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Obtaining copies:
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Web at www.epa.gov/oeca/sector. Enviro$en$eis a free, public, environmental exchange system
operated by EPA's Office of Enforcement and Compliance Assurance and Office of Research and
Development. The Network allows regulators, the regulated community, technical experts, and the
general public to share information regarding: pollution prevention and innovative technologies;
environmental enforcement and compliance assistance; laws, executive orders, regulations, and
policies; points of contact for services and equipment; and other related topics. The Network
welcomesrecei pt of environmental messages, information, and datafromany public or private person
or organization. Direct technical questions to the “ Feedback” button on the bottom of the web page.

Purchase printed bound copies fromthe Gover nment Printing Office (GPO) by consulting the order
form at the back of this document or order viathe Internet by visiting the on-line GPO Sales Product
Catalog at https://orders.access.gpo.gov/su_docs/sale/prf/prf.html. Search using the exact title of
the document “ Profile of the XX XX Industry” or smply “ Sector Notebook.” When ordering, usethe
GPO document number found in the order form at the back of this document.

Complimentary volumes are available to certain groups or subscribers, including public and
academic libraries; federal, state, tribal, and local governments; and the media from EPA’sNational
Service Center for Environmental Publications at (800) 490-9198. When ordering, use the EPA
publication number found on the following page.

The Sector Notebookswere devel oped by the EPA’ s Office of Compliance. Direct general questions
about the Sector Notebook Project to:

Seth Heminway, Coordinator, Sector Notebook Project
US EPA Office of Compliance

1200 Pennsylvania Avenue, NW (2223-A)
Washington, DC 20460

(202) 564-7017

For further information, and for answers to questions pertaining to these documents, please refer to
the contact names listed on the following page.
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|. INTRODUCTION TO THE SECTOR NOTEBOOK PROJECT
I.A. Summary of the Sector Notebook Project

I ntegrated environmental policies based upon comprehensive analysisof air,
water and land pollutionare alogical supplement to traditional single-media
approachesto environmental protection. Environmental regulatory agencies
are beginning to embrace comprehensive, multi-statute solutions to facility
permitting, enforcement and compliance assurance, education/outreach,
research, and regulatory development issues. The central concepts driving
the new policy direction are that pollutant releases to each environmental
medium (air, water and land) affect each other, and that environmental
strategies must actively identify and address these inter-relationships by
designing policies for the “whole” facility. One way to achieve a whole
facility focus is to design environmental policies for similar industrial
facilities. By doing so, environmental concerns that are common to the
manufacturing of similar products can be addressed in a comprehensive
manner. Recognition of the need to develop the industrial “sector-based”
approach within the EPA Office of Compliance led to the creation of this
document.

The Sector Notebook Project was originaly initiated by the Office of
Compliance within the Office of Enforcement and Compliance Assurance
(OECA) to provide its staff and managers with summary information for
eighteen specific industrial sectors. As other EPA offices, states, the
regulated community, environmental groups, and the public became interested
in this project, the scope of the original project was expanded to its current
form. The ability to design comprehensive, common sense environmental
protection measures for specific industries is dependent on knowledge of
several inter-related topics. For the purposesof thisproject, thekey elements
chosen for inclusion are: genera industry information (economic and
geographic); adescriptionof industrial processes; pollution outputs; pollution
prevention opportunities; federal statutory and regulatory framework;
compliance history; and adescription of partnerships that have been formed
between regulatory agencies, the regulated community and the public.

For any given industry, eachtopic listed above could aone be the subject of
alengthy volume. However, in order to produce amanageabl e document, this
project focuses on providing summary information for each topic. This
format provides the reader with a synopsis of each issue, and references
where morein-depth informationisavailable. Text within each profilewas
researched fromavariety of sources, and was usually condensed from more
detailed sources pertaining to specific topics. This approach alows for a
wide coverage of activities that can be further explored based upon the
citations and references listed at the end of this profile. As a check on the
informationincluded, each notebook went through an external review process.
The Office of Compliance appreci ates the efforts of al | thosethat participated
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inthisprocesswho enabled us to devel op more compl ete, accurate and up-to-
date summaries. Many of those who reviewed this notebook are listed as
contacts in Section X and may be sources of additional information. The
individuals and groups on this list do not necessarily concur with all
statements within this notebook.

| .B. Additional Information

Providing Comments

OECA’s Office of Compliance plansto periodically review and update the
notebooks and will make these updates available both in hard copy and
electronicaly. If youhave any comments on the existing notebook, or if you
would like to provide additional information, please send a hard copy and
computer disk to the EPA Office of Compliance, Sector Notebook Project
(2223-A), 1200 Pennsylvania Avenue, NW, Washington, DC 20460.
Comments can also be uploaded to the Enviro$en$e World Wide Web for
general accessto all usersof the sysem. Follow instructionsin Appendix A
for accessing thissystem. Onceyou havelogged in, proceduresfor uploading
text are available from the on-line Enviro$en$e Help System.

Adapting Notebooksto Particular Needs

The scope of the industry sector described inthis notebook approximatesthe
national occurrence of facility types within the sector. In many instances,
industries within specific geographic regions or states may have unique
characteristics that are not fully captured in these profiles. The Office of
Compliance encourages state and local environmental agencies and other
groupsto supplement or repackage the information included in this notebook
to include more specific industrial and regulatory information that may be
available. Additionally, interested states may want to supplement the
“Summary of ApplicableFederal Statutesand Regulations’ sectionwith state
and local requirements. Compliance or technical assistance providers may
also want to develop the “Pollution Prevention” section in more detail.
Please contact the appropriate specialist listed on the opening page of this
notebookif your officeisinterested in assisting usin the further development
of the information or policies addressed within this volume. If you are
interested in assisting in the development of new notebooks for sectors not
covered in the origina elghteen, please contact the Office of Compliance at
202-564-2310.

Sector Notebook Project 2 September 2000



Agricultural Chemical Industry I ntroduction and Scope

[I. INTRODUCTION TO THE AGRICULTURAL CHEMICAL INDUSTRY

This section provides background information on the size, geographic
distribution, employment, production, sales, and economic condition of the
fertilizer, pesticide, and agricultural chemical industry. Facilities described
within this document are described in terms of their Standard Industrial
Classification (SIC) codes whenever possible.

[I.A. Introduction, Background, and Scope of the Notebook

The scope of this Sector Notebook covers the manufacturing and production
of fertilizers, the formulation of pesticide chemicals (both agricultural and
non-agricultural) manufactured at separate facilities, and the production of
other miscellaneous agricultural chemicals. 1t does not include the use, sale,
distribution, or storage of such chemicals.

The Fertilizer, Pesticide, and Agricultural Chemical Industry is classified by
the Office of Management and Budget (OMB) under Standard Industrial
Classification (SIC) Industry Group Number 287. This classification
corresponds to SIC codes which were established by the OMB to track the
flow of goods and services within the economy. Industry Group Number 287
includes SIC codes:

2873-- Nitrogenous Fertilizers

2874-- Phosphatic Fertilizers

2875-- Fertilizers, Mixing Only

2879-- Pesticides and Agricultural Chemicals, Not Elsewhere
Classified (n.e.c)

Thisnotebook covers bothfertilizer manufacturing and formulating operations
including ammonia synthesis, nitric and phosphoric acid production, and the
mixing, preparing, and packaging of nitrogenous and phosphatic fertilizers.
Establishments engaged in manufacturing fertilizer materials or mixing
fertilizers produced at the same establishment are classified under SIC codes
2873 and 2874. Mixing of fertilizer materials, such as compost, potting soil,
and fertilizers made in plants not manufacturing fertilizer materials, is
classified under SIC code 2875. This notebook does not include the mining
or grinding of phosphate rock, which is classified under SIC code 1475, and
it al'so does not include the use or application of fertilizers.

