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ABSTRACT 

Two solid waste composts and two soils were evaluated for 
leaching potential and plant uptake of nutrients and heavy 
metals. The soils included a Plano silt loam and Lapeer sandy 
loam. 

Corn growth response studies were conducted in a greenhouse 
pot experiment. Composts were incorporated at several rates (0-
300 T/A) based on lifetime heavy metal loading limits of each 
soil. Mature compost released adequate amounts of all nutrients 
to sustain corn growth at application rates of 80 tons/acre. 
Application of a relatively immature compost resulted in the 
immobilization of soil N and severe N deficiency in corn. Plant 
concentrations of Cu and Zn increased with increased application 
rates of composts. The heavy metals Ni, Cd, Pb, and Cr were not 
detected in corn grown on soils amended with either compost. The 
liming effect of the compost is believed to be responsible for 
limiting metal availability to plants. A combination of compost 
and inorganic fertilizer may be necessary for producing optimum 
crop yields. 

-

Soil columns were used in leaching studies. The columns 
consisted of compost-amended surface soils underlain by 28 inches 
of subsoil. Columns were leached with 60 inches of water for 18 
weeks. Results indicate that application of mature solid waste 
compost in excess of the N requirements of a crop will leach 
significant quantities of nitrate-N. Application of compost at 
rates less than 80 tons/acre did not produce nitrate-Nin 
leachate exceeding fertilized soil background levels. Immature 
compost immobilized N and caused reversion of available N to the 
unavailable form. Nitrate-N concentrations in immature compost
amended soils were lower than levels of the control soil. 
Chloride, sulfate., boron, potassium, calcium, and magnesium were 
readily leached. The concentration of these ions in leachate 
increased with increasing compost application. The 
concentrations of Cu and Zn in leachate obtained from low 
application rate treatments were comparable to the controls. At 
high application rates these metals increased in the leachate 
compared to the control. The heavy metals Zn and Cu were detected 
in subsoil leachate at concentrations slightly higher than the 
control soil leachate. The metals Ni, Cr, Pb, and Cd were 
effectively tied up in the application zone. A combination of 
organic matter, increase in pH, and CEC from compost amendments 
may be responsible for immobilizing heavy metals. At 
conservative application rates of 40 tons/acre, the impact to 
ground water should be negligible for the compounds studied. 
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Chapter 1 

LAND APPLICATION OF SOLID WASTE COMPOSTS: 

GROUNDWATER IMPACTS AND MOVEMENT OF PLANT NUTRIENTS 

AND HEAVY METALS 



INTRODUCTION 

Landfilling is the most widely used method of solid waste 

disposal for most municipalities. However, the costs of acquiring 

new sites that meet environmental standards is rapidly escalating. 

Communities are attempting to reduce their dependency on landfills 

by reducing the quantity of waste disposed. One method of waste 

reduction is reuse and recycling. Composting of solid wastes is 

gaining popularity as a means of recycling. Composting is a type 

of biological burning in which thermophillic, aerobic micro

organisms are used to convert organic material into a stable, 

humus-like, dark material called compost. Compost produced from 

solid waste contains plant nutrients and soil conditioning 

properties, and therefore, can be land applied thereby converting 

a waste into a resource and reducing our dependency on landfills. 

The land application of compost has been shown to have 

positive effects on both soil physical properties (Epstein, 1976) 

and soil fertility (Bengtson and Cornette, 1973). Soil physical 

properties can be altered by the addition of organic composts to 

the soil. Studies have shown that the gross effects of nutrients 

in compost are similar to those from application of fertilizers 

(Hortenstine and Rothwell, 1973). 

Questions concerning the environmental consequences of 

land application of refuse-derived compost have been raised. Of 

concern is the movement of nutrients and heavy metals into lower 

soil horizons, and eventually into groundwater. Also of 

concern is the accumulation of heavy metals in soils and the 

food chain. Research with sewage sludge-compost indicates that 
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these risks can be minimized with proper application rates and 

management (Epstein and Willson, 1974). 

A considerable amount of field research has been 

conducted with sludge and sludge composts in soil columns, 

however, very little has been reported for municipal refuse 

composts. The work described here focuses on the groundwater 

impacts of compost applications. 

The objectives of this research were: (i) to evaluate 

nutrient and heavy metal leaching from compost-amended soils, and 

(ii) to follow the changes in soil chemical properties and heavy 

metal distributions with depth as affected by leaching. 
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MATERIALS AND METHODS 

Compost 

A study of nutrient and heavy metal movement in compost

amended soils was started in August 1986. Refuse-derived compost 

was obtained from two sources. The composts were generated from 

municipal solid waste and sewage sludge. Sewage sludge was less 

than 3% of the total compost solids. All composts were screened 

to pass through a 0.25 inch screen. One compost was obtained 

from the Wisconsin Co-Composting Demonstration Project at Lodi, 

WI. This compost was generated by the static pile method in 

December 1985. The compost was allowed to cure until August 

1986. The second compost was obtained from the Portage, WI co

composting facility. This compost was processed in a drum 

digester in January 1987 and windrowed until May 1987. 

Properties of the composts are listed in Table 1-1. 

Soils 

Two soils, a Plano silt loam (Fine-silty, mixed, mesic Typic 

Argiudoll) and a Lapeer sandy loam (Coarse-loamy, mixed, mesic 

Typic Hapludalf), were used in this study. The soils were 

collected in Arlington and Leeds Township, respectively, of 

Columbia County, WI. Both soils were collected in August 1986 

and again in March 1987. Soil samples were taken from three 

depths: 0-8 inches, 8-24 inches, and 24-36 inches. Surface soil 

samples were analyzed for N-P-K, and fertilizer recommendations 

were obtained for corn (100-120 bu/acre). Properties of the 

soils are listed in Appendices 1-8. 
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Table 1-1: Some Selected Properties of Lodi and Portage Compost 
============================================================== 

---------COMPOST---------

PARAMETER LODI PORTAGE 
============================================================== 

Oxidizable 

TKN-N 

NO3-N 

NH4-N 

avail p 

total p 

avail K 

total K 

EC 

pH 

Calcium 

Magnesium 

Cadmium 

Lead 

Nickel 

Chromium 

Zinc 

Copper 

Boron 

C 15.5 % 

1.45 % 

25 mg/kg 

45 mg/kg 

250 mg/kg 

0.65 % 

0.56 % 

1 % 

10 mmhos/cm 

7.65 

4.7% 

0.67% 

---------
4.2 

512 

45 

92 

1450 

415 

42 

mg/kg 

34% 

0.85% 

3.6 mg/kg 

355 mg/kg 

50 mg/kg 

0.18% 

0.28% 

0.37% 

6 mmhos/cm 

7.45 

1.65% 

0.28% 

6.5 

600 

480 

70 

1000 

260 

20.2 

============================================================== 
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Application Rate 

In the first leaching experiment, Lodi compost was mixed 

with the Plano surface soil (0-8") obtained in August 1986 at 

applications of O (control), 40, 80, 150, and 300 dry tons per 

acre. Lodi compost was mixed with Lapeer surface soil at 

application rates of O (control), 20, 40, 80, and 150 dry tons 

per acre. 

Additional treatments were configured for those soil-compost 

mixtures in which the compost could not supply the recommended 

available nutrients. Compost nitrogen availability was assumed 

at 10% of the TKN added. Supplemented fertilizer treatments were 

configured at the O (fertilized control), 20, and 40 dry tons 

compost per acre for Lapeer soil and O and 40 dry tons per acre 

for the Plano soil. Fertilizer N-P-K was supplied as ammonium 

nitrate, concentrated super phosphate, and muriate of potash, 

respectively. 

In the second leaching experiment, Portage compost was mixed 

with the Plano and Lapeer soils obtained in March 1987. Plano 

and Lapeer surface soils were mixed with an equivalent of 0 

(control), 20, 40, and 80 dry tons of compost per acre. No 

fertilizer supplemented treatments were evaluated in the Portage 

compost experiment. 

Leaching Apparatus 

The apparatus for the (Lodi compost) leaching experiment 

(Figure 1-1) was as follows: 

Surface soil leaching containers were constructed of 

12-inch sections of four-inch diameter PVC schedule 20 pipe. The 

containers were capped at the bottom, drilled, and fitted with a 
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Figure 1-1 LEACHING EXPERIMENT APPARATUS 
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tube to allow for leachate drainage. Approximately two inches of 

gravel was placed at the bottom, and eight inches of soil-compost 

mixture was placed over the gravel of each cylinder. 

Subsoil containers, 32 inches in length, were constructed in 

a similar manner as surface soil containers. Subsoil containers 

were not fertilized or amended with compost. Containers were 

filled with the subsoils corresponding to their original 

positions in the undisturbed field conditions. Each surface soil 

container had a corresponding subsoil container, with the two 

containers representing the upper 36 inches of the soil profile. 

Leaching/Sampling Leachate 

Each surface soil container received 354 ml of distilled 

water twice weekly. This was the equivalent of 3.33 acre-inches 

of water per week. Watering continued for 18 weeks. Over this 

period, each surface soil container received a total of 12.75 

liters, or 60 acre-inches of water. The liquids leaving the 

bottom of the surface soil containers were collected and 

measured. A 75 ml subsample was taken for analysis from each 

surface soil leachate, and the remainder was poured into the 

corresponding subsoil container. Leachate leaving the subsoil 

containers was measured and a sample was saved in a refrigerator 

until analysis. Six leachate samples were combined to make one 

composite sample which represented a ten-inch watering interval. 

Six composite samples were obtained from the 60 inches of applied 

water for the surface soil and subsoil of each treatment. 

Composite leachate samples represented leaching intervals of 0-10 

inches (0-2125 ml), 10-20 inches (2125-4250 ml), 20-30 inches 

(4250-6375 ml), 30-40 inches (6375-8500 ml), 40-50 inches (8500-
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10600 ml), and 50-60 inches (10600-12750 ml) of water applied. 

All composite leachate samples were refrigerated until analysis. 

In a second leaching experiment using Portage compost, all 

watering sample collection procedures were similar to the first 

experiment. However, one exception was made in that leachate 

derived from the surface soil-compost mixtures was not subsampled 

or analyzed. All leachate from surface soil columns was 

transferred to the corresponding subsoil container. 

Leachate Analysis 

Leachate was analyzed for the heavy metals Cu, Ni, Pb, Zn, 

Cd, and Cr by atomic absorption spectroscopy with deuterium 

background correction attachment following digestion in nitric 

acid-peroxide solution and filtration (Standard Methods for the 

Examination of Water and Wastewater, 1985). Total K was 

determined by flame emission spectroscopy of the digested sample. 

The anions nitrate, chloride, and sulfate were determined by 

Dionex ion chromatography. Chemical oxygen demand of the 

leachate was determined by dichromate reflux method (Standard 

Methods for the Examination of Water and Wastewater, 1985). Boron 

was determined by the azomethine-H method (Bingham, 1982). Total 

Kjeldahl nitrogen was determined by semi-micro-Kjelhahl procedure 

and ammonium nitrogen was determined by distillation and titration 

(Standard Methods for the Examination of Water and Wastewater, 

1985). Total P was determined by digestion in sulfuric acid

persulfate solution followed by the stannous chloride method 

(Standard Methods for the Examination of Water and Wastewater, 

1985). 
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Soil Sampling-Leaching Apparatus 

Upon completion of the leaching process, surface and subsoil 

samples were taken from each container for soil analysis. The 

subsoil containers were sawed at the midpoint of the soil column 

and at the bottom adjacent to the gravel layer. Three samples 

were taken from each subsoil container at the top, mid and bottom 

sections of the column. These samples represented 9 inch, 22 

inch, and 36 inch depths in the soil profile. Only one sample 

was collected from each of the surface soil container. 

Soil/Compost Analysis 
0 

Compost/soil samples were air-dried at 35 C. and ground to 

pass a 2 mm sieve. Weighed portions were digested in boiling 

concentrated nitric acid-peroxide solution for 12 hours, then 

filtered and diluted to 100 ml volume (Standard Methods for the 

Examination of Water and Wastewater, 1985). Digested samples 

were analyzed for Ni, Cq, Cu, Zn, Cr, and Pb by flame atomic 

absorption. Total K was determined by flame emission 

spectroscopy of the digested sample. Available K was determined 

by flame emission spectroscopy after extraction of the 

soil/compost with pH neutral lN NH OAc (Knudsen, 1982). 
4 

Available P was determined by extracting with 0.03N NH - 0.05N 
4 

HCl solution (Olsen and Sommers, 1982). The extract was analyzed 

spectrophotometrically after color development with ammonium 

paramolybdate solution and stannous chloride. Total P was 

determined by digestion of the soil and compost samples in 

sulfuric acid- persulfate solution for 8 hours in a micro

Kjeldahl flask followed by stannous chloride method (Standard 

Methods for the Examination of Water and Wastewater, 1985). 
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Boron was measured by the azomethine-H method following hot water 

extraction (Bingham, 1982). Easily oxidizable carbon was 

determined by the Walkley-Black wet oxidation method (Nelson and 

Sommers, 1982). Total Kjeldahl nitrogen was determined by semi

micro-Kjeldahl procedure (Bremner and Mulvaney, 1982). Arnrnonium

N was determined by distillation and titration. The pH and 

electrical conductivity (EC) was determined in a filtered extract 

of a 1:1 soil-to-water mixture. 

Quality Control 

Quality control work included analysis of blanks, 

samples in triplicate, and spiked samples. All listed values are 

the averages of at least three replications. Spike recovery was 

conducted on 10% of the samples, or at least one sample per run. 

Spikes consisted of adding a known quantity of analyte (~20% of 

the sample concentration) to an aliquot of the sample. Spike 

recovery was obtained from calculations using sample and spiked 

sample results. Analyses were conducted using methods that have 

been studied collaboratively and found acceptable. These methods 

included Standard Methods for the Examination of Water and 

Wastewater, and Methods of Soil Analysis, part 2. 
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RESULTS AND DISCUSSION 

APPLICATION RATE OF SOLID WASTE COMPOST 

In Wisconsin, land application guidelines for municipal 

refuse-compost closely parallel the regulations governing sewage 

sludge application. Environmental Protection Agency guidelines 

have been published which recommend heavy metal loading limits 

for disposal sites based on the cation exchange capacity (CEC) 

and pH of the soil (U.S.E.P.A., 1979). 

Two application limits, cumulative and annual, have been 

established. The cumulative, or lifetime limit, requires that 

land spreading be discontinued on the site when a critical level 

of one of five heavy metals, Cd, Zn, Cu, Ni, or Pb, is reached. 

The maximum cumulative rate in pounds of the metal per acre is 

dependent on the relative toxicity of the metal, pH and the CEC 

of the soil. In addition to the cumulative rate, an annual 

restriction is imposed which limits the application based either 

upon the nitrogen content, or the cadmium concentration of the 

material. The annual Cd limit is 0.45 lb/acre provided that the 

pH of the soil is maintained at 6.5 or above. The nitrogen limit 

is based upon the nutrient requirement of the crop being grown. 

The annual application cannot exceed 0.45 lbs Cd/acre, or the 

nitrogen requirement of the crop being grown, whichever is lower. 

Another criterion considered in EPA guidelines that was 

incorporated into this study is the depth to groundwater. A 

minimum three feet separation is required between the soil 

surface and groundwater. The three feet soil columns used in the 

two leaching studies would be considered a minimum. The heavy 
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metal limiting the cumulative compost application of the Lodi 

compost was zinc, and the limiting metal for the Portage compost 

was nickel. The annual application rate of both composts was 

limited by the nitrogen requirements of the crop rather than by 

the annual cadmium limit. 

Lodi compost was mixed with the Plano and Lapeer soils to 

approximate O, 1/8, 1/4, 1/2, and 1 lifetime application rates. 

These rates corresponded to O, 20, 40, 80, and 150 dry tons/acre 

for the Lapeer soil, and O, 40, 80, 150, and 300 dry tons/acre 

for the Plano soil. The annual nitrogen limit was not considered 

in this experiment. Fertilized treatments were also configured 

at those application rates that did not meet the nutrient 

recommendations for a 120 bu/acre corn crop. The fertilized 

treatments were at O, 20, and 40 tons/acre for the Lapeer soil, 

and at O and 40 tons/acre for the Plano soil. 

Portage compost was mixed with the two soils at rates of O, 

20, 40, and 80 dry tons/acre. These rates were equivalent to O, 

1/4, 1/2, and 1 lifetime applications to the Lapeer soil, and 

O, 1/8, 1/4, and 1/2 lifetime applications to the Plano soil. No 

fertilizer treatments were set up for the Portage compost 

leaching experiments. 

LEACHATE QUANTITY 

All surface soil columns received a total of 60 inches 

(12.75 L) of water over a 18 week period. For the initial 10 

inch water application, approximately 35-40% of the water applied 

was retained by the soil to reach field moisture capacity. 

Slightly greater quantities (2%) of water leached from the 
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control columns of both soils than from the compost-amended 

soils. Approximately 90% of applied water was recovered from all 

surface soil columns during later stages of this experiment. The 

remaining 10% was lost to evaporation from the soil surface and 

liquid surface of the leachate collection bottles. 

All subsoil container soils were brought to field moisture 

capacity with distilled water prior to the start of the leaching 

experiment. The volume of leachate recovered in the subsoil 

columns was approximately 88% of the surface soil leachate added. 

Since all subsoil columns of each soil were identical, no 

variation would be expected in the quantity of water retained. 

Differences in leachate quantity from the two soils were 

very slight. At the onset of the experiment (0-10 inch 

interval), the Lapeer soil control columns leached sooner than 

the Plano soil controls due to the larger pore size (coarser 

texture) in the Lapeer soil. With compost applications, the 

infiltration rate in the Plano soil column appeared to be more 

rapid than in the Lapeer soil, except at the higher compost 

application rates, where the two soils were about equal. This 

effect was likely due to a difference in surface soil structure. 

All columns acted in the same manner for both composts in 

terms of leachate production. For the Portage compost, no 

subsampling of leachate from surface columns was conducted, 

therefore more water was applied to the subsoil columns compared 

to those of Lodi compost. More subsoil leachate was collected at 

each watering interval in the Portage compost experiment as the 

rate of surface soil leachate added was 25% greater. 

13 



Maturity of the solid waste compost did not appear to influence 

the quantity of leachate produced. As the compost matures, the 

particle size would decrease, thus creating better structure and 

more pore space. Also, the material would become less 

hydrophobic as waxes and lignins were degraded. These two 

factors suggest that mature compost (Lodi) would tend to retain 

more water against gravity than immature compost (Portage). 

LEACHATE NITROGEN 

Nitrate-- Lodi Compost 

All data for nitrate nitrogen is included in Appendix 1. 

Nitrate-N concentrations for both soils are presented in Table 1-

2. Nitrate-N levels of all treatments in the 0-10 inch leaching 

interval were similar. These concentrations reflect background 

nitrate-Nin the subsoil. All nitrate-N concentrations exceeded 

the 10 mg nitrate-NIL (10 ppm) drinking water enforcement 

standard (U.S.E.P.A., 1985). This was observed in both soils. 

The soils were obtained from agricultural sites where N 

fertilizer had been used for crop production in the past. 

Leachate nitrate-N concentrations increased slightly for the 

10-20 inch interval, followed by a gradual decline with each 

additional 10 inch watering interval. A similar trend was 

observed for both soils (Table 1-2). This suggests that most of 

the nitrate-N from the compost was readily leached. Additional 

nitrate-N became available for leaching from transformation of the 

soil or compost organic-N. In any watering interval, leachate 

nitrate-N concentrations increased with an increase in compost 

application. This trend was observed for both soils through the 
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Table 1-2: Nitrate Nitrogen in Leachate from Subsoil 
Columns 

======================================================== 
Compost 

Soil Applic. -----Leaching Interval (inches)-----
Rate 0-10 10-20 20-30 30-40 40-50 50-60 

======================================================== 
T/A ---------------ppm------------------

LODI COMPOST 

Plano 0 23 30 16.2 10.0 6.2 4. 4 
40 28 25 16.4 9.4 7.0 7.0 
80 25 32 20.2 11.4 10.2 9. 3 

150 39 30 23.3 15.2 15.7 16.7 
300 38 38 26.6 18.4 19.6 18.4 
0 F 23 44 28.7 10.9 8.7 9. 4 

40 F 30 38 21.6 16.5 9.0 7.1 

Lapeer 0 27 27 8.9 8.8 5.0 3.4 
20 27 28 11.3 11. 7 6.7 4.3 
40 28 24 9.0 11.1 9.0 7.2 
80 27 34 18.1 14.3 10.4 9.1 

150 33 34 35.5 16.3 14.0 12.2 
0 F 40 58 10.2 12.0 8.2 4.6 

20 F 32 48 15.5 10.8 8.7 4.6 
40 F 33 56 18.8 12.1 10.1 7.9 

PORTAGE COMPOST 

Plano 0 90 44 31.0 24.6 20.4 17.8 
20 89 22 12.0 15.7 18.4 18.2 
40 87 19 8.4 19.2 24.2 19.2 
80 91 16 5.4 15.7 21.8 19.7 

Lapeer 0 27 31 16.7 7.8 5.7 5.2 
20 16 17 15.0 8. 4 7.1 5.4 
40 20 16 11.0 9. 2 7.7 8. 6 
80 13 16 7.0 10.1 11.6 10.6 

=====================-=======---======----------------=-
F = Fertilized treatment 
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entire 60 inch water application (Table 1-2). 

For both soils, all treatments exceeded the 10 mg nitrate

NIL drinking water enforcement standard through the 20-30 inch 

watering interval. Nitrate-Nin leachate from the 150 and 300 

tons/acre treatments for the Plano soil exceeded 16 and 19 ppm, 

respectively, throughout the experiment. Contributions from the 

compost were 10 mg/L higher than the control for the 300 

tons/acre treatment and 0.2 mg/L higher than the control for the 

40 tons/acre treatment during the 20-30 inch watering interval. 

Contributions from compost at application rates of 80 tons/acre 

did not exceed background levels by more than 4 ppm. Nitrate in 

leachate from applications of this compost at 80 tons/acre will 

not exceed 10 ppm provided the background soil nitrate levels are 

lower (Figure 1-2) 

At the highest compost application rate of 150 tons/acre 

for the Lapeer soil, leachate nitrate concentrations exceeded the 

10 ppm enforcement standard throughout the experiment. 

Leachate from treatments supplemented with fertilizer N had 

greater concentrations of nitrate than the unfertilized 

counterparts. This would be expected since inorganic N was added 

to the surface soil columns at those intervals. Application rates 

of up to 80 t?ns of compost/acre for both soils yielded leachate 

with average nitrate-N concentrations lower than the fertilized 

control (Table 1-2). In order to minimize groundwater 

contamination due to nitrate, a combination of compost (20-80 

tons/acre) and enough additional nitrogen fertilizer to meet 

plant requirements would be preferrable. 
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Total Kjeldahl Nitrogen-- Lodi Compost 

Leachate collected from the surface soil columns increased 

in TKN concentrations with increasing compost applications. This 

was expected because of the leaching of fine organic particles. 

Most ammonium-N concentrations were below detection, therefore 

the nitrogen in TKN represented mostly organic N. The leachate 

TKN decreased with successive water applications. At the 50-60 

inch interval all TKN values for surface column leachate were 

less than 1 ppm. Leachate from the coarser-textured Lapeer 

soil had higher concentrations of TKN than the finer-textured 

Plano soil. This reflects the tendency of organic particles to 

move more easily through the Lapeer surface soil columns 

(Appendix 1). 

There was little variation in the background subsoil 

leachate TKN levels of all treatments for the early watering 

intervals. As wa~ering progressed, TKN values increased 

slightly, peaking at the 20-30 inch interval, and was followed by 

a gradual decline. This peaking of TKN is a reflection of the 

TKN applied as leachate via the surface soil columns. All 

subsoil TKN values at the 50-60 inch interval were less than 1 

ppm. A finer texture in the Plano subsoil also resulted in lower 

TKN leaching compared to the coarser-textured Lapeer subsoil. 

There was no difference between fertilized treatments and 

parallel unfertilized treatments (Appendix 1). 

The total Kjeldahl nitrogen fraction of the leachate 

represents mostly organic N. Physical observation of the subsoil 

leachate indicated no soil particles, suggesting that the TKN is 

present as soluble or colloidal organic-N. Other soluble organic 
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compounds may also be associated with the leachate. The leachate 

was not analyzed for any organic compounds except COD. 

The TKN concentrations of leachate at 50-60 inch interval 

for compost application rates of 80 tons/acre were equal to or 

lower than the concentrations of the controls. Degradation of 

groundwater by nitrogen contamination would not be expected at 

compost application rates of up to 80 tons/acre in field 

conditions when compared to contributions from conventional 

fertilization. 

The surface soil mixtures had a slight decrease (3-4%) in 

TKN after leaching. All treatments of both soils responded in a 

similar manner, except for the fertilized treatments of the 

Lapeer soil which had a 7% decrease in TKN. This decrease in the 

surface soil TKN did not always result in an increase in subsoil 

TKN. In some treatments there was a slight increase in TKN while 

in others, there was a decrease in subsoil TKN. Changes in TKN 

values of the subsoils suggest that a significant portion of the 

TKN was converted to nitrate and leached. 

Changes in total Kjeldahl nitrogen (TKN) in treatments of 

both soils indicated that a considerable amount of nitrogen 

conversion from the organic to inorganic form occurred from the 

beginning to the end of the leaching period. The conversion of 

organic N to ammonium-N, followed by nitrification to nitrate-N, 

was enhanced by warm, well-aerated conditions at neutral pH. 

These conditions, accompanied by rapid downward percolation of 

water, caused considerable quantities of nitrate-N to move 

through the soil. 
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Ammonium-N =-=.. Lodi Compost 

Ammonium-N increased during the experiment in the surface 

soil columns of both soils, due to mineralization of organic-N to 

ammonium-N (Appendix 1). Ammonium-N was not detected in the 

subsoil leachate from treatments of either soil (Appendix 1). 

Movement of ammonium-N through the subsoils was restricted due to 

adsorption onto cation exchange sites. The adsorption of 

ammonium-N was observed as increased ammonium-N concentrations in 

subsoil columns. The amount of nitrification of ammonium-N to 

the nitrate-N form was not determined in subsoils. However, 

analysis of leachate nitrate-N concentrations throughout the 

experiment suggests that ammonium was being nitrified. 

If a crop were growing in the surface soil columns, 

absorption of the available nitrogen by plants could result in 

decreased nitrate movement through the subsoils. The 

mineralization rate of the Lodi compost was not determined, but 

it appears that the higher compost applications (150-300 

tons/acre) on the two soils would exceed the nitrogen 

requirements of most crops. A University of Minnesota study 

(1987) working with mineralization of Lodi compost confirmed 

this. 

Tester et al. (1977) determined from laboratory incubation 

studies that approximately 6 percent of the organic Nin a sewage 

sludge compost was mineralized from a sand soil-compost mixture 

over a 54 day period. Only 1 percent of the organic N was 

mineralized from a silt soil-compost mixture over the same 

period. 
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Nitrate-- Portage Compost 

Soils used for leaching experiments with the Portage compost 

were obtained from different fields than the soils used for the 

Lodi compost leaching experiment. Subsoil leachate from the 

Plano soil treatments representing the 0-10 inch interval 

contained high (90 ppm) nitrate-N levels (Table 1-2). This 

represents the background level of the surface and subsoil. 

There was no impact from the application of compost during this 

watering interval. 

