earth. While the electrical conductivity data indicate the sludge contains a
modest concentration of soluble salts, this poses no serious salinity risk (USSL Staff 1954).
Furthermore, the sludge contains at least 5 times more available N (a macro-essential nutrient for
plant growth) than does the Urrbrae soil, which has also been found for alum sludges in other
studies (eg. Skene ef al. 1995). While there are fewer DTPA-extractable micronutrients such as B,
Fe, Mn, and Zn in the alum sludge relative to the Urrbrae soil, the concentrations are all sufﬁcienﬂy

high to accommodate satisfacfory plant growth.

Table 2. Chemical properties of alum sludge and Urrbrae Red-brown Earth.

-------------------------------------------------------------------------------

Property Alum Sludge Red-brown Earth
Electrical conductivity (1:5 ratio) (dSm'

1.1 0.05
Nutrients: (mg kg'1)
Available N 62.3 11.9
B 04 1.0
Cu 23.0 2.8
Fe 18.6 56.8
Mn 27.2 50.8
Zn 1.6 6.0
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The only micronutrient occurring at an unacceptably high concentrations in the sludge is Cu, and the
reason for this is that copper sulphate is sometimes added to water reservoirs to control algal

growth. The amount of Cu in alum sludges will thus vary among batches and at different times of
year. Inany case, it should be noted that simply because the DTPA-extractable copper concentration
may be considered to be too high, its bioavailability is not necessarily extreme. The large quantity of
organic matter in the shudge may be sufficient to chelate any copper that becomes mobilised with
time. The bioavailability of copper from water treatmént sludges is certainly worth investigating,
particularly if it's presence constitutes the oniy criteria preventing it from being licensed for disposal

on private land or in commercial potting mixes.

As alluded to Section 4.6 with respect to the potting mixes, the sludge appears to have a significant
P-fixing capacity. The enoi‘mous magnitude of this (by comparison to the P-fixing capacity of the
Urrbrae soil) 1s highlighted in the sorption curves for the two materials shown in Figures 2a and
2b. The quantity of P sorbed at a solution concentration of 10 g P/ml is two orders of magnitude
g}eater for the sludge than it is for the Unrbrae soil. Considering that the optimum soil solution
concentration of P is considered to be 0.2 ppm (Nishimoto et al. 1977), the amount of fertiliser P'
required to achieve this for the alum sludge is inordinately high (11,479 kg P ha-1) by comparison to
that required for the Urrbrae soil (18.4 kg P ha-1). The enormous P-fixing capacity of the sludge is
comparable in magnitude to that of volcanic ash soils in Alaska, which are rich in amorphous
materials (Zagg ef al. 1979). It has been suggested, however, that the high P-fixing capacity of
alum sludges should not be extrapolated directly to the context of land application, as the availability
of P is also controlled by soil pH (Elliot and Dempsey 1991). Furthermore, the P that is bound in
oxides and hydroxides of aluminium and iron tend to become available to plants that grow slowly
(eg. temperate forests), or in situations where the demand for P is relatively small (Grabarek and

Krug 1987). Many native Australian plant species would fall into this low-demand, slow growing

category.
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5.2 Aluminium in alum sludge and natural soils

5.2.1 Comparison with natural soils

A strong, negative relationship was found between the pH of the sludge or soils and the
concentration of aluminium in solution (Table 3; Figure 3). As is well established in the
literature (eg. Oertli 1979) higher concentrations of aluminium were generally found in soils of
lower pH. It is of particular importance to note that all the materials having pHs > 6.0 (including the
sludge) produced concentrations of aluminium that were virtaally negligible, regardless of whether
measurements were taken in water or calcium chloride. By comparison with the naturally occurring
soils, the sludge presents no phytotoxic risks with respect to aluminium, whereas, without the
addition of lime, several of the low-pH soils would present much more significant problems to

agricultural plants (eg. Dolling 1989; Whitten and Ritchie 1989).

5.2.2 Effects of sludge and/or lime on pH and aluminium in an acidic soil
The addition of various amounts of alum sludge to the acidic Urrbrae Red-brown Earth caused a
significant increase in the pH from 5.7 without sludge up to 7.5 after the addition of 800 to ha-t

(Figure 4); a calcium carbonate equivalence (or liming value) is clearly demonstrated by the sludge.

Table 3. pH and aluminium concentration in alum sludge and nine soils.

-----------------------------------------------------------------------------------------------

Material pH pH [Al] [Al]
(water) (CaCly) (Water) (CaCly)
(mg kg1)
Alum Sludge 7.45 7.08 0.54 0

Approximate Location of Soil:

Clarendon, SA 7.51 6.93 0.21 0.12
Gumeracha, SA 5.66 4,88 1.34 1.66
Kuitpo Forest, Meadows, SA  4.94 3.83. 1.70 14.8
Millicent, SA 8.19 7.54 0.10 0.22
McLaren Vale, SA 6.30 5.28 0.44 0.23
Mount Bold, SA 6.49 550 0.28 2.75
Urrbrae, SA 5.81 4 .88 2.91 4.35
QLD 421 3.81 7.18 47.4
Dryandra Forrest, WA 538 479 397 583
21
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Figure 3. Concentration of aluminium from alum sludge and soils extractable in water or calcium
chloride as a function of pH.

