Literature Review on the Environmental Impacts of Equine Operations

Animal Components

One of the chief components related to waste excretion is the concentration of nutrients in the diet and the overfeeding of diets. (NRC, 2007).  Work with dairy cattle has indicated (Valk et al. 2001; Wu et al., 2001; Knowlton and Herbein, 2002) that phosphorous levels can be reduced in the diet without influencing animal performance.  This has been incorporated into the latest dairy NRC (2001).  Work with swine and poultry has shown that dietary modifications (Maguire et al., 2006), the use of low phytate feedstuffs (Powers et al., 2006), or the use of phytase enzymes (Angel et al., 2005) in swine or poultry diets can reduce the level of nitrogen and phosphorus excretion in the waste.   Phytase is an enzyme that can break down the indigestible phytic acid (high in phosphorus) in cereal grains and release the phosphorus for use by swine or poultry.  Microbial action in the ruminant guts breakdown phytic acid without the use of phytase.

Phosphate from manure can buildup in the soil (Pierzynsk, 1994) and may run off into waterways resulting in concern to the environment.  When it enters into waterways, phosphorus can have a significant impact on aquatic plant growth (Sharpley et al., 1994) and lead to eutrophication.  Eutrophication is a nutrient enrichment that occurs in waterways as a result of excess phosphorus or nitrogen.  It can lead to excessive growth – and decay – of aquatic plants and may lead to toxic conditions for the life in the waterway ecosystem.  Nitrogen and phosphorus from agriculture has been shown to lead to this nutrient enrichment and eutrophication. 

Less research has been completed with horses on the subject of the excretion of waste or excess nutrients.  The latest Horses NRC (2007) indicates diet composition will influence the amount and composition of waste.  Topliff and Potter (2001) indicate that diet influenced the excretion of nitrogen and phosphorus in performance horses.  Diets (NRC, 2007) are often formulated to provide a safety factor that will cover any other dietary shortfall.  Although this may seem like a practical measure, it may have a deleterious environmental impact.  

Water and Air; The Environmental Protection Agency (EPA) regulates animal waste under both the Clean Water Act (CWA) and the Clean Air Act (CAA).  Under the CWA horse farms may be designated as Concentrated Animal Feeding Operations (CAFO) and required to seek coverage under a National Pollution Discharge Elimination System (NPDES) permit.  The EPA defines horse farms as CAFO’s in three categories (NRC, 2007), small, medium, and large.  The threshold for medium and large CAFO’s is 150 and 500 animal units respectively.  (One Animal Unit = 1,000 pounds of live weight.)  Under new rules released in 2008, all livestock farms that discharge or have the potential to discharge into water bodies may have to obtain discharge permits and may have to develop nutrient management plans that must be reviewed publically.  This could especially be a concern for horse farms.  If animals are confined for more than 45 days and there isn’t adequate vegetation on pastures, then farms could be defined as CAFOs and become subject to possible discharge requirements of the CWA.  

The EPA regulates livestock farms by requiring that large livestock farms report ammonia emissions.  Most, if not all, horse farms would not be large enough to trigger this requirement, although tracks and training centers could be affected.  Of chief interest in the excretion of nitrogen and the conversion of urinary nitrogen (urea) into gaseous ammonia or the breakdown of protein in fecal material into amino acids and converted into gaseous ammonia (Galloway, 1998; Galloway and Cowling, 2002; Galloway et al., 2002, 2003; Oenema et al. 2001)

The breakdown to ammonia in urine can occur very quickly following urination.

Once emitted into the atmosphere, ammonia can undergo chemical changes in the presence of atmospheric nitric or sulfuric acids. These will form particulate matter complex (NRC, 2002, 2003) or bioaerosols of less than 2.5 microns. These, called PM 2.5, have been shown to be of health concern, especially for people who already have any kind of respiratory compromise.  Elevated ammonia concentrations in horse stalls (Pratt et al., 1998) may be related to upper respiratory disease and poor performance.

Ammonia is fairly short-lived in the atmosphere (NRC, 2003).  Unlike nitrous oxide (N2O) which is also released from animal excretions and can remain in the atmosphere for up to 100 years with a global warning potential 296 times that of carbon dioxide (IPCC, 2001).  Nitrous oxide emissions from animals make up about 1/3 of anthropogenic (from human sources) Nitrous oxide worldwide (NRC, 2003).

