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Industry Summary:  
 
The objective of this study was to determine the effect of swine manure pit additives and 
disinfectants on the concentrations of swine manure constituents including nutrients, antibiotics 
and antibiotic resistance genes.  Current swine industry practice is to house animals in 
confinement facilities which capture and store slurry in pits.  Additives may be placed in swine 
manure pits to aid in solids digestion, preserve nutrients, reduce odor, minimize foaming, and 
decrease crusting.  Disinfectants are used in swine production facilities to reduce disease 
transmission, improve animal health and welfare, and increase growth efficiency.  Research on 
manure additives has focused mainly on odor control and greenhouse gas emission reduction 
from stored animal manures.  There is concern about the occurrence of animal pharmaceuticals 
in manure and their potential environmental impacts. There is currently little information 
available on the effects on additives and disinfectants on the physical properties, chemical 
characteristics, and antibiotic and antibiotic resistance gene concentrations of swine manure 
slurry.  In this study, six manure pit additive products (Coban 90, Manure Magic, MOC-7, More 
Than Manure, Sludge Away, and Sulfi-Doxx) and four disinfectants (Clorox, Pi-Quat, Tek Trol, 
and Virkon) were tested. Swine manure was collected from an operating facility in Nebraska and 
loaded into 57 L reactors, where the manure was dosed with one of the tested additives or 
disinfectants following the manufacturer’s instructions. Baseline testing was performed to 
establish the physical and chemical constituents present in the manure prior to dosing, and 
chlortetracycline, lincomycin and tiamulin were detected in the manure.  A control reactor with 
no additive or disinfectant dosing was also operated.  The reactors were maintained for 40 days 
and samples from the reactors were taken for analysis of physical and chemical manure 
properties, nutrients, antibiotic levels and abundance of antibiotic resistance genes over time.  
When compared to the Control treatment, the introduction of additives did not significantly 
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reduce quantities of the physical properties, chemical characteristics, or antibiotic concentrations 
of swine slurry. The presence of disinfectants resulted in a significant increase in the observed 
concentrations of chlortetracycline and tiamulin with time, which we attribute to the breakdown 
of solids within the slurry.  The disinfectants were overall more effective in reducing the absolute 
abundance of ARGs as compared to the pit additives. Out of the four disinfectants tested, Tek-
Trol was the most effective treatment in reducing the absolute abundance of ARGs as compared 
to the Control. These results indicate that swine pit additives and disinfectants can influence the 
concentration of constituents in swine manure slurry, including nutrients, antibiotics and ARGs, 
that may then be land applied. Further testing is recommended at an operating facility to confirm 
our findings from laboratory scale reactors.      
    
Contact:  Shannon Bartelt-Hunt, University of Nebraska-Lincoln, sbartelt2@unl.edu, 402-554-
3868 
 
Keywords:  swine manure, antibiotics, antibiotic resistance genes, swine manure pit additives, 
disinfectants 
 
Scientific Abstract 
 
Current swine industry practice is to house animals in confinement facilities which capture and 
store feces and urine as slurry in pits below the production area. Additives and disinfectants may 
be introduced into the manure pits. This study was conducted to measure the effects of additives 
and disinfectants on temporal changes in swine slurry characteristics. Slurry from a commercial 
swine production facility in southeast Nebraska, USA was collected and transferred to 57 L 
reactors located within a greenhouse. Selected additives and disinfectants were added to the 
reactors and physical properties, chemical characteristics, and antibiotic concentrations were 
monitored for 40 days. Concentrations of dry matter (DM), total nitrogen (TN), phosphorus 
pentoxide (P2O5), calcium (Ca), magnesium (Mg), zinc (Zn), iron (Fe), manganese (Mn), and 
copper (Cu) were significantly greater than the Control in each of the reactors containing 
additives. The reactors in which the additives MOC-7, More Than Manure®, Sludge Away, and 
Sulfi-Doxx were introduced had significantly greater values of chemical oxygen demand (COD), 
total volatile solids (TVS), total suspended solids (TSS), total solids (TS), dry matter (DM), TN, 
P2O5, Ca, Mg, Zn, Fe, Mn, Cu and chlortetracycline than the other additive treatments. 
Concentrations of TVS and TSS were significantly lower in the reactors containing Clorox® and 
VirkonTM than the other disinfectant treatments. The total dissolved solids (TDS) concentration 
of 26,500 mg L-1 and pH value of 7.27 obtained for the reactors containing Tek-Trol were 
significantly greater than measurements obtained for the other treatments. Concentrations of 
chlortetracycline and tiamulin of 8840 and 28.8 ng g-1, respectively, were significantly lower for 
the treatments containing Tek-Trol. The sodium (Na) concentration of 1070 mg L-1 measured in 
the reactors containing Clorox® was significantly greater than values for the other disinfectant 
treatments. Three out of the six pit additives analyzed were found to significantly increase the 
concentration of all ARGs during simulated storage. The only treatment that exhibited a 
significant decrease was Sludge Away, a product labeled with purple sulfur bacteria and fulvic 
and humic acids and claimed to reduce solids and control odors.  Two out of the four 
disinfectants significantly reduced the ARG concentration as compared to the control, Tek-Trol 
and Pi Quat. Tek-Trol is a phenol disinfectant and Pi Quat is a QAC. The mode of disinfection 
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by both phenol and QAC is cell lysis.  A strong correlation was observed between erm(F), tet(Q), 
and tet(X) suggesting they may exist in the same bacterial population or on the same plasmid. 
The two genes erm(B) and tet(O) exhibited a strong correlation as well.  Taken together, the 
results from this study indicate that the introduction of selected additives and disinfectants may 
influence certain physical properties, chemical characteristics, antibiotic and ARG 
concentrations of swine slurry.  
 
Introduction  
 
Current swine industry practice is to house animals in confinement facilities which capture and 
store slurry in pits.  Additives may be placed in swine manure pits to aid in solids digestion, 
preserve nutrients, reduce odor, minimize foaming, and decrease crusting. The types of additives 
used include acidifiers, adsorbents, oxidizing agents, and urease inhibitors. Additives containing 
enzymes or selected microbial strains have been developed to enhance the biodegradation of 
manure, and some have even been used to replace processes such as aeration, anaerobic 
digestion, and composting. (McCrory et al., 2001). Disinfectants are used in swine production 
facilities to reduce disease transmission, improve animal health and welfare, and increase growth 
efficiency.  Research on manure additives has focused mainly on odor control and greenhouse 
gas emission reduction from stored animal manures.   
 
Antibiotics and other pharmaceuticals are administered to swine for treatment of disease 
(Spielmeyer 2018). The antibiotics may not be completely absorbed in the animal digestive 
system and antibiotic residues may be released with livestock wastes.  Antibiotics and their 
metabolites may accumulate during swine manure storage and can enter the environment 
following land application of manure. There is concern about the occurrence of animal 
pharmaceuticals in manure and their potential environmental impacts. There is currently little 
information available on the effects on additives and disinfectants on the physical properties, 
chemical characteristics, and antibiotic and antibiotic resistance gene concentrations of swine 
slurry.   
 
Additive effects on physical and chemical characteristics of slurry 
Zhu et al. (2006) examined the effects of the microbial additive Sporzyme combined with 
aeration on reduction of nutrients in swine manure over a 15-day period. After one day of 
aeration, all aerated treatments experienced a 42% decrease in total soluble phosphorus and an 
increase in total insoluble phosphorus.  Total Kjeldahl nitrogen decreased by approximately 40% 
in all treatments except the control. Aeration was found to be an effective method of reducing 
both soluble phosphorus and nitrogen content of swine manure.   
 
The effects of the More Than Manure amendment, anaerobic digestion, and coarse solids on the 
solids and nitrogen content of dairy manure slurry were examined by Sun et al. (2014).  Addition 
of More Than Manure and coarse solids to raw manure slurry resulted in statistically significant 
increases in total nitrogen, total solids, and volatile solids.  A statistically significant increase in 
total solids and a decrease in volatile solids was found when More Than Manure was added to 
raw manure with no coarse solids present.  
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Holly et al. (2017) investigated the effects of More Than Manure on solids and nitrogen 
composition of dairy manure slurry.  The additive was tested at the manufacturer recommended 
dosage as well as at 10 times the suggested rate. The solids and nitrogen content of the slurry 
was not significantly reduced by the additive at either of the application rates.   
 
