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INTRODUCTION 

The objective in a swine waste disposal system is to reduce the 

pollutional characteristic of the waste and to prevent pollution of 

the soil, water, and plant environment. An economical method of 

treating animal wastes is by anaerobic lagooning. Considerable 

research has been done on the design and operation of swine wastes 

lagoons. Studies have been done on storing of effluent in holding 

ponds, lagoons systems, and application of this excess to a soil- 

crop system, but the problem of disposing of the excess swine 

effluent is still present. 

In areas of high rainfall, where precipitation exceeds evaporation, 

disposal of excess lagoon effluent is necessary since the quality of 

the effluent does not meet federal and state standards for discharge 

into waterways. A logical alternative is application to cropland and, 

thereby, to utilize both nutrient and irrigation effects of effluents. 

In the Coastal Plain region of Virginia, swine producers are faced 

with both a humid climate and high water table soils. The disposal of 

excess effluent from anaerobic lagoons used in the waste management 

systems is necessary in this region. This study was initiated to 

determine the feasibility of applying swine waste effluents to cropland 

on which corn (Zea Mays L.) was grown. Objectives of the research were 

as follows: 

1. to evaluate the variability in nutrient concentrations in 

swine lagoon effluents, 

2. to determine the effects of effluent applications on nutrient 

concentrations and yield of corn,



to study the downward movement of elements in surface applied 

effluents, and 

to investigate contamination of groundwater from swine waste 

lagoon effluent applications.



LITERATURE REVIEW 

The objectives in any waste disposal system are to reduce 

pollutional characteristics of the waste and to prevent pollution of 

adjacent waterways. This is partially accomplished for swine wastes 

through use of anaerobic lagooning systems, It is necessary to dispose 

of the excess effluent in some swine waste lagooning systems. This 

review covers performance of anaerobic lagoons, chemical properties 

of effluent from anaerobic lagoons, and limitations and beneficial 

effects of effluent application to agricultural soils. 

Anaerobic Lagoon Systems 
  

The suitability of anaerobic lagooning of swine waste has been 

studied by many researchers. Willrich (1966) found that transforma- 

tions in anaerobic lagoons removed 70 to 80% of total solids; 85 to 

90% of volatile solids and COD (chemical oxygen demand); 60 to 70% of 

BOD (biochemical oxygen demand); and 45 to 50% of total nitrogen. In 

addition, it was found that odor can be reduced by following recommended 

design criteria in which case red or purple-pigmented sulfur bacteria 

incorporate sulfur materials in their cellular components and, thereby, 

prevent release of hydrogen sulfide. 

Curtis (1966) reported that chemical analyses are effective 

diagnostic criteria in evaluating the causes of odors from lagoons. 

Determinations that he found useful were pH, Kjeldahl nitrogen, 

volatile acids, alkalinity, BOD and COD. The analyses showed that, 

when concentrations of volatile organic acids, BOD, and COD were low, 

active digestion was apparent and lagoons were comparatively odor free.



“Shindala and Scarbrough (1972) discussed the odor problems 

associated with lagoons. They pointed out that odors result from shock 

loading effects on microbial population which lowers the pH. Growth 

of methane formers is inhibited at the lower levels of pH in a lagoon, 

Mulligan and Hester (1972) reported that odor problems in anaerobic 

lagoons occur when the "acid" sludge layer is disturbed. Serious odor 

problems also occurred when wastewaters received relatively high 

amounts of sulfur compounds and the pH was 7 or less. 

The anaerobic lagoon is an efficient trap of copper, zinc and 

heavy metals according to Humenik (1972). He indicated that metals 

combined with organic materials settle to the bottom of lagoons. 

Booram and Smith (1974) suggested that heavy metals may be trapped when 

lagoons are in a quiescent state but not in a lagoon with gas activity. 

