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ABSTRACT
Thé swine growing center utilized for sample collection is a confinement
facility in which the concrete floors were washed daily. New feeder pigs were
éontinuously brought in and market size animals_removeq.l The feed ration con-
tained about 138 ppm of copper and 100 ppm of zinc.. This exp;rimental‘station
initially consisted of one housing unit for about 100 animals with a five-foot
deep‘anaerobic lagoon.

The influence of feed antibiotics chlorotetracycline, copper and zinc concen-
trations and sample dilution upon the standard five;day biochemical oxygen demand
(BODS) analysis was investigated for swine fe?es, lagoon infiuent and lagoon eff-
lﬁent « The variation of the BOD5 value with sample concentration was also inves-
tigated for synthetic sewage and animal waste samples without inhibitory feed
adgitives. Analyses of the experimental data for the BOD bioassay showed that
results depend upon sample history, type and amount of seed organisms, incubation
conditions and sample size. Therefore, work was conducted to correlate BOD5
results with othér chemical or instrumental tests and develop technically sound
methods for evaluating the oxygen demand or pollutional potential of animal waste.
Data correlations and characterization values for the Precision Scientific instru-
mental chemical oxygen demand analyzer and Beckman organic carbon analyzer were
developed for animal waste. Recommendations were presented for obtaining accurate
gnd consistent characterization data for animal waéte and suggestions were made.for
obtaining the most reliablé BOD5 results, particularly for swine waste.

Laboratory work was also conducted on the suitability of procedures outlined

in Standard Methods for Examination of Water and Wastewater (1971) and alternative

analytical techniques for the characterization of animal wastes. Evaluation of
total phosphate versus orthophosphate tests; nitrate determination by the ultra-
violet technique, selective electrode, and Hach Portable Laboratory; and methods

iv




for fecal coliform determination were conducted and recommendations made.

This laboratory work provided for the evaluation of the animal waste treat-
ment alternatives investigated.during this project. Operation data for a single
unaerated swine W#ste lagoon, two unéerated lagoons in series, and packed soil
lysimeters for land disposal of tgisilagpon effluent were analyzed. Lysimeﬁgr
work on the land application of liquid dairy manure was also initiated. _The
lysimeters were operated as natural fiow—through soil pfofiles and with a con-
trolled water table. It was demonstrated that the nitrate formed in the aerobic
soil layers could be removed without supplemental organic addition by biological
dgnitrificétion in the anaerobic zone proved by>the controlled water table.

The studied unaerated series lagoon system for swine waste provides for a

greater reduction in pollutional poténtial.than just the original single unaerated

lagogn. However, excess liquid from unaerated lagoons must be applied to the 1and

" because it is not suitaeble for discharge to receiving streams. The land has the
potential to assimilate and .stabilize waste components but ovefloading with nitrogen,
heavy metal feed additives or salts can pose an environmental or health hazard. The
greater the amount of prétreatmént provided, the smalier the amount of land required
for satisfactory final disposal of efflﬁenf oxygen demand, organic carbon, heavy -
metals and nitrogen. Denitrification by controlled land management tebhniqués can
further reduce the amount of nitrogen in effluentISOil water. Recommended land
loéding rates for terminal animal waste disposal based upon limiting‘¢onditions are

being developed to provide guidance for a particular animal prodpcer.
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SUMMARY .AND CONCLUSIONS

The objectives of this study were to evaluate analytical techniques for the
characterization of swine wastes and to sfhdy methods for the treatment and
‘disposal of animal waste. The suitability of employing contemporary analytical
methods for animal waste testing was studied and new procedures or techniques
' pursuant to more reliable apd accurate characterization of the pollutiomnal
potential of animal waste were investigated. Laborétory work prdvided for the
analytical evaluation of the'following swine waste treatment alternatives: a
single unaerated lagoon, two unaerated lagoons in series, and packed soil
lysimeters for land application of lagoon effluent, Work was also initiated
on the application of liquid dairy manure to lysimeters.

Severe problems with the standard biochemical oxygen demand (BODs) analy-

sis outlined in Standard Methods for the Examination of Water and Wastewater

(1971) (hereafter referred to as Standard Methods) were experienced when this:
biocassay was used to evaluate swine wastes. The standard BOD5 value consis-
tently va:ied with the amount of sample concentration. No variationm in the
BOD5 value with sample concentration should occur if dilution and/or analytical
errors are avoided and inhibitory substances are not present.

The investigation of the BOD5 test was more significant than a mere analy-
tical exercise because of concern about its reliability as the mainstay of
pollution control technology, applicability for regulatory criteria and suit-
ability as a basis for public investment in environmental quality., Although
the BOD5 test has %een the most widely employed analysis for the meésuremenﬁ
of organic pollution in terms of oxygen required for the biological staﬁiliz-
ation of municipal and industrial wastewater, problems have been periodically

reported for about fifty years. Therefore, it is not unusual that researchers

in agricultural waste management have been seriously plagued by the difficulty

xiv




of obtaining reproducible BOD5 data.

The concentration of feed additive chlorotetracycline, copper, and zinc in
swine feces, lagoon influent, lagoon effluent and BOD bioassay soiutions was
determined. Chlortetracycline concentrations were found by modifying the A.0.A.C.
(1965) microbiological method for the assay of chlortetracycline in animal feeds.
Copper and zinc levels of digested samples were determined with an atomic absorp-
tion spectrophotometer.

Domestic sewage was used to establish concentrations éf copper, zinc and

chlortetracycline that would affect the BOD. bioassay. Results of the minimal

5

inhibitory concentration (MIC) studies on the BOD. of sewage directed the

5
selection of swine waste samples with a copper concentration of less than 0.0l
mg/1l, which correspondingly resulted in an oxygen depletion of only about 2
mg/l as the most reliable. Additional work with seeded and unseeded samples,
stirred and unstirred tests, and different incubation times for various swine
waste samples and synthetic sewage showed that feed additive toxicity could

not singly explain the variation of the BOD. value and no mitigating remedies

5
have been found. BOD5 value variation with sample concentration is attributed
to inhibitory materials, either feed additives or metabolic end products, which
exceed minimal inhibitory concentrations in the more concentrated samples and to

the basic procedures for the BOD. bioassay.

5

Laboratory work to correlate with BOD5 additional analyses for the accurate
characterization of animal wastes has shown that the standard chemical oxygen
demand (COD) teét and instrumental analysis for total organic carbon (TOC) pro-
vide ﬁhe most technically sound data. Evaluation of parameter ratios showed
that the (COD)/(TOC) ratio provided the best predictor of either oxygen demand
or organic carbon given either parameter.

Additional laboratory work showed that for swine waste the membrane filter
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test .outlined in Standard Methods for the determination of fecal streptococcus
(FS) densities was superior to the membrane filter technique utilizing KF broth.
However, even with the higher and more consisgeﬁt FS counts for this method,

the FC/FS ratio of 0.6 or less reported for warm-blooded animals could not be
wverified. |

Nitrate data comparisons revealed that values for the Hach Portable Labora-
tory, an Orion Selective Electrode and ultraviolet procedure outlined in Standard
Methods were similar, with the Hach procedufe‘gengrally fielding a smaller value.
This indicates that the dissolved organic matter correction for the ultraviolet
test is adequate for soil leachate samples and the Hach procedure can provide a
relatively accurate field analysis for nitrate.

Total phosphate and ortho-phosphate data compgrisons for tests outlined in
Staﬁdard Methods have shown that results for replicate raw and treated animal
waste samples are essenﬁially identical. Thus the added time andvexpense for
the total phosphate test is not justified. Comparison of these data with total
and ortho-phosphate results obtained with the Hach Portable Laboratory for
replicate samples show that the Hach results are always much higher for both
phosphate tests.

The experimental station utilized as the sampling ;nd field study site
‘initially consisted of one housing unit for approxim;tely 100 animals with a
five-foot deep anaerobic lagoon designed according to Midwest Plan Service (1966N
recommendation for swine of 2 ft3 of voluﬁe per pound of animal. This lagoon
provided about anuSO% reduction in oxygen demand and organic carbon. After
an identical housing unit and lagoon were added, the lagoons were operated in
series with all the waste being discharged to the old lagoon and overflow
going to the new lagoon. Although the animal waste input to the first lagoon

has correspondingly doubled, the effluent quality remained about the same.
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Therefore, the use of two lagoons designed as single unaerated ﬁnits for a
Sseries system resulted in a final discharge superior'to the effluent from the
original single lagoon. Additionally, the treatment efficiency and effluent
quality of the secondary. lagoon continued to improve with time indicating the
development of a biclogical community that enhanced the operation of this treat-

ment unit. Sludge depth measurements during the first year of series operation

,..showed little change except in the area of influent and effluent flow which

increased only several inches in the secondary lagoon and about six inches in =
the primary lagoon. The primary lagoon which has been in operation about ten
years has a sludge dépth of about two feet at the inlet and outlet and one foot
elsewhere. The poor quality of the effluent and the potential for odor and
leakage are the major constraints associated with the excellent waste reduction
provided by the studied lagoon system which is characteristic of lagoons in
the Southeast.

. The application of primary lagoon effluent to lysimeters exposed to weather
conditions at a hydraﬁlic rate of one inch per week resulted in. essentially
complete removal of phosphorus and excellent removal of oxygen demand and
organic carbon. The extensive conversion of waste nitrogen to nitrate is of
concern because of physiological ill effects in humans and livestock associated
with high nitrate-nitrogen. 'I'he nitrogen loading rate can be reduced.by apply-
--ing secondary lagoon effluent because there is about 50% reduction -of nitrogen
in the second lagaon.

Investigation of‘lysimeters with controlled water tables showed that addi-
tional nitrogen removal by biological dentrification can be achieved without
supplemental carbon addition and with no decrease in the associated removal of
organic carbon and oxygen demand. Results for short-term lysimeter studies

with reduced loadings of swine waste lagoon effluent and liquid dairy manure
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revealed higher removalsbof oxygen demand.and organic carbon, but also higher
concentrations of effluent nitrate.. Long-term investigations are required to
accurately evaluate the merits of reduced loading rates for land application of
liquid animal waste.

Lysimeter soil data evidenced some accumulation of nitrogen, progressive
increases in phosphorus, sodium, potassium and calcium and a build up of

' feed additive copper and zinc. Comparison of cover grass data with literature
information on the elemental composition of grass showed a three to seven-
fold increase in copper. Zinc and magnesium concentrations were also elevated,
but the magnesium levels remained rather constant while copper and zinc
evidenced progressive increases. Although lagoons can provide for a reduction
of nitrogen prior to land disposal, little change in salts such as sodium,
potassium and calcium can be expected.

Heavy metal inventories for swine waste showed that lagoons can serve as
copper and zinc traps. However, long term interests require consideration of
lagoon renovation and/or disposal of accumulated solids. Critical assessment
of the felative advantages and disadvantages of alternative nutritional diets,
production methods and associated treatment systems with corresponding costs
and operational reqﬁirements must be made.

Results of this research project éupport the following summarized con-
clusions:

lf The standard BOD. value for animal waste is a function of sample

5
concentration,{waste composition and incubation conditionms.

2. Variation of the BOD5 value with sample concentration could not be
singly explained by feed additive toxicity but this value variation
is attributed to inhibitory materials, either feed additives or metab-

olic end products, which exceed minimal inhibitory concentrations in

the more concentrated samples.
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10.

' The standard COD test and instrumental analysis for organic carbon

(TOC) provide the most technically sound data and the COD/TOC ratio
provides the best predictor of oxygen demand or organic carbon given
either parameter.

The membrane filter test outlined in Standard Methods for determin-
ation of fecal streptococcus is superior to the membrane filter
technique with KF broth.

Nitrate values for lysimeter leachate obtained by a selective
electrode, Hach Portable Laboratory and ultraviolet procedure out—‘
lined in Standard Methods were very similar.

Results of total and ortho-phosphate comparisons for tests outlined
in Standard Methods are essentially identical, while Hach values
are always much higher.

The measurement unit of parameter per gram of dry solids is more
applicable than the milligram of parameter per liter unit for
animal waste characterization because the effect of dilution is
eliminated arid thus more meaningful data comparison for wvarious
waste samples is possible.

The poor effluent quality and potential for odor and leakage are
major constraints associated with the excellent waste reduction

provided by the studied lagoon system.

Application of animal wastewater to lysimeters exposed to the weather =

-

resulted in complete removal of phosphorus and excellent reduction
of oxygen demand and organic carbon.

The excessive nitrate concentration of lysimeter leachate can be
reduced by biological dentrification without supplemental carbon
addition when operating the lysimeter with a controlled water table
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at a proper distance below the soil surface. However, short-term
reduced loadings did not result in a proportional reduction of
leachgte nitrate.

Heavy metal feed additivés, nitrate-nitrogen and salts in animal
waste or lagoon effluent can pose aﬁ environmental or health hazard,
i,e. the copper content of the soil—plant receiver system may
approach levels that poison the soil and/or are toxic for sheep

and other grazing animals. However, lagooés can be utilized to
reduce nitrogen content and as a heavy metal trap prior to terminal
land disposal.

Sludge accumulation in the primary lagoon which has been in operation
for about ten years was less than expected.

Waste composition, type of waste pretreatﬁent and desired land
utilization or disposal scheme determine application rates and thus
land requirements necessary to preserve a viable system and conform

to regulatory criteria.



RECOMMENDATIONS
The following recommendations can be made as a result of this project.
A, Animal Wéste Characterization
1. Proven and accepted techniques for evaluation of énimal wastes
should be documented and available as a reference and laboratory guide. It may
be most expedient to add a special section to Standard Methods or at least
augment the existing discussion and procedurg section of tests employed. Such an
addendum should cover, at least, the relative suitability of alternative tests,
necessary procedural modifications, sample preparation requirements, potential
interferences, and precision for various animal or agricultural wastes. Addition-
ally, tests which are not applicable for particular agricultural wastes should be
appropriately noted.
2, The standard five-day biochemical oxygen demand (BODS) test should not
be used as the sole analysis for determination of the oxygen demand of agricultural
wastes because results of the BOD5 test va - with sample concentration. The

sample resulting in the lowest acceptable oxygen depletion should be considered

more accurate if toxic conditions are not negating.

3. More attention should be directed to the standard chemical oxygen
demand (COD) test and instrumental analyzers for oxygen demand (COZD) and organic
carbon (TOC). The conjunctivé use of an instrumental oxygen-~based and carbonfbased
analyzer can provide an excellent tool for the most rapid and consistent method of
determining the oxidation state of wastewater,

4, Test kits or field laboratories currently availablé can provide a
relatively accurate field evaluation for some parameters, but verification of
analytical accuracy must be checked before such simplified procedures are employed

and confidence placed in the results.
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B. Animal Waste Lagoons

1. Land disposal should be considered an integral part of animal waste
ménagement systems because the original waste or lagoon effluent is not suitable
for release to surface waters.

2. Producers who use copper or other medicinals that present health or
environmental hazards must manage the amount of these materials placed on disﬁosal
or recycling plots. The economical benefit of copper or other medicinals that
present health or environmental hazards_should be critically compared‘with the
additional costs required fpr waste management techniques necessary for the safe
utilization, treatment or disposal of such amended wastes.

C. Land Disposal

1. Land loading criteria based upon pounds of limiting substan;e per
acre per year seems most logical.

2, Land application should be executed-according to good management
techniques so that immediate runoff is eliminated, odor suppressed and quanities
of limiting materials not exceeded.

D. Additional Research

1. More data on relationships between size, type and operation of
various treatment units prior to land disposal are required so design and judge-
ment decisions concerning alternative unit and management schemes for land
disposal systems can be made with a greater degree of specificity and competance.

2, Plant-soil tolerance and composition‘data for materials that pose an
environmental or health hazard must be defined by long term studies of representa—
tive waste treatment or recycling schemes.

3. Maximum soil sorption capability and rates of accumulation for non-
biocdegradable materials must be determined so that the capacity and/or life of
land disposal sites can be predicted.
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4, The fate of harmful materials entering the'groundwater for typical
environmental regions must be determinea before lagoon leakage can be judged and
comprehensive land loading rates established.

E. Technology Transfer

1. Research information must be coordinated anq presented in a condensed
‘and simplified form for direct utilization by animal growers and interested
agencies, Workshops, regional seminars and commodity meetings for technoibgy
transfer between research, extension and regulatory éersonnel and the animal pro-
ducers are essential.

2. Implementation of research findings is mandatory and'therefore,\ﬂ

research and extension must provide meaningful tools for the laison between theory

and practice.
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INTRODUCTION

Animal production techniques have recently changed from a small producer
with several types of animals on pasture to intense production of one species
in confined growing units., Confinement housing or feedlots have allowed

increased and more economical production, but have also resulted in point

L]

sources of waste that are similar fo those of municipal-industirial éomplexes.
Thus producers are faced with the handling-ana disposal ofklarge quantities
of,wasfe within the constraints and capabilities Qf.each particular agricul-
tural enterprise,

The proper characterization of animal waste is essential for the designr
andrevaluation of animal waste treatment systemsf‘ Animzl wastes have very
high concentrations of organics, nitrogen, phosphérus, salts and contain: carry-
aover feed a@ditives. These wastes can be metabceclized by either aerobic or
anaerobic bacteria with the subsequent decompcéition_and/or stabilization of
waste organics. Therefore, the measurement of the amount of biodegradable
waste organics and removal rates or efficiencies is very important for the
evaluation of pollutional potential. : o |

The most widely used analysis for the measurement of waste organic bio-
degradation is the standard five-day biocﬁemiéal oxygen‘deﬁana (BODS) test.
The BOD5 test is a measure cf the amount gf oxygeﬁ reqﬁired for the biological
metabolism and stabilization of waste méterials under aerobic conditions.v"How—
ever, this biocassay is subject to any interferences that will affect biologicai
activity.and thﬁs ;aste components such és coppér, zinc and anﬁibiotics may
inhibit or even inactivate biological metabolism thereby resulting in reséricted
or erratic oxygen consumption that is reflectedvin Vafigble BODS;valueé.

Approximately 95 percent. cf commercial fged mi#es contain antibiotics.

Antibiotics promote weight gains and reduce animal diseases. Copper and zinc



are required in the feed ratiqn as a trace mineral supplement. Copper is also
used as a growth stimulant. Heavy metal feed additives may have increasing
local and national attention because the Report of the FDA Task Force on use
of Antibiotics in Animal Feed (1972) recommended discontinuation of antibiotics
for swine by July 1, 1973. Since a portion of these feed additives or minerals
pass through the animal, these substances have an affect upon waste analyses
and the effectiveness and/or applicability of waste treatment alternatives.
Historically animal wastes have been returnéd.to the land and considered
as beneficial for crop growth. .However, as a result of current production
methods new animal waste collection systems and corresponding utilizatienm,
treatment and disposal~systems are being developed. At first, least cost and
techniqﬁes developed for other wastes were directive. Consequently unaerated
lagoons became very popular im the Southeast, there being 2,488 swine waste
lagoons in just North Carolina during 1968 (Jomnes, 1968). Additiona;ly, tech~
nical advice and economic assistance for animal waste lagoon comstruction by |
the Soil Conservation Service through ASCS stimulated the installation and
utilization of lagoons throughout the United States.

Liquid systems have become popular because of economics and convenience.
However, land disposal, with or without pretreatment, is considere& the most .
feasible method of terminal disposal. Therefore it is imperative that allow-
able land application rates for various manure disposal and wastewater application
schemes be defined. Land loading criteria must be determined for each system
in various climatic and bio-physical regions and defined in a manner that will
be applicable to the different wastes that may be returned to the land as a
result of a particular waste management scheme. Additionally, the fate of waste
materials that may cause environmental or health hazards must be defined as
management techniques are‘developed for the disposal or recycling of animal

wastes through the soil,




REVIEW OF LITERATURE"

Properties of Swine Wastes

The properties of swine wastes can be classified as physical, chemical and
biological, Significant variations in these properties are reported in the
literature, Taiganides and Hazen (1966) reported that the.physical and chem-
ical properties of animal wastes are known to be affected by feed ration,i
physiology of the animal and growing conditions, Feed ration‘digestibiiity;
diet additives end physiological parameters of the animal influence waste pro-
perties because these parameters partially determine feed conversion efficieﬁcy
within a given environment.

The quantity of daily waste depends largely on the feed ration and the envi-
ronment., Taiganides and Hazen (1966) feperted ﬁhat the daily quantity of manure
produced in recent years wes usually less ehaﬁ that produced a few decades ago
begause of increased feed conversion efficiencies. Daily waste volgmes vary'
eonsiderably due to different methods of cleaning, waste collection and measure-
ment. For example, Taiganides et al. (1964) and Schmid and Lipper (1969) reported
values of 5.0 and 7.5 pounds of wet manure per day per 100 pound hog, respectively.
Muehling (1969) stated that waste from a hog is approximately 5 to 8 percent pf
its live weight per day with 10 to lS»percent‘of the waste being &ry matter.
Kesler and Hineon (1966) reported 0.56 pounds of dry solids prqduced per day per
100 pound hog, whereas, Jeffrey et al. €l965) gave 1,66 pounds per animal per eay.
An average of ten-references compiled Sy Muehling (1969) indicated that oneupoqnd
qf dry solids was produced daily per 100 pound hog.

The oxygen demand of swine waste has been measured by the standard five-day
biochemical oxygen demand (BODS) and/or ehe chemical oxygen demand (COD) test. .
Significant variations in the BOD5 and COD values of swine waste have been

reported. For example, Jeffrey et al. (1965) gave a BOD5 value of 0.44 and a
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COD value of 2{26 pounds per day per hog, whereas Schmid and Lipper (1969)

reported a BOD. value of 0,15 pounds per day and a COD value of 0.52 pounds

5
per.day for a 100 pound hog, Based upoﬁ the data of many workers, Muehling

(1969) concluded that the average BOD. is about 0.32 pounds per day per hog

5
weighing 100 to 125 pounds and the average COD for a 100 pound hog is about
1.4 pounds per day.

The organic pollutional -strength of a waste may be related to the oxygen
demand or the organic carbon content of the waste., The organic carbon con-
tent can be measured directly by the.total organic carbon (TOC) instrumental

analysis (Ford, 1968a). Robbins et al. (1969) reported an average TOC value

for swine waste of 0.13 pounds per day per 100 pound hog."

Methods of Waste Characterization

Taiganides and Hazen (1966) suggested that analytical techniques were a
cause for the differenceg in swine waste properties reported in the litera-
ture. Robbins et al. (1971) also stated that variations in the characterization
of swine wastes were in part due to analytical procedures and that many stan-
dard tests used to determine quality of water and wastewater were not directl§
applicable for swine waste evaluation.

