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Executive Summary 

 
 The presence of  pharmaceuticals and personal care products in natural water systems and their 

effects on human and ecosystem health is a recent emerging water quality concern. This analysis focuses 

on a specific class of  pharmaceuticals; antibiotics, and their usage in commercial livestock production.  

Antibiotics are commonly used in livestock production both for treating illness (therapeutic use) and 

encouraging growth (sub-therapeutic use) (Burkholder, 2007).  These antibiotic compounds have the 

potential to threaten human and ecosystem health through long-term exposure and increased prevalence 

of  antibiotic resistant bacteria.  

 The goal of  this analysis is to evaluate multiple policy options for reducing antibiotic loading to 

natural water systems in the state of  Minnesota using the Eight-Fold Path for Policy Analysis developed 

by Dr. Eugene Bardach. These alternatives were examined for their effectiveness in lowering antibiotics 

in water systems, cost effectiveness, political feasibility, public acceptance, feasibility for farmers and 

equity. The alternatives examined are:  

1) Implementing more stringent regulations limiting use of  antibiotics in livestock. Both a full ban 

on all antibiotics and a partial ban on only medically important antibiotics are discussed, 

2) subsidizing organic farming methods to incentivize sustainable practices, 

3) expanding National Pollution Discharge Elimination System (NPDES) and State Disposal 

System (SDS) permitting requirements to include manure composting requirements and more 

stringent flood protection, 

4) and the status quo. 

Concerns with antibiotic-resistant bacteria specifically have brought this antibiotic use to the 

forefront in some discussions. The Preservation of  Antibiotics for Medical Treatment Act has been 

introduced to the United States Congress (Govtrack, 2011), but is opposed by powerful lobbies 

representing the agricultural and pharmaceutical lobbies. These lobbies are concerned with increases in 

production cost for farmers, and decreases in profits for the pharmaceutical companies. 

 Through analysis of  these alternatives using the stated criteria, it appears that instituting a partial 

ban of  medically important antibiotics and expanding organic subsidies is the best approach at this time. 

These alternatives will face political opposition and do not fully address the problem, but the partial ban 

will help to mitigate the most pressing concern, which is antibiotic resistant bacteria, and expanding 

subsidies will incentivize farmers to move toward more sustainable practices.   
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SECTION ONE 

Problem Statement 

 

Antibiotic compounds used in livestock production are accumulating in natural water 

systems. These compounds have the potential to threaten human health and other organisms 

through persistent exposure to these compounds and increased prevalence of  antibiotic-resistant 

bacteria. Antibiotic presence in natural water systems also has the potential to impact resident 

aquatic organisms through modification of  biological processes. 

 

SECTION TWO 

Problem Definition 

 

 The Minnesota Pollution Control Agency (MPCA) classifies concentrations of  

pharmaceuticals and personal care products in natural water systems as an emerging water quality 

issue in the 2010 Minnesota Water Quality Report to Congress. While monitoring and research is 

ongoing, there were 31 compounds from pharmaceuticals and personal care products found in 

groundwater samples from the years 2002 to 2004 (MPCA, 2010). This analysis will examine policy 

alternatives for reducing concentrations of  a specific class of  these pharmaceuticals, antibiotics, in 

Minnesota’s natural water systems. Antibiotics are a class of  pharmaceuticals commonly used for 

treatment of  infection in both humans and livestock and for growth enhancement in livestock. 

 Agricultural activities have been identified as one of  the primary non-point sources of  

antibiotics and other anti-infectives in water systems (Segura et al., 2009).  Non-point source 

pollution is pollution that comes from a widely dispersed source. For example, non-point source 

pollution would be runoff  from a farm field versus pollution being discharged from an industrial 

plant. The widely dispersed nature of  the pollution makes it harder to control. Antibiotic use is 

common in commercial livestock production to prevent and treat disease and stimulate rapid growth 

of  the animals (Burkholder, 2007). 

Risks to the human community of  antibiotic loading to natural water systems stem from 

antibiotic-resistant bacteria and the combined effects of  multiple pharmaceutical compounds. 
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Increased prevalence of  antibiotic-resistant strains of  bacteria causes antibiotics to be 

ineffective in treating infections. There are some bacteria, such as Myobacterium tuberculosis and 

Pseudomonas aeruginosa, that are resistant to over 100 drugs (Schmidt, 2002). 

 Patients that contract resistant strains of  bacterial infections are more likely to have severe 

illnesses. For example, a study done by Helms et al., (2005) found that of  patients that contracted 

resistant strains of  Campylobacter bacteria, in those infected with strains resistant to both quinolone 

and erythromycin (common medically used antibiotics), 1 in 95 had a severe illness event or died 

compared to 4 in 2,500 that contracted non-resistant strains. 

 Higher likelihood of  severe illness increases medical costs. Increased medical costs are 

associated with longer hospital stays and increased mortality, as conventional treatment methods 

may be ineffective (Akkina et al., 1999). This will cost society in terms of  lost work days and the 

value of  lost lives. For example, the National Foundation for Infectious Disease estimates the cost 

of  resistant infections (acquired in hospitals) to be approximately four billion dollars annually 

(Akkina et al., 1999). Similarly, the Office of  Technology Assessment released an estimated minimum 

cost of  1.3 billion dollars (in 1992 dollars) annually specifically related to only six common species 

of  resistant bacteria (Akkina et al., 1999). 

Use and creation of  stronger, more expensive antibiotic compounds to treat resistant strains 

would also be necessary. These stronger antibiotics are not typically used as they are more toxic and 

have the potential to impose serious side effects not seen with conventional antibiotic treatments 

(Akkina et al., 1999).  

The combined effect of  multiple compounds from pharmaceuticals and personal care 

products is difficult to quantify.   Antibiotics can reach drinking water through their ability to endure 

within these natural water systems and remain intact through the purification processes commonly 

used to treat drinking water prior to distribution (Segura et al., 2009).  Long-term risk of  exposure to 

combined presence of  pharmaceuticals and personal care products has the potential to impact 

human health, but does not have well documented effects. 

Risks to the ecosystems in which antibiotic loading occurs are difficult to predict. Antibiotic 

compounds are designed to work a specific way in humans and livestock but often affect aquatic 

organisms in unpredictable ways (Sungpyo et al., 2007). Antibiotic compounds, and the compounds 
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they break down into, may modify the behavior of  aquatic organisms and through this affect the 

ecosystem and food web (Sungpyo et al., 2007). 

Preventive antibiotics are commonly used for commercial livestock production in 

concentrated animal feed operations (CAFOs) commonly known as feedlots. The United States 

Department of  Agriculture (USDA) reports that 80-90% of  beef  cattle in the United States are 

produced in CAFOs. Broiler chickens have a similar percentage (85%) while pork production, dairy 

production and the cow/calf  portion of  beef  production remain less concentrated (McConnell, 

2009).  In these dense living conditions, disease is more prevalent so preventative antibiotics are 

considered important for livestock health. The metabolic systems of  these livestock only have the 

capacity and need to process a certain amount of  these antibiotic compounds so the excess is 

quickly excreted through waste (Burkholder, 2007). It is estimated that approximately 75% of  the 

antibiotics, both therapeutic and sub-therapeutic, received by feed animals is excreted through urine 

and feces (Chee-Sanford et al., 2008). Antibiotic loading to natural water systems from CAFOs is 

generally associated with animal waste.  

This animal waste can enter natural water systems in many ways. Direct runoff  is an issue as 

many CAFOs are situated near tributary streams or drainage ditches to ensure ample water supply. 

Leakage from deteriorating or improperly constructed/maintained manure lagoons or overflowing 

of  these lagoons, and the application of  manure to agricultural fields as fertilizer are also ways 

antibiotic compounds can reach natural water systems from livestock operations (Burkholder, 2007).  

Although many of  these compounds degrade quickly, their constant influx into the environment 

causes them to behave as persistent compounds (Daughton et al., 1999). These compounds, such as 

penicillins, tetracyclines and quinolones (see also Table 2, Page 16) (Chee-Sanford et al., 2008), can 

have negative effects on the species that inhabit water systems and are contributing to a rise in the 

prevalence of  antibiotic-resistant strains of  bacteria (Segura et al., 2009).  