As leaching progressed, the control columns acted 

differently from the compost-amended columns. While the controls 

exhibited a gradual decline in nitrate-N with additional 

leaching, the compost-amended treatments declined in nitrate 

concentrations through the 20-30 inch interval (Figure 1-3). This 

suggests that the immature compost immobilized N and effectively 

prevented the downward movement of nitrate-Nin leachate (Figure 

1-2). In the 40-50 inch interval, this trend changed, as nitrate 

concentrations in subsoil leachate from compost-amended 

treatments increased to levels greater than the control (Figure 

1-2). The subsoil leachate nitrate-N concentrations of all 

treatments at the 50-60 inch leaching interval were approximately 

the same. During the phase in which nitrate-N levels were 

increasing, leachate concentrations did not drop below the 10 ppm 

drinking water enforcement standard (Table 1-2). 

In the earlier stages of leaching (0-30 inches), the nitrate

N concentration decreased with increasing compost application 

rate. There may be two reasons for this trend. First, 
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application of the compost may have diluted the background 

nitrate in the surface soil mixtures. Second, and perhaps more 

important, is the maturity of the compost. The Portage compost 

had a C:N ratio exceeding 40:1 which suggests that some of the 

soil N may have been tied up with the readily decomposable C in the 

compost. This trend was reversed as nitrate-N from the compost 

became available. At the 50-60 inch interval, leachate nitrate-N 

was highest in the 80 tons/acre treatment. 

The Lapeer soil exhibited similar trends as the Plano soil 

except that the background nitrate-N concentration was much lower 

in the Lapeer. As a result of the low background soil levels, 

leachate for all treatments of less than 80 tons/acre maintained 

nitrate-N concentrations below drinking water enforcement 

standards for the 30-60 inch interval. Nitrate-N levels for the 

80 tons/acre treatment were slightly above the 10 ppm nitrate-N 

enforcement standard for the 30-60 inch interval. 

Application of up to 80 tons/acre of immature compost such 

as the compost used in this experiment, tends to impact the 

groundwater resource in a positive manner compared to fertilizer 

application. While nitrate leaching to groundwater can be 

reduced by the application of immature composts, crop responses 

may be negatively affected. For this compost, net nitrate-N 

released from the compost began to appear in the subsoil leachate 

9-12 weeks after initiation of the experiment. This indicates 

that for immature compost, 9-12 weeks of moist conditions could 

allow the mineralization of organic-N. Therefore, field 

application of compost, allowing a suitable interval of 

decomposition before planting, may benefit the crop. However, 
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Figure l-·-3: NITRATE CONTRIBUTIONS TO LEACHATE 
FROM COMPOST/FERTILIZER APPLICATIONS 
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caution must be exercised when dealing with immature composts 

because field conditions may not duplicate the laboratory 

conditions of this experiment. 

A comparison in nitrate-N contributions from fertilized 

controls and compost-amended treatments for both soils and 

composts is illustrated in Figure 1-2. Bar values represent the 

difference in average leachate nitrate-N over the 60 inch 

leaching interval between the unfertilized control and each 

compost application treatment for both soils and composts. The 

low Lodi compost application rates (20-80 tons/acre) do not 

contribute more than 5.5 ppm nitrate-N to the soil background 

leachate levels. More significant is the comparison of the 

higher Lodi compost application rates to the fertilized control. 

For both soils, the high compost application rate was only 

slightly higher in average nitrate-N over the unfertilized 

control than the fertilized control. This suggests that the high 

Lodi compost application rates chosen for this study should not 

impact groundwater quality any more than recommended fertilizer 

applications. Also, the low compost rates should be much safer, 

in terms of groundwater protection from nitrate-N, than current 

fertilizer practice. Figure 1-3 illustrates the net immobilization 

of nitrate-N by the Portage compost. 
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Total Kjeldahl Nitrogen=-=. Portage Compost 

Total Kjeldahl nitrogen in subsoil leachate generally showed 

a decreasing trend with time. The total amount of TKN leached 

from subsoil columns was not affected by the compost application 

rate on the Plano soil. A slight increase in subsoil leachate TKN 

was observed in the coarser-textured Lapeer soil in compost

amended treatments over that of the controls. 

The soil TKN decreased over the course of the experiment for 

all treatments. TKN values decreased from 5-8% of the 

original amount after 18 weeks of leaching. Plano soil with 

larger initial quantities of TKN resulted in a greater reduction 

in the surface soil. The decrease in surface soil TKN did not 

result in a proportionate increase in subsoil TKN. The subsoil 

TKN concentrations were below background levels in most cases. 

Soil TKN values were obtained only at the beginning and end of 

the experiment. This did not permit determination of increased 

TKN from the immobilization of the nitrate-N as was observed in 

the leachate. 

Subsoil ammonium-Nin all treatments was always higher at 

the end of the experiment than at the beginning (Appendix 1). 

This indicates that ammonium-N leached from the surface soil 

columns occurred, and was adsorbed onto cation exchange sites in 

the subsoil. Changes in the concentrations of ammonium-Nin the 

surface soil columns did not suggest any trends. 

The Lodi compost released N during the entire leaching 

experiment. The Portage compost was relatively immature, 

therefore a net immobilization of N occurred for the first nine 
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weeks of leaching (Table 1-2). The Portage compost had lower TKN 

levels (8500 mg TKN-N/kg) than the Lodi compost (14500 mg TKN

N/kg), so it would be expected that an equivalent application rate 

of Portage compost would release less N. 

In an incubation study conducted at the University of 

Minnesota to determine mineralization rates of various composts, 

a Lodi compost showed periods of positive net mineralization 

through the four-week incubation period (University of Minnesota, 

1987). The same study concluded that immature composts tend to 

liberate more ammonium-N and exhibit negative net N 

mineralization values. A 20-week incubation study with the Lodi 

cqmpost showed an initial period of five weeks of rapid 

mineralization followed by 15 weeks of slower nitrate 

accumulation. An immature solid waste compost used in the 20-

week incubation study showed a net negative N mineralization 

phase lasting for five weeks, followed by a six week period of 

zero net N mineralization. In the last nine week period there 

was an increase in positive net N mineralization. The C:N of the 

immature compost was 22:1. The study concluded that the 

intermediate phase of low net mineralization may occur when the 

C:N of the compost was near the 20/30 break-even point, and that 

positive net mineralization starts when C:N drops low enough to 

permit nitrate accumulation (University of Minnesota, 1987). 

PHOSPHORUS 

Lodi Compost 

The Plano surface soil was high in available P (52 ppm), and 

the Lapeer surface soil was low in available P (8 ppm). The Lodi 
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compost had 250 ppm available P (Table 1-1). All data relative to 

phosphorus leaching is presented in Appendix 2. 

The actual increases in available P from compost 

applications were comparable for both soils. For a given compost 

application rate, the percentage increase in available P was 

greater for the Lapeer soil than for the Plano soil. 

Available soil P concentrations changed only slightly (1-2 

ppm) from the beginning to the end of the experiment for all 

treatments of the Plano soil. In the Lapeer treatments, 

available P increased 3.5, 0.6, and 2.1 ppm on the 20, 40, and 

150 tons/acre treatments, respectively. The fertilized 

treatments of the Lapeer soil showed a decrease of 0.6 to 3.6 ppm 

in available P. This decrease could be attributed to the readily 

leachable fertilizer Padded to the soil. The fertilized 

treatments of the Plano soil did not exhibit a similar trend 

because no fertilizer P was added to any of the Plano soil 

treatments. 

Soil available Pin subsoil columns for all treatments 

increased for both soils. This suggests that there is some 

available P moving via the leachate and accumulating in the 

subsoil. Available Pin leachate was not determined. The small 

increase in available P of surface columns and subsoil columns 

suggests conversion of organic phosphorus to the ortho-phosphate 

form. 

A slight decrease in total P (<35 ppm) was observed on all 

surface soil treatments of both soils over the duration of the 

experiment (18 weeks). The largest decline in total P was 

observed in the treatments with the highest compost application 
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rates. This was confirmed from the analysis of surface soil 

leachate for total P. The most P leached from a surface soil 

treatment was at the 300 tons/acre treatment of the Plano soil, 

which lost 6 mg P over the 60-inch leaching period. The surface 

soil columns not receiving compost leached as much Pas the 

highest compost-amended treatment. A similar trend was observed 

for both soils. The observation of high total Pin surface 

column leachate suggests that for the control soils, the P may 

have leached as available P (only total P was measured). 

However, leachate from compost-amended (300 tons/acre) treatments 

had organic particles from the compost, which may have increased 

contributions to total P. 

Total phosphorus concentrations in the subsoil leachate were 

below detection levels in all treatments for most leaching 

intervals. Total P was detected in leachate at the high compost 

application rates and fertilized treatments of both soils. This 

increase in P occurred at the 40-50 inch leaching interval 

(Figure 1-4). This suggests that most of the P leaving the surface 

soil columns was adsorbed or complexed by the subsoils. 

Analysis of subsoils indicated negligible P movement from surface 

soil columns. 

For compost-amended treatments it is unlikely that 

available P would be easily extracted and leached with water 

considering the high Ca (4.7%), Al (1.94%), Fe (3.5%), and a 

high pH (7.5), all of which aid in P complexation 

(Hausenbuiller, 1978). Inman et. al. (1982) observed P 

precipitation by calcium in MSW composts. Since the pH of 
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Total Phosphorus • Subsoil Leachate Figure 1-4: In 
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compost-amended soils remained in the neutral range, it is 

likely that Ca was responsible for phosphate precipitation 

or adsorption reactions (Sikora and Corey, 1976). Chang et 

al. (1983) working with calcareous soils, found that 50-60% 

of the soil P was bound to Ca prior to sewage sludge 

addition. After application of sludge, greater than 60% of 

the P was Fe and Al bound. They suggested that the Pin the 

sludge was already Fe bound and that application did not 

produce a shift in Ca bound P. It is therefore likely that 

Pin composts may also be bound to Fe, Al and Ca. 

Phosphorus-- Portage Compost 

The Plano soil used in this experiment had very high levels of 

ava1lable Pat 162 mg/kg soil, while the Lapeer soil was low in 

available Pat 7.5 mg/kg soil. The Portage compost had 50 mg 

available P/kg. Application of the Portage compost to the Plano 

soil reduced the available Pin the mixture because of dilution. 

The effect of compost application on available P for Lapeer soil

compost mixtures was minimal. 

All data for phosphorus leaching is available in Appendix 2. 

Leaching the compost-amended Lapeer soils did not significantly 

affect the available P (1-2 mg/kg) and total P (2-5 mg/kg) levels 

in the surface columns. Available P decreased dramatically in 

the compost-amended Plano surface soil columns. In some cases, 

available P concentrations decreased to as much as one-half of the 

initial concentrations. 

Total P concentrations in Plano compost-amended soils did 

not decrease (4-18 ppm) as much as the decreases in available P 
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(24-86 ppm). Decreases in available P could be attributed to 

reversions to the unavailable form. 

The available P leached from the surface soils was not 

detected in the subsoil columns as available P. However, 

increase in total P of subsoil columns was observed. This 

indicates that a portion of the leached P reverted to unavailable 

forms of P. 

Phosphorus was detected in subsoil leachate of all Plano 

soil treatments. Concentrations of total Pin leachate for all 

treatments were comparable. Phosphorus in subsoil leachate from 

Lapeer soil treatments was less than from Plano treatments, and 

was below detection levels after the 10-20 inch leaching interval 

(Figure 1-5). It appears that the P detected in subsoil leachate 

was indigenous, and little, if any, was contributed by the 

Portage compost. Compost applications to the Lapeer and Plano 

soils did not impact P concentrations in subsoil leachate. 

The overall groundwater impact from applications of both 

composts was minimal. A larger percentage of available P leached 

from fertilized Lapeer treatments than from unfertilized 

treatments probably due to the greater mobility of the inorganic 

P fertilizer. For modest application rates of 40 to 80 tons per 

acre, there should be minimal impact on groundwater from Pin 

composts. 

The mature Lodi compost sh0wed a net transformation of 

organic P to available forms over the 18 week period. Available 

P concentrations in the less mature Portage compost either 

remained unchanged or decreased slightly over the 18 week 

leaching period. This decrease was due to reversion of the 
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Figure 1-5: Total Phosphorus in Subsoil Leachate 
from Portage Compost-Amended Soils 
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available P to unavailable forms. This suggests that the degree 

of maturity of compost could play a role in availability of P to 

plants. The Portage compost had considerably lower total P than 

the Lodi compost. It is expected that as the compost matures 

total P levels will increase. 

POTASSIUM 

Lodi Compost 

The Lodi compost contained 5600 ppm available Kand 6500 ppm 

total K. Addition of compost increased the available K content 

of soil-compost mixtures. There was a more dramatic increase in 

available K than total K for compost-soil mixtures. 

All data for potassium in surface soils, subsoils and 

leachate is available in Appendix 3. 

Leaching losses of total K from surface columns increased 

with increasing compost applied. The 300 tons/acre treatment for 

the Plano surface soil contained 1.75 times more K than the 

control but lost 22.4% of the total K as compared to a 2.2% and 2.6% 

decrease in K for the control and fertilized control, 

respectively (Table 1-3). 

A considerable portion of the total Kin the Lodi compost 

was in the available form at the onset of the experiment, so as 

compost application rates increased, the percentage of soluble K 

that leached out of the surface columns increased. 

All surface soil treatments had a reduction in available and 

total Kover the 18 week leaching period. The reduction in K was 

greater as the amount of compost applied to surface soils 

increased. The proportion of surface soil K lost due to leaching 
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Table 1-3: Changes in Total Kin Surface Soil Due to Leaching 

------------------------------------------------------------------------------------------------------------------------
Compost 
Application 
Rate Initial 

Plano 

Decrease 

Lapeer 

Initial Decrease 
============================================================ 
tons/acre mg K/kg mg K/kg % 

LODI COMPOST 

0 2350 2.2 1430 3.5 
20 1510 5.0 
40 2560 5.9 1605 19.0 
80 2845 9.5 1780 22.5 
150 3300 15.9 2020 19.4 
300 4100 22.4 
0 F 2300 2.6 1440 2.8 

20 F 1525 8.2 
40 F 2575 6. 4 1605 15.9 

PORTAGE COMPOST 

0 2960 1.0 1272 3.6 
20 2972 0.7 1320 4.0 
40 2995 0.0 1365 3.9 
80 3022 1.5 1450 5.7 

=====================-=======---=--==--------=---=---=--===-
F = Fertilized treatments 
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was greater in the total K fraction than the available K 

fraction. Some of the available K that had leached from the 

surface soil accumulated in the subsoils. 

The available K accumulated in the subsoil was greater than 

the amount lost from the surface. This suggests that total Kin 

the surface columns was being converted to the available form as 

leaching proceeded. Subsoil total K levels of both soils 

remained high. No definite trend was observed relative to total 

Kin subsoils and compost application rates. Although a 

considerable quantity of total K was removed from surface soil 

columns, not all was accounted for in the subsoils as total K. 

Leachate from subsoil columns had modest concentrations (1-

10 ppm) of total K. Total Kin leachate increased with an 

.increase in compost application rate (Figure 1-6). Leachate K 

concentrations generally decreased with time. The amount of Kin 

leachate of the 40 tons/acre treatment was comparable to the 

control and fertilized control of both soils. The application of 

compost up to 40 tons/acre should present little threat to 

groundwater as compared to the use of commercial fertilizers. 

Furthermore, the K concentrations to groundwater would be lower 

if crops were grown on the compost application site. 

Potassium-- Portage Compost 

The concentration of total Kin the Portage compost (3700 

mg/kg) was approximately one-third that of the Lodi compost. 

Applications of the Portage compost to the Plano soil which had 

high background K levels did not greatly increase the K of the 

resultant soil-compost mixtures. Increases were somewhat higher 
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Figure 1-6: Total K in Subsoil Leachate 
Lodi Compost-Amended Solis 

10 

9 

...... ----··- ·- ----··-·· ··•- -·- .... --...... ------···-···-······ ------·· ----···--···•----- ·-••-····--·•···-·-· ·•· ------ -· ------ --1 

Plano Soil Lapeer Soil I 
8 ! 

7 

..J 
6 ' 0 

E . 5 ~ 

0 .... 
0 
I-

3 

2 

1 

w 
Cl) 0 

I ____ _.._,__._.~-~-~~~---.....-------·~--+--'...._..--1 
0 40 80 150 300 OF 40F 0 20 40 80 1 50 OF 20F 40f" 

Compost Application RD3-:~tons/acre 
[Z':zl 0-1 0" Interval 50-60" Interval F = Fertilized 



from applications to the Lapeer surface soil since the background 

concentration of total Kin Lapeer soil was about one-third that 

of the compost (Appendix 3). 

There were slight changes in total Kasa result of leaching 

in the Plano surface soil treatments. The 80 tons/acre 

treatments for the Plano declined 1.5% in total K as compared to 

the control soil which declined 1% (Table 1-3). Plano subsoils 

showed little change in the upper portions of the columns, while 

there were significant accumulations (33%) observed in the lower 

portions of the subsoil columns. A higher percentage of total K 

was removed by leaching in the coarser-textured Lapeer soil than 

in the fine-textured Plano. Total K decreased 5.7% in the 80 

tons/acre treatments for the Lapeer surface as compared to 3.7% 

in the Lapeer control. Total Kin the subsoils increased 

slightly for all treatments. 

Available K declined 20% on the 80 tons/acre treatment for 

the Plano surface soil as compared to a 12% decline in available 

Kon the control. Changes in available Kin the Plano subsoils 

were slight, a decline was observed in the top of the subsoils 

and accumulation in the bottom. Available K decreased 37.6% and 

25.9% in the 40 and 80 tons/acre treatments, respectively, for 

the Lapeer surface soil. Comparatively, the control lost 10.3% 

of its available Kover the 60-inch leaching period. All 

treatments except the highest compost application rate had a 

decline in available K concentrations in the subsoil. 

Concentrations of total Kin the subsoil leachate from both 

soils decreased with time due to leaching (Figure 1-7). Subsoil 

leachate from compost-amended soils (40 tons/acre) was only slightly 
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higher (1 mg/1) than the leachate from control soils. A decrease 

in K was observed with Lapeer soil due to compost application. 

The leachate from Plano soil had much higher K concentrations 

than that of the Lapeer soil. 

Movement of K from surface columns to subsoils was greater 

in the Lodi compost-amended treatments than in the Portage 

compost-amended treatments. A greater proportion of the total K 

in the Lodi compost was converted to the available form during 

the leaching period. In the Portage compost-amended soils, it 

appeared that a smaller proportion of K was available as leaching 

proceeded. Leachate concentrations were similar for both Portage 

and Lodi composts for similar application rates. This suggests 

that soil properties, such as background K levels and CEC rather 

than the K concentration in the compost, may have controlled the 

amount of K leached. 

SOIL OXIDIZABLE CARBON AND LEACHATE COD 

Lodi Compost 

Land application of composts can add considerable quantities 

of organic matter to soils. The Plano surface soil had 2% 

oxidizable carbon, or an equivalent of 4.75% organic matter, and 

the Lapeer soil had 2.32% organic matter (Table 1-1). The 

application of 150 tons of Lodi compost per acre increased the 

organic matter to 8.1% on the Plano soil and 5.9% in the Lapeer 

soil (Appendix 4). 

There were no significant changes in oxidizable carbon in 

surface or subsoils over the 60-inch leaching period. Due to the 

insensitivity of the dichromate oxidation method at high 
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concentrations of organic matter, changes in oxidizable carbon in 

the surface soils and subsoils were difficult to detect. 

Chemical oxygen demand (COD) values in the surface soil 

leachate indicated movement of organic compounds from the surface 

soil columns of both soils. The leachate obtained from surface 

columns ranged from 61-960 ppm in the the 0-10 inch watering 

interval, decreasing to 2-37 ppm in the 50-60 inch interval. For 

all treatments, leachate COD concentrations from surface columns 

increased with increasing compost application rate. The initial 

COD concentrations were higher in the coarser-textured Lapeer 

soil than in the fine-textured Plano soil at comparable compost 

application rates. COD values for the controls of both soils 

were considerably higher than they would likely be under field 

conditions. The experimental conditions allowed for rapid 

decomposition of organic matter in the surface soils and 

subsequent downward movement of soluble decay products with 

percolating water. 

The leachate COD from subsoil columns was greatly reduced 

compared to the surface soil leachate at the same interval. 

Background COD levels for the controls averaged 55 ppm for both 

soils in the 0-10 inch watering interval. This suggests that a 

sizable quantity of soluble organic material was present in the 

subsoils prior to leaching. 

Subsoil leachate COD decreased during the 10-20 inch 

interval, but increased significantly for the compost-amended 

treatments during the 20-30 inch interval. This was especially 

true for the high compost-application rates in both soils. The 

coarser-textured Lapeer soil produced leachate with higher COD 
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than the fine-textured Plano soil at comparable application 

rates. Subsoil leachate from the 80 and 150 tons/acre treatments 

of the Lapeer soil had COD of 140 and 150 ppm, respectively, 

during the 20-30 inch interval, as compared to the control which 

was 19 ppm. Subsoils of the Plano soil appeared to be more 

effective than the Lapeer soil at attenuating the organic 

compounds leaching from the surface soil columns. Application 

rates of up to 80 tons/acre consistently produced leachate with 

COD concentrations less than the background levels of both soils. 

Portage Compost 

Results for carbon content of soil-compost mixtures are in 

Appendix 4. Application of 80 tons of the Portage compost per 

acre to the Lapeer surface soil more than tripled the oxidizable 

C (3.3%) ave~ that of the control soil (0.9%). Application of 80 

tons/acre to the Plano SDil doubled the oxidizable C (4.3%) 

content as compared to the Plano control (1.9%). It is expected 

that the C content of soils amended with immature compost would 

decline significantly as the organic matter in the compost 

decayed. Oxidizable C did not decline notably in the 

treatments of either soil over the 60-inch leaching 

period. 

The surface soil leachate was not analyzed for COD in this 

experiment. Data for subsoil lea~hate is in appendix 4. For 

the Portage compost, Plano subsoil leachate COD was highest 

during the 10-20 inch watering interval. During this 

interval, compost-amended treatments produced subsoil 

leachate ranging from 47-71 ppm COD for application rates of 
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20-80 tons/acre. The concentration of COD declined as 

leaching progressed. Initial background subsoil leachate 

concentrations ranged from 40-50 ppm COD. Lapeer soil had a 

declining trend for leachate COD with time. 

Lodi compost was applied at much higher rates than the 

Portage compost. Background COD in leachate ranged from 50-60 ppm 

for the controls. COD values at the application rates of less 

than 80 tons per acre declined as leaching progressed. At 

application rates of 40 tons/acre, final COD leachate values were 

less than 10 ppm, which are far below the background levels. 

Values for the highest application rates for both soils peaked at 

the 20-30 inch watering interval. Values as high as 150 ppm were 

recorded for these application rates. 

Lapeer leachate was lower in COD than the Plano leachate 

at the same compost application rate for the Portage compost. 

For the more mature Lodi compost, COD in leachate was higher for 

the coarser-textured Lapeer. 

The COD of the subsoil leachate from the Portage compost

amended treatments did not indicate a higher decomposition rate, 

characteristic of an immature compost. Comparable treatments of 

the Lodi and Portage composts showed similar COD even though the 

Portage compost-amended soils had higher oxidizable C levels. It 

appears that the COD concentrations reflect soluble organic 

matter in the leachate rather than organic particles, this 

however, was not tested. 
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CHLORIDE 

Results for chloride in leachate is included in Appendix 5. 

The addition of compost increased the chloride concentration in 

leachate from the compost-amended treatments. Leachate in the 

early (0-10 inch) watering intervals from surface soil-compost 

mixtures was high in chloride. Continued leaching did not 

extract additional chloride indicating that most chloride is 

flushed out within a short period after compost application. 

Chloride in subsoil column leachate generally peaked at the 

10-20 inch interval for all soil-compost mixtures. This was 

followed by a rapid decline in chloride in successive leaching 

intervals. Figure 1-8 shows the trend for a 40 tons/acre 

application rate. The concentration of chloride was highest in 

treatments receiving the largest amounts of compost. Unlike 

leachate from surface columns, all subsoil leachate obtained from 

compost-amended treatments were higher than the control. 

In the Lodi compost experiment, subsoil leachate from the 

coarser-textured Lapeer soil had greater chloride levels than the 

finer-textured Plano subsoil leachate for similar compost 

application rates. Portage compost, because of its low chloride 

concentrations, reversed this trend (Figure 1-8). Chloride 

concentrations were less than the 250 ppm drinking water standard 

for applications rates of 80 tons/acre on the Plano soil and 40 

tons/acre on the Lapeer soil. The mature Lodi compost released 

more chloride than the immature Portage compost (Figure 1-8). 
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SULFATE 

Sulfate levels remained high in leachate over a longer 

period of leaching compared to chloride. Sulfate concentrations 

in surface column leachate were highest in the initial leaching 

intervals, followed by a gradual decline. 

Subsoil column leachate had highest sulfate concentrations 

at the 20-30 inch watering interval for the Lodi compost 

experiment. For the Portage compost experiment, a similar trend 

was observed for Lapeer soil, but for the Plano soil, sulfate in 

leachate peaked at the 10-20 inch interval. Data for sulfate in 

subsoil leachate is included in Appendix 5. 

The concentration of sulfate was directly related to the 

amount of compost applied. All leachate obtained from compost

amended treatments had higher concentrations of sulfate than 

the control at that leaching interval. All sulfate 

concentrations for treatments receiving 80 tons of compost/acre 

or less were within the 250 ppm drinking water standard 

(Appendix 5). Due to its lower sulfate concentration, the 

Portage compost (0.4% S) released less sulfate in leachate than 

the Lodi compost (0.6% S). 

The sulfate concentrations in the leachate of both composts 

indicate a high level of organic matter decomposition in the 

soils. Sulfate concentrations in subsoil leachate from both 

soils correlate with nitrate and COD levels. 

ELECTRICAL CONDUCTIVITY 

The Lodi compost contained a considerable quantity of 

soluble salts and had an electrical conductivity (EC) of 10 

45 



mmhos/cm. The Portage compost had an EC of 6 mmhos/cm (Table 1-

1). The EC of the Plano surface soil ranged from 0.4 to 0.54 

mmhos/cm and the EC of Lapeer soil ranged from 0.16 to 0.3 

mmhos/cm (Appendix 5). 

Application of the high salt Lodi compost at 300 tons/acre 

for the Plano soil increased the EC to 3.47 mmhos/cm. The 150 

tons/acre treatment on the Lapeer soil had an EC of 2.52 

mmhos/cm. The high compost application rates may be damaging to 

salt-sensitive crops. 

Electrical conductivity in all treatments of both soils 

decreased as a result of leaching (Figure 1-9). The percentage 

decrease in EC increased with increasing compost application rate 

for both soils. The range of decrease in EC for compost-amended 

soils was 34-79%. The controls of both soils declined in EC by 

23% over the 18 week period. This suggests that the compost 

contributed a large proportion of leachable soluble salts. 

EC increased in subsoils of all Lapeer treatments over the 

18 week leaching period, likely due to an accumulation of soluble 

salts from the surface soils. No pattern for EC change in 

subsoils of the Plano treatments was noted. The changes in EC of 

subsoils were not parallel with the compost applications to the 

surface soils. 

Leachate EC increased with increasing compost application 

rate at a given watering interval. For the 0-10 inch watering 

interval, EC in leachate was comparable for all treatments of 

each soil. This suggests that background soluble salts leached 

during the first interval had little contribution from surface 

soil-applied compost. Electrical conductivity in subsoil 
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leachate of compost-amended treatments of both soils generally 

peaked in the 10-20 inch watering interval (Figure 1-10). This 

is parallel with the highest leachate concentrations for nitrate 

and chloride. 