A final nitrogenous compound is nitric oxide (NO).  Release from livestock and manure is probably minor, but more significant when applied as fertilizer to soil (NRC, 2003).  It can react atmospherically and contribute to PM 2.5.  These nitrogenous compounds make up what Galloway et al. (2002) call “reactive nitrogen”.  This term refers to nitrogen that has been fixed from the atmosphere by microbiological processes or by industrial nitrogen fixation through the Haber-Bosch process.  Galloway et al. (2002) argue that there has been a great buildup in the reactive nitrogen in the past 100 years (since the advent of industrial nitrogen fixation/Haber-Bosch process).  These reactive species migrate into waterways and the atmosphere and have subsequent effects.  Atmospheric ammonia can find its way back to earth as acid rain and nitrates in the soil may find their way into ground water and result in human exposure. “Blue baby” syndromes in humans can result from nitrate exposure (US EPA, 1999).

Whether or not the Galloway et al. (2002) concept of reactive nitrogen is correct, it nevertheless points out one of the challenges in nitrogen management for livestock.  If nitrogen is overfed through elevated dietary concentrations or overfeeding or if nitrogen fertilizes are over applied, the amount of nitrogen supplied to the environment will increase.

Methane and volatile organic compounds, which bath can result in odors, are also produced (NRC, 2003).  Horses are not a significant generator of methane.  Nitrogen, because of its air and water effects and phosphorous, because of water effects are the primary nutrients of concern.

Pathogens;  According to the Horse Industry Handbook (1994), horses produce far less coliform bacteria per day then do other species;  horses produce 297 million coliforms per day compared with sheep - 18 billion, cattle – 5-4 billion, and dogs 7.8 billion.   And according to the NRC (2008), horses are not a likely source of either the more toxic form of E. coli (0157:H7) or of Listeria.  Miner and co-workers (2000) found that 95% of fecal streptococcus and coliforms in feedlot runoff were removed through a vegetative filter.  They also said that inidicator bacteria such as fecal coliform or fecal streptococcus seldom travel more than six feet in a well established pasture or grazing area.  

According to a 2001 USDA National Animal Health Monitoring Service report, Salmonella was found on .08% of the operations and in .02% of the horses in the northern region of the United States.  Nationwide 9.4% of farms with greater than 20 horses, 2.9% of farms with 6-19 horses, and less than 0.1% of farms with less that 6 horses had at least one fecal culture positive horse.   There is some concern in horses about protozoal diseases such as cryptosporidiosis, and ​​​​​giardiasis.   One study (Forde et al., 1997) found .33 % of horses were carrying Cryptosporidiosum parvum and in the same study they found .66 % of horses carrying Giardia.  This means that 1 horse out of 300 was carrying Cryptosporidia and 2 horses out of 300 were carrying Giardia.    In a study of backcountry recreation horses, which might be expected to have access to Giardia or Cryptosporidia, Johnson et al. (1997) found that none of the 91 horses had Cryptosporidium or Giardia oocysts.  One project looked at the use of buffer strips (Atwill et al. 2002) and showed that when slopes were less then 20 % with good ground cover (they used tall fescue grass) and a buffer strip length of  3 meters in length or greater, this was sufficient to remove 99.9 % of Cryptosporidium parvum oocysts.  Tate et al. (2004) also found that the use of vegetative buffers can reduce the spread of waterborne Cryptosporidium parvum on extensively grazed grasslands. 

.  

Animal Management

The use or implementation of appropriate manure management practices can help to further reduce the risks that animal waste will contaminate water or air.  Manure on horse farms is generally stored solid.  The Horse Facilities Handbook (MWPS, 2005) describes manure storages.  Some form of composting is often conducted on horse farms.  Composting has the advantage of reducing the volume of material, breaking down indigestible material into a plant unusable form, reducing moisture levels, eliminating many odors and resulting in a product that is easier to manage and may potentially be marketable (NRAES, 1999).  Its chief disadvantage environmentally is that the breakdown of organic matter during the composting process will result in the loss of nitrogen as ammonia, resulting in atmospheric ammonia loss and in a reduced ratio of nitrogen to phosphorus for plant uptake, whenever the compost pile is turned (NRC, 2007).

A variety of bedding sources are used for horses.  These are reviewed in the Horse Facilities Handbook (MWPS, 2005).  Wood products are becoming the bedding of choice for many equine producers.  Ward et al. (2001) studied the use of bedding and determined bedding effectiveness.  These researchers found that processed newspaper could be an effective bedding source.  The advantage of straw for availability and ease of disposal was hurt by the fact it tended to be less absorbent in a stall.  Pratt et al. (1998) found ammonia in stalls to be a health concern.  In some regions of the country (Westendorf and Krogmann, 2006) straw bedded horse manure is in demand on mushroom farms.  It is composted and makes on excellent medium for growing mushrooms.  The chief disadvantage of wood products is the slow breakdown of wood in the manure a compost pile, or in the soil.  Manure bedded heavily with wood shavings or chips may actually have a negative impact on the soil.  Because it will take so long to break down, it may affect other processes in the soil.
Most horses are pastured.  The use of sacrifice areas and properly vegetated pastures are essential for equine production.   A sacrifice area is an area set aside for animal traffic, feeding, watering, exercise, etc. (Westendorf, 2008).  The area may be completely unvegetated and unmaintained.  It should be located near housing areas and far from any water bodies that could become contaminated.  This area can help to reduce overgrazing, overstocking, etc. of regular pastures Small farms often spread manure on pastures (Bellows, 2001).  Because of this, both recycled manure deposited by horses and manure spread by the farmer will influence the buildup of nutrients in the soil and any recycling through forage grass legumes.

