I. Problem Statement
In order to permit the utilization of pulverized scrap gypsum wallboard from new construction as a soil amendment around construction sites a beneficial use needs to be shown.  This form of utilization differs from application of many other byproducts to soils in that it is a one time application of material and that the soils that the material is applied to will most probably be subsoil materials.

II. Background
Estimates vary as to the total amount of scrap wallboard produced at construction sites.  The best rule-of-thumb estimate commonly used for single-family home construction is one pound of wallboard scrap per square foot of floor space.  Thus, construction of a 2,000 sq. ft. house would produce one ton of wallboard scrap and a 4,000 sq. ft. house two tons.  This estimate of scrap production was used in calculation of amounts to be applied in this study.  If soil application of pulverized construction scrap wallboard becomes commonplace, one needs a relationship to agricultural practices and agricultural dimensions in order to estimate application rates.  Assuming a 2,000 sq. ft. house constructed on a one-eighth acre or an acre plot, there would be one ton of wallboard available for application on either plot size.  This would equate to 1 to 8 tons of applied pulverized wallboard on a per acre basis.  However, there are numerous variables that would adjust this rate such other structures (garages, sheds, porches and driveways) and existing vegetation (trees and bushes).  With these types of variables in mind, rates of 5 and 10 tons per acre were used in the studies that follow.

III. Literature Survey
There is renewed interest in obtaining methodologies for utilizing scrap construction wallboard since land filling, as a disposal option, has limitations.  There are three primary factors affecting this decision: combinations of condition in landfills may result in hydrogen gas and metal sulfide generation, wallboard scraps are difficult to compress, and tipping fees are increasing.  Two other primary options for scrap wallboard utilization are soil utilization and reprocessing.  This study examines the potential utilization of scrap wallboard as a soil amendment and is generally aimed at single-family house construction.  However, an overview is provided on reprocessing and other outlets for scrap wallboard, primarily as a moisture retaining material.  Any form of utilization besides reprocessing eventually results in the material being applied to soil either in its original form or as a component of a mixture of materials.  Therefore, the broad aspect of land utilization, including the use of wallboard scraps per se or as an end product emanating from its use as a moisture absorbent, is covered in the following literature survey.

The survey was completed by searching two databases, Agricola (1970 through June, 1995) and CAB (Commonwealth Agricultural Bureau) (1984 through July 1995) and through personal contacts with industry representatives.

A.
Reprocessing

Reprocessing of scrap wallboard was initiated in British Columbia, Canada as a result of the prohibition of land filling as a disposal option (British Columbia Ministry of Environment, 1991; Musick, 1992).  This prohibition was due to the generation of hydrogen sulfide gas and the potential for metal leachate problems from some landfills.  The combination of conditions necessary for these reactions to occur include: decomposing gypsum wallboard, desulfovibrio bacteria, high moisture levels, a source of biodegradable organic matter, anaerobic conditions, a matrix pH between 4 and 9, and temperature between 30 and 38 C within the landfill (Gypsum Association, 1991).

Approximately 75,000 tons of wallboard waste is annually produced in British Columbia.  Of this amount, about 64% of the total wallboard scrap originates from construction waste, followed by demolition waste (14%), renovation waste (10%), and production waste (12%).  The reprocessed wallboard is sold to wallboard manufacturers.  However, the economic viability of the reprocessing plant relies on tipping fees for materials brought to the facility, since the reprocessed gypsum is sold back to manufacturers for about $1 per ton.

The economics of reprocessing can be prohibitive (John-O Niles, personal communication, Sept. 20, 1995).  He estimated that for the Chittenden Solid Waste District in Williston, Vermont to ship scrap wallboard to the nearest recycler in Newington, New Hampshire would cost about $70 per ton not including handling costs for the solid waste district.

Finally, a new process has been developed in Scandinavia which produces a gypsum-bonded particleboard using a semi-dry process versus the conventional wet processes (Lempfer, et al., 1990).  The advantage of the semi-dry process lies in the flexibility with regard to gypsum quality.  Therefore, gypsum residues from chemical processes like phosphoric acid production and desulfurization plants can be utilized.  To date, however, it is not known if scrap wallboard gypsum has been used in this process.

B. Agricultural Uses

Wallboard is predominantly gypsum.  Gypsum has been used as a soil amendment for over two hundred years.  Numerous reviews are available which outline the beneficial uses of gypsum in agriculture and horticulture as well as benefits under unique soil conditions (Burger, 1993; Shainberg et al., 1989; Wallace, 1994).  Recent reviews are also available on high-gypsum byproducts and their utilization in agriculture (Alcordo and Rechcigl, 1993; korcak, 1993; Ritchey, et al., 1995; Sumner, 1990).  An overall summary of the potential benefits of agricultural utilization of gypsum was provided by Wallace (1994):