The EC of the Portage compost was 6 mmhos/cm. Applications 

of the Portage compost to both soils did not raise the EC of the 

soil-compost mixtures as much as comparable applications of the 

Lodi compost. Decreases in EC in the Portage compost-amended 

soils through the 18 week leaching period were similar to 

decreases observed in the Lodi compost-amended soils (Figure 1-

9). The EC in the subsoils of both soils increased during the 18 

week leaching period. There was no pattern in the increases that 

could be related to compost application rates. 

Electrical conductivity in subsoil leachate of the Portage 

compost treatments was highest in the 0-10 inch watering 

interval. Compost-amended Plano soil leachate was slightly 

higher than the control leachate. Plano treatment leachate 

remained at approximately 1 mmhos/cm for the 0-20 inch interval 

and gradually declined in ensuing intervals. Lapeer soil 

leachate EC peaked in the 10-20 inch watering interval and 

declined through the remaining leaching intervals. Lapeer 

leachate EC correlated well with chloride leachate 

concentrations. 

Subsoil lea~hate EC values for a 40 tons/acre application 

rate of both composts and both soils is presented in Figure 1-10. 

This figure shows the typical trend of soluble salts leaching 

from successive water application. 
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BORON 

Soil boron (soluble) was determined in surface and subsoil 

columns before and after leaching. Leachate from subsoil columns 

was also analyzed for soluble B. 

Application of Lodi compost increased the B concentration to 

proportionate levels in the resultant soil-compost mixtures. For 

Lodi compost, the contribution from compost was 5 mg B/kg at 150 

tons/acre and 8.4 mg B/kg at the 300 tons/acre treatment 

(Appendix 5). The B concentrations at high levels of compost 

application may negatively impact B sensitive crops. At 

application rates of 80 tons/acre the B contribution of compost 

was 3 mg B/kg.· This may be within the tolerance limits of most 

crops. Furthermore, the danger of B toxicity is greatly reduced 

when the compost-amended soil is leached, allowing the B to move 

from surface to subsoils. 

Loss of B from the surface soil ranged from 52-66% for Plano 

soil, and 60-89% for the Lapeer soil during the Lodi compost 

experiment. The actual losses (mg B/kg) for both surface soils 

were similar for comparable compost application rates. Less 

dramatic decreases were observed for the less mature Portage 

compost. The Portage compost had less soluble B (20.2 mg/kg) 

than the Lodi compost (42 mg/kg). 

For both soils, as the compost application rate increased, 

the amount of B lost from surface soil treatments increased. A 

portion of the Bleached out of the surface columns had 

accumulated in the subsoil columns. Both soils and both 

composts showed this trend of accumulation. The upper portion 
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of the subsoil column had greater accumulations of B than the 

deeper subsoil in the same column. Not all B moving out of the 

surface soil columns was accounted for in the subsoil column, 

as some was leached. 

Most of the Bin the surface soil treatments leached during 

the 0-10 inch leaching interval. Boron concentrations of subsoil 

leachate peaked at the 10-20 inch interval. This was the only 

interval when B was detected in leachate from Portage compost

amended soils. Most treatments produced leachate with Bat 

levels below detection for leaching period from 20-60 inches. 

Keeney and Wildung (1977) maintained that borate and boric acid 

are complexed in organic compounds and by calcium. 

For the composts used in these experiments, application of 

80 tons/acre would have minor effects on crops and groundwater. 

However, compost with higher concentrations of B than those found 

in these composts would necessitate lower application rates to 

protect crops and the groundwater resource. 

CALCIUM AND MAGNESIUM 

The Lodi compost had 4.7% calcium and 0.67% magnesium. 

Additions of compost to soils increased the calcium content of 

the soil-compost mixtures significantly (410% increase at the 

highest compost application rate). The Mg content of the 

mixtures increased to a lesser extent (22% increase at the 

highest application rate). The increases in Ca and Mg were 

proportional to the amount of compost applied (Appendix 6). By 

contrast, the Portage compost had 35-40% of the Ca and Mg 

contained in the Lodi compost. Therefore, the increases of these 
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elements in compost-amended soils were less dramatic. Magnesium 

concentrations in surface soils actually decreased as a result of 

Portage compost application. 

The soil-compost mixtures were analyzed for total Ca and Mg 

before and after leaching. Subsoils were also analyzed in a 

similar manner. Leachate was not analyzed for Ca or Mg. 

Leaching of surface soils resulted in loss of soil Ca and Mg 

for all treatments. For soils amended with the Lodi compost the 

losses were in the 3-5% range in the Plano soil, and 10-60% range 

in the Lapeer soil. Losses of Mg from surface soil mixtures with 

the Lodi compost ranged from 7-12% for the Plano soil and 13-16% 

for the Lapeer soil. Losses were greater for the coarser

textured Lapeer soil. A slightly higher percentage loss of Ca 

and Mg was observed for Portage compost-amended soils. This may 

be due to the smaller initial amount of each element present. 

The amount of Ca and Mg in leachate would depend on the degree of 

biological activity and the pH of the soil-compost mixtures. As 

composts degrade, more Ca and Mg will be released to soil 

solution, allowing the ions to leach. The pH of the soil will 

determine the allowable base saturation and therefore will 

also affect leaching of these ions. 

In the Lodi experiment, subsoils receiving the leachate from 

compost-amended surface columns exhibited a decline in Ca and Mg 

with leaching. Subsoil Ca losses ranged from 6-17% for the Plano 

and 2-16% for the Lapeer soil. Magnesium losses were 1-7% for 

the Plano soil and 4-8% for the Lapeer soil. Subsoil columns 

receiving surface leachate from the Portage compost-amended soils 

showed smaller losses of Ca and Mg compared to the Lodi compost. 
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While leachate analysis was not performed, it is evident 

that Ca and Mg were readily leached from both surface and subsoil 

columns. The resulting leachate could increase the hardness of 

the receiving groundwater. However, under field conditions, a 

change in groundwater hardness will depend on the relative 

increase or decrease of Ca and Mg in the resulting compost

amended surface soil. 

pH 

The pH of Lodi compost was 7.65. Applications of the Lodi 

compost to both soils increased the pH of the compost-soil 

mixtures .. The increase in pH was proportional to the amount of 

compost applied. The pH of soil-compost mixtures before leaching 

ranged from 6.65 to 7.65 for the Lapeer soil and 5.75 to 7.4 for 

the Plano soil treatments. The pH of all surface soil mixtures 

decreased as a result of leaching (Figure 1-11). The final pH 

ranged from 5.98 to 7.22 for the Lapeer soil treatments, and 5.25 

to 7.1 for the Plano soil treatments. The pH changes were 

smaller for the well-buffered Plano soil. Changes in pH were 

greatest in the controls compared to the compost-amended soils. 

The subsoil pH ranged from 5.1 to 5.3 for Plano soils and 

from 6.3 to 6.4 in the Lapeer soil before leaching. Slight 

decreases in pH for Plano subsoils and slight increases were 

observed for Lapeer subsoils after leaching. For the Lapeer 

subsoil, the increase was predominantly in the lower portions of 

the subsoil. 
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Portage Compost 

The pH of the Portage compost was 7.45. Application of 80 

tons/acre to the Plano soil increased the pH to 7.33 from the pH 

of the unamended soil level of 6.95. On the Lapeer soil, 

application of 80 tons/acre increased the pH to 7.5 from the 

unamended soil pH level of 7.1. 

In contrast to the Lodi compost experiment results, the pH 

of leached Portage compost-amended surface soils declined to 

levels lower than the final pH of the control soils (Figure 1-

11). The pH of the leached 80 tons/acre treatment of the Plano 

soil was 6.7 compared to 6.85 for the control soil. The pH of 

the leached 80 tons/acre treatment of the Lapeer soil decreased 

to 6.3 as compared to the control soil at 6.8. Decomposition of 

organic matter in the compost with the formation of organic acids 

and carbonic acid may have contributed to the drop in pH of the 

leached ,mixtures. This suggests that the application of less 

mature composts could reduce the pH below the critical 6.5 value. 

This would allow increased solubility and release of heavy 

metals. 

The pH increased slightly from 6.85 to 7.14 in the upper 

portion of the subsoil for the compost-amended treatments as a 

result of leaching. The pH of the entire control subsoil 

decreased slightly. The pH of the bottom portion of the subsoil 

increased for compost-amended treatments of the Plano soil. The 

pH increased from 6.5 at the beginning of the leaching 

experiment, to 6.75 at the end. 

The pH of the upper portion of the Lapeer subsoil decreased 

from 7.1 to 6.83 for the control, while the compost-amended 
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treatments increased slightly in pH. The pH of the lower 

portions of the subsoils of the Lapeer treatments decreased 

except at the 80 tons/acre treatment which remained the same. 

Soil pH, especially in the root zone, is important in 

maintaining a balanced release of nutrients from the reserve 

sites of soil particles. The pH in the root zone is also 

critical from a standpoint of heavy metal availability for plant 

uptake. The resultant pH after compost addition is also 

important in regulating microbial activity for further 

decomposition of the organic matter in the compost. A pH of 6.5 

to 7.5 is considered ideal for all of the above stated purposes. 

The two composts studied in the two experiments yielded soil

compost mixtures with pH within this ideal range at a 

conservative application rate of 40 tons/acre. However, the 

resultant, pH of a soil-compost mixture will depend on the initial 

pH of the soil and its buffering capacity. The high buffering 

ability of solid waste composts will tend to adjust soils of 

lower pH toward the direction of neutrality. This may eliminate 

the need for liming during the initial years following 

application. While the leaching of soils in this study was 

intensive, under field conditions it is unlikely that the pH of 

soil-compost mixtures will decrease as dramatically as that 

observed in the laboratory. 
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HEAVY METALS 

All results for heavy metals are presented in Appendix 7. 

ZINC 

Background zinc levels in surface soils were similar to 

background levels in subsoils. Additions of Lodi compost at 300 

tons/acre increased the Zn concentration from 70 ppm to 392 ppm 

in the Plano soil. At 150 tons/acre application rate, the Lodi 

compost increased Zn concentrations from 29 ppm to 217 ppm in the 

Lapeer soil. The application of Portage compost at 80 tons/acre 

increased Zn to 142 ppm in the Plano soil and 104 ppm in the 

Lapeer soil. 

Initial (0-10") and average (10-60") zinc concentrations in 

subsoil leachate from the treatments for the two soils are 

presented in Figure 1-12. Zinc concentrations were 0.01 to 0.3 

mg Zn/Lin subsoil leachate from treatments of both soils. 

Leachate concentrations of Zn decreased rapidly after the 0-10 

inch watering interval. This trend was evident in both soils. 

There was no definite pattern of Zn leachate concentration with 

an increase in the compost applied for the early leaching stages. 

However, a more definite pattern was observed in the latter stages 

of leaching. Zinc concentrations for the same leaching interval 

increased with increasing compost application. The coarser

textured Lapeer soil was almost as effective at attenuating Zn 

as the Plano soil. A total of 1.03 mg Zn leached from the 

subsoil column of the 300 tons/acre treatment for the Plano soil, 

compared to 0.83 mg Zn from the control Plano soil. The effect 

of the compost on Zn concentrations in subsoil leachate was 

negligible at all application rates for both soils. 
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Zinc concentrations in subsoil leachate from Portage 

compost-amended soils followed a pattern similar to the Lodi 

compost leaching results. Subsoil leachate Zn from compost

amended treatments did not vary significantly from the control 

leachate. Background soil Zn concentrations exerted a greater 

influence on resultant Zn levels in subsoil leachate than the 

compost in the surface soil. The Lapeer subsoil leachate had 

slightly higher Zn concentrations after the 10-20 inch interval 

than equivalent Plano soil treatments. 

Changes in surface soil Zn (total) as a result of leaching 

indicated that small quantities <6% moved from the surface 

soil to the subsoil. Analysis of the subsoils did not indicate 

measurable differences in Zn at the end of the experiment as 

compared to the beginning. For the compost-amended soils, Zn 

concentrations in leachate decreased with increasing 

application rate. The effect of increased pH and organic matter 

with increasing compost application rate may have limited Zn 

movement. This was confirmed by Barrows et al. (1960) who 

determined movement of surface applied Zn in several soils and 

concluded that mobility was related to soil pH, organic matter, 

clay minerals, and phosphate content. 

The results indicate that very little Zn will move into the 

groundwater especially at low compost application rates of 40-80 

tons/acre. Other researchers (Giordano and Mortvedt, 1976) found 

very little downward movement of metals from sludge in soil 

columns. 

A six year study by Chang et al. (1984) involving annual 

applications of sewage sludge and composted sludge to a fine loam 
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soil and a coarse loam soil showed that greater than 90% of the 

sludge-borne heavy metals remained in the soil layer where 

sludges were incorporated. Slight increases were observed for 

all metals examined at the 15-30 cm depth. This downward 

movement and accumulation of heavy metals in the subsoils was 

observed by Darmody et al. (1983). They demonstrated with a 

composted sewage sludge added to a fine loamy soil in a tree 

nursery that extractable zinc levels significantly increased over 

the control at the 50-75 cm depth after three years (Darmody, et 

al., 1983)~ This pattern of accumulation in the subsoil was not 

observed in this study. Several factors, including Zn levels in 

the waste amendment-soil mixture, pH, CEC of the mixture/subsoil, 

intensity of leaching, etc. may influence metal accumulation in a 

deeper portion of the soil. 

For the Lodi compost, the high levels of Zn controlled the 

lifetime application limit to soil. Application of large 

quantities (300 tons/acre for Plano soil and 150 tons/acre for 

Lapeer soil) do not seem to negatively impact the groundwater, at 

least during the 60 inch leaching period. It is highly unlikely 

that application rates of 40-80 tons/acre to these soils would 

impact the groundwater resource over the short term. The key to 

minimizing long term impacts on groundwater, especially if 

applications of composts are repeated, may be to maintain the 

surface soil pH at 6.5 or higher. Repeated additions of compost 

will also increase the organic matter content and the CEC of the 

soil. This will further help to tie-up heavy metals such a Zn in 

the surface soil and prevent it from leaching to the groundwater. 
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COPPER 

Background copper concentrations in the subsoils were 

comparable to Cu concentrations in the surface soils (Appendix 

7). Copper concentrations were about the same in surface soils 

and subsoils of the Lapeer soil. Application of Lodi compost at 

300 tons/acre to the Plano soil increased the Cu concentration to 

108 mg Cu/kg, an increase of 7 times over that of the unamended 

soil which was 15 mg Cu/kg. The highest application to the 

Lapeer soil (150 tons/acre) increased the Cu concentration to 66 

mg/kg compared to 13 mg/kg in the unamended soil. 

Movement of copper from the surface soil treatments of both 

soils was very low. A total of 1.07 mg Cu leached from the 300 

tons/acre treatment of the Plano soil as compared to 0.2 mg Cu 

from the'control soil. Analysis of subsoils did not indicate any 

measurable accumulations of Cu. 

Subsoil leachate Cu concentrations of all treatments were 

similar to the controls for both composts (Fig 1-13). This 

indicates that there is no significant contribution of Cu to the 

groundwater from the compost applications. Leachate Cu 

concentrations were below detection ( <0.01 mg Cu/L ) during the 

latter part of this study. 

Lower Cu concentrations were observed in the leachate from 

Portage compost-amended soils than from the Lodi compost-amended 

soils at comparable application rates. The Portage compost was 

lower in Cu (260 mg Cu/kg) than the Lodi compost (415 mg Cu/kg). 

Copper and zinc are considered to be relatively more mobile 

than other heavy metals (Elliot et al., 1986). Darmody et al. 

(1983) found that Cu was more mobile than Zn under field 
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conditions. Copper accumulated in the B horizon of a silt loam, 

a condition that Darmody attributed to cheluviation of Cu as a 

chelate with organic matter. 

NICKEL 

Lodi compost contained 45 mg Ni/kg while Portage compost had 

480 mg Ni/kg. Nickel was the heavy metal controlling lifetime 

application limits for the Portage compost. The maximum 

application rates used in this study were 80 tons/acre for both 

soils. This corresponds to 100% of the lifetime Ni loading limit 

on the Lapeer soil and 50% on the Plano soil. 

Background nickel concentrations in Plano soil ranged from 

11-14 ppm at the surface and increased to 17 ppm in the lower 

portions of the subsoil columns. Nickel in the Lapeer soil was 

more uniform with depth at 9-11 ppm. Addition of 300 tons/acre 

of Lodi compost increased Ni levels to 21.2 ppm for the Plano 

soil. By contrast, an application of Portage compost at 80 

tons/acre increased the Ni level to 43.6 ppm (Appendix 7). 

Changes in soil Ni due to leaching were not detectable in 

either the surface or subsoil of all treatments. This was noted 

for both soils and composts, suggesting that Ni was relatively 

immobile and remained in the zone of incorporation. The 

abs~nce of Ni in leachate (below detection limits) confirms the 

immobility of this metal under the conditions of the experiment 

(Appendix 7). All subsoil leachate had Ni concentrations below 

detectable limits (0.02 ppm). Application of compost, with high 

levels of Ni (480 ppm), at rates of 80 tons/acre should not 

significantly impact groundwater. 
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CHROMIUM 

All trends for chromium were comparable to nickel (Appendix 

7). Chromium in leachate from subsoil columns was 0.04 to 0.1 

ppm in 45% of the observations for the 0-20 inch watering 

interval. All other concentrations were below detection limits 

of 0.03 ppm. Analysis for chromium in the leachate from Lodi 

compost-amended soils and controls was not conducted, but as is 

evident from soil analysis, very little if any Cr moved from the 

compost-amended soils. No changes in soil Cr concentrations were 

detected from beginning to the end of the 60-inch leaching 

period. 

CADMIUM 

Background,soil cadmium concentrations were below detection 

<0.l mg Cd/kg) for both soils. Cadmium increased 

approximately 1 ppm in the Lodi compost-amended 300 tons/acre 

treatment of the Plano soil and 0.5 ppm in the 150 tons/acre 

treatments of both soils (Appendix 7). All subsoil background Cd 

levels were also below detection limits. Analysis of the soil 

following the 60-inch leaching period did not indicate movement 

of Cd from the application zone for any treatment. This was 

confirmed by analysis of surface soil leachate for the Lodi 

compost-amended soils. Cadmium was not detected ( <0.005 mg 

Cd/L) in subsoil leachate of any treatment for both composts. 
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LEAD 

Background lead concentrations were 5.5 ppm in the Lapeer 

soil and 11 ppm in the Plano soil (Appendix 7). Application of 

the Lodi compost to the Plano soil increased the concentration to 

128 mg Pb/kg in the 300 tons/acre treatment. The Lapeer 150 

tons/acre treatment contained 72 mg Pb/kg. No changes were 

detected in surface soil or subsoil Pb levels as a result of 

leaching. Lead was not mobile and was not detected ( <0.1 mg 

Pb/kg ) in surface soil leachate or subsoil leachate from the 

treatments of either soil. The same trend was observed for both 

composts. 

Even though the movement of metals was extremely low from 

the compost and soils studied in these experiments, results 

indicate that caution should be exercised when 

extrapolating laboratory studies to field conditions. In a 

related study, Stevenson and Welch (1979) found surface 

applied Pb moved 90 cm in a soil, which, in the laboratory, 

was shown to effectively bound as nonexchangeable Pb in the 

application zone. They attributed this movement of Pb to: 

leaching as soluble chelate complexes with organic matter; 

transfer to soil by earthworms; translocation in plant 

roots; and physical transfer of soil in desication cracks. 
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SUMMARY AND CONCLUSIONS 

Benefits from the application of solid waste-derived 

composts to land result from the soil amendment properties of the 

compost and the plant nutrients contained in the composts. There 

are some rfsks associated with compost application including: 

heavy metal accumulation in soils and plants, and ground water 

contamination with plant nutrients and heavy metal. The benefits 

or risks due to compost application will depend on the source of 

the compost, its maturity and the type of soil on which the 

compost is being applied. 

The results of this 18 week leaching study indicate 

significant increases in soil organic matter due to compost 

addition. The pH of the resulting soil-compost mixtures 

increased due to the addition of composts. Leaching of the 

mixtures decreased the pH slightly over the initial pH. The 

final pH of the mixtures were higher than the soil alone. Both 

organic matter and pH had an impact on the release and movement 

of heavy metals and plant nutrients through the soil columns and 

into groundwater. 

Most of the nitrogen in the compost was in the organic form. 

Rapid mineralization occurred for the mature (Lodi) compost and a 

net immobilization occurred for the immature (Portage) compost. 

Nitrate moved readily through the soil columns. Mature composts 

contributed more nitrate to the leachate than immature composts. 

Coarser textured soils allowed more nitrate leaching than the 

finer textured soils. Contributions from an 80 tons/acre 

application rate were less than 5 mg/1. At this appplication 
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rate, fertilized controls contributed more nitrate to the 

leachate than the compost. Small amounts of TKN and ammonium-N 

accumulated in the subsoil, and negligible amounts were observed 

in leachate. The C:N ratio and the nitrogen applied should be 

carefully matched with crop needs in order to minimize 

immobilization or groundwater contamination. A combination of 

fertilizer N and compost N may be best. 

Phosphorus was relatively immobile in soil columns. Small 

amounts of P moved into subsoils from surface soils, but 

negligible amounts were observed in leachate. The high pH of the 

mixtures combined with large amounts of Fe, Al and Ca in the 

composts may have complexed with the phosphorus temporarily. 

Transformations from total K to available K were evident in 

mature composts. Potassium readily leached from surface soils 

and accumulated in the lower portions of the subsoils. Small 

amounts of K were detected in the leachate. Leachate 

concentrations for Kat an application rate of 40 tons/acre were 

comparable to the controls and fertilized controls. 

Secondary nutrients such as Ca and Mg were readily leached 

from the compost. Greater movement occurred in coarser textured 

soils. No accumulation was observed in subsoils. The Ca and Mg 

moving from the surface soils was leached through the soil 

column and may contribute to the hardness of the groundwater. 

Anions such as chloride, sulfate, and borate were readily 

leached. Most of the leaching occurred during the initial 

leaching intervals. The leached B apparently accumulated in the 

subsoils. No B was detected in the subsoil leachate. Both 
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chloride and sulfate were detected in the leachate. 

Zinc and copper were two metals that were relatively mobile 

compared to other heavy metals. Downward movement was restricted 

by adsorption to subsoils. Leachate concentrations at 

application rates of 40 tons/acre were comparable to the 

controls. At higher application rates, Cu and Zn were observed 

at higher levels than the controls for early leaching intervals, 

but were below detection in the latter stages of leaching. 

Lead, nickel and cadmium did not move from the zone of 

application. Leachate values for these metals were below 

detection for all application rates. 

Impacts on groundwater from the application of solid waste

derived composts will depend on the nutrient and metal 

concentrations, relative maturity, and the application rates of 

the composts. The pH, CEC and organic matter content of the 

soil-compost mixture will also determine the degree of movement 

and resulting impact on groundwater. At conservative application 

rates of up to 40 tons/acre, the impact on groundwater would be 

negligible. 
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Chapter 2 

NUTRIENT BALANCE AND HEAVY METAL UPTAKE IN CORN 

GROWN ON SOLID WASTE COMPOST-AMENDED SOILS 



INTRODUCTION 

As a result of more stringent state and federal 

regulations, communities are finding it more difficult to dispose 

of solid waste. Many communities may experience severe financial 

burdens in replacing or upgrading existing disposal sites with 

state-of-the-art landfills that meet new standards. The impetus 

is toward waste reduction and recycling which will divert 

materials from landfilling. 

Solid waste composting is a form of recycling which is an 

alternative to landfilling the entire waste stream. Amending 

soils with refuse-derived compost can be an effective means of 

disposing waste material while improving the physical and 

chemical properties of soils. In an economic sense, the 

recycling of organic materials for crop production appears to be 

more favorable than the use of expensive inorganic fertilizers. 

This is provided that the cost of transporting the compost is not 

prohibitive. Refuse-derived compost contains almost all of the 

nutrients required by plants (Hortenstine and Rothwell, 1973). 

The effectiveness of compost as a soil amendment depends largely 

on its plant nutrient content and maturity. Maturity, or the 

degree of decomposition, will determine whether there is a net 

release or net removal of nutrients from the soil by the compost 

(Kardos et al., 1977). Soils amended with compost of low plant 

nutrient content may have to be supplemented with inorganic 

fertilizers to attain optimum crop production (King and Morris, 

1969). 

The potential for the use of solid waste compost on land 
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may be limited by the level of contamination from heavy metals 

and toxic chemicals (Gonzalez-Vila et al., 1982). Additional 

concerns include contamination of surface and groundwater 

supplies by nutrients and heavy metals (Bengtson and Cornette, 

1973). Studies indicate that with proper application rates and 

site management the risk of environmental degradation and the 

hazard to food-chain crops can be minimized (Darmody et al., 

1983). 

The research reported in this paper was conducted to 

obtain information on two solid waste composts applied to two 

soil types. The objectives were (i) to determine the effect of 

compost additions to soils on corn growth response and nutrient 

availability, and (ii) to evaluate the uptake of heavy metals in 

the compost by corn plants. 
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MATERIALS AND METHODS 

Compost 

A greenhouse study of corn growth response, nutrient, and 

heavy metal uptake for compost-amended soils was started in 

August 1986. Refuse-derived compost was obtained from two 

sources. The composts were generated from municipal solid waste 

and sewage sludge. Sewage sludge was less than 3% of the total 

compost solids. All composts were screened to pass through a 

0.25 inch screen. One compost was obtained from the Wisconsin 

Co-Composting Demonstration Project at Lodi, WI. This compost 

was generated by the static pile method in December 1985. The 

compost was allowed to cure until August 1986. The second 

compost was obtained from the Portage, WI co-composting facility. 

This compost was processed in a drum digester in January 1987 and 

windrowed until May 1987. Properties of the composts are listed 

in Table 2-1 

Soils 

Two soils were used in this study: a Plano silt loam 

(Fine-silty, mixed, mesic Typic Argiudoll) and a Lapeer sandy 

loam (Coarse-loamy, mixed, mesic Typic Hapludalf). The soils 

were collected in Arlington and Leeds Township, respectively, of 

Columbia County, WI. Both soils were collected in August 1986 

and again in March 1987. Properties of the soils are listed in 

Table 2-1. Soil samples were analyzed at the University of 

Wisconsin Extension soil testing laboratory so as to make 

fertilizer recommendations for corn (100-120 bu/acre). The 

fertilizer recommendations were 120-0-35 and 120-40-30 lbs/acre 
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Table 2-1 Selected properties of solid waste composts and soils 

================================================================ 

Date 

SOIL 
------Plano----
Aug '86 Mar '87 

------Lapeer----
Aug '86 Mar '87 

COMPOST 
Lodi Portage 

Dec '85 May '87 
===-==------==-=-=-----------==-================================ 

Texture silt silt sandy sandy 
loam loam loam loam 

Sand % 14 14 62 62 

Silt % 66 66 26 26 

Clay % 20 20 12 12 

Oxidizable 2 % 1. 9% 0.98% 0.9% 15.5% 34% 
Carbon* 

-pH 5.85 6.9 6.65 7.1 7.7 7.45 

EC umhos/cm 543 400 300 165 10000 6000 

-------------------------mg/kg------------------------

TKN 2400 2174 1220 1096 14500 8500 

Available p 52 162 8.1 7.5 250 50 

Available K 274 330 82 70 5600 2800 
========-=--===========-=-=-==================================== 

* Walkley-Black wet digestion method 
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of N, PO, and KO, respectively, for the Plano and 
2 5 2 

Lapeer soils. 