Biochemical Oxygen Demand

The standard five-day biochemical oxygen demand (BODS) test has been widely
used to measure organic pollution in terms of the oxygen required for the,Bio;
iogical stabilization of wastewatér, However, the BOD test is a bioassay |
subject to interferences that will affect biological activify.

BODsltest problems have been reported by workers investigating municipal
and industrial wastewater for about 50 years. Recently, Enders!EE_él. (1967)
discussed the influence of dilution upon BOD values for sléughterhéuse wastes,
Data showed a maximum BOD5 value at an intermediate dilution. BOD5 values at

higher and lower dilutions were less for both the raw waste and the anaerobic
4




lagoon eifluent. Schaffer et-al. (1965) reported the phenomenon of a "sliding
BOD" for municipal wastes; i.e,, lower BOD5 results for more concentrated sam-
ples,

Many researchers working with animal waste have had difficulty in obtaining
reproducible BOD data even though the procedures outlined in Standard Methods
have been rigorously followed., Taiganides and White (1969) reported on typical
variations encountered in measuring the oxygen demand for animal wasﬁes.

Robbins et al. {1971) found that BOD5 values for animal wastewater varied with
the amount of sample dilution, The disparity of BOD data for a uniform weight
hog reported in the literature and research reviews (Muehling, 1969) vividly
illustrates the non-uniformity of B'OD5 data for animal wastes.

Clark (1965) concluded the BOD test was not applicable for swine waste or
lagoon water and that feed additive antibiotics and metals retarded waste bio-
degradation} About 95 percent of commercial feed mixtures for swine contain
antibiotics to prémote weight gains and reﬁuce animal diseases,

The role of excreted antibiotics in modifyiﬁg microbial decomposition of
feedlot waste was studied by Morrison et al. (1969). They found that about
75 percent of‘thé’ingested chlortetracycline was excreted in the feces. Half-
-life studies of chlortetracycline in the manure showed that during winter months
waste biodegraﬁaﬁién was inhibited by cold temperatures, persistence of anti-
botic residue and the continuous deposition of fresh manure containing antibiotics.
Seventy-seven percent of the bacterial growth was inhibited by 0.007 pg per ml of
chlortetracycline. ~Ninety percent of bacterial growth was sensitive to a con-
centration of 0.031 ug per ml.

Copper and zinc are added to the swine feed fatipn as trace mineral supple-
ments. Copper, in the form of copper sulfate or copper oxide, is fed to hogs
as a growth stimulant, Generdlly, about 250 ppm is added to promote weight
gains and alter the bacterial level in the animal's intestine. Taiganides (1963)
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estimated that 80 percent of the ingested copper was excreted and biological
treatment of the manure was limited when 36 ppm of copper was added to the
feed ration.

Placak et al, (1949) reported that amounts of copper as low as 0.0l ppm

were found to affect the BOD of sewage dilutions, and when 0.05 ppm of copper

was present, the measured BOD. was about 80 percent cf the actual., Barth

5

et al. (1965) studied the effects of copper, chromium, nickel, and zinc, indi-
vidually and in combination, on biological treatment processes. The results
of their studies showed that the aeration phase cé biclogical treatment can
tolerate a total heavy metal concentration of 10 mg/l in the influent sewage,
either singly or in combination, with only a 5 percent reduction in overall
plant-efficiency, whereas a copper concentration of 10 mg/l in the sludge
caused failure of the anaerobic digestor employed to degrade sludge.

A recent report by Masselli et al. (1971) on effects of toxic substances
on BOD testing presented the concentrations of chlorine, copper, chromium,
nickel, zinc and cyanide required to reduce the BOD5 by varicus percentages.
The calcium salt of ethylenediamine tetra-acetic acid (CaEDTA) was added to
replicate samples and the potential of its chelating capacity to reduce metal
toxicity summarized.

Chemical Oxygen Demand

The chemical oxygen demand (COD) test measures the ﬁotal quantity of oxy-
~gen required for chemical oxidation of waste to carbon dioxide and water.
.The chief limitation of the COD test is its inability to differentiate between
| biologically resistant matter and biologically oxidizable organics and indicate
biodegradation kinetics (Sawyer and McCarty, 1967).

Total Organic Carben

The total organic carbon (TOC) instrumental analysis can be utilized for
determining the organic content of wastewater, This analysis is based upon
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the complete combustion of organic materials to carbon dioxide and water.
The resulting carbon dioxide measured by thebinffaréd analyzer is‘directly
proportional to the initial sample carbon content.(Van Hall and Stenger,
1967),

Schaffer et al, (1965) stated that potentially ﬁhe organic carbon analy-
sis can replace the BOD and/or COD measurement for the determination of
either process contrcl or effluent quality. They discussed the savings in
analytical expense and thé distinct advantage in minimizing the period
between sample collection and analytical reéults. Additionally, the TOC
measuremaent is free of such limitations as toxicity, relative biogradability,
sliding BOD and susceptibllity to chemical oxidants.

Schaffer et al. (1965) concluded that it was pessible for metropolitan
wastewater or industrial waste of some consistency in character to have a
significant correlation between TOC and COD or BOD. In a refinery waste
study, Ford (1968b) was aEle to ;stablish a good relationship between COD

1. (1969) reported difficulty in.establishing

and TOC. However, Robbins et
a correlation between BOD and TOC for swine wasté, Since the TOC measure-
ments were very reproducible, they attributed thié difficulty to the highly
variable BOD. values caused by toxic substances, high solids and errors
associated with required dilutioms,

A limitation of the TOC analysis is that results are unfamiliar to inves-
tigators, and correlations between the carbon-based test (TOC) and oxygen-
based tests (BOD, COD) are necessary if TOC is to have direct use for waste
characterization and water quality monitoring (Robbins et al., 1969). Ford
(1968a) stated that TOC should not be considered as a parameter that will
eventually replace the BOD and COD tests because the TOC analysis is not an

oxygen-based evaluation.



Instrumental Chemical Oxygen Demand

An instrumental method for the indirect measurement of oxygen demand of a
liquid sample (noted as 0922) has been described by Stenger and Van Hall (1967).
Reported analytical data (Stenger and Van Hall, 1968} show that results are
related to the 'stardard €0D, but generally somewhat higher. Good data correla-
tions with COD were possible for certain wastes.

Bacterial Densities

The coliform group of bacteria has been used to jindicate contamination
and pollution for many years (Fair et al., 1968). Since soil abounds with
many coliform organisms, Geldreich et al. (1962) suggested that the fecal
coliform (FC) and the fecal streptococcus (FS) tests may yield more valuable
information and be more specific for warm-blooded animal pollution appraisal
than just the use of the total coliform (TC) analysis.

Data taken by Geldreich et al. (1962) and Kenner et al. (1961l) was pre-

sented in the Water Pollution Control Research Series Report, Sanitary

Significance of Fecal Coliforms in the Environment (Geldreich, 1966) to show

that the ratio of fecal coliform to fecal streptococci for man is 4.4, whereas
for other warm-blooded animals is 0.6 or less. It was therefore concluded that
FC/FS ratios greater than 4.1 usually indicate human waste and ratios less than
0.6 suggest livestock waste, . However, Robbins gﬁ 1. (1971) reported an FC/FS

ratio of about 4.0 for raw swine waste.

- Lagoon Waste Treatment
Lagoons were first adapted for the treatment.of swine wastes because of
their léw initial cost and ease of operation. Early lagoons were designed
according to criteria for municipal aerobic waste stabilization ponds and
intended to provide complete treatment without objectionable odors. Swine

waste lagoons were immediately overloaded and did not function as aerobic,




lagoons because animal waste contains a higher concentration of organics and
oxygen aemand per volume tﬁan dcmestic.sé&age;tifﬁééeforé;‘animal Qésteniég$§ns
became énaerobic and odorcus, |

Hart and Turner (1965, 1966) coﬁciuded'Ehétuhénﬁfé'iagoéns ﬁustiﬂe éééféted
anaerobically because it would require large vclﬁmeé of dilution water for nat-
urally aerobic treatment and the resulting‘land requifements would be excessive.
From a 1959 Missouri sufvey of 50 hog lagoons, Riéieﬁﬁs‘<l§60) conclﬁded that
some odors should be expected becaﬁse the lagoons probably fundtionéd.m$¥e nearly
like large, open septic tanks. ‘ - |

Loehr (1968) pointed out that aﬁaeroﬁic'légoons offericonsiderablekﬁoténtial
for handling and treating concentrated animal wasﬁég“ﬁe expléined that anaéro—
bic lagoons should be used as a controlled biological unit or as a holding umit
prior to land disposal. He also stated that the mainnpurpoée of anaerobic lagoons
was the removal, destruction and stabilization of organic matter an& not water
purification. Jeffrey et al. (1965) and Clafk (i965) ha& earlier recognized
that anaerobic lagoons do not produce'a stable effluent.

Robbins et al. (1971) reported a range of BOD values from about 270 to 610
mg/l for three unaerated swine lagoon efflﬁénté. It was indicated that‘lagoons
for swine waste functioned mainly as traéé; i.é.; sééﬁiing éndbretention Basiﬁs,
and provided only a limited amount of treatment beyoﬁd'thatkexperieﬁced through
sedimentation., Lynn (1968) reported on‘loading.rates'fér aﬁaefobic lagoonsbin
South Carolina, and stated that lagoons were effeqtive in reducing the BOD of

untreated swine waste to an effluent value of 2,614 ppm,

Land Application of Lagoon Effluent

Loehr (1971), in a recent discussion of alternatives for the treatment and
disposal of animal wastes, observed it is unlikely that current liquid treat-

ment systems will produce effluents that can be safely discharged into receiving




streams, and thus excess residue should be returned to the land. Pretreat-
ment alternatives listed as the most feasible to reduce nitrogen reaching
surface and groundwater were ammonia release, controlled nitrification and
dentrification, andiCrop or land management. He concluded that more infor-
mation is needed on the land disposal of animal ‘waste to avoid subsequent
:iﬁpairment of the environment.

Nordstedt et al. (1971) are currently studying a multistage dairy waste
lagoon system in Florida consisting of three lagoons in séries with pasture
irrigation of final effluent, Although the effluent from the final lagoon
has a very low §xygen demand, it is being applied to the land for fimal
treatment and/or utilization., Additionally, lagoon leakage and effects of
land disposal on groundwater quality are being-studied.

Animal waste treatment investigations at Iowa State (Koelliker et al.,
1971) have been directed at determining allowable land loading rates per
acre for unaerated swine waste lagoon liquid. Laboratory denitrification
of lagoon effluent containing nitrate-nitrogen has verified that nitrogen
removal in a reactor can be increased by adding glucose. Results from a
barrier landscape water renovation system (Erickson et al., 1971) showed
that a controlled plant-soil profile can significantly reduce the amount of

land required to prevent overloading and leaching of nitrate from animal

wastes- into subsurface water.
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EXPERIMENTAL PROCEDURE

Sampling and Field Study Site

The fac1lities at the North Carolina Swine Evaluation Station were used as
the sampling site and location for evaluatlon of a 31ngle unaerated lagoon and

subsequently a two lagoon series system., During the first portion of this

4

study when the emphasis was on waste characteriaation and-analytical teehniqnes,
one hous1ng unit and a single lagoon were present. Afterthe addition of an idenw
tical housing unit and lagoon, the alternative treatment of swine waste by an’
unaerated series lagoon system and land dispoeal'of effluent from the first
lagoon of the two lagoon system was investigated. | | |

The animals grown at the station were supplied by North Carolina swine pro=-
ducers in order to evaluate boars by progeny testing. New feeder pigs were
continuously brought in and market size animals removed Each pen was disin-
fected after this periodic removal of swine.

The main ingredient of the feed ration was fine ground yellow corn with
soybean oil'meal (50 percent protein) being the second largest+ingredient. The
ration contained 0.2 percent copper (10 ppm) as a trace mineral and one pound
of copper sulfate (Cu504'5H20) per ton ;f"feed (12§”ppm) as a growth stimulant,
The ration also included 2,0 percent zince (lOOIppuO ae a trace mineral and 50
grams per ton of feed (57 ppm) of the antlblotic chlortetracycline.‘ Therefore.
the feed ration contained a total of about 138 ppm copper and lOO ppm of zine. ‘

The ewine were housed in a concrete floor confinement unit and the pens
wvere washed daily: A l. 3 foot wide, 250 foot long and from 0.5 foot to 3.1 foot
deep trough that extended the entire length of the orlglnal confinement unlt
was used to collect the waste and washwater or lagoon 1nfluent. This trough
emptied into an unaerated overflon‘lagoon through a surfaceldiSCharge pipe located.

at the side of the lagoon.
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Initially this experimental station ooneisted‘of one housing unit for
approximately 100 animals with a five foot deep anaeroblc lagoon de51gned A
according to Midwest Plan Service (1966) recommendatlon for swine of 2 ft3
of volume per pound of animal., This lagoon which has a surface area of

about 8300 ft2 had been in use for nine years before this study began. After

ao identical hou51ng unit and lagoon were added durlng this progect perlod
‘the lagoons were operated in series with all the waste belng dlscharged to the
old 1agoon_and overflow going to new lagoon., At thig time the collection of
the lagoon influent was discontinued and the inveetigation of the two lagoon

series system initiated.

Lysimeter Studies .

Land application of the effluent from the first lagoon of the twovlagoon
system was studied as an elternative to series lagoon treatmeot by employing
model plant-soil lysimeters with surface dimensions of 32" x 38", Duplicate
46" deep profiles with ; 6" layer of topsoil of the following soils were
utillzed: |

Soil 1 ~ Cecil sandy clay loam, which is common in the southeastern Piedmont.

S0il 2 - Norfolk sandy loam, which is common in the southeastern Coastal Plains,

These lysimeters were seeded with fescue and rye grass according to season,

The liquid loading rate of one inch per week of orimary lagoon effluent was in

addition to the normal rainfall of about 50 inches per year in the central Pied=-

mont and western Coastal Plains of North Cerolina.

Operatlonal problems, primarlly eoil sealing or flow channelization result-
ing in no leachate or abnormal flow, caused start-up problems and necessitated
~ the repacking of lysimeters. However, it was possible to study the inditial

mloeding rates for both Cecil lysimeters and one Norfolk lysimeter for about

six months. Subsequently only one original lysimeter (Pl) was continued and
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the following lysimeter schedule including a reduced loadihg study, controlled
water table conditions and initiation of liquid dairy manure investigations was

then implemented and is still undef study:

-

Lysimeter Soil , Operating Condition
Pl Cecil Original soil still loaded at one inch |

per week with flow through conditions.

P2 ~ Cecil Original soil still loaded at one inch
per week but water table controlled at
18" below soil surface.

cl Norfolk Repacked-loaded at 1/4" per week with
' flow through conditioms.

c2 Norfolk Original soil still loaded at one inch
per week but water table controlled at
18" below soil surface.

P3 Cecil | Loaded with liquid dairy manure at 1/5"
’ per week with flow through conditions.

P4 Cecil Loaded with liquid dairy manure at 4/5"
per week with flow through conditions.

Sample Collection

Solid feces, total waste or lagoon influent and lagoon effluent samples for swine
waste and the liquid dairy manure were collected the same day and taken directly‘:b
the laboratory for analysis or application to model lysimeters. Storage or preserm
vation techniques only included refrigeration because there was a minimum of.delay
between collection and application to lysimeters or preparation for analytical
analyses.

Solid Swine Feces Sample

About two liters of solid feces were scraped from the floor of several pens’
immediately after washdown to assure a fresh and representative sample.

Total Swine Waste or Lagoon Influent Sample

Collecting procedures were developed so a representative sample of the total
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.waste for a 24-hour period could be obtained. This sample is defined as the

lagoon influent,

The normal daily cleaning procedure was to wgshdown bpth the péns and céi— _
lecting trough with a hose to remove the ac&umﬁlatién ofvﬁaste and fecés; A |
plug that sealed the concrete outlet of the collecting troﬁgh waé inserted
after a.washdown evént to allow collection of the total waste and washwater
for the next 24~hour period. Immediately after washdown on the day of sampling,
the total contents of the trough was circulated by means of a centrifugal pump
that had a 3-inch suction and 2 1/2-inch discharge pipe. The trough bottom was
scraped vigorously with a stiff bristle broom while the flow was circulating

through the trough. When the wastewater was homogeneous and no solids remained

on the trough bottom, the total waste or lagoon influent sample was taken. The

collection trough was calibrated so that the wastewater volume could be determined.

Swine Waste Lagoon Effluent Sample

A grab sample was taken from the lagoon overflow pipe of the primary lagoon

before the trough contents were released. When there was no overflow, the

--effluent sample was obtained from the surface of the lagdoon next to the overflow

pipe. After the second lagoon was installed the effluent or lagoon liquid for
both: the primary lagoon and secondary lagoon was collected at the overflow pipe s
after the morning cleaning on the same day each week. The liquid from the

primary lagoon for loading the lysimeters was pumped from the area of the

effluent pipe. |

Liquid Dairy Manure Sample

The Randleigh Dairy which has a liquid wash system served as the collection
site. The sample was pumped from the wastewater storage tank which was generally’

half full on the day of collectionm.
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Swine Waste Lagoon Sludge Sample

The bottom sludge from each lagoon was obtained with a Wildo-Ekman bottom
sampler. A boat was used to allow collection of samples and measurement of
sludge depth at several locations.

Lysimeter Leachate Sample

' The effluent or leachate from the bottom of each lysimeter was taken daily
at first and then after five months, one day after loading and just prior to the
next waste application. The contents of the collectién bottle were emptied pridr
to a collection period so that a fresh sample could be obtained for anal&ses.

Lysimeter Soil Sample

"~ Periodic soil samples from each lysimeter was obtained by taking a verticle
core of the total soil profile. Soil at the top and bottom of the topsoil and
subsoil were separated for analyses.

Lysimeter Grass Sample

The lysiﬁetér grass was kept trimmed to 3" of the soil level. Samples for

éhalysis were taken during periods of rapid growth.

Sample;Preparation

Spedial attention was given to sample preparation for laboratory analyées
because untreated animal waste contains a very high suspended and dissolved
solids content. The abundance of large-sized particulate matter made it very
difficult to obtain a representative sample., Additionally, the waste sample
had to be exténsively diluted so that the concentrations of tested parameters
were within the determination limits for the amalytical procedures set forth

in the Association of Official Methods of Agricultural Chemists, A.0.A.C.’

(1965) and Standard Methods for the Examination of Water and Wastewater (1971)’

(hereafter referred to as Standard Methods.)
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Solid Swine Feces Sample

The entire solid feces sample was manually stir;;a.wiﬁh é glass rod until
homogeneity was achieved. A 50-gram sample was then taken and blended with
approximately 500 ml of double~distilled water at the high speed setting of
a Waring blender for five’minutes. This liquid was then-transferred to a
two-liter volumetric flask. The blender was rinsed with doubie—distilled water
an@ was further cleaned by blending three additional volumes of double-distilled
water. All, of the rinse water was added to the two-liter flask that contained
the blended waste. The sample portion was then left quiescent for approximately .
30 minutes in order to reduce the amount of air entrapment and foaming. The
final solid feces sample was prépared by diluting the contents of the flask with
double-distilled water to the two-liter level.

Total Swine Waste or Lagoon Influent Sample

The bottle containing the collected sample was- vigorously agitated and a
representative aliquot removed for conditioning with a Waring biénder at the high
speed setting for five minutes. The blended influent sample was then transferred
to a large beaker and left quiescent for approximately.BO minutes. The blended
portion was considered as the prepared.tétal_waste sample and was at the same
strength as the lagoon influent:

Liquid Dairy Manure Sample

The collected liquid dairy manure sample was thoroughly agitated and then
diluted with distilled water. This sample was relatively homogeneous because
it has begn collected with a pump.

Swine Waste Lagoon Effluent Sample

The lagoon effluent sémplés were considered as the prepared sample because
liqﬁid from either the primary or secondary lagoon did not contain an appreciable

amount of settleable solids.
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Swine Waste Lagoon Sludge Sample

The bottom sludge samples were dried in an oven at 103°C.

Lysimeter Leachate Sample

An aliquot of the sample obtained during a collection period resulting in
at least one liter of volume was utilized directly.

Lysimeter Soil Sample

Soil Samples were frozen for storage until analyzed.

Lysimeter Grass Sample

Grass clippings were dried at 70°C and stored under room conditions in a
plastic bag until analyzed.

Analytical Procedures

Prior to laboratory testing all the prepared liquid samples were transferred
to large beakers and continuously mixed by a magnetic stirrer, After homogeneity
was obtained, the portions required for each analysis were removed from the beakers.

Antibiotic Chlortetracycline

The chlortetracycline concentrations in the solid feces, lagoon influent and
lagogn effluent samples for swine waste were found by modifying the A.0.A.C. (l965>
microbiological method for the assay of chlortetracycline hydrochloride in aﬁimal
feeds. The preliminary acid-acetone exfraction of chlortetracycline for the solid
feces and lagoon influent analyses was performed in' the same manﬁér. One hundred
milliliters (100 ml) of the prepared samples were mixed with 25 ml of acid-acetone.

- For the lagoon effluent, 100 ml of the prepared sample were mixed with 10 ml of
acid-acetone. .Three replicates ofveacﬁ sémple were méde. The mixtures were
refrigerated overnight at 5°C.

A 40-ml portion of each replication was centrifuged at 8000xG for ls miﬁutes.
Then a 10-ml portion of the clear liquid from each sample was adjusted,co,pﬂ 4,5
with 1 N NaOH and diluted with a phpsphate buffer sélution (pH. 4.5) so thaf the
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chlortetracycline concentration was in the range of the standard curve. Thev
amount of buffer solution added to the solid feces and lagoon influent extrac-
tion solutions was 60 ml and 20 ml, respectively. No buffer solution was
added to the lagoon effluent solution. These extractions were then used as the
assay solutions,

Bacillus cereus (ATCC No. 11778), the assay organism prescribed by the
A,0.A.C. method, was obtained from the American Type Culture’Collection at
Rockville, Maryland. 'The seed for the assay test was prepared by washing the
growth ffom a one week cultur¢~slant obtained from the stock culture which was
renewed periodically. The 3 ml of washwater containing the seed was transferred
to tﬁe surface of a 100-mm petri dish coqtaining BBL bacteriological seed agar
and was incubated for“fivé days at 30°C. Tﬁé'growth from the agar surface was
washed with 25 ml of sterile water and heat suspended for 30 minutes at 65°C.
Thé suspension was then cgntrifﬁged at 500xG and the supernatant wasted. . The
résidual spores were washed thrge times with sterile water followed by centri-
fuging and decanting each time. The final pellet wés then resuspended with 10
ml of sterile water and heat suspended for 30 minutes at 65°C. The stock sus-
pension was stored at 5°C.