Additive effects on antibiotic and ARG concentrations in slurry 
The degradation of chlortetracycline and tylosin during anaerobic digestion of swine manure was 
investigated over a 216-day incubation by Stone et al. (2009).  Temperature during the period 
was gradually increased from 10 to 20 °C between days 0 and 56 to simulate the transition from 
winter to summer.  The concentration of chlortetracycline decreased from 27.0 to 11.6 mg/L 
during the incubation while the concentration of tylosin remained relatively stable until day 109 
after which it decreased from 30 to 0 mg/L.  
 
Alvarez et al. (2010) measured the degradation of chlortetracycline and oxytetracycline at 
concentrations of 10, 50, and 100 mg/L during a 21-day anaerobic incubation at a temperature of 
35 °C.  At concentrations of 10, 50, and 100 mg/L, half-lives for chlortetracycline and 
oxytetracycline were 3.8, 3.2, and 4.1 days and 13.3, 15.4, and 11.9 days, respectively. Thus, the 
initial concentration of antibiotics was found to influence the degradation effectiveness of 
anaerobic digestion.  
 
The effect of temperatures on concentrations of chlortetracycline in swine manure during 
anaerobic digestion was also investigated by Varel et al. (2012). After 21 days, the concentration 
of chlortetracycline in digesters maintained at 22, 38, and 55 °C were reduced by 7, 80, and 98 
%, respectively. It was concluded that anaerobic digestion at 38 or 55 °C was an effective 
treatment for reducing concentrations of chlortetracycline in swine manure. 
 
Joy et al. (2014) simulated swine manure slurry storage under aerobic conditions during a 40-day 
incubation.  The fate of bacitracin, chlortetracycline, and tylosin at initial concentrations of 50, 
300, and 10 mg/kg (dry weight basis) was examined. First order degradation models were fitted 
to the decay of each antibiotic, with half lives of 1.9, 1.0, and 9.7 days measured for bacitracin, 
chlortetracycline, and tylosin, respectively.  
 
The difference with ARBs as compared to abiotic pollutants and nutrients, is the fact that they 
can proliferate. Studies show that antibiotic resistance genes (ARGs) both increase and decrease 
in lagoon treatment depending on the type of gene, resistance mechanism, and/or antibiotic 
residue present (Joy et al., 2014; Koike et al., 2007; McKinney et al., 2010; Pei et al., 2007; 
Zhang et al., 2013).  
 
The present investigation was conducted to identify the effects of selected additives and 
disinfectants on the physical and chemical characteristics of swine slurry and concentrations of 
antibiotics and resistance genes under simulated aerobic conditions.    
 
Objectives 
 
Swine manure slurry can contain antibiotics, antibiotic resistant bacteria, antibiotic resistance 
genes (ARGs), and nutrients.  Manure provides a valuable source of nutrients including nitrogen 
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and phosphorus, and has been historically used as a soil amendment for crop production.  During 
manure storage, swine producers may add additives to swine manure storage pits for a number of 
reasons including odor control; air quality improvement; solids reduction; manure pit crusting 
and/or reduction in foaming. Additionally, producers will utilize commercial disinfectant 
products to clean production facility surfaces. To our knowledge, no prior studies have 
investigated the impact of pit additives or commercial disinfectants on the levels of antimicrobial 
residues or antimicrobial resistance during swine manure storage. The proposed project will 
build upon the experience of our interdisciplinary team in investigating the fate of antibiotics and 
antibiotic resistance genes in swine manure during storage and after land application. The 
objective of this project is to determine the effects of swine manure pit amendments and 
production facility disinfectants on the fate of antibiotics, antibiotic resistance genes, and 
nutrients during swine manure storage.  The deliverable of this project will be a quantitative 
assessment of the behavior of these constituents in swine manure during storage with and 
without the presence of pit amendments and disinfectants. 
 
Materials & Methods 
 
Additives and Disinfectants 
In this study six manure pit additive products (Coban 90, Manure Magic, MOC-7, More Than 
Manure, Sludge Away, and  Sulfi-Doxx) were tested. Pit additives are marketed for several 
purposes.  Common additive goals are solids reduction, crust prevention, odor control, foam 
reduction, and nutrient preservation.  Although there is often one primary function of an additive, 
they are often marketed as multi-purpose products. 
 
Elanco produces Coban 90 which. is designed as a feed additive for chicken, turkey, and quail to 
prevent coccidiosis (an intestinal ailment).  Coban 90, and similar products such as Rumensin 
90, which shares the same active ingredient of Monensin, has been co-opted by the swine 
industry as a method of pit foam control.  A small sample of Coban 90 was obtained for this 
study through the Veterinary Diagnostic Center on the campus of the University of Nebraska, 
Lincoln. 
 
Manure Magic which is marketed as a solution to solids, foaming, odor, and other nuisance 
issues in pits and lagoons is produced by Drylet Information on the active ingredients of Manure 
Magic was not available.  Manure Magic was purchased through a regional distributor of Drylet. 
 
MOC-7 is a product of Ag Odor Control and it is primarily used for odor reduction, but is also 
marketed as helping to reduce solids buildup and crust formation.  Active ingredients of MOC-7 
are proprietary to the manufacturer.  MOC-7 was purchased from a regional distributor of Ag 
Odor Control. 
 
Verdesian Life Sciences manufacture More Than Manure.  It is primarily marketed as a nutrient 
management product, however it is also used to reduce ammonia emissions.  More Than Manure 
is designed to diminish phosphorus  losses and reduce nitrogen losses due to volatilization, 
leaching, and denitrification.  It is also marketed as being able to reduce solids.  The active 
ingredient in More Than Manure is a Maleic-itaconic copolymer with partial calcium and 
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ammonium salts.  More Than Manure was purchased through a regional representative of 
Verdesian. 
 
Sludge Away is manufactured by Ecological Laboratories and it is marketed to reduce organic 
solids and to diminish the biogases produced during anaerobic digestion of manure.  Sludge 
Away is primarily marketed to owners of ponds to aid in the breakdown of bottoms solids, 
eliminating the need to dredge or vacuum. It also helps to prevent release of potentially harmful 
gaseous compounds.  Sludge Away is also used by the swine industry for these same reasons.  
Sludge Away utilizes humic acid based lignins which absorb odorous compounds and utilizes 
strains of purple sulfur bacteria to sequester volatile sulfur containing compounds.  Sludge Away 
was purchased from Fishman’s, a local landscaping company in Lincoln, NE. 
 
Direct Biologicals and manufactures Sulfi-Doxx which it is produced to control the emission of 
hydrogen sulfide and is marketed as an ingredient for odor control.  Sufli-Doxx is a mixture of 
bacillus bacteria and Trichoderma fungus in a humate liquid carrier (Direct Biologicals Safety 
Data Sheet, n.d.).  Sulfi-Doxx was purchased from a regional representative of Direct Biologicals. 
 
Four facility disinfectant products (Clorox, Pi-Quat, Tek Trol, and Virkon) were tested.  A 
disinfectant is a chemical agent applied to inanimate objects which inactivates or destroys 
microorganisms. Disinfectants serve to reduce the disease challenge to the herd, improve animal 
health and welfare, and increase the growth an efficiency of the herd.  
 
Clorox Bleach is a halogen based disinfectant.  It is used for a variety of purposes inside and 
outside of the animal production industry.  Clorox was purchased from Target.  Its active 
ingredient is sodium hypochlorite. 
 
Pi-Quat is a quaternary ammonium cation based product commonly used in the animal 
production industry during cleaning and sanitation of production facilities.  Its active ingredients 
are alkyl dimethyl benzyl ammonium chloride (10%), alkyl dimethyl ethylbenzyl ammonium 
chloride (10%), and inert filler (80%).  Pi-Quat was purchased from QC Supply. 
 
Tek Trol is a phenol based disinfectant.  It’s active ingredients are para-tertiary-Amylphenol, 
ortho-benzyl-para-chlorophenol, and ortho-Phenylphenol.  It is used for sanitation of Staph, E. 
coli, rotovirus, adenovirus, and others.  Tek Trol was purchased from QC Supply. 
 
 Virkon is an oxidant with active ingredients potassium peroxymonosulfate (21.41%), sodium 
chloride (1.50%), and other ingredients (77.09%).  Virkon was purchased from QC Supply. 
 