Gypsum improves soil structure

Gypsum helps reclaim sodic soils

Gypsum prevents crusting of soil and aids seed emergence

Gypsum improves low-solute irrigation water

Gypsum improves compacted soil

Gypsum makes slightly wet soils easier to till

Gypsum stops runoff and erosion

Gypsum decreases pH of sodic soils

Gypsum improves swelling clays

Gypsum prevents water logging of soil

Gypsum helps make stable soil organic matter

Gypsum makes water-soluble polymer soil conditioners more effective

Gypsum makes magnesium non-toxic

Gypsum corrects subsoil acidity

Gypsum improves water-use efficiency

Gypsum creates favorable soil electric conductivity

Gypsum makes it possible to use low quality irrigation water

Gypsum decreases dust erosion

Gypsum helps plants absorb plant nutrients

Gypsum decreases heavy-metal toxicity

Gypsum increases value of organics

Gypsum improves fruit quality and prevents some plant diseases

Gypsum is a source of sulfur

Gypsum helps prepare soil for no-till management

Gypsum decreases bulk density of soil

Gypsum decreases the toxic effect of sodium chloride salinity

Gypsum multiplies the value of other inputs

Gypsum can improve pH of rhizosphere

Gypsum keeps clay off tuber and root crops

Gypsum decreases loss of fertilizer nitrogen to the air

Gypsum can be a source of oxygen for plants

Gypsum helps earthworms to flourish

Gypsum can increase crop yields

Since wallboard is predominantly gypsum the concern with land utilization usually focuses on the other constituents used in wallboard manufacturing or on how the material actually is utilized.   There does exist some information on the use of wallboard as a soil amendment or as a replacement material in some agricultural practices.   In either case, the material will either be directly land applied or be a component of a land-applied material.  A review of the available information for these types of land application follows.

Burger (1993) notes a number of other wallboard components including asphalt-based wax emulsions, starch-based glues, organics, boron, and other components.  Asphalt-based wax emulsions are used in moisture resistant wallboards.  No direct research is available on the degradation of asphalt-based emulsions.  The starch-based glue and dispersing agent additives should be biodegradable in soils.

Boron is an essential plant micronutrient and its optimum concentration in plants is species dependent.  Concern with elevated boron levels emanates from its potential phytotoxicity to some plants.  This usually occurs when plants are seeded with or planted with materials containing high boron.  In most cases, boron phytotoxicity can be avoided by application of boron-bearing materials well in advance of establishment of plants (e.g. apply material in fall and plant/seed in spring).  This is due to the relative mobility of boron in the soil system.  As noted by Burger (1993), when boron is high or if concerns arise, it is an easy process to have the soils tested for their boron status.  Application of boron via scrap wallboard around construction sites should not present any phytotoxicity problems particularly if rates are kept within the S to 10 tons per acre (on an equivalent basis) range and concentrations of boron in the wallboard are not excessive.

The only known replicated field study on the application of pulverized wallboard was made by Burger (1993).  He compared pulverized regular wallboard at 11.0 tons per acre (24.6 Mg ha-1) and agricultural gypsum at 13.2 tons per acre (29.5 Mg ha-1) to limestone at 13.3 tons per acre (29.8 Mg ha-1) with all three being applied at the same calcium equivalent rate.  He also included pulverized regular wallboard at 22 tons per acre (49.3 Mg ha-1) (two-times the limestone rate) and unamended control plots.  The materials were applied to a Honeoye gravely silt loam soil in late 1990 and corn (Zea mays L.) was grown the following year.  Soil samples were compared before and after the experimental period which was less than one year.  Results showed that the pulverized wallboard produced effects similar to agricultural gypsum on soil chemical properties: elevated exchangeable calcium, magnesium and sulfate-sulfur with little effect on soil pH.  Diagnostic corn leaf samples showed higher concentration of calcium, magnesium and sulfur with either rate of pulverized wallboard compared to the other treatments.  Leaf concentrations of arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver were either below the minimum detectable level or exhibited no difference from the other treatments.  Corn grain yields were 25% higher for corn grown on wallboard amended plots with no difference in yield between the limestone and agricultural gypsum treatments.  The author notes a reduction in exchangeable soil potassium with wallboard application which reflects increased leaching of potassium in these soils.  This could present a concern if repeated applications of wallboard were made over time.  Burger concluded that the application of wallboard increased soil fertility without the mobility or addition of heavy metals to the soil and resulted in increased nutritional status and yield of grain corn.

Dixon (1984) examined the suitability of wallboard as a cropland amendment in California with emphasis on B content.  Analyses from a waste wallboard pile showed total B concentration ranging from 92 to 156 ppm (0.184 to 0.312 lbs B per ton of material).  In California, the common application rates of gypsum range from 1 to 4 tons per acre and may reach 8 tons per acre for saline/alkali soils.  Using the highest wallboard B concentration found (156 ppm), a 4 ton per acre application of wallboard would add 1.25 lbs of B, which is within recommended fertilization ranges.  Analyses for cadmium, lead, arsenic, and selenium indicated no serious concern if the wallboard gypsum were used under common crop production practices.  Dixon concluded that wallboard gypsum was suitable for agricultural use; the P and K concentrations in wallboard are too low to be of significance as a fertilizer source; and in areas where soil B is high or where irrigation water contains elevated B levels, the use of wallboard gypsum should be considered on a case by case basis.  Dixon recommended periodic chemical monitoring of the material to fulfill guaranteed analysis and labeling requirements and that the material should be processed to a particle size which would pass a 60 mesh Tyler screen.

The Clean Washington Center report on “Construction, Demolition & Land clearing Debris Research & Assessment” (1995) indicates that a private firm in Spokane, Washington is blending wallboard gypsum with rock gypsum for use as a soil amendment.  This same report notes the production of an agricultural soil amendment by Domtar which is derived from gypsum wallboard.  The market value of scrap gypsum wallboard ranged from $15 to $18 per ton for agricultural uses in California and from $80 to $90 per ton when blended with rock gypsum and sold as an agricultural amendment.

At present, formulas for calculating gypsum application rates similar to those used for calculating limestone recommendation rates for agricultural soils do not exist.  Therefore it is difficult to ascribe application rates for pulverized wallboard, which is predominantly gypsum.  Burger (1993) used application rates of 11 and 22 tons per acre.  However, Ritchey et al. (1995) concurred that there was at present no method for determining appropriate application rates of gypsum for agricultural benefits.  He notes that a number of chemical, physical, mineralogical and climatic factors probably need to be included in any such determination scheme.