Pasture raised animals have traditionally not been considered to pose a water quality risk.  However, pasture raised horses can pose a concern for non-point source pollution.  Miner et al (2000), indicate there are two main water pollution concerns when animals are on pasture.  First is when animals defecate directly into steams or channels that may lead to streams or lakes.  The second is related to the loss of vegetation from animal trampling and long-term-stand loss related to poor fertility management.  This loss of vegetation destroys the natural filtering effect that a good grass cover would provide.  The long-term goal of pasture management should be to maintain a dense grass and legume cover throughout a pasture.  This will have at least three effects.  First, the dense grass and legume cover will provide better nutrition for horses.  Second, the lusher, better growing pasture will utilize more manure nutrients for growth.  Third, the grass cover will buffer and filter nutrient flow and reduce losses into water.  As described above, Miner et al. (2000), Atwill et al. (2002) and Tate et al. (204) all showed that vegetative cover was very effective in filtering pathogens.  Good vegetative growth on pastures is essential for effective horse production benefiting both horses and the environment.

In addition to the dietary effects on waste excretion, overall feed management can also influence nutrient management (Westendorf and Williams, 2007).  Design of feeders, availability of water, and quality of feed and forage can all influence nutrients excreted in the waste.  Feeding in elevated feeders is one of the best strategies to reduce feed loss.  Animals fed on the ground will require more feed and feed wasted on the ground will probably end up in the manure pile.

Stocking rate, grazing duration, rotational grazing, management and type of forage grasses and legumes will also affect the interface between horses, manure, and the environment on pasture.  Animal health and parasite control should be added as well.  The use of riparian buffers is also important (Miner et al. 2000).
Soil

Recommendations for land applications of horse manure and composted horse manure should be based on prior assessment of their effects on soil and water quality (Edwards et al., 1999; Pernes-Debuyser and Tessier, 2004; Flores et al., 2005; Ferreras et al., 2006). In the context of this project, soil quality is directly associated with an increase in soil organic matter, water infiltration rate, and water retention in the root zone. A recent evaluation of a long-term experiment showed that horse manure improves soil quality (Pernes-Debuyser and Tessier, 2004), which results in more plant available water, less runoff, and reduced losses of nutrients. In addition, an increase in organic matter content may mitigate climate change by increasing carbon sequestration in soil.

Water Quality

Waste accumulated for livestock operations represents a significant potential source of nutrients and bacteria to adjacent receiving waters.  When waste is released from an agricultural facility it will accumulate in receiving waters leading to potential outbreaks of diseases that are present in fecal material or eutrophication from enhanced inputs of phosphorus and nitrogen. Animal manures can contain numerous pathogens that are potentially harmful to humans (Azevedo and Stout, 1974).  Eutrophication is the most common impairment of surface waters in the United States (USEPA, 2008).  In aquatic systems, high concentrations of these nutrients can lead to excessive production which can result in several impairments such as toxic algal blooms, anoxia, fish kills, loss of biodiversity and other impairments (Carpenter et al., 1998).  

Nutrients

Stormwater runoff from livestock areas has been found to contain high nutrient concentrations.  The nutrients present in the waste of a single 1000 lbs horse in a day are 0.31 lbs of nitrogen and 0.072 lbs of phosphorus (Godwin and Moore, 1997).  Even in small equine operations this represents a significant potential load to receiving waters.  Airaksinen (2007) measured the nutrient concentrations in the surface run-off water from paddocks in spring, after seven months of use. They were 3.4–18.8 mg/l for total phosphorus, 3.0–15.0 mg/l for phosphate and 18.3–140.0 mg/l for total nitrogen. Although nutrient measurements in runoff are from equine facilities are limited, measurements from cattle operations have been collected and appear to be on the same scale.  Water quality measurements collected from surface runoff of a 2.3 ha feed lot with 380 beef animals revealed  concentrations of NH4-N and TN as 108 and 177 mg L), respectively (Yang & Lorimor, 2000).  measurements collected from a larger operation showed the mean concentrations of TN, NH4-N and TP to be 211–301, 51.7–95.3 and 43.5–75.3 mg L)1, respectively, in the run-off from a soil floor feedlot of 43 ha with 12 000–25 000 animals (Kennedy et al., 1999).  Larney et al. (2006) investigated the impact of manure handling upon the potential for nutrient release.  They found that total nitrogen (TN) concentration was not affected by handling treatment while total phosphorus (TP) concentration increased with composting.  This indicates that composting allowed transport of two times as much P as fresh manure and 1.4 times as much P as stockpiled manure on an “as is” basis.