 In terms of  livestock farming, Minnesota is the eighth largest livestock producer in the 

United States; this includes being the largest turkey producer, the sixth largest milk producer and the 

third largest hog producer. Overall, the state of  Minnesota is the fourth largest agricultural producer 

in the nation. Of  the livestock industries in Minnesota, the hog production industry is the largest, 

followed by dairy and beef  cattle (MDA, 2009).  
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In Minnesota, CAFOs are regulated and monitored by the MPCA. The MPCA has been 

permitting CAFOs since the early 1970s, and there are currently approximately 30,000 registered 

animal feeding operations (AFOs) in the state, mostly concentrated in southern and west-central 

Minnesota as shown in Figure 1. Of  these, it was estimated in the 2004 Feedlot Report that 566 

existed with over 1000 animal units1, and required a Federal National Pollution Discharge 

Elimination System (NPDES) permit as shown in Figure 2, and operations at this scale are located 

almost exclusively in southern Minnesota.  The MPCA requires any livestock operation in excess of  

50 animal units to be registered. 

 

Figure 1: Registered feedlots in Minnesota by county, 2004 (MPCA, 2004). 

 

                                         
1 One animal unit is defined as the number of animals that, combined, weigh one ton. 
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Figure 2: NPDES Permits by County (MPCA, 2004). 

 

 

SECTION THREE 

Methodology 

The framework of  this policy analysis applies the Eight-Fold Path as developed by Dr. Eugene 

Bardach (Bardach, 2009). An outcome matrix was employed in order to evaluate and compare each 

alternative using each criterion. This is a system that utilizes a matrix framework to evaluate 

alternatives. Each criterion is ranked separately on a scale of  1-5, and evaluated using these rankings. 
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SECTION FOUR 

Literature Review/ Evidence 

4.1 Commercial Livestock Farming Methods  

 Commercial livestock farming, and most other forms of  agriculture in the United States, has 

been moving from small, family-owned operations, generally keeping less than 50 animals, to large 

companies, some keeping more than 1,000 animals (Ikerd, 2009).  This is partially due to large 

agricultural conglomerates contracting family run farms to add to their business. With this trend has 

come an increased prevalence of  CAFOs.  CAFOs are employed for multiple reasons. They use land 

efficiently and can produce larger quantities of  meat due to the type of  feed and sub-therapeutic 

antibiotics and other feed-additives used. CAFOs feed corn and other grains to produce the 

consistently higher fat meat that United States citizens are accustomed to for a relatively low price. 

The lower-priced meat products on the market today often come from these concentrated 

commercial facilities. These economic advantages are the main argument for the use of  CAFOs 

(Ikerd, 2009).  It is often argued that CAFOs are necessary to produce the amount of  meat required 

to satisfy the needs of  the population of  the United States (Ikerd, 2004).  Antibiotics for therapeutic 

and sub-therapeutic purposes are often employed in CAFOs to prevent infection and enhance 

growth (Akkina et al., 2007).  

 

4.2 Antibiotic Usage and Related Regulations in Livestock Production 

Antibiotics are regularly added to livestock feed and comprise approximately one-third of  the 

antibiotics annually used in the United States (Burkholder et al., 2007), an estimated 13.1 million kg 

of  anti-infective compounds, including both antibiotics and anti-microbials in 2009 (Love et al., 

2011).  

 Akkina et al. (1999) note that there are four primary reasons to use antibiotic compounds in 

livestock production: (1) improve the health and welfare of  the animal through disease treatment 

and prevention, (2) improve carcass quality, (3) improve economic efficiency, specifically in the areas 

of  growth and production, and (4) protect public health through preventing zoonotic pathogens2  

from reaching the environment and food products through livestock production.  

                                         
2 Zoonotic pathogens are defined as organisms that can infect both animals and humans (Dictionary.com, 2011). 
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 Livestock are often fed in a free-feed situation where food is consistently provided and the 

animal has the choice to consume as much or as little as it desires. This makes the levels of  antibiotic 

compounds ingested by the animals difficult to track and can easily lead to over- or under-

administration of  the drugs. This makes it difficult to track antibiotic use beyond the amount of  

feed purchased, and is made more difficult because documentation on antibiotic administration is 

not required (Love et al., 2011). Due to the possibility of  over-administration and the fact that most 

antibiotics are designed to quickly exit the body, antibiotics are often present in animal waste 

(Burkholder, 2007).  

The Food and Drug Administration (FDA) is beginning to regulate some antibiotic compounds. 

In July 2010, the agency released guidance for the “The Judicious Use of  Medically Important 

Antimicrobial Drugs in Food-Producing Animals,” in which they presented two principles. The first 

principle states that “The use of  medically important antimicrobial drugs in food-producing animals 

should be limited to those uses that are considered necessary for assuring animal health.” In 

discussing this principle the FDA notes that using medically important antibiotics for sub-

therapeutic uses is not considered judicious use, but using these drugs for prevention and treatment 

of  disease is considered necessary. The second principle states that “The use of  medically important 

antimicrobial drugs in food-producing animals should be limited to those uses that include 

veterinary oversight or consultation.”  The FDA cited several studies conducted worldwide to 

support their conclusion (FDA, 2010) 

 

4.3 Manure Management Practices and Regulations 

Between 25 and 75% of  antibiotics are excreted in urine and feces depending on the animal and 

type of  antibiotic (Durham, 2008). This means that of  the 13.1 million kg of  antibiotic compounds 

sold for livestock use in 2009 (Love et al., 2011), between 3.3 and 9.8 million kg of  antibiotics were 

excreted in livestock waste. Confined U.S. livestock and poultry generate about 63.8 million tons of  

manure each year, adding up to significant potential antibiotic loading to the environment (Perry, 

2010).  Resistant bacteria may also be present in the feces of  treated livestock, which contributes to 

the reservoir of  resistant bacteria in the natural environment (Akkina et al., 1999).   

In CAFOs, antibiotic contaminated waste is often stored as a liquid in manure lagoons. These 

lagoons are designed to break down solids and nitrogen in the waste and store it until it can be 



Entinger 12 

 
 
applied to agricultural fields as fertilizer (Burkholder, 2007). These systems are not designed to treat 

antibiotics, and these compounds are deposited into the water system via runoff  from fields 

fertilized by this manure, improperly constructed lagoons, damaged or leaking lagoons, and lagoon 

overflow during flood events (Burkholder, 2007).  

Movement away from liquid manure management systems to composting systems may be a 

viable option for decreasing antibiotic concentrations. Wang and Yates with the Agricultural 

Research Service (ARS) have found that manure composting has the ability to decrease antibiotic 

concentrations considerably. The ARS study found that composting manure from beef  cattle may 

reduce antibiotic concentrations by over 99% (Wang and Yates, 2008).  The ARS study was 

conducted using the antibiotic Oxytetracyclene (OTC). Degradation of  OTC by microbes in manure 

was maximized by certain composting methods. The microbes broke down OTC better if  both 

temperature and moisture were high and aerobic conditions (oxygen) were present in manure (Wang 

and Yates, 2008).  Reductions in OTC during manure composting were also found in a study done 

by Akiran et al. (2007). Gupta et al. (2007) studied the effects of  manure on multiple antibiotic 

compounds: chlortetracycline, monensin, sulfamethazine and tylosin. Gupta and his colleagues 

found that chlortetracycline decreased by >99% and monensin and tylosin decreased, but to a lesser 

degree, between 54% and 76%. Sulfamethazine was not found to decrease..  It may be, then, that 

manure composting is only suitable for the removal of  certain antibiotics. Bao et al. (2009) also 

found that chlortetracycline levels decreased with manure composting. These studies cite the lack of  

comprehensive research on the subject, and further research is needed to determine what antibiotics 

are most effectively degraded by manure composting and to learn precisely what is happening to the 

compounds. 

Modifications to current manure management systems would be required in order to achieve 

optimal composting conditions as manure lagoons are often the site of  anaerobic decomposition, or 

decomposition without oxygen, which has not been found to be the optimal environment for 

antibiotic breakdown. Modifying current manure management systems would satisfy the purpose of  

the current systems and decrease antibiotic concentrations. 