Manure Collection and Storage 
Slurry used in this study was collected from a production facility near Dorchester, Nebraska.  
Slurry was obtained for the first portion of the study on the 10th of October 2017.  The slurry was 
collected from a deep pit of the production facility via a ventilation duct located on the outside of 
the building.  A sump pump lowered into the pit pumped the slurry into 19 L buckets (Figure 1).  
Approximately 687 L of slurry was required for the additives experiment and 490 L was needed 
for the disinfectants experiment.  Slurry was then immediately transferred to the 57 L stainless 
steel pots in which the experiments were conducted.  
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(a) (b) 

  
(c) (d) 
Figure 1:  Slurry was collected in 19 L (a and b) buckets from the pit of a commercial swine 
production facility via a ventilation duct on the exterior of the building.  

 
The simulated manure storage took place in a hoop house style greenhouse on the East Campus 
of the University of Nebraska - Lincoln.  The hoop house was temperature controlled in both the 
summer and winter.  The heating ducts ran down the floor of each side of the hoop house from 
back to front.  Cool air entered from two ducts in the back of the facility.  Fans located in the 
front of the hoop house directed air movement from the back to the front of the structure. 
 
The manure slurry was stored in 57 L stainless steel stock pots which served as reactors.  Each 
pot was filled with approximately 50 L of slurry.  The reactors were located in the back of the 
greenhouse, in front one of the cool air ducts.  Figure 2 shows the arrangement of the reactors in 
relation to the cool air duct and to each other. 
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(a) (b) 

 
 

(c) (d) 
Figure 2: (a) A view of the hoop house standing at the entrance on the south side of the hoop 
house.  The awning can be seen at the far north end of the hoop house.  (b) A view of the 
reactors with slurry at the beginning of the disinfectants experiment.  (c) A schematic of the 
reactor arrangement for the additives experiment.  (d) A schematic of the reactor arrangement 
for the disinfectants experiment. 

 
An awning covered the reactors, keeping direct sunlight from the manure.  A tarp wrapped 
around the outside of the awning provided additional protection from sunlight and helped to 
make the amount of sunlight received by each reactor more uniform.  Before the start of the 
study, the temperature effects of reactor placement in the greenhouse was investigated to ensure 
the temperature of each reactor was approximately the same.  Two tarps were wrapped around 
the south and west faces of the awning to ensure uniformity of direct sunlight received by all 
reactors. 
 
Dosing of Additives and Disinfectants 
The dosing of both pit additives as well as pit disinfectants was calculated for the manure slurry 
reactors.  Dosing for additives was determined from the manufacturers’ literature or instructions 
as well as from personal correspondence with the manufacturers of the additives.  Dosing of the 
disinfectants was determined by calculating the volume necessary to achieve surface saturation 
of the internal surface area of the reactors at the desired concentration.  See Table 1 for a full 
summary of the dosing calculations for additives and disinfectants. 
 
The additive products are typically used at a much larger scale than was needed for this study.  
With Sludge Away, Sulfi-Doxx, Coban 90, and Manure Magic, the application rate given as 
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volume or weight of product per volume of manure slurry was taken from product literature and 
scaled down to 13 gallons of manure slurry.  With More Than Manure, the dosing amount was 
determined by assuming a nitrogen requirement for an acre of corn, and by determining the 
nitrogen content of the manure slurry, calculating an amount of More Than Manure to be dosed.  
This calculation is shown in Equation 1.  Ag Odor Control, the manufacturer of MOC-7, 
typically works with producers to determine dosing requirements for a specific facility.  
However, MOC-7 engineers were able to determine that for an approximately 15-gallon pit of 
manure, 6 oz. of their product would be required. 
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  Eq. 1 
 
To calculate the dosing of the disinfectant products a different approach was required.  In a 
production facility, the amount of disinfectant used depends on the surface area being cleaned.  
Typically surface area is roughly estimated by multiplying the floor space by 2.5 to account for 
walls and other areas in need of disinfection.  Then the surface area is multiplied by a depth of 
0.03 cm, which is the depth required for surface saturation.  If a rinse is recommended by the 
manufacturer, an equal volume of rinse water is added with the disinfectant product.  In this 
experiment, to maintain consistency in volume of the treatments, if a rinse was required than the 
disinfectant product dose was reduced by half and the difference made up with the rinse water.  
Tek Trol and Chlorine Bleach recommended rinse while Pi-Quat and Virkon did not. 
 
The area of the base of the reactors are 0.47 square meters.  Multiplying by 2.5 to account for 
walls and other surfaces yields 1.18 square meters.  At a depth of 0.03 cm, a volume of 350 mL 
is required for disinfection.  This calculation is provided in Equation 2.  
 

(0.47𝑚𝑚2)(0.0003𝑚𝑚)(2.5) �
1,000,000𝑚𝑚𝑚𝑚

𝑚𝑚3 � = 350𝑚𝑚𝑚𝑚                                                    Eq. 2 

 
Thus for Tek Trol and Virkon a dosage of 175mL of product and 175 mL of water was used and 
for Chlorine Bleach and Tek Trol and dosage of 350 mL of product was used.
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Table 1.  Dosing Requirements for Additives and Disinfectants 
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Manure Sampling 
Manure was retrieved from the reactors at each sampling time using a 500 mL container.  
Dedicated containers were used for each reactor.  Prior to sample retrieval from the 
reactors, each reactor was stirred using a large cast iron paint stirrer operated with a 
cordless power drill.  The manure slurry was stirred with the paint mixer for 30 seconds 
or until the foam crust on the top of the manure was completely incorporated into 
solution.  A dedicated mixer was used for each reactor. 
 
After mixing, approximately 1 L of slurry was transferred from each reactor into clear 
plastic bottles which were immediately taken back to the lab.  Once in lab, each 1 L 
sample was mixed for 30 seconds on high in a lab blender.  After blending, each sample 
was distributed into smaller subsamples to be used for analysis of nutrients, antibiotics, 
antibiotic resistant genes (ARG), and physical properties of the manure slurry.  Blenders 
were cleaned between processing of each sample by a thorough rinse, followed by 
sanitation with a solution of 50:50 by volume isopropyl alcohol to water solution which 
was allowed to remain on the surface of the blender for 30 seconds, followed by a second 
thorough rinse. 
 
Samples to be analyzed for physical properties of the manure (total solids, total volatile 
solids, total dissolved solids, total suspended solids, and chemical oxygen demand) were 
stored in clear plastic bottles maintained at 4°C.  These samples were analyzed within 48 
hours of sampling.  Samples to be analyzed for nutrients were stored in clear plastic 
bottles at 4°C out of light until the completion of the experiment, at which time they were 
all analyzed.  Samples to be analyzed for antibiotics concentrations were stored out of 
light in amber glass bottles at -20°C until the completion of both experiments.  All other 
samples were stored in plastic Eppendorf tubes at -20 °C out of the light until the 
completion of the experiments, at which time they were analyzed.   
 
Temperature, Dissolved Oxygen, and pH Measurements 
High temperature, low temperature, dissolved oxygen, and pH were measured in the 
reactors at each sampling time point.  Temperature was measured with a FisherbrandTM 
TraceableTM Flip-StickTM Thermometer.  Dissolved oxygen and pH were also recorded at 
the time of sampling.  These measurements were performed with a Thermo-Fisher Orion 
Star Water Quality Meter.  The pH and dissolved oxygen probes were calibrated each 
sampling day before use with pH 4, 7, and 10 buffer solutions.  The dissolved oxygen 
probe was calibrated using saturated air. 
 
Chemical Oxygen Demand Testing 
Chemical oxygen demand was performed on samples no more than 3 days after the 
sample collection.  In most instances the analysis was performed within 24 hours.  All 
samples waiting for COD analysis were stored in polypropylene bottles refrigerated at 4 
°C.  The samples were prepared by pipetting 0.25 mL of slurry from the polypropylene 
bottles into a 25 mL beaker.  The slurry was then diluted by 20 by adding 4.75 mL of 
deionized water to the beaker.  Then, 0.20 mL of diluted slurry was pipetted into a Hach 
High Range Plus COD Digestion Vial.  Once all samples were prepared, the digestion 
vials were inverted several times to enhance mixing and added to a heating block at 150 
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°C for 2 hours.  At the end of 2 hours, the heating block was turned off and allowed to 
cool to 120 °C before the vials were removed and allowed to cool.  Once at room 
temperature, the vials were analyzed in a Hach DR 2800 Spectrophotometer using 
program 435 for HR COD.  As per manufacturer instructions, the COD provided values 
were multiplied by 10 to convert from HR to HR+ analysis.  This result was then 
multiplied by 20 to account for the factor 20 dilution. 
 
