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1 Introduction 
 

In the United States, 2.5 billion pounds of pork are produced every year
1
. That figure is expected 

to rise as the pork industry markets itself from a food security point of view. Pigs are not 

associated with either mad cow disease or bird flu, and therefore their consumption rate is 

expected to rise. 

 

At the same time, the pork industry has been under fire for its environmental impacts, 

particularly its manure management deficiencies. Organizations such as PIRG (Public Interest 

Research Group)
2
 and Environmental Defense

3
 have taken on pork-related environmental 

impacts as part of their portfolio of environmental concerns. Mass releases of pork manure from 

lagoons in North Carolina moved the state to enforcement programs requiring environmental 

management systems on the farm for some producers and voluntary programs for others.
4
 

Smithfield Farms, as a result of administrative action has developed a corporate wide 

environmental management program
5
. 

 

In order for an environmental management system to be effective, it must address all the 

environmental issues of the production process. Life Cycle Assessment (LCA) provides a 

science-based and comprehensive assessment of the environmental impacts of a product system. 

An environmental management system based on LCA would have the potential to improve all 

the environmental impacts of a production system, or at least show the tradeoffs between choices 

for environmental improvement. 

 

The Institute for Environmental Research and Education (IERE) has developed an EMS program 

based on LCA for agricultural products. That program is called Earth Sure
TM

 and has these 

elements: 

1. Education for producers about the environmental impacts of agriculture 

2. Development of an EMS for each farm or ranch, conforming to ISO 14001. ISO 14001 is 

an international standard that describes the steps necessary to have and to document an 

EMS. 

3. Semi-annual auditing of the EMS 

4. Measurement of environmental performance on an annual basis using LCA conforming 

to ISO14040 series standards 

5. Provision of a Type III ecolabel that compares the farm product with the national average 

for that product. A type III ecolabel is the outcome of the LCA. An ISO technical report, 

TR 14025 describes this kind of product assessment. IERE performs the LCA and 

provides the EarthSure
TM

 ecolabel through internet disclosure and a label on every meat 

package. 

6. Annual disclosure of environmental performance and key elements of the EMS via the 

internet. 

 

The EarthSure
TM

 program does not set acceptable levels of performance, but simply reports the 

performance with the intention of using disclosure and market forces as the spur to improved 



  2 

performance. The ecolabel is not a claim of overall superiority of one product over another, but 

simply provides the ecoprofile on an indicator-by-indicator basis. 

 

The intent of the IERE program is that the formats and assumptions of this analysis will be held 

constant over the next several years, with the LCI data to be updated over time, and with impact 

assessment tool improving over time. The audience is all interested parties, including pork 

consumers. 

 

2 Goal and Scope 

2.1 Goal 

The goal of this LCA study is to support the EarthSure
TM

 program by providing a transparent and 

reproducible LCA of US average pork production, and an LCA for pork from a particular farm. 

The audience is farmers, the public and policy-makers. 

 

The ecolabel program does not provide a comparative assertion of the overall superiority of one 

product over another or over the national average. Instead, it discloses performance on an 

indicator-by-indicator basis. 

2.2 Scope 

 

The scope of the study is the pork life cycle from cradle to gate. Transport from the pork 

processing plant to the wholesale and retail locations is not included nor are further meat 

processing and packaging issues and the impacts of cooking. These elements of the lifecycle are 

not included because they are not expected to be different for producers in the EarthSure
TM

 

program versus those not in the program. The impacts of veterinary services are excluded except 

that the use of antibiotics and hormones is included. The production of buildings and equipment 

are also excluded from the analysis. The figure below shows the system boundaries. 

 

 
Figure 1 System boundary for pork production 
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2.2.1 System Function and Functional Unit 

 

The system function for this study is edible pork meat and the functional unit is a pound of pork, 

as dressed weight. The functional unit is appropriate for all raw pork meat products such as 

chops, loins and ribs. This meat may undergo further processing before entering the retail 

market, for example, breaking, butchering, salting, smoking and combination with other 

materials to produce sausages hams and other pork products. As noted above, since these 

processes would be the same for pork products in the EarthSure
TM

 system as outside of it, they 

are were excluded in this analysis. It is anticipated that processing will be included in further 

studies.  

 

Although there are other portions of the animal that enter into commerce, such as the skin, head, 

trotters and offal, all environmental impacts and inventory are allocated to pork meat, because 

this provides a consistent basis between pork production systems and because the animal co-

products are of low value. In times of market disruption, the co-products are disposed of through 

composting or rendering. 

 

2.2.2 Reference Flow 

 

The reference flow for the model was the lifetime production of a single sow and her offspring. 

A single sow produces on average seven litters of piglets over her lifetime and 7.9 surviving 

piglets from each litter
6
. The results shown in this report are expressed ñper sowò except where 
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they are expressed per pound of meat, the functional unit. ñPer sowò means all the meat 

production of the sow and her 55 offspring. 

2.2.3 Data Quality and Cutoffs 

 

Almost all the data used in this study is publicly available, either through the several branches of 

the Federal government or through the efforts of local agrarian researchers. With a few 

exceptions (noted in the text), none of it was more than 5 years old. Over 99 percent of the total 

mass data was included, and all the information about particularly toxic materials such as 

hormones and pesticides was retained. Ancillary wastes such as bags and containers were 

ignored, because they represent much less than one percent of the total waste of the system. 

Waste from the slaughter and all waste from animal production are retained. 

 

The primary source of data for the report is the several reports of the National Agricultural 

Statistics Service (NASS). NASS surveys the crop production system through direct surveys of 

farmers. As much as 90 percent of the farm production of a given crop may be surveyed. 

Typically, at least half of a crop is surveyed. The surveys are done at different frequencies, 

ranging from annual to every five years. Some of the NASS data included in this report are: 

¶ Area planted 

¶ Area harvested 

¶ Yield per acre 

¶ Agricultural chemicals applied (fertilizers & pesticides) 

¶ Mass of active ingredients applied 

¶ Pest management systems (frequency of use) 

¶ Irrigation rates 

¶ Percent of GMO crop grown 

¶ Hog production rates 

¶ Livestock transportation  

¶ Use of hormones (type and amount) 

¶ Use of antibiotics (type and amount by life stage) 

 

We have ignored the mineral resource depletion for all minerals having at least 200 years of 

reserve base. This resulted in no case of mineral resource depletion, since the elements needed 

for agriculture are very abundant in the earthôs crust. 

 

English units are used throughout this report. Wherever possible the results are expressed as 

mass/mass units, thus permitting easy conversion to SI units. 

2.3 Impact Categories and Models 

 

The impact categories evaluated were chosen from a combination of the US EPA FRED
7
 

(Framework for Responsible Environmental Decision-Making) tool, a NIST (National Institute 

of Standards and Technology) BEES (Building for Environmental and Economic Sustainability) 

model, simple inventory results and one model developed by IERE. More complicated models 

exist, e.g. in the EPA TRACI
8
 (tool for the Reduction and Assessment of Chemical and Other 
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Environmental Impacts) tool, but we found that there was a mismatch between the inventory data 

and the characterization model. Either the inventory detail required was more than was supplied 

by the available inventory data, or the characterization factors were not available for the more 

detailed inventory data. All these tools (BEES, TRACI, FRED) are based on the aggregation of 

many different life cycle models. TRACI and FRED tools were both developed by EPA. They 

aggregate life cycle impact assessment models. In some cases the models are identical (e.g. for 

climate change and photochemical smog formation). Unlike FRED, TRACI provides 

regionalized models. The TRACI model is integrated into BEES, but BEES includes other 

models including inventory models and economic models. 

 

The list of impact categories was posted on the internet, and several environmental list serves 

were invited to provide comments and review. Over 300 individuals responded, reviewing the 

list for completeness and appropriateness. The only suggestions for improvement lay in 

including social indicators in the list. Since the science of LCA does not at present include social 

indicators, that suggestion could not be implemented.  

 

The table below shows the list as well as the source of the model. The notation ñInventoryò 

means that the impact was expressed as an inventory result. In some cases this was done because 

no good models have yet been developed, in others it was done because the modeling required to 

encompass the entire of US pork production was well beyond the resources of this study. The 

result is a study that focuses more on inventory than on impact assessment. It is our intention to 

move more towards site-specific impact assessment as the EarthSure
TM

 program matures. 

 

Impact 

Category 

LCI 

Results 

Characterization 

Model 

Category 

Indicator  

Units 

Climate Change Greenhouse 

gases emitted 

Intergovernmental 

Panel on Climate 

Change, 100 yr horizon 

Infrared 

Radiative 

Forcing 

Mass CO2 

Equivalents 

Stratospheric Ozone 

Depletion 

Ozone 

depleting 

gases emitted 

Montreal Protocol Ozone 

Reduction 

Potential 

Mass CFC-

12 

Equivalents 

Acidification Acidifying 

substances 

emitted 

Stoichiometric 

Equivalency 

Acid 

equivalents 

Mass SO2 

Equivalents 

Eutrophication Nitrogen & 

phosphorus 

emitted 

Redfield Ratio Production 

of Biomass 

Mass PO4 

Equivalents 

Photochemical 

Smog 

NOx and 

speciated 

VOCôs 

emitted 

California Air Resource 

Board 

Maximum 

Incremental 

Reactivity 

Mass O3 

Equivalents 

Air -based Toxicity 

(PM-10) 

Particulate 

Matter emitted 

Inventory PM-10 

emissions 

Mass PM-10 

Aquatic Toxicity Toxic Use IERE- toxicity & 

persistence 

Toxic Units Volume/mass 

water 
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Impact 

Category 

LCI 

Results 

Characterization 

Model 

Category 

Indicator  

Units 

equivalents 

Fossil Fuel 

Depletion 

Fossil Fuel 

Use 

Nordic Guidelines Fuel 

Depletion 

Tons of Oil 

Depletion 

Water Use Fresh Water 

Use 

FRED (Inventory) Freshwater 

use 

Volume/mass 

water 

Soil Depletion Type of tillage 

used 

Universal Soil Loss 

Equation 

Soil eroded Mass soil 

loss 

Antibiotic Use Antibiotic Use Inventory Use Moles 

antibiotic 

used 

Hormone Use Hormone Use Inventory Use Mass 

Hormone 

used 

GMO Use GMO Use Inventory Proportion 

of crop is 

GMO 

Percent 

GMO 

Land 

Use/Biodiversity 

Non-near 

native  

Land use type 

Heinz Center 

Ecosystem Indicators 

Proportion 

of land in 

agricultural 

use 

Percent of 

land 

 

The section below describes the impact models used for the various environmental impacts. 

Those that are widely accepted and used are not described in detail. 

 

2.3.1 Climate Change 

 

Climate change was evaluated using the most recent Intergovernmental Panel on Climate Change 

(IPCC) Global Warming Potential (GWP) characterization factors
9
, using the 100-year horizon, 

and expressing the results as CO2 (carbon dioxide) equivalents. The most common substances 

are shown below. 

 

Greenhouse Gas GWP 

CO2 1.0 

Methane 23 

Nitrous Oxide 296 

 

 

2.3.2 Stratospheric Ozone Depletion  
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Ozone depletion was evaluated using the Montreal Protocol
10

 characterization factors, and 

expressing the results as CFC-12 (chlorofluorocarbon-12) equivalents. CFC-12 is a potent ozone 

depleter whose production has been phased out as a result of the Montreal protocol. 

 

2.3.3 Acidification 

 

The wet and dry deposition of acids and ammonia leads to acidification where soils are unable to 

neutralize the acid. As a result, aluminum is mobilized in these soils, and the aluminum inhibits 

the uptake of potassium by plant roots, leading to forest die-backs. Acid and aluminum can also 

find its way into rivers and lakes, where it can cause fish die-offs and other ecological effects. 

 

We have used the stoichiometric equivalents of the different substances to calculate the 

acidification potential, and expressed it in terms of sulfur dioxide (SO2) equivalents.  

2.3.4 Eutrophication 

 

Eutrophication is the over-growth of algae due to the addition of limiting nutrients to aquatic 

systems. The result is ecosystem changes, the production of large algal biomass and in extreme 

cases the depletion of oxygen as algal biomass decomposes. 

 

Eutrophication was evaluated following the Redfield Ratio
11

, and expressing the results as PO4 

(phosphate) equivalents. The Redfield Ratio is the ecosystems-level ratio of the primary nutrients 

found in algal communities and is valid for all aquatic systems. On an atom bases the ratio is 106 

carbon to 16 nitrogen to one phosphorus. 

 

2.3.5 Photochemical Smog 

 

We have calculated the ozone equivalents of photochemical smog using the work of the 

California Air Resources Board
12

 . This approach provides maximum incremental reactivity for 

ozone production (MIR) for the US average urban atmosphere. 

 

The model estimates the amount of ozone produced by each of hundreds of different volatile 

organic compounds and then sums the result of ozone production. 

 

2.3.6 Water Use 

 

Per the FRED approach, water resource use (the sum of fresh surface and well water) is shown as 

the indicator for water depletion. It is clear that there are research opportunities for evaluating 

US water resources one source at a time. Such data would much improve this analysis, and water 

depletion could be assessed in the same manner as other depletable resources. 
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2.3.7 Fossil Fuel Depletion  

 

The Nordic Guidelines
13

 for fossil fuel depletion are based on the 50-year horizon for global 

resource bases. In the past, natural gas has been modeled as including only those reserves in 

North America. However, per the US Energy Information Agency, about 15% of the US natural 

gas supply currently comes through liquefied natural gas, and efforts are underway to increase 

the capacity of the country to import natural gas, with a timeline of about 10 years. Thus the 50-

year global resource base has been used for natural gas as well as for the other fossil fuel 

sources. 

 

      (W)*T  W= Resource used 

 RDFT  =   ---------------  R = Known Economic Reserve 

          R     T = RDF time period, here 50 years 

      RDF = Resource depletion Factor 

 

The necessary data is available from the annually produced British Petroleum Statistic Review of 

World Energy
14

 . 

2.3.8 Air Toxicity 

 

Toxicity takes many forms. It can be air or water-borne, can affect any of the myriad parts of an 

organism, and can have a broad range of effects from irritation through instantaneous mortality. 

Different organisms have different responses to a given toxicant. In all cases, the toxic effects are 

mitigated by the stability and persistence of the toxicant in the environment.  

 

The best-documented and consistent information about air-based toxicity relates to particulate 

matter, which is known to cause asthma and other kinds of health problems.
15

 The concentration 

of particulate matter correlates well with other air toxics, such as carbon monoxide, sulfur 

dioxide and nitrogen oxide. While it is known that smaller particles are more toxic than larger 

ones, LCI data is usually lacking for different size classes of particulate matter. Thus we have 

chosen particulate matter as PM-10 as the indicator of air-based toxicity. Rather than modeling 

different dispersion of the particulates in the hundreds of different locations implied by a USA 

average energy grid, we have chosen to report the total emissions of PM-10.  