SIC code 2879, pesticidesand agricultural chemicalsnotel sewhereclassified
(n.e.c.), hereafter referred to as pesticides and miscellaneous agricultural
chemicals, coversonlythe formulating, preparing, and packaging of ready-to-
useagricultural and household pest control chemicals. Thisindustry codealso
includesestablishments primarily engaged i nthe manufacturing or formulating
of agricultural chemicals, not elsewhere classified, such as minor or trace
elements and soil conditioners. This notebook does not discuss the use or
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application of pesticide products. Establishments primarily engaged in the
manufacturing of basic or technical agricultural pesticides are classified in
Industry Group 281 if the chemicals produced are inorganicor Industry Group
286 if the chemicals produced are organic. Thisnotebook also doesnot cover
the agricultural supply sector, SIC 5191, which is engaged in the wholesale
and distribution of various agricultural supplies including fertilizers and
pesticides. Also, thereislittle discussion of the potassium fertilizer industry
as potash is classified under SIC 2819, Inorganic Chemicals n.e.c.

Federal government agencies, including United States EPA, are beginning to
implement an industria classification system developed by OMB to replace
the SIC code system. The new system, which is based on similar production
processes, is called the North American Industrial Classification System
(NAICYS). Inthe NAIC system, the manufacturing of nitrogenous fertilizers
(SIC 2873) isclassified as NAIC 325311, phosphatic fertilizers (SIC 2874)
as NAIC 325312, and fertilizer mixing only (SIC 2875) as NAIC 325314.
Pesticideformulating and agricultural chemicalsn.e.c. (SIC 2879) isclassified
under NAIC 32532. Because EPA databases, and other databases used inthis
document, are still using the SIC system, the industry sectors described inthis
Sector Notebook are described in terms of their SIC codes.

[1.B. Characterization of the Fertilizer, Pesticide, and Agricultural Chemical Industry

Astheworld population increases, crop lands are unable to meet the growing
demand for food without empl oying some method of crop enhancement. There
are five common practices used to meet the growing demand:

increasing tilled acreage

improving plant strains

introducing or expanding irrigation

controlling pest by chemical or biological methods
initiating or increasing fertilizer usage

OOOOO

Increased utilization of the last two methods has created alarge agrichemical
industry which produces awide variety of products designedto increase crop
production and protect crops fromdisease and pests (Kent, 1992). Together,
the production of fertilizers and the formulation of pesticides was a $18.8
billion industry in 1992, employing over 40,000 people (USDOC, 1995).

Plants require 18 elements to grow, the most important being oxygen, carbon,
hydrogen, nitrogen, phosphorous, and potassum. Oxygen, carbon, and
hydrogen are obtained from the atmosphere and water, while nitrogen,
phosphorous, and potassium are naturally obtained fromsoil. However, under
current high yield production methods, soils are stripped of the essential
nutrients, requiring the additionof fertilizers (primarily consisting of nitrogen,
phosphorous, and potassium) to resupply the land. Theadditional 12 essential
nutrients are generally maintained in soil at sufficient levels for plant growth,
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but they may be added to some fertilizers (Kent, 1992).

Even before the addition of nutrients to farm lands, farmers were forced to
protecttheir cropsagainst pestswithchemicals. Referencesto pesticide usage
date backto 1000 B.C. Pestsare continuously adapting to pesticide chemicals
requiring new pesticides and the usage of multiple chemical agents. The
industry is rapidly changing due to biological adaptation of pests, |aboratory
discoveries, and government regulation (Kent, 1992). The pesticideindustry
is faced with the need for new formulations and the abundance of possible
combinations, but restricted by cost factors and a sometimes lengthy
registration process.

Pesticides are applied on about three-quarters of United States farms and
households. Farmers' expenditureson pesticideswere equal to 4.6 percent of
total farm production expenditures in 1995, up from 3.9 percent in 1993.
About one hillion pounds of active ingredient of conventional pesticides are
used annually inthe United States; this usage involves about 21,000 pesticide
products (including non-agricultural products) and 875 active ingredients
registered under the Federal Pesticide Law, according to the 1994 and 1995
Market Estimatesfor Pesticides Industry Sales and Usage (Aspelin, 1997).

[1.B.1. Product Characterization

This notebook covers all aspects of fertilizer production and pesticide
formulating and packaging. However, because the industrial processes,
pollutant outputs, economics, size, and geographic distribution of the two
industriesaredifferent, they are dealt with separatel y throughout the notebook.

Figure 1 compares the number of manufacturing facilities and value of
shipments for each of the major sectors within the Fertilizer, Pesticide, and
Agricultural Chemical Industry, as reported by the United States Bureau of
Census. The figure shows that the fertilizer mixing industry has the largest
number of facilities but the smallest value of shipments. This reflects that,
compared to other sub-sectorswithinthe Fertilizer, Pesticideand Agricultural
Chemica Industry, these facilities produce a relatively small volume of
product and sell a relatively low value product. Phosphatic fertilizer
producers, on the other hand, comprise the smallest number of facilities but
have arelatively large share of the industry’s value of shipments, reflecting
that individual facilities produce arelatively large volume of product.
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Figurel: Number of Facilitiesand Value of Shipmentsof the Fertilizer,
Pesticide, and Agricultural Chemical Manufacturing Industry

(number of manufacturing facilities) (millions of dallars)
7% $4,049.4
152 $35884
¢ $1,7815
263 *

$8,2348

E Nitrogenous Fertilizers
[ Phosphatic Fertilizers
[] Fertilizers, Mixing only

Pesticides and Ag. Chem. N.E.C. *

Source: 1992 Census of Manufacturers, Industry Series: Agricultural Chemicals, United
Sates Department of Commerce, Bureau of the Census, May 1995.

* United States EPA hasidentified over 8,000 establishmentsthat could fall within thisSIC
code asit is defined by the OMB. See discussion in text below.

The Census of Manufacturers reports 263 establishments that can be defined
as producing pesticides and miscellaneous agricultural chemicals. These
establishments reportedly account for almost half of the value of shipments for
the sector. There are over 8,000 establishmentsidentified by the United States
EPA that manufacture, formulate and package pesticides and other agricultural
chemicalsand that could fall withinOMB’ s SIC code definitionfor thissector.
Many of these are small establishments and establishmentsthat haveaprimary
line of business other than producing pesticides and other miscellaneous
agricultura chemicals. The Census only counts those facilities which report
an SIC code as their primary line of business, thus the number of facilities
shownaboveisnotinclusiveof al facilitiesinvolved inagricultura chemical
production. Under the* Pesticidesand Miscellaneous Agricultural Chemicals’
heading later in this section, other pesticide producing establishment counts
are presented based on EPA estimates and reporting under section 7 of the
Federa Insecticide, Fungicide, and Rodenticide Act.
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Nitrogenous Fertilizers

The nitrogenous fertilizer industry includes the production of synthetic
ammonia, nitric acid, ammonium nitrate, and urea. Synthetic anmonia and
nitric acid, however, are used primarily asintermediates in the production of
ammonium nitrate and urea fertilizers. Table 1 lists specific products
classified as nitrogenous fertilizers by OMB.