Soil/Compost Mixtures 

Lifetime application rates of compost were based on zinc 

levels of the compost and the cation exchange capacity of each 

soil (Wisconsin Administrative Code Chapter NR 204). The limit 

for the Lodi compost was 307 tons/acre for the Plano and 153.5 

tons/acre for the Lapeer soil. Experimental treatments for the 

Plano soil included applications of 0, 40, 80, 150, and 300 dry 

tons of compost per acre, and 0, 20, 40, 80, and 150 dry tons per 

acre for the Lapeer soil. These treatments represent 0, 1/8, 

1/4, 1/2, and 1 lifetime compost applications to each soil. 

Additional treatments were configured for those soil-compost 

mixtures in which the compost could not supply the recommended 

available nutrients. Compost nitrogen availability was assumed 

at 10% of the TKN added. Fertilized treatments were: 0 

(fertilized control), 20, and 40 dry tons compost per acre 

for the Lapeer soil; and O and 40 dry tons per acre for the 

Plano soil. Fertilizer N-P-K was supplied as ammonium nitrate, 

concentrated super phosphate, and muriate of potash, 

respectively. 

Lifetime limits for the sample of Portage compost used in 

this experiment were based on the nickel concentration. 

Guidelines would allow a cumulative application of 90 tons per 

acre on the Lapeer and 180 tons per acre on the Plano soil. 

Experimental treatments with the Portage compost were set up at 

application rates of 0, 20, 40, and 80 dry tons per acre for both 

soils. Parallel fertilized treatments were: 0 (fertilized 
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control), 20, and 40 dry tons compost per acre for both soils. 

All treatments were replicated three times, with 

approximately 8.8 lbs. soil or soil-compost mixture per pot. 

Greenhouse Conditions 

Six seeds of hybrid field corn (Zea mays L., Olds W 3273 

Certified) were planted in each pot. The plants were thinned to 

three plants per pot shortly after emergence. Distilled water 

was added to the pots as needed to maintain the soils at about 

2/3 field moisture capacity. There was no leaching of liquids 

from the pots. Illumination was provided by fluorescent lighting 

controlled for a photoperiod of 14 hours light and 10 hours dark. 
0 

The ambient temperature was approximately 24 C. 

Three crops were grown on each pot for the Lodi compost

amended soils experiment. No additional fertilizer or compost 

was added to the pots after the experiment began. The first corn 

planting was harvested after 45 days. The plants on all 

treatments had lodged as a result of thin stems. It is believed 

that the lighting intensity was insufficient to support proper 

growth. With subsequent crops, adequate lighting was provided. 

The second crop was harvested after 85 days. The third crop was 

harvested after 43 days. 

A single crop was grown on the Portage compost-amended 

soils. The corn was harvested after 45 days. 

Plant Analysis 

For all crops, the aboveground plant material was 
0 

harvested and dried in a forced air oven at 65 C. for 72 hours. 

Dry matter yield was determined and the plants were ground in a 

stainless steel Wiley mill to pass a 1-mm sieve. A weighed 
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0 

portion of the ground tissue was dry-ashed for four hours at 500 

c., cooled, and dissolved in SN HCl (Walsh and Beaton, 1973). 

Digested tissue samples were analyzed for Ni, Cd, Cu, Zn, Ca, Mg, 

Cr, and Pb by flame atomic absorption spectroscopy with deuterium 

background correction attachment. The same digest was used to 

determine B by the azomethine-H method (Bingham, 1982); P by 

vanadomolybdate method; and K by flame emission spectroscopy 

(Walsh and Beaton, 1973). Separate tissue samples were used for 

TKN determination by micro-Kjeldahl procedure (Bremner and 

Mulvaney, 1982). 

Statistics 

The corn experiment results were analyzed statistically 

using analysis of variance. All results for which analysis of 

variance was determined are expressed at the 5% significance 

level. Duncan's Multiple Range Test was performed on those means 

with significant F values. Due to the low dry matter yield in 

the first crop, the three replicates of each treatment were 

combined for analysis. Statistical analysis for the first crop 

was not conducted. 
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RESULTS AND DISCUSSION 

Two solid waste composts and two soils were used in this 

study. One compost was generated by the static pile method at 

Lodi, WI, while the second compost was generated in a drum 

digester at Portage, WI. The Lodi compost was well decomposed 

and mature. The Portage compost was not completely cured and was 

relatively less mature at the time of the experiment. The soils 

were a Plano silt loam and a Lapeer sandy loam. The Plano and 

Lapeer soils had approximately 4.7% and 2.4% organic matter, 

respectively. 

NITROGEN IN PLANT TISSUE 

Lodi Compost 

Whole plant tissues were analyzed for TKN (total Kjeldahl 

nitrogen) after harvesting three successive crops at _45 days, 83 

days, and 45 days. TKN concentrations in all treatments and 

controls for the first crop grown on Plano soil were similar. 

These nitrogen concentrations in all controls and treatments were 

within the normal range of 3.5-5.0% (Walsh and Beaton, 1973). 

For plants grown on the Lapeer soil, TKN was higher in 

the fertilized treatments than in the unfertilized treatments. 

All tissue TKN values were considered within the normal range for 

this stage of corn development according to Walsh and Beaton 

(1973). 

On the unfertilized treatments, plant tissue TKN content 

decreased with increasing compost additions. The lowest TKN for 

the Lapeer soil was in the 150 tons compost/acre treatment, the 
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highest application rate used in this experiment. This trend, 

although not as predominant, was also observed in the Plano soil. 

One reason for this may be the dilution of the available soil 

nitrogen by the compost in the compost-amended treatments. 

Another reason may be that the compost does not mineralize its 

nitrogen rapidly enough to meet plant requirements. 

Plant nitrogen in the second crop grown on the two soils 

amended with Lodi compost did not vary significantly among 

treatments and controls at the 5% level of significance. All TKN 

values were within normal ranges for corn tissue. For both 

soils, slightly greater tissue TKN was found in composted 

treatments than in the unfertilized controls. Lower nitrogen 

values in the controls may have been due to the proportionately 

larger amount of stem material relative to leaf tissue when 

compared to plants grown on compost-amended soils. Second crop 

TKNs were lower than first crop TKNs in all cases. 

Third crop nitrogen in plants grown on the Plano soil 

showed significant differences between the control and compost

amended treatments. TKN in plant tissue was greater in compost

amended treatments than in the control. However, all plants had 

normal nitrogen levels (Walsh and Beaton, 1973). For the third 

crop, treatments yielding higher dry matter generally had a lower 

TKN content, suggesting a dilution of the nitrogen by the stem 

tissue. The fertilized control had the highest dry matter yield. 

Comparison of the three crops grown on Lodi compost-amended 

soils suggests that the first.crop had the benefit of readily 

available nitrogen from both the soil and the compost. As the 
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available soil nitrogen was depleted, additional nitrogen was 

mineralized for plant use. Both the compost and the soil were 

capable of meeting these needs until plants were harvested in 

this experiment. However, it is difficult to predict from the 

data available whether the compost-soil mixtures could provide 

adequate nitrogen to take the corn crop to maturity. It appears 

that 10% of TKN as available N, assumed earlier, is excessive for 

these conditions. Much smaller amounts of N may actually be 

available. 

In comparing the three crops, the N content of the whole plant 

is inversely related to the amount of dry matter produced. The 

largest amount of dry matter was produced in the second crop, 

which has a correspondingly lower nitrogen concentration. The 

lowest dry matter was produced by the first crop, and therefore 

the highest tissue N levels were noted. All tissue TKNs were 

within normal ranges. 

Portage Compost 

Compost application rates with the Portage compost were 

lower than rates with the Lodi compost. A maximum application 

rate of 80 tons was used with the Portage compost, in contrast to 

150-300 tons/acre with the Lodi compost. Observations made 

during this experiment indicated that the corn grown on the 

Portage compost-amended soils was N deficient. Chlorosis among 

the veins developed at the leaf tips of plants grown on compost

treated soils after about three weeks. Growth of plants in 

compost-treated pots was also severely retarded relative to the 

growth of control plants (Table 2-2). 
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Table 2-2: Nitrogen in 1st crop grown on Lodi and Portage 
compost-amended soil 

================================================================= 
dry matter grams TKN 

% tissue 
grams TKN 

removed by plant 
----------------------------------------------------------------------------------------------------------------------------------

rate 
(T/A) 

0 

20 

40 

80 

150 

300 

0 fert 

20 fert 

40 fert 

0 

20 

40 

80 

150 

0 fert 

20 fert 

40 fert 

Lodi* Portage 

1.24 

1. 40 

1.08 

0.98 

0.98 

1. 56 

0.47 

0.63 

0.76 

0.82 

0.86 

1.05 

1.07 

0.62 

0.45 

11.43 

1.16 

0.99 

1. 27 

17.40 

6.23 

1.11 

7.54 

1.04 

1.06 

0.98 

10.43 

1. 32 

1.57 

Lodi* Portage 

PLANO SOIL 

3.54 

3.79 

3.23 

3.21 

3.65 

3.65 

3.56 

LAPEER SOIL 

3.24 

3.01 

2.85 

2.65 

2.61 

4.37 

3.27 

3.37 

0.80 

0.96 

0.72 

0.57 

1. 62 

1.33 

1.43 

0.89 

0.89 

0.71 

0.73 

1.28 

1. 52 

1.31 

Lodi* Portage 

0.043 

0.053 

0.034 

0.031 

0.032 

0.057 

0.017 

0.020 

0.022 

0.023 

0.025 

0.027 

0.046 

0.020 

0.015 

0.091 

0.011 

0.007 

0.007 

0.282 

0.083 

0.015 

0.067 

0.009 

0.008 

0.007 

0.140 

0.020 

0.021 
======------===========-========================================= 
* Plants grown at lower lighting intensity. 
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For both soils there was a significant difference between 

the tissue TKN of controls and compost-amended treatments. 

Although TKN as a percentage of corn tissue was comparable for 

all compost-amended treatments, the amount of nitrogen 

accumulated by plants grown on the controls was approximately ten 

times greater than on the compost-amended pots. This was due to 

an apparent dilution effect of the accumulated TKN with a greater 

amount of tissue mass in the control than in the compost-amended 

treatments. On all compost-amended treatments the available soil 

N was low, which caused the plant to stop developing at an early 

stage. Tissue TKN ranged from 0.57% to 0.96% (Table 2-2). This 

was well below the normal levels for corn at this stage of 

development (3.5-5.0%) according to Walsh and Beaton (1973). 

The tissue TKN in fertilized compost-amended treatments 

was slightly higher than in the plants grown on unfertilized 

compost treatments. For the unfertilized treatments, as the 

compost application rate increased, the tissue TKN decreased. 

This would indicate that the Portage compost immobilized nitrogen 

from the soil, and as the compost application rate increased, 

there were greater quantities of soil N immobilized. Terman et 

al. (1973) found that additions of highly carbonaceous compost 

induced N deficiency in corn grown on a soil already deficient in 

available N. Terman observed no N deficiency in compost-amended 

soils with more available N. The Plano and Lapeer soils were not 

deficient in available N (based on soil organic matter), although 

additional fertilizer N would have been required to maximize crop 

yields. Both soils exhibited nitrogen deficiency with immature 

compost applications. 
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The difference between the Lodi compost and the Portage 

compost was apparent in the amount of nitrogen recovered by the 

corn plants (Table 2-2). An important factor influencing the N 

fertilizer value of solid waste compost is the maturity of the 

compost. The carbon-nitrogen ratio of the compost is an 

indication of the likelihood of a nitrogen shortage and 

competition between microorganisms and higher plants for whatever 

nitrogen is available in the soil. The Lodi and Portage 

composts had 1.45% and 0.85% TKN, respectively (Table 2-1). The 

C/N ratio was 11:1 for the Lodi and 40:1 for the Portage compost. 

At C/N ratios greater than 20:1, less and less N is released by 

the compost for plant uptake (Gilmour et al., 1977). Nitrogen 

under such conditions is conserved with respect to the C turnover 

process. Use of an immature compost as a soil amendment would 

require additions of larger than normal amounts of fertilizer N 

to satisfy the requirements of the microoganisms as well as the 

crop being grown. 

Figure 2-1 shows the amount of nitrogen utilized by the corn 

plants at each treatment. It appears that with the Lodi compost, 

plants always removed larger amounts of N than with the Portage 

compost. The compost application rate did not significantly 

affect the amount of N removed. All fertilized treatments 

accumulated more N than the unfertilized treatments. This 

suggests that the N applied as fertilizer was more readily 

available to the plants than the mineralizable N from compost. A 

combination of compost and inorganic fertilizers could provide 

the best results. This was confirmed by El Bassom and Thorman 
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Figure 2-1: Cumulative Soil N Removed by 3 Crops· 
Lodi Compost-Amended Soils 
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(1979) in their work with various field crops. They maintain 

that best yields are obtained from a combination of inorganic and 

organic fertilization. 

PHOSPHORUS IN PLANT TISSUE 

Lodi Compost 

Available phosphorus concentrations were excessively high 

in the Plano soil at 110 lb/acre, while available phosphorus in 

Lapeer soil was low at 16 lb/acre. 

Plants on the Plano unfertilized control, fertilized 

control, and fertilized 40 tons/acre accumulated 0.8% to 0.9% 

phosphorus in the first crop (Table 2-3). This is in excess of 

normal plant P concentrations (0.4% - 0.8%) according to Walsh 

and Beaton (1973). For the unfertilized compost-amended 

treatments, the tissue P content decreased as the amount of 

compost applied increased. This trend was more obvious in the 

first and second crop. The lowest P concentration was 0.35% in 

the first crop at 150 tons/acre (highest rate) treatment on the 

Lapeer soil. This is slightly below the normal Prange for corn. 

In the second crop on the Plano soil amended with Lodi 

compost and controls, there were slight differences between plant 

phosphorus levels in the 300 tons/acre treatment and the other 

treatments. There was no significant difference in the plant P 

levels between control, fertilized control, fertilized 40, 

unfertilized 40, 80, and 150 tons compost/acre treatments. 

Lowest P concentrations as a percentage of plant tissue were 

observed in the 300 tons/acre treatment, however, the 

concentration (0.38%) was within the normal corn Prange. 
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Table 2-3: Tissue P and Kin corn from Lodi compost-amended soil 

------------------------------------------------------------------------------------------------------------------------
------ Crop ------ Crop 

rate 1st 2nd 3rd 1st 2nd 3rd 

============================================================ 
(t/a) ----Phosphorus%----- ------Potassium%-----

0 

40 

80 

150 

300 

0 F 

40 F 

0.80 

0.45 

0.69 

0.54 

0.47 

0.86 

0.90 

PLANO SOIL 

0.56 a 0.74 ad 4.76 

0.49 ab 0.64 be 4.89 

0.62 a 0.62 bed 5.24 

0.47 ab 0.65 abe 5.26 

0.38 b 0.55 b 5.24 

0.53 ab 0.75 cd 4.73 

0.51 ab 0.68 ade 4.78 

3.51 a 

3.82 a 

3.85 a 

3.69 a 

4.33 a 

3.71 a 

3.76 a 

5.21 ab 

5.09 ab 

5.04 ab 

5.06 ab 

5.33 a 

4.81 b 

4.88 b 

LAPEER SOIL 

0 

20 

40 

80 

150 

0 F 

20 F 

40 F 

0.58 

0.44 

0.38 

0.44 

0.35 

0.66 

0.56 

0.61 

0.52 a 0.68 a 

0.48 ab 0.64 ab 

0.48 ab 0.60 be 

0.50 ab 0.56 c 

0.39 0.61 be 

0.48 ab 0.62 b 

0.45 cd 0.62 b 

0.43 d 0.60 be 

3.91 

5.14 

4.89 

5.01 

4.99 

4.45 

5.20 

4.97 

2.74 

3.71 ae 

3.15 

5.56 a 

3.60 abed 5.34 ab 

3.87 abd 5.54 a 

4.17 d 5.25 ab 

3.37 ef 4.67 

3.26 cf 5.17 b 

3.39 ef 5.40 ab 
============================================================= 

F= Fertilized treatments 

All values are averages of three replications. Means within 
a column followed by the same letter are not different at the 
5% level according to Duncan's Multiple Range Test. 
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Plant phosphorus levels for the second crop on the Lapeer 

soil were similar to Plano soil. The 150 tons/acre treatment had 

the lowest plant P concentrations, followed by the fertilized 40 

tons/acre treatment. Tissue P concentrations were not 

significantly different for the remaining treatments. 

Phosphorus levels in the third crop followed similar 

patterns set by the second crop. Highest plant P was observed in 

the control and low compost treatments on the Plano soil. On the 

Lapeer soil, the trends were the same as for Plano soil. 

~owever, the differences between the treatments, while 

significant, were very slight. 

Phosphorus concentration in plant tissue increased in the 

third crop over the P concentration in the first and second 

crops. This suggests that additional Pis becoming available 

over time. While the Lodi compost contained large amounts of 

available P and total P, the available P present in the Plano 

soil may be a larger source of plant P than the available Pin 

the compost. For the Lapeer soil which had low amounts of 

available P, the compost could be contributing similar amounts of 

P to the plants as that of the soil. 

Portage Compost 

There was a significant difference between tissue P of corn 

grown on compost-amended soils and controls. The highest compost 

application rates showed the lowest amounts of tissue P. 

However, concentrations were within the normal tissue Prange for 

corn (Walsh and Beaton, 1973; Melsted et al., 1969) for all 

treatments. 
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The highest tissue P levels were on the fertilized 20 

tons/acre treatments for both soils. Fertilizer P was applied to 

the Lapeer soil only. The Plano soil had high phosphorus levels, 

therefore no fertilizer P was added. 

On the Lapeer soil, the fertilized treatments had higher 

tissue P than the unfertilized treatments. It appears that the 

additional fertilizer N enabled the plants to obtain the soil P 

more effectively in the fertilized treatments than the 

unfertilized treatments. 

Phosphorus did not appear to be a limiting factor to 

growth in the Portage compost experiment. The Portage compost 

with 50 mg available P/kg may have diluted the available soil P 

in the Plano soil which was approximately 160 mg available P/kg 

soil. The compost would have increased the available Pin the 

Lapeer soil which had only 9 mg available P/kg soil. 

Other factors serving to alter the phosphorus available to 

plants are calcium, iron, aluminum, and zinc concentrations in 

the compost (Ellis and Knezek, 1972; Keeney and Wildung, 1977). 

Calcium, iron, and aluminum each exceeded one percent in both 

composts. The complexation reactions of these elements with P, 

especially at a neutral pH, could play a significant role in 

future P availability to the plant. 

The interaction between P and Zn could have resulted in 

slightly lower levels of Pin the plant tissue at higher rates of 

compost application (Keeney and Wildung, 1977). Zinc 

concentrations in the plant tissue increased significantly with 

increasing compost application rates (Table 2-6). 

The Lodi compost had 3.5 times as much total P and five 
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times as much available Pas the Portage compost. A reason for 

this difference in phosphorus may be due to the amount of paper 

entering the respective composting process. At Lodi, a lower 

percentage of paper was passed through the composting process, 

while at Portage a larger percentage of paper is composted. 

Paper in the waste does not contribute to Pin the final compost. 

Another factor may be the degree of decomposition. The Lodi 

compost was far more decomposed than the Portage compost, thereby 

increasing the total P and the ortho-P of this compost over the 

Portage compost. 

POTASSIUM IN PLANT TISSUE 

Lodi Compost 

The Plano soil had high available K levels (550 lbs/acre), 

while the Lapeer was low in available K (160 lbs/acre). Lapeer 

soil required K additions £or optimum yields. Potassium 

concentrations ranged from 3.9% to 4.2% of plant tissue for 

plants grown in all treatments on either of the two soils (Table 

2-3). These potassium concentrations were at or slightly above 

normal levels of 3.5% - 5.0% according to Walsh and Beaton 

(1973). Potassium concentrations in plants increased with 

increasing compost application rate to luxury uptake levels. An 

application of 40 tons compost/acre provided over 500 pounds of 

available K as Ko, a quantity exceeding the requirements of the 
2 

crop. The plant tissue levels of K remained consistently high 

even though three crops were grown on the same soil without any K 

additions. 
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Portage Compost 

Corn grown on soil amended with Portage compost 

accumulated more tissue K than control soils. This was 

particularly evident for the Lapeer soil. 

All composted treatments show luxury uptake of K. 

Treatments not receiving compost produced significantly larger 

amounts of biomass. Although the concentrations of Kin the 

tissue was lower, greater amounts of K were used by these plants. 

This trend was observed for both soils. 

Lodi compost contained approximately two times as much 

available and total potassium as the Portage compost. The 

Portage compost was less mature than the Lodi compost. As 

composts mature, the loss in carbon and subsequent weight loss 

allows for an increase in concentration in other elements such as 

potassium. As the Portage compost matures the concentration of 

K can be expected to increase to values comp~rable to that of the 

Lodi compost. However, the concentration of Kin the mature 

compost is related to the quantity of Kin the incoming waste. 

The amount of K available to a plant from solid waste-derived 

compost may be related more to the amount of total Kin the 

compost rather than to the maturity of the compost. 

SECONDARY NUTRIENTS 

CALCIUM 

In the first crop on both soils, calcium uptake by plants 

decreased with increasing compost application rate (Table 2-4). 

The.treatments that did not receive compost had the highest 

calcium as a percentage of plant tissue. The. differences between 
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the controls and compost-amended treatments were less striking in 

the second crop. In the third crop on Plano soil, there was no 

significant difference in the plant calcium concentrations of any 

treatment. On the Lapeer soil there was slightly greater calcium 

uptake in the control plants of the third crop than in the 

compost-treated plants. There may be a relationship between 

calcium and phosphorus uptake at the higher compost application 

rates. The pH of the high compost treatments is at a point where 

phosphorus and calcium may complex making neither as readily 

available for plant uptake. 

Calcium uptake for plants grown on the Portage compost was 

lower than that on the Lodi compost. This is because of lower 

amounts of calcium in the Portage compost (1.65%) compared to 

Lodi compost (4.7%). 

MAGNESIUM 

Magnesium concentrations in the plants closely followed 

calcium concentrations in terms of response to compost 

applications. The lowest Mg levels in the first crop were in the 

highest compost treatments for both soils. In the second crop on 

Plano soil, there was no significant difference in plant Mg 

concentrations for any treatments, and only slight differences 

were observed for the third crop. 

For the Lapeer soil, the lowest concentrations of plant Mg 

were observed in the highest compost treatment. This trend was 

observed in all three crops. All plant Mg concentrations would 

be considered within the normal range of 0.3% to 0.8% according 

to Walsh and Beaton (1973). 
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Table 2-4: Tissue Ca and Mg in corn grown on compost-amended soils 

--------------------------------------------------------------------
------Lodi-------

1st 2nd 3rd 
rate 

Portage 
1st 

-----Lodi--------
1st 2nd 3rd 

Portage 
1st 

=====================================-============-================= 
(T/A) ----------Ca%--------

PLANO SOIL 

O 0.82 0.41 a 0.61 a 0.24 

20 0.37 a 

----------Mg%-----------

0.63 0.33 a 0.48 a 0.21 

0.37 a 

40 0.80 0.57 b 0.58 a 0.37 a 0.54 0.45 a 0.51 ab 0.30 b 

80 0.70 0.49 c 0.59 a 0.34 ab 0.53 0.35 a 0.53 ac 0.24 

150 0.72 0.52 be 0.65 a 

300 0.62 0.47 ac 0.59 a 

0.53 0.40 a 0.55 be 

0.48 0.27 a 0.48 a 

OF 0.91 0.56 be 0.63 a 0.33 be 0.62 0.38 a 0.51 ac 0.29 b 

20 F 0.30 C 

40 F 0.87 0.50 be 0.59 a 0.35 ab 0.59 0.37 a 0.47 a 

LAPEER SOIL 

0 0.94 0.61 a 0.80 a 0.41 abc 0.78 0.60 a 0.70 a 

0.32 b 

0.36 a 

0.52 a 

20 0.71 0.53 b 0.66 be 0.46 ad 0.54 0.50 be 0.53 bd 0.35 be 

40 0.82 0.58 ac 0.72 ab 0.46 ad 0.58 0.47bce 0.58 bed 0.31 b 

80 0.62 0.51 b 0.65 be 0.36 b 0.51 0.39 cd 0.52 b 0.31 b 

150 0.58 0.52 b 0.70 abc --- 0.47 0.45 bd 0.65 ace 

0 F 1.06 0.56 a 0.61 c 0.39 b 0.79 0.53 ae 0.65 ace 0.45 ad 

20 F 0.90 0.52 b 0.68 be 0.47 d 0.61 0.44 bd 0.65 ace 0.42 cd 

40 F 0.94 0.54 be 0.63 be 0.45 cd 0.63 0.51 be 0.60 de 0.37 bd 
=================================================~================== 

F= fertilized treatments 

All values are averages of three replications. Means within 
a column followed by the same letter are not different at the 
5% level according to Duncan's Multiple Range Test. 
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On Portage compost-amended Plano soil, Mg increased with 

increasing compost application rate until the 80 tons/acre rate 

when it declined to values similar to that of the controls. 

Conversely, the Lapeer soil controls had the highest tissue Mg 

concentrations while Mg levels decreased with increasing compost 

application rate. The tissue Mg concentrations of all treatments 

of both soils were within normal tissue levels according to Walsh 

and Beaton (1973). 

Magnesium availability to the crop followed the same pattern 

as that of calcium and it did not appear that compost maturity 

influenced Mg uptake. 

BORON 

Boron in plant tissue increased with increasing compost 

application rates (Table 2-5). The control treatments of both 

soils accumulated similar concentrations of plant B. For each 

successive crop grown on the soil, the concentration of B 

generally decreased for all treatments. Boron concentrations in 

plant tissue of high compost treatments remained high through the 

third crop suggesting that B was available to the crop. At the 

low compost treatments plant B was only slightly higher than the 

controls on both soils indicating that B should not pose a 

problem at low compost application rates. 

Analysis of soil-compost mixtures for boron suggests that 

initial concentration at the 150 and 300 tons compost/acre 

rates may inhibit boron sensitive crops. Boron toxicity was not 

detected during this study. None of the boron values observed in 

the plants were excessive according to Walsh and Beaton (1973). 
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Table 2-5: Tissue Boron in corn grown 
on compost-amended soils 

============================================== 
rate 1st 

Lodi 
2nd 3rd 

Portage 
1st 

============================================== 
(T/A) 

0 

20 

40 

80 

150 

300 

0 

20 

40 

F 

F 

F 

0 

20 

40 

80 

150 

300 

0 F 

20 F 

40 F 

------------------ug B/g ---------------

20.2 

23.0 

29.8 

39.0 

53.6 

21.3 

22.3 

19.3 

19.9 

21.3 

27.2 

34.6 

17.8 

17.6 

23.4 

PLANO SOIL 
12.5 18.6 a 

20.4 ab 21.6 ab 

22.9 a 22.8 b 

32.7 34.1 

26.5 49.1 

16.7 17.6 a 

19.8 b 20.3 ab 

LAPEER SOIL 

14.8 a 

17.8 a 

21.6 b 

24.9 b 

29.8 

14.1 a 

17.1 a 

23.2 b 

16.5 ab 

17.3 ab 

20.6 a 

27.6 C 

29.6 C 

14.7 b 

15.5 b 

19.6 ab 

14.2 a 

29.2 be 

29.3 be 

23.9 be 

16.2 ae 

21.9 de 

32.4 C 

18.4 a 

23.8 b 

26.8 be 

28.8 C 

16.1 a 

33.0 d 

32.2 d 
------------------------------------------------------------------------------------------------
F = Fertilized treatment 
All values are averages of three replications. 
Means within a column followed by the same letter 
are not significantly different at the 5% level 
according to Duncan's Multiple Range Test. 
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In the Portage compost experiment, Bin plant tissue was slightly 

higher in compost-amended treatments as compared to the controls. 

The B concentration remained relatively constant over all compost 

application rates. 

