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(ABSTRACT) 

Previous research has shown that crop land application of alum sludge can be 

a valuable method of residuals disposal and has been demonstrated to cause no 

adverse effects on soil properties and crop yields. Studies have shown that with good 

soil management practices essential plant macronutrient levels can be maintained to 

support good crop growth. 

This study investigated the application of water treatment residuals in both 

field studies and greenhouse pot studies in order to determine the effects on soils 

properties and crop yields. Alum sludge collected from the Blacksburg- 

Christiansburg-VPI Water Authority and Radford Water Treatment Plant was land 

applied in the Spring of 1992. Two separate crop rotations, corn followed by wheat, 

were grown and harvested during the two-year field study. A greenhouse pot study 

using lettuce and radish plants was initiated in the Spring of 1993. 

Soil and plant tissue samples were collected and analyzed for the field and 

greenhouse studies. Harvest yields were also carefully monitored and recorded. The



results of the laboratory analysis provided information on nutrient concentrations in 

soil and uptake by plants, and also soil and plant tissue elemental accumulations. 

Alum and PAC! sludge at loading rates of up to 2.5% had no negative impacts on 

wheat yield. The growth study using lettuce and radish plants concluded that residual 

additions at low levels improved crop yield and that residual aging prior to land 

application was essential for good yield.
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Introduction 

The treatment of drinking water from the majority of municipal water 

treatment plants (WTP’s) involves the use of chemical coagulants to enhance the 

removal of suspended particulates from raw water. The resultant by-product of the 

coagulation process is an aggregation of raw water impurities and chemical 

precipitants that, when removed from the water form a solids residual, or sludge. 

Because of the predominant use of aluminum based coagulants for water treatment 

in Virginia, aluminum sulfate (alum) and polyaluminum hydroxychloride (PACI) were 

the coagulants used in this study. 

The continuous demand for clean water by the public means that large quantities 

of sludge are produced. Each treatment plant is responsible for providing a detailed 

method for sludge disposal which meets EPA approval (Lin and Green, 1987). In 

the past WTP’s were permitted to release sludge into surface waters. However, this 

form of disposal is being phased out due to the enforcement of the Water Pollution 

Control Act of 1972 which classified WTP sludge as an industrial waste (Elliott and 

Singer, 1988). The implementation of this act has resulted in the gradual elimination 

of direct sludge discharge into surface waters, and forced municipalities to turn to 

other more costly sludge disposal options. Currently only a small number of disposal 

options are available for WTP sludge. Some of the more widely used methods are: 

landfilling, lagooning, discharge into sanitary sewers, and recovery and reuse. Other



land application processes include the use of sludge as construction fill and landfill 

cover, and on forest lands (Lin and Green, 1987). 

Lagooning has historically been the most popular WIP sludge disposal option 

when available land exists on-site at the treatment plant (Doe, 1990). Lagooning is 

a simple process which incorporates gravity thickening and dewatering. Thickened 

sludge is stockpiled in lagoons for months or even years of storage at a low cost to 

the municipality. The problem with lagoons is that they are only a temporary means 

of disposal. Eventually the lagoons are emptied, so a plan for ultimate disposal must 

be provided. Some alum sludges are dewatered to only 8-9% dry solids after several 

years in a lagoon (Doe, 1990). Ultimate disposal from lagoons usually results in 

dredging, and then landfilling or land applying the WTP sludge. 

Disposal to sanitary sewers has been found to work only if there is a nearby 

wastewater facility that is willing to accept the excess liquid and solid residuals 

(Cornwell and Westerhoff, 1981). The idea of co-mingling sludges (the process of 

mixing WTP sludge with wastewater sludge) and then land applying could be a viable 

alternative in the future. Today this practice is not permitted by law (Doe, 1990). 

Landfilling requires that WTP sludges, with initial concentrations of 0.5 - 2% dry 

solids, be dewatered to a dry solids concentration that complies with landfill 

regulations (Elliott and Singer, 1988). Landfilling sludge also involves the cost of 

transportation, labor, and tipping fees. Due to the rapidly decreasing capacity of 

existing landfills and the difficulty in obtaining new landfill permits, there is now an



increasing reluctance to accept WIP sludge at landfill facilities (Elliott and Dempsey, 

1991). 

One option, currently the focus of research on WTP sludge disposal, is the 

application of sludge to agricultural land. Land application, compared to the other 

options, has the potential to be the safest and most economical disposal option. 