An alternative to prescribed application rates per se is the use of a biological test to identify soil situations where gypsum application would be beneficial.  One such test was developed to identify soil calcium deficiency and/or aluminum toxicity (Ritchey, et al., 1989).  The test entails a comparison of root length of 4-day seedling growth in a soil alone or amended with limestone.  When root growth is improved by 15% or less, limited benefit is expected and when growth is 30% or more a beneficial result should occur from treatment.  This test can be carried out using simple and easily-available materials without the necessity of sending soil samples to an analytical laboratory.  The applicability of a similar test using gypsum instead of limestone has been investigated but only for the highly weathered soils of Brazil (Sousa et al., 1992).  However, this type of biological ‘quick’ test needs to be studied as a feasible means of determining a beneficial response to wallboard-derived gypsum.

An alternate method to determine if treatment of subsoils with gypsum can reduce the effects of root damage by high aluminum saturation has been proposed (Sumner, et at., 1994).  This test measures the changes in pH and electrical conductivity when soil samples are shaken with calcium sulfate and calcium chloride solutions to determine a potential beneficial response from gypsum applications.  However, this type of test does require the utilization of an analytical laboratory or at least a $100 pH meter and $100 conductivity meter.

C. Wallboard Used for Moisture Control

Dry pulverized wallboard will absorb moisture.  This characteristic has led to attempts to use pulverized wallboard as a component in mixtures with wood chips as an animal bedding material.  The Clean Washington Center study (1995) sites several examples of this type of use.  In one case, a cease and desist order was made since the farmer was land-applying the spent mixture.  It appears that if the spent material is properly handled and stored, to prevent anaerobic conditions from occurring, that this would be an acceptable practice.  However, the limitation on this practice is that the material eventually is land applied.

Only one study was found on the use of pulverized wallboard as a component of animal bedding mixtures.  Wyatt and Goodman (1992) studied the mortality, feed conversion, and incidence of leg abnormalities of broiler chicks reared using refined gypsum (recycled sheetrock) as a bedding material.  Refined gypsum was either used alone or as a base upon which fir wood shavings were placed and compared to fir wood shavings alone.  The material contained 71-89% gypsum, 2-19% limestone, 1-2% paper, and 1-2% crystalline silica.  The only significant difference among bedding materials was a lower body weight gain after 21 days for chicks reared on refined gypsum alone compared to the other two treatments.  However, by day 41 (at the end of the normal growth cycle) no differences in body weight gain were observed among all treatments.  No other significant effects on the chicks were noted.  The authors note that refined gypsum may assist in controlling litter moisture levels but caution that the material as received was dusty and that a layer of wood shavings on top of a refined gypsum base assisted in alleviating this problem.  The authors also note that the impact of the refined gypsum-wood shavings-manure mixture on the environment is unknown once the materials are removed from the house.

A number of attempts are being made to use crushed wallboard gypsum as a component of an animal bedding mix (The Clean Washington Center, 1995).  The acceptance of this practice by health department officials is variable.  Odor problems from anaerobic storage of the used materials can be avoided by proper handling.  However, concern still arises from the fact that the materials eventually will be land applied.

D. Wallboard as a Component of Corn posts

No studies were found on either the use of pulverized wallboard in the composting process per se or as a blending ingredient to finished composts.  However, there is a high level of interest in this area and this may become a viable method of utilizing scrap wallboard from construction sites with limited land available for direct soil application.  This may become an ideal beneficial use of scrap construction wallboard particularly where certain soil conditions may preclude direct application of material emanating from multi-story construction where land area for application on the site is limited.

A number of questions need to addressed prior to using pulverized wallboard in composting.  Among these are: moisture effect - although dry wallboard may aid in absorbing excess moisture from manures or other materials, anaerobic conditions must be avoided; buffering - although the calcium from wallboard acts as a buffer normal composting does not need buffering; color - blending pulverized wallboard into finished compost may result in a whiter colored material which may detract from its economic value.

IV. Experimental
Three separate experiments were performed as part of the overall project.  In each study pulverized wallboard was compared to agricultural gypsum as well as to unamended controls.  These studies were: application to an established turf field, soil column leaching and vegetable growth on amended soils in pots.  Untreated soil from the turf field plot site was used in both the column and vegetable pot studies.

A.
Materials

Pulverized Wallboard.  The pulverized wallboard was received from United States Gypsum Corporation Stony Point facility in 55-gallon drums.  The material was moist when received with an average water content (six grab samples) of 23.6% (range 21.7 to 26.4% water)1.  The material was pulverized moist, therefore the bulk material contained pieces up to 1/2” in diameter.  Triplicate analyses showed an aqueous pH of 7.3 with an electrical conductivity of 2.33 dS/m and a pH of 6.7 in 0.01 M calcium chloride2.

Agricultural Gypsum.  Bagged Ben Franklin Land plaster (U. S. Gypsum) was used as a comparative material in all tests.  The material has a minimum calcium sulfate analysis of 85% and is used as a side-dress for peanut production in Virginia and North Carolina.  Triplicate analyses showed an aqueous pH of 8.3 with an electrical conductivity of 2.04 dS/m and a pH of 8.9 in 0.01 M calcium chloride.

Turf Plot Soil.  The soil was a Cordorus silt loam with the site having a 0-3% slope.  The soil series occurs on floodplains and has impeded drainage making these soils prone to flooding.  Background soil samples were obtained and analyzed prior to treatment applications (see Established Turf - Field Plot Study section).  The site had an average aqueous pH of 5.7 (pH 4.6 in 0.01 M CaCI2)3 with high Mg (magnesium), very low P (phosphorous), low K (potassium),
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1Moist samples oven dried at 70C for 48 hours.