The addition of a second aerated lagoon to an anaerobic lagoon 

resulted in an average COD reduction efficiency of 40% and average 

BOD reduction of 60% for a two week detention period (Hermanson and 

Koon, 1973). Nordstedt et al. (1971) studied a multistage dairy lagoon 

system in a sandy, high water table soil. Nutrient losses in the 

wastewater during the lagooning process were quite high. The second 

lagoon in series was used primarily for storage. They recommended 

that the dairy lagoon effluent be applied as a nutrient source for 

a soil-piant system in order to remove excess water from the lagoon. 

Clark (1965) discussed reasons for failure of anaerobic lagoons, 

and mentioned that their successful usage hinged on the digestion of 

wastes with an accompanying massive heterotrophic growth of algae. 

He indicated that large amounts of antibiotics in feed affect the 

bacterial population of wastes and that undiluted waste may fail to



digest due to the inhibition of gram-positive organisms such as acid 

formers, 

Koelliker and Miner (1970) pointed out that anaerobic livestock 

waste effluents have high biological] and chemical oxygen demands and 

contain large amounts of nitrogen and phosphorus. They suggested that 

lagoons are not the final solution to the animal waste treatment 

problem. Booram and Smith (1974) concluded that anaerobic lagooning 

was satisfactory for treatment of animal wastes and that this method 

seemed to be the ideal treatment technique for stabilizing highly 

concentrated oxygen demanding wastes. 

Loehr (1967) reported that anaerobic lagoons provide sedimentation 

capacity and stabilization of organic matter, but do not render water 

purification. Shindala and Scarbrough (1971) reviewed the literature 

on the treatment and disposal of swine wastes. They concluded that 

considerable reduction in pollutional characteristics of wastes results 

from anaerobic lagoons and that lagoons should be used as an initial 

step for wastewater treatment rather than as a complete treatment. 

Land Application as Final Effluent Treatment 
  

It is apparent from the literature that the effluent from 

anaerobic lagoons is not suitable for discharge into surface waters. 

Loehr (1971) discussed the treatment alternatives for animal waste 

disposal and concluded that effluent from animal waste treatments is 

better suited for land disposal than for discharge into a receiving 

stream. Vanderhohm and Beer (1970) used effluent from anaerobic swine 

lagoons to irrigate a cover crop, and found excellent effluent



renovation by the crop-soil system. Chemical oxygen demand in leachate 

from the experimental area was reduced by an average of 97% and 

nitrogen by an average of 802%. 

Koelliker and Miner (1970) collected leachate from an area where 

anaerobic swine lagoon effluent was applied to a grass covered soil 

profile, Chemical oxygen demand, and phosphorus and nitrogen concentra- 

tions in leachate were 95, 99, and 80% less in three months than in the 

applied effluent, respectively. The phosphorus in the applied effluent 

was held near the soil surface, and the loss in nitrogen was attributed 

primarily to denitrification. 

The amount of total nitrogen was suggested by Koelliker and Miner 

(1971) to be the constituent that limits the amount of effluent that 

suitably can be applied to agricultural soils. They also reported that 

transformation of nitrogen in an anaerobic lagoon is related to tempera- 

ture and that as much as 65% of added nitrogen may be desorbed to the 

atmosphere (Koelliker and Miner, 1973). It was concluded that the 

ammonia desorption rate would dictate the area of land needed for 

liquid application and they suggested that about 672 kg nitrogen/ha 

would be a reasonable rate, 

Humenik et al. (1972) concluded that the major constraints for 

waste degradation in lagoon systems in the southeast are the disposal 

of excess effluent and the potential of odor and leakage. In subsequent 

research they indicated that land requirements are contingent on either 

the waste treatment process or the hydraulic limitations for the 

particular waste and plant-soil system, and recommended that nitrogen



application should not exceed approximately 150-200 kg/ha per year for 

corn or 200-500 kg/ha per year for forage (Humenik et al., 1974). 

Humenik et al. (1975) investigated transformations of swine waste 

lagoon effluent in soil profiles and found that 85% of wastewater 

nitrogen was converted to nitrate in the rooting zone. Levels of total 

nitrogen in wastewater applied to soil in this study ranged from 34 mg/1 

to 230 mg/l. It also was found that organic materials in the applied 

effluent moved through the soil profile with soil water. 