Land applying sludge may offer several advantages over the previously presented 

disposal options. One advantage is that sludge can be directly applied to land 

without the expensive process of dewatering necessary for some other disposal 

options. This alone could greatly decrease overall disposal costs. The WTP sludge 

could possibly benefit the receiving soil by favorably modifying soil properties and 

by providing the soil with valuable components recycled in the sludge (Elliott and 

Dempsey, 1991). 

The problem associated with land application of WTP sludge is that there is little 

available information in the literature on it’s long term effects on soils compared to 

the large amount of research conducted on wastewater treatment plant (WWTP) 

sludge. Since WWTP sludge contains significant concentrations of valuable nutrients 

such as nitrogen (N), phosphorus (P), and potassium (K), it is of value for 

agricultural crop production (Elliott and Dempsey, 1991). The value of WWTP 

sludge as a fertilizer provided researchers with the incentive to study in-depth the 

effects of cropland application. The findings of these studies have allowed for state 

environmental agencies to formulate regulations for land application of WWTP



sludge (Elliott and Dempsey, 1991). Because WTP sludge does not have the same 

fertilizer value, a lesser importance has been placed on land application of the WIP 

residuals. Only recently, because of the new disposal regulations and higher costs for 

landfilling, has the interest in WTP sludge land application become a priority. Elliott 

and Dempsey (1991) concluded that many water utilities in the future will have to 

change to WTP sludge land application for the primary method of disposal. Before 

this can be successfully accomplished more information is necessary on the long term 

effects of WTP sludge on soil and crop growth. There are currently no existing 

regulations for land disposal of WTP sludge (Doe, 1990). 

This research study on land application of sludge looks directly at the effects of 

alum and PAC! sludge on agricultural soils and crops. In order to understand it’s 

effects on soils, a working knowledge of the physical and chemical characteristics of 

aluminum sludge is necessary. Both, the short and long term effects of land 

application need to be addressed. This research studies only the short term effects 

of alum sludge land application. The specific objectives of this research thesis were 

to: 

1, Study the impact of aluminum coagulant sludges (both "fresh" and 

"aged") on plant growth yields; 

2. Determine how sludge additions affect the phosphorus availability to 

plants in soil;



Determine if sludge application affects plant tissue elemental 

concentrations; and 

Determine if alum sludge affects soil physical and elemental 

properties.



Literature Review 

Land application as a disposal alternative 

Land application of municipal WTP sludge is not a totally new concept. 

Wastewater treatment plant sludge application has been practiced for many years on 

agricultural lands due to it’s high value as a fertilizer. Land application of WWTP 

sludge has been demonstrated for years to be cost effective and environmentally safe 

(EPA, 1983). In 1980 it was reported that one quarter of all WWTP sludge was 

applied to agricultural lands (EPA, 1983). Today this percentage is much higher. 

Compared to WWTP sludge, WTP sludge is of low value as a fertilizer but may 

be useful as a soil conditioner and liming agent (Elliott et al., 1990). Unlike WIP 

sludge, WWTP sludge contains significant concentrations of plant nutrients such as 

N and P, and also valuable micronutrients such as B, Mn, Cu, Mo, and Zn (EPA, 

1983). The composition of both WWTP and WTP sludge depends on the source of 

the raw water being treated. WWTP sludges are known to contain higher 

concentrations of heavy metals, toxic organics and pathogens that could be harmful 

to plants and humans. Because of this, WWTP land application programs must be 

closely monitored to prevent contamination of soils (EPA, 1983). 

Land application of alum sludge is typically safer than WWTP sludge because 

of the low level of contamination of the raw water compared to wastewater (Elliott 

and Dempsey, 1991). Federal regulations protecting drinking water supplies help to



prevent high concentrations of bacteria, metals, and toxic organics that are commonly 

found in wastewater. Alum sludge is therefore viewed as a relatively inert material 

with a low potential for causing adverse environmental effects (Elliott and Singer, 

1991). 

