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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
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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.
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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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