Variability of Nutrients in Swine Waste 
  

Analyses of lagoon effluent show wide variations in concentrations 

of selected elements. Booram and Smith (1974) found the following 

ranges in elemental composition of effluent sampled at various times 

from an anaerobic lagoon: potassium, 256-369 ppm; sodium, 18-203 ppm; 

and copper, 0.04-0.24 ppm. Experimental data by Booram et al. (1974) 

support this variability in swine lagoon effluents. Humenik (1972) 

reported that elemental concentrations in effluent from an unaerated 

lagoon varied with seasons of the year. Mulligan and Hesler (1972) 

discussed the wide variations in characteristics reported in swine 

wastes. They reasoned that the composition of these wastes depend upon 

breed and size of the animal, digestibility of food, and elemental 

contents of the feed ration. 

Sutton et al. (1974) found that the concentration of elements in 

the diet affected concentration of nutrients, especially sodium, in the 

swine waste, Furthermore, the method of handling wastes affected their 

nutrient composition and fertilizer value. Total nitrogen and ammonium



nitrogen were higher in anaerobic than in aerobic waste. The fertilizer 

values of swine waste from an anaerobic pit, oxidation ditch, and 

anaerobic lagoon were compared by Sutton et al. (1975). They found 

that concentrations of nutrients in swine lagoon effluent were much 

less than in either an oxidation ditch or an anaerobic pit. 

Wallingford et al. (1974) investigated the chemical properties of 

beef feedlot-lagoon water and found a wide variation in concentration 

of nutrients over two summers. High and low values ranged from 1.6 to 

7.6 mmho/em for electrical conductivity, 112 to 660 ppm for sodiun, 

and 1 to 63 ppm for nitrate nitrogen. They recommended that, due to 

lack of uniformity, concentrations of nutrients in wastewater should 

be considered prior to disposal on cropland. 

Wastewater Effects on Soil and Plants 
  

According to the literature, land application may be the solution 

to disposal of anaerobic lagoon effluents. It has been practiced on 

grass and field crops to determine detrimental effects. Booram and 

Smith (1974) reported that animal wastes are high in nitrogen and 

phosphorus and, therefore, that nutrient loading rather than hydraulic 

loading will control land application. They found that phosphorus, 

sodium, iron, and aluminum increased in the leaf tissue of corn with 

increasing rates of effluent application. In contrast, magnesium 

concentrations varied inversely with amounts of effluent application. 

Humenik (1972) reported that application of 2.54 cm/week of 

primary swine lagoon effluent in lysimeters resulted in essentially 

complete removal of phosphorus and extensive reduction of oxygen demand



and organic carbon. Nitrogen was converted to nitrate and this could 

pose a serious groundwater problem. Copper, phosphorus, sodium, and 

zine accumulations in the soil under study varied directly with level 

of effluent application. 

Research by Sutton et al. (1974) indicated that application of up 

to 134 metric tons/ha of wastes from swine with different dietary 

levels of salt did not seem to affect corn yield. They concluded that 

concentration of nutrients, particularly sodium, should be monitored 

since there can be buildups in waste pits and detrimental salt levels 

for corn growth can occur where the waste is applied to soil. 

Murphy et al. (1972) studied the effects of animal waste 

applications to soil and reviewed the literature concerning the buildup 

of nitrogen, phosphorus, and cation accumulation in the soil. They 

pointed out that accumulation of monovalent and divalent cations can 

exert detrimental effects on physical and chemical properties of soils. 

Large concentrations of ammonium, potassium, and sodium may disperse 

soil colloids and, thereby, destroy soil structure and decrease water 

sorption by soil. 

Wallingford et al. (1974) noted that, with land disposal of beef 

feedlot-lagoon water on soil, corn yield was increased due to nutrients 

contained in the applied lagoon water. Corn yield decreases occurred 

where 26 and 46 cm/year of the lagoon water were applied to soil. 