Land disposal of alum sludge has been shown to have less benefits and cause 

fewer problems compared with WWTP sludge (Dempsey et_al., 1989). Land 

application of alum sludge is in most cases more valuable as a sludge disposal 

method for WTP’s than for it’s value to crops (Lin and Green, 1990). Lin and Green 

(1990) conducted a two year study on corn and soybean crops grown in soil amended 

with up to 2% dry alum sludge solids per acre of soil (20 dry tons/acre). They 

concluded from their study that the crops grown with alum sludge amendment 

showed no significant differences in yield than the control plots. They also showed 

that nutrient levels, the plant height, grain moisture, and population of the corn and 

soybeans were not affected. There was no positive or negative effects on soil 

characteristics and no environmental degradation noted. Because alum sludge 

application does not negatively affect crop production it is viewed as a feasible 

disposal alternative (Lin and Green, 1990).



Characteristics of alum sludge 

Coagulation and flocculation using aluminum salts such as aluminum sulfate 

(alum) and polyaluminum chloride (PACI) are widely used in the drinking water 

treatment process. The addition of coagulant aids such as clay, silica, and organic 

and inorganic polymers are also common (Lin and Green, 1987). When added to 

water, aluminum salts typically form aluminum hydroxides (Al(OH),(s))which 

coagulate impurities from the raw water by "sweep floc" coagulation (Amirtharajah 

and O’Melia, 1990). This process is a combination of particle destabilization and 

then adsorption of particles to the flocs. As the hydroxide solids flocculate and then 

settle to the bottom of the settling basin, particles in the water are enmeshed in the 

hydroxide matrix and are thus removed. The settling process leaves behind a solids 

residual that is typically 98.5-99% water (Lin and Green, 1987). 

The components of alum sludge vary according to the raw water quality and 

chemical additions used for treatment. Typical constituents are metal hydroxides; 

solids such as clay, silt, and silica; and a low concentration of trace metals and 

organics (Elliott et_al., 1990). Nitrogen and phosphorus concentrations are 

dependent upon the raw water source and the nature of additional chemicals added 

during treatment. Alum sludge has been shown to contain a total Kjeldahl nitrogen 

concentration of up to 1%. (Elliott and Dempsey, 1991; Rengasamy et al., 1980; Lin 

et al., 1988).



The aluminum concentration in WTP sludge is typically 5 - 15% of the total dry 

solids, which is 50 -100% higher than the concentration of Al in most soils (Elliott 

and Dempsey, 1991). Elliott and Dempsey (1991) determined that at a 10 ton/acre 

loading rate with a sludge Al concentration of 30%, the soil Al level was reported 

to only increase by 0.3%. Aluminum phytotoxicity is dependent on Al solubility and 

is not problem as long as the pH range in soils is maintained between 6-6.5 (Elliott 

and Dempsey, 1991). 

The problems associated with alum sludge are the formation of metal hydroxides 

and the possibility of increasing trace metal concentrations. Hydrous oxides are 

known to strongly adsorb trace metals and dissolved organic matter (Elliott and 

Dempsey, 1991). Metal hydroxides when added to soil have both a positive and 

negative effect. They can be beneficial in improving soil chemical characteristics by 

adsorbing trace toxic metals from the soil, while on the other hand, hydroxides may 

cause metal deficiencies by binding soluble phosphorus in soils (Elliott and Dempsey, 

1991). 

Trace metals in WTP sludge are typically low and show no known toxic effects 

to soil microorganisms. Elliott et al. (1990) showed the concentrations of chromium 
  

and nickel in WTP sludge to be equal to normal soil levels, while the copper, lead, 

and zine concentrations were found to be three times less than normal soil levels. 

They concluded that the sludge loading rates for land application would typically 

have no effect on the overall soil metals concentrations. However, this depends on



the specific constituents found in the sludge. Where copper sulfate is used for algae 

control in raw water sources, high copper levels can be expected in soils receiving 

these sludges. The mobility of metals in the soil is also a concern for WTP sludge 

application. Knocke et_al. (1991) concluded that metals movement in sludge 

amended soils was not related to sludge loading but was controlled only by soil pH. 

Sludge toxicity to soil microorganisms was also a cause for concern. In order 

to investigate potential sludge toxicity, Dempsey et al. (1990) conducted microtox 

tests using WTP alum sludge on Pseudomonas fluorescens, a prevalent soil 

microorganism. From this study it was determined that alum sludge toxicity to soil 

microorganisms was negligible. 