Boron concentrations in plants from Portage compost-treated 

soils are similar to concentrations in plants from Lodi compost

treated soils. If compost maturity is a factor in B 

availability, the evidence is not obvious from this experiment. 

As compost matures, the structure of organic matter becomes more 

complex. Therefore, borate and boric acids become more tied up 

in the complex- structured organic matter, and Bis available at 

a slower rate than in immature compost (Keeney and Wildung, 

1977). Of greater importance may be the Ca concentration in the 

soil and compost, since Ca complexes B compounds as well (Keeney 

and Wildung, 1977). 

A study by Purves and MacKenzie (1974) found that an 

unleached municipal refuse-compost applied to a light sandy soil 

caused boron toxicity in dwarf beans. Leaching the compost prior 

to use removed considerable (one-third) B from the compost and 

allowed healthy bean plant development. 

HEAVY METALS 

COPPER 

Lodi Compost 

Copper increased in plant tissue with increasing application 

rate of Lodi compost. In the first crop, Cu concentrations in 

plants grown on all treatments of both soils were similar to Cu 

concentrations in the controls (Figure 2-3). 

97 



0 
~ 

' ::J 
0 

ti 
E 

I.O 
co 

Figure 2-3: Copper in Corn Tissue 
Lodi Compost-Amended Soll 

14 -------------------r---------,---------, 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 40 

VZI 1st crop 

PLANO SOIL LAPEER SOIL 

80 150 300 0 20 40 80 150 

compMpltcatlon rate (tons/acre).,...,,........,.. 
2nd crop f;8883 3rd crop 



For the second crop, there was a significant difference 

between the tissue Cu in controls and treatments of both soils. 

Plant Cu concentrations of low compost treatments were markedly 

higher than those in the controls for Plano soil, while this 

difference was less pronounced in the Lapeer soil. Increasing 

application rates of compost had little influence on additional 

Cu uptake for both soils. Tissue Cu for all treatments and 

controls were within the normal range, 7 to 20 ug Cu/g corn, 

according to Walsh and Beaton (1973), and Melsted et al. (1969). 

In the third crop on Plano soil, the Cu concentration 

increased with. increasing compost application. The Cu 

concentration of the 300 tons/acre treatment was approximately 

twice that of the control. The same trend was noted in the third 

crop grown on the Lapeer soil. The third crop had slightly 

higher levels of Cu than the first or second crops for the 

compost-amended treatments. Copper concentrations of all plants 

were in the normal range (Walsh and Beaton, 1973). 

Portage Compost 

Plants grown on soil amended with Portage compost did not 

show the trends observed for the Lodi compost (Table 2-6). The 

differences in treatments were less pronounced. The highest 

tissue Cu was detected in plants grown on the fertilized 40 

tons/acre treatment. Additions of fertilizer enabled the plants 

to accumulate a higher percentage of Cu in tissue than the 

unfertilized plants. 

The plants grown on soils amended with the mature Lodi 

compost accumulated more copper than the plants grown on Portage 
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Table 2-6 Heavy metals in 1st corn crop 

==================================================================== 
------------------------- COMPOST------------------------------

Lodi Portage Lodi Portage Lodi Portage Lodi Portage Lodi Portage 
--------------------------ug/g---------------------------------

Cu Cu Zn Zn Ni Ni Cd Cd Pb Pb 
----------------------------------------------------------------------------------------------------------------------------------------
(t/a) PLANO SOIL 

0 6.50 2.93 47.40 19.07 <.02 <.02 <.005 <.005 <.l <.1 

20 3.73 32.56 <.02 <.005 <.l 

40 7.00 3.98 68.60 33.75 <.02 <.02 <.005 <.005 <.l <.l 

80 7.90 4.16 93.80 30.43 <.02 <.02 <.005 <.005 <.1 <.l 

150 8.50 117.70 <.02 <.005 <.l 

300 8.50 164.70 <.02 <.005 <.1 

0 F 6.90 5.52 42.40 20.97 <.02 <.02 <.005 <.005 <.1 <.l 

20 F 3.94 39.20 <.02 <.005 <.1 

40 F 7.90 5.37 72.90 44.29 <.02 <.02 <.005 <.005 <.l <.1 

LAPEER SOIL 

0 8.00 3.50 30.20 22.50 <.02 <.02 <.005 <.005 <.l <.l 

20 8.11 5.58 50.70 31.39 <.02 <.02 <.005 <.005 <.1 <.1 

40 8.40 4.58 59.20 33.34 <.02 <.02 <.005 <.005 <.l < .1 

80 8.40 4.15 84.40 33.25 <.02 <.02 <.005 <.005 <.l <.l 

150 9.23 132.70 <.02 <.005 <.l 

0 F 6.78 4.80 33.40 17.17 <.02 <.02 <.005 <.005 <.1 <.l 

20 F 8.90 5.21 54.10 51.21 <.02 <.02 <.005 <.005 <.l <.l 

40 F 8.70 6.91 76.40 53.31 <.02 <.02 ..:.005 <.005 <.1 <.1 
======--------=----------=-------==-=-==-=========================== 
F= fertilized treatments 
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compost-amended soils. It appears that the nutrient deficiency 

induced by the immature compost inhibited the uptake of copper. 

ZINC 

Lodi Compost 

As stated previously, zinc was the metal limiting the 

cumulative application rate of the Lodi compost. The possibility 

of a build up of heavy metals, particularly Zn and Cu, to 

phytotoxic levels is of concern when waste materials are applied 

to soils. Zinc is actively translocated from the plant root zone 

to aboveground plant parts. The resultant tissue concentrations 

could reflect the available Zn levels in the soil. 

In the three crops grown on both soils, Zn concentrations in 

plant tissue increased with increasing compost application rate 

(Figure 2-4). At rates of 300 tons compost/acre, three to four 

times more Zn accumulated over that accumulated by the control. 

These levels were maintained in the second and third crops. 

Although zinc concentrations were relatively high for the compost 

treatments, they were within the normal range for corn (Walsh and 

Beaton, 1973). No symptoms of Zn toxicity were evident in corn 

plants. 

Resulting pH of soil receiving Lodi compost was sufficiently 

high to reduce the availability of Zn to the crop. This liming 

effect was observed by Terman et al. (1973) in a greenhouse study 

in which large quantities of solid waste compost having a 

relatively high concentration of Zn (1500 mg/kg) were applied to 

an acid soil. Terman concluded that the liming effect of the 

compost additions tended to limit Zn uptake and prevented 
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toxicity. Hortenstine and Rothwell (1973) noted no phytotoxic 

symptoms due to Zn and Mn when pelletized solid waste compost was 

applied at up to 28 tons/acre to a sandy soil. They concluded 

that the uptake of the two elements was not of a magnitude to 

cause concern. Duggan and Wiles (1976) observed a large increase 

in Zn accumulation in corn grown on plots amended with up to 200 

tons compost/acre. Most of the increase was found in stover, 

with little increase in grain. They also noted that the liming 

effect of the compost served to reduce the plant uptake of trace 

metals including cadmium, chromium, nickel, and copper (Duggan 

and Wiles, 1976). 

Portage Compost 

On the Portage compost-amended soils, tissue Zn 

concentrations increased with increasing compost applications. 

The increases did not reflect soil Zn levels to the same extent 

as the Lodi compost applications did. Plants growing on Portage 

compost-amended soils had normal levels of Zn (20-50 ug Zn/g) 

according to Walsh and Beaton (1973). This indicates that the 

immature compost and its lack of ability to supply essential 

nutrients such as nitrogen could have limited Zn availability for 

plant uptake. 

High P levels in soil can compete with Zn for plant uptake 

and cause Zn deficiencies in plants (Chaney and Giordano, 1977). 

However this is unlikely, since available Pis not excessive in 

the Portage compost. While Portage compost additions to soil had 

a liming effect, this should not have limited Zn availability to 

the extent that was observed. For either compost, Zn levels are 
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of little concern to the land application of compost. Even 

though the Lodi compost application rate is controlled by the Zn 

concentration of the compost, plant uptake appears to be within 

the normal levels. 

CADMIUM, CHROMIUM, NICKEL, LEAD 

The heavy metals cadmium, chromium, nickel, and lead were 

not detected in plant tissue from any treatments of either 

compost (Figure 2-5). The Lodi compost had a considerable quantity 

of lead, 512 mg/kg, and the Portage compost had lead and nickel 

concentrations of 600 mg/kg and 480 mg/kg, respectively, at the 

time of sampling. Nickel was the metal limiting the cumulative 

application rate for the Portage compost. This rate would be 187 

and 94 tons/acre on the Plano and Lapeer soils, respectively. 

Several factors may influence metal availability to plants 

in waste-amended soil. Chaney (1973) has reported that the 

following factors may control metal availability: (1) 

concentration and combination of metals in the soil, (2) soil pH, 

(3) the amount of organic matter, (4) the phosphate 

concentration, (5) the cation exchange capacity of the soil, and 

(6) solid state reversion to unavailable forms. Chaney (1973) 

states that pH may be the chief factor in influencing metal 

availability. The low solubility of hydroxides and other salts 

of the heavy metals limits the concentration of the free cations 

of these metals to very low levels as the pH approaches basic 

values. 

The contribution of organic matter from solid waste compost 

has been of considerable interest in research concerning heavy 
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metal retention by soils. Organic matter affects metal 

availability through increased cation exchange capacity and by 

the tendency of metal cations to form stable complexes with 

organic ligands (Hagiri, 1974). Hagiri found that metals were 

chelated in the sequence Cu> Ni> Co> Fe> Mn+ Zn, with Cd not 

chelated to a significant extent. Cheluviation may make the 

metals more mobile, and move them to deeper soil horizons. 

Through CEC of the soil, whether from contributions of organic 

matter or from clays, metal cations are adsorbed and are then 

less available to plants. 

The aforementioned suggests that even at large application 

rates of compost, there is little danger of accumulation of these 

metals in plants provided the pH, organic matter, and CEC are 

maintained at high levels. 

CONCLUSIONS 

A key factor in determining whether solid waste compost will 

provide positive crop yields when used on agricultural soils is 

the maturity of the compost and the C/N ratio. The Lodi compost 

was sufficiently mature so that there was a net mineralization of 

N. Corn plants grown on Lodi compost-amended soils accumulated 

normal levels of nitrogen. The Portage compost was not mature, 

and as a consequence, there was immobilization of Nin the soil. 

Plants grown on the Portage compost-amended soils were nitrogen 

deficient. 

Phosphorus concentrations in plants decreased as the 

application rate of Lodi compost increased. Phosphorus 

concentrations in plants grown on Portage compost-amended soils 
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were not significantly different from P concentrations in the 

control plants. Plants grown on soils amended with both composts 

accumulated K to luxury levels. 

Calcium and magnesium concentrations in plants were not 

greatly affected by compost applications and remained at normal 

levels at all application rates. Uptake of Ca and Mg from the 

Portage compost-amended soils was less than from Lodi compost

amended soils, however, Ca and Mg concentrations were much lower 

in Portage compost. 

Boron increased in plant tissue with increasing compost 

application rates. Boron sensitive plants may be affected at 

high application rates with the Lodi compost. Uptake of B from 

Portage compost-amended soils was similar to uptake from Lodi 

compost-amended soils. Tissue borons from plants grown on 

control soils and on soils amended with both composts were within 

the normal concentration range. 

Tissue Zn in plants grown on Lodi compost-amended soils 

increased significantly with increasing application rate, but did 

not exceed the normal range for Zn in corn. Zinc did not 

accumulate in plants grown on Portage compost-amended soil to the 

same extent as it accumulated in plants on Lodi compost-amended 

soils. The liming effect that both composts produced may have 

been responsible for the reducing the availability of heavy 

metals to plants. 

The heavy metals lead, cadmium, chromium, and nickel were 

not detected in the plant tissues from any treatment. Copper 

concentrations in plants grown on compost-amended soils increased 

to levels slightly above the concentrations in the controls. 
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Results from these experiments cannot be projected to field 

conditions. Crops grown to harvest stage under natural 

conditions would be expected to differ from the corn plants 

raised under artificial conditions in a greenhouse study. Metal 

accumulations are more likely to occur in a greenhouse pot study 

where the plant roots are confined to the container, than in 

field conditions where the roots are not restricted to the plow 

layer in which the compost is incorporated. Under field 

conditions plants would be less likely to assimilate similar 

concentrations of heavy metal as in a greenhouse study. 

Solid waste-derived compost, provided that it is mature, can 

be applied to land as a soil amendment to supply nutrients for 

crop growth. Compost-amended soils may need additions of 

inorganic fertilizer to attain maximum crop yields, however, 

nutrients will continue to be released in the years following 

compost application. An additional benefit will be from the 

organic matter in compost which will improve physical properties 

of most soils. 
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Chapter 3 

SOLID WASTE COMPOST: 

GROUNDWATER CONTAMINATION POTENTIAL 

AND ACCUMULATION OF HEAVY METALS IN PLANTS 



Soil/Water Impact 

· Assessing Risk 
of Solid Waste Compost 

Ground water contamination potential and accumulation of heavy metals in plants 
are evaluated for municipal solid waste composts. 

A S COMMUNITIES attempt to re
duce dependency on landfills by 

recycling, there will be greater use of 
composting solid wastes. Although the 
organic fraction of municipal solid waste 
can be composted, and the compost prod
uct can serve as a satisfactory soil amend
ment, its use may be attended by certain 
problems, not the least of which is the re
lease of certain inorganic and organic pol
lutants into surface and groundwaters. 
The risk of contamination is amplified 
when the MSW is composted with sew
age sludge. 

This paper will address the movement 
of metals in soils and their accumulation 
in plants. Research with sewage sludge 
compost indicates that these risks can be 
minimized with proper handling and man
agement. 

The objectives of this study were: (I) to 
evaluate potential · groundwater contami
nation due to plant nutrients and heavy 
metals in the compost; and (II) to assess 
the accumulation of metals in plants 
grown on compost-amended soil. 

Leaching/Growth · 
Experiments-Snap Beane 

Compost from the Wisconsin Co-
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composting Research Project at Lodi, WI 
was evaluated in this experiment. The 
compost was generated in May 1985 from 
a mixture of municipal solid waste and di
gested sewage sludge. Sludge solids com
prised one percent of the total refuse
sludge mixture. The compost was 
screened through a one-quarter inch (0.64 
cm) screen followed by curing, and stored 
until February 1986. The soil used was a 
'C' horizon from a Plainfield soil series 
(Typic Udipsamment). Four mixtures of 
compost and soil were evaluated and each 
mixture was replicated four times. The 

. compost to soil mixtures were 0%, 25%, 
75%, and 100% on a volume basis. These 
mixtures represented 0, 113, 340, and 
450 tons of compost/acre, respectively. 
Properties of the Plainfield soil and 
compost-soil mixtures used in the study 
are listed in Table 1. The Plainfield soil 
•c• horizon contains 98 % sand (0.05 
mm) and 2 % silt and clay. 

Cylindrical containers of 10.32 cm 
diameter and 30.48 cm length were con
structed from PVC pipe. The cylinders 
were capped at the bottom and a drain 
hole was drilled for passage of leachate. 
Approximately 5 cm of gravel was placed 
at the bottom of each cylinder, and 20.3 
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cm compost-soil mixture was placed over 
the gravel. 

Half of the containers were planted 
with snap bean (Phaseolus vulgaris L.) 
seeds. Four seeds were planted per con
tainer. The seeds were not inoculated with 
Rhizobium sp. prior to planting. The re
maining containers were not seeded. 
Thereby, each treatment had two planted 
and two fallow pots. 

Each cylinder was watered every two 
days with 425 ml distilled water. This was 
an equivalent of two inches of water. 
Over a 60-day period each container re
ceived a total of 12.75 liters, or60 inches 
of water. The liquids leaving the bottom 
of the containers were collected and mea
sured. Four composite leachate samples 
were obtained from the 60" of water. 
Composite leachate samples represented 
watering intervals of 0-2, 125 ml (0-10"), 
2, 125-4,250 ml (10-20"), 4,250-6,375 
ml (20-30"), and 6,375-12,750 ml (30-
60"). All composite samples were refrig
erated until further analysis. 

The photoperiod in the greenhouse was 
12 hours of light and 12 hours dark. Illu
mination was afforded by fluorescent 
lighting, with Daylight-type tubes alter
nating with Gro-lux-type tubes in recepta-
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cles positioned 60 cm above the surface 
of the soil-compost mixtures. The ambi
ent temperature was approximately 
24° C. 

The beans were thinned to two plants 
per pot after they germinated. Seedlings 
emerged within 8 days in all planted cyl
inders. At 60 days the bean plants of all 
treatments were haivested at a level 1 cm 
above the soil surface. The plant samples 
from duplicate pots were combined as one 
sample. Plant samples were divided into 
the following subsamples: upper trifoliate 
leaves, mid leaves and stem, lower coty-

tracting with 0.03N NH,F-0.05N HCl so
lution (Olsen and Sommers, 1982). The 
extrnct was analyzed spectrophotometri
cally after color development with ammo
nium paramolybdate solution and stan
nous chloride. 

Total P was determined by digestion of 
the compost-soil mixtures in sulfuric 
acid-persulfate solution for eight hours 
followed by stannous chloride method 
(Standard Methods for the Examination 
of Water and Wastewater, 1980). Boron 
was measured by the azomethine-H 
method following hot water extraction 

llllle 1. IMcted l'ropertln of Soll and Soll/Compost Matures 

Property 

pH 
EC ds m·1 

% moisture by 
weight at 1/3 bar 

Bulk density 
(g/cm3) 

Element% 
Oxidizable 

Carbon 
Total Kjeldahl 

Nitrogen 

Element mg/kg 
Available P 
Available K 
Extractable B 

"By volume 

ledon leaves, beans, and roots. 

Plainfield 
"C" Soil 

5.60 
0.30 
9 

1.52 

0.03 
0.01 

12 
7 
0.2 

Each of the samples was weighed sepa
rately. The samples were oven dried at 
150° F for 72 hours and reweighed. 
Roots were examined for nodule develop
ment. Because of the difficulty in separat
ing the soil from the roots, these samples 
were not weighed or analyzed. 

Compost/soil samples were ground to 
pass a 2 mm sieve and digested in boiling 
concentrated nitric acid and hydrogen 
peroxide for 12 hours, then filtered and 
diluted to 100 ml volume (Standard Meth
ods for the Examination of Water and 
Wastewater, 1980). Digested samples 
were analyzed for Ni, Cd, Cu, Zn, and 
Pb by flame atomic absorption spectrom
etry with deuterium background correc
tion apparatus. The pH was determined in 
l: l soil-to-water filtrates. Easily oxidiz
able carbon was determined by Walkley
Black wet oxidation method (Nelson and 
Sommers, 1982). Total Kjeldahl nitrogen 
was determined by semi-micro-Kjeldahl 
procedure (Bremmer and Mulvaney, 
1982). 

Available K was determined by flame 
emission spectroscopy after extraction of 
the material with IN NH,OAc (Knudsen, 
1982). Available P was determined by ex-
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25%* 75%* 100%* 
Compost Compost Compost 

7.35 7.60 7.70 
2.73 6.94 7.39 

25 30 88 

1.37 1.06 0.50 

1.72 9.3 18.8 
0.12 0.75 1.48 

42 161 276 
66 232 1139 
9.25 33.5 70.5 

(Bingham, 1982). 
Leachates were analyzed for the heavy 

metals Cu, Ni, Zn, Cd, and Pb with 
atomic absorption spectroscopy following 
digestion in nitric acid-peroxide solution 
and filtration. The anions nitrate, chlo
ride, and sulfate were determined by 
Dionex ion chromatography. Chemical 
oxygen demand of the leachates was de
termined by dichromate reflux method 
(Standard Methods for the Examination 
of Water and Wastewater, 1980). Boron 
was determined by the azomethine-H 
method (Bingham, 1982). 

All tissue samples were ground in a 
stainless steel Wiley mill. A weighed por
tion of the ground material was dry ashed 
for four hours at 500° C, cooled, and dis
solved in 8N HCI (Walsh and Beaton, 
1973). Digested tissue samples were ana
lyzed for Ni, Cd, Cu, Zn, and Pb by 
flame atomic absorption spectroscopy 
with deuterium background correction at
tachment. The same digest was used to 
determine P and K by the vanadomolyb
date method and flame emission spectros
copy, respectively. Separate tissue sam
ples were used for TKN determination by 
micro-Kjeldahl procedure. 

The results obtained were analyzed sta-
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tistically using analysis of variance. All 
results for which analysis of variance is 
determined are expressed at the 5% sig
nificance level. Since there was no signif
icant difference (5 % level) between pots 
with plants and pots without plants, data 
for all four replicates for the leachate 
samples and compost-soil mixtures were 
averaged and arc represented by a single 
number. 

Ground Water 
Contamination Potential 

Heavy Metals: 
Land application rate of heavy metal 

containing composts are dependent on the 
concentration of the metal, the pH of the 
soil and the cation exchange capacity 
(CEC) of the soil. Lifetime limits arc set 
for metal(s) based on relative toxicity and 
accumulation in the food chain. In Wis
consin, the Wisconsin Administrative 
Code Chapter NR 204 regulates the life
time application limit of the five metals: 
zinc, cadmium, copper, nickel, and lead. 
For the compost used in this study the 
lifetime limitation for metals is controlled 
by zinc. For a Plainfield soil with a CEC 
of less than 5 meq/100 grams, a maxi
mum of 225 lbs of zinc may be applied 
per acre, thus limiting the application of 
compost to 80 tons/acre. Significantly 
larger amounts were applied in this study. 

Table 2 presents average data for four 
pots in each treatment. Comparing the 
initial concentrations of heavy metals in 
the compost/soil mixtures to those after 
the leaching had been completed suggests 
that the concentrations decrease only 
slightly. An average of 96.8% of the 
metals applied by way of compost were 
retained after leaching and plant growth 
in this experiment. Similar studies with 
sludge applied to soil columns found very 
little downward movement of metals 
(Giordano and Mortvedt, 1976). Field 
studies with repeated sludge applications 
over a six-year period indicate that more 
than 90% of the metals remain in the soil 
layer where the sludge was originally ap
plied. A slight increase in metals was ob
seived in the 15-30 cm depth of this soil 
(Chang, 1984). 

While many of the studies in the past 
were conducted on loamy soils whose 
CEC is higher than the Plainfield soil, the 
apparent increase in CEC for a sandy soil 
due to the large initial application of com
post may be the cause for large retention 
of metals in the applied layers. This sug
gests that for soils with an inherently low 
CEC, the CEC of the compost plays a 
major role in retaining heavy metals in the 
soil. Comparatively, when compost is ap
plied to soils with a higher inherent CEC, 
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».Ille z. Metal Concentrations of Leachate and Soll/Compost Mixtures 

Compost Sol Mixtures 
Compost 
by Wume Initial Initial Rnal Leached 

% mg/kg soil mo/pot mg/pot mg/pot 

NICKEL 
0 1.8 4.52 4.52 0 

25 3.2 6.84 6.42 0.42 
75 17.5 22.10 21.49 0.61 

100 35.8 29.07 28.08 0.99 

LEAD 
0 1.2 3.2 3.13 0.07 

25 58 124 122.81 1.19 
75 290 366 363.07 2.93 

100 597 485 481.12 3.88 

CADMIUM 
0 BO BO il 30 BO 

25 0.5 1.07 1.04 BO 
75 2.4 3.03 3.02 BO 

100 4.3 3.47 3.43 BO 
COPPER 

0 3 7.71 7.29 0.42 
25 52 111.18 107.18 4.00 
75 251 317.01 308.55 8.46 

100 506 410.87 400.97 9.90 

ZINC 
0 8 19.53 18.92 0.61 

25 131 280.08 275.8 4.28 
75 706 891.68 880.71 10.97 

100 1420 1153.04 1140.01 13.03 

•After 60 inches of water we,e applied 
• •For all leachate produced from applying 60 inches of water 
8D = Below detection limits tor flame atomic absorption 

the combined CEC contribution from the 
compost/soil mixture could significantly 
enhance retention of metals and reduce 
the amount of leaching even further. 

Expressed as a percentage of applied 
metal, those treatments with a low con
centration of metal leached the largest 
percentage except where leachate metal 
concentrations were below detection lim
its. Therefore, the largest percentage of 
metal leached was in · the 25 % compost 
treatment (Table 2). 

Nickel appears to be the most easily 
leached metal based on the percentages of 
initial metal leached. This is followed by 
copper, zinc, lead, and cadmium. Dar
mody et al. (1983), working with sewage 
sludge-compost applied on a fine loamy 
soil, observed that copper was easily 
leached. Maximum concentrations of 
copper were found in the B horizon of the 
subsoil rather than the surface where the 
sludge was applied. 

The decrease in concentration of metals 
in the soil compost mixtures is mainly due 
to leaching, with very little as a result of 
plant uptake (Table 2). The data in this 
table are on a per pot basis; however, 
when translated to field conditions it may 
appear that several pounds of metals may 
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be lost due to leaching. 
Groundwater contamination does not 

appear to be a problem when comparing 
the average leachate concentration for 
each of the metals in Table 2. For the high 
application rates tested, except for nitrate 
and lead, all concentrations are below the 
drinking water enforcement standards 
(Environmental Protection Agency, 
1985). 

Figure 1 shows the concentration of 
leachate for each 10-inch interval of 
leachate. Concentrations of nickel and 
copper are high initially, suggesting the 
relative ease with which these metals are 
leached. Concentrations of zinc and lead 
in the leachate peaked in the 10- to 20-
inch composite, suggesting a delayed re
lease of these metals. The average con
centration of metals in the leachate 
appears to be dependent on the relative 
concentration of metal in the compost/soil 
mixture. The concentrations of all metals 
decrease at the 30- to 6()-inch water appli
cation. 

A large proportion of the metals is as
sociated with the colloidal particles at 
least in the initial stages of leaching. Un
der natural conditions of less rigorous 
leaching, it is unlikely that the movement 
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lwage Applied• 
Leachate Met;JJ 
Cone .•• Leached 

mg/I 'Ml 

BO 0.00 
0.04 6.14 
0.06 2.n 
0.10 3.40 

0.01 2.19 
0.12 0.96 
0.29 0.80 
0.40 0.80 

BO BO 
BO BO 
BO BO 
BO BO 

0.04 5.4 
0.39 3.6 
0.84 2.7 
1.02 2.4 

0.054 3.12 
0.42 1.53 
1.09 1.23 
1.34 1.13 

of leached metals would be nearly as high 
as encountered in this study. Further, un
der natural conditions, contamination of 
groundwater, due to metals associated 
with particles moving below the plow 
zone from natural eluviation processes, 
will be minimized even in sandy soils due 
to entrapment of colloidal particles be~ 
tween the soil particles. Contamination of 
groundwater due to metals would there
fore be minimized. 

While a single application of compost 
exceeded site lifetime limits in this study, 
careful compost management with 
smaller annual application rates will mini
mize the residual danger to groundwater 
supplies. However, management of pH at 
the soil surface could play a critical role 
in the amount of metals leached during 
years following compost application. 

Plant Nutrients 
and Other Anions 

Plant nutrients including nitrogen, 
phosphorus and potassium are present in 
significant amounts in the compost. Ni
trates, chlorides, sulfates, and boron 
leached readily from the compost soil 
mixtures. Figure 2 shows the rapid de
cline in concentration of these anions with 
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each successive watering interval. Similar 
trends were observed for the electrical 
conductance (EC) of the leachate. 