Solids Testing 
All samples for solids testing were stored in the same manner as previously described for 
COD analysis.  Total solids, total volatile solids, total suspended solids, and total 
dissolved solids were measured.  Total solids testing was performed by pipetting 8 mL of 
manure slurry into a tared 70 mm aluminum solids handling pan.  The wet weight of the 
slurry was then recorded.  The pan was transferred to a steam table for approximately 30 
minutes until the slurry was dry.  It was next transported to a 105 °F oven for at least 24 
hours.  The pan was then cooled in a desiccator and weighed again.  This second 
weighing provided the moisture content of the slurry as well as the total solids content.  
After weighing, the pan was transferred to a 550 °F furnace for 30 minutes.  After cooling 
again in a desiccator, the pan was weighed a final time, yielding the volatile solids 
content. 
 
To find the suspended and dissolved solids content of the slurry, 0.25 mL of slurry was 
pipetted into a 25 mL beaker and diluted with 20 mL of distilled – ionized water.  The 
diluted slurry solution was then filtered through a pre-weighed 47 mm glass fiber filter.  
If needed, an extra 5 mL of water was used to rinse any remaining solids from the beaker 
onto the filter.  The filter was then placed into a 105 °F oven for at least 24 hours.  Ten 
milliliters of filtrate were transferred to a tared aluminum solids handling pan and placed 
in a 105 °F oven for at least 24 hours to dry as well. 
  
Nutrient Analysis 
All nutrient analyses were performed by Ward Laboratories in Kearney, Nebraska using 
widely established analytical procedures. 
 
Antibiotics  Analysis 
To prepare for extraction, 1 gram of each sample was weighed into a 40 mL plastic tube 
with 2 grams of clean sand.  Then 0.5 grams ethylenediaminetetraacetic acid (EDTA) 
was added to the samples as a stabilizer.  Samples were spiked with 100 μL of a surrogate 
spike and 100 μL of an analyte spike.  Next, to each sample 14 mL of ammonium citric 
acid (100 mM ammonium citrate and 4g/L ammonium acetate, adjusted to pH of 6, as a 
buffer and 6 mL of acetonitrile solvent was added.  The plastic tubes were then shaken in 
a wrist action shaker for 30 minutes and centrifuged for 10 minutes before decanting into 
a RapidVap tube.  After decanting, 4 mL of the above buffer and 16 mL acetonitrile were 
added to a RapidVap tube.  Solvent was then evaporated until 18 mL of supernatant 
remained.  Finally, 82 mL of 4 g/L ammonium acetate in water solution was added to 
each sample before extracting through an Oasis HLB (hydrophilic lipophilic balance) 6cc 
(200mg) cartridge which has been preconditioned with 5 mL of acetonitrile and 5 mL of 
de-ionized (DI) water.  After all solution has been passed through, the HLB cartridge 
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walls were rinsed with 5 mL of DI water and then dried for 5 minutes by pulling air on 
vacuum. 
 
After the cartridges were dried, they were eluted with 6 mL of 1% by volume sodium 
acetate (1% ww) and 99% by volume acetonitrile solution.  Once all eluent has passed 
through the cartridge, the cartridge was dried under vacuum.  The eluent was then 
evaporated to dryness under a stream of nitrogen gas.  Finally, all samples are spiked 
with 100 ng/μL of an internal standard solution before vortexing with 250 μL of 2 mM 
ammonium citrate and 150 μL of 10 g/L ammonium acetate solutions.  Samples were 
then transferred to vials for analysis on a liquid chromatography mass spectrometer 
(LCMS). 
 
With each batch of samples analyzed, a lab duplicate sample, lab fortified matrix sample, 
lab fortified blank sample, and lab reagent blank sample were also run for quality 
assurance and quality control. 
 
ARG Analysis 
Frozen manure samples were thawed at 4°C. Each sample was thoroughly vortexed and 
175 µL placed in a pre-labeled MagMAX bead tube using wide bore filter pipette tips. 
Manure samples were extracted using the MagMAX™ Total Nucleic Acid Isolation Kit 
(Applied Biosystems™) on the Kingfisher Flex (ThermoFisher Scientific). Due to the 
low solids content of the manure, the samples were treated as liquid samples. Extracted 
samples were purified with OneStepTM PCR Inhibitor Removal Kit (Zymo Research). 
Endpoint PCR on extracted manure samples allowed for determining which ARGs to 
include in qPCR analysis. ARGs detected and chosen for qPCR analysis were erm(B), 
erm(C), erm(F), intI1, tet(G), tet(O), tet(Q), and tet(X). Synthesized gBlock fragments 
(Integrated DNA Technologies) were used as qPCR standards. This allowed for a 
decrease in time and reagents as compared to using cloning in standard preparation. The 
qPCR reactions were performed on a Mastercycler ep realplex 2 thermocycler 
(Eppendorf, Hamburg, Germany) using KiCqStart® SYBR® Green qPCR ReadyMix™. 
Assay setup and cycling conditions were adopted from previously reported studies with 
some optimization modifications. 
 
Data analyses 
The concentrations of chemical constituents resulting from the addition of both additives 
and disinfectants were found to increase in a linear fashion with time. The increase in 
sodium concentrations following the addition of additives were characteristic of the of 
results obtained for the other chemical constituents. It was hypothesized that evaporation 
from the experimental reactors may have contributed to the increase in constituent 
concentrations, independent of the addition of additives or disinfectants. To account for 
evaporation, regression equations were developed from data collected on the control plots 
showing the percent volume reduction (y) in sodium concentrations over time in days (x) 
required to account for evaporation. For the additive portion of the experiment, the 
regression equation was: 
                                          

y = - 0.243 x + 99.8                                                                Eq 3 
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The equation derived for disinfectants was: 
                                                       

y = - 0.364 x + 101                                                             Eq 4 
 
Physical, chemical, and antimicrobial measurement were adjusted by values obtained 
from equations 3 and 4 to account for evaporation. The corrected values were then used 
in the statistical analyses.  
 
Statistical Analysis 
 
Both additive and disinfectant experiments were conducted with assumed complete 
randomization.  Two bioreactors per treatment were used and each reactor was measured 
repeatedly over 40 days.  Analysis of variance (SAS, 2011) for a randomized design with 
repeated measures over time was used to identify to effects of manure amendment and 
time on the persistence of antibiotics and on the characteristics of the slurry.  The least 
significant difference test (LSD) was used to identify differences among experimental 
treatments.  A probability of P < 0.05 was considered significant.   
 
Results 
 
Effects of Additives and Disinfectants on physical and chemical manure properties 
 
ANOVA indicated significant temporal changes in COD, TVS, TDS, TS, EC, and pH 
(Tables 2a and 2b) during the additive portion of the experiment. Measurements of EC 
and pH decreased from 28.4 to 23.4 dS m-1 and 7.70 to 6.95, respectively, during the 
study period. No treatment by time interactive effects were found for any of the measured 
physical properties.  
 
A linear decrease in EC was observed over time (Fig. 3). The dominant ions that 
contribute to EC of manures are NH4-N, Na, Ca, Mg, K, chloride, sulfate, and 
bicarbonate. The general decline in NH4-N concentrations in the swine slurry over time 
due to volatilization (Table 3a) is thought to have contributed to the reduction in EC.  
 
Two of the factors which may influence the pH of swine slurry are concentrations of 
volatile fatty acids and NH4-N. Volatile fatty acids are formed during the storage of 
swine slurry which causes pH to decease. The presence of NH4-N serves to buffer the 
reduction in pH resulting from the increase in volatile fatty acids. However, as NH4-N 
concentrations decrease due to volatilization, the neutralizing factor is also reduced 
resulting in lower pH values (Table 2b).  
 
Concentrations of COD, TVS, TSS, TS, and DM were significantly greater in the reactors 
containing MOC-7, More Than Manure®, Sludge Away, and Sulfi-Doxx than the other 
experimental treatments (Tables 2a and 2b). No significant differences in concentrations 
of TVS, TSS, and TS were found among the Coban® 90, Control, and Manure Magic® 
treatments. The DM measurement of 3.55 mg L-1 obtained for the Control treatment was 
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significantly less than values obtained on the reactors where additives were introduced 
(Table 2b). Measurements of TDS, EC, and pH were not significantly affected by the 
introduction of additives. When compared to the control treatment, the introduction of 
additives did not significantly reduce measurements of COD, TVS, TSS, TDS, TS, EC, 
pH, or DM.  
 