Table 1: Nitrogenous Fertilizer Products
(SIC 2873)

Ammonia liquor

Ammonium nitrate

Ammonium sulfate

Anhydrous ammonia

Aquaammonia

Fertilizers, mixed, produced in nitrogenous fertilizer plants
Fertilizers, natural

Nitric acid

Nitrogen fertilizer solutions

Plant foods, mixed in nitrogenous fertilizer plants
Urea

Source: Sandard Industrial Classification Manual, Office
of Management and Budget, 1987.

Synthetic Ammonia

Synthetic ammonia refersto ammoniathat has been synthesized from natural
gas. In this process, natural gas molecules are reduced to carbon and
hydrogen. The hydrogen isthen purified and reacted with nitrogen to produce
ammonia. Approximately 75 percent of the synthetic ammoniaproducedinthe
United Statesisused asfertilizer, either directly asammoniaor indirectly after
fertilizer synthesis into urea, ammonium nitrate, and monoammonium or
diammonium phosphates. One-third of the fertilizer nitrogen is applied
directly to the land as anhydrous ammonia. The remaining 25 percent of
ammonia produced in the United States is used as raw material in the
manufacture of polymeric resins, explosives, nitric acid, and other products
(USEPA, 1993a).

Nitric Acid

Nitricacidisformed by concentration, absorption, and oxidation of anhydrous
ammonia. About 70 percent of the nitric acid produced is consumed as an
i ntermediate in the manufacture of ammonium nitrate (NH,NO3), which is
primarily used in fertilizers. Another 5 to 10 percent of the nitric acid
produced is used in adipic acid manufacturing, an intermediate in nylon
production. Explosive manufacturing utilizesnitric acid for organic nitrations
to produce nitrobenzene, dinitrotoluenes, and other chemical intermediates.
Other end usesof nitricacid aregold and silver separation, military munitions,
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steel and brass pickling, photoengraving, and acidulation of phosphate rock
(USEPA, 1993a).

Ammonium Nitrate

Ammonium nitrate is produced by neutraizing nitric acid with ammonia.
Approximately 15 to 20 percent of ammonium nitrate is used for explosives
andthebalancefor fertilizer. Ammonium nitrateismarketed in severa forms,
depending upon its use. Liquid ammonium nitrate may be sold as a fertilizer,
generally in combination with urea. Liquid ammonium nitrate may also be
concentrated to form an ammonium nitrate “melt” for use in solids formation
processes. Solid ammonium nitrate may be produced in the form of prills,
grains, granulesor crystals. Prills, round or needle-shaped aggregates, canbe
produced in either high or low density form, depending on the concentration
of the melt. High density prills, granules and crystals are used as fertilizer,
grains are used solely in explosives, and low density prills can be used as
either fertilizer or explosives (USEPA, 1993a).

Urea

Urea, also knownas carbamide or carbonyl diamide, is produced by reacting
ammoniawith carbon dioxide. Eighty-five percent of urea solution produced
is used in fertilizer mixtures, with three percent going to animal feed
supplements and 12 percent is used for plastics and other uses. Urea is
marketed as asolutionor insolid form. Most solids are produced as prills or
granules for use as fertilizer or protein supplement in animal feed, and in
plastics manufacturing (USEPA, 1993a).

Ammonium sulfate

It is not economically feasible to produce ammonium sulfate for use as a
fertilizer. However, ammonium sulfate is formed as a by-product of other
process such as acid scrubbing of coke oven gas, synthetic fiber production,
and the ammoniation of process sulfuric acid (Hoffmeister, 1993). Therefore,
the production of ammonium sulfate is not described in this notebook.
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Figure 2: Product Digtribution for SIC 2873, Nitrogenous Fertilizers
1996 Production

(in thousands of tong)
16,814

2,605

3,080 5,551
E Ammonia [ ] Ammanium nitrate
[] Urea [l Ammonium sulfate

Source: Fertilizer Institute data as reported in Chemical and Engineering News, June 23, 1998.
Figures are based on Fertilizer Institute surveys and may not represent the entire industry.

Phosphatic Fertilizers

The phosphatic fertilizer industry can be divided into three major segments:
phosphoric acid, granular ammonium phosphate, and norma and triple
superphosphate. Table 2 lists these, and a few additional, less common
products classified as phosphatic fertilizers by OMB.

Table 2: Phosphatic Fertilizer Products
(SIC 2874)

Ammonium phosphates

Calcium meta-phosphates

Defluorinated phosphates

Diammonium phosphates

Fertilizers, mixed, produced in phosphétic fertilizer plants
Phosphoric acid

Plant foods, mixed in phosphatic fertilizer plants
Superphosphates, ammoniated and not ammoniated

Source: Standard Industrial Classification Manual, Office of
Management and Budget, 1987.
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Phosphoric Acid

Phosphoric acid (H;PO,) can be manufactured using either awet or a thermal
processto react phosphate rock with sulfuric acid. Approximately 96 percent
of the phosphoric acid produced in the United Statesi s produced usingthe wet
process. Wet process phosphoric acid has a phosphorous concentration
typically ranging from 26-30% as phosphorous pentoxide (P,Os) and is used
in the production of ammonium phosphates and triple superphosphates.
Thermal process phosphoric acid iscommonly usedinthe manufacture of high
grade chemicals requiring a much higher purity.

Ammonium Phosphates

Ammonium phosphate (NH,H,PO,) is produced by reacting phosphoric acid
with anhydrous ammonia. Both solid and liquid ammonium phosphatic
fertilizers are produced in the United States The most common ammonium
phosphatic fertilizer grades are monoammonium phosphate (MAP) and
diammonium phosphate (DAP). DAP has become one of the most commonly
used fertilizers because it provides a large quantity of plant food, is
compatible with most mix fertilizer ingredients, and is nonexplosive. It may
be directly applied or used inirrigation sysems asit is completely soluble in
water. DAPisalso preferred over MAP becauseit is capable of fixing twice
as much ammonia per phosphorous pentoxide in solid form (Nielson, 1987.)
MAP contains a higher concentration of phosphorous pentoxidethan DAP. It
isfavored for use with alkaline soilsand may be applied either directly or in
adry blend.

Normal Superphosphates

Like phosphoric acid, normal, or “ordinary,” superphosphate fertilizers are
produced by reacting phosphate rock with sulfuric acid. However, normal
superphosphate (NSP) retains calcium sulfate which forms by the reaction
between phosphate rock and sulfuric acid. For this reason NSP retains its
importance wherever sulphur deficiency limits crop yields (UNEP, 1996).
NSP refersto fertilizer material containing 15 to 21 percent phosphorous as
phosphorous pentoxide (P,Os). As defined by the Census Bureau, NSP
contains not more than 22 percent of available P,Os (USEPA, 1993a).
Productionof NSPhasgivenway to the higher-yielding tri ple superphospheates
and ammonium phosphates. In 1990, production of NSP accounted for only
one percent by weight of the phosphorous fertilizer industry. Because of its
low P,Os concentration, shipping can be prohibitively expensive due to the
large volumes required. NSP isfavored in low cost Nitrogen-Phosphorous-
Potassium (NPK) mixes because it is aless expensive form of phosphorous,
however, it is unacceptable for higher-grade mixes (Kent, 1992).