 

In this indicator, we follow the lead of the TRACI indicator, but lacking adequate inventory data, 

(e.g., we were not able to obtain consistent PM-10 and PM-2.5 data), we chose to use this 

simplification of the technique. 

 

2.3.9 Water Toxicity 

We have chosen to evaluate toxicity by looking at its aquatic toxicity for the most sensitive 

organism, and its persistence in soils or sediments. The logic behind this approach is that all 

organisms are worthy of protection, and that all organisms require water to live. The approach 

does not separate human sensitivities from that of other organisms: if humans are the most 

sensitive species, then the index is based on human toxicity. As a practical matter, we have 

chosen LC or LD-50ôs (lethal concentration or lethal dose at which half of the test population 
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dies) as the index of toxicity. One may argue that a ñNo Observable Effect Levelò is a better 

toxic endpoint than a lethal endpoint, but in practice there is a great deal more information about 

the lethal endpoints than for other endpoints, and the LC-50ôs appear to be a more stable and 

reproducible than NOEL endpoints.  

 

The persistence of a toxicant in soils or sediments is also commonly available data, especially for 

pesticides. Pollutants of almost all kinds tend to concentrate in soils and sediments and therefore 

the persistence in that medium seems a better estimate of the life of the toxicant than its stability 

in water or air. 

 

We have ignored the issue of bioaccumulation for the simple reason that it is only important to 

organisms at the top of the food chain. Thus all plants and all herbivores (the vast majority of 

biomass on earth) is unaffected by the bioaccumulation of toxicants, except indirectly through 

modification of populations of top predators. We judged that the impacts of ecosystem 

dislocation effects were too poorly understood to permit modeling of the secondary effect on the 

top predator levels. 

 

Combining toxicity and persistence gives us an indicator of toxic units. We calculate toxic units 

as: 

 

 

Where: 

 

TU = Toxic Units 

M = Mass of inventory result 

L = Integrated lifetime, in years; 

LC50 = Lethal concentration level in water (mass per volume) 

 

This model assumes that toxicants degrades exponentially in the environment, following the 

equation 

 

M t = Mo e
-kt 

 

Where: 

 

M t is the mass at time t, 

M0 is the mass at time 0, 

And k is the rate constant that describes the removal, in units of inverse time. 

 

50

1

LC
LMTU ³³=
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Evaluating at t equals infinity, and integrating the result over the entire time, t, we obtain: 

 

Where:  

 

M = Mass 

And the lifetime is the inverse of the degradation constant, k, or: 

 

 

The half-life, l is related to the lifetime as: 

 

 

 

The characterization factor for toxic units is measured in units of per annual volume. When 

multiplied by the annual use of a chemical, the units become volume. Thus, although this 

indicator is not based on a critical volumes concept
16

, it has results in comparable units. To 

maintain consistence with our mass/mass outcomes, we have expressed the results in mass of 

water, assuming that water has a density of one gram per cubic centimeter. 

 

In the case of toxics such as heavy metals that do not degrade, it is possible to apply this 

approach to looking at early diagenesis as metals become less bioavailable through 

biogeochemical reactions, especially sedimentation and bioturbation. Thus for example, in 

freshwater environments, sedimentation proceeds at about two centimeters per year
17

, and 

bioturbators are rarely more than 10 centimeters into the sediments
18

. For a more global 

perspective, oceanic sedimentation proceeds at about one millimeter per year, and bioturbation 

proceeds to a depth of about a meter. Thus a conservative estimate of the bioavailability lifetime 

of heavy metals in marine sediments is about 1400 years. 

 

In this study, we have evaluated the toxicity of pesticide use, rather than the toxicity of its 

emissions from a field. We recognize that the emissions from the field where the pesticide is 

applied can be modeled, but in order to appropriately model the emissions on a USA-wide basis 

we would have to model all corn and soy fields in the United States, an impractical task at the 

moment. General estimates of the release of pesticides from fields have ranged from as low as 

2% to as high as 65% of the applied pesticide. 

 

The characterization factors for the pesticides used to produce the feed crops for pork production 

are found below. 

 

 

k

M

t
M 0

0

=
¤
ñ

k
L

1
=
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2.3.10 Soil Losses 

 

Conventional agriculture causes soil losses as fields are plowed, breaking up the soil and 

disrupting the soil ecologies. Often chemicals fumigate and further disrupt the soil ecology. 

Chemical, biological and physical interventions combine to increase erosion of the soil. It has 

been estimated that the world resource base of topsoil is only 70 years
19

 due to poor farming and 

urbanization practices. 

 

Certain techniques decrease the losses of soils. No-till agriculture reduces erosion by 

approximately 80% over conventional corn and bean cultivation
20

. Calculating soil loss of a 

particular field can be done using the Universal Soil Loss Equation, but this requires information 

about soil types, slopes, planting and tillage practices.  

 

In 2003, the National Resource Inventory, based on an application of the Universal Soil Loss 

Equation to a sample of farms, estimated that the average crop land lost 4.7 tons/acre. 

 

In this assessment, we have followed the approach taken by NIST in evaluating the soil loss in 

agricultural areas, with some modification. We have estimated the soil loss for three different 

classes of management systems, following figures in the Universal Soil Loss Equation.  

 

 

Tillage Type 
 

Losses 
tons/acre 

Percentage 
of 2004 
acres21 

Average 4.7 100 

Conventional 9.3 37.7 

Conservation Tillage 2.3 38.7 

No-till 0.9 22.6 

 

For all row crops evaluated, the USA average figure from the 2003 National Resource Inventory 

was used, unless information about the different tillage types was available.  

 

2.3.11 Land Use/Biodiversity 

 

One can make a good argument that the largest impact of agriculture is the loss of biodiversity it 

causes. All agriculture replaces a natural ecology with an artificially and impoverished one, for 

the purpose of providing food and fiber for human use. 

 

Many indicators of land use have been developed which rely on occupation and intensity of land 

use. However, if the impact we are trying to measure is the biodiversity inherent in natural 

ecosystems, it is clear that what matters is not the amount of land we use, but rather the amount 

of land we conserve for biodiversity. Healthy ecosystems are appropriately sized for their type 

and are not fragmented. Within an agricultural landscape, we have the opportunity to provide 

such ecosystems, especially at land-water interfaces, for example at streams and their buffer 

zones. 
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We therefore have chosen to use the indicator developed by the Heinz Center
22

 which is simply 

the proportion of land in the agricultural landscape which represents native or near-native habits 

as measured by satellite data. This figure is 36% for the US average cropland. In order to have an 

indicator that moves in the same direction as the other indicators (less is better) we have reported 

it as the proportion of land in agricultural landscapes that is not native or near-native, i.e. 64% 

for the US average. Individual farms can be evaluated based on their own land cover percentage, 

so this is an indicator that is fully scaleable. The indicator is calculated based on the weighted 

average of the land used for the product system. 

 

The Heinz Center report also suggested that an index of fragmentation be developed based on 

adjacent pixels satellite land cover maps. We have applied that metric for island communities
23

. 

However, applying this technique to the entire country awaits further funding. 

 

Land inventory from the other parts of the life cycle (e.g. mining) are not included in this 

indicator, because they are very small
24

 compared to the amount of land used for agriculture to 

support the growth of the hogs.  

2.3.12 Antibiotic Resistance 

 

Conventional animal husbandry makes use of antibiotics as a growth promoter as well as for 

treatment of disease. The antibiotics are introduced in feed or water, and the animals may 

consume them daily. In the US, there are regulations requiring that antibiotics be withdrawn for a 

period of time before the animals are slaughtered, in order for the residues in the animals to fall 

to acceptable levels, thus limiting exposure of humans to these substances.  

 

The environmental impact of antibiotic use is that the gut bacteria of the animals become 

resistant to the antibiotics and thus create a large pool of antibiotic resistance on the farm and in 

the animal products. Because bacteria exchange genetic materials across species lines, antibiotic 

resistance in these benign bacteria can be introduced to pathogens. As an outcome of both 

antibiotics in feed and excessive medical use of antibiotics, antibiotic resistance is becoming a 

serious issue for human pathogens
25

, with tens of thousands of deaths per year in the United 

States from antibiotic-resistant bacteria.  

 

Because the details of the development of antibiotic resistance are not yet understood well 

enough to calculate the differences between different antibiotics, we have simply calculated the 

number of moles of antibiotic consumed over the life cycle of the animal, and compared that to 

the USDAôs survey of antibiotic use in the US. The underlying assumption is that a single 

molecule of antibiotic creates the same level of antibiotic resistance regardless of its molecular 

structure. This may or may not be true, but at least the measurement accounts of the different 

molecular weights of the antibiotics. 

 

2.3.13 Hormone Use 
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The use of hormones is treated in the same manner. Moles of hormones are calculated and 

compared to national average data. The impact of hormones in meat production is less clear than 

that of antibiotic use. Little research has been done on the ecological effects of hormone residue 

from animal production. Nevertheless there is a substantial portion of the public that desires 

hormone free meat, and this disclosure permits the public to see how this meat performs versus 

the national average. 

2.3.14 Gene Modified Organisms 

The same arguments apply to the use of gene modified organisms in the food chain. There are 

currently no gene-modified animals approved for production in the US. However, 40% of corn 

and 75% of soy beans grown in 2003 were gene-modified
26

. The pollen from some GMO corn 

has been shown to have a deleterious effect on Monarch Butterflies
27

, and as a result, such corn 

is required to be planted with buffer zones to minimize this effect. However, it appears that the 

effect on butterflies is small, and some studies found no effects that could be directly linked to 

the GMO corn
28

. It is not clear what, if any effect this has on the animal health and growth rates, 

but it is clear that GMO crops enable no-till farming methods and reduced use of pesticides. As 

with hormone use, a substantial portion of the public wishes to avoid GMO crops in their food, 

and this disclosure allows the public to see how this meat performs against the national average. 

 

Here again, we calculate the relative proportion of GMO feed stocks in the national average and 

disclose the use in that manner. 

 

3 Pork Life Cycle Inventory 
 

The life cycle inventory of pork production was calculated based on the lifetime production of a 

single sow. Over her approximately 3.8 year life cycle, a sow produces some 55 surviving piglets 

which when grown account for approximately 6960 lbs of meat (dressed weight)
29

. Typically, 

artificial insemination is used and the ratio of boars to sows is about one per hundred
30

. Since the 

boar only adds about 0.06 percent to the total meat production, it has been ignored in this 

assessment. 

 

To facilitate reading the inventory, tables of inventory data are found in the appendix, with 

hyperlinks provided in the text. 
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3.1 Industrial Production 

 
 

 

The unit processes upstream of the agricultural systems are the production of fertilizer, 

pesticides, electricity, fuel and transport. 

 

3.1.1 Fuel Production 

 

Over the pork product life cycle, the full range of energy products is used: electricity, diesel, 

gasoline, natural gas and LP gas. We have allocated the inventory for petroleum products on a 

mass basis. The inventory for fuel production was taken directly from the US Life Cycle 

Database. These data have not been formally peer reviewed. 

 

The inventory data include all fossil fuel production, transport and processing inputs and air, 

water and solid waste emissions. The represent a cradle-to-gate inventory for each fossil fuel. 

 

3.1.2 Transport 

 

The inventory for transport was derived from a combination of the US LCI database and the 

GREET1.7 model. In this analysis certain assumptions were made: 

Á All pipeline transport is one way 

Á All rail transport is one way 

Á All small to medium-size truck transport returns empty on haul-back 

Á Large trucks have empty haul-back 50% of the time. 

 

These assumptions are imbedded in the ton-mile estimates. 

 

GREET is a well-to-wheels fuel inventory model developed by the Department of Energy that 

provides only greenhouse gases and air emissions inventories. 

 

The US LCI database includes both data form a previous GREET version and also non-regulated 

emissions. 

 

According to the Census Bureau, the typical grain in the United States travels 850 Miles
31

. We 

have modeled that transport as 100 miles in a large truck, and the balance in a rail car. 

Pesticides 

Fertilizer 

Fuel Transport 

Electricity 

Industrial Production 
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3.1.3 Electricity Production 

 

We have assumed that all electricity consumption is the US average for 2004, as described by the 

Energy Information Agency, and summarized below. The inventory was developed from this 

data, using the US LCI database
32

 information for the different energy sources with the following 

additions:  

1. Mercury emissions were added to the coal fired power plant emissions as reported by the 

U.S. Environmental Protection Agency 
33

 

2. The climate change and conventional air pollution inventory was taken from GREET 

1.7
34

 

3. Coal Solid Waste inventory we derived from USGS documentation
35

 

4. Uranium solid waste was derived from the Uranium industry
36

 

 

These modifications were needed because the US LCI database does not include these inventory 

results or because it was felt that the more recent GREET data was a better choice. 

 

Energy Use: lbs/kWh USA, 2004 

Coal 0.54 

Oil (Residual Fuel Oil) 0.019 

Natural Gas 0.10 

Nuclear (uranium fuel) 1.5E-06 

Biomass 0.012 

 

3.1.4 Pesticide Hormone & Antibiotic Production 

 

It proved to be impossible to obtain reliable information on the manufacturing impacts for 

producing antibiotics, hormones and pesticides. These materials are collectively less than 0.1 

percent of the product system mass. However, some information was available about pesticide 

manufacture from a study by National Renewable Energy Laboratory
37

. This information was 

uses as a proxy for all synthetic organic chemical manufacture. 

 

Chemical Production, lb/lb 

Inputs   

(r) Coal (in ground) 0.315039 

(r) Natural Gas (in ground) 1.816679 

(r) Oil (in ground) 2.492334 

(r) Uranium (U, ore) 0.000133 

Air Emissions   

(a) Carbon Dioxide (CO2, fossil) 4.882239 

(a) Methane (CH4) 0.019529 

(a) Nitrogen Oxides (NOx as NO2) g  0.024411 

(a) Sulfur Oxides (SOx as SO2) g 0.024411 
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3.1.5 Fertilizer Production 

 

The most common agricultural chemicals are nitrogen, phosphorus and potassium compounds. In 

North America, between 70 and 90 percent of these chemicals are supplied by a single producer: 

Potash Corp of Saskatchewan. Potash Corp releases environmental performance data on all its 

locations
38

. The tables below show their weighted average inventories for 2004, including 

upstream values for the production and delivery of energy. Potash Corp does not always disclose 

the sources of energy they use in their production processes, so these figures were supplied from 

the relevant USGS minerals handbook
39

. Here as elsewhere in the report, primary energy 

production and transmission estimates are derived from the US LCI Database supplemented by 

the GREET 1.7 model data. 

 

Nitrogen inventories are expressed as nitrogen (N), phosphorus inventories as P2O5, and 

potassium inventories as K2O, because these are the standard units for fertilizer sale and 

application reporting in the United States. 