2Aqueous pH and electrical conductivity (EC) - 10 grams of pulverized material was mixed with

320 ml demineralized water, stirred, allowed to equilibrate 1 hour and then filtered through Whatman 2V paper.  Filtrate analyzed for pH and EC.  Same procedure for pH in 0.01 M CaCI2 except CaCI2 substituted for demineralized water.

and medium Ca (calcium) status and 3.8% organic matter (Table 1).  Background micronutrient B (boron), Cu (copper), Mn (manganese), and Zn (zinc) and S04-S (sulfate-sulfur) concentrations were within normal ranges (Table 1)~.  Background total trace element concentrations were: Cd (cadmium) <1 ppm; Cr (chromium) 24 ppm; Ni (nickel) 14 ppm; Pb (lead) 19 ppm, and As (arsenic) 3.5 ppm5.

Surface samples of this soil were used in the column and vegetable pot studies that follow.  Surface soil was used in lieu of subsurface soil (which will most probably be the soil to which pulverized wallboard is added to in practice) in order to have consistency among all experiments.  There was insufficient time, concern about grass stand establishment, and lack of a nearby eroded site to initiate a new turf site study area.

Background Testing.  The pulverized wallboard and agricultural gypsum were tested for elemental composition with emphasis on those constituents important in land use applications.  Three grab samples of each material were analyzed and the results are presented in Table 2~.  Among the fertilizer nutrients, pulverized wallboard was higher in K and Mg compared to agricultural gypsum and both materials contained comparable amounts of P.  However, the low amounts of K, Mg, and P in both materials indicate that they would have minimal if any impact on crop nutrient requirements.  This agrees with the work of Dixon (1984).  Agricultural gypsum was higher in both Ca and S04-S than pulverized wallboard indicating that the agricultural gypsum was higher in gypsum content than the wallboard.  Sodium (Na) was found in similar amounts in both materials.  The trace elements, except for Co (cobalt), varied in concentration depending upon the material.  

                                                                                                             .

4Same method as for pulverized wallboard.

4Analyses performed by the University of Maryland Soil Testing Laboratory (Bandel and Rivard,1975).

5Anaiysis for trace elements performed on three background soil samples by A&L Eastern Agricultural Laboratories, Inc., Richmond, VA.

6Analyses performed by A&L Eastern Agricultural Laboratories, Inc., Richmond, VA.

Agricultural gypsum was higher in B and Sr (strontium) while pulverized wallboard was higher in Al (aluminum), Zn, Cu, Mn, Fe (iron), Ni, As, Ba (barium), Cd, and Cr (Table 2).  The trace element concentrations found in both materials fall within the normal concentration ranges for the lithosphere and soils in general (Baker and Chesnin, 1975) and are within the ranges found for other by-products, such as fluidized bed combustion ash, which has been used as a permitted agricultural soil amendment (Stout, et al., 1988).

These results differ from the analytical results obtained by Burger (1993) for wallboard and agricultural gypsum.  His total Ca levels were opposite those shown in Table 1 and Mg was 5 to 20 times higher in both materials.  Because Burger did not analyze agricultural gypsum for any trace elements and no B analyses for either material were presented, no comparisons can be made.

The amounts of As, Cd, Cr, Cu, Mo, Zn, and Ni present in the pulverized wallboard used in this study were all well below the limits set for heavy metals by the EPA Clean Water Act-503 Regulation for contaminants in organics utilization in agriculture (U. S.

Environmental Protection Agency, 1993).

In comparing the analyses of the two materials used in this study, it is noteworthy that the B concentration was higher in the agricultural gypsum than the pulverized wallboard.  Boron has been cited as one of the elements of concern for plant growth due to phytotoxicity in B sensitive crops.  Using the high range values from Table 2 (pulverized wallboard = 20 ppm B; agricultural gypsum = 97 ppm B) and an application rate of 5 tons per acre, a total of 0.20 and 0.97 lbs of B would be applied per acre by the pulverized wallboard and agricultural gypsum, respectively.  For most soils, these additional B loadings should not present a plant B problem particularly when the materials are applied to subsoil materials and allowed to leach prior to plant establishment, such as would occur around single family housing construction sites.

TCLP (toxic characteristic leaching procedure) metals and dioxin screen analyses were performed on triplicate samples of both materials7.  The results are presented in Table 3.  For both materials, results were below detectable levels for all metals analyzed as well as dioxin.  These data do not indicate any leachate problems resulting from application to soils around home construction sites.

B.
Established Turf - Field Plot Study

Design and Methods.  An established tall fescue (Festuca arundinacea) field was chosen as the site for a randomized complete block experiment.  Three treatments were randomly assigned to 20’ by 40’ plots; the treatments were: control (no amendment), pulverized wallboard, and agricultural gypsum.  Each treatment was replicated four times for a total of twelve plots.  Each plot was bordered by an unamended, 6’ wide alley (Figure 1).  In December, 1994, the designated plot areas were mowed and all grass trimmings removed.  Eight 3” deep soil probe cores were obtained per plot prior to treatment initiation.  Soil samples were air-dried prior to sieving through a 2 mm plastic mesh sieve.