Triple Superphosphates

Triplesuperphosphates (TSP) are produced by reacting ground phosphaterock
with phosphoric acid. Triple superphosphate is also knownas double, treble,
or concentrated superphosphate. The phosphorus content of triple
superphosphatesisover 40 percent, measured as phosphorus pentoxide (P,Os),
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whichisits mainadvantage over other phosphaticfertilizers(USEPA, 1993a).
TSP began to be produced in large quantities when wet process phosphoric
acid production became available commercialy. It is commonly produced
along with phosphoric acid near phosphate rock supplies. TSP may be
applied directly or asabulk blend (Kent, 1992).

Figure 3: Product Distribution for SIC 2874, Phosphorous Fertilizers

1996 Production
(in thousands of tons)

12,511

3,332

15,675

|:| Phogphoric acid
[[] Diammonium phosphate

||]]]] Concentrated superphosphate
. Monoammeonium phasphate

Source: Chemical and Engineering News, June 23, 1998. Figures are based on
Fertilizer Institute surveys and may not represent the entire industry.

Fertilizers, Mixing Only
A significant part of the fertilizer industry only purchasesfertilizer materials
in bulk from fertilizer manufacturing facilities and mixes themto sell as a

fertilizer formulation.

Phosphorous is the single nutrient most likely to be applied in a fertilizer
mixture, as seen in Table 3.
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Table 3: 1990 Direct vs Mixed Application of
Primary Fertilizer Nutrients

Method, % applied
Nutrient Direct Mixtures
Nitrogen 80 20
Phosphorous 8 92
Potassium 65 35
TOTAL 61 39

Source: Hoffmeister, G., “ Fertilizers,” Kirk-Othmer
Encyclopedia of Chemical Technology, V. 10, 1993.

Although the Bureau of the Census only counts 401 facilities reporting the SIC
code for fertilizer mixing (2875) in 1992, other sources estimated the true
number of fertilizer mixing facilities to be closer to five or six thousand in
1984 (Adrilenas and Vroomen, 1990). About half of applied fertilizers are
bulk blends. Fertilizer mixing facilities generally serve asmall area such as
farms withinatento fifty mileradius. The processesinvolved are simple and
relatively little value is added to the raw materials purchased by mixing
facilities. Nevertheless, there are many of these facilities and volume of
productionresultsina$1.8 billionindustry (value of annual shipments). The
industrial process is ssimple and resembles that of the pesticide formulating
sector. A brief discussion of fertilizer mixing processes is included in this
notebook.

Pesticides and Miscellaneous Agricultural Chemicals

The pesticidesand agricultural chemicalsn.e.c. (referred to here as pesticides
and miscellaneous agricultural chemicals) industry group (SIC 2879)
formulatesand preparesready to useagricultural and household pesticidesand
other agricultural chemicals. The manufacture of pesticide active ingredients
is classified under either Industry Group 281 for inorganic chemicals or 286
for organics which are not covered by this notebook. (See Profile of the
Inorganic Chemicals Industry and Profile of the Organic Chemicals
Industry Sector Notebooks.) Inthe United States, over 850 different pesticide
formulations and preparations are produced. In 1995, 31 new active
ingredientswereregisteredinthe United States (Aspelin, 1997). Most of these
pesticides can be classified as either insecticides, herbicides, or fungicides,
athough many other minor classificationsexist. Alsoincludedinthiscategory
are blends of fertilizers and pesticides produced at pesticide formulating and
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mixing facilities. Table 4 liststhe pesticides and other productsincluded in
SIC 2879.

Table4: SIC 2879 Pesticides and Miscellaneous Agricultural
Chemicals, List of Products

Agricultural disinfectants Insecticides, agricultural and Poison, household
Agricultural pesticides household Pyrethrin
Arsenates and arsenites Lime-sulfur, dry and solution Rodenticides
Bordeaux mixture Lindane, formulated Rotenone

Cattle dips and sheep dips Moth repellants Soil conditioners
DDT Nicotine and salts Sulfur dust
Defoliants Paris green Thiocyanates
Fly sprays Pesticides, household Trace elements
Fungicides Phytoactin (agrichemicd)
Growth regulants Plant hormones Xanthone
Herbicides

Source: Standard Industrial Classification Manual, Office of Management and Budget,
1987.

In 1995, 77 percent (by volume) of all pesticideswereused for agriculture, 12
percent for industrial, commercial, or governmenta landsor facilities, and 11
percent for homesand gardens (Aspelin, 1997). Non-agricultural pesticides
and miscellaneous agricultural chemicalsareincludedinthedatapresented for
sales, production, waste management, and enforcement and compliance.
However, since they represent arelatively small part of theindustry and cover
awide range of chemicals and production processes, these products are not
covered in the Industrial Processes and Pollutant Outputs sections of this
document.

Herbicides

Herbicides (inbothvalue and quantity) are the largest class of pesticides used
in the United States, aswell asin theworld. This class of pesticides, which
accounts for approximately fifty percent of the value of aggregate world
pesticide usage, is used to destroy or control a wide variety of weeds and
other unwanted plants. Because of itsdemonstrated farm labor savings, nearly
all the agricultural land in the United States is currently being treated with
sometype of herbicide. Inrecent years, approximately fifty percent of total
United States pesticide consumption (by value) was herbicides (USITC,
1994).

Insecticides
Insecticides are the second largest pesticide category (by value) used in the
United Statesand intheworld. Inthe early 1990s, insecticides accounted for
approximately twenty-nine percent of thetotal value of United Statespesticide
consumption. Historically, the category of synthetic organic insecticides has
been divided into one of four major chemical groups:

C organochlorines (e.g., DDT and chlordane)
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C organophosphates (e.g., parathion and diazinon)
C carbamates (e.g., carbaryl)
C pyrethroids (e.g., natural and synthetic)

Several compounds, discovered during the 1950s, found widespread use in
agriculture because of their hightoxicity to avariety of insects. However, the
gualities that made these chemicals so desirable also led to their eventual
removal fromthe market, as these products al so proved harmful to humansand
to the environment. Spurred in part by increased environmental concern,
researchers developed a new series of |ess toxic synthetic compounds called
pyrethroids. Thesecompoundsare based onthenatura pyrethroids, whichare
found in such plants as the chrysanthemum (USITC, 1994).

Fungicides

In recent years, fungicides accounted for approximately ten percent of the
value of total United States pesticide consumption. Fungicidesare used today
primarily to protect agricultural cropsand seeds from various fungi; farmers
previously used inorganic products, such as elementa sulfur and copper
sulfate. Initially, synthetic productswerecommercially unsuccessful, because
of their high manufacturing costs. By the 1940s, however, newer, less
expensive products became commercially successful. Today, fungicides are
manufactured from a variety of chemical classes. Commercialy, the most
important fungicides are halogenated compounds, the carbamates and
dithiocarbamates, and organophosphates (USITC, 1994).

Other Pesticides
Although small in total quantity consumed, a number of other classes of
pesticide products are onthe market. Some of these pesticidesare not covered
by this Notebook.

C Biological pesticides also known ashiopesticides, includetruebiological
agents, living or reproduced biological entitiessuchasvirusesor bacteria,
and naturally occurring biochemicals such as plant growth regulators,
hormones, and insect sexua attractants (pheromones) that function by
modes of action other thaninnate toxicity. At the end of 1998, therewere
approximately 175 registered biopesticide active ingredients and 700
products. Generally, biological pesticides pose little or no risk to human
health or the environment. Accordingly EPA generally requiresmuch less
data to register a biopesticide than to register a conventional pesticide
(USEPA, 1999). To further facilitate theregistration of biopesticides, in
1994, EPA established the Biopesticides and Pollution Prevention
Division in the Office of Pesticide Programs.