Table 2a. Additive effects on the physical characteristics of swine 
slurry.   
      
            

Variable 
COD  

(mg L-1) 
TVS  

(mg L-1) 
TSS  

(mg L-1) 
TDS  

(mg L-1) 
TS  

(mg L-1)  
            
Baseline 66200 33800 35400 24000 57200 
Treatment      

Coban® 90 48500 cda 23700 b 27200 b 22900 41800 b 
Control 45500 d 22000 b 23500 b 24100 40300 b 

Manure Magic® 51700 c 23000 b 25700 b 23600 41300 b 
MOC-7 63900 b 32400 a 39200 a 24400 56800 a 

More Than Manure® 68400 a 32400 a 42000 a 23900 56500 a 
Sludge Away 66300 ab 32300 a 40500 a 24200 56200 a 
Sulfi-Doxx 67400 ab 32200 a 42500 a 24300 56000 a 

Days      
1 67000 25100 33600 24118 43900 
2 70200 23900 29600 19424 41900 
5 56600 31000 35200 23375 53100 
10 55800 30300 34800 25944 53200 
14 57800 27700 34700 15570 50000 
21 55500 30200 39100 28291 53400 
32 55200 30000 35700 29254 5300 
40 51700 28100 32200 25325 49800 

ANOVA (P>F)           
Treatment 0.001 0.001 0.001 0.992 0.001 

Time 0.001 0.001 0.073 0.001 0.001 
Treatment x Time 0.064 0.512 0.668 0.792 0.329 

      
COD = chemical oxygen demand, TVS = total volatile solids, TSS = total 
suspended solids,   
TDS = total dissolved solids, TS = total solids.    

 a Means without common letters differ significantly (p < 0.05). 
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Table 2b. Additive effects on the physical characteristics of 
swine slurry. 
    
        

Variable 
EC  
(dS m-1) pH 

DM  
(mg L-1) 

        
Baseline 28.2 7.80 5.47 
Treatment    
Coban® 90 28.1 7.51 4.27 ba 
Control 26.8 7.67 3.55 c 
Manure 
Magic® 27.8 7.48 4.22 b 
MOC-7 25.5 7.47 5.79 a 
More Than 
Manure® 26.2 7.46 5.97 a 
Sludge Away 26.2 7.44 5.77 a 
Sulfi-Doxx 26.2 7.44 6.11 a 
Days    
1 28.2 7.70 5.18 
2 28.4 7.68 5.11 
5 28.0 7.61 5.23 
10 27.6 7.53 5.24 
14 27.2 7.49 5.16 
21 26.6 7.39 5.17 
32 24.0 6.99 4.88 
40 23.4 6.95 4.94 
ANOVA 
(P>F)       
Treatment 0.326 0.638 0.002 
Time 0.001 0.001 0.553 
Treatment x 
Time 0.390 0.532 0.502 
    
EC = electrical conductivity, DM 
= dry matter.    

a Means without common letters differ significantly (p < 0.05)
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Figure 3. Electrical conductivity of slurry as affected by time following introduction of 
additives. 
 
The chemical constituents in the additive portion of the study for which significant 
temporal changes were found included TN and Ca (Tables 3a and 3b). Concentrations of 
TN decreased in a linear fashion from 5920 to 5370 mg L-1 during the study period (Fig. 
4). Although significant temporal changes in Ca concentrations were measured, the 
differences in Ca values were small varying from 1850 to 1990 mg L-1 (Table 3b). 
Interactive treatment by time effects were not found for any of the chemical constituents.  
 
The introduction of additives did not significantly reduce concentrations of the measured 
chemical constituents when compared to the Control treatment. The reactors containing 
MOC-7, More Than Manure®, Sludge Away, and Sulfi-Doxx had significantly greater 
concentrations of TN, P205, Ca, Mg, Zn, Fe, Mn, and Cu than the other experimental 
treatments (Tables 3a, 3b, and 3c). More Than Manure® consists of a copolymer that 
includes calcium and ammonium. The concentrations of Ca in the reactors containing 
More Than Manure® was among the largest of the experimental treatments. The P2O5, 
Ca, Mg, Fe, and Cu measurements of 5050, 1430, 1320, 165, and 29.2 mg L-1 obtained 
for the Control treatment were significantly less than values found for the reactors where 
additives were introduced.  
 
The ingredients contained in many of the additives are proprietary. One explanation for 
the increased concentrations in chemical constituents in selected reactors was that the 
additives themselves contained substantial quantities of certain chemical constituents.  
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Table 3a. Additive effects on the chemical characteristics of swine 
slurry.   
      

            

Variable 
Org N  

(mg L-1) 
NH4- N  
(mg L-1)  

NO3-N  
(mg L-1) 

Total N  
(mg L-1) 

P2O5  
(mg L-1) 

            
Baseline 2250 3630 1.10 5890 7490 
Treatment      
Coban® 90 2740 2350 2.45 5090 ea 5510 d 

Control 2280 2770 1.44 5050 e 5050 e 
Manure 
Magic® 2710 2600 1.11 5290 d 5560 d 
MOC-7 3400 2600 1.08 5960 c 8080 c 

More Than 
Manure® 3010 3100 1.72 6110 b 8450 b 

Sludge Away 3160 3010 1.23 6170 ab 8440 b 
Sulfi-Doxx 3280 2920 1.30 6200 a 8850 a 

Days      
1 2930 2980 1.40 5920 6950 
2 3130 2780 1.39 5910 7090 
5 3170 2670 1.55 5840 7210 
10 2900 2910 1.43 5810 7200 
14 2890 2790 2.08 5690 7100 
21 2820 2760 1.56 5570 7160 
32 2790 2660 1.26 5450 7060 
40 2870 2500 1.15 5370 7320 

ANOVA 
(P>F)           

Treatment 0.153 0.159 0.056 0.001 0.001 
Time 0.174 0.067 0.406 0.001 0.065 

Treatment x 
Time 0.811 0.755 0.721 0.813 0.323 
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Table 3b. Additive effects on the chemical characteristics of swine slurry.  
      
            

Variable 
K20  

(mg L-1) 
S  

(mg L-1)  
Ca  

(mg L-1) 
Mg  

(mg L-1) 
Na  

(mg L-1) 
            
Baseline 3050 816 1980 1930 973 
Treatment      

Coban® 90 3433 620 1520 ca 1510 c 978 
Control 3450 720 1430 d 1320 d 961 

Manure Magic® 3370 630 1530 c 1520 c 951 
MOC-7 3380 785 2140 b 2330 b 934 

More Than Manure® 3430 805 2200 ab 2400 b 968 
Sludge Away 3430 813 2220 a 2400 b 956 
Sulfi-Doxx 3430 824 2270 a 2520 a 978 

Days      
1 3360 703 1850 1970 938 
2 3380 715 1850 1980 954 
5 3400 729 1890 2000 972 
10 3420 740 1930 2010 968 
14 3420 726 1900 2000 958 
21 3440 734 1900 2020 967 
32 3400 769 1890 1980 954 
40 3500 824 1990 2050 977 

ANOVA (P>F)           
Treatment 0.943 0.104 0.001 0.001 0.427 

Time 0.244 0.211 0.008 0.583 0.243 
Treatment x Time 0.446 0.409 0.826 0.630 0.364 

 
a Means without common letters differ significantly (p < 0.05). 
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Table 3c.  Additive effects on the chemical characteristics of swine slurry.  
      
            

Variable 
Zn  

(mg L-1) 
Fe  

(mg L-1)  
Mn  

(mg L-1) 
Cu  

(mg L-1) 
B  

(mg L-1) 
            
Baseline 200 260 45.6 47.7 5.10 
Treatment      

Coban® 90 142 ca 194 d 33.2 c 34.6 b 4.73 
Control 142 c 165 e 32.0 c 29.2 c 7.31 

Manure Magic® 142 c 194 d 33.2 c 34.7 b 4.63 
MOC-7 201 b 264 c 50.6 b 49.0 a 4.85 

More Than Manure® 206 ab 286 ab 51.0 ab 50.0 a 5.03 
Sludge Away 206 ab 274 bc 50.7 b 50.2 a 5.05 
Sulfi-Doxx 212 a 294 a 52.2 a 51.6 a 5.08 

Days      
1 173 234 42.1 42.2 4.74 
2 176 237 42.6 42.5 4.83 
5 179 245 43.5 43.5 4.84 
10 181 243 43.9 43.9 4.84 
14 177 241 43.0 43.0 4.82 
21 179 243 43.5 43.5 4.91 
32 180 230 43.0 40.8 6.53 
40 186 237 44.7 42.8 6.40 

ANOVA (P>F)           
Treatment 0.002 0.002 0.001 0.001 0.610 

Time 0.153 0.732 0.078 0.646 0.381 
Treatment x Time 0.320 0.748 0.671 0.629 0.487 

 
a Means without common letters differ significantly (p < 0.05). 
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Figure 4. Total nitrogen content of slurry as affected by time following introduction of 
additives. 
 