Figure 4. Soil pH in 1:5 soil:water as a function of the application rate of alum shudge or lime
(CaCO03), following eight weeks moist incubation.

22 23




Addition of 200 tonnes sludge per hectare, for example, increased the soil pH by more than a full
pH unit, and had the same effect as adding between 1.8 and 3.6 tonnes CaCOj3 per hectare. This

result supports the widely practiced (and unregulated) addition of alum sludges as substitutes for

2.5 .
"lime on agricultural soils in the United States (Che ez al. 1988). i O no sludge
[ o B sludge @ 200t/ha
20t .
_ e add ud | s A sludge @ 400t/ha
As would be expected (cf. Figure 4), the increase in pH caused by the addition of sludge or lime
p ( f gure ¢ ) P Y & i ® sludge @ 800tha
significantly reduced the concentration of aluminium in solution from > 2 mg/kg in the unamended ! S ' o B :
[Al -
Urrbrae soil down to < 0.5 mg/kg (Figure 5). The reduction in aluminium caused by adding {(mg/kg) [
1.0 -
sludge alone is compared in Figure 6 with that caused simply by adding lime, and would not be i = e ]
a‘.} - - ‘ 1
expected %‘g) have any negative or phytotoxic consequences with respect to the environment. In fact, 0.5 i 0 | EA.: . i
. [ 0 O
it is clear from this work that the addition of sludge has significant benefits with respect to reducing [ )
A .. . . . . . o.o [ PN TR TR T NURE TR ST SN SR N ST SR NN SN NN SN SUN S AN N VRN S
the concentration of aluminium in solution. This has been confirmed by work done in the United 5 6.0 6.5 7.0 7.5 5.0

States by Grabarek ar'ld'Krug (1987), who found land application of alum sludge generated no pH

organic or metal-leachate pollution, nor any plant toxicities with respect to aluminium.

Figure 5. Average concentration of water soluble aluminium in 1:5 soil:water suspensions as a

function of pH of suspensions following incubation of soil with alum sludge and lime at different

) ) ) ) ) application rates.
The apparently innocuous nature of alum sludge in the environment may explain why its land

application is widely accepted in the United States (particularly in Pennsylvania and Connecticut 25

—O0— No Lime
~—=— Lime @ 1.8tha
—2&— Lime @ 3.6t/ha
~—&— Lime @ 7.2t/ha
TR ;_ Lime @ 14.4t/ha

where it is produced in large quantities), requiring neither local nor state level permits (Grabarek and

. - 2.0¥
Krug 1987, Elliot and Dempsey 1991). The work conducted here demonstrates clearly that the
presence of aluminium in sludge per se is no more harmful than that contained in aluminosilicates, 15
which are ubiquitous in the natural soil environment. The potential phytotoxicity of aluminium is ( [AIE )
mg/kg

thus related more to the conditions controlling the solubility of aluminium than to the total quantity 1.0

present in the sludge. Proper management of soil acidity to maintain it at or above approximately pH

6 would be expected to prevent any phytotoxic concentrations of aluminium from occurring, and it

seems logical that alum sludges could thémselves be used as a substitute for lime in acidic, sandy

0 200 400 600 800
Sludge Application Rate (t/ha)

soils. Furthermore, this work provides no evidence to support concerns (cf. Cugley 1994) that
aluminium might move into water bodies or have any detrimental effects on aquatic organisms when
) Figure 6.Average concentration of water soluble aluminium in 1:5 soil:water suspensions as a

function of the application rate of alum studge with different amounts of lime added, following moist
incubation for eight weeks.

applied to land in the vicinity of waterways.
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5.3 Effects of alum sludge on performance of lawn grass

5.3.1 Glasshouse study

Visual inspection of the pots indicated that germination of grass seeds depended strongly upon
whether the sludge was incorporated or applied only on the soil surface. Incorporation of the sludge
- allowed satisfactory germination of the seeds at all of the sludge application rates, whereas surface

' abplication delayed seed germination, especially with the higher application rates. The germination
problerh was primarily due to the large aggregate size of the sludge during the early part of the
experiment, as this allowed free drainage and poor water holding properties, leading to desiccation
of pre-emergent seedlihgs. This became less significant with time and wetting and drying, because
the shfii\ge has a strong self-mulching tendency (cf Skene et al. 1995) and gradually created a more

finely aggregated seedbed, which allowed more even growth and yield (see Appendix photos).

Grass dry matter yields for the three harvest periods are shown in Figure 7a for pots held at "field
capacity" moisture, and in Figure 7b for the last two harvest periods when the pots were
maintained so_mewhat drier at 60% field capacity. In general, the yields increased with sludge
application fate, and the yields for the surface applied sludge were suppressed only at the first cut
(four weeks), after which there appeared to be no significant differences due to method of sludge
applidzition _(see‘Appendix colour photos). The pots held at field capacity produced somewhat
highér yields (Figure 7a) than did the pots held at 60% field capacity (Figure 7b), which
presumably was due to the low content of available water in the sludge (cf. Table 1) which, when

dried much beyond field capacity, may have caused some water stress in the plants.