'Thé‘base layer of the assay plates was made by adding 6.0 ml of melted
BBL'baSe agar adjusted to pH 5.6-5.7 to é 100-mm petri dish. The seed layer
that was added to the surface of the solidified base layer consisted of 4 ml
of the same pH adjusted agar that was cooled to 48°C and then inoculated with
appfoximétely 1 ml of stock suspension to 100 ml of agar. The assay plates
were used on the same day of preparation. |

fIhe'chlortetracycline stock solution was made by accurately weighing the
amount of chlortetracycline HC1l NF reduire& to give a concentration of 1000

pg/ml when dissolved and diluted to 50 ml with 0.01 N HCl. This chlortetra-
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¢ycline solution was prepared the day before the assay and was stored in the dark
at 5°C. The standard curve was made by diluting appropriate aliquots of stock
solution with enough phosphate buffer solution to obtain concentrations of 0.04,
0.08, 0.12, 0.16, 0.24, 0.32, 0,48 ug/mi. The 0.16 ug/ml concentration was
designated: as the reference concentration.

Four l/4-inch assay disks were placed -at 90% intervals on a 2.8 cm radius
of each seedea plate. Two-hundredths of a milliliter -{0.02 ml) of the refer-
ence concentration was pipetted onto alternate disks. Either the assay solu-
tions for the unknown chlortetracycline determinations or: the standard concen=--
tration solutions for the determination of tﬁe standard curve applicable for
that day were pipetted onto the other disks.  Three replicate plates were
made for both the assay solutions and the standard concentrations: The‘assay"
plates were incubated for 18 hours at 30°C.

The diameter of the inhibition zone was measured with calipers. The six
readings of the reference concentration on each séries of triplicate piateé
were averaged. The six readings of the standard or assay solution were also
averaged. The difference between the average referencé’value for all plates®
and the average reference value for any series of triplicate plates was used .
as a correction to adjust for the variation between supposedly identical
assay plates. For example, if the average referénce concentration on a set of
plates was 19.5 mm and the total average reférerice concentration was 19.7 mm,
then the correction for this set of plates is +0.2 mm. ‘'Therefore, if the
average of the second concentration on the same set of pldtes was 20.1 mm, the’
corrected value would be 20.3 mm.

There was a total of nine readings for each solution ‘testéd because three
replicate plates of triplicate original sample portions were analyzed. 'The
replicates were necessary at first so :that the unknown éolutioh'WOﬁld be in
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the same range as the reference chlortetracycline concentration and later served
to expose any experimental error.

The standard curve was plotted from the corrected standard concentration
readings on semi-logarthmic graph paper using the logarithmic scale for concen-
trations and the arithmetic scale for average inhibition zone diameters. The

line of best fit was determined by inspection., The concentrations of chlortet-

racycline in the assay solutions were read directly from the standard curve.

Copper, Zinc and Exchangeable Cations

Thevcopper and zinc concentratiohs\of the solid feces, liquid and sludge
samples for swine waste and the lysimeter soil and plant samples were deter-
mined with a Perkin-Elmer Modei‘303 Atomic Absorption Spectrophotometer.

Prior to metal analyses the feces and lagoon influent samples were digested by
the procedure given in Standard Methods.

The dilute acid extraction method was used for the soil determinations and
the plant and sludge analyses were performed after the samples had been dry

ashed at 500°C and dissolved in‘hydrochloric acid.

Biochemical Oxygen Demand (BOD)

Because of tﬁe inhereﬁt variation of the standard five-day BOD (BODS) test
results, a procedure that would‘give the least possible variation of the sample
concentration in replicate BOD bottles was developed and refined. Generally,
sémpies were transferred directly to the BOD bottle and the bottle filled with
just sufficien; dilution water so that the stopper could be inserted without
leaving air bubbles. This procedure can lead to variations in the sample

dilutions and thus BOD. results for replicates.

5
Va:iatibn in'sample dilutions can result from not filling to the same
position on each bottle neck and also by displacing excess liquid by the
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stopper. Additional"variationrin_the BOD test osnnbe caused 5§L£héicné9£$ three
blperoeut variation in the capaclty of standard»BQD bottles. These variations can
give non—uniformity to semple concentration, initial oxygen contehtvahd:oxygen
consumotion for replicates at the same dilution or for samples in a ;é?iés of
| dilutions. ATherefore} to insure uniformity of sample concentratlohs.in tri-
'plicete hottles,'all BOD dilutions were made in volumetric flasks andvtrensferred
to the BOD bottles by siphoning. R

‘The preperation of dilution’water, incubation procedure for the Bst test and
determination of the dlssolved oxygen content by the azide modlficatlon of the
iodometric method as described in Standard Methods were followed. All BOD5
determinations were unseeded samples incubated for five days at 20 C tnless

' otherw1se'noted;

Chemical Oxygen Demand (COD) -

The COD of the solid feces, lagoon 1nfluent, lagoou‘effluent and ly31meter-
leachate were obtained by the procedure for the 50-ml sample size outllned in -
;-Standard Methods. A series of samples sizes of about 2 to 10 ml of the pre-
pered swine solid feces, liquid dairy manure, and laooon 1nfluent were used and

3

approximately 20 to 30 ml of the lagoon effluent and 50 ml of ly51meter leachate.

Instrumental nggen Demand (CO D)

| The 1nstrumental method for COD determination besed upon the vapor phase
#1datlon-reductloh system descrlbed by Stenger and Van Hall (1967) and per- “
» formed by the Precision Scientific- Aquarator was employed In this method
the oxygen demandlng material in.a 20-ul aqueous_sample'reaots Withvoarbon
" dioxide over a platinum-gauze oatalyst in a tube heated et‘875°C. Carbon
monoxide is the reection product on which the instrumentel.measurehent is

based.

- 21



Tptal Organic Carbon (TOC)

The TOC content of all samples was obtained with a Beckman Model 915 Analyzer
mip accordance with the combustion-infrared technlque outlined in Standard Methods.
Nitrogen

Ammonla and organic nltrogen were determlned by the Kjeldahl method and

nltrate nltrogen was determlned by the ultraviolet sPectropbotometrlc procedure

es outllned in Standard Methods. Nitrate concentrations were also determlned
utilizing the Hach Chemical Portable Laboratory test based.dpon the cadmium
‘redﬁctibn method and an Orion selective eiectrode with an expanded scelerpH metey
for data comparison.
Pbosghorus

Routine ortho-phosphate determinations according to the stannous chloride
procedure and comparisons of the sulfuric-nitric acid and persulfate digestions
for total phosphate as outlined in Standard Methods were made, |
Sdlids

Total and volatile solids were determined on the solid feces, lagoon influent:f
apdAIagden effluent samples for swine Qaste accerding to the procedure outlined

in Standard Methods.

Bacterial Densities

The membrane filter technique was utilized for all baqﬁerial analyses (Tleorv
gg‘gl., 1955), Total coliform densities were determined by using M-Endo medium‘
end incubation at 35°C for 20 hours (Kabler and dlark; 1960). ‘Feeal sfreptococcus
measurements were made using 3 ml of M—Enterococcus agar placed on a 50-mm petfi
dish and incubated as outlined in S;andard Methods. Fecal coliform counts were..
determined using M-FC medium with incubatidn et 44°C for 24 hours (Geldreich"

et al., 1965).
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RESULTS AND DISCUSSION FOR SWINE WASTE CHARACTERIZATION INVESTIGATIONS

BOD. Value Versus Sample Concentration

5

The BOD5 results for the solid feces, lagoon influent and lagoon effluent
showed similar variations in the magnitude of the BOD5 valde with sample concen-
tration., During this period of the project only the single uhaerated lagoon was
in operation. Typical curves 1llustrating this BOD5 data variation are shown in
Figure 1 with the magnitude of the BOD5 value plotted on the ordinate wversus per-
cent sample concentration on the abscissa for each type of waste. Such curves
are representative of wastes containing toxic or inhibitory substances because
the BODS value decreases as the amoﬁnt of sample and, consequeﬁtly,»the amount of
associated inhibitory substances increases in the assay bottle. No variatién in
BOD5 values with sample concentration should be present if inhibitory substances
do not affect the bioassay.

Chlortetrocycline Determinations

The standard curve for the chlortetracycline concentration was established by
plotting known concentrations of chlortetracycline versus the corfésponding
diameter of the inhibition zone. A typical standard curve is presented in Figure
2, The chlortetracycline concentrations for the swine waste are tabulated in
Appendix A.

The concentrations of chlortetracycline present in the BOD bottle for the
various solid feces and lagoon influent concentrations are shown in Figure 3.

The standard biocassay results for the chlortetracycline concentration in the
lggoon effluent were negative. Subsedquent examinations of the lagoon effluent
indicated that the chlortetracycline concentration was less than 0.01 mg/l.
Therefore, the chlortetracycline concentration of the lagoon effluent was con-

sidered negligible.
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.Copper and Zinc Determinations

The aspirator on the atomic absorption spectrophotometer utilized for the
determination of copper and zinc conceﬁtrations excluded a portion of the solids
present in the s0lid feces and lagoon influent. Therefore, the digestion pro-
cedure for metai determinations in Standard Methods was used to dissolve parti-
culate mattér in the solid feces and lagoon influent samples. The results for
the metal anélyséé of the solid feces and lagoon influent digested samples were
approximately 50 gercent higher than the undigeéted samples. Because organic
matter will’tie up copper, the exclusion, 6 of solids by the atomic absorption
spectrophotomer was proposed as the reason for the lower results in the undi-~
gested samples. The lagoon effluent was not digested because large particulate
matter was not present and comparisons showed little difference between the
metal content of digested and undigested samples.

Results for the metal analyses are tabulated in Appendix A. The average

metal concentrations in:ﬁilligram of metal per gram dry solids were:

Copper Zinc
Feces :‘. 0.5 0.3
vLagooﬁ Infiﬁént 0.6 0.4
Lagodn-Effiuent 0.5 0.4

The average metal concentration for the primary lagoon effluent during the

single unaerated lagoon operation in milligram of metal per liter was:

- Copper Zinc
Lagoon Effluent B 0.6 0.3

The metal concentrations present in the assay bottles for the BOD5 analyses

of the various percent sample concenfrations were calculated and the results

are presented in Figures 4 and 5.
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.ﬂEffect_of.Inhibitoryisubstances on BOD,. Analysis

5

Domestic sewage was used to determine the concentration of copper, zinc and

antibiotic chlortetracycline that would effect the BOD analyses. _Typical curves

)
showing the effect of copper, zinc and chlortetracycline concentrations on the
BOD5 analysis of sewage are shown in Figure 6, Results verified the work by

Placak et al. (1949) that about 0.0llmg/l of copper affects the BOD5
| The minimal inhibitory concentration (MIC) of zinc and chlortetracycline that

of sewage,

. caused a decrease in the BOD, test results was found to be. about 0.2 mg/l and
0.025 mg/l, respectively. Typical copper concentrations present in the bio-

assay bottle for the BOD analysis of swine waste were in the range of the

5
MIC for copper whereas the‘average_zinc and chlortetracycline concentrations
were below the indicated MIC“ -

The combined effect of c0pper and 21nc upon the BOD5 analysis was investi-
gated at the same ratio found to exist in the swine waste; i.e., Cu/Zn = 1.5.
As shown in the typical curve presented in Figure 7, the MIC for the combined
effect of copper and cinc on‘thenﬁst analysis of domestic sewage was approxi-
mately 0.02 mg/1, For.tnis combined amount of metal, the copper concentration
was 0.012 mg/l and the zinc concentration 0.008 mg/l., The MIC's for copper and '~
zinc found in the combined inhibitory study were similar to the individual MIC's
for these metals, |

The total effect of copper, zinc and.cnlortetracycline on the BOD5 analysis
was studied using the same ratiospiﬁlthefnastet i.e.;tCu:Zn:Chlortetracycline =
6:4:1. The MIC for the combined effect‘of the inhibitory substances on the BOD
analysis of domestic sewage was- about 0 012 mg/l (Flgure 8) For this com-
bined amount of inhibitory substances, the copper portion was 0. 0065 mg/1,

the zinc concentration was 0.0043 -mg/l and the chloretracycline content
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was 0.0012 mg/1l. The amount of copper present in the total effect analysis

was similar to the recorded MIC for just copﬁgfﬁ»,Ihus, copper was considered
the controlling inhibitory substance affecting the BOD analysis of swine waste.

Since the MIC of copper was about 0.01 mg/1l, all BOD. values chosen were

5
based upon a percent sample concentration that would have less than 0.0l mg/l
concentration of copper. A sample concentration of 0.l percent that contained

approximately 0.007 mg/l of copper was used for the BOD. analyses of the solid

5
feces and lagoon influent samples, and a 1.0 percent sample concentration that

analyses on the

contained about 0.006 mg/l of copper was used for the BOD;

lagoon effluent samples. However, these samples which contained less than the
MIC of éopper showed an oxygen depletion of only about 2.0 mg/l. Standard
Methods specifies that an oxygen depletion of at least 2 mg/l should be consi-
dered the most reliable. Sawyer and McCarty (1967), in discussing problems with
the standard BOD5 test, stated that in general the acceptable sample with the
greatest oxygen depletion represents the most statistically reliable data. ng-
ever, regardless of the amount of oxygen depletion reliable BOD5 data cannot be
obtained if the sample concentration is such that inhibitory amounts of copper
or other substances exist.

Data for all the swine waste samples show that a direct relationship exists
between the amount of organics or oxygen demand and the concentration of copper
for series dilutions. Thus it may be impossible to obtain a copper content
below the MIC and still realize more than a 2 mg/l oxygen depletion. For such

wastes a compromise must be made to select a sample dilution that has the lowest

possible concentration of inhibitory substances but a sufficient amount of

organics to provide a technically acceptable 6ijg§n}de§letibﬁ,~fBOD5 values for
sampie dilutions resulting in only 1 ﬁo 2 mg/l oxyéén depletidﬁﬁmay be more:
reliable than data for samples with mogg;ghan;a;2§@gflyoxygén depletion if any
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MIC value is exceeded in the more concentrated samples. Every effort must be made
to select a sample concentration that results in the greatest oxygen depletion but

yet approaches or is below the MIC of any material.

-

The problem of feed additive toxicity and correspondingly erratic BOD5 data
for swine waste could be eliminated if a substance were found that would negate

the effect of copper and not otherwise affect the BOD test. Such:a material

5

could be routinely added to the dllutlon water as’a. standard procedure. There-
fore the feasibility of employlng,chelatlng agents to ellmlnete the 1nhibitory

effect of copper on the BOD, test for swine waste was investigated. Salyicya-

5

loxine, a chelating agent which is very specific for copper was investigated.
Manganese was also examined because of its reported detoxifying aBility. Typital
curves for the BOD5 of seeded, synthetic sewage saﬁplee.containing manganese and
salyicyaloxine singly or in combination preeented in Figures 9 and ;O show that
these additions didn't significantly alter the BOD5 resdlts. However, it can

be seen from typical curves presented in Figure il that these additives did not

eliminate the variation of the BOD. value with sample concentration for swine

5

waste containing copper.  Extensive tests showed that these chemlcals would

not mitigate the characteristic BOD5 value variationm.

A series of seeded and unseeded BOD5 tests were then run under stirred and

unstirred conditions for three and five day incubations-to-further~investigate
the suitability of the BOD5 test for swine waste, The synthetlc sewage utlllzed

for these BOD. investigations deflned in Table 1 has proven to be dependable

5
by supporting long term laboratory activated sludge and algal bacter1al studies.
The seed was developed in a laboratory activated 31udgegunit that was supported

with swine waste from a university growing unit which did not use feed additive

copper and zinc. This swine production unit was also used as the source of
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FIGURE 9. TYPICAL EFFECT OF MANGANESE AND CHELATING AGENT (SALYICYA-
LOXINE) ADDITIONS ON THE BOD, ANALYSIS OF SEEDED SYNTHETIC

SEWAGE
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FIGURE 10. TYPICAL EFFECT OF COMBINED MANGANESE AND CHELATING
. AGENT (SALYICYALOXINE) ADDITION ON THE B(’JD5 ANALYSIS
~ OF SEEDED SYNTHETIC SEWAGE o
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Table 1. Synthetic sewage formula

Ingredient

Concentration (mg/l)

Glucose (Soluble Carbohydrate)
Starch (Insoluble Carbohydrate)
Yeast Extract (Organic Nitrogen is 15 mg/l)

NH4C1 (N as NH3 is 20 mg/1)

KZHPO4 (P as PO, is 22 mg/1

* .
CaCJ.2 QHZO

4

*FeSO4~7H20

% .
MnSO4 H20

,TH

CaCdB— (Carbonate Buffer System)

*MgSO 0

2

Distilled Water

COD of synthetic sewage

80
80
158
63
40.
10
10
10
300
20
to 1 liter

300

* Salt solution is after formula presented by Gaudy and Turner in
Journal Water Pollution Control Federation, 36 (6): 767, 1964.




waste samples that did not contain copper. These samples were obtained from the
manure storage pit below the slotted floors after the contents had been vigor-

ously mixed. Stirring or agitation for these BOD_. investigations was provided

5
by magnetic mixers. All other test conditions were in accordance with proce—i
dures previously described.
R;sultSTQerified previously requted work (Bﬁsh; 1971; Taiganides and

White, 1969) that values for seeded samples were higher at the three and five-
day incubationitimes for both stirred and unstirred conditions than unseeded
replicates as shown in Figure 12. Although this curve is for the unstirred
BOD5 of swine waste without feed additives, the relationship between seeded

and unseeded replicates was typical for all samples analyzed. However, the

curves showing the BOD. value versus sample concentration for the stirred and

5
unstirred replicates (seeded or unseeded) were not always similar as shown in
Figures 13, 14 and 15. While the stirred sample for unseeded swine waste
without copper shown in Figure 13 gvidenced only a small BOD5 variation with
sémple concentration, such a uniform value for stirred samples could not be
consistently duplicated. The varying nature of the stirred apd unstirred
BOD5 data is shown in Figures 14 and iS which presents aata for seeded

synthetic sewage.

In spite of the variable slope of the BODS data for stirred andfunstirred
samples, these curves indicgte that'the.variatiqn of BOD5 value with sample
concentration is not due to diffusion limitatioms. If diffusion limitations
were solely responsible for the lower BOD5 for larger sample concentrations
then mixing would eliminate this effect by producing turbulent transport con-

ditions and thus the BOD_. value would not vary with sample concentration for

5

stirred conditioms.

A replot of the BOD5 data presented in Figures 13 and 14 as oxygen con-—
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sumption versus sample concentration also indicates that oxygen diffusion was not
limiting because the relationship between total oxygen consumed versus sample
size is a continuous function. This curve is typical regardless of the slope of

-,

the BOD5 cufve for stirred or unstirred, seeded and unseeded conditions with
eemple concentration. .If oxygen availability restricted'BdD5 exertion for the
1erger samﬁle concentrations, the oxygen consumed would increase with increased
sample concentration until the condition of oxygen limitation and then little
or no additional increase in oxygen consumption would occur.

Obviously biological activity and consequently oxygen uptake is lower in
the BOD bottles with the larger amounts of waste sample; The assumetion of
preferential growth acceleration in the less concentrated samples does not
appear tenable. Thus some type of inhibition or growth limitation may be
restricting biometabolism and appear as a function of sample concentration.

The increased biological activity due to turbulent transpere conditions
" caused by mixing apparently overshadews any inhibitory effeets as evidenced
by the increased BOD. value for all stifred samples. However, aseociated with

5

the higher BOD. for the stirred samples is a larger variation in the magnitude

5

of the BODS'value for the different sample concentratioms. Therefofe this
growth variation becomes more pronounced for incubation conditions that result
in increased biometabolism. This would indicate that metebolic end products
or waste materials may contribute to the inhibitory effects causing. the lower
biological activity for the more concentrated waste samples.

The results and analyses of the stirred and unstirfed BOD5 tests‘rein—.
force conclusions of the MIC 1nvest1gat10ns that the bloassay bottle with the
smallest sample concentration having an acceptable oxygen depletlon prov1des‘
the most reliable data. This also will generally dlrect selectlon of the.

largest magnltude BOD value. However, it must be recognized that a higher
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value will be obtained for seeded than unseeded replicates.

Seeding adds another variable td the BODs‘bi?éssay. The ratio of wasté
nutrients or food to microorganisms is constant:for each sample concentration
i% seeding is not employed. Howevef, if samplés are seédéd by addingkmicro;
Aorganiéms to the dilution water, a different food to ﬁicroérganiém ratio exists
for each sample concentration. It has not been possible to isolate the effect
of seeding on stirred and unstirred samples; | |

'Although results indicate that neither oxygen ;vailability or diffusion
causes the variation of the BOD5 value for sample concentrations with an
acceptable oxygen residual, the BOD5 test is based.upon the limitation of
nutrients. Theoretically the rate of BOD exertion or organic removal is
dependent upon the amount of organics remaining. Therefore the amount of
nutrients or sample size is fixed to limit biological activity so that oxygen
depletions after five days are within an écceéfable range.

Eor a validﬂgioassay all conditions must remain constant with the measured
parameter being the only variable., However, the ﬁeasﬁred parameter in the BOD5
test, oxygen uptake (organics'metabolized), is varied with different sample
concentrations. Seeding resu{;s in another variable for series sample dilu-—
tions, a different food to microorgénism fatio. Therefore for these reasons
alone it would appear that a uniform BODS reéulp for seriés dilutions is not
obtainable, especially for seeded samples.

These investigations did not conclusively prove that any inhibitory sub;
stance or combination of substances were solely respoﬁsible for the variation

of the BOD. value with sample concentration for either swine waste or syn-

5

thetic sewage. The three and five day stirred and unstirred investigations
indicate that oxygen transfer and availability for biometabolism is not the

limiting factor causing the biocassays with the more concentrated sample to
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have a lower BOD,. value. However, the mechanism of inhibition and the

5
" effect of mixing intensity on oxygen and nutrient transport or condition
of biological growth (disperse versus clustered) has not been fully
determined. Therefore no single cause can yet be given to explain the

5

‘have been found. At present, the BOD5 variation with sample concentra-

variation of the BOD. bioassay value and thus no mitigating remedies

tion is attributed to inhibitory materials, either feed additives or
metabolic end products, which exceed minimal inhibitory concentrations
~in the more concentrated samples and to the basic procedures for the

BOD5 bioassay.