Nitrate concentrations for the 25 % 
compost treatment are significantly 
higher than drinking water standards for 
the first 30 inches of water applied fol
lowed by decline to 2.8 mg/I for the sec
ond 30 inches of water applied. While 
there may be a risk of groundwater con
tamination due to nitrates at this level of 
nitrogen application (2,400 lbs of TKN
nitrogen/acrc), limiting the amount of 
compost applied annually to meet the ni
trogen needs of the crop would overcome 
this problem. The risk from nitrates could 

thereby be significantly minimized. 
The presence of large amounts of ni

trate in the soil solution (leachate) sug
gests that the carbon:nitrogen ratio of the 
compost is low enough to allow mineral
ization of nitrogen. Mass balance data for 
nitrogen suggest that for the 25% com
post treatment, 16.6% of the nitrogen is 
transformed into forms that are removed 
by the plants or readily leached. This 
transformation occurred over a relatively 
short period of 60 days under the experi
mental conditions. 

Less than 4 % of the total phosphorus in 
the compost is in a form that is readily 
available (soluble) to plants. Total phos-

METAL CONCENTRATIONS OF LEACHATE 
FROM 25% COMPOST/SOIL MIXTURE 
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phorus concentrations in the leachate 
were not analyzed in this study. However, 
mass balance data indicate that between 
IO and 20 percent of the total phosphorus 
is lost due to plant uptake and leaching. 
Because of the relatively small amounts 
of phosphorus in the plant, most of the 
losses are expected to be due to leaching. 
This indicates that there is a large propor
tion of phosphorus transformed into a sol
uble form. The high affinity of the subsoil 
for absorbing phosphorus will minimize 
the threat of phosphorus movement into 
the groundwater. 

Potassium in the soluble form was 
readily leached. In excess of 80% of the 
potassium was lost to leaching and plant 
uptake. Although leachate potassium con
centrations were not determined, the 
small quantities in plants suggest that a 
major portion of the potassium removed 
is due to leaching. 

Extractable boron concentrations were 
as high as 18.5 lbs/acre at the 25% by 
volume compost treatment rate. Large 
quantities (78-95 % ) of the boron leached 
from the mixtures under the experimental 
conditions. The largest amounts of boron 
in leachate appear in the 20- to 30-inch 
leaching interval (Figure 2). 

Application rates of compost under 
field conditions are not expected to reach 
the lifetime limits in the first year of ap
plication. For most soils, the lifetime 
limit of compost (a 3- to 12-inch thick 
layer) would be difficult to uniformly in
corporate in the soil. Under field condi
tions, precipitation rates would not likely 
be as severe as in this study; therefore, 
the threat of groundwater contamination 
due to plant nutrients is minimal. The 
presence of subsoils to absorb the ions 
moving out of the plow zone will signifi
cantly reduce the concentrations in leach
ate moving to deeper horizons (Darmody, 
1983). 

Heavy Metal and Nutrient 
Accumulation 

Heavy Metals 
The bean plants were divided into four 

parts for chemical analysis. These in
cluded cotyledon leaves, upper trifoliate, 
mid leaves and stem, and the bean fruit. 
Roots were not analyzed because of the 
difficulty in separating the soil from the 
roots. 

Table 3 is a summary of heavy metal 
analysis of the plant tissue. The data from 
individual plant parts indicate that heavy 
metals absorbed by the plant tended to ac
cumulate at higher concentrations in the 
older leaves than in the younger leaves. 
This may be due to the greater availability 



Table 3. Metal Concentrations In Snap Bean Plant nssue 

Compost Dry matter Whole plant· 
%by yield Pb Ni Cu Zn Cd 

volume grams/pot ug/g 

0 1.06 a <0.1 0.1 28.9 a 70 a <.005 a 
25 2.11 b <0.1 0.1 51.2 b 80 a 13.8 b 
75 3.43 C <0.1 0.1 54.5 b 109 b 23.4 b 

100 2.83 b <0.1 0.1 59.7 b 115 b 51.2 C 

Compost Dry matter bean fruit" 
%by yield Pb Ni Cu Zn Cd 

volume grams/pot uglg 

commercial <0.1 <0.05 40 79 <.005 
0 0.305 a <0.1 <0.05 10 a SO a <.005 

25 1.945 b <0.1 <0.05 52.5 b 80 b <.005 
75 2.275 C <0.1 <0.05 60 b 90b <.005 

100 1.565 b <0.1 <0.05 60 b 115 C 0.5 

• 'lillues not followed by the same Jetter are significantly different at the 5% level. 

of the metals during the early growth pe
riod of the plants in the experiment. The 
fruits accumulated the least amount of 
metals. Similar observations were made 
by Bingham et al. ( 1975) for cadmium 
treated soils. 

Nickel and lead were not detected by 
flame atomic absorption in any plant tis
sue samples. Copper and zinc, both es
sential plant nutrients, were present in rel
atively large amounts compared to 
cadmium. 

The average concentration of zinc and 
copper in the plant tissue was 75.7 ug/g 
and 51.2 ug/g, respectively. This com
pares to the control plants at 70 ug/g for 
zinc and 28.9 ug/g for copper. The nor
mal range for these two metals in plant 
tissue would be 30-60 ug Zn/g and 15-30 
ug Cu/g (Walsh and Beaton, 1973). There 
was no significant difference between the 
levels of zinc in the plants grown on the 
25 % volume compost amended soils over 
those of the control. Zinc concentrations 
in the fruit of beans grown commercially 
(79 ug Zn/g) were comparable to the 
beans grown on the 25% compost treat
ment (80 ug Zn/g). 

Although plants grown on compost 
amended soils show significantly higher 
accumulation of metals in the tissue, no 
toxic symptoms were observed. This is 
confirmed by the higher yield of the 75 % 
compost treatment over the 25 % compost 
treatment, even though the concentrations 
of all metals were higher in plants grown 
on the 75 % compost amended soils. 

Cadmium was below detection limits 
for flame atomic adsorption in the beans 
of all treatments except the 100% com
post. Overall the average cadmium con
centration in the plants at the 25 % com
post application rate was 13.8 ug Cd/g, 
which was significantly higher than the 
control plants in which cadmium concen-
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trations were below detection limits. 
One reason for the low cadmium uptake 

by plants could be that high concentra
tions of zinc in the mixtures tend to in
hibit the uptake of cadmium (Chaney, 
1973). This hypothesis was confirmed by 
Haghiri (1974) working with soybeans. 
Chaney (1973) suggests that a cadmium 
to zinc ratio ofless than 0.01 would result 
in zinc toxicities before food chain accu
mulation of cadmium would occur. Soil 
compost mixtures in this study had Cd/Zn 
ratios of 0.003. This suggests that zinc 
toxicities may have occurred, in that dry 
matter yield declined at the 100% com
post treatment. Factors such as high pH 
and high organic matter in the soil are 
likely to limit the uptake of metals by 
plants. 

The conditions under which metals are 
released depends on the pH of the soil 
compost mixtures (Darmody et al .• 
1983). Soil compost mixtures maintained 
a pH in excess of 7 .35 throughout the 
study period. The original soil pH was 
5.60. This liming effect of the compost 
prevents toxicity of zinc even though 
large amounts of zinc may be present in 
the soil (Terman et al., 1973). 

Such toxicities are more likely to occur 
in a greenhouse pot study, where the roots 
are confined to the container, than in field 
conditions where the roots are not re
stricted to the plow layer in which the 
compost is incorporated. Therefore, un
der field conditions the plants are less 
likely to assimilate most metals as in this 
greenhouse study. Further, the amount of 
compost applied annually on a similar soil 
is expected to be far less than those used 
in this study, thereby reducing accumula
tion in plants. 

Plant Nutrients: 
Nitrogen and phosphorus in plant tissue 
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whole plant· 
TKN K p 

% 

2.44 a 1.61 a 0.35 a 
2.66 a 2.7 b 0.25 a 
3.23 a 2.83 b 0.46 b 
3.31 a 3.69 C 0.4 b 

were in the normal range for plants as re
ported by Walsh and Beaton (1973). Gen
erally, the nutrient concentrations in the 
plant increased with increasing compost 
application. There was no significant dif
ference in the concentration of nitrogen in 
the plant tissue between any of the treat
ments. For phosphorus, the 75 % and 
100% application rate showed a signifi
cantly higher concentration than the con
trol or the 25 % treatment. 

Both nitrogen and phosphorus were 
present in greater concentrations in the 
younger plant parts than the older plant 
parts. No nodulation was observed in the 
roots of plants from any treatments. The 
bean seeds were not inoculated prior to 
planting and the soil/compost mixtures 
may have been devoid of Rhizabium sp.; 
therefore, nodulation did not occur. 

Potassium concentrations in plant tis
sues were in excess of the normal K lev
els as suggested by Walsh and Beaton 
(1973). The concentrations of potassium 
increased with increased compost appli
cation. The available potassium levels in 
all treatments receiving compost were in 
excess of the needs of the plant. 

Conclusions 
All compost treatments exceeded rec

ommended application rates for this soil. 
The combination of extreme precipitation 
and the shallow soil depth in this study 
compare to the worst case scenario under 
field conditions. Therefore, this study de
picts leaching losses and groundwater 
contamination potential greatly exceeding 
those expected under field conditions 
where sound waste management tech
niques may be practiced. 

The 25 % compost/soil mixture used in 
this study most closely approached the ac
tual lifetime waste application rate that 
might be used on a soil with low CEC. 
The minimum three feet depth to ground
water requirement was not maintained in 
this greenhouse study (Environmental 
Protection Agency, I 979). As a result. 
levels of nitrate and lead in the leachate 
exceeded the EPA drinking water stan
dards in the initial leaching intervals. 
Groundwater contamination by heavy 
metals from the application of compost to 
sandy soils with a suitable depth of sub-
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soil would be minimal even when lifetime 
limits of application are attained in the 
first year of application. The contamina
tion potential would be further reduced if 
application rates matched the crop's an
nual nutrient needs. Management of pH 
and organic matter al the zone of compost 
incorporation would intluence the quan
tity of metals that become mobile and 
leach during the year.; following compost 
application. 

in adequate amounts in the compost. Due 
to the nature of the experiment, nutrients 
in the soluble form that were not taken up 
by the plants, were leached. 

Nitrogen and phosphorus were found al 
normal levels in the plant tissues. Luxury 
uptake was observed for potassium at the 
higher compost treatments. Copper and 
zinc were at normal tissue concenlrntions 
in the 25 % compost/soil treatment. Lead 
and nickel were below detection limits for 
all treatments. Cadmium was detected in 
the bean fruit of the 100% compost treat-

The plant nutrients including nitrogen, 
phosphorus and potassium were present 

. 16 

IMMEDIATE 
Solutions for Your Sludge 

Disposal Problems 

Mobile sludge dewatering service from B1O-NOMIC RESOURCES 
provides a pre-packaged dewatering facility that's operational the day 
it arrives. Our fleet of mobile belt presses mean you get fast answers 
to your sludge dewatering and disposal problems. Just connect a unit 
and your're operational. 

And we can provide a lot of attractive options. We can operate the 
unit for you or train your personnel. You can lease a unit for temporary 
service, for a longer period, or arrange a lease/purchase agreement 

And a lot more; sludge testing service, demonstration projects, 
sludge management maintenance programs, and complete contract 
dewatering. hauling and disposal services. 

Get the cost-saving, trouble-solving facts today. Contact your 
local Envirex sales representative, or 

B1O-NOMIC RESOURCES INC., 1101 Richmond Ave., Suite 203, 
Pt. Pleasant Beach, N.J. 08742. Phone: (201) 295-3551 

REGIONAL OFFICES: 4 t 15E Rose Lake Dr . Chal1ol1e. NC 2821 o. Phone (7041527-0490 or 
527-0640 • 1901 S. Prairie Ave .• Waukesha. WI 53186. PHONE: (4141547-0141 • 7700 Edgewater Or. 

Surte 653. Oakland. CA 94621. PHONE: (4151568-7733 

RECYCLE: 

,.,.._t,:. 810-NOMIC RESOURCES 
'i .-T a business unit of Envirex, 
,..;;.;:::-•- a Rexnord Company 

the only answer 
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ment, hut not in the fruit at the other treat
ments. 

Refuse-derived compost can be used as 
a soil amendment and a plant nutrient 
source without impacting the environ
ment and food chain crops in excess of 
tolerable levels. ■ 

l1tfrey Dyer is a griulume student and Aga 
Razvi is associate pmfe.uor of Soil and muer 
Science at the Collexe of Natural Resources, 
University of Wisconsin, Ste,•e11s Point. 
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RECOMMENDATIONS 

The land application of solid waste composts in Wisconsin is 

a relatively new concept. In the greenhouse study and leaching 

experiment, an attempt was made to characterize the behavior of 

compost in a plant-soil system. While certain trends were 

observed in this and other studies, more research at the field 

level is necessary. As stated previously, laboratory results 

cannot be extrapolated to field conditions where precipitation, 

temperature, and other environmental conditions are not 

controllable. 

Future work with solid waste compost should investigate the 

following: 

Applications to field plots subtended by lysimeters. 

Analysis of leachate from lysimeters for organic 

prJority pollutants, heavy metals, and plant nutrients. 

Evaluate several different composts. 

Evaluate composts at different maturity levels. 

Application to different soil types/ different climatic 

conditions. 

Intensive study at realistic application rates. 

Evaluate several different crop types grown to maturity 

for metal and nutrient accumulation. 

Long term studies to determine changes in plant 

available heavy metals and nutrients with time. 
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Appendix lA Nitrate Nitrogen in Leachate from Subsoil 
Columns 

----------------------------------------------------------------------------------------------------------------
Soil 

Compost 
Applic. 
Rate 

-----Leaching Interval (inches)-----
0-10 10-20 20-30 30-40 40-50 50-60 

======================================================== 

Plano 

Lapeer 

Plano 

Lapeer 

T/A ---------------ppm------------------

0 
40 
80 

150 
300 
0 F 

40 F 

0 
20 
40 
80 

150 
0 F 

20 F 
40 F 

0 
20 
40 
80 

0 
20 
40 
80 

23 
28 
25 
39 
38 
23 
30 

27 
27 
28 
27 
33 
40 
32 
33 

90 
89 
87 
91 

27 
16 
20 
13 

30 
25 
32 
30 
38 
44 
38 

27 
28 
24 
34 
34 
58 
48 
56 

44 
22 
19 
16 

31 
17 
16 
16 

LODI COMPOST 

16.2 
16.4 
20.2 
23.3 
26.6 
28.7 
21.6 

8.9 
11.3 

9.0 
18.1 
35.5 
10.2 
15.5 
18.8 

10.0 
9. 4 

11.4 
15.2 
18.4 
10.9 
16.5 

8. 8 
11.7 
11.1 
14.3 
16.3 
12.0 
10.8 
12.1 

6.2 
7.0 

10.2 
15.7 
19.6 

8.7 
9.0 

5.0 
6.7 
9.0 

10.4 
14.0 

8.2 
8.7 

10.1 

PORTAGE COMPOST 

31. 0 
12.0 

8. 4 
5.4 

16.7 
15.0 
11.0 

7.0 

24.6 
15.7 
19.2 
15.7 

7.8 
8.4 
9.2 

10.1 

20.4 
18.4 
24.2 
21. 8 

5.7 
7.1 
7.7 

11. 6 

4. 4 
7.0 
9.3 

16.7 
18.4 

9.4 
7.1 

3.4 
4.3 
7.2 
9.1 

12.2 
4.6 
4.6 
7.9 

17.8 
18.2 
19.2 
19.7 

5.2 
5.4 
8.6 

10.6 

======================================================== 
F = Fertilized treatment 
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Appendix lB TKN in Leachate of Subsoil Columns 

----------------------------------------------------------------------------------------------------------------
Compost 

Soil Applic. -----Leaching Interval (inches)-----
Rate 0-10 10-20 20-30 30-40 40-50 50-60 

===========-==-=====-===-----=-==-=--------------=---=== 
T/A ---------------ppm------------------

LODI COMPOST 

Plano 0 2.1 1.5 1.1 0.9 0.8 0.6 
40 2.1 0.9 0.7 1.0 0.5 0.3 
80 2.1 1.0 1.0 1.4 0.7 0.4 

150 2.2 1.3 2.1 2.0 0.6 0.8 
300 2.1 1.1 3.1 3.5 1.0 1. 2 
o F 2.1 2.0 0.7 0.9 0.6 0.6 

40 F 1.8 0.7 0.9 1.0 0.7 0. 3 

Lapeer 0 2.9 2.3 1.0 0.7 0.8 0.5 
20 2.1 0.4 1.1 0.9 0.6 o. 1 
40 2.7 0.9 2.1 2.6 0.9 0.5 
80 2.2 1. 8 4.9 3. 0 0.8 0.7 

150 2.1 2.7 6. 3 3.9 2.0 1.0 
0 F 2.7 1.3 1.0 0.7 0.7 0.5 

20 F 2.2 0.3 1.0 0.9 0.7 0.4 
40 F 2.5 0.7 2.1 1.5 0.8 0.5 

PORTAGE COMPOST 

Plano 0 3.0 4.6 2.0 2.5 1. 9 1. 3 
20 3.5 2.7 4.5 1.9 1.1 1.3 
40 2.8 5.4 3.2 2.2 1.3 1.3 
80 3.9 3.5 3.4 3.0 1.7 0.6 

Lapeer 0 1.4 1.4 1.5 0.8 0.9 0.9 
20 2.9 1.3 2.8 1.1 0.3 0.7 
40 2.2 1.4 1.7 1.1 0.9 0. 8 
80 2.8 1.7 1.6 1.7 0.9 1.0 

--------------------------------------------·---------------------------------------------------------~-----------
F = Fertilized treatment 
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Appendix lC Changes in Soil TKN Due to Leaching 

======================================================== 
Top Mid Bottom 

Compost Surface Subsoil Subsoil Subsoil 
Applic. pre post pre post pre post pre post 

Rate 
=================================-====-================= 

T/A ---------------------ppm-----------------------

Plano Soil LODI COMPOST 

0 2400 2300 1055 1031 NA 892 686 728 
40 2940 2850 1055 1032 NA 860 686 722 
80 3310 3200 1055 1057 NA 855 686 675 

150 4056 3901 1055 1046 NA 870 686 708 
300 5400 5187 1055 1066 NA 1052 686 747 
0 F 2500 2395 1055 1041 NA 960 686 680 

40 F 2910 2800 1055 1048 NA 850 686 686 

Lapeer Soil 

0 1220 1175 525 506 NA 520 295 323 
20 1455 1409 525 541 NA 575 295 325 
40 1700 1634 525 528 NA 552 295 320 
80 2044 1949 525 556 NA 402 295 275 

150 2980 2841 525 464 NA 545 295 301 
0 F 1400 1304 525 460 NA 500 295 265 

20 F 1442 1345 525 495 NA 525 295 285 
40 F 1685 1581 525 533 NA 525 295 29 0 

Plano Soil PORTAGE COMPOST 

0 2176 2002 1977 1750 NA 1920 824 79 2 
20 2290 2010 1977 1891 NA 1870 824 780 
40 2400 2250 1977 1881 NA 1875 824 800 
80 2650 2442 1977 1923 NA 1846 824 807 

Lapeer Soil 

0 1096 1038 584 405 NA 569 300 310 
20 1241 1160 584 550 NA 575 300 300 
40 1380 1300 584 602 NA 576 300 295 
80 1644 1527 584 609 NA 597 300 320 

----------------------------------------------------------------------------------------------------------------
F = Fertilized treatments 
NA = Not available 
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Appendix 1D Ammonium Nitrogen in Leachate 
from Subsoil Columns 

=================-=====----=----------==-=--=--=-=--==-= 
Compost 

Soil Applic. -----Leaching Interval (inches)-----
Rate 0-10 10-20 20-30 30-40 40-50 50-60 

==========================================-============= 
T/A ----------------ppm---------------------

LODI COMPOST 

Plano 0 <.175 < ·.1 <.l <.l <.l <.l 
40 <.175 <.1 <.1 <.1 <.1 <.l 
80 <.175 <.l <.l <.1 <.l <.l 

150 <.175 <.l <.1 <.1 <.l <.1 
300 <.175 <.1 <.l <.1 <.l <.l 
0 F <.175 <.l <.1 <.1 <.1 <.l 

40 F <.175 <.l <.l <.l <.l <.1 

Lapeer 0 <.175 <.l <.1 <.l <.l <.l 
20 <.175 <.l <.1 <.1 <.l <.1 
40 <.175 <.1 <.l <.1 <.1 <.1 
80 <.175 <.l <.1 <.l <.l <.1 

150 <.175 0.14 <.1 <.1 <.1 <.1 
0 F <.175 <.1 <.l <.l <.l <.1 

20 F <.175 <.1 <.l <.1 <.1 <.1 
40 F <.175 <.l <.l <.l <.1 <.l 

PORTAGE COMPOST 

Plano 0 0.6 <.175 <.175 <.175 <.175 <.175 
20 0.7 <.175 < .·175 <.175 <.175 <.175 
40 0.5 <.175 <.175 <.175 <.175 <.175 
80 0.5 <.175 <.175 <.175 <.175 <.175 

Lapeer 0 0.9 <.175 <.175 <.175 <.175 <.175 
20 0.5 <.175 <.175 <.175 <.175 <.175 
40 0.6 <.175 <.175 <.175 <.175 <.175 
80 0.5 <.175 <.175 <.175 <.175 <.175 

======================================================== 
F = Fertilized treatment 
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Appendix lE Changes in Soil Ammonium Nitrogen 
Due to Leaching 

======================================================== 
Top Mid Bottom 

Compost Surface Subsoil Subsoil Subsoil 
Applic. pre post pre post pre post pre post 

Rate 
======================================================== 

T/A ----------------------ppm-----------------------

Plano Soil LODI COMPOST 

0 9.8 17.5 9.1 17.5 NA 8.7 9.1 10.5 
40 14.6 17.5 9.1 15.5 NA 16.3 9.1 12.2 
80 18.6 22.0 9.1 18.8 NA 14.5 9.1 11.0 

150 20.9 27.6 9.1 16.2 NA 13.6 9.1 14.5 
300 33.3 39.8 9.1 18.0 NA 20.1 9.1 14.7 
0 F 24.5 15.8 9.1 18.4 NA 9.0 9.1 9.0 

40 F 25.0 22.5 9.1 16.0 NA 10.0 9.1 12.0 

Lapeer Soil 

0 8. 7 11.3 6.9 12.2 NA 10.3 5.2 10.0 
20 10.2 17.2 6.9 11.0 NA 10.4 5.2 10.0 
40 14.4 16.4 6.9 10.8 NA 10.1 5.2 9.1 
80 19.2 20.3 6.9 10.4 NA 9.8 5.2 8.7 

150 18.8 16.7 6.9 11.1 NA 12.2 5.2 10.4 
0 F 24.5 11.9 6.9 11.1 NA 12.0 5.2 10.2 

20 F 25.6 20.2 6.9 10.6 NA 10.2 5.2 8.7 
40 F 28.8 20.0 6.9 10.4 NA 9. 8 5.2 8.9 

Plano Soil PORTAGE COMPOST 

0 18.0 5.0 15.0 30.0 NA 26.0 5.0 7.0 
20 25.0 31.5 15.0 20.0 NA 20.0 5.0 5.0 
40 36.0 32.0 15.0 15.0 NA 20.0 5.0 5.0 
80 50.0 10.5 15.0 17.5 NA 22.0 5.0 7.0 

Lapeer Soil 

0 5.0 28.0 6.0 6.3 NA 8.0 5.5 4.0 
20 15.0 19.2 6.0 14.7 NA 13.2 5.5 6.0 
40 22.0 24.0 6.0 11.0 NA 12.0 5.5 8.0 
80 36.0 21.0 6.0 17.5 NA 15.0 5.5 5.0 

----------------------------------------------------------------------------------------------------------------
F = Fertilized treatments 
NA = Not available 
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Appendix 2A Phosphorus in Leachate from Subsoil 
Columns 

=======================-==-===----=--=-=-----------=--=-
Compost 

Soil Applic. -----Leaching Interval (inches)-----
Rate 0-10 10-20 20-30 30-40 40-50 50-60 

===============================-=-==-===-=-==-=----==--= 
T/A ---------------ppm------------------

LODI COMPOST 

Plano 0 0.18 <.01 <.01 <. 01 <.01 <.01 
40 0.06 <.01 <.01 <.01 <.01 <.01 
80 0.10 <.01 <.01 <.01 <.01 <.01 

150 0.01 <.01 <.01 <.01 <.01 <.01 
300 0.03 <.01 <.01 <.01 0.26 0.2 
0 F 0.02 <.01 <.01 <.01 0.1 <.01 

40 F 0.10 <.01 <.01 <. 01 0.15 <.01 

Lapeer 0 0.01 <.01 <.01 <.01 <.01 <.01 
20 0.02 <.01 <.01 <.01 <.01 <. 01 
40 0.02 <.01 <.01 <.01 <.01 <.01 
80 <.01 <.01 <.01 <.01 <.01 <.01 

150 <.01 <.01 <.01 <.01 0.1 <.01 
0 F 0.01 <.01 <.01 <.01 <. 01 <.01 

20 F <.01 <.01 <.01 <.01 <.01 <.01 
40 F 0.02 <.01 <.01 <.01 <.01 <.01 

PORTAGE COMPOST 

Plano 0 0.15 0.21 0.18 0.11 0.07 <.01 
20 0.23 0.26 0.14 0.06 <.05 <.01 
40 0.19 0.23 0.16 0.08 <.05 <.01 
80 0.40 0.19 <.05 <.05 <.05 <.01 

Lapeer 0 0.16 0.16 <.05 <.01 <.01 <.01 
20 0.16 0.06 <.05 <.01 <.01 <.01 
40 0.20 0.10 <.05 <.01 <.01 <.01 
80 0.10 0.06 <.05 <.01 <.01 <.01 

=========================================-============== 
F = Fertilized treatment 
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Appendix 2B Changes in Soil Total Phosphorus 
Due to Leaching 

======================================================== 
Top Mid Bottom 

Compost Surface Subsoil Subsoil Subsoil 
Applic. pre post pre post pre post pre post 

Rate 
======================================================== 

T/A ----------------------ppm-----------------------

Plano Soil LODI COMPOST 

0 765 764 337 335 NA 274 280 275 
40 965 958 337 301 NA 264 280 285 
80 1150 1140 337 325 NA 280 280 280 

150 1500 1470 337 314 NA 318 280 275 
300 2050 2040 337 335 NA 320 280 285 
0 F 790 786 337 331 NA 303 280 275 

40 F 970 965 337 325 NA 310 280 280 

Lapeer Soil 

0 325 317 210 210 NA 211 219 207 
20 420 422 210 220 NA 190 219 210 
40 519 515 210 215 NA 200 219 220 
80 682 680 210 214 NA 207 219 220 

150 1100 1065 210 210 NA 195 219 210 
0 F 335 335 210 248 NA 203 219 195 

20 F 416 414 210 215 NA 200 219 240 
40 F 527 520 210 220 NA 195 219 220 

Plano Soil PORTAGE COMPOST 

0 790 773 720 710 NA 764 250 265 
20 800 782 720 712 NA 760 250 252 
40 825 821 720 715 NA 700 250 260 
80 852 843 720 718 NA 705 250 250 

Lapeer Soil 

0 240 237 188 187 NA 194 172 158 
20 270 268 188 188 NA 182 172 167 
40 291 286 188 169 NA 182 172 170 
80 345 341 188 180 NA 170 172 172 

======================================================== 
F = Fertilized treatments 
NA = Not available 
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Appendix 2C Changes in Soil Available Phosphorus 
Due to Leaching 

----------------------------------------------------------------------------------------------------------------
Top Mid Bottom 

Compost Surface Subsoil Subsoil Subsoil 
Applic. pre post pre post pre post pre post 