Similarly, the nitrogen concentration in the grass tissue increased with sludge application rate, and
was only suppressed in the surface épplied sludge treatment for .tl.le first four weeks, shown at 'first
cut' in Figure 8a. Water status of the sludge-soil mixtures (ie. field capacity versus 60% field
capacity) had little effect on the \nitro gen concentration (Figure 8b), which indicates the primary
yield increases from the sludge shoWn’ in Figures 7a and 7b were due to enhanced nitrogen
nutrition. This has also been suggested for work conducted using other sludges supplied at similar

appliéétion rates -(eg. Elliot and Dempsey 1991; Skene et al. 1995).
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Figure 7. Average dry matter yield of lawn grass in pots as a function of the alum sludge
application rate and soil moisture status in pots maintained at () 'field capacity' and (b) 60% 'field

capacity'.
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Figure 8. Average concentration of nitrogen in lawn grass tissue, and average nitrogen uptake per
pot, as functions of the alum sludge application rate and soil moisture status in pots maintained at (a)
'field capacity’ and (b) 60% 'field capacity'.
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As might be expected from the high P-fixing capacity of the alum sludge, the P concentration in the
grass tissue generally declined as sludge application rate increased (Figure 9a) and just as for the
nitrogen concentration, the soil water status had little effect in this experiment (Figure 9b). There
is some suggestion from Figure 9a, however, that phosphorus uptake per pot increased with
sludge application rates up to 400t ha-! for the second harvest at 8 weeks and the third harvest at 12

weeks. This indicates the sludge, while having a large P-fixing capacity in the early stages, may

" have a reasonable P-suppiying capacity with time, a phenomenon also noted by Wood ez al. (1984)

in a hardwood forest.

The concentration of aluminium in the plant tissue also decreased with increasing sludge application
(Figure 10a), and this was also not significantly affected by soil water status (Figure 10b).
While Figure 10a indicates there was a small increase in plant uptake of aluminium with increasing
sludge application and harvest time, none of the uptake concentrations were anywhere near the levels
that could be injurious to plants (¢f. Wright 1937). Similarly, the concentrations of Cu and Mn were
found to be at optimum levels in the plant tissues, and were not influenced by the rate of sludge

application.

5.3.2 Field trial

Visual inspection of the field plots at the Waite Institute revealed that germination of the grass seeds
was earlier and more uniform, and greener, in the plots to which only sludge was added (ie. sludge
replaced all the soil to a depth of 20 cm - see Append.ix photos). This is contrary to what happened
in .the pot experiment, where sludge added at 1600 t ha'! inhibited germination and early growth, but
is consistent with the suggestion that over a longer period of time in the field the sludge would "self-
mulch" and generate finer aggregates, thus creating a better physical environment for germination
and growth of seedlings. Indeed, an examination of samples from all the plots revealed the
aggregates of sludge became increasingly finer after wetting and drying over the 14 month
experimental period. Furthermore, the addition of increasing amounts of sludge to the soil

significantly reduced the dry bulk density and increased the total porosity and infiltration rate.
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The particle density was also reduced by the sludge, but not significantly at P = 0.05 (Table 4).

Dry matter yields of lawn grass, the concentration of N in the grass tissue, and the concentration of
available N (nitrate) in the soil all increased significantly at the hjghér sludge application rates only
(Table 5). Céntrary to expectation, the concentration of available P in the soil was not limiting for
any of the treatments (Table 5), indicating that the P-fixing capacity of the sludge may not bé a

long-term problem when applied to soils.

5.4 Ev:;lluati(;n of alum sludge as a potting mix ingredient

54.1 Pﬁl‘\operties of the potting mixes

The 34 different potting mixes shown in Table 5 were found to have air-filled porosity's at field
capacity ranging between approximately 12 and 32%, which is largely acceptable under the
Australian Standards for Potting Mixes (Australian Standards 1993). On the basis of their water
holding capacities, however, only 3 of the 34 mixes were acceptable as "regular grades" according
to the Australian Standards criteria; details of these mixes, No.'s 20, 25 and 31, are listed in bold

face type in Table 6. N |

By replacing the pine bark with peat moss in these three sludge mixes, the water holding capacity
increased to values comparable to the "premium” commercial mixes (Table 7), even though this
reduced the qir-ﬁlléd porosity somewhat. Importantly; the pHs of all six of the acceptable sludge
mixes, whether "regular" (with pine bark) or "premium" (with peat moss) exceeded 6.5. It is nsual
for potting mixes with either peat moss or pine bark in them to require pH adjustment using dolomite

because of the acidic nature of these two organic compounds (Handreck and Black 1994). When

combined with the alum sludge, however, this was not necessary, and demonstrates the use.of

sludge as a practical lime substitute in commercial potting mixes. As shown in Table 8, the levels

of Cu, Mn, Zn, and B in the mixes containing alum sludge were well within the acceptable limits for
both "regular” and "premium" grades of potting mixes, and so no additional fertilisers were
necessary for these nutrients. The only essential micro-nutrient that appeared to be limiting in the

alum sludge mixes was Fe, and this was corrected by addition of 1 kg m-3 ferrous sulfate.
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Table 4. Effect of adding alum sludge at different rates in field plots of Urrbrae Red-brown Earth
on bulk density, particle density, total porosity, air-filled porosity, and infiltration rate.