Bush (1971) in his monograph, Aerobic Biological Treatment of Waste

Waters, Principles and Practice which was published after this project

began, directs considerable attention to the BOD5 test from both a kinetic
and a quantitative viewpoint. In introducing chapter 4 he states, "This
chapter is intended to show the confusion caused by use of BODS, to present
the incompetence of the test for process assessment or for data pertinent to
natural systems, and to suggest rational, valid measures for these purposes."
Although this monograph does not specifically consider the variation of BOD5
results with sample concentration, several factors germane to the analyses

of animal wastes such as biological acclimation, shifts in microbial popula-

tions and non-uniform degradation of waste materials are emphasized. Addi-

tionally, he notes, 'reaction kinetics provide direct evidence of the fallacy

of using 'rate' data from a quiescent, diffusion limited system with sometimes

non-representative biota to predict reaction response in a food-limited, mass
culture, stirred reactor or in a flowing stream. Even comparison of BOD rate-
data with an unstirred (not artificially aerated) oxidation pond is invalid
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because of wind mixing, sedimentation and algae effects." These comments have

particular'applicability-to the suitability of the BOD_. test for the characteri=-

5
zation of animal wastes and evaluation of treatment lagoons. .
Regarding toxicity, Bush notes that by using enrichment culture techniques
the BOD bottle system provides excellent potential for bacterial adaption and
" selection. Typical data presented implied that in a fashion similar to substrate
limitation, toxicity becomes evident at a critical ratio of toxic ion to biomass
and thus there is no broadly significant toxic ion concentration.

In closure Bush states, "BOD. is a source of confusion in process assessment

5
and holds no theoretical or practical significance even if the test were accu-
rate or conveﬁient to perform.'" The results of this study show that the BOD,
assay is a function of sample size and culture conditions. Therefore it has
been virtually impossible to obtain consistent or reproducible results for

animal waste samples and the validity of the measure is questionable.

Bacterial Determinations

During the initial stages of the study, the FS measurements for swine waste
wére“determined with the KF broth described by Kemner et al. (1961).' Diffi-
culties in obtaining FS counts using the KF broth were experienced because the
color of the FS colonies on the KF medium ranged from a very light piﬁk to a |
yeilowish white. The M-Enterococcus agar described in Standard Methods was
tﬁén_uéed and it yielded FS colonies with a pink to dark red color. With
either medium only the pink to dark red colonies are to be considered for FS
'équntsi

Data for the M-Enterococcus agar were approximately 10 times the counts
from the KF broth even when counting all colonies on the KF medium. The

difference between the number and color of colonies resulting from portions
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of the same sample placed on both FS media is illustrated by the photograph
shown in Figure 16. The utilizaﬁion of M-Enterococcus agar instead of KF
broth for routine bacterial examinations solved the difficulty that had been
experienced in this laboratory in obtaining positive detection of FS colonies.
Bacterial examinatiqﬁs were made on swine feces, lagoon influent and
lagoon effluent to determine if ﬁhe fécal coliform to fecal streptococcus
ratio could be utilized to indicate waste source. Data presented in thé Water

Pollution Control Research Series Report, Sanitary Significance

of Fecal Coliforms in the Environment (Geldreich, 1966) indicates that the

FC/FS ratio for man is 4,4 and for warm-blooded animals 0.6 or less. It

has been impossible to verify this concept partially due to initial problems
with FS determinations and erratic nature of bacterial results. However, it
can be noted from the listing of the FC/FS data in Appendix A that this ratio
is generally less thaﬁ 1.0 for swine feces, and progressively became more
variable and higher for éhe swine waste lagoon influent and lagoon effluent

samples.

Nitrate Determinations

Laboratory work has been conducted to develdp and correlate three different
methods for nitrate determiﬁation. Since the phenoldisulfofiic acid, brucine
and reduction ﬁests outlined in Standard Methods are so tedious, a rapid and
reliable procedure is most desirable. The Hach. Portable Engineer's Laboratory
includes a‘field test for nitrate based upon the cadmium reduction method.
Resuifé’ngﬁ thiélsimplifiéd técﬁhiéﬁg_£a§;;§égﬁwggﬁ§;£;diwitﬁ &aﬁéifb; the
relatively easy ultraviolet spectrophotometric test outlined in Standard
Methods, Additionally, the Orion specific ion electrode for pitrate with an
expanded séale pH meter has been utilized. Comparison of the data presented
in Appendix A for lysimeter leachate samples show fhat values for the ultra-
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Figure 16. 'Photog:apb of typical cultures obtained with media used
‘ for fecal streptococcus determinations.
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violet ﬁethod and the nitrate probe are similar and generally greater than the
value for the Hach Procedure. This indicates that the correction for dissolved
organic interference in the ultraviolet method is adequate for this sample which
has a very low COD and TOC content, Additionally, this data shows that the Hach
Procedure can provide a relatively accurate, rapid laboratd}y and field analysis
for nitrate.

Phosphorus Determinations

Total phosphate and ortho-phosphate data for replicate samples by the Hach
Procedure and techniques outlined in Standard Methods were collected. The
results of the Hach and stannous chloride procedures for ortho-phosphate in add-
ition to the Hach, sulfuric acid-nitric acid digestion and persulfate digestion
for total phosphate are listed in Appendix A. Data comparisons show that Hach
values are always much higher than corresponding results obtained according to
procedures outlined in Standard Methods. Additionally, replicate results for
the ortho-phosphate and investigated total phosphate digestion tests outlined in
Standard Methods for raw animal waste and treated samples are essentially
identical. These data comparisons show that the Hach Procedure is not suitable
for ortho-phosphate or total phosphate evaluations of any animal waste sample.
The added time and expense required for the total phosphate test is not con-
sidéred justified because results for the two total.phosphorus digestions
and ortho-phosphate analyses as outlined in Standard Methods are essentially
identical.

Instrumental Chemical Oxygen Demand (COZD)

Operational problems have severely restricted the utilization of the Preéi—
sion Scientific Aquarator instrumental oxygen demand analyzer (COZD). It has
been impossible to make this instrument come up tq the performance quality of
the Beckman Total Organic Carbon Analyzer. Calibration in the low ranges
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’(10-50.mg/l) has been difficult and the maintenance of sensitivity in fhe highest
raﬁge (300 mg/l) has been impossible even though the infrared analyzef coméonent
hasubeen repaired and replaced. Subsequently Precision Scientific has_supplied
two new inlet assembles and suggested a revised injection téchqique similar to
the method outlined by Beckman for the TdC analyzer. An automatic sample injéc—

tion syringe appears mandatory because response peaks are a function of injection

speed or force and thus operator influence.

Baseline drift has always been a pr&blem for swiné or liquid dairy waste
samples that have been in contact with thé soil. ‘Negative peaks are common before
response to the injected sample and very pronouncéd for samples with a low COD.

 Collected CO.D data are presented in Appendix A and compared with COD and TOC

2

results for replicate samples. The C02D results and also COZD/COD ratios for the

swine waste lagoon effluent samples are reasonable. However, the C02D values for

the lysimeter leachate are generally less than the corresponding COD and thus the
COZD/COD data ratios fof the leachate samples are erratic. There appears to bebno
" technically sound explénation to justify the COZD value of animal wastewater beiﬁg
less than the corresponding COD because the Aquarafor providés for a more complete
combustion of wastes and even oxidizes substances not included in the COD results,
such as urine.

Characterization Parameter Determinations

The measurement unit of mg/l has become a mainsﬁay for the characterization of
domestic sewage and industrial wastewater. Many investigators are also using the
mg/l measurement for the chargcterization of animal wastes. This measurement unit,
however, is not applicable for swine waste because individual management practices
result in different ways of handling the waste. The liquid content of animal waste
is a function of the number of animals, type of housing and cleaning prqcedurest

The amount of washwater per hog at the studied site was calculated from the
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‘_iqfluent sample data presented in'Appendik A gnd is_presented in‘Iable é as gallons
of water per pound of hog weight. The significgnce of dilptional»effe;ts and cor=-
rgsponding prejudice ofvﬁg/l evaluations are_gmphgsi;ed by the measuréd variation
of 0.67 to 1.0 gallons pér pound-of gnimal.; Although the amount of washwater did
not increase liﬁear;y wifh the number of animals,.thg average volume of.washwgter

for this growing unit was about ten gallons per hog.

Table 2. Volume of washwater per pound of animal weight

Date - o Volume of Washwater/
S Co o " Pound of Hog Weight

3-4 - 0.60

3-11 : - : 0.67
3-18 1.00
3-25 . 0.18
41 ' . 0.12
4-8 S ... .0.14
4-15 . S 0.10
422 0.09
429 S : 0.09
5-6 0.09
5-13 0.10
5-20 0.07
5-27 : _ 0.09
6-3 . ‘ 0.12
6~10 ’ ' 0.08

6-17 | S ~0.07

Tﬁe‘effect of dilﬁtion on chéracterizgtiqn parameters can be eliminated if
results are reported as graﬁ of‘parameter per gram of dry solids because the
amount of waste‘solids per animal ;egéins'relagivély’constant. Lagoon influent
data are also presented as pound of parameter per 100 pound hog per day because
this measurement unit is very useful wﬁen designiﬁg swine treatment facilities.
Recognizing that effluent judgements are partlyAbased on the mg/l unit and that
the mg/l'measurement is most common in‘wgter quality management, the lagoon effluent

data are also presented as mg/l.
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‘Solid Feces

Results for the solid swine feces characterization anéi&ses are preééﬁt;d in
"Appendix A and summarized in Table 3. All data are listed as gram of paf;ﬁéter
per gram total solids. This is the'only'méégingful méthb& of characterization
"because the raw solid feces sample contained no urine or washwater and dilution
“of the éample'was done in the laborator&. - |

Lagoon Influent

Results for the swine waste lagoon influenf analyses are listed in Appendix
A and summafized in Table 4. The data are tabulated as both gram of parameter
per gram total solidsland in milligrams of parameter per liter for,coﬁparison.
As can be seen, the coefficient qf Vafiahibﬁviééiéééwfdflﬁhé“éram per gram than

the milligram per liter data because of the influence of dilutionm.

Table 3. Summary of solid swine feces characterization parameters

_ Coefficient
?arameter Maximum Mean Minimum of Variation Unit
COD/TS 1.59 1.08 0.72 0.19 g/
BOD, /TS 0.47 0.33 0.23 0.19 g/g
TOC/TS 0.30 0,27 0.24 0.09 :g/g
vs/TS 0.90 - 0.82 0.75 0.05  gle

Table 4. Summary of swine waste lagoon influent characterization parameters

Coefficient

Parameter Maximpm: Mean - Minimum = : ‘of Variation = = Unit
COD/TS - 1.46 1.10 . 0.66-- co 0,220 g/g
BOD./TS 0.62 0.50 . 0.36 0:15 g/g
TOC7TS : 0.42 0.36 0.24 .. 0,16 - gleg
VS/TS . 0.80 0.72 0.66 0.05 glg
coD 9740 5169 - i275 7 0.51 mg/1

' BOD, 3700 2237 426 S 0.44- mg/1l
TOC 2880 1828 590 - . 0.32 mg/1
TS 8040 5793 3600-. . . . 0.21 . . . mg/l

Vs o 6440 4445 3030 0 0.22 mg/1
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Data for the lagoon influent are also summarized as pounds of parameter perx

100 pound hog per day in Table 5.

. Table 5. Summary of swine waste characterization parameters

Parameter Lb/100 Lb Hog/Day
CoD 0.64
BOD5 0.31
T0C 0.21
TS 0.48
VS 0.33

Lagoon Effluent

Results for the lagoon effluent analyses are presented in Appendix A and
summarized in Table 6. The data are presented as both gram of parameter per
gram total solids and as milligrams of parameter per liter. The data given as
g/g shows greater uniformity because dilutional effects are eliminated and para-
meters are based upon a more uniférm intensity factor.

The chronologicai variat{on of lagoon effluent BODS, COD, TOC and IS are
illustrated in Figure 16 where the concentration (mg/l) of each characterization
parémétervis plotted versus sample date. A comparison of Figure 17 and the data
for the amount of washwater per animal (Table 2) shows that as the 100 weight of
animals increased to the maximum (June 17), the lagoon effluent charactérizatioﬁ

parameters in mg/l also éorrespondingly increased.
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Table 6. Summary of lagoon 2ffluent characrerization parameters

Coefficient
Parameter Maximum Mean Minimum "of Variation Unit
COD/TS 0.98 S 0.76 0.59 0.12 g/g -
BOD /TS 0. 30 0.18 0.10. 0,28 , g/g
TOC/TE 0.31. 0.27 0.22° 0.10 glg
VS/TS 0.57 0.52 0.38 0.09 g/g
COD 1870 1166 529 0.35 mg/1
BOD5 660 306 150 0.40 mg/l
TOC 590 400 231 0.35 mg/1
TS - 2140 1590 1060 0.22 mg/1
VS 1180 868 499 0.25 mg/1l

Theoretically, as the proportion of washwater per 100 weight decreases, the
concentration of parameter per liter sheould increase and as the 100 weight of
animal increases, the mg/l of parameter should increase. This dependency of mg/l
data on animal weight and dilution is illustrated by the increasing concentration
of parameter as animal weight increases in Figure 17. The effect of a decrease
in animal number and the use of a sprinkler system for animal comfort is reflected
by the decrease of parameter concentration after June 17. Conversely, the g/g
data during the identical time period shows a much greater degree of consistency
as shown by comparfng the mg/1 plots in Figure 17 and the g/g plots in Figure 18,
_and also in Table 6 where the éoefficients of variation for the daily g/g and
mg/l data are summarized. The large variations shown in the mg/l data emphasize
the deficiency of such a characterization unit and the need for caution when
sampling and interpreting such results for lagoon effluent. Additionally, when
only occasional samples are taken and reported in mg/l to evaluate the pollution
potential of animal wastewater, the results are questionable.

Comparison of Parameter Ratio Means

A comparison of the swine waste characterization parameters for the solid
feces, lagoon influent and lagoon effluent was pbssible because dilutional effects
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were eliminated by calculating the characterization parameters on a dry solids
or ratio basis. The mean value of each parameter ratio for the solid feces,
lagoon influent and lagoon effluent are listed in Table 7,

Table 7. Comparison of swine waste parameter ratio means

-

o v Solid ﬁagoon Lagoon o
Parameter Feces Influent v Effluent Unit
COD/BOD, 3.35 2.31 o k13  &ls
COD/TOC 4,05 | 3.14 2.74 g/g
BOD, /TOC L.25 | 1.45 0.86 —g/g
cop/1s 1,08 1.10 0.76 g/g
BOD /TS, 0.33 0.50 0.18 g/g
T0C/TS 0.27 0.36 0.27 e/g
VS /TS 0.82 0.72 0.52 . glg
Cu/TS 0.98 1.17 o3 ng/g
Zn/TS 0.62 0.73 . 0.19 mg/g
Chloz/TS 0.15 0.12 * mg/g

COD/BOD5 Ratio

Theoretically the COD/BbD ratio is always greater than unity. A'value near
unity indicates thé waste is very biodegradable. However, the COD will be much
greater than the BODsbif conditions inhibitory to biological oxidation or sub-
stanceé resistant to biodegradation are present. ‘

Disinfection was practiced periodically on non—sampling dates during this
study. Although the solid feces and lagoon influent samples were not affected,
the disinfectant carried over into the lagoon, The large COD/BODs ratio for the
lagoon effluent was caused by a low BOD5 value that Waslattributed to removal of

BOD5 in the lagoon or presence of a disinfectant inhibitory to the BOD analysis.

59




COD/TOC Ratio

Pollution potential and the degree of treatment or stabilization obtained
is directly related to the oxidation state of the waste. Oxidation state. can
be determined by the ratio of the oxygen_andAcarbon-based data. The BOD/TOC
ratio indica;es the biological-based éxidatiqn state and themCOD/TQC ratio, the
cﬁemical oxidation state. A COZD/TOC value would be based;completely.on instru=-
mental analyses. )

The variation of the oxygen demand value for a constant carbon content or
TOC value can be illustrated by calculating the COD/TOC ratio for methane ahd
methylamine, Carbon is at its most reduced state in methane; and thus wiil
‘require the maximum amount of oxygen fdr oxidation. The COD oxidation reaction

is:

CH, + 202—-—- co

4 + 2H.0

2 2

The theoretical COD/TOC ratio would be:

4[atomic weight of oxygen] - 4(16) = 5.33
atomic weight of carbon 12 ‘

This value approximates the maximum COD/TOC ratio and such a hiéﬁ value
indicates that the analyzed compound is very reduced.

Straight-chain aliphatic éompounds; aromatic hydrocarbons, pyridine and
urine are not oxidized to any appreciable extent in the‘standard COD test. A
compound that is not oxidized by the COD test either because of its oxidation
state or resistance to test conditions would have a zero COD and thus a zero
COD/TOC ratio, Such a compound would be methylamine.because the COD test does
not oxidizé.straight—chain aliphatics. Therefore, the theoreticai ratio for.

this compound would be:

COD _ NIL
ToC - 12 - ZERO
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The utilization of the COD/TOC ratio to monitor progressive oxidation can be
illustrated by the following example of the step-by-step oxidation of methane

associated COD/TOC ratios:

Oxidation

CH4—~— CHBOH——ﬂ— CHZO-—ﬂr HCOOH——*» CO2 + HZO

2(0,) | 3/2(0,) 0, 1/2(0,)

{ i
CARBON DIOXIDE AND WATER

COD/TOC 5.3 4.0 2.8 1.3 __ ZERO

If is apparent that the lower COD/TOC value indicates a more oxidized or
stabilized compound. The basic principle of aerobic waste treatment is to con=-
vert reduced waste nutrients to the corresponding non-odorous oxidized end pro-
ducts, particularly cafbon dioxide and water. Therefore, this ratioc would giQe
direct insight to the degree of oxidation or treatment achieved and the poliution—'
al potential of any waste.

The mean values of the COD/TOC ratio for the swine waste samples indicate the
anticipated progressive ;taéilization or oxidation of this waste. The feces
samples would be expected to be at the lowest oxidation state or be the most re-
duced. The lagoon influent would be more oxidized because this sample was retained
in the collection trough for a 24-hour period and contained all of the washwater
from the concrete floor washdown at the end of the collection period. The lagoon
effluent had a lower ratio than the lagoon influent which indicates that some
degree of treatment was provided by the lagoon.

COD/TS Ratio

The COD/TS ratios indicated that some oxidation of waste materials occurred
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in the lagoon because there was a decrease in the COD/TS ratios between the lagoon

influent and effluent. Data show that the COD, BOD5 and TOC values decreased at

a greater rate than did the TS value, indicating that the reduction of - oxygen
demand and organic carbon in the lagoon was in excess of solids removed by sedi-
mentation. The similarity of the COD/TS ratio for the solid ;eces and lagoon
influent further verifies that the COD of urine is negligible.
VS/TS Ratio

The,lago@n influent contained more inert solids (grit, hair, épilled’feed, etc;)
than did the solid feces sample, and thusvthe’VS/TS ratio for the lagoon influent
was lower than the feces. The amount of VS oxidized or removed in the lagoon was
greater than tﬁe amount of total solids removed because the VS/TS ratio was lowest

for the lagoon effluent,.

Metal/TS Ratios

The Cu/TS and Zn/TS ratios for the lagoon influent were higher than for the
solid feces because of the concentrations of the metals present in the urine.
‘MetalS»tend to persist in the environment because they do not degrade'naturally

but when organic substances are present, the metal will be tied up with the
organic matter (McKinney, 1962). The ratios of Cu/TS and Zn/TS were the loweét
in the lagoon effluent because” as organic matter settles, metals were also
removed and retained in the bottom sludge.

Chlortetracycline/TS Ratio

Antibiotics in solution”aegrade naturally. The haif—life of the antibiotic
chlortetracycline in manure ié reported to be one week at 37°C and greater than
20 days at 28°C and 4°C (Morrison, 1969). The lagoon influent samples were
retained for a 24-hour period in the collection trough. This allowed time for
the chlortetracycline to partially degrade. Therefore, the chlortetracycline

concentration in the solid feces would be expected to.be higher than in the

62




lagoon influent, Chlortetracycline was not detected in the lagoon effluent.- -

Coefficient of Variation Cotparison

For Selected Swire Waste Parameters

The coefficients of variation for the ratioé“of‘6k§geh”deﬁandiand'orgaﬁicJ

carbon to total solids for the solid feces, lagoon influent and lagoon effluent

are presented in Table 8. R

Table 8. Coefficient of variation coﬁparison for total solids parameter ratios

;. ‘Lagoon-.’ . - ¢ 7' Lagoon
Parameter Feces - Influent . Effluent
COD/TS 0.19 ‘ ‘ 10,21 " 0.12
BODS/TS 0.19 0.15 0.28
TOC/TS . 0.09 L . 041605 . .. 0.10 -

COD/TS Ratio

. The high coefficient of variation of the lagoon influent COD/TS was attributed
to the difficulty in obtaining a repreéentative sample. Even though measures were
taken to avoid sampling errors, the volume of liquid handled in the collecting
trough became so great that it was impossible to be positive that the waste was
homogeneous when the sample was taken. The saaii volume of waste sample (2-5 ml)
that was diluted to 50 ml for the standard COD analysis ofvﬁhe solid feces and
lagoon influent samples would contribute’toi variation bécéﬁse of problemskinherént
in diluting concentrated samples. Tﬁé‘loﬁ éééf%icient of variation for the lagoon
éffluent indicated that the COD and TS tésts,were more réproducible for thi§‘>qu

| sample.
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BODS/TS Ratio

The éusceptibility of the BOD5 biocassay to materials utilized for medication
and disinfection, sample concentration and test proceduqes contributed to the
high coefficient of variation for-partigularily,the“lagoon effluent samples.,

TOC/TS Ratio

The reproducibility of the Instrumental analysis for the TOC test and the
constant method of analysis were proposed as the reasons for the low coefficient

of variation for all samples.

Oxygen Demand and Organic Carbon Ratios for Prediction Utilization

The COD/BOD,,

fluent and lagoon effluent samples based on mg/l data are listed as g/g values

BODS/TOC and COD/TOC ratios for the solid feces, lagoon in-

in Table 9.