Composting involves allowing micro-organisms to consume the manure solids by 

maintaining an optimal environment. Liquid manure generally needs to be mixed with dry organic 

matter, hay or straw are generally used,  in order to be dry enough for composting, generally 



Entinger 13 

 
 
between 45-65% moisture. The hay and/or straw also help to maintain the proper carbon-to-

nitrogen ratio (between 20:1 and 40:1) optimal for efficient composting.  As composting is an 

aerobic (oxygen using) process, it often requires aeration. Composting is known to produce a lower 

volume of  dry, low-odor product for field application (EPA, 2001). 

 Manure management for CAFOs in Minnesota is regulated by the MPCA, and management 

is delegated to individual counties. The MPCA implements the federal National Pollution Discharge 

Elimination System (NPDES) as animal feeding operations that meet the federal requirements for 

CAFOs are considered to be point sources, the State Disposal System (SDS) and the Minnesota 

Feedlot Rules (MPCA, 2007). The NPDES permitting system was originally structured to regulate 

nutrient loading as this is a significant problem in many major waterways (EPA, 2010).  The major 

requirements of  this permitting system include: (1) no discharge is allowed from a production area 

(animal confinement and manure storage areas) except in extreme storm events, (2) development of  

a manure management plan to preserve water quality, (3) regulation on manure application based 

specifically on phosphorus and nitrogen, (4) adequate record keeping and (5) annual report 

submission (EPA, 2010).  SDS permitting covers any operation in excess of  1,000 animals that does 

not require an NPDES permit, as well as any operation with fewer than 1,000 animals that is not 

able to fix a problem with in the standard timeframe of  an interim permit, which is a permit that 

requires the repair of  a specific pollution hazard identified for any individual CAFO (MPCA, 2007). 

 The following table outlines the size distinctions for small, medium and large CAFOs in 

terms of  NPDES jurisdiction. All large CAFOs are regulated under NPDES, and medium CAFOs 

are only regulated if  they have a ditch or pipe that discharges wastewater to surface water, or animals 

come in contact with surface water while confined. Small CAFOs do not fall under NPDES 

jurisdiction unless they are specifically identified as significant polluters by the permitting authority 

which, in Minnesota, is the MPCA (EPA, 2011). 
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Table1: Size Requirements for NPDES permits (EPA, 2011) 

 Animal Sector  Size Thresholds (number of animals)  

Large CAFOs  Medium CAFOs Small CAFOs 

cattle or cow/calf pairs  1,000 or more  300 - 999  less than 300  

mature dairy cattle  700 or more  200 - 699  less than 200  

veal calves  1,000 or more  300 - 999  less than 300  

swine (weighing over 55 
pounds)  

2,500 or more  750 - 2,499  less than 750  

swine (weighing less 
than 55 pounds)  

10,000 or more  3,000 - 9,999  less than 3,000  

horses  500 or more  150 - 499  less than 150  

sheep or lambs  10,000 or more  3,000 - 9,999  less than 3,000  

turkeys  55,000 or more  16,500 - 54,999  less than 16,500  

laying hens or broilers 
(liquid manure handling 
systems)  

30,000 or more  9,000 - 29,999  less than 9,000  

chickens other than 
laying hens (other than 

a liquid manure 
handling systems)  

125,000 or more  37,500 - 124,999  less than 37,500  

laying hens (other than 
a liquid manure 
handling systems)  

82,000 or more  25,000 - 81,999  less than 25,000  

ducks (other than a 
liquid manure handling 
systems)  

30,000 or more  10,000 - 29,999  less than 10,000  

ducks (liquid manure 
handling systems)  

5,000 or more  1,500 - 4,999  less than 1,500  

 

4.4 Behavior of  Antibiotics and other Pharmaceuticals in Water Systems 

Although many antibiotics and other pharmaceuticals are non-persistent and may readily break 

down in manure lagoons, parent compounds and degradates can remain present even with extended 

storage times (Burkholder et al., 2007). Some of  these compounds may be more bioactive than the 

original antibiotic (Daughton et al., 1999). This combines with accumulating concentrations of  those 

original compounds. Accumulation in sediment also allows for consistent release in to the water 

system. 

The concern with the persistence of  these antibiotics for humans is related to long term 

exposure. Although they are often in very low levels (micrograms or nanograms per liter), and acute 

health issues are not anticipated, there is concern related to possible unknown long-term health 

effects from continual low dosage exposure to these compounds (Burkholder et al., 2007). Additive 

effects of  continued exposure to multiple drugs in the same water system are also a concern as their 

combined effects could affect human health in unknown ways (Daughton et al., 1999). 
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In aquatic ecosystems, these compounds can produce unpredictable side effects.  Antibiotics are 

designed to work in a particular way in humans and livestock, but may affect aquatic organisms quite 

differently (Daughton et al., 1999).  For example, Sungpyo et al. (2007) found that the antibiotic 

ciprofloxacin mixed with the antiseptic triclosan and the surfactant tergito impacted the structure of  

the aquatic community by increasing the growth rate of  some types of  algae and decreasing the 

growth rate for other types of  algae. This disrupted the normal balance of  algal growth and caused 

shifts in the structure of  the algal community and its food web (Wilson et al., 2003). It was also 

found that a mixture of  the antidepressant Prozac, the painkiller ibuprofen and antibiotic ciproflaxin 

caused high toxicity in plankton, aquatic plants and fish (Wilson et al., 2003).  

 

4.5 Antibiotic-resistant Bacteria 

One of  the primary concerns regarding antibiotic presence in natural water systems is their 

effect on the prevalence of  bacteria and other microorganisms that display resistance to antibiotics 

and other anti-infectives. This resistance is defined by Segura et al. (2009) as “the ability of  a 

population of  microorganism cells to neutralize the toxic effect of  an anti-infective.”  Bacteria can 

become resistant via three routes. The first is through inheritance, the second through a random 

mutation that leads to resistance and the third through transfer of  genetic material between bacteria 

in the same vicinity which is known as “horizontal transfer” (Schmidt, 2002).   

Antibiotic-resistant strains of  bacteria are tracked by the FDA and United States Department of  

Agriculture (USDA) through the National Antibiotic-Resistance Monitoring System (NARMS). 

NARMS tracks resistant strains of  multiple bacteria, and began monitoring agricultural sources in 

2005. Currently strains of  Salmonella, Campylobacter and E. coli are being tracked through the NARMS 

program (NARMS, 2008). 

The consistent use of  antibiotics imposes selective pressure on antibiotic-resistant bacteria by 

removing non-resistant bacteria so the resistant bacteria can multiply more freely (Akkina et al., 

1999). In this way, the livestock industry may be exacerbating one of  the issues it seeks to avoid 

through antibiotic usage which is, as noted previously, to prevent or reduce the release of  zoonotic 

pathogens into the environment through livestock production (Akkina et al., 2009). Bacteria that are 

found downstream from CAFOs have been found to express higher levels of  resistance to 

antibiotics commonly used in livestock and humans (Sapkota et al., 2007).  
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In a study done by Singer et al., (2006) the phenotypes, or visible characteristics, of  observed 

resistant bacteria reflected the types of  antibiotics used in livestock production. Specific bacterial 

plasmids, which are rings of  deoxyribonucleic acids (DNA) that are not chromosomes but are able 

to replicate themselves (Wordnetweb, 2011), were thought to be responsible for this resistance. One 

study identified resistance to at least one antibiotic in 85% of  E. coli that were recovered from a 

manure lagoon associated with a swine CAFO (Sapkota et al., 2007). The concentrated nature of  

CAFOs also allows for greater prevalence of  infection by resistant bacteria due to close physical 

contact (Akkina et al., 1999).  

Antibiotic resistant bacteria also tend to proliferate in the gut of  treated livestock. In a study 

conducted by Alexander et al., (2008) cattle were tested for prevalence of  antibiotic resistant E. coli 

bacteria related to administration of  specific antibiotic treatments and different diets. They found 

that 40% of  cattle entering the experiment were already shedding resistant E. coli prior to 

administration of  any antibiotic, but the amount of  ampicillin and chlortetracycline resistant bacteria 

increased as the two compounds were administered to the cattle. The study also found that cattle fed 

grain-based diets shed a higher amount of  resistant E. coli. This is significant as CAFO cattle are 

often fed grain-based diets because these diets produce faster growth. This study reinforces that 

CAFO environments are breeding grounds for resistant bacteria, and antibiotic administration 

increases the prevalence of  these bacteria.  