High livestock densities often result in soil and groundwater nutrient contamination because the amounts contained in the animal manures exceed the capacity of the local agricultural land base to utilize them for crop production (Power and Schepers, 1989), and because it is often not economical to transport manure far from the animal operations (Eghball and Power, 1994).  A study conducted by Uusi-Kämppä (2002) investigated the nutrient accumulation in the soil and beneath cattle feedlots and showed that when the pens had been used for 1–2 winters, the mean contents of P, NH4-N and NO3-N in the surface soil (0–5 cm) were 14, 73 and 3.0 mg/l respectively, compared to only 3.0, 4.2 and 0.06 mg l–1 in the control forested area.

Elevated phosphorus concentrations in the soil result in a greater potential for phosphorus runoff to aquatic ecosystems (Fluck et al. 1992).  The dominant phase for phosphorus in runoff is absorbed to soil particles (Daniel et al. 1993, Sharpley et al. 1994).  These particles are then suspended in runoff during storm events and carried to lakes, streams and rivers.  In most fresh water systems phosphorus is the limiting nutrient for growth and thus the primary cause of eutrophication.  Although nutrient measurements in the soil of equine facilities are generally unavailable, measurements taken in a cattle feedlot after 

Nitrogen is transported in runoff in both the dissolved and particulate phases.  The phase is dependent on the species of nitrogen in the runoff.  Total kjeldahl nitrogen and ammonia are often found bound to clays and organic sediment while nitrate is usually found in the dissolved phase (Davis et al., 2001). Thus nitrogen can travel in surface water, but also infiltrate and travel through groundwater.  For most temperate estuaries and coastal ecosystems, nitrogen is the limiting nutrient for primary production (Howarth, 1988).

Bacteria

Runoff from livestock facilities are the major agricultural practices contributing to bacterial pollution (Crane et al., 1983; Baxter-Potter and Gilliland, 1988). Weaver et al. (2005) measured the concentrations of fecal streptococci and E. coli in fresh and dry manure from horses on farms in southern Idaho. The concentrations for fresh and dry manure were 2.95 x 105 cfu/g and 1.38 x 106 cfu/g fecal streptococci and 6.17 x 104 cfu/g and 6.31 x 105 cfu/g e. coli. These concentrations were similar to those measured for cattle in the same study.  Although there is little research conducted on the impact of equine fecal contamination in runoff, the subject has been investigated for cattle.  The studies described herein are examples of that research.

Since fecal bacteria do not dissolve their transport through groundwater is limited.  However, overland transport during storm events is well documented.  Crowther et al. (2002) measured presumptive coliform (PC), presumptive Escherichia coli (PE) and presumptive streptococci (PS) concentrations at 43 sampling points, and on their relationship with land use and livestock-related management practices in their respective catchments, such as grazing and slurry/manure applications. The results show >10-fold elevations in geometric mean fecal-indicator concentrations under high-flow conditions, compared with low flow, with maximum high-flow geometric mean PC, PE and PS concentrations of 2.6_106, 1.8_106 and 4.4_105 cfu/100 ml, respectively. (Crowther et al., 2002).  

Fecal bacteria are washed off of pastures when it rains and have been shown to be a persistent source of bacteria to receiving waters.  Muirhead et al. (2005) investigated the behavior of E. coli bacteria in runoff from cow manure piles to determine the impact of agricultural practices on receiving water resources.  Cowpats contributed to overland flow for more than 30 days after being placed, and most of the E. coli organisms eroded from manure piles in a readily transportable and un-clustered manner.  Only about 8% of the E. coli cells were attached to particles.

Treatment of fecal contamination using best management practices have been completed successfully (Inamdar et al., 2002).  A significant reduction in the geometric mean concentrations of fecal streptococci was shown in surface water samples after BMP implementation.  BMPs included stream fencing, manure storage and nutrient management.  This study was conducted for mixed landuses.  Nicholson and Murphy (2005) conducted a study to investigate the effectiveness of BMP implementation by the equine industry in the San Francisco Bay area.  A BMP assessment of 18 equestrian facilities was conducted to detect the level of actual or potential pollutant sources discharged from these facilities. Overall, 16 of 18 facilities exhibited minimal to no discharge potential. There were 13 of 18 facilities effectively using BMPs to eliminate discharge. Of the remaining facilities that had partially effective or non-effective BMPs, 3 of 5 had minimal potential for discharge due to efficient manure management practices and/or small amounts of manure.