Table 9. Comparison of swine waste parameter ratios for prediction utilization

Coefficient of

Parameter Maximum Mean Minimum - Variation
Feces

COD/BOD - 5.06 ‘ ‘ 3.35 . 2.27 . - 0.26

BOD, /TOC 1.59 1.25 . 0.90 0.17

coojroc 5.17 4,05 3.00 0.18

Lagoon Influent

COD/BOD 3,23 . 2.31 : 1.04 0.26

BOD. /TOC 2.57 145 1.20 ‘ 0.24

COD7TOC 4.52 3.14 l 2.11 » 0.21

Lagoon Effluent

COD/BOD 7,73 b 34 1.98 0.35

BOD, /TOQ . 1.35 . 0.77. . 0.51 » 0.30

COD7TOC 3.74 2.74 2.20 0.13
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Suggested Predictor e e

. The most reliable oxygen and carbon-based indicies for this ratio seems,. .

at present, to be COD and TOC. - The statistical comparison of parameter ratios -

B

for the characterization ot various swine waste samples showr in Table 9 indi-

cates that ;thlowést coefficient‘cf”ﬁariétign is.ééﬁérélly ag;ociated‘wi;h
the COD/IOC ratio. The validity and inherent Qariabilié;jof BODy values must -
be consiaered_in any critical evaluétion of ihis data,

It can also be seen from the data in Table 9 that tﬁe EOD value has a .
greater magnitude of chﬁnge than the TOC value becausévof thg prqgre;siye
biometabolism and/or oxidation of organics., Tﬁe reducéﬁ TOC value indicates
carboﬁ rempval either by biological activity Br_chemiéél égnvefsion ;9 gaseous
meﬁﬁane and/or carbon dioxide whichvescapés to the éfmdsphere. The efflugnt
or runoff from-a terminal treatment process shoﬁld have a COD/;OC ratio that
approaches some minimuﬁ value near zero, if adequate stabilization and_;reat—
méntihaé been achieved. ’ |

Somé ofﬁthé lowest reported ok&gen/darbou ratioé for the effluent from
aﬁ;mal waste treatment schemes haﬁe been aséociéted with aefation and land
disposal studies.. Robbins et al. (1971)‘rep9rtedia BODg/iOC ratio Sf 0.51
in the streamflow during runoff from a land spreadingn;ite-for.swine waste.
This figure was compared with the BODS/TOC values of 0.17 and 0.18 for the
control watersheds whiéh were devoid of domestic animals and received no farm
animal wastes.

A disadvantage of the COD/TOC ratio is that the small orfice of the sample
syringe for the TOC analyzer may exclude a large portion of waste solids and
correspondingly‘prejudice the results. Wastewater can be considered to‘be
composed of a particulate and soluble fraction. An enlarged tip pipette can

be used to obtain a representative sample for the standard COD test. However,
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a portion of solids will be excluded for both the carbon (TOC5 énd oxygén—béséé
(COZD)'ihstrumental analyzers. Therefofé gﬁe rééulté'of tﬁésé:inéﬁruﬁeﬁial
anai&sés must be considered as nepresentiﬁg only théusblﬁbié portién, pérticu—
larly fbr a wastewater that contains a high amownt of iérge—siégd solids.
Ideally these analyses should‘only be émployéd fa e#gﬁi;é/effiuent sampleé.
Although this constraint may somewhat restrict‘fhe appiicaﬁiiity.of‘thesé |

ins trumental analyses; the most profitable use of ;u;h.eqﬁipmént wouia:b;:for‘”.
the evaluation of final effluent and monitoring stream'quaiiﬁy:' ~

The greatest advantage of instrumental analyées are;thebreduced amount of
time, labor, chemicals and laboratory apparatus requiréé for the'éame numbex
of standard analyses, not to mention the value of fhe data quality. The reduged
sample quantity necessary can also be a factor when many tests are desired on a
small, difficult to obtain specimen.

The conjunctive use of an instrumental oﬁygén—basé& and carbon-based analysis
provides a rapid and simple method of determining the pollutional potential andA
oxidation state of'wastewater; This approach would alsd‘alléw the most convenienF
and- technically sound basis for the.evaluation of éﬁimaliwééﬁe treatment systéms

and agricultural water quality ﬁanégement.
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RESULTS AND DISCUSSION FOR LAGOON
TREATMENT AND LAND APPLICATION INVESTIGATIONS

Single Unaerated Swine Waste Lagoon

The calculations for treatment efficiency of the single unaerated swine waste
lagoon initially considered were based on weekly influent arid effluent values
expressed as mg/l which are listed iﬁ Appendix A. There was no attempt to deter-
mine.pr calculate material balances for this lagoon. Thus, it should be noted
that the following results for removal efficiencies were only an approximation of
the treatment that could be expected from the studied lagoon. The percent removal

for COD, BOD., TOC and TS are presented in Table 10.
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Table 10. Performance summary for single unaerated swine waste lagoon

Average
Effluent
w——————=Percent Treatment-——--—————-- Concentration

Maximum Mean Minimum (mg/1)
COD 91.5 81l.4 62.4 1165
BOD5 94.8 82.4 49,5 306
TOC 87.9 77.4 46.9 400
TS 85.8 73.2 62.7 1590

The treatment efficiency of anaerobic animal waste lagoons have been seriously
questioned. Often lagoons are considered as sedimentatioh tanks that remove solids
(Robbins et al., (1971). An approximation of the lagoon treatment indicated that
thére was some bioclogical treatmént because the average removal of COD, BODs and
TbC exceeded thelaverage total solids removal of approximately 73 percent. Some
removal of the oxygen demand and organic carbon in the treatment lagoon is also
indigated by the ratios of.COD, BODS, TOC and VS to TS presented in Table 7 that
show réductions between the lagoon influenﬁ and effluent data., The data for
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average effluent concentrations showed that the percent ot treatment could be
very misleading because even though the percent removal was very high, the
effluent values exceeded similér characterizing parameters for raw domestic
" sewage. |

=

Unaerated Saries Lagoon System for Swine Waste

The gseries lagoon system, initiated when a duplicate growing unit was
installed, has been monitored for about one yeér. The average concentration
of COD, TOC, and organic, ammonia and nitrate nitrogen in the effluent from
- the original lagoon utilized as the primary lagoon and the new sécondary
lagoon with the corresponding removal efficiencies aré presented fér seasonal
time intervals in Table 11. The winter or cold period occurs in North Carolina
during Janu;ry, February and March. Therefore, the three data periods presented
in Table 11 represent the first warm period, the cold period and the initiation
of the second warm period since the insﬁallation of this series lagoon system.
Data on the effluent quality of the primary'and secondary lagoon collected
during this series lagbon study are tabulated in Appendix B.

Comparison of seasonal operation data for the original lagoon for both -
prior and after series operation shows that effluent parameter concentrations
have remained similar even théugh the quantity of waste input to the primary
lagobn has doubled during the series dperétionﬁ However, the COD and TOC
content of the secondary lagoon effluent has decreased with time and thus the
average percent removals have increaéed to about 50% for organic carbon and
oxygén demaﬁd. This progressive increaée in thé treatment performance of the
sécondary lagoon may be due to naturél_iagoon maturing ﬁediated by the accumu;
lation of anaerobic bottom sludge coupied with the development of a.balanced
and acclimated biologiéal communiﬁj. Cﬁréenﬁly.the fedﬁction of total nitro—

gen in'thé secondary lagoon is also about 50%. .It is too soon to determine if

68




69 -

Table 11.

Performance summary for unaerated series lagoon system for swine waste.

Nitrogen
NH3 Organic NO3 Total PO4 CcoD TOC CoD/TOC
—————————— mg/l as N—————m—mem ng/l as P ———mg/l-—
) Period of 3/4/71 to 12/21/71
Primary Lagoon Effluent 188.2 66.8 25.5 34.60 993 332 3.0
Secondary Lagoon Effluent 633 237 2.7
Average percent removal ,
for secondary lagoon 344 297
| Period of 12/28/71 to 3/1/72
Primary Lagoon Effluent 259 43.6 2.2 305 29.8 975 271 3.6
Secondary Lagoon Effluent 125 22.3 4.5 152 25.1 532 211 2.5
Average percent removal
for secondary lagoon 52% 49% 50% -15% 45% 22%
» Period of 3/1/72 to 4/1/72
Primary Lagoon Effluent 245 35.6 3.8 284 46.8 1000 270 3.7
SecondarykLagoon Effluent 124 29.5 4.5 158 31.1 483 143 3.4
Average percent removal
for secondary lagoon 49% 17% 447 34% 52% 47%



ammonia losses will increase during the summer season and if the nitrogen reduction
will correspondingly change. |

Data on the fate of feed additive copper and zinc in the series lagoon sys-
tem are summarized‘in Table 12. Heavy metal iﬁventories show that the reduction
of copper and zinc through the lagoqn system ,was aSSOCiatEd with a concomitant
sludge accumulation. These metal concentrations reportéd as ppm on a dry solids
basié are steadily increasing and thus concern exists about subsequent effect on

sludge digestion and lagoon treatment performance.

Table 12. Heavy metal concentration in swine waste samples

Copper Concentration Zinc Concentration
Sample mg Cu/gram dry solids (ppm) (ppm)
Feces ’ 0.5 6.8 4.3
Single Lagoon System
Influent 4 . 0.6 6.6 4.3
. Effluent 0.5 .61 .36
Series Lagoon System
Secondary Lagoon Influent - W47 0.42
Secondary Lagoon Effluent - .18 0.20
Primary Lagoon Sludge - 830 1850

Secondary Lagoon Sludge - 330 1050

Sludge depth measurements during the first year of the series lagoon operation
showed little chénge_except in the area of influent and effluent flow which in-
creased only several ihches in the secondary lagoon aﬁd about six inches in the
primary lagoon. Tpe primary lagoon which has been in operétion about ten years.
has a sludge depth of about two feet at the inlet and outleé and one foot else-
where, This rate of sludgé accumulation_is well below expectations.

The aata presented for the single lagoon and series:lagoon system illug-
trates the difficulty of accurate character;gation if oniy quality pargmeters in
mg/l are g@nsidered bécause,the original lagoon appears to be working better when
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receiving twice as much waste as the primary lagoon in the series system. The
significance of dilutional effects and corresponding prejudice of mg/l evalua-
tions were illustrated previously by recorded washwater data for this grpwingA
‘‘unit which showed é'Variatiéﬁ ofoo7tolo£a1 perpoundof hog. " Weather.
conditions also affect parameters judged on a concentrati;n basis because
fthere was about 36 inches of rain during the year the 31ngle lagson Qég monl-
‘tored ‘and 46 inches for‘the year the serié;~légoon 1nstallat10n was - eﬁéiuated
In spite of these limitations it 1% apparent that gffluent from either»this
single lagoon or series lagqoﬁ system ié;ﬁét suiﬁable;for discharge EQ .
receiving waters., However, the unaerated lagoon provides for significant
reduction of pollutional potential of animal wastewater,.particularily in view
of the design criteria utilized and mihiﬁal attentioﬁ directed to these units
which are vulnerable to climatic effects.

Most lagoons in the moisture excess éoutheast.will overflow as leakage or
soil infiltration is reduced due to decreased permeability or sealing of
especially piedmont soil. To data the gsé of two lagoons designed as individual
anaerobic units in series has réSulted iﬁ.a final effluent that 1s superior to
the discharge measured when one of these lagoons was originally employed as a

single unit for about one-half the animals.

Lysimeter Investigations

Initially two Cecil sandy clay loam (typical Piedmont soil) and two Norfolk
sandy loam (typical Coastal Plains soil) lysimeters with flow through conditions
exposed to the weather were loaded with effluent from the primary swine waste
lagoon at a hydraulic rate of one-inch per week. Data for the treatment per-
formance during this six-month sunmer period are summarized in’ Tables 13 and 14,
>Operational problems prevented\the continuation of one Norfolk profile for this
total period. The listed leachate values are an average of samples between

loading events because the daily values were similar. However, the highest
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Table 13. Performance summary for lysimeters with flow through conditions
: -loaded with primary swine waste lagoon effluent_at 1" per week

Applied Waste . - Leachate ' Average

Pérameter . mg/l 1b/acre/wk mg/1l % Reduction

Cecil Sandy Clay Loam = ‘
coD 995 226 29 38.7 95%

T0C 345 78 17.3 17  95%
PO, 40 9.1 .04 .33 997
Cu ; 47 ' A1 Negligible . ‘ 1007

Zn .42 .095 .10 .2 : 647

'Norfolk Sandy Loam.

CoD . 995 226 42 962
TOC 45 78 9 . T 9%
20, 40 9.1 .01 100%
Cu 47 L1l .1 | 79%

Zn 42 .095 2 52%

72




Table 14, Fate of nitrogen for lysimeters with flow- through conditions
loaded with primary swine waste lagoon at 1" per week

Applied Waste ‘ Leachate Average

Parameter - mg/l 1b/acre/wk 1b/acre/yr mg/l % Reduction

o : Cecil Sandy Clay Loam -
Ammonia (As N) 200 45,4 _ 2360 1.8 .53

Organic (As N) 77 1.5 910 0.11 .14
Nitrate (As N) Negligible ' 50.3 31.5
Total 277 62.9 3270 52,2 32.2 - 85%

Norfolk Sandy Loam

Ammonia (As N) 200 45.4 2360 4.5
Organic (As N) 77 17.5 910 = 1.2
Nitrate (As N) Negligible ‘ 60.5
Total 277 62.9 3270 66.2 76%
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leachate concentrations generally occurred just after loading. Collected
data for the operation of all the lysimeter alternatives studied are listed in

Appendix C.

Data presented in Table 13 shows that the application of effluent from the pri-

mary swine waste lagoon at a hydrauiic‘faté 6f one iﬁghhbér weék'ﬁas resulted in
essentially. complete removal 6f phosphorus and excellent reduction of-oxygen
demand and organic carbon. Concern existgdﬁépout the concentration of copper and
Zinc in the leachate samples and data comparisons revealed that the amounts were
negligible as indicated by literature references. Corfespondingly, arrangemenﬁs
were made to have all metal anélyses performed by the Analytical Service Labora-
tory in the Departmenﬁ of Soil Science, North Carolina.State University.

The overall fate of liquid nitrogen for these lysimeters is indicated in.
Table 14. No attempt has been made to define nitrogen losses due to ammonia
volatilization, denitrification and/or plant uptake. Essentially all the
reduced nitrogen in the applied waste was converted .to nitrate indicatiﬁg that
“the soil profiles were aerobic.

Oxygen probés placed 12" from the soil surface in eacﬁﬁprofile :ecorded»
oxygén tension in the soil void space for a 30-day period. Oxygen tension
depressions occurred after loadings orvrainfall as shown in Figure 18. Fluc-

tuation ranges for the oxygen tension values during the test period were:

Lysimeter Range of oxygen tension values
Cecil 1. 5 to 15%

Cecil 2 6 to 147

Norfolk 1 4 to 147

Norfolk 2 . 14 to 207

The low oxygen tension value observed in the Norfolk 1 lysimeter can be attri-
buted to the eventual clogging which restricted drainage.
Soil samples were tested to investigate the potential accumulation of applied

materials. Data for nitrogen, phosphorus, calcium, potassium, sodium, zinc and-
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copper are listed in Tables 15-21 respectively. The data entry for'1/6/72 which
is beyond the first six-month study period for Cecil sandy clay loam is the con-
tinuation of lysimeter Pl and for Norfolk sandy loam is lysimeter C2 which was
'»convertgd to controlled watervtébie conditiéns. The loading for these two lysi-
meters has femained one inch per week. All the rest of the soil data‘repfesehts
average values for operational lysimeters during this first six-month invéstiga—
tion.

These soil samples indicate that there was some accumulation of nitrogen.
The build up of phosphorus in the topsoil region further emphasizes that soil
is an excellent éhosphorus trap. The variable concentrations of cations are
attributed to leaching associated with rainfall. However, the progressive
increase in calcium, potassium and sodium jeopardizes the continued permeability
and suitability of this soil for plant growth. The.éapid accumulation of zinc
“is also noteworthy and has caused special éﬁrutiny of sampling and analytical
teéhniques.

The grass harvested from these lysimeters was analyzed to determine if the
application of swine waste affected the:copper, zinc and magnesium concentration
of the cover crop. Fescue seed was planted but the grass harvested for analysis
during a period of rapid growth’was a mixture of several grass species. The
cofper, magnesium and zinc content of the harvested crop for each lysimeter is
presented in Table 22. S ,.;,,

Compafison of this cover crop data with'literature info;mation on the
eiemental composition of grasses showed that a three to seven-fold increase
in copper content occurred, The copper concentration on or in some of the
lysimeter plant parts are at levels‘wheré toxicity may‘sb§W“up:fbr grgzing.:~
sheep because the réporféd copber t;xicity threshold‘levei’forlgheep is

about 30 ppm (Todd 1967). Zincfand“ﬁagnesium:éonééﬁfféfions were also
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Table 15.

Soil nitrogen in lysimeters loaded with swine waste lagoon effluent
at 1" per week

Top of Bottom of Top of Bottom of
Topsoil Topsoil Subsoil Subsoil
Sample (ppm) (ppm) (ppm) (ppm)
Cecil Sandy Clay Loam
Virgin 390 390 340 340
6/11/71 500 - 420 -
7/30/71 420 500 360 -
9/20/71 500 420 420 360
10/25/71 560 420 480 420
1/6/72 680 480 500 420
Norfolk Sandy Loam
Virgin 560 560 220 220
6/11/71 500 480 310 250
7/30/71 450 500 420 -
9/20/71 620 480 220 200
10/25/71 590 340 250 170
1/6/72 640 - 520 280 300
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Table 16. Soil phosphorus in lysimeters loaded with swine waste lagoon effluent
S " at 1" per week St e ‘

-~

Topyof Bottom of _ HTop'of o  Bottom of
Topsoil -~ ' Topsoil Subsoil . Subsoil

Sample ; (ppm) (ppm) (ppm) (ppm)

Cecil Sandy Clay Loam

Virgin 10 10 1.2 1.2

6/11/71 18 17 2.4 ' 2.4
7/30/71 19 12 3.6 : -
9/20/71 48 19.2 3.6 2.4
10/25/71 57 27 3.2 o 2.8
1/6/72 105.3 - ' 4.6 . 1.8

Norfolk Sandy Loam

Virgin 2.4 2.4 1.2 1.2
6/11/71 24 11 ‘ 3.6 2.4
7/30/71 14 | 16 8.4 -
9/20/71 35 23 4.8 | 2.4 -
10/25/71 56 27 o 9.6 3.6
1/6/72 130 © 33.6 10.1 9.3
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Table 17. Soil calcium in lysimeters loaded with swine waste lagoon effluent

at 1" per week

Top of Bottom of Top of Bottom of
Topsoil Topsoil Subsoil Subsoil
Sample (ppm) (ppm) (ppm) (ppm)
Cecil Sandy Clay Loam
Virgin 136 136 216 216
6/11/71 136 144 272 280
7/30/71 152 176 216 -
9/20/71 256 136 224 216
10/25/71 192 138 380 . 330
1/6/72 336 328 340 336
Norfolk Sandy Loam
Virgin 80 80 40 40
6/11/71 144 128 88 64
7/30/71 104 | 104 104 -
9/20/71 312 ’ 120 72 40
10/25/71 242 114 80 92
1/6/72 272 296 58 48

79




Table 18, Soil potassium in lysimeters loaded with swine waste lagoon effluent

at 1" per week
Tep of Bottom of » Top of Bottom of
Topseil Topsoil Subsoil Subseoil
Semple - {ppm) (ppm) (ppm) . . (ppm)
Cecil Sandy Clay Loam
Virgin 25.9 25.9 74.9 74.8
6711771 46,1 43.2 80.6 79.2
7430,/ 38.9 46,1 89.3 ‘ -
8,20, 73 25,4 49.0 86.4 70.6
10/28,7. 85.0 94,0 - 114.0 118,0
1/6/72 3390 254 220 126
Norfolk Sandy Loam
Virgin 15.8 15.8 11.5 11.5
6/11/71 102,2 60.5 23,0 15.8
7736773 126.3 54,7 " 36.0 ' -
9/20/71 138,2 61.9 40,3 17.5
107257714 92.0 50.0 38.0 34,0
1/6/72 164,0 94.0 46.0 40.0

80




Table 19. Soil sodium in lysimeters loaded with swine wa§te‘lagoon effluent
at 1" per week

Top of Bottom of : Top of Bottom of
- Topseil. Topsoil ‘ Subsoil . Subsoil
Sample (ppm) (ppm) (ppm) (ppm)

Cecil Sandy Clay Loam

Virgin 11.9° 11.9 15.3 15.3
6/11/71 22,1 19.6 - 15.2
7/30/71 20.4 18.7 20.4 -
9/20/71 14.4 13.6 29.8 11,9
10/25/71 - - - -
1/6/72 | 46.0 39.5 35.5 34.0

Norfolk Sandy Loam

Virgin 11.9 11.9 12.8 12.8
6/11/71 34.0 18,7 12.8 11,9
7/30/71 23.0 28.0 - 30.7 -

- 9/20/71 30.6 , 26.4 14.4 9.4
10/25/71 | - - - -
1/6/72. 28.0 24,5 15.5 13.5
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Table 20,

Soil zinc in lysimeters loaded with swine waste lagoon effluent
at 1" per week -

Top of Bottom of Top of Bottom of
Topsoil Topsoil Subsoil Subsoil
Sample (ppm) (ppm) (ppm) (ppm)
Cecil Sandy Clay Loam
Virgin .6 6 1.5 1.5
6/11/71 1.2 .7 - 5.7
7/30/71 3.8 2.4 2.3 -
9/20/71 4.9 | 2.7 2.6 8.4
10/25/71 6.8 5.2 - 6.7
1/6/72 15.4 - 5.3 10.8 4.9
Norfolk Sandy Loam
Virgin 0.2 0.2 0 0
6/11/71 1.1 0.7 0.1 .6
7/30/71 1.5 1.3 1.0 -
9/20/71 14,7 5.3 3.0 2.8
10/25/71 16.6 T 17.4 5.8 -
5.0 15.0 2.3 1,86

1/6/72
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Table 21, Scoil copper in lysimeters loaded with swine waste lagoon effluent

1.8 1.0

at 1" per week e
Top of " Bottom of " Top of Bottom of
: Topsoil Topsoil Subsoil Subsoil
Sample (ppm) (ppm) ~ (ppm) - (ppm)
Cecil Sandy Clay Loam
Virgin A A , .8 .8
1 6/11/71 .84 - Co- S
7/30/71 1.56 1.2 2.12 -
10/25/71 2.0 2.3 2.6 1.6
1/6/72 3.1 2.1 2.7 1.8
Norfolk Sandy Loam
Virgin .2 .2 .3 .3
6/11/71 92 64 . .56 .6
7/30/71 1.6 1.6 .8 -
10/25/71 1.0 1.2 1.8 1.1
1/6/72 0.5 0.6




Table 22. Metal analyses of grass grown on lysiﬁeters loaded with swine .
waste lagoon effluent at I™ per week |

. Harvest Cu Mg " Znm
Lysimeter ~  ‘Date (ppm) - . (ppm) . . (ppm)
Norfolk 1 8/5 187 . 3550 51.4-

Norfolk.1 - - 812 - 26,0 - - - 3320 - - 55.3
Norfolk 1 - 8/26 219 3453 60.0
Norfolk 2 8/5 38.6 6050 103
Norfolk 2 8/12 32.6 6910 87.5.
Norfolk 2 8/26 44.7 6725 - 103
Cecil 1 8/5 27.8 4755 112.6
Cecil 1 8/12 ' 53.2 5400 ' 170.6 -
Cecil 1 . 8/26 41.8 4475 148.6
Cecil 2 8/5 54,0 6440 145.8

Cecil 2 ' 8/12 29.2. - 6000 130.1
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elevated but the magnesium levels remained rather constant while copper and
zinc evidenced progressive increases,

Heavy metal data presented-in Table 12 show that lagoons serve as a
copper trap. Producers who use copper or other_medicinalé that present health
or environmental hazards must manage the amount of these materials placed on
disposal or recycling plots. Ultimately the economical benefit of such feed
additives must be compared with the additional costs required for waste manage-
ment techniques necessary for the safe utilization, treatment or disposal of
such amended wastes.