 

3.2 Feed Production 

 

 

 

Before an animal can be 

grown, its feed must be 

grown. Over the lifetime 

of a sow and its 

offspring, a large amount 

of feed is consumed, 

mostly corn and soy 

meal
40

, but mineral 

supplements and whey 

figure in the diet as well. The diet described in the table below is a typical diet for pigs in the 

United States. However, some producers use other grains such as sorghum in the diet. In general 

corn and soybeans are preferred on a cost basis. The large US subsidy for corn
41

 (on the order of 

$2 Billion per year) and the US soy subsidy of $0.5 Billion per year lowers the cost to pork 

producers and make corn and soy attractive feed stocks.  

 

 

One Sow and Offspring, Lifetime lbs 

  
Total 
Lbs 

lb feed/lb 
meat 

Corn 35,954 5.17 

Soy meal 8,023 1.15 

Whey 392 0.06 

CaCO3 347 0.05 

Corn Production Soy Production

Feed Production

Whey Production Minerals Production

Corn Production Soy Production

Feed Production

Whey Production Minerals Production
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Ca2PO4 601 0.09 

NaCl 166 0.02 

Vitamins 77 0.01 

Antibiotics 1 0.00 

Water 286,288 41 

 

The water noted here is the total water consumed, both for drinking and for cleaning purposes
42

. 

It does not include irrigation water for the production of crops. Irrigation water is noted in the 

individual crop summaries. 

 

 

3.2.1 Minerals Production 

 

Pigs receive mineral supplements in their feed, including calcium carbonate, calcium phosphate 

and sodium chloride. The inventories for these materials are derived from the US LCI database 

and are shown below. 

 

 

 

 

Inventory for Swine Feed Minerals 
Reference Flow, Lbs /sow lifetime 166 347 601 

  NaCl CaCO3 CaPO4 

Fuels/energy       

coal (in-ground), lbs 2.15E+01 1.24E-02   

natural gas (in ground), lbs   3.78E-02 1.28E+02 

Uranium (in-ground), lbs 1.84E-01     

Electricity, kWh 1.67E-01   2.02E+02 

Diesel, lbs 8.78E-03 1.69E-01   

Gasoline, lbs   1.32E-02 1.21E+03 

Transport       

Heavy-duty Truck (ton-miles) 4.14E+00 8.68E+00 3.01E+01 

Rail (ton-miles) 1.66E+02 1.74E+02 4.51E+02 

 

 

3.2.2 Corn Production 

 

We have followed the approach of the BEES corn inventory with the following modifications 

and substitution of more recent data: 

Á We have accounted for the effect of seed corn by reducing the effective yield, i.e., if a 

bushel of corn was used for seed, the yield was reduced by one bushel. 

Á We have calculated yield versus land planted, not land harvested. 

Á We have used the most recent available information on corn production (2004) 

Á We have used the most recent data on corn chemical applications (2003) 
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Á Our inventory of pesticides is based on the inputs (application rates), not the outputs 

from the field 

Á Information about irrigation was taken from the 2003 Farm & Ranch Irrigation 

Survey Census of Agriculture
43

 

 

3.2.3 Soy Production 

 

Soy meal is used for pig feed, rather than whole grain soy because the whole grain contains too 

much oil and imparts a greasy texture to the meat
44

. Both co-products (the meal and the oil) are 

valuable products of the soy bean. The meal represents about 90 percent of the mass. We have 

based our inventory on the LCI of soy biodiesel produced by NREL, updated with more current 

information as was done for the corn inventory. The impacts of the soy meal-soy oil system were 

allocated based on mass. About 90 percent of the soy bean is converted to meal. 

 

3.2.4 Agricultural Chemicals Usage 

 

The USDA performs stratified random surveys of agricultural chemical usage every year. Not all 

crops are surveyed every year, but major crops such as corn and soybeans are surveyed every 

other year. Typically at least 70 percent of the relevant crop lands are surveyed, and they are 

reported by the National Agricultural Statistics Service (NASS). Crop production rates and other 

relevant agronomic information are also available through NASS
45

. Information about chemical 

usage for corn was taken from the 2003 crop year, and for soy from the 2004 year. 

 

3.2.5 Pesticide Usage 

 

Modern farming uses substantial pesticides to improve production rates, as is illustrated in the 

table below, which shows that 97% of soy acreage used herbicides, though much lower acreage 

was treated with insecticides (4%) and fungicides (1%). Most likely, the use of herbicides 

accompanied the use of herbicide-resistant seed, such as Roundup Ready
TM

 seed. 

 

 

Table 3-1 Usage of Pesticides on Soy fields in the USA in 2004 

  Herbicide Insecticide Fungicide 

Acres Planted Area Receiving Total Applied Area Receiving Total Applied Area Receiving Total Applied 

1000 acres Percent 1000 lbs Percent 1000 lbs Percent 1000 lbs 

61150 97 70828 4 497 1 52 

 

The table showing the inventory of pesticides used to grow soy and corn in the USA can be 

found here. 

 

3.2.6 Whey Production 
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Whey is a protein extract of milk. It is fed to piglets in the nursery to replace sows milk, thus 

permitting the insemination of the sow in a shorter time period. We have simplified the inventory 

of whey production by calculating the marginal inventory for cow milk production, using a 

simplified marginal production model
46

. This model evaluates the daily dairy ration
47

 and 

average daily milk production which was reported by the National Agricultural Statistics Service 

as 18,858 pounds per year in 2002.  

 

Milk Cow Daily Ration 

  Lbs/day 

corn 20 

soy 7 

hay/silage 23 

Total 50 

 

Holstein Cow Milk Composition
48

 

Water 87 

Fat 3.64 

Protein 2.97 

Minerals 5.63 

Total Solids 12.24 

Whey 0.594 

proportion whey 0.049 

 

We have allocated the impacts based on the mass of milk solids, because it is the milk solids that 

provide the nutritional content of milk products. For example, there are some cheeses e.g. ricotta 

that are produced solely from whey. LCAôs of milk are typically expressed in terms of milk 

solids to account for the variability between breeds and the day-to-day variability of the milk 

production.  

 

The inventory is derived in part from the EPA Greenhouse gas inventory
49

 and is shown below. 

 

 

Lbs per lb milk solids   

Inputs     
Per Sow 
Lifetime 

        

Hay 3.6   1425.705 

Corn 3.2   1239.744 

Soy Beans 1.1   433.9103 

Water 20.8   8146.975 

Electricity kWh 1.0   392 

Emissions to Air       

  Enteric 
Manure 
Mgmt   

CO2, lbs 8.02E-01 2.98E-02 326.0358 

CH4, lbs 1.34E-01 7.52E-02 82.01102 

N2O, lbs   1.36E-03 0.532805 
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Gestation

(114 days)

weaning

(3 weeks; 2.5 to 15 lbs)

Nursery

(5 to 7 weeks; 30 to 60 lbs)

Finishing

(180 days

60-240 lbs)

Animal Production

Total time, 10 to 11 months

Gestation

(114 days)

weaning

(3 weeks; 2.5 to 15 lbs)

Nursery

(5 to 7 weeks; 30 to 60 lbs)

Finishing

(180 days

60-240 lbs)

Gestation

(114 days)

weaning

(3 weeks; 2.5 to 15 lbs)

Nursery

(5 to 7 weeks; 30 to 60 lbs)

Finishing

(180 days

60-240 lbs)

Animal Production

Total time, 10 to 11 months

Lbs per lb milk solids   

NH3-N   3.14E-01 123.0173 

 

 

 

4 Pork Production 
 

In the US, the different stages of the life cycle of 

the pig often occur on different farms. Typically, 

breeding, gestation and weaning operations 

occur at farrowing locations, nursery growing at 

another location and finishing at a third. The so-

called farrow-to-finish operations represent less 

than half the production of pork
50

. 

 

Farrowing operations wean the piglets as soon as 

possible to induce heat in the sows and another 

round of gestation. 

 

At each stage of the lifecycle, a special feed 

formulation is provided, and different 

requirements for space, heating, and cooling 

obtain. At each stage of the lifecycle, the animals 

produce waste products that must be managed. 

 

4.1 Feeding Requirements 

 

From weaning to slaughter, the average pig (240 lbs at slaughter) consumes 712 lbs of feed
51

. 

 

Lbs Pig Ration to 240 lbs Live Weight 
  starter grower finisher total lbs 

Corn 43.75 180.55 336 560.3 

Soy meal 29.16667 43.7 54 126.8667 

Whey 7 0 0 7 

CaCO3 0.455 1.725 3 5.18 

Ca2PO4 1.05 2.875 5 8.925 

NaCl 0.245 0.805 1.4 2.45 

Vitamins 0.175 0.345 0.6 1.12 

Antibiotics 6.97E-03 1.93E-02 0.026322 

Total Feed 82 230 400 712 
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There are substantial amounts of feed consumed by the sow during pregnancy and lactation as 

well. The typical sow produces 8.85 live piglets per litter
52

 with 2.4 gestation/lactation cycles per 

year. 

 

Sow Ration, one year 

  gestation lactation 
total 
lbs 

Corn 852.075 673.625 1525.7 

Soy meal 157.5 148.75 306.25 

CaCO3 10.5 8.5 19 

Ca2PO4 21 12.75 33.75 

NaCl 5.25 4.25 9.5 

Vitamins 2.625 2.125 4.75 

Total 
Feed     1898.95 

 

4.1.1 Antibiotics and Hormones  

 

Producers add antibiotics to feed as both a growth promoter and as a disease suppressant. As 

much as 80 percent of antibiotics consumed by animals pass through their digestive tracts 

unchanged
53

, with the outcomes noted above. The inventory data was collected from the 

USDA
54

, supplemented by data from manufacturers. This data is somewhat aged (2000 data), 

and it is likely that antibiotic use has increased since it was collected. The 2006 report is in 

progress. 

 

Hormone use is relatively rare in growing pork, with the exception of Ractopamine, which was 

used in 8.9% of the grower-finisher operations surveyed in 2000. 

 

4.1.2 Manure Management 

 

The issue of swine manure management has been a front page story ever since the lagoon 

failures in North Carolina in the 1990ôs dumped many tons of untreated hog waste into rivers and 

estuaries, leading to outbreaks of pfiesteria piscicida. There is no question that a growing pig 

produces lots of waste, as shown below
5556

. The manure wet weight is close to 400,000 lbs over 

the sow and her offspringôs lifetime. The dry weight is about one tenth of this amount. 

 

The primary treatment method for hog wastes in the United States is open anaerobic lagoons or 

pits: less than 1% of farms use anaerobic digesters. The use of deep pits (typically under hog 

barns) is decreasing because of the health problems associated with the animals breathing the 

gases from these systems. Aerobic lagoons and dry composting are also in used some operations, 

but both these methods are more expensive than anaerobic lagoons and appear to be relatively 

rare forms of waste management. We have modeled the manure system as if all treatment were 

in lagoons.  
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The emissions from the lagoons include greenhouse gases, ammonia, hydrogen sulfide and 

volatile fatty acids, which are the source of the fragrance of the hog lagoons. Lagoon treatment 

degrades over half of the solids, and about 90 percent of the nitrogen. After incubating in the 

lagoons for up to two years, the remaining materials are typically applied to fields as fertilizer. 

The application of the fertilizer to fields is regulated by permit to be at agronomic rates (i.e. to 

provide no more nutrient than crops require). Typically, the application rate had been determined 

by the nitrogen content of the manure. However, anaerobic treatment decreases the nitrogen 

content through ammonia off-gassing, thus affecting the nitrogen-to-phosphorus ratio of the 

treated manure. Excess application of phosphorus on fields has created problems, and some 

states are requiring that both nitrogen and phosphorus be considered in calculating agronomic 

rates of application of manure to fields. We assume here that application of manure is at 

agronomic rates. That means that excess of any given nutrient is not added. 

 

Manure Management 

Inputs Lbs/sow 

Manure 399,331 

Air emissions   

Ammonia 1,595 

Carbon dioxide 106 

Hydrogen sulfide, as S 125 

Methane 1,844 

Nitrous Oxide 2 

Emission to soil   

Phosphorus P2O5 316 

Potassium (K2O) 373 

Outputs (fertilizer)   

Nitrogen 107 

Phosphorus P2O5 69 

Potassium (K2O) 86 

 
 

The total amount of nitrogen fertilizer value after the lagoon treatment is small: less than one 

percent of the total fertilizer that is added to grow the feed crops, and we have ignored this 

addition to the crops. However, the phosphorus fertilizer available from the lagoon treatment is 

about 15 percent of the phosphorus added to corn, and the potassium amounts to about 34 

percent of the potassium used to grow corn. We have adjusted the corn inventory for these 

amounts.  

 

Lagoon wastes are added to the fields either through the irrigation system or through 

incorporation during tillage. As such, the energy use during application is accounted for as part 

of these farming practices. 

 

4.1.3 Energy Use 

 

Growing spaces for hogs must be heated, cooled and lighted. We were able to find 1998 data on 

the energy use for growing pigs in Minnesota
57

. There is relatively little cooling in summer there 
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and substantially more heating in the winter. Minnesota winters are very cold, and may not 

represent good estimates of US averages. Figures are also available from the UK
58

, where typical 

growth figures show 36 kWh per pig with ñgoodò practice noted as only 16 kWh per pig. This is 

significantly less than the energy use reported in Minnesota. This data is the least well 

characterized of all the inventory data in this study. Further work should be done to identify 

more current and reliable energy use data at hog farms. 

 

Energy Use in Pig Production in Minnesota 

  Energy/pig   
Grow Energy 
per sow   

Diesel 2.65 gal Diesel, lb   

Electricity 41.48 kWh Electricity, kWh 2.32E+03 

LP 1.06 gal LP, lb   

          

          

Diesel 0.34 gallons 
Process 
energy/sow   

Electricity 13.24 kWh 7.41E+02 kWh 

NG 132.38 cft 3.59E+02 lb NG 

 

4.2 Processing 

 

Once grown, pigs are taken to a slaughter facility, where they are stunned, exsanguinated, and 

the head, feet and internal organ removed. They may be either de-haired or skinned, and the 

wastes may be either treated on-site or off. The skin may be turned into leather or into edible 

products. Smoking ham or bacon and other processing may be undertaken. The technologies for 

processing vary substantially from site to site.  

 

The United Nations Environmental Program Cleaner Production section has developed a 

document
59

 that characterizes the resource use and emissions for the typical and best sites world-

wide. We have used their typical-to-good figures to characterize the inventory of the processing 

unit process. Discussions with colleagues in the pork processing industry indicate that US 

processing facilities fall into this category of environmental performance. 

 

Pork Processing Inventory 

Inputs 
per 
head per sow per lb meat 

NG, cuft 132.38 7413.469 1.065153582 

Electricity, kWh 50 2800 0.402298851 

Water use, L 700 39200 5.632183908 

Water 
emissions       

BOD5, grams 1000 56000 8.045977011 

N, g 162.5 9100 1.307471264 

P, gms 22.5 1260 0.181034483 

Solid Waste       

blood, kg 2.7 151.2 0.021724138 
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Pork Processing Inventory 

Inputs 
per 
head per sow per lb meat 

offal, kg 18 1008 0.144827586 

Misc, kg 2.7 151.2 0.021724138 

manure, kg 20.16 554.4 0.079655172 

Total SW, kg 43.56 1864.8 0.267931034 

 

5 Summary Inventory & Ecoprofile 
 

The Production of Pork in the USA implies substantial impact over the life cycle, as shown 

below. The ecoprofile was calculated as described in the impact categories and models section 

above. 