Significant temporal differences in COD, TVS, TDS, TS, EC, pH, and DM were found 
for the disinfectant portion of the experiment (Tables 4a and 4b). Consistent reductions in 
TVS, TS, EC, and pH were measured during the study period. Treatment by time 
interactive effects for the disinfectant study were found for TDS, EC, pH, and DM. 
The concentration of TS consistently decreased in a linear fashion with time (Fig. 5). 
Much of this decrease can be attributed to a reduction in TVS over time resulting from 
microbiological activities. Zhu et al. (2000) examined the dynamic changes in solids 
composition of swine manure obtained in southern Minnesota during a 30-day storage 
period. The TS content of the swine slurry analyzed in the present investigation decreased 
in a similar fashion over time. 
 
Concentrations of TVS and TSS were significantly less in the reactors containing 
chlorine and VirkonTM (Tables 5a and 5b). The TDS measurement of 26,500 mg L-1 and 
pH value of 7.27 obtained for the reactors containing Tek-Trol were significantly greater 
than measurements obtained for the other treatments. The introduction of disinfectants 
did not significantly affect measurements of COD or DM.  
 
Deep pits located beneath swine production facilities usually have a large enough 
capacity to store materials generated during two to three swine wean to finish production 
cycles. A significant period may have expired before crops or forage have been 
harvested, soils have thawed, and manure application equipment can enter the land 
application site. As a result, swine slurry characteristics may vary substantially during the 
storage period. The slurry used during the additive study (Tables 2a and 2b) had less 
suspended and dissolved constituents than the slurry collected during the disinfectant 
investigation (Tables 4a and 4b). 
 
  

y = -14.6x + 59230
R² = 0.984

5300

5400

5500

5600

5700

5800

5900

6000

0 5 10 15 20 25 30 35 40 45

To
ta

lN
itr

og
en

(m
g

L-1
)

Time (Days)



22 
 

 22 

Table 4a. Disinfectant effects on the physical characteristics of swine slurry.  
      
            

Variable 
COD  

(mg L-1) 
TVS  

(mg L-1) 
TSS  

(mg L-1) 
TDS  

(mg L-1) 
TS  

(mg L-1)  
            
Baseline 82600 56100 54400 31500 85900 
Treatment      

Clorox® 83622 48500 ca 56100 c 24200 b 76300 b 
Control 80553 49500 b 58400 b 25300 b 77000 a 
Pi-Quat 84213 51500 a 64600 a  24000 b 78700a 
Tek-Trol 81078 52100 a 61800 b 26500 a 79600 a 
VirkonTM 78265 47700 c 52600 c 23100 c 75300 b 

Days      
1 80400 53400 57600 31200 82100 
2 81200 52000 61600 27800 79800 
5 94000 51900 63500 30000 79700 
10 84800 51300 56500 20800 79200 
14 75000 50700 57800 21200 78200 
21 85400 48000 56100 19700 74500 
32 71000 46800 57600 22200 74000 
40 80400 44900 58900 24100 71600 

ANOVA (P>F)      
Treatment 0.258 0.008 0.001 0.008 0.029 

Time 0.004 0.001 0.217 0.001 0.001 
Treatment x Time 0.213 0.150 0.117 0.001 0.448 

      
COD = chemical oxygen demand, TVS = total volatile solids, TSS = total suspended solids,  
TDS = total dissolved solids, TS = total solids. 
     

a Means without common letters differ significantly (p < 0.05). 
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Table 4b. Disinfectant effects on the physical characteristics of swine slurry. 
     
         

Variable 
EC  

(dS m-1) pH 
DM  

(mg L-1)  
         
Baseline 27.8 7.60 7.72  
Treatment     

Clorox® 25.0 aa 7.17 b 7.30  
Control 24.8 a 7.17 b 7.43  
Pi-Quat 24.3 b 7.17 b 7.53  
Tek-Trol 24.2 b 7.27 a 7.64  
VirkonTM 25.0 a 7.14 b 7.35  

Days     
1 26.3 7.60 7.65  
2 26.1 7.55 7.56  
5 25.9 7.51 7.63  
10 25.5 7.37 7.45  
14 24.9 7.20 7.40  
21 23.8 6.97 7.41  
32 22.9 6.73 7.21  
40 21.9 6.54 7.30  

ANOVA (P>F)     
Treatment 0.019 0.014 0.070  

Time 0.001 0.001 0.001  
Treatment x Time 0.009 0.021 0.001  

     
EC = electrical conductivity, DM = dry matter.     

   a Means without common letters differ significantly (p < 0.05). 
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Figure 5. Total solids content of slurry as affected by time following introduction of 
disinfectants.  
 
 
Effects of Additives and Disinfectants on antibiotics 
 

The antibiotics in the additive portion of the study for which significant temporal 

changes were found included chlortetracycline and tiamulin (Table 5). No distinct trend 

characterizing changes in antibiotic concentrations over time was apparent. Treatment by 

time interactions were found for tiamulin.  

Significantly greater concentrations of chlortetracycline were found in the reactors 

containing MOC-7, More Than Manure®, Sludge Away, and Sulfi-Doxx (Table 4). No 

significant differences in chlortetracycline measurements were found among the Coban® 

90, Control, and Manure Magic® treatments. The 324 ng g-1 of lincomycin measured in 

the reactors containing Coban® 90 was significantly greater than values obtained for the 

other reactors.  No significant differences in lincomycin concentrations were found 

among the other experimental treatments. When compared to the Control treatment, the 

introduction of additives did not significantly reduce antibiotic concentrations in the 

swine slurry.  
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The baseline concentrations for the antibiotics were less than values obtained on 

selected dates following addition of additives (Table 5). The breakdown of dry matter 

during the study may have increased the quantities of antibiotics contained in the liquid 

fraction of the slurry.  

Table 5. Additive effects on concentrations of antibiotics in swine slurry (dry 
weight). 
    
        

Variable 
Chlortetracycline  

(ng g-1) 
Lincomycin  

(ng g-1)  
Tiamulin  

(ng g1) 
        
Baseline 9880 111 371 
Treatment    

Coban® 90 8460 ba 324 a 207 
Control 5600 b 96 b 180 

Manure Magic® 7140 b 143 b 172 
MOC-7 15300 a 128 b 317 

More Than 
Manure® 15700 a 183 b 291 

Sludge Away 14300 a 127 b 265 
Sulfi-Doxx 17100 a 124 b 252 

Days    
1 12300 118 277 
2    
5 12700 169 251 
10    
14 11000 126 95 
21 9320 232 130 
32    
40 14400 158 449 

ANOVA (P>F)       
Treatment 0.003 0.029 0.243 

Time 0.001 0.167 0.001 
Treatment x Time 0.784 0.103 0.001 

 

a Means without common letters differ significantly (p < 0.05). 
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The antibiotic constituents in the disinfectant portion of the study for which significant 
temporal changes were found included chlortetracycline and tiamulin (Table 6). No 
distinct trend characterizing changes in antibiotic concentrations over time was apparent. 
Treatment by time interactions were not found for any of the three antibiotics.   
 
The baseline concentrations for lincomycin and tiamulin were less than values obtained 
for selected dates following addition of disinfectants (Table 6). The breakdown of dry 
matter during the study may have increased the quantities of these antibiotics contained 
in the liquid fraction of the slurry.  
 
The chlortetracycline concentration of 8840 ng g-1 measured for Tek-Trol was 
significantly less than values obtained for the other disinfectants (Table 6). No significant 
differences in chlortetracycline concentrations were found between the Control and 
treatments where Clorox®, Pi-Quat, and VirkonTM were added. The tiamulin 
concentration of 263 ng g-1 measured in the reactors containing Pi-Quat was significantly 
larger than the other experimental treatments. The reactors containing Tek-Trol had a 
tiamulin concentration of 28.8 ng g-1 which was significantly less than the other 
treatments including the Control which had a concentration of 151 ng g-1. The 
introduction of disinfectants did not significantly affect concentrations of lincomycin.  
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Table 6.  Disinfectant effects on concentrations of antibiotics in swine slurry (dry 
weight). 
    