Metal uptake by plants growing on sludge amended soils has also been an issue 

of environmental concern. Lin et_al. (1988) found no significant increase in the 

concentrations of nine metals in corn and soybean leaf tissues that were raised in 

sludge amended soil. Knocke et al. (1991) reported that certain metals, such as Cu 

and Mn, did in fact increase in the tissues of tall fescue as a result of WIP sludge 

addition; however, the metal concentrations were well below levels deemed limiting 

to plant growth. 
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Effects of alum sludge on phosphorus availability 

Phosphorus is one of most important nutrients necessary for plant growth in 

both soils and water. In many soils P is infact the nutrient that limits plant growth. 

Phosphorus in soils can be classified into three categories; soluble P, loosely sorbed 

or labile P, and fixed P (Elliott and Dempsey, 1991). Most plants can successfully 

utilize the soluble P and the labile P fractions; however, the fixed P cannot be readily 

used. 

Alum sludge, when added to soil, is known to strongly adsorb inorganic P 

(Elliott and Dempsey, 1991). Metal hydroxide application to soil does not change 

the total P concentration in soil, but it does affect the ability of plants to extract P 

from the soil matrix (Elliott and Dempsey, 1991). Tests conducted by Rengasamy 

et al. (1980) and Elliott and Singer (1988) demonstrated a reduced P uptake in the 

tissue analysis of maize and tomato shoots, respectively, grown in WTP alum sludge. 

Knocke et _al, (1990) grew tall fescue on alum sludge amended soil and saw a 6% 

decrease in growth for each 1% increase in sludge addition. The authors concluded 

that the decreased yield was due to P deficiency in the fescue tissue. Also, they 

concluded that the impacts of sludge on yield can be negated with P fertilization. 

Likewise, Elliott et al. (1990) suggested that land application of WTP sludge should 

not be rejected due to P binding concerns because fertilization can be utilized to 

remedy the P loss to hydroxide binding. With good soil management and crop 

selection, P depletion can be prevented (Elliott et_al., 1990). In some cases, such 

11



as soils that are over fertilized with P, Al sludge can be applied to reduce the soluble 

P and prevent the problem of phosphorus runoff into receiving surface or 

groundwater (Dempsey et al., 1989). 

Alum sludge effects on soil physical properties 

Alum sludge is considered to have potential for soil conditioning. Soil 

conditioning refers to the modification of soil physical properties by addition of 

agents that increase bulk density. Bulk density is a measure of the soil porosity. A 

high bulk density means that the soil is more compact with less pore space. This is 

unfavorable for plant growth because of increased mechanical resistance to root 

penetration. A low bulk density (less compacted soil) has more pore space for air 

and water which is beneficial to plant growth (Tisdale and Nelson, 1975). 

Rengasamy et al. (1980) found that soil mixed with alum sludge increased soil 

aggregation and moisture retention and, as a result, increased the dry yield of maize 

(Zea mays). 

Alum sludge is viewed as a useful type of soil bulking agent for certain soils. The 

hydroxides contained in the alum sludge are known to flocculate the clay, sand, and 

silt particles in the soil. Upon dehydration, the hydroxides act as a cementing agent 

which physically binds the soil particles into small, stable aggregates (Elliott and 

Dempsey, 1991). These aggregates improve soil structure by producing both large 

pores for gas transfer and small pores for water retention. This soil structure is 
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considered ideal for crop growth and erosion prevention. (Elliott and Dempsey, 

1991). Bugbee and Frink (1985) demonstrated that improvements in soil aeration 

and moisture retention promoted by the addition of alum sludge were able to offset 

the phosphorus deficiency in lettuce. Because of this an increase in dry weight yield 

was seen in lettuce grown in sludge amended pots. 

Organic matter in WIP sludge has little effect on soil conditioning. An average 

value of 3% total organic matter in WTP alum sludge was reported by Elliott et al. 

(1990). This value is much lower than the organic content in WWTP sludges. WTP 

alum sludge at a loading rate of 2% dry alum sludge solids per acre of soil (20 dry 

tons/acre) was loaded onto agricultural cropland with no increase on soil organic 

concentration or soil moisture content (Lin and Green, 1987). 

Summary 

Land application can be a safe and cost effective means for alum sludge disposal. 

Due to the variable characteristics of different raw water sources, allowable sludge 

application rates must be considered according to each individual sludge composition. 

The problems associated with land application are due to the presence of heavy 

metals and the potential for phosphorus binding. Research studies have 

demonstrated that with a proper management program, including P fertilization and 

metal application limits, land application can be successful. 
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