Sludge Bulk Particle Total Air-filled Infiltration
Application Density Density Porosity Porosity Rate
Rate (t ha"l) (kg m3) (kg m-3) (%) (%) (mm h-1)
---------- 6 -““"“""“1- 25 2.56 51 23 398
200 1.21 2.41 50 21 331
400 1.14 2.48 54 24 696
800 1.02 244 58 25 1061
1600 0.80 2.36 66 25 1755
LSD 0.09%* NS 3x* NS 454**

** significant at P=0.01; NS = not significant at P=0.05.

Table 5. Effect of adding alum sludge at different rates in field plots of Urrbrae Red-brown Earth
on dry matter yield of grass, concentration of nitrogen in grass tissue, concentration of available soil
nitrogen (nitrate N}, and concentration of available soil phosphorus.

Sludge Dry Matter N Concentration Available N Availgble P
Application Yield in Plant Conc. in Soil Conc. in Soil
Rate (t ha-1) (t ha'l) (%) (mg NOi3- kg1) (mg kg-1)
0 200 1.37 5.2 56.7
200 1.45 1.60 6.2 42.7
400 1.78 1.55 9.5 54.2
800 2.30 1.78 7.7 40.5
1600 3.23 2.01 21.4 38.0
LSD 0.74% 0.37* 6.9%* NS

* = significant at P=0.05; ** = significant at P=0.01; NS = not significant at P=0.05.

Table 6.Composition and physical properties of potting mixes containing alum sludge, pine bark,
and coarse sand.
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Table 6.Composition and physical properties of potting mixes containing alum sludge, pine bark,

and coarse sand.

-----------------------------------------------------------------------------------------------

Water Holding Capacity Air-filled Porosity

-----------------------------------------------------------------------------------------------

Mix = Composition by Volume
No. (%Bark- % Sludge-% Sand)

1 50-0-50
2 - 40 - 10 - 50
3 30-20-50
4 20-30- 50
5 10-40-50
6 0-50-50
7 0-60-40
8 0-70-30
9 0-80-20
19 0-90-10
i 40-20 - 40
12 30-30-40
13 20-40-40
14 10-50-40
15 50-20-30
16 40-30-30
17 30-40-30
18 20-50-30
19 10-60- 30
20 50-30-20
21 40-40-20
22 30-50-20
23 20-60-20
24 10-70-20
25 50-40-10
26 40-50-10
27 30-60-10
28 20-70-10
29 10-80-10
30 50-50-0

31 40-60-0

32 30-70-30
33 20-80-0

34 10-90-0

34

(% by Volume)

(% by Volume)

DTPA
Extractable P

Table 7. Water holding capacity and air-filled porosity of the three best potting mixes shown in

Table 6, containing either pine bark or peat moss.

Mix Composition by Volume Water Holding Capacity Air-filled Porosity
No. (%Bark or Moss-%Sludge-% Sand) (% by Volume) (% by Volume)

-----------------------------------------------------------------------------------------------

20 - 50-30 - 20:
Pine Bark (50%) 42.1 ' 21.6
Peat Moss (50%) 50.9 10.9
25 50-40-10: : ‘
Pine Bark (50%) 434 227
Peat Moss (50%) 514 14.6
31 40-60 - O:
Pine Bark (40%) 42.3 27.2
Peat Moss (40%) 51.7 19.3
12

| Plant available P

10 F
= gl i —O—  Mix 20 (pine bark)
£ —@— Mix 20 (peat moss)
2 6 ——{1— Mix 25 (pine bark)
a —8— Mix 25 (peat moss)
g 47 - —A—  Mix 31 (pine bark)
—&— Mix 31 (peat moss)

T T T T 1
0 200 400 600 800 1000 1200

P-fertiliser rate (g P/m3 mix)

Figure 11. DTPA extractable P (ie. plant available P) as a function of the application rate of P
fertiliser to the three 'best ' potting mixes containing alum sludge and either pine bark (regular grade)
or peat moss (premium grade).
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Table 8. Physical and chemical properties of the potting mixes shown in Table 7, plus two
commercially available mixes, without adjustment for nutrients.