Treatment rate for the wallboard and agricultural gypsum was the equivalent of 5 tons per acre.  Actual amounts applied per plot were: 240 lbs of wet pulverized wallboard and 153 lbs agricultural gypsum.  The higher weight for the pulverized wallboard rate is due to adjustment for moisture content.  Treatments were surface applied, and not incorporated,

Application Rate Calculations:

20’ X 40’ plot area is 0.0184 of an acre

1 acre furrow slice (6” deep) is 2,000,000 lbs. soil

5 tons per acre is 10,000 lbs. of dry material
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7Analyses performed by A&L Eastern Agricultural Laboratories, Inc., Richmond, VA. January 13, 1995 to each plot area.

therefore,

5 ton equivalent per plot area is 184 lbs. dry material

for moist wallboard (23.6% water)

apply 240 lbs. wet material per plot

for dry agricultural gypsum

apply 184 lbs. dry material per plot

Turf Plot Sampling.  Three turf grass biomass determinations were made during the 1995 growing season on May 25, July 10 and July 25.  A walk-behind mower with mulcher and bagger was used to trim plots prior to the beginning of the season.  The biomass determinations were performed with a sickle mower which cut a 3’ wide section 10’ long within each plot.  The cut grass was hand raked and bagged for wet and dry weight determinations.  Data were recorded as tons grass per acre by converting the measured 30 sq. ft. area dry weight to a per acre basis (Table 4).  Statistical analysis of the average biomass yields for each cutting date - treatment combination is shown in Table 4.  There were no significant differences in biomass yields between treatments independent of cutting date.

It should be noted that the summer of 1995 was abnormally dry and the total rainfall for the 8 month period (January 1995 through July 1995) was 22.5”, about 8” below normal for the same period.  However, under ideal conditions it has been calculated that about 11 tons of gypsum per acre can dissolve in 40” of rainfall (Ritchey, et al. 1995).  This dissolution rate can be affected by gypsum purity and particle size.  Visual inspection of the plot areas in August 1995 indicated some small (< 1/4”) wads of wallboard facing paper with traces of gypsum evident in the pulverized wallboard treated plots and no trace of the applied agricultural gypsum apparent.

Turf Plot - Plant Elemental Analysis.  Representative samples of the dried and ground turf grass yields from each of the 3 harvests were analyzed for total concentration of N, P. K, Ca, Mg, Mn, Fe, Cu, B, Al, Zn, Na, Sr (strontium), Ba (barium), Cd, Pb, Mo (molybdenum), Ni and Co (Table 5)8.  Calcium (harvests 1 and 3), Mg (harvests I and 2) and Ba (harvests 1, 2 and 3) 

                                                                                                             .

8Analyses performed by the Agricultural Services Laboratory, The Pennsylvania State University, University Park, PA.

concentrations were significantly different among treatments.  At the third harvest Ca was significantly higher in plants grown on either the pulverized wallboard or agricultural gypsum amended plots versus the control.  During the first two harvests Mg tended to be lower in the treated versus control treatment, but this difference was not evident by the third harvest.  For all 3 harvests, turf grass Ba was significantly higher in control versus either pulverized wallboard or agricultural gypsum.  These trends are typical of high Ca additions to soils and consequent effects on plants since Ca can replace exchangeable Mg and Ba in soils resulting in lowered soil solution levels available for plant uptake.

Both materials added small amounts of Sr to the soil (Table 2) with agricultural gypsum being higher than pulverized wallboard.  This addition of Sr is reflected in the plant concentrations (Table 5).  Similarly, agricultural gypsum added more B than pulverized wallboard (Table 2) and this difference is shown in the significantly higher plant B levels from agricultural gypsum treatment versus either pulverized wallboard or the control soils (Table 5).

There were also some significant differences among treatments in plant P, Mo, Mn and Zn depending upon harvest number (Table 5).  However, these differences were very small and have little overall significance.

Turf Plot - Post Treatment Soil Analysis.  Soil samples were obtained ten months after initial treatment application.  Eight soil cores were obtained per plot area, separated into 0-3” and 3-6” depth samples, air-dried and ground to pass a 2 mm sieve and analyzed9.  The analytical results are presented in Table 6.  Soil pH was significantly lower in the agricultural gypsum amended plots compared to the control plots for both the 0-3” and 3-6” depths.  Soil pH, at either depth, was not significantly affected by pulverized wallboard compared to the control soils.  Surface (0-3”) soil Ca was significantly elevated and soil Mg was significantly decreased by both the pulverized wallboard and agricultural gypsum treatments compared to control soils.  However, 
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9Analyses performed by the University of Maryland Soil Testing Laboratory (Bandel and Rivard, 1975).

these differences in Ca and Mg among treatments are not exhibited at the 3-6” depth (Table 6).  Sulfate-sulfur was significantly increased by both pulverized wallboard and agricultural gypsum treatments compared to control at both depths while soluble salts were significantly elevated by agricultural gypsum compared to the control only in the 0-3” depth.  All other plant essential nutrients measured (P, K, B, Cu, Mn, and Zn) were not significantly affected by either treatment at either soil depth compared to the control.  The significant effects noted in Table 6 are expected (and desired) with the addition of a gypsum product to soils.

Overall, a 5 ton per acre application of pulverized wallboard produced a beneficial effect on the Ca status of the turf grass at the end of the growing season as well as elevated soil Ca status with no significant decrease in soil pH and no indication of trace element problems.

C. Column Study

Columns 2.5’ high were prepared from 6” inside diameter PVC tubes and capped at one end with a perforated PVC end-cap on top of which was placed a sheet of filter paper (Whatman 2V) and 1.1 lbs. of washed pea gravel.  The columns were then filled to within 4” of the top with 8.2 lbs. of surface soil from the field turf plot area (Cordorus silt loam).  The field-sampled soil had been air-dried and sieved through a 2 mm stainless steel sieve.  An additional 0.6 lbs. of soil was used as a carrier to mix in either pulverized wallboard or agricultural gypsum before being placed on top of the column of soil.  (Total soil per column was 8.8 lbs.) Treatment additions were the equivalent of 10 tons per acre (actual 18.2 g of either dry pulverized wallboard or agricultural gypsum) mixed with 0.6 lbs. soil and placed onto the top of the columns.  (Treatments were based an acre surface area basis compared to the surface of the column).  Four replicates of pulverized wallboard, agricultural gypsum, or control (no material mixed with the 0.6 lbs. soil applied to the top of the column) columns were set up and received an initial 4 liters of demineralized water to wet the soil column.