 

Ecoprofile US Average Dressed Pork, 2004 

Impact category 
Per lb 
Meat 

Per Sow 
Lifetime Units 

Climate Change 9.41 6.6E+04 lbs CO2 equivalents 

Stratospheric Ozone Depletion 0.00 9.2E-01 lbs CFC-11 equivalents 

Acidification 0.15 1.0E+03 lbs SO2 equivalents 

Eutrophication 0.06 4.2E+02 lbs PO4 equivalents 

Photochemical Smog 0.31 2.1E+03 lbs Ozone equivalents 

Aquatic Toxicity 0.19 1.3E+03 lbs Water polluted 

Fossil Fuel Depletion 2.19 1.5E+04 lbs Oil equivalents 

Water Use 171 1.2E+06 lbs Water used 

Antibiotic Use 1.71E-04 1.2E+00 moles Antibiotic used 

Soil losses 11.25 7.8E+04 lbs Soil eroded 

Hormone Used 2.05E-07 1.4E-03 moles Hormone used 

Biodiversity/Land Use 66 % of land farmed 

GMO 46 % of feed is GMO 

 

The pork ecoprofile compares poorly with a Swedish pork LCA
60

, which found only 2.8 lbs of 

CO2 equivalents per pound of meat, and only 0.05 lbs of SO2 equivalents. However, the study 

assumed that all feeds were sourced locally, and the Swedish electrical grid is almost entirely 

hydropower and nuclear sourced. High transport of feeds in the US, coupled with the heavy 

reliance of the US grid on coal would tend to make the climate change and acidification potential 

measurements much higher. 

 

A study in Denmark
61

 also had lower CO2 equivalents (2.9 kg/kg), but in this case they found 

more acidification (.072 kg SO2 equivalents/kg) than the current study. The Danish farms also 

produce at least half of their feed locally, thus limiting the impact of feed transport. 
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6 Farm-Specific LCA (Improvement Analysis) 
 

 

The first farm to enter the EarthSure program is a finisher operation called Rosendahl Farms, a 

family farm located in Nebraska. This farm has been working towards being more 

environmentally friendly for some time. Its operations differ from US average operations in the 

following ways: 

Á The farm grows about two-thirds of its own corn, thus avoiding the 850 mile 

transit impacts of commodity corn. The remaining one-third of the corn is 

burdened with the transport 

Á The farm grows corn and soybeans in alternation, using no-till farming and 

100% GMO corn 

Á The pigs are grown to 280 lbs, rather than the conventional 240 lbs size. This 

means that the dressed weight of meat per sow lifetime is 8060 lbs rather than 

the 6960 lbs in the conventional system 

Á Antibiotics are only fed for a brief time to shock the system in newly-

purchased pigs 

Á No hormones are used 

 

The outcome of these actions is that there is signif icantly less fossil fuel use, climate change and 

soil loss throughout the life cycle of the pigs. It also reduces the amount of pesticide used and 

consequent toxicity associated with the pork. 

 

Rosendahl Farm #rfne001 Pork Ecoprofile 

Impact Category 
% of US 
Average 

Farm 
Result  Unit per Pound Meat 

Climate Change 40 3.8 lbs CO2 equivalents 

Stratospheric Ozone Depletion 0 0.0 lbs CFC-12 equivalents 

Acidification 66 0.1 lbs SO2 equivalents 

Eutrophication 107 0.065 lbs PO4 equivalents 

Photochemical Smog 12 0.0 lbs ozone equivalents 

Air-based Toxicity 84 464 lbs PM-10 

Aquatic Toxicity 42 0.1 lbs water polluted 

Fossil Fuel Depletion 92 2.0 lb oil equivalents 

Water Use 34 59 lbs water used 

Antibiotic Use 70 0.0001 moles antibiotic used 

Soil losses 67 8 lbs soil eroded 

Hormone Used 0 0.0 moles hormone used 

Gene Modified Organisms 168 78 % of feed is GMO 

Biodiversity/Land Use 160 99 % of land farmed 

 

In the table above, performance at least 10% better than the US average is noted in green, at least 

10 percent worse is noted in orange and the clear boxes are too close to call. Fossil fuel depletion 

derives largely from the production of corn in this system. The Rosendahl farm irrigates its corn, 

thus increasing its use of fuel to run its pumps. It could reduce its fossil fuel depletion by 
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installing a small wind turbine. Note however, that the greenhouse gas emissions for the system 

are much closer to the Swedish figures, probably because the corn is sourced locally. 

 

The Farm uses 100% GMO corn. This allows it to decrease soil losses and pesticide use. The 

farm reserves only a small amount of land for biodiversity. This figure could be improved by 

planting buffer zones and by keeping animals away from the on-farm stream. Alternatively, the 

farm could contribute to funds that preserve land with high biodiversity value, such as is done 

through local land trusts and organizations such as the Nature Conservancy. 

 

This comparison of a single farm to the US average demonstrates that it is possible to 

substantially reduce the amount of environmental impact of even hog farming. Over time, it is 

expected that even better performance will result from improved environmental management 

practices at the farm. 

 

7 Conclusions 
 

Keeping track of the environmental impacts of agriculture is an ongoing task. Agricultural 

practices and yields change, electrical grids change, and even products change. Fortunately, as 

can be seen in this LCA, the US government through its many departments, keeps track of and 

publishes the data needed to perform near-current LCAs. Our hope is that ongoing evaluation of 

pork and other commodity products via LCA will lead to an overall improvement in the 

environmental impacts of agriculture.  

 

An important driver for agricultural practices in the US is the USDA farm subsidy program. 

Recently, USDA reported that two-thirds of farms have a net negative income from farm 

operations
62

. Recent rulings by the WTO (World Trade Organization) bring into question the 

legality of the subsidy program
63

. Because the International Organization for Standardization is a 

sister body to the WTO, all policies and laws based on the ISO standards are presumed to not 

negatively impact international trade
64

. As a result, the ISO 14040 series standards provide a 

mechanism for the USDA to provide subsidies to farmers who perform an ISO-conforming LCA.  

 

Once all the unit processes for the USA average LCA is performed, a single farm LCA requires 

little time and becomes cost effective. As the US average improves, simple disclosure with 

comparison to the average will encourage farms to become more environmentally friendly: this 

is the goal of the EarthSure
TM

 program. This tendency will be greatly increased if the USDA 

links subsidies to environmental performance as measured by LCA. 
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8 Pork Life Cycle Detailed Inventory Tables 
 

8.1.1  Water Toxicity Characterization Factors 

  
  

Toxicity 
LC50, 
ug/L 

Lifetime 
(years

-
) 

Equivalency 
Factor 

Herbicides      

  2,4-D 1600 0.040 2.47E-02 

  2,4-DP, Dimeth. salt 64200 0.040 6.16E-04 

  Acetamide 2720 0.180 6.61E-02 

  Acetic acid (2,4-D) 2400 0.040 1.65E-02 

  Acetochlor 380 0.055 1.46E-01 

  Acifluorfen 3800 0.055 1.46E-02 

  Alachlor 240 0.059 2.47E-01 

  Ametryn 300 0.237 7.91E-01 

  Atrazine 8 0.237 2.96E+01 

  Bentazon 640 0.079 1.24E-01 

  Bromoxynil 67 0.032 4.72E-01 

  Butoxy. ester  2,4-D 2400 0.036 1.48E-02 

  Carfentrazone-ethyl 1140 0.016 1.39E-02 

  Chlorimuron-ethyl 2000 0.158 7.91E-02 

  Clopyralid 75020 0.119 1.58E-03 

  Clethodim 19000 0.012 6.24E-04 

  Cloransulam-methyl 98000 0.043 4.44E-04 

  Cyanazine 3.5 0.055 1.58E+01 

  Dicamba 3900 0.055 1.42E-02 

  Dicamba, Dimet. salt 1000000 0.055 5.53E-05 

  Dicamba, Pot. salt 180000 0.055 3.07E-04 

  Dicamba, Sodium 
salt 558000 0.055 9.92E-05 

  Dichlorprop 500 0.036 7.11E-02 

  Diflufenzopyr-sodium 18900 0.217 1.15E-02 

  Dimethenamid 2600 0.079 3.04E-02 

  Dimethenamid-P 3200 0.079 2.47E-02 

  EPTC 11500 0.024 2.06E-03 

  Foramsulfuron 18552 0.059 3.20E-03 

  Fenoxaprop 98 0.036 3.63E-01 

  Fluazifop-P-butyl 510 0.059 1.16E-01 

  Flumetsulam 293000 0.186 6.34E-04 

  Flumiclorac-pentyl 560   0.00E+00 

  Flumioxazin 2300 0.058 2.53E-02 

  Fomesafen 22100 0.731 3.31E-02 

  Glufosinate-
ammonium 7500 0.028 3.69E-03 

  Glyphosate 1300 0.186 1.43E-01 

  Glyphosate diam salt 1300 0.186 1.43E-01 
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Toxicity 
LC50, 
ug/L 

Lifetime 
(years

-
) 

Equivalency 
Factor 

  Halosulfuron 69500 0.202 2.90E-03 

  Imazamox 119000 0.198 1.66E-03 

  Imazapyr 2706 0.356 1.31E-01 

  Imazaquin 280000 0.237 8.47E-04 

  Imazethapyr 240000 0.356 1.48E-03 

  Isoxaflutole 17.8 0.012 6.66E-01 

  Lactofen 2100 0.012 5.65E-03 

  Linuron 1800 0.237 1.32E-01 

  MCPA, sodium salt 72.52 0.099 1.36E+00 

  Mesotrione 15905 0.071 4.47E-03 

  Metolachlor 20.6 0.356 1.73E+01 

  Metribuzin 3400 0.158 4.65E-02 

  Nicosulfuron 1000000 0.079 7.91E-05 

  Paraquat 500 3.953 7.91E+00 

  Pendimethalin 138 0.356 2.58E+00 

  Primisulfuron 16000 0.119 7.41E-03 

  Prosulfuron 155000 0.067 4.34E-04 

  Quizalofop-P-ethyl 460 0.237 5.16E-01 

  Rimsulfuron 110000 0.040 3.59E-04 

  S-Metolachlor 3200 0.170 5.31E-02 

  Sethoxydim 360 0.020 5.49E-02 

  Simazine 6 0.237 3.95E+01 

  Sulfentrazone 1000 2.138 2.14E+00 

  Sulfosate 4900 0.024 4.84E-03 

  Thifensulfuron 19952 0.047 2.38E-03 

  Tribenuron-methyl 1000000 0.040 3.95E-05 

  Trifluralin 8.4 0.237 2.82E+01 

        

Insecticides       

  Bifenthrin 0.00397 0.103 2.59E+04 

  Carbofuran 0.119 0.198 1.66E+03 

  Chlorpyrifos 0.035 0.119 3.39E+03 

  Cyfluthrin 0.14 0.119 8.47E+02 

  Diazinon 0.027 0.158 5.86E+03 

  Dimethoate 2 0.028 1.38E+01 

  Esfenvalerate 0.07 0.138 1.98E+03 

  Fipronil 25 1.447 5.79E+01 

  Lambda-cyhalothrin 0.076 0.119 1.56E+03 

  Methyl parathion 0.2 0.020 9.88E+01 

  Permethrin 0.018 0.119 6.59E+03 

  Propargite 31 0.221 7.14E+00 

  Tebupirimphos 6.63 1.356 2.04E+02 

  Tefluthrin 0.053 0.095 1.79E+03 

  Terbufos 0.17 0.020 1.16E+02 

  Zeta-cypermethrin 0.0047 0.107 2.27E+04 
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Toxicity 
LC50, 
ug/L 

Lifetime 
(years

-
) 

Equivalency 
Factor 

        

Fungicides       

  Azoxystrobin 56 0.443 7.91E+00 

 

8.1.2 Fuel LCI 

 
NG Cradle-

to-gate 
Petroleum 

Cradle-to-gate 

Reference Flow One Pound of Product 

Inputs (lb/lb)   

Coal, in ground 6.08E-03 4.73E-02 

Oil, in ground 1.78E-02 1.13E+00 

Natural gas, in-ground 1.06E+00 1.11E-02 

Uranium (U) in ground 1.29E-06 1.00E-05 

Air Emissions (lb/lb)   

Ammonia 3.48E-07 2.20E-05 

Ammonium chloride 2.56E-09 2.00E-08 

Carbon dioxide (fossil) 6.91E-02 7.07E-01 

Carbon monoxide 3.39E-04 1.43E-02 

Carbon tetrachloride 1.93E-13 1.22E-11 

CFC-12 1.90E-12 1.21E-10 

Fluoride 2.16E-10 1.68E-09 

Methane 2.04E-03 4.43E-03 

Mercury 6.84E-13 5.32E-12 

Nitrogen oxides 5.21E-04 2.06E-03 

Nitrous oxide (N2O) 1.45E-06 1.13E-06 

Particulates (unspecified) 9.19E-06 4.41E-04 

Petroleum 3.46E-04  

PM-10 1.10E-05  

Radionuclides 2.58E-07 2.00E-06 

Sulfur dioxide (SO2) 2.45E-02 1.73E-03 

Sulfur oxides as SO2 3.00E-04 3.11E-03 

Trichloroethane 1.60E-12 1.02E-10 

Volatile Organic Compounds 8.03E-04 3.85E-04 

Water Emissions   

Ammonium 1.93E-05 1.24E-03 

Beryllium 1.32E-07 5.77E-08 

BOD-5 1.07E-05 6.83E-04 

Boron 3.35E-07 1.17E-05 

Bromide 1.47E-05 7.97E-04 

Calcium 2.12E-04 1.20E-02 

Chloride 2.10E-03 1.34E-01 
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NG Cradle-

to-gate 
Petroleum 

Cradle-to-gate 

COD 2.05E-05 1.31E-03 

Cyanide 2.93E-08 2.68E-10 

Fluoride 7.06E-06 2.64E-07 

Hardness 5.75E-04 3.68E-02 

Lithium 5.10E-07 3.99E-06 

Magnesium 3.65E-05 2.34E-03 

Methychloride 2.00E-04 1.50E-10 

Nitrates 2.28E-04 1.78E-03 

Radium 226 2.00E-04 1.34E-13 

Radium 228 5.93E-10 6.87E-16 

Radionuclides 3.07E-05 1.78E-03 

Sodium 6.18E-04 3.96E-02 

Surfactants 2.00E-04 3.10E-06 

Sulfates 4.68E-06 2.96E-04 

Sulfur 3.19E-05 9.86E-06 

Sulfide 3.03E-05 1.78E-03 

Total Alkalinity 2.05E-04 2.93E-04 

Total dissolved solids 2.79E-03 1.66E-01 

TSS 1.60E-04 1.03E-02 

Total petroleum 2.92E-05 1.87E-03 

Total Metal 3.28E-04 7.56E-03 

Solid Waste Emissions  

Overburden 2.39E-04 1.86E-03 

SW 6.02E-04 3.38E-02 

Nuclear waste 9.22E-12 7.17E-11 
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8.1.3 Transport LCI Well to Wheels 