        

Variable 
Chlortetracycline  

(ng g-1) 
Lincomycin  

(ng g-1)  
Tiamulin  
(ng g-1) 

        
Baseline 12300 133 61.4 
Treatment    

Clorox® 12300 aa 416 103 c 
Control 11200 a 585 151 b 
Pi-Quat 10900 a 916 263 a 
Tek-Trol 8840 b 794 28.8 d 
VirkonTM 10900 a 557 137 bc 

Days    
1 12300 356 113 
2    
5 8210 616 82.8 
10    
14 10300 824 100 
21 11600 715 203 
32    
40 11700 756 184 

ANOVA (P>F)    
Treatment 0.024 0.217 0.005 

Time 0.003 0.191 0.001 
Treatment x Time 0.512 0.463 0.540 

 
a Means without common letters differ significantly (p < 0.05). 
 
Effects of Additives and Disinfectants on antibiotic resistance genes 
The average values of the absolute abundance of genes over the 40-day simulated 
storage, under treatments from various additives, are reported in Table 7. Three out of the 
six pit additives tested (i.e., MOC-7, More Than Manure, and Sulfi-Doxx) resulted in 
significantly higher average absolute abundances of all genes than the controls. Coban 90 
significantly increased the absolute abundance of erm(B), intI1, and tet(Q) as compared 
to the control, Manure Magic showed no significant difference from the control, while 
Sludge Away significantly reduced the average absolute abundance of erm(C), erm(F), 
tet(Q), tet(X) and the 16S rRNA gene as compared to the control.  The absolute 
abundances of the 16S rRNA gene, erm(B), erm(C), erm(F), intI1, tet(G), tet(O), tet(Q), 
and tet(X), under the treatment of various pit additives are plotted in Figure 6.  For most 
of the genes, the six pit additives exhibited similar trends to each other and to the control.  
For the 16S rRNA gene, erm(C), erm(F), tet(Q), and tet(X), Sludge Away exhibited a 
noticeably different trend from the rest of the tested additives. 
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Table 7 Average Absolute Abundance of Genes in Manure During 40-day Simulated Storage  
  16S rRNA erm(B) erm(C)  erm(F) intI1 tet(G) tet(O) tet(Q) tet(X) 

Pit Additivea 
(GC mL-1) (GC mL-1) (GC mL-1) (GC mL-

1) 
(GC mL-1) (GC mL-1) (GC mL-1) (GC mL-1) (GC mL-1) 

Control 
7.5 × 1010 
b 3.0 × 109 c 1.0 × 109 c 2.0 × 109 

b 
4.5 × 108 
de 3.8 × 107 de 2.6 × 109 

cd 
6.8 × 108 
b 2.9 × 107 d 

Coban 90 
8.4 ×1010 
ab 

5.1 × 109 
ab 

1.2 × 109 
abc 

2.3 × 109 
b 

5.8 × 108 
bc 

4.9 × 107 
bcd 

3.0 × 109 
bc 9.1 × 108 a 3.5 × 107 cd 

ManureMagic 
7.8 × 1010 
b 3.0 × 109 c 1.0 × 109 bc 2.2 × 109 

b 
5.0 × 108 
cd 4.4 × 107 cd 2.8 × 109 c 7.7 × 108 

b 
4.0 × 107 
bcd 

MOC-7 1.1 ×10 11 a 4.1 × 109 b 1.2 × 109 ab 2.9 × 109 
a 

7.0 × 108 
ab 6.4 × 107 ab 3.5 × 109 

ab 1.0 × 109 a 6.7 × 107 a 

MTMc 1.0 ×1011 a 6.1 × 109 a 1.4 × 109 a 2.8 × 109 
a 8.1 × 108 a 7.2 × 107 a 3.7 × 109 a 9.7 × 108 a 5.6 × 107 ab 

Sulfi-Doxx 1.0 ×1011 a 5.4 × 109 a 1.3 × 109 ab 2.7 × 109 
a 7.6 × 108 a 5.5 × 107 

abc 4.0 × 109 a 9.1 × 108 a 4.9 × 107 
abc 

Sludge Away 5.5 ×1010 c 2.7 × 109 c 7.1 × 108 d 8.0 × 108 
c 4.0 × 108 e 2.6 × 107 e 2.2 × 109 d 2.0 × 108 c 1.6 × 107 e 

          
p-value 0.006  < 0.001 0.003  < 0.001 0.001 0.005 0.002 <.0001 0.002           
Disinfectant          

Control 9.9 × 1010 1.0 × 1010 a 1.1 × 109 b 3.4 × 109 
a 4.0 × 108 1.6 × 107 7.9 × 109 1.2 × 109 3.6 × 107 a 

Chlorox 
Bleach 7.5 × 1010 6.4 × 109 

ab 9.4 × 108 d 4.3 × 109 
a 2.3 × 108 1.5 × 107 4.4 × 109 2.0 × 109 5.1 × 107 a 

Pi Quat 9.5 × 1010 9.4 × 109 a 1.3 × 109 a 1.5 × 109 
b 2.9 × 108 1.4 × 107 7.2 × 109 4.1 × 108 1.8 × 107 b 

Tek-Trol 5.7 × 1010 4.1 × 109 b 9.8 × 108 cd 1.5 × 109 
b 2.1 × 108 1.2 × 107 4.4 × 109 3.2 × 108 9.8 × 106 b 
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Virkon 1.1 × 1011 4.8 × 109 b 9.9 × 108 c 4.4 × 109 
a 3.7 × 108 2.0 × 107 5.2 × 109 1.5 × 109 5.0 × 107 a 

          
p-value 0.234 0.048  < 0.001 0.036 0.073 0.387 0.117 0.059 0.007 
Red color indicates significantly higher abundance than the control and green color indicates lower.  
aValues reported under “Pit Additive” and “Disinfectant” are treatment averages over 40-day storage.  
bValues followed by a letter combination sharing one or more letters are not statistically different at the p < 0.05 level based on LSD 
tests.  
cMTM, More Than Manure
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Figure 6 Impact of pit additives on the absolute abundance of (a) the 16S rRNA gene, (b) 
erm(B), (c) erm(C), (d) erm(F), (e) intI1, (f) tet(G), (g) tet(O), (h) tet(Q), and (i) tet(X) 
during simulated storage. For visibile ease, the standard errors were not included. 
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In addition to comparing the average absolute abundance, the temporal trend of the 
absolute abundance was also analyzed for individual pit additives. In Table 8 the trends 
are shown along with a color code. Orange and green indicate that the gene concentration 
is significantly increasing or decreasing, respectively, over time. No significant 
difference in increase or decrease between treatment for the same gene was observed. 
The general trend seen, and what is pictured in Figure 6, is that the concentration of 
erm(F), tet(Q), and tet(X) increased over time (p < 0.05). The concentration of the 16S 
rRNA gene, intI1 and tet(G) increased significantly from addition of Manure Magic and 
Sludge Away. During those two treatments, erm(C) initially decreased followed by an 
increase after day 10. The change was significant (p < 0.05), but the concentration on day 
1 was not significantly different from the concentration at day 40. This same trend was 
seen for erm(C) and erm(B) during Manure Magic treatment. No significant net increase 
nor decrease at the p < 0.05 level was seen for tet(O). 
 