C Plant growth regulators have been developed by many companies to
improve crop production. Plant growth regulators are produced for a
variety of purposes, including loosening ripened fruits for faster harvest;
controlling the size and firmnessof fruits; and regulating the size of a plant

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Sector Notebook Project 14 September 2000




Agricultural Chemical Industry I ntroduction and Scope

to increase branching. These products account for a small portion of
world and United States usage. Future development will probably be
directed toward sel ected cropsfor whichthe application of these specialty
products is found to be the most cost effective (USITC, 1994).

C Sex attractants may be used to attract insects to traps or to confuse
specific male insects, making it difficult to locate females for mating.
Commercialy available sexual attractants are synthetically produced
compounds. Insect growth regulators, such asjuvenile growth hormones,
are synthetic compounds similar to the natural chemicals that regulate
insect growth.

C Genetically modified plants are plants developed through the use of
biotechnology. There are three types of plants that are relevant to pest
control: herbicide-tolerant plants (which can tolerate certain types of
herbicides), insect-resistant plants (which canwithstand attacks by certain
insects), and virus- and other pest-resistant plants (which are immune to
some types of plant viruses and other plant pests). Asof September 1994,
several genetically modified plants had been commercialized and had
elicited optimism that genetically modified plants would become an
important new approach to controlling pests (USDA, 1995).

The environmental benefits of reduced use of chemical pesticides are dso
significant. Environmental side effects of traditional pesticides include the
cost of providing alternative sources of drinking water, increased treatment
costs for public and private water systems, lost boating and swimming
opportunities, worker safety concerns, exposureto nearby residents, increased
exposures for farm children, possible loss of biodiversity, pressure on
threatened and endangered species, and damage to recreational and fishery
resources (USDA, 1995).

Pesticide Formulations

Pesticide formulations may existinany of the threefollowing physical states:
liquid, dry, and pressurized gas. The liquid formulation may be applied
directly in liquid form or propelled asanaerosol. Some common dry-based
formulations are dusts, wettable powders, granules, treated seed, bait pellets,
encapsulated, and cubes. Pressurized gasformulationsare used primarily for
soil fumigation (USEPA, 1996). Gaseous pesticides can be subjected to high
pressures which oftenconvertthe formulationto aliquid which can be stored,
transported and applied from gas cylinders.

Repackaging of pesticide formulations is common when materials are to be
transferred from bulk storage to a smaller scale of packaging for use by a
consumer. Products are typically repackaged in smaller containers and
consumer-specific labeling is added (USEPA, 1996).
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cropland. The remainder were used in private homes and gardens and on
commercial and industrial property (Aspelin, 1997). Therefore, dthough non-
agricultural pesticides are included in SIC code 2879 and thus the notebook,
the specific packaging or formulating requirements of those products are not
included. However, thesales, production, pollutant rel eases, and enforcement
and compliance datareflect non-agricultural pesticidesaswell as agricultural
pesticides.

The magjority of pesticides were used on only afew major crops: cotton, corn,
soybeans, and apples. The mgjor pesticide chemicals used in United States
agricultural crop production are atrazine, metolachlor, metamsodium, methyl
bromide', and dichloropropene (Aspelin, 1997).

Figure4: Product Digtribution for SIC 2879, Pesticides and Miscellaneous
Agricultural Chemicals

1696 Production
(in millions of pounds)
5a8
5
85
185
[] Herbicides [] Insecticides
Fungicides . Plant Growth Regulators

Source: American Crop Protection Association, asreported in Chemical and Engineering News, June 23,
1998.

Establishment Reporting Under FIFRA Section 7

Information reported under section 7 of the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) isanother sourceof facility level datafor the pesticides
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and will be completely phased out in 2005.
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industry. All establishments that produce pesticides in the United States or that
import pesticides into the United States are required to register and report their
production volume to the EPA. These data differ from the Census of
Manufacturers data presented above for the agricultural chemical industry as a
whole. The Census of Manufacturers data only covers facilities that are
manufacturing these products, whilethe FIFRA data systemmorebroadly includes
establishments that “produce” these products. The term, “produce’ has been
defined under FIFRA and 40 CFR Part 167 to mean “to manufacture, prepare,
propagate, compound, or process any pesticide, including any pesticide produced
pursuant to section 5 of FIFRA, any active ingredient, or device, or to package,
repackage, label, relabel, or otherwise change the container of any pesticide or
device.” Repackaging or otherwise changing the container of any pesticide or
deviceinbulk amounts constitutes pesticide production. Under FIFRA section 7,
products are reported under one of four product types:

1) Technical material or active ingredient

2) End-use blend, formulation, or concentrate
3) Repackaged or relabeled product

4) Device

The total number of establishments, domestic and foreign, that reported to EPA
under FIFRA section 7 are presented in Table 5. Although there are
approximately twel veto thirteen thousand A ctive Regi stered Pesti cide-Producing
Establishments, table 5 below only lists establishments that reported actual
production for the calender year 1996. The establishments that reported either
zero production or who were non-reporters for calender year 1996 are not
included inthe establishment number totalsin the table. The significant difference
between the pesticide producing establishment counts as reported under section
7(8,612) and the pesticide and agricultural chemical manufacturersn.e.c. reported
by the Census (263) canbeattributed to the section 7 broad inclusion of producers
vs. the relatively narrow, Census inclusion of manufacturers. In addition, the
Census of Manufacturers uses SIC code definitions which lump many pesticide
activeingredient manufacturersinto SIC codes that represent organic or inorganic
chemicals. Establishmentsclassified under thefirst product type, aswell assome
of the second, may include facilities classified under the chemical manufacturing
SIC codes 286 or 281. Also, the Census only counts afacility in an SIC code if
they reportaproductinthat SIC code astheir primary line of business. Therefore,
facilities producing a variety of products might not be classified under all
applicable SIC codes. For example, a facility which produces many different
types of fertilizers as well as some pesticides might only be counted under the
fertilizer SIC codes by the Census Bureau to avoid double counting of facilities.
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Agricultural Chemical Industry

I ntroduction and Scope

Table 5: Establishment Counts Based on Product Type*
Type | Product Total | Domestic | Foreign
1 Technical Material, 555 410 145
Active Ingredient
2 End-Use Blend, 2,590 2,454 136
Formulation,
Concentrate
3 Repackaged or 5,267 5,243 24
Relabeled Goods
4 Devices 200 166 34
Total 8,612 8,273 339
Source: U.SEPA, Enforcement, Planning, Targeting & Data
Division,, FIFRA, section 7 Data System, United States EPA. 1996.
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Agricultural Chemical Industry

I ntroduction and Scope

[1.B.2. Industry Size and Geographic Digtribution

Table 6 lists the facility size distribution within the nitrogenous fertilizer,
phosphatic fertilizer, fertilizer mixing, and pesticide and agrichemical
formulating industries. For each industry code, the majority of facilities
employ less than 50 people.

Table6: Facility Size Distribution for the Fertilizer, Pesticide, and Agricultural Chemical
Manufacturing Industry

FERTILIZERS PESTICIDES
Nitrogenous Phosphatic Fertilizers, Mixing | Pesticidesand
Fertilizers Fertilizers(SIC only other
(SIC 2873) 2874) (SIC 2875) Agrichemicals
(SIC 2879)*
Employees
per Facility | Number Percentage | Number | Percentage | Number Percentage | Number | Percentage
of of of of of of of of
Facilities | Facilities Facilitie | Facilities Facilities | Facilities Facilitie | Facilities
s s
1-9 60 39% 27 36% 205 51% 108 41%
10-49 a7 31% 22 29% 166 41% 95 36%
50-249 43 28% 15 20% 30 8% 45 17%
250-499 1 1% 6 8% 0 0% 7 3%
500-2499 |1 1% 5 % 0 0% 8 3%
Total 152 100% 75 100% 401 100% 263* 100%

Source: 1992 Census of Manufacturers, Industry Series: Agricultural Chemicals, US Department of Commerce, Bureau of the
Census, May 1995.
Note: 1992 Census of Manufacturers data are the most recent available. Changes in the number of facilities, location, and employment
figures since 1992 are not reflected in these data.