 

Transport Well-to-Wheels Inventory 

 
H

e
a
v
y
 H

e
a
v
y
 D

u
ty

 

T
ru

c
k
, 
D

ie
s
e

l 

M
e
d

iu
m

 H
e
a
v

y
 D

u
ty

 

T
ru

c
k
, 
D

ie
s
e
l 

R
a
il
, 
D

ie
s
e
l 

L
ig

h
t 

D
u

ty
 T

ru
c

k
, 

D
ie

s
e
l 

L
ig

h
t 

D
u

ty
 T

ru
c

k
, 

G
a
s
o

li
n

e
 

N
G

 P
ip

e
li
n

e
 

p
e
tr

o
le

u
m

 p
ip

e
li

n
e

 

Inputs Pounds per ton-mile 

Coal, in ground 8.44E-03 1.21E-02 8.89E-04 2.56E-02 3.03E-02 9.36E-05 5.77E-04 

Oil, in ground 2.01E-01 2.87E-01 2.12E-02 6.09E-01 7.21E-01 2.75E-04 1.37E-02 

Natural gas, in-ground 1.98E-03 2.83E-03 2.09E-04 6.01E-03 7.12E-03 1.64E-02 1.35E-04 

Uranium (UO2in ground) 1.79E-06 2.56E-06 1.89E-07 5.43E-06 6.43E-06 1.99E-08 1.22E-07 

Air Emissions               

Ammonia 3.92E-06 5.60E-06 4.13E-07 1.19E-05 1.41E-05 5.35E-09 2.68E-07 

Ammonium chloride 3.56E-09 5.09E-09 3.75E-10 1.08E-08 1.28E-08 3.95E-11 2.43E-10 

Carbon dioxide (fossil) 4.79E-01 5.57E-01 7.65E-02 2.60E+00 2.91E+00 1.06E-03 6.43E-02 

Carbon monoxide 3.14E-03 4.16E-03 4.43E-04 9.29E-03 2.84E-02 5.22E-06 2.99E-04 

Carbon tetrachloride 2.18E-12 3.11E-12 2.29E-13 6.59E-12 7.81E-12 2.97E-15 1.49E-13 

CFC-12 2.15E-11 3.07E-11 2.27E-12 6.52E-11 7.72E-11 2.93E-14 1.47E-12 

Fluoride 3.00E-10 4.29E-10 3.16E-11 9.09E-10 1.08E-09 3.33E-12 2.05E-11 

Mercury 9.49E-13 1.36E-12 9.99E-14 2.88E-12 3.40E-12 1.05E-14 6.48E-14 

Methane 7.96E-04 1.55E-03 8.64E-05 4.84E-03 5.81E-03 3.14E-05 1.57E-04 

N2O 9.26E-06 1.26E-05 1.65E-06 5.98E-05 9.07E-05 2.23E-08 1.33E-06 

NOx 2.79E-03 2.93E-03 1.28E-03 3.98E-03 4.43E-03 8.02E-06 5.59E-04 

Particulates (unspecified) 1.20E-04 2.02E-04 3.76E-05 6.03E-04 7.01E-04 1.41E-07 2.71E-05 

Radionuclides 3.58E-07 5.11E-07 3.77E-08 1.08E-06 1.28E-06 3.97E-09 2.44E-08 

SO2 3.09E-04 4.42E-04 3.26E-05 9.37E-04 1.11E-03 4.62E-06 2.11E-05 

SOx (unspecified) 5.99E-04 9.12E-04 6.49E-05 2.23E-03 2.70E-03 3.78E-04 1.42E-04 

Trichloroethane 1.81E-11 2.59E-11 1.91E-12 5.50E-11 6.51E-11 2.47E-14 1.24E-12 

VOC's 1.88E-04 2.83E-04 6.75E-05 1.16E-03 2.24E-03 1.24E-05 2.96E-05 

Water Emissions               

Ammonium 2.20E-04 3.15E-04 2.32E-05 6.68E-04 7.91E-04 2.97E-07 1.51E-05 

Beryllium 1.03E-08 1.47E-08 1.08E-09 3.12E-08 3.70E-08 2.03E-09 7.04E-10 

BOD-5 1.22E-04 1.74E-04 1.28E-05 3.69E-04 4.37E-04 1.64E-07 8.33E-06 

Boron 2.08E-06 2.98E-06 2.19E-07 6.31E-06 7.47E-06 5.16E-09 1.42E-07 

Bromide 1.42E-04 2.03E-04 1.50E-05 4.31E-04 5.10E-04 2.27E-07 9.71E-06 

Calcium 2.13E-03 3.05E-03 2.25E-04 6.46E-03 7.65E-03 3.27E-06 1.46E-04 

Chloride 2.40E-02 3.42E-02 2.52E-03 7.26E-02 8.60E-02 3.23E-05 1.64E-03 

COD 2.34E-04 3.35E-04 2.47E-05 7.10E-04 8.41E-04 3.16E-07 1.60E-05 

Cyanide 4.79E-11 6.84E-11 5.04E-12 1.45E-10 1.72E-10 4.51E-10 3.27E-12 

Fluoride 4.72E-08 6.74E-08 4.97E-09 1.43E-07 1.69E-07 1.09E-07 3.22E-09 

Hardness 6.57E-03 9.39E-03 6.92E-04 1.99E-02 2.36E-02 8.85E-06 4.49E-04 

Lithium 7.13E-07 1.02E-06 7.50E-08 2.16E-06 2.56E-06 7.85E-09 4.87E-08 

Magnesium 4.17E-04 5.95E-04 4.39E-05 1.26E-03 1.50E-03 5.61E-07 2.85E-05 
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Transport Well-to-Wheels Inventory 

 

H
e
a
v
y
 H

e
a
v
y
 D

u
ty

 

T
ru

c
k
, 
D

ie
s
e

l 

M
e
d

iu
m

 H
e
a
v

y
 D

u
ty

 

T
ru

c
k
, 
D

ie
s
e
l 

R
a
il
, 
D

ie
s
e
l 

L
ig

h
t 

D
u

ty
 T

ru
c

k
, 

D
ie

s
e
l 

L
ig

h
t 

D
u

ty
 T

ru
c

k
, 

G
a
s
o

li
n

e
 

N
G

 P
ip

e
li
n

e
 

p
e
tr

o
le

u
m

 p
ip

e
li

n
e

 

Methychloride 2.67E-11 3.82E-11 2.81E-12 8.10E-11 9.59E-11 3.09E-06 1.82E-12 

Nitrates 3.17E-04 4.52E-04 3.34E-05 9.60E-04 1.14E-03 3.51E-06 2.16E-05 

Radionuclides 3.17E-04 4.52E-04 3.34E-05 9.60E-04 1.14E-03 4.72E-07 2.16E-05 

Radium 226 2.40E-14 3.42E-14 2.52E-15 7.26E-14 8.59E-14 3.09E-06 1.64E-15 

Radium 228 1.23E-16 1.75E-16 1.29E-17 3.71E-16 4.40E-16 9.13E-12 8.37E-18 

Sodium 7.06E-03 1.01E-02 7.44E-04 2.14E-02 2.53E-02 9.51E-06 4.83E-04 

Sulfates 5.29E-05 7.55E-05 5.57E-06 1.60E-04 1.90E-04 7.21E-08 3.61E-06 

Sulfide 3.17E-04 4.53E-04 3.34E-05 9.60E-04 1.14E-03 4.67E-07 2.16E-05 

Sulfur 1.76E-06 2.51E-06 1.85E-07 5.33E-06 6.31E-06 4.91E-07 1.20E-07 

Surfactants 5.53E-07 7.90E-07 5.82E-08 1.67E-06 1.98E-06 3.09E-06 3.78E-08 

Total Alkalinity 5.23E-05 7.47E-05 5.50E-06 1.58E-04 1.87E-04 3.16E-06 3.57E-06 

Total dissolved solids 2.96E-02 4.22E-02 3.11E-03 8.96E-02 1.06E-01 4.29E-05 2.02E-03 

Total Metal 1.35E-03 1.93E-03 1.42E-04 4.09E-03 4.84E-03 5.05E-06 9.21E-05 

Total petroleum 3.34E-04 4.78E-04 3.52E-05 1.01E-03 1.20E-03 4.50E-07 2.28E-05 

TSS 1.83E-03 2.61E-03 1.93E-04 5.55E-03 6.57E-03 2.46E-06 1.25E-04 

Solid Waste Emissions               

Overburden 3.32E-04 4.74E-04 3.50E-05 1.01E-03 1.19E-03 3.68E-06 2.27E-05 

SW 6.04E-03 8.62E-03 6.36E-04 1.83E-02 2.17E-02 9.26E-06 4.12E-04 

Nuclear waste 1.28E-11 1.83E-11 1.35E-12 3.88E-11 4.59E-11 1.42E-13 8.74E-13 
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8.1.4 Electricity LCI 

Electricity, lbs/kWh 

Inputs   

Coal, in-ground 5.48E-01 

Petroleum, in-ground 2.56E-02 

Natural gas, in-ground 1.08E-01 

Uranium, UO2 in-ground 1.16E-04 

Air Emissions   

Ammonia 4.85E-07 

Ammonium chloride 2.31E-07 

BTEX 1.61E-06 

Carbon dioxide (fossil) 1.26E-02 

Carbon monoxide 2.71E-04 

Carbon tetrachloride 2.32E-13 

CFC-12 2.29E-12 

Fluoride 1.95E-08 

Methane 2.28E-03 

NOx 9.32E-04 

N2O   

Particulates (unspecified) 9.22E-04 

Radionuclides 2.32E-05 

SOx (unspecified) 4.68E-05 

SO2 2.01E-02 

Trichloroethane 1.93E-12 

VOC's 2.43E-05 

Total Petroleum 4.57E-05 

Water Emissions   
Ammonium 1.35E-02 

Beryllium 1.13E-09 

BOD-5 1.34E-05 

Boron 2.29E-07 

Bromide 1.57E-05 

Calcium 2.35E-04 

Chloride 2.64E-03 

COD 2.57E-05 

Cyanide 5.28E-12 

Fluoride 3.00E-06 

Hardness 7.24E-04 

Lithium 7.85E-08 

Magnesium 4.59E-05 

Methychloride 2.94E-12 

Nitrates 2.06E-02 

Radionuclides 2.06E-02 
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Electricity, lbs/kWh 
Sodium 2.06E-02 

Surfactants 6.09E-08 

Sulfates 3.06E-04 

Sulfur 1.94E-07 

Sulfide 2.06E-02 

Total Alkalinity 5.76E-06 

Total dissolved solids 3.26E-03 

TSS 2.68E-04 

Total petroleum 2.06E-02 

Total Metals 2.07E-02 

Solid Waste Emissions   

Overburden 2.16E-02 

SW 7.44E-03 
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8.1.5 Potassium Fertilizer LCI 

 

Potassium Fertilizer Production & Transport 

  

K-fertilizer 
Production 

Cradle-to-gate 
K-Fert 

Production 
Electricity 

US Avg 
NG 

Production 
NG 

Pipeline 

Reference Flow 1 1 6.94E-02 8.60E-04 2.15E-04 

Unit lb K2O lb K2O kWh lb NG ton-miles 

            

Inputs lb/lb K2O         

Coal, in-ground 3.81E-02   3.81E-02 5.23E-06 2.01E-08 

Petroleum, in-ground 1.80E-03   1.78E-03 1.53E-05 5.90E-08 

Natural gas, in-ground 8.39E-03   7.47E-03 9.15E-04 3.52E-06 

Uranium, UO2 in-ground 8.08E-06   8.08E-06 1.11E-09 4.27E-12 

            

Water Use           

Well Water 1.66E-01 1.66E-01       

River water 2.83E-01 2.83E-01       

            

Air Emissions           

            

Ammonia 3.39E-08   3.36E-08 2.99E-10 1.15E-12 

Ammonium chloride 1.61E-08   1.61E-08 2.20E-12 8.48E-15 

Carbon dioxide (fossil) 6.27E-05   3.03E-06 5.94E-05 2.29E-07 

Carbon monoxide 4.28E-05 2.36E-05 1.89E-05 2.91E-07 1.12E-09 

Carbon tetrachloride 1.63E-14   1.61E-14 1.66E-16 6.37E-19 

CFC-12 1.61E-13   1.59E-13 1.64E-15 6.30E-18 

Fluoride 1.35E-09   1.35E-09 1.86E-13 7.15E-16 

GHG emissions, unspecified as 

CO2 
2.65E+01 

2.65E+01       

Mercury 4.28E-12   4.28E-12 5.88E-16 2.26E-18 

Methane 1.60E-04   1.58E-04 1.75E-06 6.74E-09 

Nitrogen Oxides, NOx 8.94E-05 2.41E-05 6.49E-05 4.48E-07 1.72E-09 

Nitrous Oxide, N2O 4.39E-09   3.14E-09 1.25E-09 4.80E-12 

Particulates (unspecified) 1.69E-04 1.05E-04 6.40E-05 7.90E-09 3.04E-11 

Particulates, PM10 9.41E-09     9.41E-09   

Petroleum 2.98E-07     2.98E-07   

Radionuclides 1.61E-06   1.61E-06 2.21E-10 8.52E-13 

Sulfur dioxide, SO2 1.42E-03   1.39E-03 2.11E-05 9.92E-10 

Sulfur Oxides, SOx (unspecified) 4.17E-06   3.83E-06 2.58E-07 8.12E-08 

Trichloroethane 1.36E-13   1.34E-13 1.38E-15 5.31E-18 

Volatile Organic Compounds, 
VOC's 

2.46E-05 
1.89E-05 4.98E-06 6.91E-07 2.66E-09 

            

Water Emissions           

Ammonium 9.36E-04   9.36E-04 1.66E-08 6.38E-11 

Beryllium 1.92E-10   7.88E-11 1.13E-10 4.35E-13 

BOD-5 9.40E-07   9.31E-07 9.17E-09 3.53E-11 
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Potassium Fertilizer Production & Transport 

  