To date, the major limitation of applying primary swine waste lagoon
effluent to the lysimeters at a rate of one inch per week has been the con-
versipn of waste nitrogen to nitrate because the upper twelve inches of the soil
profile remained aerobic even aftef loading or rainfall. Judging leachate accept~-
ibility by drinking watér limits for nitrate (45 mg/l as NO3 or 10 mg/l as N),
the nitrate content of this leachate would be considered excessive. Assuming
that there is a linear~relati§nship between nitrogen content in the applied waste
and leachate, the nitrogen loading rate based upon thesé short-term lysimeter
investigations would héve.to be reduced to about 15 lb/acre/week for Cecil and 10
lb/acrekweek'for Norfolk soils to comply with nitrate requirements for consumable
water. ’

The lysimeter ihvestigations were correspondingly altered to stﬁdy effects of
reduced 1oading‘on the leachate‘nitrate content, the potential of denitrification
and application of liquid dairy waste. The final lysimeter.program delinated in
the Experimental.Prdcedure Section which was then implemented is still under
study.

Data for the continuation of the Piedmont soil lyéimeter (P1l), repacked
Coastal Plains soil lysimeter (Cl) for the reduced loading investigation and

the Piedmont (P2) and Coastal Plains (C2) lysimeter converted to controlled
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water table conditions for both the cold period from 12/28/71 to 3/1/72 and
initial portion of the warm season are presented in Tables 23-26 respectively.

Comparison of data for the Cecil sandy clay loam lysimeters loaded at 1"
per week with flow through (P1l, Table 23) and controlled watér table conditions
(P2, Table 25) shows essentially the same removal of organic carbon and oxygen
demand during the cold and warm periods. However, for both periods the tétal
rémoval of nitrogen is greater and leachate nitrate concentration lower for the
controlled water table lysimeter P2. The total removal of nitrogen in lysi-
meter P2 was higheét (90%) and the leachate nitrate concentration lowest (13.3
‘mg/l) during the warm period as compared to 58% removal énd 97 mg/l leachate
nitrate for lysimeter Pl for this period. The higher total percent nifrogen
removal recorded for lysimeter P2 and correspondingly greater reduction of
leachate nitrate are attributed to biological denitrification in the anaerobic
saturated zone maintained by the controlled water table. Correspondingly the
controlled water table lysimeter with Norfolk soil loaded at 1" per week (C2,
Table 26) also had a high removal of nitrogen (85%) and lowest ieachate nitrate
content (11 mg/l) during the warm period. Further evidence that the increased
nitrogen removals and leachate nitrate reductions in the controlled water table
lysimeters are dué to biologigal denitrification are indicated by the time lag
after initiation of water table control before additional nitrogen removals
were realized and higher removal rates are assoclated with the warm period.

It should be noted that supplemental organic additions were not employed
to facilitate denitrification in the controlled water table lysimeters C2 and
P2,  Applied waste nutrients apparently provided the energy source for the
_denitrifying microorganisms, but yet similar and excellent removals of TOC and
-COD were recorded for both lysimeters. The regulation of the relative size of
‘the aerobic and anaerobic soil réaction zones for oxidation of nitrogen to

nitrate and passage of waste nutrients sufficient for the energy requirements of
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Table 23. Performance summary.for lysimeter P1l; original Cecil sandy clay loam soil with
flow through conditions loaded with effluent from primary swine waste lagoon
at 1" per week

Parameter . Applied Waste Leachate Average 7
mg/l  1b/acre/wk. 1b/acre/yr. mg/1 Reduction

Period of 12/28/71 to 3/1/72

cop | 975 221 11,509 58 94

- TOC 271 61 3199 11 96%

Cu 0.4 .09 4.7 0.2 50%

Po, (as P) 30 7 354 0.11 997

‘Nitrogen

- Ammonia (an N) . 259 59 3057 19 93%

Organic (as N) 4 10 519 4 91%
Nitrate (as N) 2.2 .5 26 65.5 -

Total Nitrogen 305.2 69.5 3602 88.5 71%

Period of 3/1/72 to 4/1/72

Ccob 10Q0 227 11804 27 97%
TGC 270 61 3187 7 97% ,
Nitrogen '

Ammonia (as N) 245 56 2891 21 91%

Organic (as N) 35.6 8.1 420 0.4 997

Nitrate (as N) 3.8 0.8 45 97 : -

Total Nitrogen 284.4 65 3356 118.4 587
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Table 25. Performance summary for lysimeter P2; original Cecil sandy clay loam soil
with water table controlled at 18" below soil surxface loaded with effluent
from primary swine waste lagoom at 1" per week

Parameter Applied Waste , Leachate Average 7%
mg/l  1b/acre/wk. 1b/acre/yr. mg/1 Reduction
Period of 12/28/71 to 3/1/72
COD 975 221 11509 57 947
TOC 271 61 3199 9 97%
Cu 0.4 .09 4,7 0 100%
PO4 (as P) 30 7 354 0.06 100%
Nitrogen
Ammonia (as N) 259 59 3057 16 947
Organic (as N). 44 10 519 4 917
Nitrate (as N) 2.2 _0.5 _ 26 25.5 -
Total Nitrogen 305.2 69.5 3602 45.5 857%

Period of 3/1/72 to 4/1/72 .
COD 1000 227 11804 ‘39 967

TOC 270 61 3187 9 97%
Nitrogen :
Ammonia (as N) 245 56 2891 10 96%
Organic (as N) 35.6 8.1 420 5 85%
Nitrate (as N) 3.8 0.86 45 13.3 -

Total Nitrogen 284 .4 65 3356 28.3 90%
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Table 26. Performance summary for lysimeter C2; original Norf01k<sandy loam with.
water itable controlled at 18Y below soil surface loaded with effluent
from primary swine waste lagoon at 1" per week

Applied Waste . Leachate A&erage %

Parameter
mg/l 1b/acre/wk. lb/acre/yr.’ mg/l . Reduction
Period of 12/28/71 to 3/1/72
CoD 975 221 11509 - 120 - 88%
TOC 271 62 2109 46 83% .
Cu 0.4 .09 4.7 . . 0 . 100%"
PO, (as P) 30 7 354 ~0.06 100%
Nitrogen ’ : v
" Ammonia (as N) 259 59 3057 13 . 95%
Organic (as N)- 44 | 10 , 519 o 5 88%
Nitrate (as N) 2.2 .5 _26 ‘ 17.1 -
'Tofél Nitrogen ‘

- COD

iOC
Nitrdgen
Ammonia (as N)
'Organic (asAN)
Nitrate (as N)
Total Nifrdgen

305.2 69.5 3602 35.1 88%

Period of 3/1/72 to 4/1/72

1000 227 © 11804 - 189 81%

270 61 , 3187 | 55 80%
245 . 56 - 2891 25 90%
35.6, . 8.1 . 420 8 . 78% -
3.8 0.8 45 10,5 -

284.4 s . 3356 43.5 85%



denitrifying microorganisms appears to be the critical criteria. Actual field
schemes developed for subsurface irrigation and/or drainage could be employed

to control the water table for such an actual animal waste land irrigation plot.
At least, controlled denitrification could provide for nitrate reduction in soil-
water inperflows leaving disposal plots and if the land disposal site was properly
managed and located, a significant reduction of ground water nitrate could be
obtained before such flow left the owner's properly.

Data for the Coastal Plains soil lysimeter loaded at one-fourth inch per week
with flow through conditions (Cl, Table 24) shows almost complete removal of
oxygen demand, organic carbon, ammonia and organic nitrogen and correspondinglf
higher percent removals than similar lysimeters loaded at 1" per week. However,
comparison with lysimeter Pl loaded at 1" per week and also operated with flow
through conditions (Table 23) reveals that the effluent nitrate is not propor-
tional to loading intensity. Additionally, the effluent nitrate concentration
increased for both of these lysimeters during the warm season, i.e., Pl} 65.5
to 97 mg/l and Cl; 21.8 to 49.8 mg/l. Although the initial lysimeter investiga-
tions (Table 14) revealed that éhe leachate nitrate concentration for equally
loaaed lysimeters is higher in Cecil than Norfolk soils, these short term studies
indicate that decreased loading intensity does not initially result in a pro-
portional reduction of leachate nitrate. Howéver, at steady-state conditions
mass balances argue that effluent nitrogen must equal the input nit;ogen minus
losses which sﬁould be similar for cqmpaﬁable soil profiles. Therefore, }ong
term studies are required to judge thé merits of.feduced loéding rates with time.

The liquid dairy.manure loadings were calculated so that the nitfogen inputs
would be similar to the swine waste lagoon effluen£ loadings of 1/4" (P3) and 1"

(P4) per week. However, the character.of the liquid dairy waste has changed
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during the reported period and consequently the amount of dairy waste applied
to each lysimeter had been correspondingly reduced. Surface clogging due to
the matting of fiberous materiaié resulting in wastewater ponding for prolonged
periods was very troublesome until the fescue grass became established. The
anaerobic conaitions induced by this pondiﬁg are suggested to explain the low
leachate nitrate content, especially for the lysimeter receiving the larger
loading, (P4).

Initial data.for the lysimeters loaded with liquid dairy manure presented
in Table 27 corroborate results for lysimeters loaded with swine waste that
" the soil has a tremendqus capacity for assimilating and stablizing oxjgen
demana; organic carbon and phosphorus. Lysimeters P3 and P4 received a much
higher amount of COD and TOC (more than ten times) than imposed upon lysimeters
receiving swine waste lagoon effluent at 1" per week due to the changing com-
posit;on of the liquid dairy manure. However, initial waste removals ha&e
exceeded the early treatment perfofmance of flow through lysimeters receiving
swine waste.

Thelsame phenomenon observed for flow-through lysimeters loaded with 1"
and 1/4" of swine waste lagoon effluent is also apparent for the similarly
loaded lysimeters with liquid,dairy manure - the leachate nitrate concentra-
tion is highest for the lysimeter Qith the lower loading rate. Average.
leachate nitrdte fér the lower loading rate(P3 @ 1/5") was 48.2”mg/l whereas
for the higher loading rate (P4 @ 1") it was only 20.6 mg/l. Increased:.aerobic
'soill conditions associated with lower loading rates may explain the higher |
conversion of waste nitrogen to nitrate which is mobile and thus readily
appears in the leachate. However, as reasoned previously, steady-state Qondif
tions which must be attained with time dictate fhat‘the total nitrogen input-

must -equal nitrogen losses plus accumulation. Therefore, long term
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studies are required to accurately access land irrigation of animal waste.
Although lysimeters prbvide an excellent research tool, this data should be
directive for a scale-up field study to investigate the fate of animal

waste materials in the actual environment. «
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Publlcatlons
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Affected by Feed Additives. - Proceedings International Symposium on -~
Livestock Wastes, 180- 183 l97l

2. Humenlk F. J. Animal Waste - Dlsposal or Utlllzatlon. Proceedings of Confer-
-ence of Collaborators from Southern Agricultural Experiment Stations, USDA,
ARS 72-94, 52-59, November 1971.

3. Humenik, F. J. and G. J. Kriz. Comparison of Carbon Versus Oxygen-Based Para-
meters for Agricultural Water Quality Management. Proceedings 20th
Southern Water Resources and Pollution Control Conference, 1971.

4, Humenik, F. J., R. W. Skaggs, C. R. Willey and D. Huisingh. Evaluation of
Swine Waste Treatment Alternatives. - Proceedings Cornell University
Conference on Agricultural Waste Management, 1972

SQIVHumenlk F. J. Applicability of the Instrumental COD Analy31s for the Evaluaw
tion of Animal Waste.: (Proposed). .

Technology Transfer .

The results of this research project have been discussed-in detail at the North
Carolina State University School of Agriculture and Life Sciences Workshops on
swine, poultry and dairy wasté management. Simlilar material has also been presented -
at the North Carolina Section of the American Society of Agricultural Engineering,
Irrigation Societx and Soil and Water Conservation research meetings. A talk on
the effect of feed additives on the analyses and treatment of swine waste was pre-
sented at a USDA seminar on heavy metals, Beltsville, Maryland.

The data and recommendations resulting from this project served as the basis
for six district animal waste management in~service trainiiig sessions conducted by
Department of Biological and Agricultural Engineering, Cooperative Extension Service,
North Carolina State University. The objective of this training session was to fure
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ther educate at least one extension agent from each county responsible for animal
production, soil conservation service area engineers, ASCS district supervisors:
and FHA district supervisors, and to expedite the iméléﬁent;tibn of research
information in their local area. | ‘

Technical lectures have also been made to the North Carolina Legislative
“VRééeéréh Cbmmission Subcommittee on Animal Waste Control, section heaa; of
North Carolina Department of Agriculture and staff cﬁiefs in the Division of
.i_ﬁ;ter>Quality, Qffice of Water and Aif Resources,‘Nérth‘Carolina Departmeﬁt.of
Natural and Economic Resources. |
| Presentations utilizing the data of this rdsearch and emphasizing ﬁhe'
recommendations havevbeen made by Dr. G. J. Kriz; Associate Dept;_Head, in
éhafge of Biological and Agricultural Engineering; ﬁr. L. B. Driggers, E#ﬁen?-
sion Associate Professor, Department of Biological ahd Agricultural Engineering
“and this investigator to commodity meetings on swine, poultry, beef and dairy
cattle sponsored by North Carolina State University, the Piedmont Area Develop-
. ment Association Regional Seminar on Animal Waéte, extension functions and

civic groups.
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Symbol
BOD
BOD
Chlor
CoD
co,b
FC

F§

g/g

xG

mg/1

TC
TOC
TS

Vs

GLOSSARY OF SYMBOLS

Definition
biochemical oxygen demand
standard five~day BOD analysis
antibiotic chlorotetracycline hydrochloride NF
chemical oxygen‘demand
instrumental chemical oxygen demand
fecal coliform
fecal streptococcus
grams per gram
gravitational force exerted for centrifugation
milligrams per iitef
minimal inhibitory concentration
total coliform
total organic carbon
total solids

volatile solids

results below detection limits of antibiotic bioassay
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Appefidix A.

Swine Waste Characterization Data

3200000

Table 28. Data for solid swine féces
Date COD  BOD, TOC TS VS Cu Zn  Chlor  1TC ¥C ¥S FC/FS
: mg/1 ~~Colonies/100 mlv—c—v
April 29 7210 2560 6445
May 6 7810 2250 6700 5100 . 7.81 4.02  1.06
May 13 7010 2600 1760 7150 5350 5.06 4.30  0.92
May 20 9880 2100 1910 6200 5050 5.54 4.54  0.97
May 27 6120 2700 1700 5700 . 4900 4,67 4,26 0,95
June 3 5635 1950 1620 5750 5200 2.94 4,28 0.6l
June 10 5620 2300 1870 7830 6500 7.46 4.33  1.44
June 17 9010 2350 1880 6900 5550 © 9.46 5.63  1.30
-June 24 6800 2200 1770 6770 5530 9.19 3.63  1.17
July 1 9100 1800 1990 7710 6320 7.46 3.73  0.85 220000000 150000000 250000 600
July 8 7940 1800 7640 6380 7.62 4.67  1.17 200000000 24500000 200000 120
July 15 7870 2100 7810 6100  8.65 4,23  1.17 183000000 125000000 1400000 90
July 22 5560 2350 6490 5490 6.81 4.10 90000000 950000 3600000 0.3
July 29 7600 2400 6490 5460 5.21 3.93  0.88 90000000 55000000 .17
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Table 29.- Data for single unaerated swine waste lagoon influent

S . , - ] ANIMAL VOL. OF
Date COD' BOD, TOC TS VS Cu 2Zn Chlor  TC FC FS ~ WEIGHT WASTE

2 mg/1 ~Colonies/100 mler—wm —Lbs—r —Gal—

February 16 6210 1920
February 18 2186 1150
February 25 1275 426

March 4 1290 573.: L ‘ 60000000 ' 390 235

March 11 2895 1080 890 A 60000000 , 350 235
March 18 1307 1260 490 - ‘ 44000000 16000 : 1480 1513
March 25 3650 2100 1600 5091 4000000 - 1930 353
April 1 7570 2450 1960 5369 3400 410
April 8 4100 1700 1410 3600 . 5.35 51400000 2400 3470 497
April 15 8480 2900 2160 5820 4280 4.3l 81000000 4500000 5200 540
April 22 8670 2900 1920 8040 6440 3.54 1.95 49000000 1200000 6250 560
April 29 7020 3500 2440 6820 4900 9.81 5.50 0.68 250000000 17000000 6700 630
May 6 4830 ° 2300 1920 4580 3030 7.08 4.95 0.72 190000000 8900000 8660 794
May 13 5290 2650 1870 4620 3240 7.60 5.05 0.80 160000000 78000000 9100 960
May 20 6450 2600 1980 6060 4500 6.86 4.02 0.62 175000000 . 11900 840
May 27 7510 3350 1870 6530 4710 6.90 5.12 0.78 170000000 56000000 11800000 12010 1115
June 3 5270 3200 1900 5160 3670 6.35 3.97 0.59 125000000 32000000 143000000 12140 1245
- June 10 9740 3700 2880 6780 4980 7.19 3.98 0.81 225000000 130000000 29300000 14190 1148

June 17 4490 2750 2130 6840 4700 7.46 :3.92 0.8y . » 16269 1280
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Table 30. Data for single unaerated swine waste lagoon effluent

Date

BOD

Chlor

cop s TOC TS Vs Cu _ Zn TC FC FS FC/FS
‘ mg /1~ ~——Colonies/100 ml-—

February 8 569 228 231 k.

February 25 638 215 *

March 4 1200 268 *

March 18 1855 240 260 % 1200000 |

March 25 . 529 225 240 % 27000

April 1 644 325 240 1101 *

April 8 725 150 280 1073 %

April 15 770 191 260 1060 540 0.37 % 670000 48000

April 22 750 150 . 260 1140 550 0.28 0.26 X 240000 24000

April 29 1080 250 370 1450 825 0.47 0.31 * 1250000 . 210000

May 6 1020 260 400 1390 726 0.47 Q.26 % 2850000 455000

May 13 1350 345 495 1720 976 0.68 0.33 % 2850000 830000

May 20 1260 430 475 1600 859  0.89 0.34 % 3400000 700000 400000 1.7
May 27 1340 300 545 1760 963 0.74 0.37 % 2100000 560000 670000 0.8
June 3 1450 326 530 1810 982 . 0.68 0.35 % 1900000 420000 720000 0.6
June 10 1470 520 590 2070 1170 1.00. 0.31 x 180000

June 17 1690 390 585 2140 1180 0.80 0.40 %

June 24 1870 340 500 1980 1040  0.58 Q.28 * 37000000 740000 148000 5.0
July 1 1610 280 550 1980 1080 0.54 Q.30 % 3900000 5400000 140000 38
July 8 1440 195 1850 944  0.47 Q.30 % 70000000 3000000 1700000 1.8
July 15 1290 230 1300 499  0.45  0.30 % 59000000 2360000 850000 2.8
July 22 1230 - - 350 1680 869 0.65 -0.31 % 2200000 2000000 210000 9.5
July 29 1060 220 1530 683 0.71 0.28 % 2200000 810000 265000 3.1

~ * Results below determination limit of antibiotic bioassay



90T

Table 31.

Results for comparison of nitrate data by the Hach test, selective electrode and
spectrophotometric procedure outlined in Standard Methods.