Rate 
======================================================== 

T/A ----------------------ppm-----------------------

Plano Soil LODI COMPOST 

0 52.0 52.0 9.9 16.7 NA 17.2 7.6 11.9 
40 50.2 49.8 9.9 13.8 NA 13.5 7.6 11.9 
80 63.0 62.6 9. 9 15.2 NA 14.0 7.6 11.7 

150 76.7 75.0 9.9 14.6 NA 14.8 7.6 12.0 
300 94.0 95.0 9.9 14.l NA 15.7 7.6 11.4 
0 F 50.0 52.4 9.9 13.8 NA 13.2 7.6 11.9 

40 F 56.8 56.9 9.9 15.6 NA 14.4 7.6 11.6 

Lapeer Soil 

0 8.1 8.1 4.2 7.6 NA 6.6 4.0 4.5 
20 12.7 16.2 4.2 5.2 NA 5.0 4.0 4.2 
40 15.8 16.4 4.2 6.2 NA 4.2 4.0 3.2 
80 22.0 19.7 4.2 7.6 NA 7.0 4.0 5.6 

150 34.1 36.2 4.2 4.7 NA 3.5 4.0 3.3 
0 F 15.0 14.4 4.2 6.6 NA 5.7 4.0 3. 8 

20 F 16.0 12.4 4.2 6.2 NA 4.2 4.0 3.8 
40 F 17.2 14.8 4.2 6.2 NA 5.0 4.0 4. 2 

Plano Soil PORTAGE COMPOST 

0 162 138 153 160 NA 153 20 23 
20 160 86 153 114 NA 131 20 22 
40 150 64 153 114 NA 138 20 24 
80 110 60 153 132 NA 157 20 20 

Lapeer Soil 

0 7.5 5.2 3.8 4.0 NA 3.8 4.0 3. 8 
20 6.0 6.1 3.8 4.8 NA 4.8 4.0 4.9 
40 6.0 7.0 3.8 4.1 NA 4.0 4.0 3.8 
80 8.5 10.1 3.8 4.0 NA 4.0 4.0 4.7 

----------------------------------------------------------------------------------------------------------------
F = Fertilized treatments 
NA = Not available 
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Appendix 3A Potassium in Leachate from Subsoil Columns 

----------------------------------------------------------------------------------------------------------------
Compost 

Soil Applic. -----Leaching Interval (inches)-----
Rate 0-10 10-20 20-30 30-40 40-50 50-60 

=======================================-================ 
T/A ---------------ppm-----------------

LODI COMPOST 

Plano 0 6.2 4.0 3.5 2.8 1.7 1.0 
40 5.5 4.2 5.0 3.0 2.0 <0.5 
80 5.8 4.2 5.8 4.0 3.5 2.5 

150 7.0 6.2 6.0 4.0 3.5 2.5 
300 7.5 8.5 7.8 5.0 4.5 4.0 
0 F 5.2 4.2 4.5 5.0 3.0 2.0 

40 F 5.8 5.0 4.6 3.5 3.0 1. 8 

Lapeer 0 3.5 2.5 3.5 2.5 2.0 1.8 
20 4.0 2.5 3.5 3. 5 2.2 <0.5 
40 4.2 4.0 3.5 3.0 2.5 <0.5 
80 4.2 4. 5 5.0 3.5 3.0 2.0 

150 4.5 5.5 5.2 3.5 4.0 2.2 
0 F 6.5 2.2 3.0 2.5 3.0 1.8 

20 F 4.0 2.5 4.0 3.0 3.0 2.0 
40 F 4.5 3.8 4.0 3.0 2.0 <0.5 

PORTAGE COMPOST 

Plano 0 9.8 9.0 7.6 7.6 7.6 7.1 
20 11.0 10.0 8.2 8.7 8.8 8.5 
40 11.0 10.7 8.2 9. 0 8.7 8.6 
80 12.0 13.0 10.2 10.6 10.0 9.4 

Lapeer 0 4. 0 2.0 2.0 1. 3 1. 2 0.9 
20 1. 3 1.0 1.0 0.7 1.2 0.5 
40 0.9 1.7 0.5 0.9 0.7 0. 4 
80 1.3 1.7 1.5 1.2 1.3 0.7 

----------------------------------------------------------------------------------------------------------------
F = Fertilized treatment 
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Appendix 3B Changes in Soil Total Potassium 
Due to Leaching 

--------------------------------------------------------
Compost Surface 
Applic. pre post 

Rate 

Top 
Subsoil 

pre post 

Mid 
Subsoil 
pre post 

Bottom 
Subsoil 
pre post 

=========================================-============== 
T/A ----------------------ppm-----------------------

0 
40 
80 

150 
300 
0 F 

40 F 

0 
20 
40 
80 

150 
0 F 

20 F 
40 F 

2350 
2560 
2845 
3300 
4100 
2300 
2575 

1430 
1510 
1605 
1780 
2020 
1440 
1525 
1605 

0 2960 
20 2972 
40 2995 
80 3022 

0 
20 
40 
80 

1272 
1320 
1365 
1450 

Plano Soil LODI COMPOST 

2300 
2410 
2575 
2800 
3180 
2240 
2410 

1950 
1950 
1950 
1950 
1950 
1950 
1950 

Lapeer Soil 

1380 
1435 
1300 
1380 
1638 
1400 
1400 
1350 

1350 
1350 
1350 
1350 
1350 
1350 
1350 
1350 

2050 
1833 
2033 
2000 
2080 
2100 
1850 

1400 
13-10 
1340 
1288 
1400 
1067 
1400 
1300 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1600 
1600 
1600 
1640 
1667 
1700 
1750 

867 
990 

1120 
925 
990 
880 
950 
960 

Plano Soil PORTAGE COMPOST 

2930 
2950 
3000 
2977 

2890 
2890 
2890 
2890 

Lapeer Soil 

1225 
1267 
1312 
1368 

1250 
1250 
1250 
1250 

2870 
2800 
3030 
2920 

1267 
1272 
1242 
1300 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

2800 
2830 
2835 
2900 

1385 
1265 
1225 
1250 

1750 
1750 
1750 
1750 
1750 
1750 
1750 

1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 

2060 
2060 
2060 
2060 

1120 
1120 
1120 
1120 

1800 
1800 
1533 
1733 
1700 
1800 
1700 

1150 
1190 
1220 
1042 
1167 
1180 
1210 
1200 

3000 
3000 
3020 
3050 

1200 
1133 
1150 
1175 

----------------------------------------------------------------------------------------------------------------
F = Fertilized treatments 
NA= Not available 
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Appendix 3C Changes in Soil Available Potassium 
Due to Leaching 

==========================-=-==-======-=========-======= 
Compost 
Applic. 

Rate 

Surface 
pre post 

Top 
Subsoil 

pre post 

Mid 
Subsoil 
pre post 

Bottom 
Subsoil 
pre post 

======================================================== 
T/A -----------------------ppm----------------------

0 
40 
80 

150 
300 
0 F 

40 F 

0 
20 
40 
80 

150 
0 F 

20 F 
40 F 

0 
20 
40 
80 

0 
20 
40 
80 

274 
430 
595 
885 

1200 
296 
440 

82 
212 
300 
510 
8?0 

96 
215 
310 

330 
380 
412 
502 

68 
120 
165 
270 

Plano Soil LODI COMPOST 

255 
375 
585 
825 

1100 
272 
428 

103 
103 
103 
103 
103 
103 
103 

Lapeer Soil 

75 
156 
257 
480 
760 

82 
180 
274 

65 
65 
65 
65 
65 
65 
65 
65 

124 
144 
147 
172 
335 
127 
146 

68 
127 
141 
255 
268 

64 
98 
72 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

126 
137 
140 
134 
120 
143 
144 

51 
50 
45 
37 
43 
43 
40 
42 

Plano Soil PORTAGE COMPOST 

290 
345 
353 
400 

270 
270 
270 
270 

Lapeer Soil 

61 
92 

103 
200 

65 
65 
65 
65 

251 
253 
274 
253 

52 
56 
53 
72 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

266 
276 
274 
275 

43 
42 
39 
40 

143 
143 
143 
143 
143 
143 
143 

36 
36 
36 
36 
36 
36 
36 
36 

191 
191 
191 
191 

35 
35 
35 
35 

148 
150 
160 
149 
137 
148 
148 

33 
34 
35 
29 
41 
33 
35 
38 

210 
206 
200 
215 

42 
38 
39 
40 

======================================================== 
F = Fertilized treatments 
NA= Not available 
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Appendix 4A Changes in Oxidizable Carbon in Soil 
Due to Leaching 

===-==--=-=----------=-----------=-===================== 
Top Mid Bottom 

Compost Surface Subsoil Subsoil Subsoil 
Applic. pre post pre post pre post pre post 

Rate 
----------------------------------------------------------------------------------------------------------------

T/A ------------------- % C -----------------------
Plano Soil LODI COMPOST 

0 2.00 2.00 0.77 0.75 NA 0.78 0.45 0.46 
40 2.49 2.57 0.77 0.79 NA 0.76 0.45 0.45 
80 2.75 2.73 0.77 0.77 NA 0.76 0.45 0.46 

150 3.42 3.50 0.77 0.76 NA 0.76 0.45 0.47 
300 4.62 4.52 0.77 0.76 NA 0.74 0.45 0.48 
0 F · 2. 00 2.04 0.77 0.75 NA 0.74 0.45 0.42 

40 F 2.60 2.60 0.77 0.75 NA 0.75 0.45 0.45 

Lapeer Soil 

0 0.98 0.97 0.43 0.45 NA 0.48 0.18 0.18 
20 1.25 1.30 0.43 0.43 NA 0.36 0.18 0.19 
40 1.56 1.57 0.43 0.43 NA 0.35 0.18 0.18 
80 2.00 1.98 0.43 0.44 NA 0.37 0.18 0.19 

150 2.50 2.44 0.43 0.42 NA 0.35 0.18 0.20 
0 F 0.98 0.97 0.43 0.46 NA 0.36 0.18 0.19 

20 F 1.27 1.31 0.43 0.43 NA 0.35 0.18 0.19 
40 F 1.58 1.58 0.43 0.44 NA 0.37 0.18 0.18 

Plano Soil PORTAGE COMPOST 

0 1.90 1.87 1.60 1.56 NA 1. 63 0.55 0.51 
20 2.50 2.45 1.60 1.54 NA 1. 60 0.55 0.55 
40 3.15 3.13 1.60 1. 58 NA 1. 62 0.55 0.52 
80 4.30 4.20 1.60 1.56 NA 1.63 0.55 0.55 

Lapeer Soil 

0 0.90 0.81 0.39 0.39 NA 0.38 0.19 0.18 
20 1. 60 1. 54 0.39 0.38 NA 0.40 0.19 0.19 
40 2.20 2.25 0.39 0.40 NA 0.41 0.19 0.19 
80 3.30 3.30 0.39 0.40 NA 0.38 0.19 0.19 

----------------------------------------------------------------------------------------------------------------
F = Fertilized treatments 
NA = Not available 
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Appendix 4B Chemical Oxygen Demand in Leachate 
from Subsoil Columns 

----------------------------------------------------------------------------------------------------------------
Soil 

Compost 
Applic. 
Rate 

-----Leaching Interval (inches)-----
0-10 10-20 20-30 30-40 40-50 50-60 

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

Plano 

Lapeer 

Plano 

Lapeer 

T/A ---------------ppm------------------

0 
40 
80 

150 
300 
0 F 

40 F 

0 
20 
40 
80 

150 
0 F 

20 F 
40 F 

0 
20 
40 
80 

0 
20 
40 
80 

50 
70 
65 
90 
61 
60 
55 

60 
50 
61 
50 
50 
50 
55 
55 

40.3 
50 

50.5 
45 

30.2 
30.2 

36 
40.3 

LODI COMPOST 

10 10 
18 18.6 
10 37.4 
50 65.5 
50 131 
12 10 
10 46.8 

20 18.7 
16 22 
26 60 
60 140.4 
60 150 
16 12.8 
24 25 
20 65.5 

10 
20 
40 
50 
60 
10 
20 

10 
10 
30 
40 
60 
10 
15 
30 

10 
12 
20 
29 
40 
11 
15 

2 
7 

15 
22 
40 

7 
8 

16 

PORTAGE COMPOST 

20 15.4 
47 31 
55 38 
71 46 

16 15 
16 18 
24 12 
32 23 

10 8 
32 19 
53 21 
60 30 

7 13.7 
10 13.7 
15 20.5 
20 27.4 

<2 
9 

15 
28 
37 
<2 
12 

<2 
7 

10 
19 
35 
<2 

6 
6 

4.5 
10 
15 
20 

16.3 
8.2 

16.3 
8.2 

======================================================== 
F = Fertilized treatment 
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Appendix SA Chloride in Leachate from Subsoil Columns 

==============================-==----==---=--==----===== 
Soil 

Compost 
Applic. 
Rate 

-----Leaching Interval (inches)-----
0-10 10-20 20-30 30-40 40-50 50-60 

======================================================== 

Plano 

Lapeer 

Plano 

Lapeer 

T/A ---------------ppm------------------

0 
40 
80 

150 
300 
0 F 

40 F 

0 
20 
40 
80 

150 
0 F 

20 F 
40 F 

0 
20 
40 
80 

0 
20 
40 
80 

167 
151 
165 
173 
152 
152 
162 

12 
12 
11 

9 
8 
9 
8 

10 

29 
43 
48 
43 

50 
11 
22 
19 

34 
95 

171 
370 
750 

36 
90 

20 
96 

201 
522 
808 

38 
112 
212 

14 
54 
90 

134 

15 
44 
79 
93 

LODI COMPOST 

8 1.1 
65 13.6 
85 9.1 

171 32.5 
358 74.0 

12 2.4 
28 12.0 

1 0.5 
14 4.5 
26 12.5 
62 16.8 

115 30.8 
1 1.2 

15 5.6 
28 1. 6 

0.7 
7.6 

13.4 
16.9 
37.4 
1.2 
6.8 

0.5 
2.0 
4.3 
7.0 

14.5 
0.9 
2.9 
4.0 

PORTAGE COMPOST 

4 
19 
24 
46 

24 
8 

18 
27 

1.1 
4.6 
3.1 
7.5 

0.8 
0.9 
4.1 
3.0 

0.7 
2.0 
1. 3 
2.5 

0.3 
0.5 
3.6 
1.0 

0.5 
2.0 
8.0 

10.0 
33.9 
1.0 
2.9 

0.3 
0. 3 
0.4 
3.5 
5.2 
0. 7 
2.4 
3.5 

0. 4 
0.3 
0. 4 
1.0 

0.3 
0.3 
1.5 
0.3 

----------------------------------------------------------------------------------------------------------------
F = Fertilized treatment 
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Appendix SB Sulfate in Leachate from Subsoil Columns 

----------------------------------------------------------------------------------------------------------------
Soil 

Compost 
Applic. 
Rate 

-----Leaching Interval (inches)-----
0-10 10-20 20-30 30-40 40-50 50-60 

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

Plano 

Lapeer 

Plano 

Lapeer 

T/A ---------------ppm------------------

0 
40 
80 

150 
300 
0 F 

40 F 

0 
20 
40 
80 

150 
0 F 

20 F 
40 F 

0 
20 
40 
80 

0 
20 
40 
80 

75 
82 
79 
76 
64 
78 
75 

70 
67 
63 
62 
59 
40 
32 
59 

57 
64 
64 
57 

11.4 
22.7 

19 
22.7 

66 
24.1 
42.8 
71.4 
142 

49.3 
23 

11.4 
19.5 

39 
71.4 

142 
18.6 

16 
38 

46 
91 

128 
110 

9.1 
12 
11 
15 

LODI COMPOST 

49.2 
102 
111 
220 
356 

37 
83 

22.7 
47.2 

110 
184 
256 

24.2 
40.6 
115 

36 
97.4 
96.5 

184 
352 

37.1 
95.6 

11.4 
31. 6 
79.2 
152 
251 

12.8 
23.5 
80.6 

26.3 
45.6 

48 
150 
188 
2.5 

48.2 

11.4 
22.7 

45 
117 
130 

12 
19 

42.1 

PORTAGE COMPOST 

26 
45 
65 
58 

32.4 
35.7 
39.5 

61 

18 
18.4 
21.6 
18.3 

8.7 
8 
8 

11.3 

14.1 
14.8 
17.6 
13.4 

4.2 
4.9 
4.9 

7 

15.3 
31.9 
40.5 

107 
124 

12.2 
30.2 

8.3 
10.4 
25.8 
69.5 
94.7 

9. 2 
11.2 
28.4 

10.3 
10.3 

12 
10.3 

3.4 
2.7 
4.8 
4.8 

======================================================== 
F = Fertilized treatment 
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Appendix SC Boron in Leachate from Subsoil Columns 

======================================================== 
Compost 

Soil Applic. -----Leaching Interval (inches)-----
Rate 0-10 10-20 20-30 30-40 40-50 50-60 

======================================================== 
T/A ---------------ppm------------------

LODI COMPOST 

Plano 0 0.15 0.20 <.1 <.1 <.1 <.l 
40 0.10 0.28 <.l <.1 <.l <.l 
80 0.15 0.17 <.l <.1 <.l <.1 

150 0.23 0.24 <.1 <.1 <.1 <.1 
300 0.23 0.35 0.20 0.25 0.20 <.1 
0 F <.l 0.24 <.l <.1 <.1 <.l 

40 F <.l 0.30 <.1 <.1 <.1 <.l 

Lapeer 0 <.1 0.15 <.1 <.1 <.1 <.1 
20 0.20 0.18 <.l <.1 <.1 <.l 
40 0.15 0.20 <.1 <.l <.1 <.1 
80 0.27 0.19 <.l <.1 <.l <.l 

150 0.64 0.30 <.l <.l <.1 <.1 
0 F 0.10 0.27 <.l <.l <.l <.1 

20 F <.1 0.56 <.1 <.1 <.l <.1 
40 F 0.15 0.52 <.1 <.1 <.1 <.l 

PORTAGE COMPOST 

Plano 0 <.10 0.32 <.10 <.10 <.10 <.10 
20 <.10 0.10 <.10 <.10 <.10 <.10 
40 <.10 0.10 <.10 <.10 <.10 <.10 
80 <.10 0.15 <.10 <.10 <.10 <.10 

Lapeer 0 <.10 0.19 <.10 <.10 <.10 <.10 
20 <.10 0.10 <.10 <.10 <.10 <.10 
40 <.10 0.19 <.10 <.10 <.10 <.10 
80 <.10 0.10 <.10 <.10 <.10 <.10 

===================·~=============================-====== 
F = Fertilized treatment 
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Appendix 5D Changes in Soil Boron Due to Leaching 

======================================================== 
Soil 

Compost 
Applic. 
Rate 

-----Leaching Interval (inches)-----
0-10 10-20 20-30 30-40 40-50 50-60 

======================================================== 
T/A ------------------------ppm-----------------------

0 
40 
80 

150 
300 
0 F 

40 F 

0 
20 
40 
80 

150 
0 F 

20 F 
40 F 

0 
20 
40 
80 

0 
20 
40 
80 

1.8 
3.0 
4.4 
7.1 

10.2 
2.0 
3.2 

0.9 
1. 6 
2.4 
3.8 
6.1 
1.0 
1. 6 
2.5 

1.8 
2.2 
2.5 

3 

0.9 
1.3 
1.6 
2.3 

Plano Soil 

0.8 
1.3 
2.1 
2.7 
3.0 
0.9 
1.4 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

Lapeer Soil 

0.2 
0.2 
0.8 
1.5 
2.0 
0.1 
0.3 
1.0 

<0.l 
<0.l 
<0.l 
<0.l 
<0.l 
<0.l 
<0.l 
<0.l 

Plano Soil 

1.1 
1.6 
1.9 
2.5 

0.36 
0.36 
0.36 
0.36 

Lapeer Soil 

0.4 
0.8 
0.9 
1. 3 

0.16 
0.16 
0.16 
0.16 

LODI COMPOST 

0.5 
0.7 
1.0 
0.8 
1.1 
0.5 
0.7 

0.3 
0.1 
0.2 
0. 3 
0.7 

<0.l 
0.1 

<0.1 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.4 
0.6 
0.7 
0.6 
0.8 
0.5 
0.6 

<0.l 
<0.l 
<0.l 
<0.l 

0.2 
<0.l 
<0.1 
<0.l 

PORTAGE COMPOST 

0.42 
0.45 
0.5 

0.45 

0.76 
0.22 
0.45 
0.55 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

0.35 
0.4 
0.4 

0.35 

0.16 
0.16 

0.2 
0.3 

<0.1 
<0.l 
<0.l 
<0.l 
<0.l 
<0.1 
<0.l 

<0.l 
<0.l 
<0.l 
<0.l 
<0.l 
<0.l 
<0.1 
<0.1 

0.2 
0.2 
0.2 
0.2 

0.16 
0.16 
0.16 
0.16 

0.3 
0.4 
0.5 
0.5 
0.7 
0.3 
0.3 

<0.l 
<0.1 
<0.1 
<0.l 
<0.1 
<0.1 
<0.1 
<0.1 

0.2 
0.2 
0.2 
0.2 

<0.1 
<0.l 

0.2 
0.2 

-------------------------------------------------------------
F = Fertilized treatments 
NA= Not available 
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Appendix SE Electrical Conductivity in Leachate 
from Subsoil Columns 

----------------------------------------------------------------------------------------------------------------
Compost 

Soil Applic. -----Leaching Interval (inches)-----
Rate 0-10 10-20 20-30 30-40 40-50 50-60 

======================================================== 
T/A --------------mmhos/cm--------------

LODI COMPOST 

Plano 0 1.15 0.66 0.41 0.32 0.27 0.24 
40 0.89 0.93 0.71 0.45 0.34 0.28 
80 0.82 1. 38 0.97 0.61 0.46 0.39 

150 1.26 1.78 1.20 0.72 0.53 0.43 
300 1.10 2.57 1.87 1.01 0.83 0.78 
0 F 0.76 0.67. 0.55 0.37 0.30 0~26 

40 F 1.16 1.11 0.80 0.51 0.39 0.51 

Lapeer 0 0.52 0.62 0.48 0.46 0.45 0.44 
20 0.55 1.28 0.81 0.55 0.53 0.52 
40 0.58 1.37 0.99 0.58 0.55 0.55 
80 0.57 2.43 2.09 0.88 0.64 0.61 

150 0.60 2.87 1.80 0.76 0.75 0.76 
0 F 0.54 1.04 1.27 0.48 0.45 0.43 

. 20 F 0.56 1.04 0.73 0.54 0.53 0.51 
40 F 0.59 1.30 0.99 0.58 0.55 0.57 

PORTAGE COMPOST 

Plano 0 1.08 0.72 0.55 0.49 0.43 0.43 
20 1.21 0.90 0.63 0.60 0.60 0.55 
40 1.23 1.06 0.64 0.62 0.60 0.56 
80 1.21 1.17 0.72 0.70 0.70 0.65 

Lapeer 0 0.46 0.59 0.36 0.31 0.27 0.25 
20 0.36 0.73 0.40 0.33 0.29 0.28 
40 0.38 0.83 0.43 0.41 0.40 0.38 
80 0.38 0.91 0.53 0.50 0.57 0.47 

====-==-=-=-=-=-======================================== 
F = Fertilized treatment 
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Appendix SF Changes in Soil Electrical Conductivity 
Due to Leaching 

======================================================== 
Top Mid Bottom 

Compost Surface Subsoil Subsoil Subsoil 
Applic. pre post pre post pre post pre post 

Rate 
----------------------------------------------------------------------------------------------------------------

T/A --------------------umhos/cm--------------------

Plano Soil LODI COMPOST 

o 543 415 410 468 NA 420 295 365 
40 952 623 410 284 NA 252 295 200 
80 1580 685 410 579 NA 350 295 253 

150 2260 637 410 670 NA 359 295 351 
300 3470 735 410 405 NA 460 295 365 
0 F 586 356 410 374 NA 310 295 213 

40 F 1058 640 410 352 NA 325 295 258 

Lapeer Soil 

o 300 234 128 337 NA 332 94 252 
20 735 325 128 300 NA 260 94 197 
40 1650 422 128 338 NA 314 94 289 
80 2410 651 128 338 NA 313 94 275 

150 2520 661 128 396 NA 319 94 302 
o F 341 273 128 310 NA 258 94 242 

20 F 850 352 128 320 NA 265 94 200 
40 F 1640 425 128 353 NA 284 94 254 

Plano Soil PORTAGE COMPOST 

o 400 350 399 416 NA 426 275 190 
20 785 310 399 404 NA 447 275 235 
40 1100 400 399 400 NA 425 275 220 
80 1350 400 399 431 NA 385 275 199 

Lapeer Soil 

o 165 121 160 227 NA 200 121 149 
20 630 219 160 287 NA 145 121 125 
40 920 320 160 175 NA 175 121 135 
80 1387 401 160 308 NA 240 121 125 

===========================-==-=====-===--============== 
F = Fertilized treatments 
NA = Not available 
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Appendix 6A Changes in Soil Calcium Due to Leaching 

============================================================= 
Compost Top Mid Bottom 
Applic. Surface Subsoil Subsoil Subsoil 

Rate pre post pre post pre post pre post 

--------------------------------------------------------------------------------------------------------------------------
T/A -----------------------ppm--------------------------

Plano Soil LODI COMPOST 

0 3250 3000 1800 1820 NA 1550 2250 1990 
40 4820 4690 1800 1640 NA 1550 2250 1920 
80 6300 6100 1800 1690 NA 1550 2250 1790 

150 9020 8750 1800 1600 NA 1500 2250 1750 
300 12900 12300 1800 1650 NA 1600 2250 1790 
0 F 3250 3000 1800 1810 NA 1700 2250 1800 

40 F 4850 4690 1800 1770 NA 1750 2250 1800 

Lapeer Soil 

0 2390 1875 1495 1467 NA 1317 6000 4533 
20 2800 2420 1495 2850 NA 1450 6000 4500 
40 3600 3240 1495 2650 NA 1450 6000 4384 
80 5150 2060 1495 1400 NA 2920 6000 4920 

150 8300 4980 1495 2600 NA 1250 6000 4350 
0 F 2390 1875 1495 2850 NA 1450 6000 4510 

20 F 2850 2450 1495 1850 NA 2860 6000 4575 
40 F 3580 3210 1495 2850 NA 1490 6000 4350 

Plano Soil PORTAGE COMPOST 

0 4950 4800 5030 4900 NA 4620 2630 2600 
20 5180 4925 5030 5050 NA 4710 2630 2590 
40 5400 5067 5030 5125 NA 4750 2630 2676 
80 5800 5135 5030 5267 NA 5100 2630 2485 

Lapeer Soil 

0 2333 1833 1167 1767 NA 1733 1500 1430 
20 2600 2133 1167 1800 NA 1816 1500 1483 
40 2925 2372 1167 1833 NA 1670 1500 1525 
80 3305 2300 1167 1717 NA 1650 1500 1510 

==================-==========---=--------------------=-====== 
F = Fertilized treatments 
NA = Not available 
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Appendix GB Changes in Soil Magnesium Due to Leaching 

=====================-=-=----=-------------------------------
Compost Top Mid Bottom 
Applic. Surface Subsoil Subsoil Subsoil 
Rate pre post pre post pre post pre post 

==============================================-==========-=== 
T/A -------------------------ppm--------------------------

Plano Soil LODI COMPOST 

0 3360 3180 4050 3250 NA 3070 5500 4970 
40 3450 3200 4050 4000 NA 3970 5500 5200 
80 3600 3200 4050 3800 NA 4200 5500 5050 

150 3800 3350 4050 4100 NA 4500 5500 5400 
300 4100 3700 4050 3950 NA 4200 5500 5250 
0 F 3350 3000 4050 4100 NA 4300 5500 5300 