While studies like this clearly establish a connection between antibiotic administration to 

livestock and antibiotic resistance in manure, the effects on antibiotic resistance of  the low levels of  

antibiotics dissolved in water is less clear. A study by Munoz-Augayo et al., (2007) evaluated the 

effects of  chlortetracycline presence on the proliferation of  resistant bacteria in a simulated river 

ecosystem. This study did not find that antibiotic concentrations in the water itself  increased 

proliferation of  resistant bacteria. However, Munoz-Augayo et al., (2007) did note the limitations of  

their study in that the system was kept in an aerobic state and most tetracycline resistant bacteria 

have been found to proliferate in anaerobic conditions. It was hypothesized that accumulation of  

antibiotics in the sediments of  these water systems may have a stronger effect in selecting for 

antibiotic resistant bacteria because these bacteria are more likely to exist in the anaerobic 

environment the sediment provides.  
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The table below lists antibiotic classes that are commonly used in commercial livestock 

production. Those highlighted in orange are also considered important, highly important or critically 

important antibiotics for human usage by the World Health Organization (WHO) (WHO, 2007). 

Cells that are not highlighted are either used strictly in livestock treatment or not commonly used in 

human medical treatment. 

 

Table 2 : Antibiotics commonly used for sub-therapeutic treatment in swine, poultry and beef cattle production  as 
listed in Chee-Sanford et al.,  2007 

Antibiotic Class Livestock Type Antibiotic Class Livestock Type 

Aminoglycosides Swine, poultry, beef cattle Streptogramins Swine, poultry, beef cattle 

Β – Lactams Swine, poultry, beef cattle Sulfanomides Swine, poultry, beef cattle 

Chloramphenicol Beef cattle Tetracyclines Swine, poultry, beef cattle 

Ionophores Poultry, beef cattle Glycolipids (Bambermycin) Swine, poultry, beef cattle 

Lincosamides Swine, poultry Carbadox Swine 

Macrolides Swine, poultry, beef cattle Aminocoumarins 
(Novobiocin) 

Poultry 

Polypeptides Swine, poultry Aminocyclitols 
(Spectinomycin) 

Swine, Poultry 

Qinolones (and 
Flouroquinolones) 

Poultry, beef cattle   

 

 

4.6 Preservation of  Antibiotics for Medical Treatment Act (PAMTA) and Supporting Documents 

  Concern regarding bacterial resistance to medically necessary antibiotic compounds led to 

the introduction of  the Preservation of  Antibiotics for Medical Treatment Act (PAMTA).  The act 

was introduced on March 17th, 2009 by Representative Louise Slaughter with 127 co-sponsors 

(GovTrack, 2011). 

 PAMTA proposed to amend the Federal Food, Drug and Cosmetic Act in order to deny 

approval for antibiotics used in animals. The Secretary of  Health and Human Services would be 

required to deny application for a new drug unless the applicant were able to prove with reasonable 

certainty that there is no risk to human health from the development of  resistant bacteria.  The act 

also requires withdrawal of  currently approved drugs that do not meet the above criteria within two 

years of  enactment (GovTrack, 2011). This bill made it to committee on July 13th, 2009 but has not 

yet moved further along the path to enactment likely due to resistance from pharmaceutical and 

agricultural lobbies (see appendix) (Govtrack, 2011). 
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 The changes proposed by the PAMTA legislation have been bolstered the by recently 

published Food and Drug Administration (FDA) guidance for farmers, but PAMTA is opposed by 

several powerful industries. The American Farm Bureau Federation (AFBF) opposes the legislation 

stating that antibiotics are vital to the health and productivity of  livestock (AFBF, 2009). The Animal 

Health Institute (AHI), a lobbying organization for pharmaceutical companies such as Bayer and 

Pfizer, maintains a similar stance also stating that the ban on sub-therapeutic use of  antibiotics in 

livestock in Denmark has led to higher rates of  animal illness and death and a 135% increase in 

therapeutic use of  antibiotics (AHI, 2009). 

The United Kingdom, Denmark and Sweden were successful in banning some sub-therapeutic 

use of  antibiotics, but the implementation of  these bans came after the Mad Cow Disease scare. 

This crisis created what Kingdon would call a policy window (Kingdon, 1984) in many European 

countries as there was an incident where a farmer was infected with the same antibiotic-resistant 

bacteria as his poultry (FMI, 2007). This policy window made it much easier politically to implement 

any kind of  policy concerning health risks and livestock. A lack of  this policy window in the United 

States, and Minnesota, will make it more difficult to get a full ban pushed through politically. 

The European Union (EU) and Denmark were sued for their bans by Pfizer Animal Health and 

AlPharma, Animal Health Division. The United States Supreme Court dismissed the suit at that 

time, but it is an indication of  the view of  pharmaceutical companies on banning antibiotics (Hayes 

et al., 2001). 

The Denmark case is an often used example of  successful commercial production without sub-

therapeutic use of  antibiotics. Denmark may seem a small case, but Denmark comprises 17% of  

world pork production and 22% of  world bacon and ham production (Hamann, 2006).  Hayes’ et al. 

(2001) also did a study on the Swedish ban on antibiotics for pork production and found that the 

ban had the least impact, in terms of  lost productivity and animal mortality, on those with proper 

buildings and hygiene. 

The Danish livestock industry has reported that percentage of  resistant bacteria has either 

remained the same or decreased, depending on the bacteria, but the therapeutic use of  antibiotics 

has continually increased (DANMAP, 2007). This study shows that, although increased therapeutic 

use is needed, the goal of  the ban has been achieved, though perhaps not to the degree originally 

hoped. 
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4.7 Organic Farming  

Subsidizing alternative farming methods such as organic farming could also be an option to 

incentivize lower antibiotic usage. While the majority of  livestock farming is still conducted in 

CAFO situations, there has been growth in organic and sustainable farming methods due to the 

sustainable agriculture movement (Ikerd, 2005). Certified Organic livestock are required to be raised 

without antibiotic regimens and without continually confined conditions. Organic farming requires 

more space per animal and higher quality feed, so the price of  the meat is often higher than that of  

conventionally produced meat, which may be a deterrent for the use of  organic farming methods. 

The United States Department of  Agriculture (USDA) National Organic Standards Board 

(NOSB) defines organic agriculture in this way: “Organic agriculture is an ecological production 

management system that promotes and enhances biodiversity, biological cycles and soil biological 

activity. It is based on minimal use of  off-farm inputs and on management practices that restore, 

maintain and enhance ecological harmony…” (USDA, 2007). In order for a producer to be Certified 

Organic their operation must “…have been produced and handled without the use of  synthetic 

chemicals…” (Organic…, 1990). 

 Because of  the requirement for avoiding continually confined conditions, organic livestock 

production requires more land use than CAFO production. For example, the National Organic 

Standards Board (NOSB) requires that at least 30% of  the food intake for organically raised cattle 

be derived from grazing. There is little information on the number of  acres per cow needed for 

partially grass-fed cattle, but the general estimate for entirely grass-fed cattle is 2.5-3 acres of  land 

each. 30% of  that number gives a minimum range of  0.75-0.9 acres per cow (AMS, 2010). This is 

much higher than feedlots which may have around 0.01 acres per cow (Harner and Murphy, 1998). 

Thus, organic cattle production requires 0.74-0.89 more acres per cow than CAFO production. 

Organic farming in Minnesota has been growing since 2002. The Minnesota Department of  

Agriculture (MDA) 2010 report on the Status of  Organic Farming to the legislature noted that, as of  

2008, 0.68% of  all farms in Minnesota are organic, totaling 566 mostly concentrated in Wright 

county (see Figure 3). This is just above the national average of  0.66%. The percentage of  products 

sold that are organic has risen from approximately 1% in 1999 to approximately 4% in 2009, and it 

has been reported that the purchase of  organic meat is still rapidly growing in popularity. 
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Figure 3: Location of  Certified Organic Farms in MN, by County (MDA, 2009)  

 

Organic farming falls under the umbrella of  “sustainable agriculture” which has been a 

recognized movement in the United States since the 1980s. It stemmed from a combination of  

farmers being concerned with rising cost of  synthetic fertilizers, petroleum products and other 

inputs, rural organizers being concerned with the effect financial crises on local farms have on the 

community and environmentalists concerned with degradation of  soil and water resources caused by 

commercial agricultural practices (Ikerd, 2005). The term “organic” was not used commonly until 

the 1980’s but there have always been advocates of  sustainable agriculture (USDA, 2007). The 

organic food movement has been especially strong in the Obama administration as First Lady 
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Michelle Obama has taken a stance on healthy living and started advocating for organic and local 

foods as well as healthy school lunches (Swarns, 2009). Consumer concern with the introduction of  

Genetically Modified Organisms (GMOs) to the agricultural field has also affected the political 

agenda as those concerned with GMO consumption support organic farming methods (OTA, 

2001). Concern over possible health and environmental effects of  GMOs have opened a policy 

window that may make passage of  legislation benefitting organic practices more likely (Kingdon, 

1984). 