Hach U.v. Probe _Uv_ - Probe uv
Sample Date = = = @ccee—e me/l as N ~——— Hach Hach Probe
L.L.* PL 9/30 28 26.5 25.0 0.9 0.9 1.1
| . 10/4 37 45.0 1.2

10/6 35 55.0 43.5 1.6 1.2 1.3

10/8 " 40 56.0 o 1.4

10/11 55 55.0 51.5 1.0 0.9 1.1

10/13 38 55.6 | 1.5

10/15 45  56.5 1.3

10/18 46 41.0 44.8 0.9 1.0 0.9

10/20 45 44,8 43.0 1.0 1.0 1.0

10/22 51 47.8 46.5 0.9 0.9 1.0

10/25 57 56.5 55.5 1.0 1.0 1.0
L.L.* P2 9/28 60 64.5 42.5 1.1 0.7 1.5

9/30 66  70.0  55.0 1.1 0.8 1.3

10/4 55 63.0 1.2

10/6 57 67.0 54.0 1.2 0.9 1.2

10/6 56 69.0 59.0 1.2 1.1 1.2

10/8 52 67.0 1.3

10/11 70 70.5 88.0 1.0 1.3 0.8

10/13 46 66.5 1.5

10/15 48 66.0 1.4



Table 31. (Continued)
| . Hach  U.V.  Prpbe v Probe v
~ Sample Date === @ @—e—— mg/l as N ———— Hach Hach Probe
L.L.% P2 10/18 50 61.0 1.2
10/20 60  53.5  54.5 0.9 0.9 1.0
10/22 67  63.0 113.0 0.9 1.7 0.6
10/25 41 45.5 80.7 1.1 2.0 0.6
. 11/3 37 36.0 1.0
S 11/12 '78 63.0 | 0.8
| 11/15 78 72.0 0.9 |
| 11/19 9  69.5 0.8
| 11/22 9  73.0 0.8
11/29 68  49.0 0.7
1/25 19 16.0 0.8
1/26 23 26.1 1.1
2/2 19 23.8  21.0 1.3 1.1 1.1
2/8 17 24.6 1.5
2/15 19 28.0 1.5
2/16 17 21.4 1.6
L.L.* C1 .2/2 12 18.8 16.0 1.6 1.3 1.2
- 2/8 21 325 1.6
o 2/15 25  38.5 1.5
YT 32 43.5 1.4
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Table 32. Results for comparison of ortho-phosphate. and total phosphate data by
the Hach test and procedures outlined in Standard Methods.

. Ortho-Phosphate Total Phosphate
Sample Date = = = —eee- -mg/l as P ~-mg/l as Pmeer—e———
Hach Stannous Hach Sulfuric—  Persulfate
’ Chloride Nitric Acid Digestion

L.L.* pL_ 1/26 T 0.3L 3.00 0.49
2/2 0.60 0.25 1.00 o 0.33
2/8 0.15 0.04 0.75 0.00
2/15 0.50 0.03 0.25 0.03
2/16 0.05 0.65 . 0.05
2/23 | 0.00 - . 0.00
2/29 0.04 1.30 - S 0.04
3/1- 0.08 0.61 0.15

L.L.% P2 1/26 0.50 ‘ '
2/2° 0.35 0.10 0.75 : 0.19
2/8 0.20 0.08 0.60 0.04
2/15 0.37 ~0.14 ~0.15 0.14
2/16 - 0.02 0.20 0.02
2/23 0.00 | k 0.00
2/29 :  0.09 1.10 | 0.09
3/1 ~ 0.02 © 0.61 | 0.06

L.L,* Cl 1/26 : . e.03 ~0.60 - 0.07

| 2/2 0.15 0.00 0.60 | 0.00
2/8 0.20 0.06 0.45 0.06
2715 0.60 ~0.00 .12 0.00
2/16 0.04 0.10 . | 0.04
2/23 ; -  0.00 T © 0.00
2/29 0.00 0.58 ~0.00
3 0.02 0.50 © 0,04

L.L.% C2 1/26 0,50

2/2 0.20 0.11 0.35
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Table 32. (Continued)

Ortho-Phosphate

Total Phosphate

Sample Date ~——mg/l as P - : —-mg/l as P———--e—mm-
Hach Stannous .Hach Sulfuric~ Persulfate
. Chloride Nitric Acid Digestion
L.L.¥ €2 2/8 0.10 : 0.13
2/15 0.70 0.04 1 0.20 0.13
2/16 0.02 0,10 0.01
2/29 . 0.20 0.52 0.20
371 0.06 0.49 0.22
L.L.,* P3 2/15 0.40 0.00 0.15 0.00
2/16 0.00 0.10 0.00
2/23 0.00 0.00
2/29 0.01 0.14 0.01
3/1 0.02 0.03 0.03
L.L.* P4 2/15 0.20 0.00 0.40 0.00
2/16 0.00 0.07 0.00.
2/23 0.00 0.00
2/29 0.03 0.02 0.03
3/1 0.01 0.15 1 0.03
P.S.E.* 2/1 92.5 36.00 77 32.40
2/8 34.00 35.00
2/15 18.00 19.00
2/29 34.00 81 35.00
3/7 138 47.50 105 44,75 47.50
3/14 320 46.00 108 50,00 48.50
3/21 122 47.00 108 40.00 40.00
3/28 46.50 45.00 46.00
" 47.00 47.00 47.00
" 45.00 45.00 45,50
" 46.00 45.00 46.00
" 46 .00 45.00 46,00
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Table 32. - (Continued)

- Ortho-Phosphate — .Total Phosphate e
Sample - - . Date . =————- mg/l as Pe—m=- S mg/l as S
. . Co ~Hach ‘Stannous Hach Sulfuric~  Persulfate
: Chloride © Nitric Acid — Digestion
S.8.E.* 2/1 6 34,00 95 : 29,00
2/8 28.50 . : » 28.00
2/15 16.00 : 16.00
2/29 26.00 150 26,00
3/7 71 : 23.50 74 23.90 24.25
3/14 75 26.00 82 26.00 25.00
3/21 74 44,00 67 40,00 40,50
3/28 42,00 44,00 44,00
L.D.W.#* 2/15 29.40 29.00
2/29 75.50 140 76.80
3/7 155 ' 69.00 110 | 69.50 69.75
3/14 323 92.00 275 95.00 96.00
3/21 310 72,00 280 115.00 105.00
3/28 77.00 75.00 75.50

*L.L. = Lysimeter Leachates
L.D.W.
P.S‘El

5.5,E. = Secondary Swine Waste Lagoon Effluent

Liquid Dairy Waste

Primary Swine Waste Lagoon Effluent
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Table 33. (Continued) |
Sample Date CO2 D TOC COD CO2 D/COD CO2 D/TOC .COD/TOC
L.L. * CL 6/7 12 11 72 0.6 1.1 7.0
6/8 25 8 0 3.2
6/9 40 17 46 0.9 2.4 2.7
6/23 50 36 104 0.5 1.4 2.9
6/24 40 33 95 0.5 1.3 2.9
6/25 40 34 100 0.4 1.2 3.0
6/28 30 80 0.4
L.L. * c2 5/25 5 6 0.9
5/26 8 8 1.0
5/27 12 8 1.5
5/28 5 9 0.6
5/31 12 0.7
6/1 9 8 1.2
6/2 6 1 3 2.0 6.0 3.0
6/3 18 15 3.6
6/4 0 0
6/7 3 1 0.6 0.6
6/8 12 6 22 0.6 2.0 3.7
6/9 30 24 67 0.5 1.3 2.8
-P.S.E. * 6/1 1380 460 1208 1.2 3.0 2.7
6/22 2150 405 1303 1.7 5.3 3.3
9/28 1660 1380 1.2
11/30 1400 998 1.4
12/7 1475 1.5
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Table 33.(Continued)

% L.L. = Lysimeter Leachate
P.S;E. = Primary Swine Lagoon Effluent
L.D.M. = Liquid Dairy Manure

Sample Date C02D TOC COoD COQD/COD COZD/TOC COD/TOC
PS.E. * 12714 1770 1398 ~ 173

1/4 1840 225 1153 1.6 8.2 5.2
L.D.M, * 1/4/72 7000 1575 8120

1/11/72 3840 4239
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féﬁié 34. (Conginued)f

~

DATE NITROGEN PHOSPHATE METALS o

I NH, Organic PO, Cu  Zn TOC QD COD/TOC
': j‘ ~———mg/l as N-— mg/l as P mg/1 e

1/4172 279.4 58.3 225 1153 5.1
1/11- 249.7 49.3 1142

1/18 281.1 40.3 1194

1/25: 237.3 40.6 37.50 0.4 0.4 1203

2/1 301.0 28.0 36.00 0.4 0.4 602

2/8. 267.4 37.8 34.00 0.3 0.3 350

2/15 241.5 40.6 18.00 0.4 0.3 330 477 1.4
2/22 233.0 37.8 19.00 0.4 0.3 240 900 3.8
2/29 203.0 63.0 34.00 0.4 0.3 260 1037 4.0
3/7 252.0 63.0 - 47.50 420 1050 2.5
3/14 253.4 26.6 46,00 | 210 988 4.7

3/21 230.6 17.4 47.00 - : ' 180 962 5.3
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Table 35. (Continued)
“DATE NITROGEN PHOSPHATE METALS
NH, Organic PO, Cu Zn TOC COD  COD/TOC
~—--mg/1l as N--- mg/l as P -mg/1
1/4/72 391
1/11 125.4 34.2 570
1/18 125.4 22.4 568
1/25 93.5 12.3 27.80 0.2 0.1 448
2/1 129.5 14.0 34.00 0.2 0.2 491
2/8 138.6 25.9 28.50 0.2 0.1 230
2/15 136.5 32.2 16.00 0.2 0.2 175 413 2.4
2/22 113.5 15.4 18.50 0.2 0.1 190 678 3.6
2/29 107.8 25.2 26.00 0.2 0.3 250 817 3.3
3/7 127.4 39.2 23.50 230 539 2.3
3/14 116.2 16.8 26.00 110 415 3.8
3/21 127.4 33.6 44.00 90 495 5.5
3/28 137.0 36.3 ' 42.00 110 477 4.3
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Appendix C.

Data for Lysimeter Investigations

Table 36. Data for lysimeter Pl, Cecil sandy élay loam soil with flow through conditions, loaded with
effluent from primary swine waste lagoon at 1" per week.
Parameter DATE NITROGEN PHOSPHATE METALS
NH3 Organic  NO, PO, Cu Zn TOC CcoD COD/TOC
Sample ~———-mg/l as N———- -mg/l as P- T 10
Input 5/24/71 293.0 86.0 305 942 3.1
Leachate 5/25 42.0 14.8_ 31 103 3.3
" 5/26 42,8 9.1 27
" 5/27 34.9 8.9 43
" 5/28 30.4 5.2 39
" 5/31 14.0 1.3 14
" 6/1 0.1 49 .
Input 6/1 460 1280 2.8
Leachate 6/2 15.8 2.3 28 98 3.5
" 6/4 8.0 0.0 62
" 6/8 0.3 5.0 29 103 3.6
" 6/9 43.3 12.7 17 268 15.8
" 6/10 Repacked then loaded at same rate
Input 6/22 332.6 92.9 405 1303 3.2
Leachate 6/23 1.1 0.0 3 é 1.0
" 6/24 1.4 0.0 0.2 12 6.0
" 6/25 | 0 9
" 6/28 1.0 0.1 18 1.0
Input 6/29 315.8 1280
Input 7/6 255.8 250 1050 4.0
Leachate 7/7 0.3 0.01 0.2 5 16 3.2
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Table 36. (Continued)
Parameter DATE NITROGEN PHOSPHATE METALS
\ NH, Organic NO 20, Cu Zn TOC CoD COD/TOC
Sample = e mg/l as Ne———— -mg/l as P~ = ————————— v—mg/le———em e e
Leachate 7/8 0.0 .0.01 0.2 6 2.0
" 779 0.6 0.02 0.1 3 1.0
" 7/12 0.3 0.00 0.2
Input 7/13 225.0 48.00 0.7 250 875 3.5
Leachate 7/13 0.00 0.2 12 _
" 7/14 0.8 A 0.2 71
" 7/19 0.0 0.35 0.2 14 37 2.6
Input 7/21 220.6 29.30 0.5 275 1176 4.3
Leachate  7/21 0.0 T 0.2 65
" 7/22 0.0 0.03 0.1 12 19 1.6
" 7/23 0.0 0.01 0.1 25 5.0
" 7/26 0.0 0.11 0.1 15 3.0
u 7/27 0.0 0.03 0.1 15
Input 7/28 196.0 29.00 0.4 320 845 2.6
Leachate  7/28 5.0 0.05 0.2 14 83 5.9
" 7/29 3.9 10.02 0.1 5 108 2.2
" 7/30 4.5 0.04 0.1 39 4.1
n 8/2 1.4 0.01 0.1 6 13 2.1
Input 8/3 180.3 50.20 0.4 360 880 2.4
Leachate  8/4 0.0 0.02 0.1 13 31 2.4
L 8/5 0.0 0.03 0.2 3 9 3.0
" 8/6 0.1 0.02 0.1 6 13 2.1
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Table 36.. (Continugd)
Parameter  DATE NITROGEN PHOSPHATE METALS
NH, Orgamic NO, PO, Cu  Zn TOC COD CoD/TOC
Sample  e=ee— mg/l as N--——- -mg/l as P-  ——e—ememe—e L
Input 10/5 128.5  52.64 6.70 0.5 0.8 132
Leachate 10/6 0.0 0.28 35.0 0.00 0.3 0.6 15
" 10/8 0.0 40.0 0.01 0.5 0.7 18
" 10/11 39.0 0.00 0.3 0.6 12
Input 10/12 13.40 0.5 0.6 730
Leachate  10/13 38.0 0.00 0.4 0.5 19
" 10/15 45.0 0.02 0.4 0.5 8
" 10/18 33.0 0.00 0.3 0.5
Input 10/19 94.1  54.80 8.08 0.4 0.5
Leachate  10/20 0.0 0.00 0.02 0.3 0.4
" 10/22 41.0 0.00 0.6 0.4
Input 11/2 98.0  47.5 6.48
Leachate 11/3 2.2 2.8 18.0 138
" 11/5 0.0 0.0  55.0 26
" 11/8 40.0 29
Input 11/9
Leachate 11/12 145
Input 11/16 919
Input 11/23 998
Input 11/30 1000
leachate 12/1 49.0 87 .
" 12/7 45.0 25
Input 12/7 1034
Leachate  12/8 44.0 320



Lzt

Table 36. (Continued) .

Parameter DATE NITROGEN PHOSPHATE METALS

: NH3 “Organic NO3 PO[, Cu Zn TOC COoD COD/TOC
Sample e mg/l as N————— -mg/l as P- ————-mg /1

Leachate 12/14 10 25 2.5
Input 12/14 1398

Leachate  12/15 57.0 224

o 12/21 18

Input 12/21 1024

Leachate  12/28 \ 57.0 15 60 4.0
Input 12/28 239.6  59.3 220 1066 4.8
Leachate  12/29 26,3  14.6  59.0 20 191 9.5

" 1/4/72 1.4 2.24  42.8 7.80 35

Input 1/4 279.4  58.2 225 1153 5.1
‘Leachate  1/5 23.8  11.2  65.0 1.310 | 129

oo 1/11 3.4 1.6 67.0 18

Input 1/11 249.7  49.3 1.0 142

Leachate  1/12 24,9 14.0  67.0 22
Input 1/18 281.1  40.3 7.0 1194

Leachate  1/19 12.9 0.0  82.0 0.1 0.5 43

" 1/25 1.7 0.3 66.0 0.2 0.7 27

Input 1/25 237.3  40.6 4.0 37.50 0.4 0.4 1203

Leachate  1/26 19.6 0.0 85.0 0.30 0.4 0.7 89

Input 2/1 301.0  28.0 2.0 36.00 0.5 0.4 602

Leachate  2/2 40.3 2.8  80.0 0.20 0.2 0.6 81

R 97 5.6 2.2 56.0 0.00 0.2 0.5 26

Input  "2/8 267.4  37.8 0.0 34.00 0.4 0.3 350
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Table 36. {Continued)
Parameter — DATE : NITROGEN PHOSPHATE METALS
NH, Organic  NO, PO, Cu Zn TOC coD COD/TOC
Sample ===— mg/l ag N———v—e -mg/l as P~  ——e——e—me—e T R —
Leachate  2/15 9.5 0.0 54.0 0.00 0.2 0.3 1 2 16.1
Input 2/15 241.5  40.6 0.0 18.00 0.4 0.3 330 477 1.4
Leachate  2/16 46.5 5.4 44.0 0.00 0.1 0.1 11 105 9.5
w9y 12.3 0.0 0.20 0.1 0.1 1 34 34.4
Input 2/22 233.0  37.8 0.0 19.00 0.4 0.3 240 900 3.7
Leachate  2/23 33.6 5.6 0.00 0.0 0.1 8 72 9.0
o 2/29 12.3 0.0  83.0 0.00 12 24 2.0
Input 2/29 203.0  63.0 1.5 34.20 0.4 260 1037 4.0
Leachate  3/1 '84.0 0.10 24 15 0.6
" 3/7 16.8 0.0 75.0 16 31 1.9
Input 3/7 252.0  63.0 4.5 47.5 420 1050 2.5
'Leachate  3/8 22.9 0.0 80.0 13 38 2.8
" 3/14 20.7 0.0 88.0 4 21 5.4
Input 3/14 253.4  26.6 46.0 210 988 4.7
Leachate  3/15 20.2 0.0 100.0 5 33 6.1
" 3/21 24.6 0.0 105.0 4 0 16 '
Input 3/21 230.6  17.4 3.0 47.0 180 962 5.3
Leachate  3/22 23.5 2.2 110.0 5 31 6.2
" 3/28 20.2 0.0 15 | |
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Table 37. (Continued)

Parameter DATE NITROGEN PHOSPHATE CARBON
| Ni, Organic NO, Po, TOC cop COD/TOC
Samp le ————-mg/l as N--—-- -mg/l as P- mg/1 —
Input 6/29 315.8 ' 1280
" 7/6 255.7 250 1050 4.2
Leachate 7/7 6.7 0.01 77 182 2.4
" 7/8 7.3 0.00 72 189 2.6
L 7/9 7.3 0.01 119 191 1.6
o 7/12 93
Input 7/13 225.0 48.00 250 875 3.5
Leachate  .7/13 5.6 0.00 92 192 2.1
" 7/14 7.0 226
" 7/15 6.4 0.00 94 200 2.1
" 7/16 7.0 0.00 9% 206 2.2
oom 7/19 6.4 0.00 112 212 1.9
Input 7/21 220.6 29.30 275 1176 4.3
Leachate 7/21 12.0 92 253 2.7
" 7/22 13.7 0.00 72 232 3.2
g 7/23 13.2 0.01 110 225 2.1
u 7/26 9.5 0.00 132 229 1.7 °
o 7/27 3.9 0.01 7 49 7.0
Input 7/28 196.0 29.00 320 845 2.6
Leachate  7/28 8.1 | 263
" 7/29 8.7 0.00 120 281 2.3
" 7/30 8.7 0.01 113 310 2.
" 8/2 8.4 0.01 173 321 2.6
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Table 37. (Continued)

3/28

12

Parameter DATE NITROGEN PHOSPHATE METALS CARBON
NH, Orgamnic NO, PO, Cu Zn TOC (o(0))) copn/TocC
Sample e mg/l as N-—=—-—w- -mg/l ag Pv  emeoem oy f Lo e e e
Input 778 267.4  37.86 0.0 34,00 0.3 0.3 350
‘Leachate 2/15 9.2 0.3 25.0 0.00 0. 0.4 4 18 4.
Input 2/15 241.5  40.6 0.0 18.00 0.4 0.3 330 477 1.4
‘Leachate  2/16 2.0 0.0 32.0 0.03 0.0 0.5 5
Input 2/22 1.7 0.0 0.00 0.0 0.4 16 8.0
Leachate  2/23 1.4 ‘2.8 0.00 0.0 0.3 9 3.0
L 2/29 | 54.0 0.00 3 12 . 4.0
" Input 2/29 203.0  63.0 1.5 34.00 0.4 0.3 260 1037 . 4.0
" Leachate  3/1 54,0 0.02 4 12 3.0
" 3/7 3.4 0.0 42.0 ' 3 12 4.0
Input 377 252.0  63.0 4.5 47.50 420 1050 2.5
Leachate H3/8 o 49.0 5
; 3/14 . 55.0
Input 3/14 2534 26.6 46.00 210 988 4.7
Leachate  3/21 2.8 2.2 51.0 2 12 6.0
" Input 3/21 230.6  17.4 3.0 47.00 180 962+ 5.3
" Leachate 3/22 ' 52.0 12
" 2.2 2.2
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Table 38. (Continued)

Parameter

DATE NITROGEN PHOSPHATE METALS
NH3 Organic NO3 PO4 Cu Zn ~'TOC COoD _COD/TOC
Sample == mg/l as N-————— -mg/1l as P~ = oo mg/l——m— e
Input 7/28 196.0 29.00 0.4 320 845 2.6
Leachate 7/29 0.0 0.52 0.1 24 4.8
" 7/30 26.9 0.8 0.68 0.1 27 9.0
" 8/2 0.0 0.64 0.1 13 3.3
" 8/3 0.0 0.60 0.1 10 2.5
Input 8/3 "180.3 50.20 0.4 360 880 2.4
Leachate 8/4 8.4 0.62 0.2 4 88 2.1
K 8/5 2.5 0.2 41 34 ?
" 8/6 0.1 0.1 25 5.0
" 8/9 0.0 0.17 0.1 41 8.2
. 8/10 £ 0.38 0.2 43 99 2.3
Input ' 8/10 201.6 49.20 0.4 265 968 3.6
Leachate 8/11 0.2 0.3 23 9 3.9
no ' 8/12 0.1 0.76 0.3 31 71 2.3
" 8/13 0.1 o 0.4 31 68 2.2
Input 8/17 161.2 53.80 0.6 0.1 390 on 2.3
Leachate  8/18 10.4 0.86 0.5 0.1 4L 136 3.3
L 8/19 6.2 0.68 0.5 0.1 24 114 4.7
3 8/20 6.2 0.52 0.5 0.1 23 70 3.0
X 8/23 16.2 0.67 0.5 0.2 21 58 2.8
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Table 38. (Continued)