Property of M._l.mgﬂ Mix No.25 Mix Ne.31 Industry Standards
Mix Pine Peat Pine Peat Pine Peat (Regular) (Premium)
Air-filled pores (%) 22 11 23 15 27 19 > 13 > 13
Wettability (min) <2 <2 <2 <2 <2 <2 <5 <2
Total Water Holding .
Capacity, (%) 42 51 .43 51 42 52 > 40 > 50
pH ‘ 67 6.5 69 6.9 71 71 5365 5365
EC (dSm1) 0.7 0.6 0.7 0.8 0.8 0.11 <22 <22
Toxicity Index >00 >80 >90 >90 >00 >90 >75 >75
---------------------------- Nutrient Status ----eecceceemmmmcmocee.
NH4* (mg 1-1) 0 0 0 0 0 0 <100 <100
NH4++NO3(mgl-1) 11 6 16 2 14 2 n.a. <50
N DrawdownIndex (.54 1 0.39 1 044 1 >0.2 >0.7
P (mgl'D 0.3 1.5 0.3 2.3 0.4 3 >3 8-4
K (mg1l) 51 14 47 14 33 18 n.a. >50
Sagrh 32 9 32 13 30 20 n.a. >40
Ca (mg ) 158 113 . 270 123 279 181 >50 >80
Mg (mg ') 39 30 42 30 47 39 >15 >15
- Ca/Mg ratio 4 4 7 4 6 5 2-10 2-10
K/Mg ratio 1 0.5 1 0.5 1 0.5 n.a 1-7
Na (mg I'1 95 75 105 72 116 99 <100 <100
Cl (mg1'} 142 163 192 <200 <200
Fe (mg Il 26 10 22 9 16 8 >25 >25
Cu (mg ') 4 7 5 8 7 0 12 0.4-15 0.4-15
Zn (mgl'l 1.5 1.4 2 1.9 1.5 1.5 0.3-10 0.3-10
Mn (mg I'1) 11 10 12 12 12 16 1-20 1-20
B (mgll tr 0.05 tr 0.05 tr 0.03 0.02-0.65 0.02-0.65
36

As might be expected, the main limitation to the fertility of the alum sludge mixes was found to be
phosphorus. The concentrations of DTPA extractable P as a function of the amount of added P is
shown in Figure 11, and shows that the mixes with the greatest proportion of alum sludge had the
lowest amounts of extractable P. The presence of peat moss in the sludge mixes seemed to reduce
the extractable P more than was found with pine bark, and this required amelioration with P-fertiliser

at 600 g P m3 to bring the available P up to the desired level.

5.4.2 Growth of marigolds in mixes containing alum sludge
As the data in Table 9 indicate, the sludge-based mixes produced marigolds with favourably

comparable, if not superior, shoot weights and numbers of flowers to the commercially available

potting mixes (see Appendix colour photos). The sludge-based mixes and the "premium"

commercial mixes both performed better than the "regular" mixes, although the "premium" mixes

experienced severe Fe deficiencies approximately two weeks after planting, which had to be

corrected with Fe-chelate. Of the three sludge-based mixes, the one with the least studge and the

Table 9. Performance of marigolds in potting mixes containing 30% alum sludge, compared with
growth in commercially available potting mixes of regular and premium grades. .

-----------------------------------------------------------------------------------------------

Potting Mix Yield of Marigold Number of Marigold
Details Shoots (g / plant) Flowers per plant
NuErth (Regular Grade) 6.5 3.4
NuErth (Premium Grade) 13.6 6.2
Peat Soil (Regular Grade) 12.3 4.0
Peat Soil (Premium Grade) 154 6.0
Mix No.20 (50-30-20):
Pine Bark (50%) 13.1 . 7.8
Peat Moss (50%) 17.3 6.8
LSD at P<0.05 2.6 2.9

-----------------------------------------------------------------------------------------------
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most sand in it (No.20) had the greatest shoot dry weight (Figure 12). This presumably was

related to P-fixing problems associated with the mixes with more alum sludge, because (as is plainly

visible from the Appendix colour photographs) there was a significant growth response (shoot dry 15

! weight and number of flowers) to the addition of P-fertiliser (Figure 13a and 13b).

10
6. Conclusions -
_ Marigold
The work conducted in this project has three main conclusions, summarised as follows: Shoot Wt
(g/pot) |
5
6.1 There is no evidence in the available literature nor from the studies conducted here to suggest -
land appﬁ‘gation of alum sludges poses any environmental or phytotoxic hazard with respect to
aluminium pollution.  The chemistry of aluminium is controlled largely by pH, and the alum sludges 0

produced by water filtration plants are all treated with lime specifically to raise the pH to the point 20 25 ’ 81

where soluble aluminium species are minimised. In fact, there is less water soluble aluminium in Potting Mix No.

alum siudge than in many of Australia's commonly occurring acidic soils. If, for example, alum

Figure 12. Average marigold shoot weight for the three ‘best’ potting mixes containing alum

sludge were to be applied to land, even on acidic soils, it would very likely increase the soil pH, and sludge

even if the application rates were too low for this, it would be a simple matter to add lime to raise the

PH, or to monitor soil pH periodically (as in the agricultural community) and add lime if needed.