40 F 3480 3200 4050 4000 NA 4500 5500 5250 

Lapeer Soil 

0 2530 2200 2300 2250 NA 3000 5800 5200 
20 2600 2250 2300 2150 NA 3200 5800 5400 
40 2680 2280 2300 2300 NA 3200 5800 5500 
80 2800 2400 2300 2250 NA 3000 5800 5200 

150 3000 2550 2300 2200 NA 3100 5800 5300 
0 F 2530 2160 2300 2150 NA 3000 5800 5000 

20 F 2600 2280 2300 2200 NA 3200 5800 5200 
40 F 2700 2270 2300 2300 NA 3100 5800 5100 

Portage Soil PORTAGE COMPOST 

0 4000 3770 4335 4283 NA 4370 5100 5000 
20 3975 3800 4335 4330 NA 4670 5100 5050 
40 3927 3827 4335 4170 NA 4670 5100 5125 
80 3916 3775 4335 4410 NA 4890 5100 5100 

Lapeer Soil 

0 2200 2010 2160 1900 NA 1830 2080 2000 
20 2200 1700 2160 1933 NA 2020 2080 1950 
40 2231 1914 2160 2070 NA 2150 2080 2050 
80 2247 1712 2160 2100 NA 2150 2080 2076 

============----=-===-===-=-=-=-=-=========================== 
F = Fertilized treatments 
NA = Not available 
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Appendix 6C Changes in Soil pH Due to Leaching 

==-=--====--=----=--=--=--======--=--=================== 
Top Mid Bottom 

Compost Surface Subsoil Subsoil Subsoil 
Applic. pre post pre post pre post pre post 

Rate 
======================================================== 

T/A ---------------------pH------------------------

Plano Soil LODI COMPOST 

0 5.85 5.89 5.30 5.16 NA 5.05 5.15 5.02 
40 6.75 6.65 5.30 5.16 NA 5.10 5.15 5.05 
80 6.95 6.94 5.30 5.04 NA 5.01 5.15 5.02 

150 7.11 7.06 5.30 4.95 NA 5.16 5.15 5.05 
300 7.40 7.10 5.30 5.58 NA 5.25 5.15 5.05 
0 F 5.75 5.25 5.30 5.17 NA 5.17 5.15 5.35 

40 F 6.70 6.37 5.30 5.15 NA 5.10 5.15 5.05 

Lapeer Soil 

0 6.65 6.07 6.38 4.31 NA 6.07 6.27 6.47 
20 7.15 6.85 6.38 6.33 NA 5.98 6.27 6.17 
40 7.20 7.11 6.38 6.85 NA 6.31 6.27 6.48 
80 7.56 7.17 6.38 6.75 NA 6.88 6.27 6.95 

150 7.65 7.22 6.38 6.95 NA 6.45 6.27 6.85 
0 F 6.75 5.98 6.38 6.55 NA 6.50 6.27 6.65 

20 F 7.10 6.80 6.38 6.90 NA 6.56 6.27 6.70 
40 F 7.15 7.00 6.38 6.70 NA 6.46 6.27 6.70 

Plano Soil PORTAGE COMPOST 

0 6.95 6.85 6.85 6.75 NA 6.62 6.50 5.80 
20 6.92 6.80 6.85 7.00 NA 6.90 6.50 6.50 
40 7.13 6.61 6.85 7.14 NA 6.90 6.50 6.50 
80 7.33 6.70 6.85 7.02 NA 6.95 6.50 6.75 

Lapeer Soil 

0 7.10 6.80 7.10 6.83 NA 6.57 7.09 6.33 
20 7.29 6.49 7.10 7.15 NA 6.96 7.09 6.85 
40 7.41 6.35 7.10 7.23 NA 7.07 7.09 6.88 
80 7.50 6.30 7.10 7.06 NA 7.08 7.09 7.10 

======================================================== 
F = Fertilized treatments 
NA = Not available 
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Appendix 7A Zinc in Leachate from Subsoil Columns 

=========================================================== 
Compost 

Soil Applic. --------Leaching Interval (inches)--------
Rate 0-10 10-20 20-30 30-40 40-50 50-60 

=========================================================== 

Plano 

Lapeer 

Plano 

Lapeer 

T/A -----------------ppm----------------------

0 
40 
80 

150 
300 
0 F 

40 F 

0 
20 
40 
80 

150 
0 F 

20 F 
40 F 

0 
20 
40 
80 

0 
20 
40 
80 

0.19 
0.24 
0.29 
0.30 
0.24 
0.18 
0.23 

0.17 
0.20 
0.17 
0.19 
0.28 
0.18 
0.19 
0.20 

0.22 
0.27 
0.22 
0.25 

0.20 
0.16 
0.19 
0.19 

0.16 
0.15 
0.14 
0.17 
0.16 
0.15 
0.14 

0.10 
0.11 
0.10 
0.13 
0.15 
0.10 
0.10 
0.12 

0.20 
0.17 
0.24 
0.14 

0.25 
0.28 
0.23 
0.27 

LODI COMPOST 

0.05 
0.06 
0.05 
0.05 
0.06 
0.06 
0.05 

0.10 
0.11 
0.15 
0.15 
0.18 
0.11 
0.11 
0.10 

0.03 
0.03 
0.05 
0.04 
0.08 
0.04 
0.02 

0.06 
0.08 
0.09 
0.12 
0.15 
0.07 
0.08 
0.07 

PORTAGE COMPOST 

0.08 
0.06 
0.08 
0.06 

0.15 
0.19 
0.15 
0.26 

0.04 
0.04 
0.04 
0.04 

0.09 
0.11 
0.10 
0.18 

0.02 
0.02 
0.02 
0.03 
0.03 
0.02 
0.02 

0.04 
0.03 
0.05 
0.04 
0.09 
0.04 
0.05 
0.04 

0.02 
0.02 
0.02 
0.03 

0.05 
0.04 
0.04 
0.09 

0.01 
0.01 
0.02 
0.02 
0.02 
0.01 
0.01 

0.01 
0.01 
0.02 
0.02 
0.02 
0.01 
0.01 
0.01 

0.01 
0.02 
0.01 
0.02 

0.02 
0.02 
0.01 
0.02 

=========================~================================= 
F = Fertilized treatment 
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Appendix 7B Changes in Soil Zinc Due to Leaching 

--------------------------------------------------------------------------------------------------------------------------
Compost 
Applic. 

Rate 
Surface 

pre post 

Top 
Subsoil 

pre post 

Mid 
Subsoil 

pre post 

Bottom 
Subsoil 

pre post 

============================================================= 
T/A -------------------------ppm-------------------------

0 
40 
80 

150 
300 
0 F 

40 F 

0 
20 
40 
80 

150 
0 F 

20 F 
40 F 

0 
20 
40 
80 

0 
20 
40 
80 

70.0 
118.6 
165.6 
251.4 
392.6 
69.3 

115.0 

29.0 
55.5 
81.0 

129.4 
217.6 
29.0 
55.5 
81. 0 

73 
88 

106 
142 

31 
48.5 
69.2 

104 

Plano Soil 

67.5 
119.0 
160.0 
250.0 
390.0 

66.0 
115.0 

51.3 
51. 3 
51.3 
51.3 
51.3 
51.3 
51.3 

Lapeer Soil 

29.0 
55.3 
80.0 

128.5 
216.0 
27.5 
55.2 
81.0 

23.3 
23.3 
23.3 
23.3 
23.3 
23.3 
23.3 
23.3 

Plano Soil 

70 
87.7 
99.3 

140 

Lapeer Soil 

33.7 
45.5 

69 
105 

70 
70 
70 
70 

30 
30 
30 
30 

LODI COMPOST 

55.0 
53.7 
53.3 
55.3 
55.0 
53.3 
53.3 

23.7 
21.0 
23.7 
23.0 
23.7 
22.7 
23.0 
24.0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

50.3 
51.7 
51.7 
52.7 
51. 3 
52.0 
51.3 

22.0 
21.7 
19.3 
19.6 
19.3 
18.7 
18.7 
18.7 

PORTAGE COMPOST 

67 
69 
71 
73 

29 
30 
32 
31 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

60 
60 
60 
68 

28 
32 
34 
30 

53.3 
53.3 
53.3 
53.3 
53.3 
53.3 
53.3 

24.7 
24.7 
24.7 
24.7 
24.7 
24.7 
24.7 
24.7 

55 
55 
55 
55 

29 
29 
29 
29 

55.3 
52.3 
53.0 
51. 0 
51.7 
51. 0 
51.7 

16.0 
16.0 
16.7 
21.0 
16.7 
17.3 
16.7 
16.0 

60 
56 
56 
51 

29 
27 
29 
29 

============================================================= 
F = Fertilized treatments 
NA= Not available 
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Appendix 7C Copper in Leachate from Subsoil Columns 

============-=-====-==-====-====---==-==========-========== 
Compost 

Soil Applic. --------Leaching Interval (inches)--------
Rate 0-10 10-20 20-30 30-40 40-50 50-60 

=========================================================== 
T/A -----------------ppm----------------------

LODI COMPOST 

Plano 0 0.09 0.02 <0.01 <0.01 <0.01 <0.01 
40 0.09 0.01 <0.01 <0.01 <0.01 <0.01 
80 0.08 0.01 <0.01 <0.01 <0.01 <0.01 

150 0.08 0.02 <0.01 <0.01 <0.01 <0.01 
300 0.09 0.01 <0.01 <0.01 <0.01 <0.01 
0 F 0.09 0.01 <0.01 <0.01 <0.01 <0.01 

40 F 0.09 <.0. 01 <0.01 <0.01 <0.01 <0.01 

Lapeer 0 0.07 0.03 <0.01 <0.01 <0.01 <0.01 
20 0.08 0.03 <0.01 <0.01 <0.01 <0.01 
40 0.09 0.02 <0.01 <0.01 <0.01 <0.01 
80 0.09 0.02 <0.01 <0.01 <0.01 <0.01 

150 0.10 0.02 <0.01 <0.01 <0.01 <0.01 
0 F 0.10 0.03 <0.01 <0.01 <0.01 <0.01 

20 F 0.09 0.03 <0.01 <0.01 <0.01 <0.01 
40 F 0.08 0.03 <0.01 <0.01 <0.01 <0.01 

PORTAGE COMPOST 

Plano 0 0.02 0.03 0.01 0.01 <0.01 <0.01 
20 0.03 0.03 0.01 0.01 <0.01 <0.01 
40 0.04 0.03 0.02 0.02 <0.01 <0.01 
80 0.04 0.03 0.03 0.03 <0.01 <0.01 

Lapeer 0 0.03 0.03 0.02 0.02 <0.01 <0.01 
20 0.09 0.03 0.02 0.02 <0.01 <0.01 
40 0.03 0.02 0.03 0.01 <0.01 <0.01 
80 0.02 0.03 0.03 0.01 <0.01 <0.01 

===============================================~=========== 
F = Fertilized treatment 
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Appendix 7D Changes in Soil Copper Due to Leaching 

============================================================= 
Compost Top Mid Bottom 
Applic. Surface Subsoil Subsoil Subsoil 

Rate pre post pre post pre post pre post 

=====~======================================================= 
T/A -------------------------ppm--------------------------

Plano Soil LODI COMPOST 

0 15.0 15.0 12.3 15.0 NA 12.7 18.0 16.7 
40 29.6 29.5 12.3 15.0 NA 12.3 18.0 18.3 
80 43.3 43.0 12.3 12.7 NA 15.0 18.0 17.0 

150 68.1 72.0 12.3 12.7 NA 13.3 18.0 17.7 
300 109.0 107.5 12.3 12.3 NA 14.0 18.0 17.9 
0 F 14.8 15.0 12.3 15.0 NA 12.3 18.0 18.0 

40 F 30.0 30.0 12.3 12.0 NA 15.0 18.0 18.0 

Lapeer Soil 

0 13.0 13.0 12.0 12.0 NA 11.3 12.3 13.0 
20 20.4 20.0 12.0 12.0 NA 12.0 12.3 12.3 
40 27.7 28.0 12.0 12.3 NA 10.3 12.3 12.3 
80 41.3 41.3 12.0 12.1 NA 11.5 12.3 12.3 

150 66.5 66.5 12.0 12.0 NA 11. 9 12.3 12.4 
0 F 13.0 13.0 12.0 12.0 NA 12.0 12.3 12.3 

20 F 20.5 20.5 12.0 11.9 NA 12.0 12.3 12.3 
40 F 27.7 27.7 12.0 12.0 NA 11.6 12.3 12.3 

Plano Soil PORTAGE COMPOST 

0 13.3 14 12.3 13 NA 13.7 14.3 16.7 
20 18.1 18.3 12.3 13.7 NA 12 14.3 14.3 
40 20.1 20.3 12.3 13.3 NA 13.3 14.3 15 
80 27 27.1 12.3 12.5 NA 13 14.3 15 

Lapeer Soil 

0 10 10 9.7 11.7 NA 12 10.7 12 
20 15 14 9.7 11 NA 10 10.7 11 
40 22 21.5 9.7 11. 3 NA 11 10.7 10 
80 28 28 9.7 10 NA 11 10.7 10 

--------------------------------------------------------------------------------------------------------------------------
F = Fertilized treatments 
NA = Not available 
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Appendix 7E Nickel in Leachate from Subsoil Columns 

==-=---=----------=-=---=-=---------==-=======-============ 
Compost 

Soil Applic. --------Leaching Interval (inches)--------
Rate 0-10 10-20 20-30 30-40 40-50 50-60 

======-=-=---=----=-=-=-=---=---=---==--====-=-===-======== 
T/A ------------------ppm---------------------

LODI COMPOST 

Plano 0 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
40 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
80 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

150 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
300 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
0 F <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

40 F <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Lapeer 0 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
20 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
40 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
80 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

150 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
0 F <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

20 F <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
40 F <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

PORTAGE COMPOST 

Plano 0 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
20 <0.02 <0.02 <0.02 <0.02 <0.02 <0.04 
40 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
80 <0.02 0.04 <0.02 <0.02 <0.02 <0.02 

Lapeer 0 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
20 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
40 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
80 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

=========================================================== 
F = Fertilized treatment 
Detection limit= 0.02 ppm 
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Appendix 7F Changes in Soil Nickel Due to Leaching 

--------------------------------------------------------------------------------------------------------------------------
Compost Top Mid Bottom 
Applic. Surface Subsoil Subsoil Subsoil 
Rate pre post pre post pre post pre post 

===================================-============-============ 
T/A ------------------------ppm--------------------------

Plano Soil LODI COMPOST 

0 14 14 13.3 13.7 NA 13.3 17 15.3 
40 15 15 13.3 13.7 NA 14 17 16.7 
80 16 16 13.3 13.3 NA 13.6 17 17 

150 18.1 18 13.3 13.3 NA 14 17 16.7 
300 21.3 21 13.3 13.3 NA 13.3 17 16.9 
0 F 14 14 13.3 13.3 NA 14 17 16.6 

40 F 15.2 15.2 13.3 13.5 NA 14.5 17 16.7 

Lapeer Soil 

0 11 11 10 10 NA 9 9 9 
20 11.6 11.5 10 9.8 NA 9 9 9 
40 12 12 10 10 NA 9 9 9 
80 13.5 13.5 10 9.9 NA 9. 5 9 9 

150 15.5 15.5 10 9.9 NA 9. 6 9 9 
0 F 11 11 10 9.7 NA 9.8 9 9.5 

20 F 11.6 11.5 10 9. 7 NA 9.8 9 8.9 
40 F 12.2 12.2 10 10 NA 9 9 9 

Plano Soil PORTAGE COMPOST 

0 11.3 10.7 11 10.7 NA 11. 3 16.7 16.4 
20 20.1 20 11 11.1 NA 11 16.7 16.7 
40 26.5 27.1 11 11.1 NA 11 16.7 16.7 
80 43.6 44 11 11 NA 11.6 16.7 16.8 

Lapeer Soil 

0 9.3 9.3 9.3 9.4 NA 9.3 9.7 9.6 
20 18.l 18 9.3 9.3 NA 9.3 9.7 9.5 
40 26.5 26.5 9.3 9.3 NA 9.3 9.7 9.7 
80 42.3 42.3 9.J 9.2 NA 9.3 9.7 9.6 

============================================================= 
F = Fertilized treatments 
NA = Not available 
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Appendix 7G Chromium in Leachate from Subsoil Columns 

----------------------------------------------------------------------------------------------------------------------
Soil 

Compost 
Applic. 
Rate 

--------Leaching Interval (inches)--------
0-10 10-20 20-30 30-40 40-50 50-60 

==============================-============================ 
T/A -----------------ppm---------------------

PORTAGE COMPOST 

Plano 0 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 
20 0.04 <0.03 <0.03 <0.03 <0.03 <0.03 
40 0.04 <0.03 <0.03 <0.03 <0.03 <0.03 
80 0.06 <0.03 <0.03 <0.03 <0.03 <0.03 

Lapeer 0 <0.03 0.06 <0.03 <0.03 <0.03 <0.03 
20 0.06 0.10 <0.03 <0.03 <0.03 <0.03 
40 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 
80 0.05 <0.03 <0.03 <0.03 <0.03 <0.03 

=========================================================== 
F = Fertilized treatment 
Detection limit= 0.03 ppm 
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Appendix 7H Changes in Soil Chromium Due to Leaching 

===============-=-=-=-=---------------------------------=-=--
Compost Top Mid Bottom 
Applic. Surface Subsoil Subsoil Subsoil 
Rate pre post pre post pre post pre post 

====================================-=======-=-==-=========== 
T/A -------------------------ppm--------------------------

Plano Soil LODI COMPOST 

0 30.2 30.1 32 31.7 NA 32 36 36 
40 32.5 32.5 32 32 NA 32 36 35.9 
80 34.6 34.5 32 32 NA 32.1 36 36.1 

150 38.4 38.4 32 32 NA 32 36 36 
300 44 44.2 32 32.1 NA 32 36 36 
0 F 30.1 30.1 32 31.9 NA 32 36 36 

40 F 32.5 32.5 32 32 NA 31.9 36 35.9 

Lapeer Soil 

0 24 24 27 27 NA 27 26.7 26.7 
20 25.2 25.3 27 26.9 NA 27 26.7 26.5 
40 26.4 26.5 27 27.1 NA 27.1 26.7 26.6 
80 28.8 28.8 27 27 NA 26.9 26.7 26.7 

150 33 33 27 27 NA 27 26.7 26.7 
0 F 24 24 27 27 NA 26 .. 9 26.7 26.7 

20 F 25.3 25.3 27 27.1 NA 26.9 26.7 26.7 
40 F 26.5 26.5 27 27 NA 27 26.7 26.7 

Plano Soil PORTAGE COMPOST 

0 30.7 30.7 32 33 NA 32 33.6 33.6 
20 31.5 31.5 32 33 NA 32 33.6 33.5 
40 32.1 34 32 32.1 NA 34 33.6 33.6 
80 33.5 33.6 32 32.2 NA 33.2 33.6 33.6 

Lapeer Soil 

0 24.5 24 28.5 29 NA 25.7 26.7 26.7 
20 25.3 25 28.5 28.4 NA 27.6 26.7 26.7 
40 26.3 26.4 28.5 28.5 NA 27.6 26.7 26.7 
80 27.9 27.8 28.5 28.4 NA 27 26.7 26.7 

--------------------------------------------------------------------------------------------------------------------------
F = Fertilized treatments 
NA =· Not available 
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Appendix 7I Cadmium in Leachate from Subsoil Columns 

----------------------------------------------------------------------------------------------------------------------
Compost 

Soil Applic. --------Leaching Interval (inches)--------
Rate 0-10 10-20 20-30 30-40 40-50 50-60 

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

Plano 

Lapeer 

Plano 

Lapeer 

T/A -----------------ppm----------·-----------

0 
40 
80 

150 
300 
0 F 

40 F 

0 
20 
40 
80 

150 
0 F 

20 F 
40 F 

0 
20 
40 
80 

0 
20 
40 
80 

LODI COMPOST 

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

PORTAGE COMPOST 

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

-------------·---------------------------------------------------------------------------------------------------------
F = Fertilized treatment 
Detection limit= 0.005 ppm 
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Appendix 7J Changes in Soil Cadmium Due to Leaching 

============================================================= 
Compost 
Applic. 
Rate 

Surface 
pre post 

Top 
Subsoil 

pre post 

Mid 
Subsoil 

pre post 

Bottom 
Subsoil 

pre post 

--------------------------------------------------------------------------------------------------------------------------
T/A -------------------------ppm--------------------------

0 
40 
80 

150 
300 
0 F 

40 F 

0 
20 
40 
80 

150 
0 F 

20 F 
40 F 

0 
20 
40 
80 

0 
20 
40 
80 

<0.1 
<0.l 
0.25 
0.50 
0.95 
<0.l 
<0.l 

<0.l 
<0.1 
<0.1 
0.20 
0.50 
<0.1 
<0.l 
<0.1 

<0.1 
<0.l 
0.2 
0.3 

<0.1 
<0.1 

0.2 
0.35 

Plano Soil 

<0.1 
<0.1 
0.25 
0.50 
0.95 
<0.1 
<0.l 

<0.1 
<0.l 
<0.1 
<0.l 
<0.l 
<0.l 
<0.1 

Lapeer Soil 

<0.1 
<0.1 
<0.1 
0.20 
0.50 
<0.l 
<0.l 
<0.1 

<0.1 
<0.1 
<0.1 
<0.l 
<0.1 
<0.1 
<0.1 
<0.l 

Plano Soil 

<0.1 
<0.1 
0.25 
0.33 

<0.1 
<0.l 
<0.l 
<0.l 

Lapeer Soil 

<0.l 
<0.l 
0.2 

0.33 

<0.l 
<0.1 
,0.1 
<0.1 

LODI COMPOST 

<0.1 
<0.l 
<0.1 
<0.1 
<0.1 
<0.l 
<0.1 

<0.1 
<0.1 
<0.l 
<0.1 
<0.l 
<0.1 
<0.1 
<0.1 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

<0.l 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

PORTAGE COMPOST 

<0.1 
<0.1 
<0.1 
<0.1 

<0.1 
<0.1 
<0.1 
<0.1 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

<0.1 
<0.1 
<0.1 
<0.1 

<0.1 
<0.1 
<0.1 
<0.1 

<0.1 
<0.1 
<0.l 
<0.1 
<0.1 
<0.1 
<0.1 

<0.l 
<0.l 
<0.l 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

<0.1 
<0.l 
<0.1 
<0.l 

<0.1 
<0.1 
<0.1 
<0.1 

<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

<0.1 
<0.1 
<0.l 
<0.1 
<0.1 
<0.1 
<0.1 
<0.l 

<0.1 
<0.1 
<0.1 
<0.1 

<0.1 
<0.1 
<0.1 
<0.1 

-------------------------------------------------------------
F = Fertilized treatments 
NA= Not available 
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Appendix 7K Lead in Leachate from Subsoil Columns 

=========================================================== 
Compost 

Soil Applic. --------Leaching Interval (inches)--------
Rate 0-10 10-20 20-30 30-40 40-50 50-60 

=========================================================== 
T/A -----------------ppm----------------------

LODI COMPOST 

Plano 0 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
40 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
80 <0.1 <0.1 <0.l <0.1 <0.1 <0.1 

150 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
300 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
0 F <0.1 <0.1 <0.1 <0.1 <0.l <0.1 

40 F <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Lapeer 0 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
20 <0.l <0.1 <0.1 <0.1 <0.1 <0.1 
40 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
80 <0.1 <0.1 <0.1 <0.1 <0.l <0.1 

150 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
0 F <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

20 F <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
40 F <0.1 <0.1 <0.l <0.1 <0.1 <0.1 

PORTAGE COMPOST 

Plano 0 <0.1 <0.1 <0.1 <0.1 <0.l <0.l 
20 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
40 <0.l <0.1 <0.l <0.1 <0.l <0.1 
80 <0.1 <0.1 <0.1 <0.1 <0.l <0.l 

Lapeer 0 <0.l <0.1 <0.1 <0.1 <0.l <0.1 
20 <0.1 <0.1 <0.l <0.1 <0.1 <0.1 
40 <0.1 <0.1 <0.l <0.1 <0.l <0.1 
80 <0.1 <0.1 <0.1 <0.1 <0.1 <0.l 

==================~======================================== 
F = Fertilized treatment 
Detection limit= 0.1 ppm 
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Appendix 7L Changes in Soil Lead Due to Leaching 

--------------------------------------------------------------------------------------------------------------------------
Compost Top Mid Bottom 
Applic. Surface Subsoil Subsoil Subsoil 
Rate pre post pre post pre post pre post 

============================================================= 
T/A --------------------------ppm-------------------------

Plano Soil LODI COMPOST 

0 11 11 6.7 6 NA 8 8 8 
40 10.5 29 6.7 6.7 NA 7 8 7.9 
80 45 45 6.7 7.7 NA 7.3 8 8 

150 77 77 6.7 6.7 NA 7 8 8 
300 128 128 6.7 6.8 NA 7.3 8 8 
0 F 11. 2 11 6.7 6.7 NA 7.3 8 7.7 

40 F 30 30 6.7 7 NA 7.5 8 8 

Lapeer Soil 

0 5.5 5.5 3.3 2.7 NA 2 2 1.7 
20 15 15 3.3 2 NA 2 2 1.7 
40 22 22 3.3 3.3 NA 2.3 2 1.7 
80 41 40.5 3.3 3.3 NA 2 2 2 

150 72 71 3.3 3.1 NA 2 2 2 
0 F 5.5 5.5 3.3 3.3 NA 2.3 2 1. 9 

20 F 14.9 15 3.3 3. 3 NA 2 2 2 
40 F 24 24 3.3 3.3 NA 2.5 2 2.1 

Plano Soil PORTAGE COMPOST 

0 11 11 10.3 10.3 NA 10 8 7.3 
20 22 20.6 10.3 10 NA 8.7 8 8.1 
40 34.2 35 10.3 10.1 NA 9. 3 8 8 
80 54.6 57 10.3 10 NA 9.7 8 6.7 

Lapeer Soil 

0 5.5 5.5 5.5 6 NA 5.5 3.3 3.3 
20 17 17 5.5 5.5 NA 5.5 3.3 4 
40 27.4 27.4 5.5 4.7 NA 5 3.3 3.5 
80 48 48.5 5.5 5.5 NA 5 3.3 3.3 

-------------------------====-----==========================-
F = Fertilized treatments 
NA = Not available 
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APPENDIX 8 SOIL TEXTURE 

8 Texture of surface soils and subsoils ...... 160 

159 



Appendix 8 Texture of Soils Used in Leaching Study 
(Hydrometer Method) 

========================================================= 
Soil Texture Sand% Silt% Clay% 

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

Plano Ap silt loam 14 66 20 

Plano 8-24 11 silt loam 14 64 22 

Plano 24-36" silty clay loam 14 58 28 

Lapeer Ap sandy loam 62 26 12 
-

Lapeer 8-24" sandy loam 68 20 12 

Lapeer 24-36" sandy loam 74 14 12 
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APPENDIX 9 DETECTION LIMITS IN CORN TISSUE 
ANALYSIS 

9 Sensitivity and detection limits 
for corn tissue analysis ...•....•.•............. 162 
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Appendix 9 Sensitivity and detection limits for corn 
tissue analysis 

Element 

Detection limit* Dilution Detection limit 
Factor (in tissue) 

Cu 0.01 ppm x50 0.5 ppm 

Zn 0.005 ppm x50 0.25 ppm 

Ni 0.02 ppm x50 1.0 ppm 

Pb 0.05 ppm x50 2.5 ppm 

Cr 0.03 ppm x50 1.5 ppm 

* Flame atomic absorption spectroscopy 
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