K-fertilizer 
Production 

Cradle-to-gate 
K-Fert 

Production 
Electricity 

US Avg 
NG 

Production 
NG 

Pipeline 

Boron 1.62E-08   1.59E-08 2.88E-10 1.11E-12 

Salt brine to sea (dry basis) 1.57E-02 1.57E-02       

Bromide 1.10E-06   1.09E-06 1.27E-08 4.87E-11 

Calcium 1.65E-05   1.63E-05 1.82E-07 7.02E-10 

Chloride 1.85E-04   1.83E-04 1.80E-06 6.94E-09 

COD 1.80E-06   1.78E-06 1.76E-08 6.78E-11 

Cyanide 2.56E-11   3.66E-13 2.52E-11 9.68E-14 

Fluoride 2.15E-07   2.09E-07 6.07E-09 2.33E-11 

Hardness 5.07E-05   5.02E-05 4.94E-07 1.90E-09 

Lithium 5.89E-09   5.45E-09 4.38E-10 1.69E-12 

Magnesium 3.22E-06   3.19E-06 3.13E-08 1.21E-10 

Methychloride 1.73E-07   2.04E-13 1.72E-07 6.63E-10 

Nitrates 1.43E-03   1.43E-03 1.96E-07 7.55E-10 

Radionuclides 1.43E-03   1.43E-03 2.64E-08 1.02E-10 

Radium 226 1.73E-07     1.72E-07 6.63E-10 

Radium 228 5.12E-13     5.10E-13 1.96E-15 

Sodium 1.43E-03   1.43E-03 5.31E-07 2.04E-09 

Sulfates 2.13E-05   2.13E-05 4.02E-09 1.55E-11 

Sulfide 1.43E-03   1.43E-03 2.61E-08 1.00E-10 

Sulfur 4.10E-08   1.34E-08 2.74E-08 1.06E-10 

Surfactants 1.77E-07   4.23E-09 1.72E-07 6.63E-10 

Total Alkalinity 5.77E-07   4.00E-07 1.76E-07 6.78E-10 

Total dissolved solids 2.29E-04   2.26E-04 2.40E-06 9.22E-09 

Total Metals 1.44E-03   1.44E-03 2.51E-08 1.09E-09 

Total petroleum 1.43E-03   1.43E-03 2.82E-07 9.68E-11 

Total Suspended Solids 1.87E-05   1.86E-05 1.38E-07 5.30E-10 

            

Solid Waste Emissions           

Overburden 1.50E-03   1.50E-03 2.06E-07 7.91E-10 

SW 7.79E-01   5.26E-04 5.17E-07 1.99E-09 

Nuclear Waste 5.77E-11   5.77E-11 7.92E-15 3.05E-17 

Waste salt to storage 6.13E-01 6.13E-01       

Clay waste 5.60E-02 5.60E-02       

Salt in brine injection well 1.10E-01 1.10E-01       
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8.1.6 Nitrogen Fertilizer LCI 

 

Nitrogen Fertilizer Production and Transport 

  
N-fert Cradel-

to-Gate lbs/lb 
NG 

Upstream 
NG 

Pipeline 
Electricity, 

US Avg. 

Reference Flow   1 0.35 0.0875 0.6471873 

Units lbs per lb N lb N lbs NG ton-miles kWh 

Inputs           

            

Coal, in ground 3.25E-01   2.13E-03 8.21E-06 3.23E-01 

Oil, in ground 2.14E-02   6.26E-03 2.41E-05 1.51E-02 

Natural gas, in-ground 4.38E-01   3.73E-01 1.44E-03 6.33E-02 

Uranium (U)2 in ground) 6.89E-05   4.53E-07 1.74E-09 6.84E-05 

            

Water Use           

River/surface water 1.33E+00 1.33E+00       

Recycled water 1.33E+00 1.33E+00       

Well water 5.00E-01 5.00E-01       

Desalinated 6.28E-01 6.28E-01       

            

Air Emissions           

Ammonia 5.69E-04 5.69E-04 1.22E-07 4.70E-10 2.85E-07 

Ammonium chloride 1.37E-07   9.00E-10 3.46E-12 1.36E-07 

Carbon dioxide (fossil) 2.44E-02   2.43E-02 9.34E-05 2.56E-05 

Carbon monoxide 2.79E-04   1.19E-04 4.58E-07 1.60E-04 

Carbon tetrachloride 4.88E-04 4.88E-04 6.76E-14 2.60E-16 1.36E-13 

CFC-12 2.02E-12   6.68E-13 2.57E-15 1.35E-12 

Fluoride 1.15E-08   7.58E-11 2.92E-13 1.15E-08 

GHG emissions, unspecified as CO2 7.55E-01 7.55E-01   9.23E-16   

Methane 2.06E-03   7.15E-04 2.75E-06 1.34E-03 

Mercury 2.00E-09   2.40E-13 1.96E-09 3.63E-11 

Nitrogen oxides 1.20E-03 4.68E-04 1.83E-04 7.03E-07 5.50E-04 

Nitrous oxide (N2O) 5.36E-07   5.09E-07 0.00E+00 2.66E-08 

Particulates (unspecified) 5.46E-04   3.22E-06 1.24E-08 5.43E-04 

Petroleum 1.22E-04   1.22E-04 0.00E+00   

PM-10 3.84E-06   3.84E-06 0.00E+00   

Radionuclides 1.38E-05   9.04E-08 3.48E-10 1.37E-05 

Sulfur dioxide (SO2) 8.64E-03   8.61E-03 4.05E-07 3.24E-05 

Sulfur oxides as SO2 1.20E-02   1.05E-04 3.31E-05 1.18E-02 

Trichloroethane 1.70E-12   5.63E-13 2.17E-15 1.14E-12 

Volatile Organic Compounds 3.25E-04   2.82E-04 1.08E-06 4.22E-05 

            

Emissions to Water           

Ammonium 7.99E-03 5.00E-05 6.77E-06 2.60E-08 7.94E-03 

Beryllium 4.70E-08   4.62E-08 1.78E-10 6.68E-10 

BOD-5 1.16E-05   3.74E-06 1.44E-08 7.89E-06 

Boron 2.53E-07   1.17E-07 4.52E-10 1.35E-07 
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Nitrogen Fertilizer Production and Transport 

  
N-fert Cradel-

to-Gate lbs/lb 
NG 

Upstream 
NG 

Pipeline 
Electricity, 

US Avg. 

Bromide 1.44E-05   5.17E-06 1.99E-08 9.22E-06 

Calcium 2.13E-04   7.45E-05 2.87E-07 1.38E-04 

Chloride 2.29E-03   7.36E-04 2.83E-06 1.55E-03 

COD 2.23E-05   7.19E-06 2.77E-08 1.51E-05 

Cyanide 1.03E-08   1.03E-08 3.95E-11 3.10E-12 

Fluoride 4.25E-06   2.48E-06 9.53E-09 1.77E-06 

Hardness 6.28E-04   2.02E-04 7.76E-07 4.26E-04 

Lithium 2.26E-07   1.79E-07 6.88E-10 4.62E-08 

Magnesium 3.99E-05   1.28E-05 4.92E-08 2.70E-05 

Methanol 3.93E-06 3.93E-06       

Methychloride 7.06E-05   7.03E-05 2.71E-07 1.73E-12 

Nitrates 1.22E-02   8.00E-05 3.08E-07 1.21E-02 

Nitrogen compounds, unspecified, as N 2.73E-05 2.73E-05       

Radium 226 7.04E-05   7.03E-05 4.14E-08   

Radium 228 2.71E-07   2.08E-10 2.71E-07   

Radionuclides 1.21E-02   1.08E-05 8.01E-13 1.21E-02 

Sodium 1.23E-02   2.17E-04 8.34E-07 1.21E-02 

Surfactants 7.04E-05   7.03E-05 6.32E-09 3.58E-08 

Sulfates 1.82E-04   1.64E-06 4.09E-08 1.80E-04 

Sulfur 1.13E-05   1.12E-05 4.31E-08 1.14E-07 

Sulfide 1.21E-02   1.06E-05 2.71E-07 1.21E-02 

Total Alkalinity 7.56E-05   7.19E-05 2.77E-07 3.39E-06 

Total dissolved solids 2.90E-03   9.78E-04 3.76E-06 1.92E-03 

TSS 2.14E-04   5.62E-05 4.43E-07 1.58E-04 

Total petroleum 1.21E-02   1.03E-05 3.95E-08 1.21E-02 

Total Metal 1.23E-02   1.15E-04 2.16E-07 1.22E-02 

            

Solid Waste Emissions           

Overburden 1.28E-02   8.39E-05 3.23E-07 1.27E-02 

SW 4.67E-03   2.11E-04 8.13E-07 4.46E-03 

Nuclear waste 4.92E-10   3.23E-12 1.24E-14 4.89E-10 

 



  39 

8.1.7 Phosphate Fertilizer LCI 

 

Phosphate Fertilizer Inventory 
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Reference Flow 1 1 
7.34E-

01 2.14E-01 
2.25E-

06 
1.07E-

01 
5.35E-

03 
5.63E-

07 

Unit lb P2O4 lb P2O5 kWh 
lbs 

gasoline lbs NG 
ton-

miles 
ton-

miles 
ton-

miles 

Inputs 
Lb/lb 
P2O5 

Lb/lb 
P2O5             

Coal, in-ground 
4.13E-01   

4.02E-
01 1.01E-02 

1.37E-
08 

6.17E-
05 

6.45E-
05 

5.27E-
11 

Petroleum, in-ground 
2.63E-01   

1.88E-
02 2.41E-01 

4.02E-
08 

1.47E-
03 

1.54E-
03 

1.55E-
10 

Natural gas, in-ground 
8.14E-02   

7.90E-
02 2.38E-03 

2.40E-
06 

1.45E-
05 

1.51E-
05 

9.22E-
09 

Uranium, UO2 in-ground 
8.75E-05   

8.53E-
05 2.15E-06 

2.91E-
12 

1.31E-
08 

1.37E-
08 

1.12E-
14 

                  

Water Use (m3)                 

Well water/city water 9.58E+00 9.58E+00             

Surface water 1.67E+01 1.67E+01             

Recycled water 1.83E+02 1.83E+02             

                  

Phosphate rock/Ca P 6.85E-01 6.85E-01             

                  

Air Emissions                 

Ammonia 
2.00E-04 1.95E-04 

3.55E-
07 4.70E-06 

7.83E-
13 

2.86E-
08 

2.99E-
08 

3.01E-
15 

Ammonium chloride 
1.74E-07   

1.70E-
07 4.27E-09 

5.77E-
15 

2.60E-
11 

2.72E-
11 

2.22E-
17 

Carbon dioxide (fossil) 
1.61E-01   

3.20E-
05 1.51E-01 

1.56E-
07 

6.87E-
03 

2.98E-
03 

5.99E-
10 

Carbon monoxide 
3.43E-03 1.11E-04 

1.99E-
04 3.07E-03 

7.63E-
10 

3.20E-
05 

2.23E-
05 

2.94E-
12 

Carbon tetrachloride 
2.81E-12   

1.70E-
13 2.61E-12 

4.34E-
19 

1.59E-
14 

1.66E-
14 

1.67E-
21 

CFC-12 
2.78E-11   

1.68E-
12 2.58E-11 

4.29E-
18 

1.57E-
13 

1.64E-
13 

1.65E-
20 

Fluoride 
1.47E-08   

1.43E-
08 3.60E-10 

4.87E-
16 

2.19E-
12 

2.29E-
12 

1.87E-
18 

GHG emissions, unspecified 
CO2 equivalent) 1.81E+02 1.81E+02         

    

Hydrogen Sulfide 3.34E-04 3.34E-04             

Mercury 
4.64E-11   

4.52E-
11 1.14E-12 

1.54E-
18 

6.93E-
15 

7.25E-
15 

5.92E-
21 

Methane 
2.64E-03   

1.67E-
03 9.47E-04 

4.59E-
09 

1.67E-
05 

8.29E-
06 

1.77E-
11 

Nitrogen Oxides, NOx 
1.39E-03 1.93E-04 

6.86E-
04 4.40E-04 

1.17E-
09 

5.98E-
05 

1.57E-
05 

4.51E-
12 

Nitrous Oxide, N2O 
4.83E-07   

3.32E-
08 2.41E-07 

3.27E-
12 

1.42E-
07 

6.74E-
08 

1.26E-
14 

Particulates (unspecified) 
9.22E-04 1.47E-04 

6.77E-
04 9.43E-05 

0.00E+
00 

2.90E-
06 

1.08E-
06 

7.97E-
14 
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Phosphate Fertilizer Inventory 
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Radionuclides 
1.75E-05   

1.70E-
05 4.29E-07 

5.80E-
13 

2.61E-
09 

2.73E-
09 

2.23E-
15 

Sulfur dioxide, SO2 
1.72E-02 2.09E-03 

1.47E-
02 3.71E-04 

5.52E-
08 

2.26E-
06 

2.36E-
06 

2.60E-
12 

Sulfur Oxides, SOx 
(unspecified) 7.25E-04   

4.04E-
05 6.64E-04 

6.75E-
10 

1.52E-
05 

4.88E-
06 

2.13E-
10 

Trichloroethane 
2.34E-11   

1.42E-
12 2.17E-11 

3.61E-
18 

1.32E-
13 

1.38E-
13 

1.39E-
20 

Volatile Organic Compounds, 
VOC's 1.40E-04   

5.26E-
05 8.24E-05 

1.81E-
09 

3.16E-
06 

1.51E-
06 

6.96E-
12 

Water Emissions                 

Ammonium 1.02E-02   
9.89E-

03 2.64E-04 
4.34E-

11 
1.61E-

06 
1.68E-

06 
1.67E-

13 

Beryllium 1.33E-08   
8.32E-

10 1.23E-08 
2.96E-

13 
7.52E-

11 
7.87E-

11 
1.14E-

15 

BOD-5 1.58E-04   
9.83E-

06 1.46E-04 
2.40E-

11 
8.90E-

07 
9.31E-

07 
9.24E-

14 

Boron 2.70E-06   
1.68E-

07 2.50E-06 
7.54E-

13 
1.52E-

08 
1.59E-

08 
2.90E-

15 

Bromide 1.84E-04   
1.15E-

05 1.70E-04 
3.32E-

11 
1.04E-

06 
1.09E-

06 
1.28E-

13 

Calcium 2.76E-03   
1.72E-

04 2.56E-03 
4.78E-

10 
1.56E-

05 
1.63E-

05 
1.84E-

12 

Chloride 3.10E-02   
1.94E-

03 2.87E-02 
4.72E-

09 
1.75E-

04 
1.83E-

04 
1.82E-

11 

COD 3.03E-04   
1.88E-

05 2.81E-04 
4.62E-

11 
1.71E-

06 
1.79E-

06 
1.78E-

13 

Cyanide 6.21E-11   
3.87E-

12 5.74E-11 
6.59E-

14 
3.50E-

13 
3.66E-

13 
2.54E-

16 

Fluoride 2.26E-06   
2.20E-

06 5.65E-08 
1.59E-

11 
3.44E-

10 
3.60E-

10 
6.12E-

14 

Hardness 8.50E-03   
5.31E-

04 7.87E-03 
1.29E-

09 
4.80E-

05 
5.02E-

05 
4.98E-

12 

Lithium 9.22E-07   
5.76E-

08 8.54E-07 
1.15E-

12 
5.20E-

09 
5.44E-

09 
4.42E-

15 

Magnesium 5.39E-04   
3.37E-

05 5.00E-04 
8.21E-

11 
3.04E-

06 
3.18E-

06 
3.16E-

13 

Methychloride 4.88E-10   
2.16E-

12 3.20E-11 
4.51E-

10 
1.95E-

13 
2.04E-

13 
1.74E-

12 

Nitrates 1.55E-02   
1.51E-

02 3.80E-04 
5.14E-

10 
2.31E-

06 
2.42E-

06 
1.98E-

12 

Radionuclides 1.55E-02   
1.51E-

02 3.80E-04 
6.91E-

11 
2.31E-

06 
2.42E-

06 
2.66E-

13 

Radium 226 4.53E-10     2.87E-14 
4.51E-

10 
1.75E-

16 
1.83E-

16 
1.74E-

12 

Radium 228 1.49E-15     1.47E-16 
1.34E-

15 
8.95E-

19 
9.36E-

19 
5.14E-

18 

Sodium 2.37E-02   
1.51E-

02 8.47E-03 
1.39E-

09 
5.16E-

05 
5.39E-

05 
5.36E-

12 

Sulfates 2.89E-04   
2.25E-

04 6.34E-05 
1.05E-

11 
3.86E-

07 
4.04E-

07 
4.06E-

14 

Sulfide 1.55E-02   
1.51E-

02 3.80E-04 
6.83E-

11 
2.31E-

06 
2.42E-

06 
2.63E-

13 

Sulfur 2.28E-06   
1.42E-

07 2.11E-06 
7.18E-

11 
1.28E-

08 
1.34E-

08 
2.76E-

13 

Surfactants 7.16E-07   
4.47E-

08 6.62E-07 
4.51E-

10 
4.04E-

09 
4.22E-

09 
1.74E-

12 

Total Alkalinity 6.76E-05   4.22E- 6.26E-05 4.62E- 3.82E- 3.99E- 1.78E-
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Phosphate Fertilizer Inventory 
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06 10 07 07 12 