A national cost share program for organic certification is currently in place. This program was 

enacted with the Food, Conservation and Energy Act of  2008 and provides up to 75% cost-share 

up to $750 for the cost of  becoming Certified Organic (USDA, 2008). 

 

SECTION FIVE 

Alternatives 

 To address the issue of  antibiotic loading to natural water systems from commercial 

livestock operations, this analysis will analyze four different policy alternatives. These alternatives are 

organized behind three strategies. The first is to control the source of  antibiotic loading by 

decreasing or eliminating antibiotic administration to livestock,  the second is to control the 

environmental loading and the third is business as usual. 

 

Strategy one: control the source of  antibiotic loading 

1) Implement a full or partial ban on sub-therapeutic use of  antibiotics. This alternative would 

involve banning use of  antibiotics used at sub-therapeutic levels for growth and/or 

banning the use of  antibiotics that are used commonly in humans for use in livestock.  

2) Subsidize organic farming methods. This alternative would involve subsidizing organic 

farming methods in an effort to encourage movement away from CAFO farming. 
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Strategy two: control antibiotic loading to the environment 

3) Expand National Pollution Discharge Elimination System and State Disposal System permitting 

requirements. This would relate to management of  production and manure storage areas in 

order to control antibiotic loading. This alternative would involve implementing 

requirements to control antibiotics such as manure composting. 

 

Strategy three: business as usual 

4) The status quo 

SECTION SIX 

Criteria 

 The following criteria were used to as a guide to evaluate the alternatives using the evidence 

outlined above. These criteria were derived from commonly used criteria suggested in Dr. Eugene 

Bardach’s Eight Fold Path for Policy Analysis (2005) and tailored to this analysis. Each alternative 

will be ranked on a range of  1-5 and the results will be evaluated using an outcome matrix described 

in the Methodology section. 

 Effectiveness in mitigation or prevention: Suitable alternatives must effectively mitigate effects of  

antibiotics in the water system, or effectively prevent anti-infectives from reaching the water 

system. This is the most important criteria in this analysis due to the fact that an alternative 

that is ineffective at mitigation or prevention does not address the problem central to the 

analysis. 

 Feasibility for Farmers: Implementation feasibility for livestock farmers is a necessary element 

of  a practicable alternative. Imposition of  any change to farming practices will require both 

time and capital input from livestock farmers, alternatives must be feasible for farmers to 

implement while still maintaining their business. 

 Cost Effectiveness: Alternatives must be cost effective in terms of  benefits received for 

resource input. 

 Public Acceptance:  Cost of  meat products resulting from chosen alternatives must be 

acceptable to the public. 
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 Political Feasibility: Appropriate alternatives must be feasible within the current political 

climate in order to be considered for implementation. The current political climate is 

affected by public mood, the influence of  powerful lobbies and the priorities of  those with 

political agenda setting power (Kingdon, 1982). 

 Equity: Valid alternatives will be equitable in that no particular stakeholder will bear an 

unequal share of  the burden of  making a change. 

 

SECTION SEVEN 

Analysis 

 This section includes the analysis of  the proposed alternatives via the criteria set forth in the 

previous section. 

1)  Implement a full or partial ban on sub-therapeutic use of  antibiotics  

This alternative would involve either a complete ban on sub-therapeutic levels of  antibiotics, 

similar to that enacted in Denmark, or a partial ban on use of  medically important antibiotic 

compounds in livestock similar to the changes proposed by PAMTA and the FDA guidance to 

farmers. 

 

Evaluation by Criteria: 

 Effectiveness in mitigation or prevention: Decreasing the levels of  antibiotic compounds 

administered to livestock would be quite effective in decreasing antibiotic loading to natural 

water systems from this particular source. If  it is not administered originally, it cannot enter 

the water system.  

Banning certain antibiotics that are important to human medical care would be 

effective in lowering the risk of  producing bacteria resistant to those antibiotics simply by 

lowering the amount of  exposure. This may decrease the medical risk to humans, but will 

not protect against antibiotic-resistant zoonotic diseases that may emerge. A partial ban also 

does not address the possibility of  bacteria that are resistant to antibiotics mainly used in 

livestock and their possibility of  zoonosis.3 

                                         
3 Zoonosis is the transfer of pathogens between animals and humans. 
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 Feasibility for Farmers:  Banning use of  antibiotics entirely would increase production costs to 

farmers in terms of  therapeutic drugs necessary due to the absence of  preventative 

medication causing lower production yields during the adjustment phase. A complete ban 

will be difficult for farmers to implement without changing farming methods due to the 

increased chance of  disease transmission in CAFOs.   Farmers will also have higher costs for 

sick animals if  it is required that a veterinarian dispense all therapeutic antibiotic compounds. 

Banning certain antibiotics that are used in both livestock and humans would not 

increase production costs to the same degree as a full ban as preventative medication and 

growth rates would remain, but may present additional expense as alternative antibiotic 

compounds may be more expensive than those commonly used.  

The cost of  adjusting production to an antibiotic ban is likely to be highest in the 

beginning stages, before normal advancements and/or other growth promotion and health 

techniques can be applied. Productivity is expected to be regained once the adjustment is 

made, but cost of  the adjustment itself  will not be recoverable (Hayes and Jensen, 2003). A 

subsidy or tax break system may help to minimize adjustment costs to livestock producers. 

 Cost Effectiveness: The current research base on this subject is dedicated to swine production, 

so cost estimates for beef  and poultry are not available. An example of  cost for swine 

production is provided by a 2003 Iowa State Study that determined a ban on sub-therapeutic 

levels of  antibiotics would increase the cost of  disease treatment in swine by $4.50 per hog 

per year, an approximate $700 million dollars over 10 years in the United States. (FMI, 2007).  

The country of  Denmark has taken this route and banned all sub-therapeutic 

antibiotics, and found that overall price of  production rose by approximately one percent, 

with the bulk of  increased costs being incurred in the weaning stage when piglets required 

higher levels of  therapeutic antibiotics to treat disease (FMI, 2007), productivity levels also 

decreased in the initial stage of  the ban but increased again as the system adjusted (Love et 

al., 2011).  

 Public Acceptance: The public has shown their concern with antibiotic usage in livestock 

production. For example, a petition calling for a ban on sub-therapeutic uses of  antibiotics 
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and use of  medically important antibiotics was submitted to the FDA in 1999 signed by 53 

health experts and 43 organizations (CSPI, 1999, 2000).   

 The one question in the public acceptance area is that of  cost. Antibiotic-free meat 

products will increase production cost. Demeritt (2009) conducted a study to examine 

willingness to pay higher prices for organic meat products. The study concluded that 65% of  

consumers were willing to pay up to 30% more for an organic product. This may also 

translate to antibiotic-free non-organic products.  

 Political Feasibility: There is strong resistance in the political arena from powerful agricultural 

and pharmaceutical lobbies that claim the sub-therapeutic use of  antibiotics is necessary for 

the health and safety of  the animals (see appendix).   

This idea may be more politically visible due to bans in the United Kingdom, 

Denmark, and Sweden having been successfully implemented. Also, in the United States, 

McDonald’s Corporation has already moved in this direction in 2004 by requiring their 

suppliers to stop using 24 different growth supporting antibiotics used in both animals and 

humans (FMI, 2007). With a large corporation like McDonald’s and their producers already 

on this track it may be slightly easier to introduce. Visibility is also increased by the fact that 

PAMTA was introduced to the House of  Representatives in 2009, but has not passed into 

law (Govtrack, 2011). 