Each column was leached weekly with the equivalent of 1” (2.54 cm) of water (actual amount of water added weekly was 195 ml) with the filtrate collected the following day.  There were sixteen weekly leaching events.  Weekly leachate samples were measured for total volume, pH and electrical conductivity with the remainder of the sample frozen for later elemental analysis.

Leachate pH was consistently higher from the control (unamended) versus either the pulverized wallboard or agricultural gypsum treated soils (Figure 2).  Except for one leaching event (Julian date 128), leachate pH was higher from the pulverized wallboard treated soils than agricultural gypsum.  Initially after the first leach (Julian Day 61), Leachate pH varied from 6.9 (control) to 6.6 (pulverized wallboard) to 6.5 (agricultural gypsum).  This trend continued and after the last leach (Julian date 166) pH varied from 6.6 for the control soils to 6.0 for the pulverized wallboard and 5.8 for agricultural gypsum.  Electrical conductivity (EC) was measured after each leaching event (Figure 3).  Initially, EC was highest from the agricultural gypsum amended soil columns and, with time, EC declined from all treatments and the wallboard amended soils had slightly elevated values compared to agricultural gypsum.  All Leachate EC values are well below any threshold that would cause salt damage to crops in agricultural situations (Richards, 1954).

All leachates were analyzed for Ca, Mg, K, P, Zn, Cu, Mn, B, and Cd and S04-S10.  Of those leachate constituents analyzed for, only Ca, Mg, K, S04-S, and Mn showed measurable (above detection limits) levels in the leachates.  Total amounts11 of these constituents leached were slightly higher from agricultural gypsum compared to pulverized wallboard with much lower amounts leached from the control (unamended) soils (Figures 3-7).  The significantly greater amounts of Ca and S04-S leached from the treated column soils compared to control column soils are indicative of the solubility of gypsum and its mobility in soils.  The same trend held for Mg and the levels of Mg leached (Figure 5) were greater than the amount of Mg applied from either pulverized wallboard or agricultural gypsum.  This enhanced leaching of Mg is due to displacement of soil Mg by the high soil solution level of Ca created by the dissolving gypsum.  
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10Metal analyses performed on a Perkin Elmer Plasma 40 Emission Spectrophotometer.  For analysis, 23 ml of leachate were transferred to 30 ml acid-washed plastic containers, 1 ml of concentrated nitric acid and 1 ml of Co standard were added per sample.  Sulfate-sulfur was analyzed using a Dionex 2000 ionic chromatograph.  All analyses were performed by the Environmental Chemistry Laboratory at USDAIARS, Beltsviile.

11Total amounts were calculated by multiplying constituent concentration found per leach by volume of leachate collected and totaling these amounts over all sixteen leaching events.

Measurable K was leached from all columns; however, the average total amounts leached were not significantly different between the treated and control soils (Figure 6).  Agricultural gypsum amended soils leached significantly more Mn than either the pulverized wallboard or unamended control soils (Figure 7).

After the last leachate event, the columns were allowed to dry for 10 days after which the soil was manually removed and the column was subdivided into three section: top, middle, bottom.  Each section was allowed to air-dried prior to analysis for pH, extractable Mg, P, K, Ca, B, Cu, Mn, Zn, soluble salts, and S04-S12 (Table 7) as well as exchangeable and extractable Al13 The data were statistically analyzed by comparing the top, middle, and bottom sections among the three treatments (pulverized wallboard, agricultural gypsum and unamended).  The top section of the column included the soil plus material mix that was placed at the top of the soil column prior to leaching.  Soil pH was not significantly lowered by the wallboard or agricultural gypsum compared to the control soil.  Surface soil Mg was significantly decreased by agricultural gypsum but there was no difference between pulverized wallboard treated and control soils.  The same trend held for extractable soil K.  Extractable B in the surface soil was significantly elevated by agricultural gypsum compared to either pulverized wallboard or control soils.  Surface and bottom soil sections were significantly higher in extractable Ca from either gypsum source compared to the unamended soils.  Sulfate-S levels were significantly increased in all sections from pulverized wallboard or agricultural gypsum compared to the unamended soils.  Soluble salt levels remained significantly higher in the surface section of the treated column soils.  Soil extractable P, Cu, Mn, and Zn were unaffected by treatments (Table 7).
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12Analyses performed by the University of Maryland Soil Testing Laboratory (Bandel and Rivard,

1975).

13Exchangeable Al - 20 g air dried soil plus 40 ml of 0.01 M CaCI2 shaken for 16 hrs, filtered

through Whatman 2V paper and the filtrate analyzed by atomic absorption spectrophotometry for Al.  Extractable Al - 10 g air dried soil plus 100 ml 1 N KCl shaken for 1 hr, filtered through Whatman 2V paper and the filtrate analyzed by atomic absorption spectrophotometry for Al.

The surface pulverized wallboard treated soils had significantly less exchangeable Al than the agricultural gypsum treated soils (Table 7A).  However, there was no significant difference between the control and pulverized wallboard soils.  There were no significant differences in extractable Al among treatments or soil column sections.  However, there was a trend towards lower surface soil extractable Al from the pulverized wallboard treated soils compared to either the control or agricultural gypsum treated soil.  This lower surface amount of Al is reflected by the higher extractable Al from the middle and bottom soil sections of the pulverized wallboard treated column soils.  This indicates that pulverized wallboard is aiding movement of Al down the soil profile.