6.2 The alum sludge has a number of agronomically beneficial properties, which it imposes on soil

20
| 13{a) J
Marigold | D

Shoot Wit
{(g/plant)

to which it is applied. Firstly, there is plenty of nitrogen in the sludge (presumably because of the

high content of natural organic matter in the raw water plus the presence of added organic polymers) Number

Flowers
per Plant

- . . 10
and this is capable of contributing significantly to the nitrogen requirements of crops. Secondly, it is

a highly stable and non-dispersive material which when added to soil reduces its bulk density,

increases its porosity and water holding capacity, and also increases its infiltration rate. The

1 1 1 1 1 o i L] L L L

0
o] 200 400 600 800 1000 1200 4] 200 400 600 800 1000 1200
P-fertillser rate (g P/m3 mix)

improvement in soil physical properties can only aid in plant growth and the rehabilitation of poorly

. . . P-tertiliser rate (g P/m3 mix)
structured soils, particularly those of sandy texture. While the sludge appears to have an enormous

P-fixi ity in the 1 th i i .
1Xing capacity in the laboratory, the agronomic results of this study suggest that when the sludge Figure 13. Growth responses of marigolds for the three 'best’ potting mixes (composite average)

as a function of the application rate of P fertiliser. (a) Average shoot weights, and (b) Average

is exposed to wetting and drying and ageing, it gradually releases some of its P, and this contributes number of flowers per plant

significantly to the P-nutrition of crops grown in the sludge. If the reverse side of the story is
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considered, it is apparent that alum sludge has an enormous potential to sorb P from polluted waters,
and once saturated with P might act as slow-release P-fertilizers. The potential for this has yet to be
investigated, but is certainly a worthwhile topic of research, considering the many environmental

] . .
concerns about P in our various sources of freshwater.

6.3 There would appear to be significant potential for alum sludge (and other water treatment
sludges) to be used in the potting mix industry. From this investigation, it is clear that where P-

nutrition can be managed.,' the sludge-based mixes compare very favourably with the "regular” and
| "preminm” grades of comrﬁercially available potting media for plant growth. The availability of

sufficient .{Ec_iuantities of sludge to this industry might \b'e the only limiting factor, but from a disposal

point of view, this is a considerable advantage.

7. Recommendations

The following recommendations follow from the conclusions of this research:

7.1 Disposing of this valuable resource in municipal landfill sites is unjustified when there are so
many possibilities for its practical use and so few disadvantages. Solong as the alum sludge has
been air dried (thus fixing any soluble aluminium into insoluble oxide and hydroxide forms) it can

be rejeased for dispersal without significant regulation at all.

7.2 Because of the limited supply of the sludge, it is best used on moderately acidic, sandy soils
and other soils of light texture, as this will raise the pH and improve water holding capacity of the

soil, and thus reduce erosion and increase crop productivity.
7.3 There is need for research into the P-sorbing properties of water treatment sludges, and the

extent to which this can be managed, in particular to remove P from polluted waters, and also to

release it again when applied to land.
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7.4 Finally, because there is a negative connotation associated with the word "sludge”, its use in
reference 1o water treatment sludges is to be avoided in future; confusion with sewage sludges may
then be eliminated. The term water treatment "residue" is a possible alternative which still describes
the composition of the material accurately, while also identifying it as being distinct from sewage

sludge. Other efforts to increase the public acceptability of this material should also be explored.
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Colour Photographs

(referred to in text)

Moist alum sludge from Happy Valiey Water
Treatment Plant delivered_ to Waite Institute.

Range in aggregate size of sludge before
(right) and after (left) wetting and drying.

Sludgé mixed with soil at various
application rates prior to placing
into field plots.

Field plots bounded by planks; piles of sludge
(left) and soil (right) shown in background.
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contained by planks of wood.

Plots being filled in with sludge/soil mixes, Greener, lusher growth of long grass shown on ‘

all-sludge plot compared with no-sludge plot.
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Lawn.grass grolwing in glasshouse pots of sludge/soil mixtures, illustrating early problems with
seec‘llmg establishment when coarsely aggregated sludge alone is used, or if coarse sludge is
applied to the soil surface instead of incorporating it into the soil.
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Marigolds grown in the best sludge-based mix
compared with two commercially available -
potting mixes, Nu Erth and Peat Soil (premium
and regular grades).

Pots of lawn grass prior to second cut, showing
effects of surface application vs incorporation,
and showing effect of drainage to 'field capacity’
or 60% ‘field capacity’.

Phosphorus response of marigolds in sludge-based potting mixes, showing superior nature of the
pine bark (left) as compared with the peat moss (right) in the mixes (cf Figure 11 plant available P
for Mix 20-pine bark compared with Mix 31-peat moss).
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1 Trickling filter — soiids contact M. Laginestra 21 Management and display of dam Stiding
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process: Pilot plant studies.

A modal of water pricing for
Melbourne, Sydney and Perth

Taste generation associated with
chloramination

Bacterial regrowth in water supplies

Loakage management: Assessing
the effect of pressure reduction on
losses from water distribution
systems

Improving communication with the
public an water industry policy
issues

Water use efficiency of domestic
appliances

Sewage fermentation units to
increase degradable CQD fraction

Review of artificial destratification
of water storages in Australia

Taste thresholds of mono-
chioramine and chlorine in water

Chromatographic analysis of
chloramines using electrochemical
detection

Glass reinforeed plastic bore casing
for large diameter and deep bores

A guide to improving communication
with the public on water industry
policy issues

Fouling and deaning of fine
bubbie ceramic dome diffusers
Chloramination of Water Supplies