Antibiotic resistance may be more visible politically due to bans in European 

companies and the introduction of  PAMTA at the federal level, but resistance from 

agricultural and pharmaceutical lobbies significantly decreases the political feasibility of  

either option presented in this alternative. 

 Equity:  Farmers will bear a heavy portion of  the burden for this alternative as maintaining 

their livestock without sub-therapeutic use of  antibiotics will require more labor and 

veterinary expense on their part. Pharmaceutical companies will also bear a large part of  the 

burden of  this alternative as they will lose sales from banned antibiotics. However, the cost is 

equitably balanced when the value of  clean water as a public good is taken into 

consideration. Still, a subsidy, tax break or other such program to ease the transition for 

these farmers may be advisable.  
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Projected Outcomes and Tradeoffs 

 Transitioning immediately into a complete ban on sub-therapeutic use of  antibiotics in 

Minnesota will face resistance from powerful agricultural and pharmaceutical lobbies and the trade 

off  of  increasing the price of  consumer products during a recession. A ban on certain types of  

antibiotics may be more politically feasible as it does not incur the same increased cost as a full ban 

and at least one large corporation, McDonald’s, is already requiring this of  its producers, but will still 

face opposition from powerful lobbies. It is notable that maintaining antibiotic use in livestock 

production may affect the ability of  the United States to trade overseas as other countries may prefer 

to import meat products that are either antibiotic free or free of  sub-therapeutic use of  antibiotics. 

It may, then, be strategic to accept an antibiotic ban in order to compete with Denmark, Sweden and 

the EU (Hayes et al., 2001).  However, implementing a ban on a state level may have a negative effect 

on the state economy as new operators may not enter the market, instead favoring states that do not 

have antibiotic restrictions. 

 Although it is argued that production costs would increase through implementation of  a full 

or partial ban, these costs are balanced by the potential for decreasing the estimated 4 billion dollars 

spent on managing the threat presented by antibiotic resistant bacteria (Akkina et al., 1999). This cost 

includes a decreased need for more antibiotic compounds that may be required to treat antibiotic 

resistant bacteria that are costly to develop and produce, and present higher risk to patients in terms 

of  toxic side effects. There may also be lower cost to society in terms of  lost work days and the 

value of  lost lives resulting from antibiotic resistant bacteria. When the perspective is widened it is 

clear that implementing either a full or partial ban will not be as costly to society as those in 

opposition may claim. These alternatives are quite cost effective when the negative externalities 

caused by antibiotic use in livestock production are taken into account.  

 Trade-offs associated with a full or partial ban are associated with lower production due to 

decreased animal weight and potential increased mortality in farms not properly implementing Best 

Management Practices, which may lead to higher priced meat products. Combining the 

implementation of  at least a partial ban with a subsidy to incentivize organic farming methods could 

make this easier on the farming community, mitigate increased prices in consumer products and 

have the added benefit of  moving toward more sustainable farming practices.   
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 While this issue is growing in visibility, supported by the results of  cases of  currently 

successful bans, FDA guidance and public concern, the strong opposition from agricultural and 

pharmaceutical lobbies that enjoy the status quo makes political feasibility of  this alternative low.   

 

2) Expand subsidies for organic farming methods. 

The increased need for and usage of  antibiotic compounds in livestock production is 

attributable to the trend toward CAFOs. With so many animals kept in close quarters more 

opportunities for disease transfer and selection for resistant bacteria exist (Akkina et al., 1999). It is 

clear that the antibiotic compounds currently used in commercial livestock farming have the 

potential to cause serious problems.  

However, these commercial farmers have little incentive to change their practices. Increased 

prevalence of  antibiotic-resistant bacteria and negative impacts on natural water systems do not 

affect their everyday life or farming practice. Impacts for these are seen on a larger economic picture 

as a negative externality. The farmer reaps all the benefits without being noticeably affected by the 

negative externality threatening society at large.  

 For this reason, subsidizing alternative farming methods such as organic farming could be 

part of  the solution. Subsidies allow farmers to produce livestock using low antibiotic levels without 

either sacrificing their bottom line or drastically increasing the price of  their product.  

 Minnesota already has some small subsidies promoting conversion to organic farming, 

largely supplied through allocating federal funding in addition to the federal cost-share program for 

the cost of  becoming Certified Organic (USDA, 2008), however a cost-share only up to $750 is 

unlikely to have an impact on existing CAFOs. This alternative involves expanding subsidies 

currently offered to make organic farming even more appealing, likely through allocating a portion 

of  the State budget. 
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Evaluation by Criteria: 

 Effectiveness in mitigation or prevention: If  the subsidy adequately incentivizes the use of  organic 

farming methods it will have a positive impact on the amount of  antibiotic compounds 

reaching natural water systems. If  a higher percentage of  farmers choose to produce without 

using antibiotics, the antibiotic loading will decrease. Currently 0.68% of  all livestock 

operations in Minnesota are organic (MDA, 2010). 

 Feasibility for Farmers: The cost of  producing livestock organically is higher than that of  

CAFO production using antibiotics. While increasing numbers of  consumers are willing to 

spend the extra money for organic food many are not, particularly lower-income families. A 

subsidy would allow farmers to produce organically while keeping costs lower to keep prices 

reasonable for a larger range of  consumers. 

 Cost Effectiveness: The exact cost of  subsidies would depend on the level to which state 

legislators choose to subsidize. Subsidies may keep costs of  organic products at a lower level. 

Organic food production does have higher production cost but current market prices for 

organic products maintain profitability in most areas. There is, however, limited specific data 

on the organic meat/poultry industry (MDA, 2010). 

 Public Acceptance:  Sales of  organic meat products have increased in the past decade. Demeritt 

(2009) found that 65% of  consumers are willing to pay 30% more for organic meat/poultry 

and the MDA reports that purchases of  organic products are currently rising (MDA, 2009).   

 Political Feasibility: Expanding subsidies for organic farming may be difficult due to 

opposition from agricultural lobbies. Many argue that organic farming is not environmentally 

friendly due to decreased land efficiency. 

 Equity:  This subsidy would be equitable to all parties as the burden would not be unequally 

imposed on any individual stakeholder. Farmers would be voluntarily responding to 

incentivization, and the government would only need to pay those who take advantage of  

the program. 
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Projected Outcomes and Tradeoffs 

 While subsidizing the use of  organic farming methods and other methods that do not use 

antibiotics would be effective in decreasing antibiotic concentrations in natural water systems, it may 

be difficult to convert entirely to a system that does not employ feedlots.  Non-concentrated farming 

methods require larger amounts of  land, and with current food crises in many nations there is 

concern with allowing for the decreased yield associated with organic farming methods. 

While grazing livestock instead of  feeding them in CAFOs minimizes the need for antibiotic 

therapy there are other concerns associated with raising cattle on rangeland. Organic farming is 

presented as highly environmentally friendly, but larger Certified Organic companies still need to 

find ways to maximize the amount of  product they can offer at a reasonable price.  

Large tracts of  land are needed and heavy grazing may be the result of  a large movement 

toward grass fed cattle. Cattle grazing impacts watersheds by decreasing vegetative cover and 

trampling the edges of  any stream beds the cattle have access to, and decreased vegetative cover due 

to moderate to heavy grazing lowers the ability of  the vegetation to slow runoff  and thus increases 

erosion and deposition of  suspended sediment into streams. Stream bank trampling modifies stream 

morphology and disturbs the stream bank increasing erosion and sedimentation of  the stream 

(Bengeyfield, 2007).  

Manure management also remains a concern in terms of  nutrient loading and fecal bacteria 

present in natural water systems. Organic farming does achieve the objective presented in this paper, 

but does not entirely address all these issues. Measures will need to continue to be taken to prevent 

excess nutrient loading to natural water systems if  this alternative is selected. 

While it is still unlikely that the largest CAFOs will convert to organic production methods, a 

subsidy may allow smaller CAFOs to move toward organic methods and effectively decrease 

antibiotic loading. 
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3) Expand NPDES and SDS permitting requirements relating to management of  production and 

manure storage areas in order to control antibiotic loading. 

This alternative would involve the addition of  antibiotic loading regulations to the currently 

existing nutrient loading regulations imposed by the NPDES and SDS permitting systems. 