Overall, the soil column leaching experiment showed that the equivalent of 10 tons per acre of pulverized wallboard produced results similar to agricultural gypsum: enhanced mobility of Ca and sulfate-sulfur from the applied materials and mobility of K, Mg, and Mn from the soil without any detectable trace element mobility that would raise ground water contamination concerns.

D. Vegetable Growth on Amended Soil in Pots

Air-dried, 2 mm sieved soil (Cordorus silt loam) from the turf field plot area was used as the growth media in 8” diameter, 8” high black plastic greenhouse pots (2-gallon pots).  A total of 6 kg of sieved soil was used per pot.  Two inches of soil was placed in the bottom of the pot; the remaining 6” of soil was mixed with 290 g dry pulverized wallboard or agricultural gypsum.  This treatment addition was equivalent to 10 tons of dry material applied to an acre.  Five replicate pots of the pulverized wallboard, agricultural gypsum or unamended control were established.

Tomato.  Initially, all pots were set out on a greenhouse bench on January 18,1995 and one tomato (Lycopersicon esculentum Mill., variety Rutgers) transplant was planted per pot.  This initial study was terminated due to a heavy infestation of white flies.  The pots were allowed to dry out and were then transferred to the field and placed in holes in the ground at the end of rows of field planted tomatoes.  The pots received normal water and ferlization additions and one ‘Sunbeam’ tomato transplant was established per pot on May 26, 1995.

During the growing season diagnostic leaf samples (five uppermost fully developed leaves per plant) were taken on July 24, 1995.  Leaves were washed with sodium lauryl sulfate solution and rinsed three times with demineralized water prior to drying in a forced air oven at 70 C for 48 hours.  Dried leaf samples were ground to pass a 30 mesh stainless steel sieve and analyzed for N, P, K, Ca, Mg, Mn, Fe, Cu, B, Al, Zn, Na, Sr, Ba, Cd, Pb, Mo, Ni, and Co14.  Results from the five replicates of each treatment are shown in Table 8.  Only tomato leaf Ba and Mo were significantly different between treatments.  In both cases the plants grown in unamended control soils had significantly higher levels of these elements than either pulverized wallboard or agricultural gypsum.

From August 7 through August 30, 1995, ripe tomato fruit were harvested.  At harvest, number, weight and visual, signs of decay were recorded.  A summary of the tomato harvests results is presented in Table 9.  Generally, the control plants yielded fruit about seven days earlier than either pulverized wallboard or agricultural gypsum and total number of fruit were greater from the control plants.  However, the plants grown on amended soil with either pulverized wallboard and agricultural gypsum produced larger sized fruit.  None of the fruit harvested from the pulverized wallboard amended plants showed any signs of low-Ca related rots while one of the control plants and two of the agricultural gypsum amended plants produced some fruit with blossom end rot symptoms.  Whole fruit analytical results are shown in Table 10.  Fruit from pulverized wallboard amended soils were significantly higher in Ca compared to agricultural gypsum treated soil and K was significantly lower from pulverized wallboard treated plants compared to agricultural gypsum treated soils (Table 10).  This inverse relationship between Ca and K content is to be expected: increased Ca usually results in reduced K content.  Whole fruit Cu was significantly increased from agricultural gypsum amended soils compared to control soils.  The differences among treatments in respect to fruit Cu content were, however, 
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14Analyses performed by Agricultural Services, The Pennsylvania State University, University Park, PA.

numerically small.  Whole fruit Cd was significantly higher from pulverized wallboard treated soils than either the agricultural gypsum or control treatments while fruit Co was significantly higher in pulverized wallboard treated soils compared to control soil.  As with Cu, the differences among treatments in whole fruit Cd and Co were numerically small.  There were no significant differences among treatments for P, Mg, Mn, Fe, B, Al, Zn, Na, Sr, Pb, Mo, and Ni.  (Table 10).

Broccoli.  After tomato harvest the soils were spread out and allowed to dry and were remixed prior to refilling the pots.  The pots were again placed at the ends of rows of field planted broccoli (Brassica oleracea botiytis variety Emperor) and one transplant was planted per pot.  Due to deer damage there were insufficient broccoli heads for harvest but 6 fully developed leaves per plant were harvested on November 13, 1995.  The leaf samples were prepared and analyzed as above for tomato leaf samples.  Total fresh weight of the harvested leaves was numerically higher for plants grown on wallboard treated soils (252 g) compared to agricultural gypsum (201 g) and the unamended control (231 g).  Similarly total leaf dry weight was highest for wallboard treated pots (32 g) compared to agricultural gypsum (28 g) and the unamended controls (25 g).  However, the differences in either fresh or dry leaf weights were statistically non-significant among all three treatments.

The leaf elemental data are presented in Table 11.  There existed a number of significant treatment effects on leaf elemental composition.  Unamended control soils produced plants with significantly higher Mg and Ba compared to either pulverized wallboard or agricultural gypsum.  Leaf Ca was significantly higher from the treated soils than the control.  Boron was significantly higher in plants grown on agricultural gypsum amended soils compared to wallboard or unamended soils while Mn was significantly lower from wallboard amended soils.  Leaf K, Sr, Mo and Ni varied among treatments (Table 11).

The potted soils were sampled after the broccoli plants were removed for analysis15 (Table 12).  The results were similar to the final soil analysis performed on the turf plot areas (Table 6).  However, since the application rate for agricultural gypsum and pulverized wallboard was twice that of the turf plots there was a significant increase in soil B in the potted soils (Table 12).  This increase in soil B is within acceptable levels for crop production.