* United States EPA has identified over 8,600 registered pesticide producing establishments. The SIC code asiit is defined by the
OMB only includes 263 of those establishments.
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Agricultural Chemical Industry I ntroduction and Scope

Figure 5 shows the United States distribution of fertilizer manufacturing and
mixing facilities. The geographic distribution of nitrogenous and phosphatic
fertilizer manufacturers is determined by natural resources and demand.
Seventy percent of synthetic ammonia plants in the United States are
concentrated in Louisiana, Texas, Oklahoma, lowa, and Nebraska due to
abundant natural gas supplies. The mgjority of nitric acid plants are located
inagricultural regions such as the Midwest, South Central, and Gulf Statesin
order to accommodate the high volume of fertilizer usage. Florida has the
largest phosphate rock supply in the United States, thus phosphoric acid
manufacturing is concentrated primarily in Florida and spreads into the
Southeast.

Figure5: Geographic Distribution of the Fertilizer Industry (SIC 2873, 2874, 2875)
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Source: 1992 Census of Manufacturers, Industry Series: Agricultural Chemicals, United States
Department of Commer ce, Bureau of the Census, May 1995.

Sector Notebook Project 20 September 2000



Agricultural Chemical Industry I ntroduction and Scope

Table 7 further divides the geographic distribution of fertilizer manufacturing
and mixing facilities. The top states in which the nitrogenous fertilizer,
phosphatic fertilizer, and fertilizer mixing industries are concentrated are
givenaong with their respective number of establishments. Florida s supply
of phosphate rock causes a concentration of phosphatic and mixed fertilizer
facilities, while nitrogenous fertilizer plants are oftenlocated near sources of
raw materials.

Table7: Stateswith the Largest Number of Fertilizer Manufacturing Facilities
Nitrogenous Phosphatic Fertilizers,
Fertilizers Fertilizers Mixing only
(SIC 2873) (SIC 2874) (SIC 2875)
Top Establish- | Top Establish- | Top Establish-
States ments States ments States ments
Statesin which
industry is . . . .
concentrated, based _I(Eal ifornia | 17 EI Ortll(qja 15 glgnda 42
on number of Lexgg 12 Cor I 9 T 10 31
establishments ouisilana 8 arolina exas 26
% of total 24% 32% 25%
Source: 1992 Census of Manufacturers, Industry Series: Agricultural Chemicals, US Department of Commerce,
Bureau of the Census, May 1995.
Note: 1992 Census of Manufacturers data are the most recent available. Changes in the number of facilities, location,
and employment figures since 1992 are not reflected in these data.
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Agricultural Chemical Industry I ntroduction and Scope

Figure 6 shows the United States distribution of pesticide formulating and
miscellaneous agrichemical formulating facilities. The distribution follows
the general distributionof the petrochemical industry (coasts and Great L akes)
which the industry relies on for its raw materias, and the distribution of
agricultural productioninthe United States (Midwest and Great Plainsstates).

Figure 6: Geographic Distribution of the Pesticide For mulating and Miscellaneous
Agrichemical Formulating Facilities (SIC 2879)*

i ; _
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Source: 1992 Census of Manufacturers, Industry Series: Agricultural Chemicals, United States
Department of Commerce, Bureau of the Census, May 1995.

*  United States EPA hasidentified over 8,000 establishmentsthat could fall within this SIC code asit
is defined by the OMB.

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Sector Notebook Project 22 September 2000




Agricultural Chemical Industry I ntroduction and Scope

Table 8. Top United States Agricultural Chemical Companies
1997 Sales
Rank | Company (millionsof | SIC Code(s) Reported
dollars)

1 IMC Global - Northbrook, IL 2,981 2874, 2875, 2819, 1474, 1475

2 Zeneca Inc. - Wilmington, DE 2,822 2879, 2834,2899

3 Agrium United States Inc. - Spokane, 1,814 2873

WA

4 CF Industries, Inc. - Lake Zurich, IL 1,383 2873, 2874

5 PCS Nitrogen Inc. - Memphis, TN 1,310 2873, 2874

6 Dowelanco (now named Dow 1,288 2879

AgriSciences) - Indianapolis, IN

7 The Scotts Company - Marysville, OH 752 2873, 2874, 2879, 0139, 2499,
3524

8 Cargill Fertilizer - Riverview, FL 600 2874

9 ChempFirst Inc. - Jackson, MS 595 2873, 2865, 3567, 3312

10 La Roche Industries Inc. - Atlanta, GA 449 2873, 5191, 2812, 2869, 3291,
3569

Source: Dun & Bradstreet’s Million Dollar Directory, 1997

Note: Not al sales can be attributed to the companies agricultural chemica operations.

Dun & Bradstreet’s Million Dollar Directory, compiles financial data on
United States companies including those operating within the Fertilizer,
Pesticide, and Agricultural Chemical Industry. Dun & Bradstreet ranksUnited
States companies, whether they are a parent company, subsidiary or division,
by sales volume within their assigned 4-digit SIC code. Readers should note
that: (1) companies are assigned a 4-digit SIC code that resembles their
principal industry most closely; and (2) sales figures include total company
sales, including subsidiaries and operations (possibly not related to
agricultural chemicals). Additional sources of company specific financial
information include Standard & Poor's Stock Report Service, Ward's
Business Directory of United States Public and Private Companies,
Moody’s Manuals, and annual reports.

The Bureau of the Census publishes concentration ratios, which measure the
degree of competition in a market. They compute the value of shipments
percentage controlled by the top 4, 8, 20, and 50 companies in a given
industry. Within the agricultural chemical industry, the phosphatic fertilizer
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industry had the highest concentrationratio for thetop four companiesin 1992,
62 percent. The pesticide and other agricultural chemicals, nitrogenous
fertilizers, and fertilizer mixing industries’ concentration ratioswere 53, 48,
and 19 percent respectively.

[1.B.3. Economic Trends

The United Statesis amajor producer and exporter of agricultural chemicals.
It is the largest producer of phosphatic fertilizers and pesticides and the
second largest producer of nitrogenous fertilizers in the world (USDOC,
1998).

Domestic Market Trends

The mgority of important crops, such as corn and soybeans, are grown using
fertilizers and pesticides. As aresult, year-to-year changes in the domestic
demand for agrichemicals reflect the level of planted acreage, whichin turn
is affected by grain prices and weather conditions. Increases in planted
acreage of corn, feedgrains and other cropsin recent years have resulted in
increased demand and production of agrichemicals in the United States.
Industry shipments of agricultural chemicals should show modest annua
growth through the end of the decade (USDOC, 1998).

The Federal Agricultural Improvement and Reform Act of 1996 could have a
major long-termimpact on the agricultural chemical industry. Thislaw gives
farmersgreater flexibility inmaking planting decisions and allowsthemtorely
more onthe marketplace asaguidefor crop plantings. Thebill eliminatesthe
annua acreage set-aside program, thus potentially boosting the level s of crop
acreage (USDOC, 1998).