Total dissolved solids 3.83E-02   
2.39E-

03 3.54E-02 
6.28E-

09 
2.16E-

04 
2.26E-

04 
2.42E-

11 

Total Metals 1.56E-02   
1.52E-

02 4.01E-04 
6.59E-

11 
9.85E-

06 
1.03E-

05 
2.84E-

12 

Total petroleum 1.67E-02   
1.51E-

02 1.62E-03 
7.39E-

10 
2.44E-

06 
2.55E-

06 
2.53E-

13 

Total Suspended Solids 2.42E-03   
1.96E-

04 2.19E-03 
3.60E-

10 
1.34E-

05 
1.40E-

05 
1.39E-

12 

                  

Solid Waste Emissions                 

Overburden 
1.62E-02   

1.58E-
02 3.98E-04 

5.39E-
10 

2.42E-
06 

2.54E-
06 

2.07E-
12 

SW 
2.10E+00 2.09E+00 

5.56E-
03 7.23E-03 

1.36E-
09 

4.41E-
05 

4.61E-
05 

5.22E-
12 

Nuclear Waste 6.25E-10   
6.10E-

10 1.53E-11 
2.08E-

17 
9.35E-

14 
9.77E-

14 
7.99E-

20 
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8.1.8 Soy and Corn Production Chemical Usage 

 

Lb Chemicals 
used 

per pound 
soy 

per sow 
lifetime 

lb per lb 
corn 

per sow 
lifetime 

Reference Flow, lbs   8023   35954 

Fertilizer         

Nitrogen (N) 0.00294339 24 0.016891 607.28146 

Phosphate (P) 0.00900772 72 0.00014 5.0218495 

Potassium (K) 0.01425175 114 0.005993 215.4882 

Total Fertilizer 0.02620287 210 0.023024 827.79151 

water 443 3,552,278 407.739 14,659,808 

Herbicides         

  2,4-D 4.7529E-06 0.038134 2.6E-06 0.0933174 

  2,4-DP, Dimeth. salt 1.2329E-06 0.009892 3.01E-08 0.0010807 

  Acetamide 6.103E-07 0.004897 1.29E-06 0.046468 

  Acetic acid (2,4-D) 2.3117E-06 0.018548 6.86E-07 0.0246643 

  Acifluorfen 3.2056E-07 0.002572     

  Acetochlor     6.38E-05 2.2926968 

  Alachlor 1.4795E-06 0.01187 4.62E-06 0.1662296 

  Ametryn     1.45E-07 0.0052126 

  Atrazine     9.84E-05 3.5370348 

  Bentazon 1.3624E-06 0.010931     

  Butoxy. ester  2,4-D 1.4548E-06 0.011673     

  Bromoxynil     5.78E-07 0.0207866 

  Carfentrazone-ethyl     1.06E-08 0.0003814 

  Chlorimuron-ethyl 4.7467E-07 0.003808   0 

  Clethodim 8.9387E-07 0.007172   0 

  Clopyralid     9.19E-07 0.0330552 

  Cloransulam-methyl 2.2193E-07 0.001781   0 

  Cyanazine     1.8E-07 0.0064839 

  Dicamba     1.86E-06 0.0668097 

  Dicamba, Dimet. salt     5.16E-07 0.0185618 

  Dicamba, Pot. salt     1.85E-06 0.0663647 

  Dicamba, Sodium 
salt     2.09E-07 0.007501 

  Dichlorprop     3.18E-08 0.0011442 

  Diflufenzopyr-
sodium     2.35E-07 0.0084545 

  Dimethenamid     2.55E-06 0.0916646 

  Dimethenamid-P     2.95E-06 0.1060309 

  EPTC     1E-06 0.0359793 

  Fenoxaprop 5.4249E-07 0.004353   0 

  Fluazifop-P-butyl 1.5412E-07 0.001237   0 

  Flumetsulam 5.5481E-08 0.000445 3.78E-07 0.0136035 

  Flumiclorac-pentyl 3.6988E-08 0.000297   0 
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Lb Chemicals 
used 

per pound 
soy 

per sow 
lifetime 

lb per lb 
corn 

per sow 
lifetime 

Reference Flow, lbs   8023   35954 

  Flumioxazin 3.5138E-07 0.002819   0 

  Fomesafen 2.133E-06 0.017113   0 

  Foramsulfuron     4.77E-08 0.0017163 

  Glufosinate-
ammonium     1.47E-06 0.0529519 

  Glyphosate 0.0003557 2.853914 2.11E-05 0.7572822 

  Glyphosate diam salt 7.2989E-06 0.058561 7.74E-07 0.0278427 

  Halosulfuron     3.54E-08 0.0012714 

  Imazamox 1.6644E-07 0.001335   0 

  Imazaquin 2.2193E-07 0.001781   0 

  Imazapyr     7.07E-09 0.0002543 

  Imazethapyr 5.9797E-07 0.004798 1.94E-08 0.0006992 

  Isoxaflutole     5.68E-07 0.0204052 

  Lactofen 3.4522E-07 0.00277   0 

  Linuron     1.64E-07 0.0059118 

  MCPA, sodium salt 1.6768E-06 0.013453   0 

  Mesotrione     1.73E-06 0.0620421 

  Metolachlor 1.011E-06 0.008112 1.13E-05 0.4058163 

  Metribuzin 1.7138E-06 0.01375 1.18E-07 0.004259 

  Nicosulfuron     2.93E-07 0.0105522 

  Paraquat 7.0893E-07 0.005688 6.74E-07 0.0242193 

  Pendimethalin 1.2835E-05 0.102977 3.05E-06 0.1097814 

  Primisulfuron     1.47E-07 0.0052761 

  Prosulfuron     3.01E-08 0.0010807 

  Quizalofop-P-ethyl 7.3975E-08 0.000594   0 

  Rimsulfuron     1.36E-07 0.0048947 

  S-Metolachlor 4.4693E-06 0.035859 3.35E-05 1.2044811 

  Sethoxydim 3.6371E-07 0.002918   0 

  Simazine     2.64E-06 0.094843 

  Sulfentrazone 2.848E-06 0.022851   0 

  Sulfosate 9.9435E-06 0.07978 4.4E-07 0.0158284 

  Thifensulfuron 6.1646E-09 4.95E-05 5.3E-09 0.0001907 

  Tribenuron-methyl 6.1646E-09 4.95E-05   0 

  Trifluralin 1.6577E-05 0.132999 1.33E-07 0.0047676 

Insecticides         

  Bifenthrin     2.09E-07 0.007501 

  Carbofuran     5.87E-07 0.0211045 

  Chlorpyrifos 1.9049E-06 0.015283 5.35E-06 0.1922288 

  Cyfluthrin     5.66E-08 0.0020342 

  Diazinon     1.1E-07 0.0039412 

  Dimethoate     1.08E-07 0.0038776 

  Esfenvalerate 8.014E-08 0.000643     

  Fipronil     2.49E-07 0.008963 

  Lambda-cyhalothrin 9.8634E-08 0.000791 3.54E-08 0.0012714 

  Methyl parathion 2.959E-07 0.002374 3.29E-07 0.0118236 
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Lb Chemicals 
used 

per pound 
soy 

per sow 
lifetime 

lb per lb 
corn 

per sow 
lifetime 

Reference Flow, lbs   8023   35954 

  Permethrin 6.7811E-08 0.000544 1.26E-07 0.0045133 

  Propargite     5.69E-07 0.0204688 

  Tebupirimphos     9.99E-07 0.0359158 

  Tefluthrin     9.25E-07 0.0332459 

  Terbufos     2.93E-06 0.1055224 

  Zeta-cypermethrin 5.5481E-08 0.000445 5.48E-08 0.0019706 

Fungicides         

  Azoxystrobin 2.7124E-07 0.002176     

Other Chemicals         

  Garlic oil     7.43E-08 0.0026698 

Total Pesticides 0.00043773 3.512034 0.000276 9.9169451 
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8.1.9 Antibiotics Use 

 

Use of Antibiotics in Pork Production 

  Molecular Wt. g/pig moles/pig 

Apramycin 539.5818 0.236168 0.0004377 

Arsanilic acid    

Bacitracin 1422.71 0.127906 8.99E-05 

Bacitracin zinc    

Bambermycins    

Carbadox 262.2 0.15653 0.000597 

Chlortetracycline 478.88 0.703055 0.0014681 

Chlortetracycline/Sulfathiazole/Penicillin    

Chlortetracycline/Sulfathiazole/Penicillin - Chlortetracycline 478.88 0.257882 0.0005385 

Chlortetracycline/Sulfathiazole/Penicillin - Sulfathiazole 255.32 0.257882 0.00101 

Chlortetracycline/Sulfathiazole/Penicillin - Penicillin 334.40964 0.128941 0.0003856 

Chlortetracycline/Sulfamethazine/Penicillin    

Chlortetracycline/Sulfamethazine/Penicillin - Chlortetracycline 478.88 0.113059 0.0002361 

Chlortetracycline/Sulfamethazine/Penicillin - Sulfamethazine 278.33 0.113059 0.0004062 

Chlortetracycline/Sulfamethazine/Penicillin - Penicillin as 
procaine 588.7 0.05653 9.602E-05 

Lincomycin 406.539 0.04089 0.0001006 

Neomycin & Terramycin    

Neomycin & Terramycin - Neomycin 614.645 0.059714 9.715E-05 

Neomycin & Terramycin - Terramycin (Oxytetracycline HCl) 496.9 0.085306 0.0001717 

Tiamulin 493.75 0.062232 0.000126 

Tilmicosin 869.1468 0.271763 0.0003127 

Tylosin 916.11 0.234048 0.0002555 

Tylosin & Sulfamethazine    

Tylosin & Sulfamethazine - Tylosin 916.11 0.130389 0.0001423 

Tylosin & Sulfamethazine - Sulfamethazine 278.33 0.130389 0.0004685 

Total  3.165742 0.0069395 
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8.1.10 On-farm Eergy 

 

  On-Farm Energy Unit Processes 

  

On-Farm 
Energy 

Use 

TOTAL 
farm fuel 
transport 

Petroleum 
fuel 

Production& 
Delivery 

On-farm 
Electricity 

LPG on-farm 
emissions 

Inputs           

Coal, in ground 1.31E+03 7.45E-01 5.98E+01 1.25E+03   

Oil, in ground 1.50E+03 1.77E+01 1.42E+03 5.85E+01   

Natural gas, in-ground 2.60E+02 1.75E-01 1.40E+01 2.46E+02   

Uranium (U)2 in ground) 2.78E-01 1.58E-04 1.27E-02 2.65E-01   

            

Air Emissions           

Ammonia 2.92E-02 3.46E-04 2.78E-02 1.11E-03   

Ammonium chloride 5.53E-04 3.14E-07 2.52E-05 5.27E-04   

Carbon dioxide (fossil) 1.69E+03 5.81E+01 8.92E+02 9.94E-02 7.39E+02 

Carbon monoxide 1.92E+01 3.20E-01 1.81E+01 6.20E-01 1.18E-01 

Carbon tetrachloride 1.61E-08 1.92E-10 1.54E-08 5.29E-10   

CFC-12 1.59E-07 1.90E-09 1.52E-07 5.23E-09   

Fluoride 4.66E-05 2.65E-08 2.12E-06 4.44E-05   

Methane 1.09E+01 1.48E-01 5.59E+00 5.20E+00 1.18E-02 

Mercury 1.47E-07 8.37E-11 6.72E-09 1.41E-07   

NOx 6.10E+00 4.45E-01 2.60E+00 2.13E+00 9.22E-01 

N2O 5.57E-02 1.24E-03 1.42E-03 1.03E-04 5.30E-02 

Particulates 
(unspecified) 

2.71E+00 
2.35E-02 5.57E-01 2.10E+00 2.65E-02 

Petroleum           

PM-10           

Radionuclides 5.55E-02 3.15E-05 2.53E-03 5.30E-02   

SOx (unspecified) 4.17E+00 1.18E-01 3.92E+00 1.26E-01 0.00E+00 

SO2 4.80E+01 2.73E-02 2.19E+00 4.58E+01   

Trichloroethane 1.34E-07 1.60E-09 1.28E-07 4.41E-09   

VOC's 6.98E-01 2.76E-02 4.87E-01 1.64E-01 2.06E-02 

            

Water Emissions           

Ammonium 3.23E+01 1.94E-02 1.56E+00 3.08E+01   

Beryllium 7.64E-05 9.09E-07 7.29E-05 2.59E-06   

BOD-5 9.04E-01 1.08E-02 8.63E-01 3.06E-02   

Boron 1.54E-02 1.84E-04 1.47E-02 5.24E-04   

Bromide 1.05E+00 1.25E-02 1.01E+00 3.57E-02   

Calcium 1.58E+01 1.88E-01 1.51E+01 5.36E-01   

Chloride 1.78E+02 2.11E+00 1.70E+02 6.03E+00   

COD 1.74E+00 2.07E-02 1.66E+00 5.86E-02   

Cyanide 3.55E-07 4.23E-09 3.39E-07 1.20E-08   

Fluoride 7.19E-03 4.16E-06 3.34E-04 6.85E-03   

Hardness 4.87E+01 5.80E-01 4.65E+01 1.65E+00   

Lithium 5.28E-03 6.29E-05 5.04E-03 1.79E-04   
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  On-Farm Energy Unit Processes 