Parameter DATE , " NITROGEN ' PHOSPHATE METALS
, o NH3 Organic NO3 PO4 Cu Zn TOC COD  CcoDn/ToC
Sample e mg/l as N—————- -mg/l as P- Ty ) —
Leachate 8/24 0.41 0.6- 0.1 51
Input 8/24 52.80 0.4 0.2 410 1090 2.7
Leachate  8/25 5.6 0.76 0.3 0.1 64 104 1.6
n 8/27 2.2 ‘ 0.55 0.3 0.1 27 60 2.2
o 8/30 0.3 0.34 0.3. 0.1 9 9 1.0
o 8/31 0.8 0.36 0.3 0.1 3 12 4.0
Input 8/31 112.0 ' © 56.50 0.4 0.2 370 835 2.3
Leachate 9/1 8.7 | 0.32 0.2 0.1 95 121 1.3
o 9/2 7.8 0.25 0.3 0.1 101 105 1.0
o 9/3 . 6.7 0.33 0.2 0.1 29 15
K 9/6 5.9 0.12 0.3 0.1 16 33 2.1
" 9/7 - 6.7 0.35 0.3 0.1 12 54 4.5
Input 9/7 140.0 63.20 0.4 0.4 250 . 842 3.4
Leachate 9/8 2.5 0.65 18 50 2.8
e 9/9 2.2 0.04 33 4 1.3
o 9/10 0.8 - 0.05 0.2 0.1 15 62 4.1
ke ~9/13 0.0 , 0.32 0.2 0.2 8
. 9/14 - 0.0 0.32 . 0.2 0.2 17 21 1.2
Input - 9/14  112.0 41.00 0.3 0.3 465 905 2.0
Leachate 9/15 9.5 0.74 0.1 0.3 75 157 2.1
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Table 38. (Continued)
Parameter DATA NITROGEN PHOSPHATE . METALS R |
' NH, Organic  NO, PO, Cu Zn TOC COD  COD/TOC
Sample  =—=—= -mg/l ag N-———- -mg/1l as P- mg/1 '
Leachate 9/16 0.0 0.21 0.1 0.2 10 15 1.5
" 9/17 0.0 0.17 0.1 0.2 7 34 4.9
" 9/20 0.0 0.10 0.1 0.2 17 12 7.1
" 9/21 0.0 0.30 0.1 0.3 20 22 1.1
Input 9/21 £ 182.0 22.30 0.3 0.6 400 931 2.3
Leachate 9/22 0.0 0.39 0.2 0.1 21 43 2.0
" 9/23 0.0 0.02 0.2 0.3 19 19 1.0
" 9/24 0.0 0.02 0.2 0.2 10 25 2.5
" 9/27 0.0 46.0 0.2 0.3 13 24 1.8
" 9/28 45.0 0.07 0.3 0.4 13 27 2.1
Input 9/28 140.0 | 22.60 0.3 0.5 1380
Leachate 9/29 2.2 54.0 0.67 0.3 0.1 38 36 0.9
o 9/30 53.0 0.08 0.3 0.3 15 38 2.5
" 10/1 0.0 55.0 0.3 0.1 50
" 10/4 0.0 55.0 ©0.00 0.3 0.1 ‘41
Input 1075 128.5  52.6 6.70 0.5 0.8 732
Leachate 10/6 0.0 0.3 57.0 0.21 0.3 0.1 43
" 10/8 1.1 0.0 52.0 0.00 0.3. 0.2 27
" 10/11 50.0 0.01 0.3 0.2 15
Input 10/12 13.40 0.5 0.6 730
Leachate 10/13 46.0 0.01 0.3 0.1 22



6€T

Table 38. (Continued)

DATE"

NITROGEN

METALS

iﬁﬁﬁt
Leachate
"
"
Input
Leaéhate

’ Inppt

Leachate

T

Input’

Leachate
I SR o
Input. . .
Leéchaﬁél

t

£,

11/2
11/3
11/5

'_11/8

11/9
11/10

1i/12

11/16
11/19
1i/22

"‘11723

11/29

/3o
12/1

12/7

8.4 8.9
2.2 2.8

37.0
70.0
86.0
90

190.0
90.0

68.0

'50.0
66.0

LY A0S

977

209

- 60

67

919
s

b

998
198 -

100

Parameter _ PHOSPHATE
NH3 Organic NO3 PO4 Cu } Zn'. TOC CoOD  coDp/ToC

Sample e mg/l as Ne————— -mg/l as P- mg/1
‘Leachate 10/15 48.0 0.00 0.4 0.3 16

oo 10/18 | 50.0 0.01 0.3 0.3
Input 10/19 94.1  54.8 8.08 0.4 0.5
Leachate 110/20 ' 41.0 0.00 0.6 0.2
oon lo/;s 46.0 0.5 0.2

From this point on lysimeter P, was operated with water table controlled at 18" below soil surface.
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Table 38. (Continued)

Parameter

PHOSPHATE

DATE NITROGEN - - METALS ' , '
) NH, . Organic No, PO, Cu Zn “TOC cop  €OB/TOC

Sample —em——eqig /1 a5 Ne———e—— -mg/l as P- me/1
Input 12/7 _ 1034
Leachate 12/8 44.0 317

" 12/14 45.0 20 139 7.0
Input’ 12/14 1398
Leachate 12/15 43.0 193
Input 12/21 1024
Leachate 12/28 , 39.0 0.47 5 78 1.6
Input 12/28 240.0  59.3 220 1066 4.9
Leachate 12/29 15.7 7.8 '39.0 0.75 10 77 7.7
Input 1/4/72  279.4  58.2 | 225 1153 5.1
Leachate . 1/5 13.4 5.6 35.1 0.57 64

" 1/11 9.0 2.8 35.0 33
Input 1/11 249.7  49.3 1.0 1142
Leachate 1/12 21.8 7.8 35.0 88
Input 1/18 281.1  40.3 7.0 1194
Leachate 1/19 26.0 0.1 0.1 182

o 1/25 4.2 1.1 19.0 0.0 0.1 44
Input 1/25 237.3  40.6 4.0 37.50 0.4 0.4 1203
Leachate 1/26 11.8 1.7 23.0 0.05 44
Input. S 2/1 301.0  28.0 2.0 36.00 0.4 0.4 602
Leachate 2/2 16.8 2.2 19.0 0.10 0.0 0.0 50
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 Table 38. (Continued)

Parameter DATE NITROGEN PHOSPHATE METALS
NH3 Organic NO3 PO4 Cu Zn TOC COoD COD/TOC
Sample e mg/l as N—————— -mg/l as P- mg /1~
Leachate 2/8 12.9 2.2 17.0 0.08 0.1 0.9 42
Input 2/8 267.4  37.8 0.0 34.00 0.3 0.3 350
Leachate 2/15 5.6 2.2 19.0 0.14 0.0 0.0 4 30 7.5
Input 2/15 241.5  40.6 0.0 18.00 0.4 0.3 330 477 1.4
Leachate 2/16 5.6 1.7 17.0 0.02 0.0 ‘0.0 5 27 5.4
" 2/22 24.1 5.0, 0.08 0.0 0.1 2 ‘62 31.0
Input. 2/22 233.0  37.8 0.0 19.00 0.4 0.3 240 900 3.8
Leachate  2/23 21,3 4.7, 0.000 0.0 0.0 4 37 9.2
Input 2/29 . 203.0  63.0 1.5 34.00 0.4 0.3 260 1037 4.0
Leachate 31 . 2L.5 0.02 18 30 1.7
" 3/7 5.6. 9.8 13.0 13
Input 3/7. . 252,0  63.0 4.5 47.50 420 1050 2.5
Leachate 3/8 0.6 3.9  19.0 10 28 2.8
wo 314 7.3 3.3 8.0 328 9.3
Input -~ 3/14 2534 26.6 46.00 210 988 4.7
Leachate 3/15 7.8 1.1 19.0 : : 6 - 27 4.5
" 3/21 15.7 5.0 15.0 | 14 75 5.4
Input 3/21 - 230.6 17.4 3.0 47..00 - 180 . 962 5.3
Leachate  3/22  11.8 6.2 12.0 | 9 53 5.9

" 3/28 16.8 6.2 | | - 59
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‘Table 39. Data for lysimeter C2; Norfolk sandy loam soil, loaded with swine waste lagoon

effluent at 1" per week, flow through conditions 5/24/71 to 10/25/71, water table
controlled 11/1/71.

Parameter DATE NITROGEN PHOSPHATE METALS CARBON
NH3 Organic PO, Cu Zn TOC CcOoD COD/TOC
"Sample =000 meeee mg/l as N———w -mg/l as P- -— ~mg /1~ '
Input 5724771 293.0  86.0 305 942 3.1
Leachate  5/25 0.6 1.7 6
" 5/26 0.6 0.3 )
" 5/27 0.6 2.0 8
" 5/28 0.6 0.0 9
" 5/3 1.1 2.0 12
Lo 6/1 8
 Input 6/1 460 1208 2.6
Leachate 6/2 3.1 3.1 1 3
w 6/3 0.0 5
" 6/4 3.9 1.0 0
" 6/7 3.1 0.0 3
o 6/8 3.1 0.3 0.0 22
L 6/9 | 24 67 .
. Input 6/22 332.6  92.9 405 1303 3.2
Léachate 6/23 4.2 11 47
" 6/24 41
" 6/25 8 46
u 6/28 2.8 43
Input 6/29 315.8 1280
Leachate 6/30 3.9 0.1 34
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Table 39, {Continued)

Parameter  DATE NITROGEN PHOSPHATE METALS CARBON
| NH, Organic No, ro, Cu | TOC . ... COD........ COD/TOC
Sample ~—e—-mg/] as Ne——=- -mg/1l as P+ " mg/1 -
Ledchate 7/1 3.6 o ) 0.2 ; . 39
" 7/2 5.0 0.00 0.2
Input 7/6 255.7 250 1050 4.2
Leachate 7/6 5.0 . 8 35
" 117 6.9 0.00 . 7 38
" 7/8 7.8 | 28
" 7/9 7.0 0.00 0.1 6 31
b 1712 | 0.00 0.1 6 |
Input 7/13  225.0 48.00 0.1 250 875 3.5
Leachate 7/13 7.0 0.00 0.3 10 52
S 7/16. 6.2 0.00 0.2 8 40
‘Input 7/21  220.6 29.30 215 1176
Leachate 7/21 6.7 0.1 90
- 7/22 3.4 0.00 43
" 7/23 4.2 0.00 0.1 46
"o 7/26 3.9 0.00 0.0 37
Leachate 71127 3.9 0.01 0.1 7 49 7.0
Input 7/28 196.0 29.00 0.4 320 845 2.6
Leachate 7/28 5.9 0.1 50 8.3
" 7/29 5.9 0.00 0.1 48 5.3
" 7/30 6.4 0.00 0.2 63 10.0
E 8/2 5.6 .0.01 0.2 } 38 4.5
0 8/3' 6:2 . 10 o B

. b EH

. 0.00
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Table 39. (Continued)

-t

9/2 .,

Parameter DATE NITROGEN PHOSPHATE METALS CAREON
: NH3' Organic NO POl. Cu Zn TOC COD COoD/TOC
‘Sample ==——= mg/l as N-———- -mg/l as P~ = —e——meea—ee mg/l—————m e -
Toput 873 180.3 50.20 0.4 360 880 2.4
Leachate 8/4 9.5 0.01 0.2 6 53 8.8
" 8/5 9.8 0.00 0.2 10 59 5.9
" 8/6 9.2 0.00 0.1 59 29.0
o 8/9 0.00 0.1 25 4.2
" 8/10 0.00 0.2 19 2.7
Input 8/10 201.6 49.20 0.4 265 968 3.6
Leachate 8/11 7.0 0.4 1 34 34.0
S 8/12 5.6 0.01 0.4 3 56 18.6
Input 8/17 161.2 53.80 0.6 0.1 390 911 2.3
Leachate  8/18 4.5 0.00 0.4 0.3 7 85 12.1
L 8/19 4.5 0.04 0.5 0.2 5 64 12.8
e 8/20 2.5 0.03 0.5 0.3 0 49
" 8/23 0.01 0.5 0.2 3 38 12.7
" 8/24 4.5 0.02 0.5 0.3 b4
Input 8/24 52.80 0.4 0.2 410 1090 2.7
Leachate 8/25 3.4 0.03 0.4 0.1 4 38 9.5
" 8/27 2.5 0.01 0.4 0.2 8 35 bob
" 8/30 3.6 0.03 0.4 0.1 25 3.1
" 8/31 3.1 0.01 0.3 0.2 6 43 7.2
Input 8/31 112.0 56.50 0.4 0.2 370 835 2.3
Leachate 9/1 3.4 S 0.02{ 0.3 : 9. ;iﬁg?;&
r b1 e C el 0.3 0l o 2.0
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Table 39. (Continued)

ML 9/30 7 90.0 0.00 0.2 0.4 18 60

Parameter  DATE NITROGEN PHOSPHATE . METALS CARBON -
' NH, Organic NO, PO, - Cu Zn TOC COD cob/ToC
Sample —————mg/1l as N———— -mg/l as P- - mg/l—v—v
Leachate 9/3 1.7 0.02 0.3 0.2 7 15 2.1
" 9/6 2.0 0.01 0.3 0.1 6 15 2.5
" 9/7 1.4 1 0.01 0.3 0.2 6 30 5.0
Input 9/7 140.0 63.20 0.4 0.4 250 842 3.4
Leachate 9/8 1.4 0.03 8 47
S 9/9 0.8 . 0.05 - 13 52
" . 9/10 1.1 o 0.00 0.3 0.2 13 58
Leachate 9/13 1.4 ‘ 0.00 - 0.3 0.2 14
A O 9/14 1.1 L 0.00 - 0.3 0.2 16 40
Input 9/14:  112.0 : 41.00- 0.3 0.3 465 905 2.0
Leachate 9/15 1.7 : 0.04 0.3 0.2~ 10 30 3.0
" 9/16 2.5 0.02. 0.3 0.2 12 30
w 9/17 2.5 : 0.02 0.3 0.2 19 40
o 7 9/20 2.0 | - 0.02 0.3 0.2 21 12
" 9/21 1.4 X 0.07 0.3 0.3 14 77
Input 9/21 182.0 23.30 0.3 0.6 400 931 2.3
Leachate 9/23 0.2 | 0.00 - 0.3 © 0.3 14 70
" 9/24 2.8 ' 0.00 .2 0.4 13 64
" 9/27 1.7 84.0 0.02 0.2 0.3 16 36
.- 9/28 1.2 88.0 0.02 - 0.3 0.4 10 42
Input 9/28 0.0 \ 22.60, 0.3 0.5 | 1380
Leachate 9/29 2.8 T 86.0 0.01 0.2 0.3 19 530
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From this point on

Input

Leachate

Input
Input
Leachate

Leachate

11/2
11/3
11/5
- 11/8
11/9
11/16
11/19
11/22

13.3
2.8

13.2
309

36.0
42.0
45.0

41.0
39.0

lysimeter C2 was operated with water table controlled

Table 39. (Continued)
Parameter DATE " NITROGEN PHOSPHATE METALS CARBON
NH, Organic NO, PO, Cu 7Zn TOC coD COD/TOC
Sample —————mg/l as New=——- -mg/l as P~ mg /1 - .
. Teachate 10/1 1.4 94.0 0.00 0.2 0.4 66

" 10/4 67.0 0.01 0.4 0.4 43

Input 10/5 128.5  52.6 6.70 0.5 0.8 732

Leachate '10/6 0.8 0.3 56.0 0.00 0.4 0.2 59
" 10/8 1.1 0.0  51.0 0.00 0.3 0.4 46
" 10/11 38.0 0.00 0.3 0.3 45

Input 10/12 ' 13.40 0.5 0.6 730

Leachate 10/13 35.0 0.01 0.2 0.3 38
" 10/15 54.0 0.00 0.4 0.3 41
" 10/18 60.0 -0.01 0.5 0.4

Input 10/19 94.1  54.8 8.08 0.4 0.5

Leachate 10/20 0.8 62.0 0.01 0.3 0.5

o 10/22 55.0 0.00 0.4 0.4
" 10/25 37.0 0.3 0.4

at 18" below soll surface.

977

919
58
45
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Table 39. (Continued)

Parameter DATE NITROGEN PHOSPHATE METALé CARBON
NH, Organic NO, PO, Cu  Zn TOC CoD COD/TOC

Sample e mg/l as N————- -mg/l as P- — mg/1 -
Input 11/23 - © 998
Leachate S 11/29- 42.0 134
Input 11/30 998
Leachate 12/1 36.0 154

" 12/7 38.0 171
Input 12/7 1034
Input. 12/14 1398
Leachate 12/15 53.0 52

B 12/21 45
Input - 12/21 1024
Leachate = 12/28 5.3 3.4 39.0 0.50 10 44
Input 12/28  240.0  59.3 220 1066 4.9
Leachate 12/29 5.3 3.6 31.0 0.25 16
Input | 1/4/72  279.4  58.2 225 1153 5.1
Leachate 1/5 _ 30.2 0.02 40
S 1/11 7.0 4.5 24.0 51
Input 1/11 249.7  49.3 1.0 1142
Leachate 1/12 6.2 3.9  23.0 38
Input 1/18 281.1 40.3 7.0 1194
Leachate 1/19 . 13.0 .2 179

" 1/25 7.0 3.9 22,0 . 88
Input 1/25 237.3  40.6 4.0 37.50 0.4 1203
Leachate 1/26 8.4 3.4 25,0 0.00 86
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Table 39. (Continued) o
Parameter ~  DATE : NITROGEN PHOSPHATE METALS CARBON

NH, Organic MO, PO, Cu Zn TOC COD coD/TOC
Sample ————-mg/l as N—=——o ~_-mg/1 as P- ’ ~mg/l v
Tnput 771 - 301.0 . 28.0 7.0 ~36.00 0.4 0.4 602
Leachate 2/2 10.1 5.6  15.0 0.11 0.0 0.2 37
" 2/8 - 20.2 7.3 22.0 0.10 0.0 0.4 123

Input 2/8  267.4  37.8 0.0 34.00 0.3 0.3 350
Leachate 2/15 16.8 5.0  17.0 0.03 0.2 0.1 29 108
Input. 2/15 241.5  40.6 0.0 18.00 0.4 0.3 330 477 1.4
Leachate 2/16 14.3 5.0  13.0 0.02 0.4 0.1 24 222

K 2/22 19.0 6.2 0.00 0.0 0.1 36 133
Input 2/22 233.0  37.8 0.0 19.00 0.4 0.3 240 900 3.8
Leachate ~  2/23 17.4 8.4 0.01 0.0 0.1 - 23 131

o 2/29 | 11.0 0.20 . 86 239
Input 2/29 203.0  63.0 1.5 34.00 0.4 0.3 260 1037 4.0
Leachate  3/1 | 11.5 0.06 78 210

g 3/7 28.5  10.6 9.0 59 244
Input 3/7 252.0  63.0 4.5 47.50 420 1050 2.5
Leachate = 3/8 20.7 5.6 11.0 53 194

o 3/14 24,6 8.9 9.0 57 208"
Input 3/14°  253.4  26.6 46.00 210 988 4.7
‘Leachate 3/15  30.3 9.5 - : 79 232
Input - 3/21 230.6  17.4 3.0 47.00 180 962 5.3

_ Leachate  3/22- 13.0 5 175
Com 3/28 20.7 5.0 : 80
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Table 40. Data

for lysimeter P3; Cecil sandy clay loam soil, loaded with liquid dairy manure at

1/5" per week, flow through conditions.
Parameter DATE “NITROGEN PHOSPHATE CARBON
‘ NH, Organic NO, PO, TOC . COD COD/TOC

Sample e mg/l as N——————mm mg/l as P mg/1- ,
Input 174772 158.2 214.2 6.0 1570 8120 5.2

" 1/11 103.2 120.7 4240

" 1/18 142.8 114.8 8.0 4500

" 1/25 81.9 134.4 8.0 6020

" 2/1 175.0 120.4 7.0 37.00 13000

" 2/8 106.0 140.0 30.20 2380
Leachate 2/15 0.0 0.0 38.0 0.0 12
Input 2/15 29.00 1820 6900 3.8
Leachate 2/16 31.0 0.00 2 12 6.0

" 2/22 0.0 0.0 0.00 2 22 11.0
Input 2/22 197.4 212.8 19.50 2300 9060 3.0
Leachate 2/23 0.0 3.1 0.00 2 31 15.5
" 2/29 1.7 3.4 57.0 0.01 7 31 4.4

Input 2/29 162.0 271.6 10.0 75.50 2410 8670 3.6
Leachate 3/1 55.0 0.02 7 15 2.1

o 3/7 3.6 0.0 45.0 8 12 1.5
Input - 3/7 117.6 170.8 5.0 69.00 2060 6220 3.0
ieééhate 3/8 45.0 12
o 3/14 5.6 0.0 49.0 8 21 2.6
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Table 40. (Continued)
Parameter DATE “NITROGEN PHOSPHATE CARBON
NH, Organic’  NO, - PO, TOC COD COD/TOC

Sample = meeee——— mg/l as N—~———— mg/l as P -mg/ 1
Input 3/14 187.6 330.4 92.00 3080 15500 5.0
Leachate 3/21 2.2 3.4 56.0 _ 1 6 6.0
Input 3/21 215.6 378.0 7.0 72.00 3830 12900 3.4
Leachate 3/22 0.0 0.0 46.0 T 13 13.0

3/28 2.2 2.2 6
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Table 41.

Data for lysimeter P4; Cecil sandy clay loam, loaded with liquid dairy manure 4/5" per
week, flow through conditionms.

Parameter DATE NITROGEN PHOSPHATE CARBON
NH, Organic NO, PO, TOC cop COD/TOC
Sample 000 ce————— mg/l as Ne—————e—— mg/l as P mg/1
Input 174772 158.2 214.2 6.0 1570 8120 5.2
" 1/11 103.2 120.7 4240
" 1/18 142.8 114.8 8.0 © 4500
" 1/25 81.9 134.4 8.0 6020
" 2/1- 175.0  120.4 7.0 37.00 13000
" 2/8 106.0 140.0 30.20 2380
Leachate 2/15 1.2 0.0 22.0 0.00 42
Input 2/15 29.00 1820 6900 3.8
Leachate 2/16 26.0 0.00 17 54 3.2
" 2/22 2.2 0.0 0.00 3 34 1.1
Input 2/22 197.4 212.8 19.50 2300 9060 3.9
Leachate 2/23 1.7 2.2 0.00 9 37 4.1
" 2/29 | 44.0 0.02 11 33 3.0
Input 2/29 162.0 271.6 10.0 75.50 2410 8670 3.6
Leachate 3/1 21.3 0.01- 14 21 1.5
" 3/7 6.7 8.4 17.0 21 135 6.4
Input 3/7 117.6 170.8 5.0 69.00 2060 6220 3.0
Leachate 3/8 3.4 4.5 32.0 7 .12 1.7



¢ST

Table 41. (Continued) .
Parameter DATE NITROGEN PHOSPHATE CARBON
NH Organic NO, O, TOC COD COD/TOC
Sample —————v—mg/l as N—=m—wm——— ‘mg/1l as P ——rimg [ 1 =
Leachate 3/14 5.0 3.4 9.0 7 37 5.3
Input 3/14 187.6 - 330.4 92.00 3080 15500 5.0
Leachate 3/15 5.0 3.4 11.0 13 34 1.1
", 3/21 3.9 4.5 13.0 1 28 28.0
Input 3/21 215.6 378.0 7.0 72.00 3830 12900 3.4
Leachate 3/22 5.0 4.5 11.5 4 53 1.3
" 5.0 2.8 19

3/28