The average values of the absolute abundance of genes over the 40-day simulated 
storage, under treatments from various disinfectants, are reported in Table 7. Only one 
disinfectant (i.e., Pi Quat) resulted in significantly higher average absolute abundances of 
one ARG (i.e., erm(C)) than the controls where no disinfectants were added. Besides the 
increase in erm(C), Pi Quat significantly decreased the absolute abundance of erm(F) and 
tet(X) as compared to the control. Tek-Trol significantly reduced the absolute abundance 
of erm(B), erm(C), erm(F), and tet(X). Chlorine caused a significant decrease in absolute 
abundance of erm(C). Virkon caused a significant decrease in absolute abundance of 
erm(B) and erm(C), as compared to the control. 
The absolute abundances of erm(B), erm(C), erm(F), intI1, tet(G), tet(O), tet(Q), and 
tet(X), under the treatment of various facility disinfectants, over 40-day simulated storage 
are plotted in Figure 7.   
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Table 8 p-values for the Change in Absolute Gene Abundance in Manure Over 40-day Simulated Storage 
  16S rRNA erm(B) erm(C)  erm(F) intI1 tet(G) tet(O) tet(Q) tet(X) 

 p-value p-value 
p-
value p-value p-value p-value 

p-
value p-value p-value 

Pit Additive          
Control 0.155 0.871 0.436 0.007 0.169 0.057 0.865 < 0.001 < 0.001 
Coban-90 < 0.001 0.327 0.289 < 0.001 0.113 0.055 0.072 < 0.001 < 0.001 
ManureMagic < 0.001 0.036a 0.008a < 0.001 < 0.001 < 0.001 0.252 < 0.001 < 0.001 
MOC-7 0.129 0.921 0.662 < 0.001 0.328 0.170 0.986 < 0.001 < 0.001 
More Than 
Manure 0.188 0.469 0.636 < 0.001 0.322 0.154 0.559 < 0.001 < 0.001 

Sulfi-Doxx 0.203 0.903 0.981 0.002 0.257 0.373 0.962 0.001 0.002 
Sludge Away < 0.001 0.069 0.004a < 0.001 0.005 0.011 0.081a < 0.001 < 0.001 

          
Disinfectant          
Control 0.924 0.006 0.852 0.001 0.085 0.745 0.009 0.001 < 0.001 
Chlorox Bleach 0.108 0.007 0.327 < 0.001 0.029 0.585 0.015 0.009 < 0.001 
Pi Quat 0.923 0.051 0.039a < 0.001 0.042 0.454 0.025 0.020 0.028a 

Tek-Trol 0.699 0.159 0.502 0.002 0.357 0.795 0.174 0.003 0.004 
Virkon 0.921 < 0.001 0.511 0.001 0.417 0.427 0.004 0.009 < 0.001 

Red and green color indicates increase and decrease, respectively, in abundance over time. Darker color indicates significant change 
over at the p < 0.05 level. Lighter color indicates significant change over time at the p < 0.10 level.  
aIndicates that the gene at some point during treatment increased or decreased, however no significant difference was seen between 
day 1 and day 40 based on LSD test. 
 



35 
 

 35 

 
 

2.0E+10

6.5E+10

1.1E+11

1.6E+11

2.0E+11

0 10 20 30 40

16
S 

rR
N

A
 c

op
ie

s/m
L 

sw
in

e 
slu

rr
y

Time (d)

Chlorine
Control
Piquat
Tek-Trol
Virkon

a

1.0E+09

5.8E+09

1.1E+10

1.5E+10

2.0E+10

0 10 20 30 40

er
m

(B
) c

op
ie

s/m
L 

sw
in

e 
slu

rr
y

Time (d)

Chlorine
Control
Piquat
Tek-Trol
Virkon

b

5.0E+08

8.8E+08

1.3E+09

1.6E+09

2.0E+09

0 10 20 30 40

er
m

(C
) c

op
ie

s/m
L 

sw
in

e 
slu

rr
y

Time (d)

Chlorine
Control
Piquat
Tek-Trol
Virkon

c



36 
 

 36 

4.0E+08

2.8E+09

5.2E+09

7.6E+09

1.0E+10

0 10 20 30 40

er
m

(F
) c

op
ie

s/m
L 

sw
in

e 
slu

rr
y

Time (d)

Chlorine
Control
Piquat
Tek-Trol
Virkon

d

1.0E+08

2.8E+08

4.5E+08

6.3E+08

8.0E+08

0 10 20 30 40

in
tI1

co
pi

es
/m

L 
sw

in
e 

slu
rr

y

Time (d)

Chlorine
Control
Piquat
Tek-Trol
Virkon

e

6.0E+06

1.5E+07

2.3E+07

3.2E+07

4.0E+07

0 10 20 30 40

te
t(G

) c
op

ie
s/m

L 
sw

ie
n 

slu
rr

y

Time (d)

Chlorine
Control
Piquat
Tek-Trol
Virkon

f



37 
 

 37 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.0E+09

5.8E+09

1.1E+10

1.5E+10

2.0E+10

0 10 20 30 40

te
t(O

) c
op

ie
s/m

L 
sw

in
e 

slu
rr

y

Time (d)

Chlorine
Control
Piquat
Tek-Trol
Virkon

g

1.0E+07

1.5E+09

3.0E+09

4.5E+09

6.0E+09

0 10 20 30 40

te
t(Q

) c
op

ie
s/m

L 
sw

in
e 

slu
rr

y

Time (d)

Chlorine
Control
Piquat
Tek-Trol
Virkon

h

0.0E+00

1.0E-03

2.0E-03

3.0E-03

4.0E-03

0 10 20 30 40

te
t(X

) c
op

ie
s/m

L 
sw

in
e 

slu
rr

y

Time (d)

Chlorine
Control
Piquat
Tek-Trol
Virkon

i



38 
 

 38 

Figure 7 Impact of facility disinfectants on the absolute abundance of (a) the 16S rRNA gene, (b) 
erm(B), (c) erm(C), (d) erm(F), (e) intI1, (f) tet(G), (g) tet(O), (h) tet(Q), and (i) tet(X) during 
simulated storage. The standard errors were not included. 
 
Discussion 
 
When compared to the Control treatment, the introduction of additives did not significantly 
reduce quantities of the physical properties, chemical characteristics, or antibiotic concentrations 
of swine slurry. The P2O5, Ca, Mg, Fe, and Cu values of 5050, 1430, 1320, 165, and 29.2 mg L-1 
obtained for the Control treatment were significantly less than values obtained for the reactors 
where additives were introduced. Measurements of TDS, EC, pH, organic N, NH4-N, NO3-N, 
K2O, S, Na, B, and tiamulin were not significantly affected by the introduction of additives. No 
significant differences in values for TVS, TSS, TS, Zn, Mn, and chlortetracycline were found 
among the Coban® 90, Control, and Manure Magic® treatments.  
 
The introduction of disinfectants did not significantly affect measurements of COD, DM, organic 
N, NH3-N, NO3-N, TN, P2O5, K2O, S, Ca, Mg, Zn, Fe, Mn, Cu, B, and lincomycin. Consistent 
reductions in TVS, TS, EC, and pH over time were measured for the disinfectant portion of the 
study. No significant differences in values of TDS and TS were found between the Control and 
Pi-Quat treatments.  
 
The disinfectants were overall more effective in reducing the increase in absolute abundance of 
ARGs as compared to the pit additives. Out of the four disinfectants tested, Tek-Trol was the 
most effective treatment in reducing the absolute abundance of ARGs as compared to the 
Control. Tek-Trol is a phenol disinfectant and kill bacterial cells by inducing leakage of 
intracellular constituents.  
 
Pi Quat is a QAC (quaternary ammonium compound) disinfectant that has been associated with 
the efflux pump coding gene qacA, found on multiresistant plasmids (Chapman, 2003; Sidhu et 
al., 2002; Tennant et al., 1989). QAC’s mode of action is to disrupt the cell membrane and cause 
lysis (Ioannou et al., 2007). The only gene for which the absolute abundance under Pi Quat 
treatment increased as compared to the control was erm(C). erm(C) is a ribosomal protection 
protein and since QAC interferes with the membrane it is most likely not involved in the 
protection against QAC.  
 
Both sodium hypochlorite (i.e. chlorine or Chlorox Bleach) and potassium peroxymonosulfate 
(i.e. Virkon) are oxidizing agents. Chlorine can diffuse into bacterial cells and oxidize different 
cellular structures. Increased resistance to chlorine amongst microbes has been observed in water 
treated with sodium hypochlorite (Shi et al., 2013). Chlorine may also select for antibiotic 
resistance (Huang et al., 2011). If the swine facility where manure had been obtained from in this 
study, frequently use chlorine as a disinfectant, the microbes present may already have an 
established chlorine resistome. Virkon was more effective in reducing ARGs during 40-day 
simulated storage than chlorine although their mode of action is similar. One way that oxidizers 
may aid in reducing the spread of ARGs is by oxidizing free-floating DNA in swine slurry; DNA 
that otherwise could be taken up by cells through transformation (Zhang et al., 2013). 
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In summary, physical properties, chemical characteristics, antibiotic concentrations and ARGs in 
swine slurry may be affected by the introduction of selected additives or disinfectants. Further 
testing is recommended at an operating facility to confirm our findings from laboratory scale 
reactors.      
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