These yield decreases were attributed to high soil salinity. Ina 

laboratory study where cattle feedlot lagoon water was applied to soil 

columns, Travis et al. (1971) found that water infiltration was halted 

and that ammonium, potassium and sodium accumulated in the soil surface.
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Electrical conductivity values of saturated extracts of soil from 

columns were between 2.80 and 5.05 mmho/cm. 

Booram and Smith (1974) cautioned that salt accumulation in 

irrigated soils may adversely affect crop growth. They concluded that 

this should not be a problem in humid regions where irrigation water is 

not the primary source of water. They believed nitrogen to be the 

controlling factor in applying swine wastes and that a regular annual 

application of 280 kg nitrogen/ha could be made without danger of 

nitrate groundwater pollution in Iowa. 

Booram et al. (1974) evaluated the effects of anaerobic swine 

lagoon effluent application on corn and grain sorghum. Application of 

51.3 cm of effluent/ha increased phosphorus and nitrogen concentrations 

in corn and sorghum leaf tissue; and aluminum, barium, iron, manganese, 

potassium, sodium, and zinc concentrations in only corn tissue. Corn 

yield was unaffected by the effluent application, whereas grain sorghum 

yields were decreased up to 46.1 hl/ha. Sutton et al. (1973) found 

that corn yield was unaffected by application of up to 134 metric tons/ha 

of liquid swine wastes, and nitrogen in corn leaves tended to reflect 

nitrogen applied to the land. 

Hinrichs et al. (1974) reported that application of beef feedlot 

effluent did not affect soil bulk density, water-retention characteris-— 

tics, or size distribution of particles of soil. The effluent 

application decreased hydraulic conductivity of soil, reduced 

permeability of soil, and increased sodium, potassium, and chlorides 

in soil. These effects were largely eliminated by precipitation that 

occurred between growing seasons,
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According to Koelliker et al. (1971), swine anaerobic lagoon 

effluent can be successfully treated and disposed of on Iowan soils 

between mid-April and early November by sprinkler irrigation with 

conventional irrigation equipment. Forage grasses were grown satis- 

factorily where they applied the lagoon effluent. However, from a 

pollution standpoint, total nitrogen is the constituent likely to limit 

the amount of effluent application in a season (Humenik et al., 1974; 

Koelliker and Miner, 1973).



MATERIALS AND METHODS 

A field experiment was initiated to determine the effect of 

various levels of swine waste effluent on the nutrient composition and 

yield of corn. The soil under study was a Woodstown loamy fine sand 

(Aquic Hapludults, siliceous, mesic). This soil is moderately well 

drained, with moderate permeability and a seasonal high water table. 

The swine waste effluent under study was taken from a two-stage lagoon 

system located in the Coastal Plain Region at the Tidewater Research 

and Continuing Education Center (TRACEC) (Fig. 1). The primary lagoon 

in the two-stage system is anaerobic, and the secondary lagoon is 

connected to the first by an overflow pipe. Wastes from the swine 

confinement area are pumped into the primary lagoon and excess water 

enters the secondary lagoon. 

Swine Effluent Analysis   

Concentrations of ammonium-nitrogen, calcium, chloride, copper, 

magnesium, manganese, nitrogen, phosphorus, potassium, sodium, and 

zine were determined in effluent sampled from four lagoons in March, 

June, July, and September of 1975. In addition, COD analyses were made 

for effluents sampled in March, These effluent samples were obtained 

from the primary and secondary lagoons at the TRACEC; and from anaerobic 

swine waste lagoons located at the Virginia Swine Evaluation Center 

(VSEC), and on the Parke Ashburn farm (private farm). These lagoons 

were located in Suffolk, Virginia. The chemical analyses were 

completed to compare the elemental composition of effluent from 

different lagoons. 
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Figure l. 
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Two-stage lagoon system located at the Tidewater Research 

and Continuing Education Center. The primary lagoon (the 

lagoon on the left) is connected to the secondary lagoon 

(on the right) by an overflow pipe.