Additional requirements would involve a requirement to compost all manure in such a way as to 

produce the optimal environment for microbes that degrade antibiotics, maximum antibiotic levels 

that may be present in manure before it may be applied to agricultural fields as fertilizer to ensure 

that the degradation process is being maximized, and lowering the minimum flood event at which 

discharge from a CAFO is allowed. 

 

Evaluation by Criteria: 

 Effectiveness in mitigation or prevention: Expansion of  NPDES permitting has the potential to be 

effective by acting to prevent discharge of  antibiotic contaminated manure into water 

systems. Lowering the flood minimum and requiring composting have the potential to 

prevent antibiotics from reaching water systems. Correct composting may be able to almost 

entirely break down some antibiotic compounds in manure (Durham, 2008). As manure is 

the main source of  antibiotic loading from livestock production decreasing concentrations in 

manure would have a positive result.   

Manure composting also has the added benefit of  reducing the proliferation of  

antibiotic resistant bacteria in manure by maintaining an aerobic environment, as resistant 

bacteria are found to proliferate most freely in anaerobic environments (Munoz-Aguayo et 

al., 2007). 

 Feasibility for Farmers: It will be difficult and costly for farmers with currently operating 

manure management systems to modify their practices to meet new regulatory requirements 

immediately. Costs are quite high, especially those associated with extra labor required for 

maintenance of  compost piles. If  implemented, it would be reasonable to allow a certain 

time period in which changes can be made, or allow some operations to continue their stat 

us quo using special criteria while requiring all new manure management systems to comply 

with new regulations.  There is a federal cost-share program, the Environmental Quality 
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Incentives Program (EQUIP), in place that provides funding for farmers who enter into 

conservation agreements with the NRCS. The availability of  this funding increases feasibility 

for farmers. 

 Cost Effectiveness:  

The largest cost associated with changes in the NPDES and SDS permitting 

programs will be costs to farmers in making modifications to operations, specifically manure 

management systems. The EPA has estimated costs of  manure management systems for 

large cattle operations. A comparison of  the cost of  lagoon vs. composting systems is shown 

in the following table. 

Table 3: A comparison of lagoon and composting manure management system costs 

for large cattle operations. (EPA, 2001) 

 Synthetically Lined Lagoon Manure Composting 

System (best for antibiotic 

removal) 

Capital Costs $1.2 million $9,000 

Annual Operation & 

Maintenance Cost 

$61,000 $1.5 million 

Total cost for a 

10-year period 

$1.8 million $15 million 

 

This table displays the main reason that lagoon systems have been chosen over 

composting systems. It’s a simple case of  cost efficiency. Composting systems require more 

labor and maintenance on a regular basis, so upkeep is much more expensive (EPA, 2001). 

Costs to farmers associated with modifying manure management systems and 

upgrading flood protection measures could be mitigated by phasing changes in over a 

reasonable time period. Incentive programs currently in place also aid in the transition to 

more sustainable practices such as composting. 

Government costs incurred with increasing or modifying regulations are often 

related to labor costs within regulatory agencies associated with implementing changes. As 

the MPCA already has a framework set forth to regulate nutrient loading from CAFOs, 

adding antibiotic control requirements should require only minor modifications. In order to 
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estimate potential costs for promulgating new rules, a relatively similar regulation change was 

examined. The cost is presented in terms of  full-time-equivalent (FTE) which is the 

equivalent of  wages for one full-time (40 hours per week) staff.  When the MPCA proposed 

to implement changes to the Subsurface Sewage Treatment Systems (SSTS) rules in 2007 the 

first year start-up costs were estimated to be 0.5 FTE and ongoing costs were estimated to 

be 0.25 FTE per year (MPCA, 2007). This is fairly reasonable in terms of  implementation 

costs, and it is expected that implementation costs would be similar for changes to the 

NPDES and SDS permitting programs. 

Although implementation cost would be reasonable to the MPCA, the cost to 

farmers of  changing current practices is very high despite existing Federal cost-share 

funding. However, these costs are balanced out by reduction of  the negative externality 

caused by antibiotic resistant bacteria and chemicals in drinking water. 

 Public Acceptance: The public is interested in decreasing antibiotic usage in livestock (CSPI, 

1999, 2000) but may be against higher cost meat products resulting from increased cost to 

farmers of  manure management systems and other modifications. 

 Political Feasibility: This alternative would likely provoke opposition from agricultural lobbies 

due to increased production cost to farmers associated with modification to their operations, 

and the subsequently more expensive product that may result in lower demand. 

 Equity:  Due to the increased investment and labor required for manure composting as 

opposed lagoon management as is currently favored will place a financial burden on farmers.  

This cost is distributed equitably when the value to society of  clean water as a public good is 

taken into account. However, cost-share programs to aid in maintenance costs may be a 

advisable.  

 

Projected Outcomes and Tradeoffs 

 From a governmental implementation perspective, current NPDES and SDS permitting 

systems provide an excellent framework with which to begin regulating antibiotic levels in manure.  

Modifications to manure management requirements, manure fertilizing regulations and permissible 

flood discharge levels could be easily added on to current requirements. These additions should 
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neither substantially increase the workload of  MPCA regulatory staff  nor require large budgetary 

influx. However, increasing the number of  requirements that need to be reviewed by regulatory staff  

without increasing staff  numbers may present a trade-off  in that less time will be available to 

examine each requirement and the quality of  work may be lowered. 

 Required physical modifications to livestock operations will present high cost to farmers, 

especially modification of  manure management systems.  A phase-in process combined with 

EQUIP cost-share funding to offset implementation costs may be an option to increase feasibility 

for farmers.  Because of  this high cost of  implementation for farmers, agricultural lobbies are 

expected to oppose any proposal to implement this alternative.  

 

4) The status quo 

The status quo is cost effective and feasible for farmers. It is also politically feasible as the issue of  

antibiotic loading is not currently considered a crisis that requires policy action.  While support for 

organic farming is gaining momentum with the public, it is unlikely that the public will have a strong 

reaction at this time if  no control method is implemented.  The status quo is not an acceptable 

alternative, however, because it does not meet the effectiveness criteria and will continue to allow 

antibiotic loading to natural water systems, thus it does not resolve the problem this analysis is 

focused on. While this issue has yet to rise to crisis proportions it will likely do so in the future if  the 

status quo is maintained.  

 

SECTION EIGHT 

Discussion and Recommendations 

An outcome matrix was used in this evaluation to organize and evaluate criteria. Each 

criterion was ranked on a scale of  1-5, with 1 being the lowest ranking and 5 being the highest 

ranking. 
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Table 4: Outcome Matrix 

Criteria Effectiveness Feasibility for 
Farmers 

Cost 
Effectiveness 

Public 
Acceptance 

Political 
Feasibility 

Equity 

Full Ban on 
Antibiotic Use 

5 3  3 3 1 1 

Partial Ban on 
Antibiotic Use 

3 3 4 4 1 2 

Organic  
Subsidy 
 

3 5 3 3 1 4 

Expand 
Permits 

3 2  2 3 1 2 

Status Quo 1 5 3 3 5 3 

  

Based on a review of  the projected outcomes and trade-offs along with the above Outcome 

Matrix, all alternatives, even the status quo, score similarly according to the criteria used in this 

analysis. The difficulty with these alternatives is that almost all, save organic subsidies and the status 

quo, involve an increase in production cost to the farmer.  Every alternative also has strong lobbies 

from the agricultural and pharmaceutical industries in opposition.  

In terms of  effectiveness, which is the criterion that is most important in determining the 

success of  an alternative, instituting a full ban on antibiotic use would be best.  A full ban would 

eliminate all antibiotic loading from CAFOs and would be the most effective option. This alternative 

also has the added benefit of  reducing the amount of  resistant bacteria proliferating in the digestive 

systems of  livestock.   However, opposition from agricultural and pharmaceutical lobbies and the 

possibility of  economic damage resulting from CAFO operators choosing not to bring new business 

into the state do not allow it to be a recommendable alternative at a state level.  Agriculture is a 

critical sector of  the Minnesota state economy, and must be maintained. 