Agricultural chemica production showed little change between 1995 and
1996. Total production was approximately 103 million pounds each year.
However, experts claimthat dueto lower dosage requirements for pesticides,
agrichemical demand is actually higher than itwould appear. Pesticides saw
a six percent rise in production from 1995 to 1996. Nitrogenous fertilizer
production was up approximately seven percent, and phosphate production
increased dightly exceptfor itsmajor product, diammonium phosphate. Prices
for agricultural chemicals rose three percent from 1995 to 1996, while the
number of production workers fell two percent (USDOC, 1998).

International Market Trends

The United States accounts for more than 50 percent of world trade in
phosphatic fertilizers, with a two-thirds share of total trade in DAP
(diammonium phosphate), the principal phosphaticfertilizer product. Exports
generally account for about half of total shipments for the United States
phosphatic fertilizer industry, with about half of al exports going to China
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International markets, especially less developed nations in Asia and Latin
America, hold greater market potential for the agrichemicals industry as
population levelsgrow, income levelsrise, and demandsfor better standards
of living and diets increase the need for grain production. From the current
level of about 5.8 billion, the world population is expected to increase by
about 80 million each year between 1996 and 2000. Developing nations are
becoming more sophisticated in agricultural practices, thus increasing their
usage of fertilizers and pesticides to improve production (USDOC, 1998).

The United States has been a net exporter of pesticide chemicals, and thisis
expected to continue through the turn of the century. Exports of pesticides
accounted for about 25 percent of United States pesticide productionin 1994,
according to The American Crop Protection Association. United States
pesticide producers benefit from a highly developed chemica sector and
strong demand from developing regions of the world. Nevertheless, export
opportunitiesarebeing restrained by industry-wideglobalization asproducers
are choosing to site facilities closer to end-use markets. In addition,
regulatory reforms inWestern Europe, suchasthe competitiveaccessprovider
plan, are expected to limit prospects in that region, currently the largest
destination for United States produced pesticides (USDOC, 1998).

International competition for the United States phosphatic fertilizer industry
generally comes fromcountries with phosphate rock reserves and capacity to
convert rock into phosphate chemicals. Diammonium phosphate imports are
expected to account for most of the growth in world trade, thus giving the
United Statesa promising outlook for thisproduct. Morocco possessesat | east
50 percent of the world's rock reserves and is the largest phosphate rock
exporter. China and Russia are also major phosphate rock and fertilizer
producers, with Russiaal so aleading exporter of phosphate chemicals. Inthe
world pesticide markets, major competitors are companiesbased in Germany,
France, and Switzerland.

The United States is a net importer of nitrogenous fertilizers. Trinidad and
Tobago and Canada are the |eading United States suppliers of nitrogen due to
their low-cost supplies of natural gas.

Agricultural biotechnology is beginning to play a major role in agricultural
pest control, spurred onby government pesticide restrictions, increased insect
resistance to pesticides, and farmers demand for productivity gains.
Genetically engineered plants will be higher yielding, more resistant to
disease and insects, and tolerant to herbicides. A number of companieshave
received approval sfor the use of genetically engineered seeds, including corn
and cotton, that are resistant to insects and herbicide tolerant. Commercial
usage should increase rapidly over the next few years (USDOC, 1998).
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[I1. INDUSTRIAL PROCESS DESCRIPTION

This section describes the major industrial processes within the Fertilizer,
Pesticide, and Agricultural Chemical Industry, including the materials and
equipment used, and the processes employed. The section is designed for
those interested in gaining a genera understanding of the industry, and for
those interested in the inter-relationship between the industrial process and
the topi csdescribed in subsequent sections of this profile-- pollutant outputs,
polluionpreventionopportunities, and federal regulations. Thissectiondoes
not attempt to replicate published engineering informationthatisavail ablefor
thisindustry. Refer to Section I X for alist of resource materialsand contacts
that are available.

Thissectionspecifically contains adescription of commonly used production
processes, associated raw materials, the by-products produced or released,

and the materials either recycled or transferred off-site. This discussion,

coupled with schematic drawings of the identified processes, provide a
concise description of where wastes may be produced in the process. This
section also describes the potential fate (viaair, water, and soil pathways)

of these waste products.

Thethree mostimportant nutrients for plant growth are nitrogen, phosphorous,
and potassium. However, the production of themajor potassiumfertilizer salts,
or potash as they are commonly known, is typically considered an inorganic
chemica process (SIC 2819). Therefore, the discussion of fertilizer
production in this notebook is restricted to nitrogenous and phosphatic
mixtures. The fertilizer, pesticide, and agricultural chemical industry can be
divided into Nitrogenous Fertilizers, Phosphatic Fertilizers, Fertilizers
(Mixing-only), and the formulating and preparing of pesticides and other
agricultural chemicals. A detailed description of the production processesfor
nitrogenous and phosphatic fertilizers is presented here, along with brief
descriptions of the fertilizer mixing and pesticide formulating and preparing
industry.

[11.A. Nitrogenous Fertilizers

The major nitrogenous fertilizers include synthetic ammonia, ammonium
nitrate, and urea. The various industrial processes used to manufacture these
products are described, as well as the production process for nitric acid, an
important intermediate in nitrogenous fertilizer production.

[11.A.1. Synthetic Ammonia

Synthetic ammonia (NH5) is produced by reacting hydrogen with nitrogen at
a molar ratio of three to one. Nitrogen is obtained from the air, which is
primarily comprised of nitrogen (78 percent) and oxygen(21 percent) (Lewis,
1993). Hydrogen is obtained from either the catalytic steam reforming of
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natura gas (methane) or naptha, or as the byproduct from the electrolysis of
brine at chlorine plants. Inthe United States, about 98 percent of the hydrogen
used to synthesize anmoniai s produced by catal ytic steamreforming of natural
gas, and only 2 percent is obtained from chlorine plants (USEPA, 1993a).

Six process steps are required to produce synthetic ammonia using the
catalytic steam reforming method:

1) natura gas desulfurization
2) catalytic steam reforming
3) carbon monoxide shift

4) carbon dioxide removal

5) methanation

6) ammonia synthesis.

The first, third, fourth, and fifth steps remove impurities such as sulfur, CO,
CO, and water from the feedstock, hydrogen and synthesis gas streams. Inthe
second step, hydrogen is manufactured and mixed with air (nitrogen). The
sixth step produces anhydrous ammonia from the synthetic gas. Ananhydrous
compound is inorganic and does not contain water either adsorbed on its
surface or combined as water of crystallization. While amost all anmonia
plants use these basic process steps, details such as operating pressures,
temperatures, and quantities of feedstock vary from plant to plant. Figure 7
showsasimplified process flow diagramof atypica ammoniaplant (USEPA,
1993a).

Natural gas desulfurization

Inthe natura gas desulfurization step, the sulfur content (primarily asH,S) in
natural gasfeedstock isreduced to below 280 micrograms per cubic meter to
prevent poisoning of the catalyst used in the catalytic steam reforming step.
Desulfurization can be accomplished by passing the natural gasthrough a bed
of either activated carbon or zinc oxide. In both systems, the hydrogen sulfide
inthe gas adsorbs to the surface of the activated carbon or zinc oxide medium
and the desulfurized natural gas passes through.