The 1988 Australian Winter Storms
Experiment; Report on aircraft
observations

Pipeiine assets: Life cycle
management and economic life

Development of empirical model
tor radewaste discharges 10
small treatment plants

PRELIM users guide (Amended):
Australian Version

Chemical regeneration of activated
carbon: Preliminary studies
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surveéillance data

Evaluation and demonstration
facilities for primary sensors

Modeling and design of reservoir
aeration destatification systems

Mcdelting optimum conditions for
reservoir destratification using
mechanical mixers

Methods for detection of Giardia
and Cryptosporidium in water:
A preliminary assessment

Toxic cyanobactenia in water
supplies; Analytical techniques

Tracing toxic discharges to sewers
by analysis of biofims

Electronic meter reading: Link
between water meter and house

identification of common noxious
cyanobacteria: Part 1 — Nostocales

Forecasting water demand using
weather data

Effects of controls on water
consumption

Biological removal of iron from
groundwater; Preliminary studies

Statistical modelling of water main
failures

Stratification, mixing and water
quality in Darwin water supply -
1esServoirs

Performance auditing in the
Australian urban water industry

Microbiological studies on
enhanced removal of phosphates
from sewage

Magnetite and microwaves in
sewage effluent treatment

Polymer based electrode tor the
selective detection of dichloramine

Current cost asset valuation:
Methodoiogy

M. N. Viswanathan
M, N. Viswanathan
M. N. Viswanathan

E. Tsui
G. Judd
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J. Imberger
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S. O'Kane