  

On-Farm 
Energy 

Use 

TOTAL 
farm fuel 
transport 

Petroleum 
fuel 

Production& 
Delivery 

On-farm 
Electricity 

LPG on-farm 
emissions 

Magnesium 3.09E+00 3.68E-02 2.95E+00 1.05E-01   

Methychloride 1.98E-07 2.36E-09 1.89E-07 6.71E-09   

Nitrates 4.92E+01 2.79E-02 2.24E+00 4.69E+01   

Radium 226 1.72E-10 2.11E-12 1.70E-10     

Radium 228 8.78E-13 1.08E-14 8.67E-13     

Radionuclides 4.92E+01 2.79E-02 2.24E+00 4.69E+01   

Sodium 9.75E+01 6.23E-01 5.00E+01 4.69E+01   

Surfactants 4.10E-03 4.88E-05 3.91E-03 1.39E-04   

Sulfates 1.08E+00 4.66E-03 3.74E-01 6.99E-01   

Sulfur 1.30E-02 1.55E-04 1.24E-02 4.42E-04   

Sulfide 4.92E+01 2.79E-02 2.24E+00 4.69E+01   

Total Alkalinity 3.88E-01 4.61E-03 3.70E-01 1.31E-02   

Total dissolved solids 2.19E+02 2.61E+00 2.09E+02 7.43E+00   

TSS 1.37E+01 1.61E-01 1.29E+01 6.11E-01   

Total petroleum 4.93E+01 2.95E-02 2.37E+00 4.69E+01   

Total Metal 5.69E+01 1.19E-01 9.55E+00 4.72E+01   

            

Solid Waste Emissions           

Overburden 5.16E+01 2.93E-02 2.35E+00 4.92E+01   

SW 6.05E+01 5.32E-01 4.27E+01 1.73E+01   

Nuclear waste 1.99E-06 1.13E-09 9.06E-08 1.90E-06   
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8.1.11 Pork Processing Inventory 

 

Pork Processing Inventory 

  

Total Process 
Inventory, 

Lb/lb 

Total Process 
Inventory, 

Lb/sow 

Processing 
energy 
LCI, 
lbs/sow 

Inputs      

Coal, in ground 5.87E-02 4.09E+02 4.09E+02 

Oil, in ground 3.66E-03 2.55E+01 2.55E+01 

Natural gas, in-ground 6.70E-02 4.66E+02 4.66E+02 

Uranium (U)2 in 
ground) 1.25E-05 8.67E-02 8.67E-02 

Air Emissions       

Ammonia 1.93E-08 1.34E-04 1.34E-04 

Ammonium chloride 3.05E-02 2.13E+02 2.13E+02 

Carbon dioxide (fossil) 1.45E-01 1.01E+03 1.01E+03 

Carbon monoxide 9.83E-05 6.84E-01 6.84E-01 

Carbon tetrachloride 9.55E-11 6.65E-07 6.65E-07 

CFC-12 3.43E-13 2.39E-09 2.39E-09 

Fluoride 1.16E-11 8.06E-08 8.06E-08 

Methane 8.40E-04 5.84E+00 5.84E+00 

Mercury 1.26E-12 8.79E-09 8.79E-09 

NOx 3.04E-05 2.11E-01 2.11E-01 

N2O 1.00E-07 6.96E-04 6.96E-04 

Particulates 
(unspecified) 1.23E-03 8.55E+00 8.55E+00 

Petroleum 1.79E-05 1.24E-01 1.24E-01 

PM-10 5.65E-07 3.93E-03 3.93E-03 

Radionuclides 1.34E-08 9.36E-05 9.36E-05 

SOx (unspecified) 1.28E-03 8.92E+00 8.92E+00 

SO2 1.09E-02 7.56E+01 7.56E+01 

Trichloroethane 1.32E-04 9.22E-01 9.22E-01 

VOC's 6.98E-04 4.86E+00 4.86E+00 

Water Emissions       

Ammonium 4.32E-03 3.00E+01 1.00E+01 

Beryllium 6.99E-09 4.86E-05 4.86E-05 

BOD-5 1.98E-06 1.23E+02 1.38E-02 

Boron 4.19E-08 2.92E-04 2.92E-04 

Bromide 2.44E-06 1.70E-02 1.70E-02 

Calcium 3.61E-05 2.51E-01 2.51E-01 

Chloride 3.91E-04 2.72E+00 2.72E+00 

COD 3.80E-06 2.65E-02 2.65E-02 

Cyanide 1.53E-09 1.06E-05 1.06E-05 

Fluoride 6.88E-07 4.79E-03 4.79E-03 

Hardness 1.07E-04 7.45E-01 7.45E-01 

Lithium 3.50E-08 2.43E-04 2.43E-04 

Magnesium 6.79E-06 4.73E-02 4.73E-02 
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Pork Processing Inventory 

  

Total Process 
Inventory, 

Lb/lb 

Total Process 
Inventory, 

Lb/sow 

Processing 
energy 
LCI, 
lbs/sow 

Methychloride 1.05E-05 7.28E-02 7.28E-02 

Nitrates 2.20E-03 1.53E+01 1.53E+01 

Phosphorus, 
unspecified 3.99E-04 2.78E+00   

Radium 226 1.05E-05 7.28E-02 7.28E-02 

Radium 228 3.10E-11 2.16E-07 2.16E-07 

Radionuclides 2.19E-03 1.53E+01 1.53E+01 

Sodium 2.22E-03 1.55E+01 1.55E+01 

Surfactants 1.05E-05 7.29E-02 7.29E-02 

Sulfates 3.29E-05 2.29E-01 2.29E-01 

Sulfur 1.69E-06 1.17E-02 1.17E-02 

Sulfide 2.19E-03 1.53E+01 1.53E+01 

Total Alkalinity 1.13E-05 7.88E-02 7.88E-02 

Total dissolved solids 4.92E-04 3.43E+00 3.43E+00 

TSS 3.69E-05 2.57E-01 2.57E-01 

Total petroleum 2.19E-03 1.53E+01 1.53E+01 

Total Metal 2.22E-03 1.55E+01 1.55E+01 

Solid Waste 
Emissions       

Overburden 1.25E-05 8.69E-02 8.69E-02 

SW 1.08E-02 4.18E+03 7.50E+01 

Nuclear waste 2.95E-05 2.05E-01 2.05E-01 
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8.1.12 Summary Pork LCI 

Summary LCI lbs per sow lifetime 

All in lbs per sow lifetime 

Total Pig 
LCI, 

Lbs/sow 
Feed 

Upstream 
Growing 

Pigs 
Pig 

Transport 

On-farm 
Energy 

Use Processing 

Fuels/energy             

coal (in-ground) 3.69E+03 1.95E+03   1.37E+01 1.31E+03 4.09E+02 

petroleum (in-ground) 6.49E+03 4.64E+03   3.27E+02 1.50E+03 2.55E+01 

natural gas (in ground) 3.37E+03 2.65E+03   3.23E+00 2.60E+02 4.66E+02 

Uranium (in-ground) 7.50E-01 3.82E-01   2.91E-03 2.78E-01 8.67E-02 

Minerals             

Limestone (CaCO3, in ground) 2.14E+03 2.14E+03         

Sodium Chloride 8.64E+04 1.66E+02       8.62E+04 

Water Used 5.27E+06 4.98E+06 2.86E+05       

Well water/city water 1.01E+06 1.01E+06         

Surface water 1.80E+05 1.80E+05         

Recycled water 6.92E+04 6.92E+04         

Phosphate Rock 8.72E+02 8.72E+02         

( r) Potash ( K2O, in ground) 8.17E+02 8.17E+02         

Land Used             

Land Use: percent of land used for crops 64          

Land Use: soil losses (Lbs) 7.83E+04 7.76E+04         

Land Use: Cropland (M2) 3.37E+04 3.37E+04         

Total Pesticides 1.40E+01 1.40E+01         

Total Antibiotics, moles 1.19E+00   1.19E+00       

Air Emissions             

Ammonia 4.64E+02 2.49E+01 4.39E+02 6.38E-03 2.92E-02 1.34E-04 

Ammonium chloride 2.13E+02 5.04E-04   5.79E-06 5.53E-04 2.13E+02 

Carbon Dioxide CO2, biomass -1.35E+05 -1.35E+05         

Carbon Dioxide CO2, fossil 3.75E+04 2.52E+04 8.97E+03 6.34E+02 1.69E+03 1.01E+03 

Carbon Monoxide 1.20E+02 8.97E+01 6.15E+00 4.74E+00 1.92E+01 6.84E-01 

Carbon tetrachloride 7.23E-07 3.88E-08   3.54E-09 1.61E-08 6.65E-07 

CFC-12 6.26E+00 3.84E-07   3.50E-08 1.59E-07 6.26E+00 

Fluoride 8.96E-05 4.24E-05   4.88E-07 4.66E-05 8.06E-08 

Formaldehyde,g 1.06E-10 1.06E-10         

GHG Emissions, unspecified, CO2 eq. 8.94E+04 8.94E+04         

Hydrocarbons (non-methane), g 6.60E+01 6.60E+01         

Hydrocarbons, unspecified,g 2.37E-02 2.37E-02         

Hydrogen Chloride, g 3.54E-01 3.54E-01         

Hydrogen fluoride, g 4.43E-02 4.43E-02         

Hydrogen sulfide 1.67E+02 4.18E+01 1.25E+02       

Mercury 2.92E-07 1.34E-07   1.54E-09 1.47E-07 8.79E-09 

Methane, g 1.92E+03 4.65E+01 1.85E+03 1.77E+00 1.09E+01 5.84E+00 

Nitrogen Oxides as NO2, g 3.63E+02 3.42E+02 1.15E+01 3.33E+00 6.10E+00 2.11E-01 

Nitrous Oxide N2O, g 9.86E+01 9.63E+01 2.28E+00 1.44E-02 5.57E-02 6.96E-04 

Organic Nitrogen 3.71E+02   3.71E+02       

Particulates (PM10) 4.94E+02 4.92E+02 1.46E+00     3.93E-03 
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Summary LCI lbs per sow lifetime 

All in lbs per sow lifetime 

Total Pig 
LCI, 

Lbs/sow 
Feed 

Upstream 
Growing 

Pigs 
Pig 

Transport 

On-farm 
Energy 

Use Processing 

Particulates unspecified, g 4.01E+01 2.86E+01   2.31E-01 2.71E+00 8.55E+00 

Petroleum 1.24E-01         1.24E-01 

Radionuclides, CI 1.07E-01 5.06E-02   5.82E-04 5.55E-02 9.36E-05 

Sulfur Oxides as SO2, g 3.81E+02 3.64E+02 2.21E+00 1.04E+00 4.17E+00 8.92E+00 

SO2 1.25E+02 1.24E+00   5.03E-01 4.80E+01 7.56E+01 

Trichloroethane 9.22E-01 7.26E-08   2.95E-08 1.34E-07 9.22E-01 

VOC's 1.22E+01 2.46E+00 3.82E+00 3.22E-01 6.98E-01 4.86E+00 

Water Emissions             

Ammonia, as N 9.24E+01 2.96E+01   3.59E-01 3.23E+01 3.00E+01 

Beryllium 3.23E-04 1.82E-04   1.68E-05 7.64E-05 4.86E-05 

BOD5,g 1.27E+02 2.18E+00   1.98E-01 9.04E-01 1.23E+02 

Boron 5.63E-02 3.71E-02   3.39E-03 1.54E-02 2.92E-04 

Bromide 3.84E+00 2.54E+00   2.31E-01 1.05E+00 1.70E-02 

Calcium 5.76E+01 3.80E+01   3.47E+00 1.58E+01 2.51E-01 

Chloride 6.47E+02 4.27E+02   3.90E+01 1.78E+02 2.72E+00 

COD, g 6.40E+00 4.25E+00   3.81E-01 1.74E+00 2.65E-02 

Cyanide 1.19E-05 8.54E-07   7.79E-08 3.55E-07 1.06E-05 

Fluoride 1.86E-02 6.56E-03   7.67E-05 7.19E-03 4.79E-03 

Hardness 1.77E+02 1.17E+02   1.07E+01 4.87E+01 7.45E-01 

Lithium 1.94E-02 1.27E-02   1.16E-03 5.28E-03 2.43E-04 

Magnesium 1.12E+01 7.43E+00   6.78E-01 3.09E+00 4.73E-02 

Metals (unspecified) 1.32E+02 5.79E+01   2.19E+00 5.69E+01 1.55E+01 

Methanol 2.56E-03 2.56E-03         

Methychloride 7.28E-02 4.76E-07   4.35E-08 1.98E-07 7.28E-02 

Nitrates 1.10E+02 4.48E+01   5.15E-01 4.92E+01 1.53E+01 

Nitrates, NO3, g 1.51E+02 1.51E+02         

Nitrogen, unspecified 2.49E+00 2.49E+00         

Phosphorus, unspecified 5.51E+01 3.10E+00     4.92E+01 2.78E+00 

Radionuclides 6.06E+01 4.48E+01   5.15E-01 1.72E-10 1.53E+01 

Radium 226 7.28E-02 4.22E-10   3.90E-11 8.78E-13 7.28E-02 

Radium 228 2.16E-07 2.16E-12   1.99E-13   2.16E-07 

Sodium 2.88E+02 1.64E+02   1.15E+01 9.75E+01 1.55E+01 

Sulfates 2.70E+00 1.31E+00   8.60E-02 1.08E+00 2.29E-01 

Sulfide 1.09E+02 4.37E+01   5.15E-01 4.92E+01 1.53E+01 

Sulfur 5.90E-02 3.14E-02   2.86E-03 1.30E-02 1.17E-02 

Surfactants 1.35E+00 1.28E+00   8.99E-04 4.10E-03 7.29E-02 

Suspended Matter 1.09E+05 1.09E+05   2.98E+00 1.37E+01 2.57E-01 

Total Alkalinity 1.20E+02 1.19E+02   8.50E-02 3.88E-01 7.88E-02 

Total dissolved solids 6.87E+02 4.16E+02   4.81E+01 2.19E+02 3.43E+00 

Total petroleum 1.10E+02 4.51E+01   5.44E-01 4.93E+01 1.53E+01 

Solid Waste Emissions             

Solid waste, hazardous 2.69E+03 2.63E+03     5.16E+01 8.69E-02 

Solid waste, non-hazardous 6.34E+03 2.09E+03   9.82E+00 6.05E+01 4.18E+03 

Nuclear Waste 2.05E-01 1.81E-06   2.08E-08 1.99E-06 2.05E-01 
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