In examining the outcome matrix it would appear that the status quo is the best option, as it 

has moderate to high scores in most categories. However, it scores very low in the most important 

category, which is effectiveness. In order to address the problem around which this analysis is 

focused, it is imperative that the chosen alternative be effective in mitigating or preventing antibiotic 

loading to natural water systems. Because of  this, the status quo is not an acceptable alternative and 

is not recommended.  

With the status quo discarded, a dual approach is recommended combining a partial ban to 

be implemented prohibiting the use of  medically important antibiotics in livestock with expansion 
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of  organic subsidies. These alternatives are designed to control the source of  the antibiotics, and 

prevention appears to be cheaper than mitigation in this situation. This approach will not ultimately 

solve the problems presented by antibiotic presence in natural water systems, but is a good 

beginning.   

A partial ban involving restriction of  the use of  medically important antibiotics in livestock 

addresses the most pressing concern of  antibiotic resistant bacteria. Antibiotic resistant bacteria 

pose the most immediate threat to human health as well as the most cost to society in terms of  lost 

work days and increased hospital stays so it is logical to work toward alleviating that threat first. This 

alternative both lowers concentrations of  these antibiotics in the natural water system and may 

decrease the amount of  bacteria resistant to medically important compounds proliferating in the 

digestive system of  livestock. This approach has low political feasibility due to opposition from 

agricultural and pharmaceutical lobbies, but is the most effective approach to maintain the value of  

medically important antibiotics.  

Expanding subsidies for organic farming is a way to address the antibiotic loading problem 

by incentivizing farmers and corporations to move toward more sustainable farming practices. This 

is a moderately effective way to attempt to lower antibiotic usage. Current subsidies are likely not 

sufficient to make an impact on larger CAFO operations, but expanded subsidies combined with 

increasing demand for organic meat products may give companies more incentive to  modify their 

practices.  

While the alternative involving changing NPDES and SDS permitting requirements scores 

low in this analysis, the concepts included in it should not be entirely dismissed. Once further 

research is conducted to determine the effectiveness of  manure composting for relevant 

compounds, exploring possible cost-share options or other methods to incentivize moving toward 

manure composting systems may be worth examining in the future.  Exploring options for 

controlling and documenting antibiotic dosage may also be a good option, and further research is 

needed concerning the effect of  low level concentrations of  multiple pharmaceutical compounds on 

human and ecosystem health. 

 

\ 
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APPENDIX 

Stakeholder Analysis 

In order to integrate the needs and concerns of  all stakeholders into this analysis, a stakeholder 

analysis was conducted. This stakeholder analysis was used to aid in evaluating political feasibility, 

public acceptance and equity. 

In terms of  political feasibility the most influential stakeholders involved in this policy problem 

are those with the most power and money to invest towards influencing policy to move in their 

desired direction. These stakeholders include the farming community, specifically the lobbies that 

defend the community, legislators and pharmaceutical companies. As outlined in the table below, 

agricultural lobbies and pharmaceutical companies will both be against many of  the policy options 

presented in this analysis as most options involve either decreased revenue for pharmaceutical 

companies or increased cost to farmers.  Decisions made by legislators have the most impact, but 

legislators must take into account the political sway possessed by agricultural lobbies and 

pharmaceutical companies. It is also possible that agricultural lobbies and pharmaceutical companies 

may form an alliance to prevent changes that affect their costs and profits. 

This problem has been brought to the attention of  major stakeholders through the introduction 

of  the PAMTA bill to the House of  Representatives on the federal level.  It is just becoming visible 

to the general public, but has been identified as a problem by environmental agencies and interest 

groups for at least ten years.  

While environmental interest groups and, increasingly, government agencies are giving attention 

to this issue, the most influential stakeholders in terms of  money and power are against movement 

away from the status quo. While some stakeholders, such as public health organizations, water 

management organizations and consumers who are concerned with clean water as outlined in the 

table below will be supportive of  policy changes due to concerns about human and environmental 

health, others will be concerned with the economic costs involved with the presented policy 

alternatives.
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Table 4: Stakeholder Analysis Matrix 

Stakeholder Involvement Interest Power/Impact Stance 

Livestock Farmers 
 

These are those who own and manage livestock 
operations. 

High: Any development in this area 
will affect these stakeholders 
profoundly, and all alternatives 
present increased production 
costs.  

Low: Individual farmers do not 
have a 

Against: These stakeholders are 
concerned with increased cost of 
production. 

Ag Lobbies (AFBF) 
These are those who politically represent and 
lobby for agricultural businesses. 

High: Any development in this area 
will affect the stakeholders they 
represent. Their concerns are 
generally in line with those they 
lobby for. 

High: Ag lobbies often lobby for 
multiple large businesses and the 
capital from the combined 
businesses affords them a great 
deal of power. 

Against: These stakeholders are 
responsible for protecting the 
interests of the industries they 
lobby for. 

Government 
Regulatory Staff 

These stakeholders will be responsible for 
implementing and enforcing any changes to 
the permitting program and ensuring that any 
technology implemented is properly 
maintained. 

High: Permitting program 
modifications and extra regulations 
will directly affect this stakeholder 
group. 

Low: Regulators do not generally 
have more power than any other 
taxpayer. 

Varies: Depending on current 
workloads some regulators may 
be supportive while others are 
not. 

Consumers/ Taxpayers 
These stakeholders consume the livestock 
product and pay the taxes that will support 
any kind of cost-share or subsidy program. 

Moderate: Consumers and 
Taxpayers are concerned with both 
higher priced food products and 
higher taxes. 

Moderate: While these people 
elect legislators, they do not have 
direct influence on the process.  

Varies: Many are willing to pay 
higher prices for organic products 
or taxes to support 
environmental regulation, but 
others believe in minimal 
government and cheap food. 

Water Drinkers 
This group encompasses members of the 
general public who are concerned with water 
quality. 

High: Pharmaceuticals pose 
potentially serious risks to the 
water quality in the state of 
Minnesota, as well as the United 
States as a whole. 

Moderate: The power of the 
general public comes through 
electing and influencing 
legislators. 

Pro: Modifications to the 
current system are likely to 
have a positive effect on water 
quality. 

Government Agencies 
 

Government agencies (MPCA) will be 
responsible for allocating budget money and 
integrating policy alternatives into their 
programs. 

High: Permitting program 
modifications and extra regulations 
will directly affect this stakeholder 
group. 

Moderate: Agencies have a higher 
level of impact in the political 
sphere than individual staff. 

Varies: Support for modifications 
may depend on budgets, many of 
which are overextended, and 
staffing. 

Legislators 
These are the political leaders who will 
consider any recommended changes to law and 
implement as they see fit. 

Moderate: Antibiotic loading is not 
at a crisis level; so many legislators 
may not have extensive knowledge 
of the problem. 

High: Legislators are the only 
stakeholder with the power to 
change law. 

Varies: Those that are most 
concerned with environmental 
problems may be supportive, 
others may be indifferent. 
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Pharmaceutical 
Companies/Lobbies 
AHI,  PhRMA 
 

Pharmaceutical companies manufacture and 
sell antibiotic compounds for use in livestock 
production. 

High: Reducing antibiotics in feed 
or farming practices affects their 
bottom line. 

High: Pharmaceutical companies 
and the lobbies that represent 
them command significant capital 
and influence. 

Against: Decreasing/banning 
antibiotics in feed and 
encouraging organic farming may 
reduce their profit.  

Water Advocacy 
Organizations (WAOs) 

WAOs are interest groups that work to have 
laws passed that protect water systems and 
water quality.  

High: Pharmaceuticals have begun 
to show an effect the water 
systems WAOs are organized to 
protect. 

Moderate: Certain WAOs may 
command the capital and 
influence necessary to push a bill 
through, but not all. 

Pro: This problem is in line with 
the mission of many WAOs. 

Public Health 
Advocates/Advocacy 
Groups 

These stakeholders are concerned with the 
possible health risks presented by increased 
antibiotic resistance and long-term low-level 
exposure. 

High: These risks, antibiotic 
resistance especially, have the 
potential to have a significant 
impact on public health. 

Moderate: Some advocacy groups 
command the influence to move 
their projects up the political 
agenda, but not all. 

Pro: Changes to antibiotic use in 
livestock may lower the risks of 
antibiotic resistance and long-
term low-level exposure to 
antibiotic compounds. 
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