I. Parry
D. Blunden

D. Herring
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G. Vasiliadis
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40 Community analysis of household G. J. Syme _ 59 Electronic household water meter: Z. Bajazic
water pressure satistaction B. E. Nancarrow Investigation into a cost effective A Leong
* B. J. Bishop design
P. Vanderwal 60 Domastic greywater reuse: B. Jeppesen
41 Assessment of coagulants lor C. Donati Preliminary evaluation
water reatment &1 Chemical regeneration of activated G. Newcombe
42 Coagulants for water reatment; ACWQR carbon: A feasibility study .
A generic guide 62 Tracing toxic discharges to sewers W. H. Lock
43 Optimal pricas for urban water: P.B. Dixen by analysis of bicfiims (Stage 2)
A general equilibrium model applied  D.J. Baker 63 Production of Jerusalem artichoke M. Parameswaran
to Metbourne hybrids under imgation using urban
44 Applications of the Streaming W. Barron wastewater
Currant Detec:or in water treatment ADA i.ai:;c;n 84 Cantrol of piting corrosion of R. J. Taylor
% ’ copper tubes in potabie waters P. H. Cannington
45 Sydney coastal stormwater study Ww. lG Rowlands 65 Measurement of Total Factor I. Manning
etal. Productivity in major water utilities: E. Molyneux
46 Identification of common noxious P, Baker Melbourne case study
aanobacter:a: Par;g-_“ torial 66 Assimilable arganic carbon as a K. C. Tapang
roococeales and Uscllaloriaies measure of bacterial growth M. Drikas
47 Levelling using the Global A. P. Armistrong potential in water suppiies L. E. Benpett
Positiening System E ?LC ol::er 67 Simultaneous peak water demands  J. Henstridge
- Heany in residential areas G. J. Syme
43 Allocation of sewerage costs lo A. Hood B. E. Nancarrow
customer segments P. Geary 68 Instailation damage: Effect on L. 8. Burn
49 Impact of urtan lawns on nutrient M. L. Shama lifetimes of UPYC pipes subjected
contamination of an unconfined D. E. Heme to cyclic pressure
aquifer 55’ ’ ;:nB - 69 Safety aspects of the design R. J. Keller
-O- M. Byme of roadways as flcedways 8, Mitsch
50 Early warnin_g system for hazardous g 2’|;aeik:ran 70 Regional development D. Hunter
substances in sewage N H. P'l:i:ntc implications of wastewater reuse; W. Smith
- Al Fikinglon Werribee case study L. Nagy
51 Management model for rade waste  Camp Scott _ P. Jacob
c?rschafges t;gm::!\jr;;;?gt:‘t ilgn!s Furphy 71 Treatment of electroplating wastes A. G. Fane
(mdUdmg. : H ’ using new-generation membrane Y. R. Shen
Users Guide) technology
52 Gif::;f;::ﬁ;::fsd;gé billing E Ezsrfg 72 Stochastc economic approach to G. Kuczera
: mentation timin W.S. N
centre (Combined utilities wial) Z. Balazic headworks augmen 9 9
. tic ater reuse: B. Jeppesen
53 Prediction of perceived odour 0. G. Laing 73 gjg:i::: %2?;09 and its D. So?lft}ey
strength and type from compasition  A. Eddy applicability to Australia
of sewage cdour mixtures D. J. Best C dward
isi it systems for the J. M. ards
54 Tracer siudies using bacteriophage  B. J. Richardson 74 2;:;?;‘;3:3}{ po An ébi ect-Oriented
to predict the fate of viruses inthe . A, L. Chariton approach ’
marine ¢community: S. Currie o
Preiiminary assessments P. Ashtont 75 Chemical characterisation and R. Kaye
|, Lowther olfactometric measurement of N. Mulhem
awage treatment D. Stone
55 Development of a water quality G. W. Skyring :f:;;:;rf:;: wag
analyser suitable for unattended I. A Johns -
use in fivers and streams J. A, Cugley 76 Utilisation of sewage sludge for C. P. Phillips
inesit habilitation: Rix's Creek
58 Enhancement of nitrification in P. M. Gross quzzﬂgue
wastewater lagoans .
T . 77 A benchmarking methodology .R.C. Eggleten
57 Ident:ﬁcanoantsof critical water PPK Consuitants for the Austrafian water industry
supply ass
. . : . 78 Water quality effects of aeration/ R.S. Rosich
58 \ENdauter :F’ O;:OEigv:ronment. : gﬁ;gam destratfication at Harding T.A. McAulifte
cation C . |
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79 Heavy metals and organics in W. H. Lock a7 Landfarming hydrocarbon wastes W E Razzell
domestic wastewater : P Griffin
F Boevink
80 Effluent reuse: Land and wet J. M. Anderson a8 Water treatment plants for small A BRobertts
weather storage requirement T.J. Ruge communities J A DelLaine
81 Graphical interactive pipe network B.L. Berghout a9 The role of biofilm and sediment K N Power
analysis program accumulation and of chiorine R P Schneider
tolerance in bacterial regrowth K C Marshall
82 Survey of pipeline rehabilitation Gutteridge Haskins & 100 Phospherus in Detergents: lts P Cullen
techniques Davey Contribution to Eutrophication in A Heretakis
Australian Inland Waters A Herington
83 Bioavailability of aluminium from J. Walion 101 Disinfection of Wastewater Effluent: C Hamilton
drinking water: Co-exposure with G. Hams A Review of Current Techniques
foods and beverages D. Wilcox
84 Dezincification of brass in potable D. Nicholas 102 The effect of irrigation on Blue Gum R H Froend
waters (Eucalyptus globufus) water uptake G W Chester
: J K Marshall
85 Behaviour of alurminium during P. Zhang 103 Principles for Setting Developer's G A Draper
water freatment M. McCormick Contributions for Urban Water J F Thomas
J. Hughes Infrastructure P B Mcleod
M. Brymner
87 Benchmarking and best practice for  C. Aitken 104 Epidemiclogical Evidence of Algal Q El Saadi
urban waterway management Toxins in Brinking Water and O A Steffensen
Recreational Waters
88 Cuantification of factors controlling J.A. Winder 105 Detection of Cyanobacterial Peptide  J F Wheldrake
the development of Anabaena D.M.H. Cheng Toxins by a Non-Radioactive Protein A Bilney
circinafis blooms Phosphatase Inhibition Assay L Rosenberg
89 Urban water, markets and the R. Maddock 107 Model Guidelines for Domestic B Jeppesen
Hilmer reform process N. Gonzalez Greywater Reuse for Australia
90 Remote sensing elecironic device D.G. Laing 108 Advance Warning of Cyanobacteriai AT R Sim
for hydrogen sulphide in the D. Barnett Toxicity JAP Rostas
atmosphere G.G. Wallace
91 Simuttaneous peak flows for J. Henstridge 109 Guidelines on the Quality of P Dillon
medium density residential areas G.J. Syme Stormwater and Treated P Pavelic
B.E. Nancarrow Wastewater for Injection into
S. Martens Aquifers for Storage and Reuse
8. Gilbert
92 Die-off of human pathogens in R. Gibbs 110 The Destruction of Cyanobacterial 8 Jeppesen
stored wastewater sludge and C. Hu Peptide Toxins by Oxidants Used in
sludge applied to land G. Ho Water Treatment
I. Unkovich
P. Phiilips
93 Benchmarking the economic London Economics 111 Application of Duckweed in Treating  J Rositano
performance of Australian urban Municipal Wastewater
waler authorities
94 Biological Nutrient Removal Plants: K. Hartley 112 _Alternative Overseas Water R A Leng
Review of Full-Scale Operation Treatment and Supply Practices
95 Stormwater Management in B £ Nancarrow 113 Ammonia Removal from Strofloc® N A Booker
Australia: Community Perceptions, B S Jorgensen STP treated Sewage using E L Cooney
Attitudes and Knowledge G J Syme Australian Natural Zeolite
96 Development of a high resolution Ch Zoppou 114 Predicting the Failure Petformance K Mavin
water quality model S Roberts of Individuz! Water Mains
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Environmental Management 3 Mills Other Reports
« Guidelines for the Australian Water
Industry 200 Review of Drinking Water Treatment  Gutteridge
Coagulants Haskins &
Davey
115 Drinking Water Disinfection By- K L Simpson 201 Biological Aspects of Aluminium in F Cumming
Products Relevant to the 1996 K P Hayes Food and Water Supply
NHMRC/ARMCANZ Guidelines
119 . Critical Evaluation of Domestic The Australian : ‘ Cccasional Papers
Irrigation Equipment Irrigation Technology
Centre No 1 Water Pricing and the Marginal Cost R Warner
of Water
: No2 Systernatic Environmental S Mills
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