Overall, the application of the equivalent of 10 tons per acre of pulverized wallboard or agricultural gypsum had limited effect on tomato production.  There was a slight increase in tomato fruit Cd from the pulverized wallboard compared to either the control or agricultural gypsum.  However, this effect was numerically small and it should be borne in mind that these plants were grown in a confined Volume of soil.  Similarly, Co was elevated in tomato fruit by both pulverized wallboard and agricultural gypsum compared to the control soil, Again, this increase was numerically small.
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15Analyses performed by the University of Maryland Soil Testing Laboratory (Bandel and Rivard, 1975).

V. CONCLUSIONS

An acceptable procedure which allows for the utilization of pulverized scrap gypsum wallboard from new construction as a soil amendment around single home construction sites must be able to display a beneficial use.  As stated earlier, this form of utilization differs from applications of many other byproducts to soils in that it is a one time application of material and that the soils that the material is applied to will most probably be subsoil materials.

1.
The analysis of the pulverized wallboard indicated no abnormally high elemental contents from an agricultural utilization viewpoint.  In fact, the boron content of the wallboard sample was less than that of agricultural gypsum.  TCLP tests and a dioxin screen indicated no differences between pulverized wallboard and agricultural gypsum and neither material poses a leachate contamination problem.  Therefore, pulverized wallboard was similar to agricultural gypsum in regards to content.

2.
Four to six months after a surface application, pulverized wallboard and agricultural gypsum had no significant effect on turf grass biomass production.  Elemental content of representative grass samples reflected the positive compositional differences one would expect from addition of a gypsum material to soils.  Over the relatively short-term of these studies pulverized wallboard produced positive effects similar to agricultural gypsum with respect to turf grass growth, content, and the effect on the soil.

3.
Soil column leaching studies exhibited movement I displacement of plant nutrients (Ca, Mg, S04-S, K, and Mn) in Leachate typical of addition of a high gypsum material to soils.  There were no indications of trace element leaching which could cause ground water contamination concerns.  The leaching data were supported by the sectional analysis of the soil in the columns after the leaching events.  There was also a trend towards enhanced mobility of Al through the soil column which can have a beneficial effect on plant root growth.

4.
Tomato and broccoli growth on amended soils in pots was inconclusive due to problems with deer browsing the broccoli heads.  However, the tomato and soil analyses showed that application of wallboard or agricultural gypsum to a soil initially sufficiently high in plant nutrients and fertigated at horticultural levels would have little impact on elemental composition.  Tomato fruit yields and fruit composition were generally little affected by the application of either pulverized wallboard or agricultural gypsum.  A significant increase in whole fruit Cd was detected from the pulverized wallboard application compared to either agricultural gypsum or control soils, however, these levels were all low and should not pose any limitation on pulverized wallboard utilization in field applications.  It should be noted that these results are from plants grown in amended soils in confined pots.

Overall, pulverized wallboard reacted in a manner similar to agricultural gypsum in regards to both soil and plant effects.  Therefore, under conditions where agricultural gypsum would be recommended as a soil amendment, pulverized wallboard would be a suitable substitute.  In relation to the on-site application of pulverized wallboard at home construction sites (to soil materials that would most likely be subsurface layers) the beneficial effects that would occur from the application of agricultural gypsum would also occur with the application of wallboard pulverized to a size that, when dispersed on the surface of the ground, would break down in a reasonable period of time under local climatic conditions.

VI. RECOMMENDATIONS

The question will arise as to how a beneficial effect of spreading pulverized scrap gypsum wallboard from new construction around single family house construction sites can be confirmed on a site-to site basis.  Individual State regulations on the required data needed to label a soil amendment for agricultural use vary from complete field agronomic testing and analysis to nothing.  Therefore, it is difficult if not impossible to ascribe recommendations or tests that would satisfy all regulatory needs.  The similarity of pulverized wallboard to agricultural gypsum, as shown over the short-term in this study, raises the issue of what, if any, regulations should be imposed on the utilization of pulverized wallboard.  In general, regulations should be, imposed only where, they are demonstrably needed to protect humans, soil fertility, or the environment.  To this end and in lieu of having to do a one to two year field study on each soil type to obtain results similar to those in this report and/or to avoid any possible environmental concerns, the following recommendations are put forth for pulverized scrap gypsum wallboard from new construction:

1.
An elemental analysis of the wallboard used must be available.  This should be a relatively easy target to achieve either by having the manufacturer supply this information or have a databank on analyses of wallboards from different manufacturers.

2.
Develop a biological “quick” test.  As noted in the Literature Survey section of this report (p. 10), a simple, easy to perform growth test can provide information within 4 to 7 days as to whether or not a specific soil will respond to pulverized wallboard application (i.e. show a beneficial use).  Although not specially tasked to develop such a test, studies should continue on development of such a test for pulverized wallboard.

3.
Prediction of a beneficial use based on Soil Surveys.  Essentially all counties within the United States have been mapped in relation to soil type and the results are reproduced as a county Soil Survey.  These surveys include data and descriptions of major soil types including information on subsoil materials.  Within a state it would be an easy task to identify those subsoils which would respond to wallboard (gypsum) application.  This identification could be performed in conjunction with the biological test (noted in # 2 above) for the major soils series within a county.

It may be possible in the future to combine recommendations #2 and #3 into a useful predictive strategy.  For example, if the county extension office could perform the “quick” tests on the major soil series occurring in that county and indicate which soil series exhibit a beneficial response, then builders could use that information at specific construction sites.
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