Over 95 percent of the anmonia plants in the United States use activated
carbon fortified with metallic oxide additives for feedstock desulfurization.
After a certain amount of impurities adsorb to the activated carbon, its
effectiveness is reduced and it must be regenerated by passing superheated
steam through the carbon bed. The superheated steam strips out the sulfur
impurities, is condensed, and sent to the wastewater treatment plant. One
disadvantage of the activated carbon system is that some of the heavy
hydrocarbons in the natura gas adsorb to the carbon, decreasing its
effectiveness and lowering the heating value of the desulfurized gas.
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The remaining five percent of plants use zinc oxide for desulfurization. The
zinc oxide system is capable of absorbing up to 20 percent sulfur by weight
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Industrial Process Description

Figure 7. Typical Process of Ammonia Synthesis
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(Hodge, 1994). Zinc oxideisreplaced rather than regenerated, which lowers
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energy consumption and minimizes impact to the atmosphere. The higher
molecular weight hydrocarbons are not removed; therefore, the heating value
of thenatural gasisnot reduced. However, it isimpractical and uneconomical
to replace the zinc oxide beds so few plants use it (USEPA, 1993a).

Catalytic steam reforming

Next, the desulfurized natural gas is preheated by mixing with superheated
geam. The mixture of steam and gas entersthe primary reformer tubes which
are filled with a nickel-based reforming catalyst, and the tubes are heated by
natura gas or oil-fired burners. Approximately 70 percent of the methane
(CH,) is converted to hydrogen (H,) and carbon dioxide (CO.), according to
the following reaction:

0.88CH, + 1.26air + 1.24 H,0 6 0.88 CO, +N, + 3H,

The remainder of the CH, is converted to H, and CO. Thisprocessgasisthen
sent to the secondary reformer, where it is mixed with compressed hot air at
540°C (1004°F). Sufficient air is added to produce a final synthesis gas
having a hydrogen-to-nitrogen mole ratio of three to one. The gasleaving the
secondary reformer (primarily hydrogen, nitrogen, CO, CO,, and H,0) is then
cooledto 360°C (680°F) in awaste heat boiler before being sent to the carbon
monoxide shift (USEPA, 1993a).

Carbon monoxide shift

After cooling, the secondary reformer effluent gas enters a high temperature
(350-400°C) CO shift converter which converts the CO to CO,, followed by
alow temperature (200-250°C) shift converter whichcontinuesto convert CO
to CO, (Kroschwitz and Howe-Grant, 1992). The high temperature CO shift
converter isfilled with chromiumoxideinitiator and iron oxide catalyst. The
following reaction takes place (USEPA, 1993a):

CO + H,O 6 CO, +H,

The exit gasis then cooled in a heat exchanger before being sent to a low
temperature shift converter for anmonia, amines, and methanol where CO
continuesto be converted to CO, by a copper oxide/zinc oxide catalyst (Kent,
1992). In some plants, the gasisfirst passed through a bed of zinc oxide to
remove any residual sulfur contaminants that would poison the low
temperatureshift catalyst. Inother plants, excesslow temperature shift catalyst
is added to ensure that the unit will operate as expected. Final shift gasfrom
this converter is cooled from 210 to 110°C (410 to 230°F) and unreacted
steam is condensed and separated from the gasin a knockout drum. Thefinal
shift gas then enters the bottom of the carbon dioxide absorption system. The
condensed steam(process condensate) contains ammonium carbonate ([(NH,)-
CO; « H,Q]) from the high temperature shift converter, methanol (CH;OH)
from the low temperature shift converter, and small amounts of sodium, iron,
copper, zinc, duminumand calcium. Processcondensateissent tothestripper
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to remove volatile gases such as ammonia, methanol, and carbon dioxide.
Trace metalsremaining inthe process condensate are typically removed inan
ion exchange unit (USEPA, 1993a).

Carbon dioxide removal

Inthisstep, CO, inthe final shift gasisremoved. CO, removal can be done by
using one of two methods: monoethanolamine (C,H,NH,OH) scrubbing or hot
potassium scrubbing. Approximately 80 percent of the ammonia plants use
monoethanolamine (MEA) for removing CO,. Inthisprocess, the CO,gasis
passed upward through an adsorptiontower countercurrent to a 15 percent to
30 percent solution of MEA inwater fortified with corrosioninhibitors. After
absorbing the CO,, the amine-CO, solutionis preheated and regenerated in a
reactivating tower. The reacting tower removes CO, by steam stripping and
then by hesting. The CO, gas (98.5 percent CO,) is ether vented to the
atmosphereor used for chemical feedstock in other parts of the plant complex.
The regenerated MEA is pumped back to the absorber tower after being
cooled in a heat exchanger and solution cooler (USEPA, 1993a).

Methanation

Carbon dioxide absorptionis not 100 percent effectiveinremoving CO, from
the gas stream, and CO, can poison the synthesis converter. Therefore,
residual CO, in the synthesis gas must be removed by catalytic methanation.
In areactor containing anickel catalyst and at temperatures of 400 to 600°C
(75210 1112°F) and pressuresup to 3,000 kPa (435 psia) methanationfollows
the following reaction steps:

CO,+H, 6 CO+H,0
CO+3H, 6 CH,+H,O
CH, +2H, O 6 CO, + 4H,

Exit gas from the methanator is amost a pure three to one mole ratio of
hydrogen to nitrogen (USEPA, 1993a).

Ammonia Synthesis
In the synthesis step, the hydrogen and nitrogen synthesis gas from the
methanator is converted to ammonia.

N, +3H, 6 2NH;

First, the gasis compressed to pressures ranging from 13,800 to 34,500 kPa
(2000 to 5000 psia), mixed with recycled synthesis gas, and cooled to 0°C
(32°F). Thisresultsinaportion of the gas being converted to anmoniawhich
is condensed and separated from the unconverted synthesis gas in a liquid-
vapor separator and sent to alet-downseparator. The unconverted synthesis
gas is further compressed and heated to 180°C (356°F) before entering a
synthesis converter containing anironoxidecatalyst. Ammoniagas exiting the
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synthesis converter is condensed and separated, then sent to the let-down
separator. A small portionof theoverhead gasis purged to prevent the buildup
of inert gases suchas argoninthe circulating gas system. Ammoniainthelet-
downseparator is flashed to atmospheric pressure (100 kPa (14.5 psia)) at -
33°C (-27°F) to remove impurities from the make-up gas. The flash vapor is
condensed in alet-down chiller where anhydrous ammoniais drawn off and
stored at low temperature (USEPA, 19934).

Storage and Transport

Ammoniaistypicaly stored at ambient pressure and -33°C (-28°F) in large
20,000 tontanks. Some tanks are built with adouble wall to minimizeleakage
and insulate. If heat leaks into the tank and ammoniais vaporized, the vapors
are typically captured, condensed, and returned to the tank. Ammonia is
mostly transported by barge to key agricultural areas, but thereis also asmall
system of interstate ammonia pipelines (Kent, 1992).

[11.A.2. Nitric Acid

Nitric acid (HNQ,) is produced by two methods. The first method utilizes
oxidation, condensation, and absorption of ammonia to produce a “weak”
nitric acid. Weak nitric acid has a concentration ranging from30to 70 percent
nitric acid. The second method combines dehydrating, bleaching, condensing,
and absorption to produce “ high strength” nitric acid fromweak nitric acid.
High strength nitric acid generally contains more than 90 percent nitric acid
(USEPA, 1993a). Thefollowing text discusses each of these processes.

Weak Nitric Acid Production

Nearly all theweak nitric acid produced in the United States is manufactured
by the hightemperature catal ytic oxi dation of ammoniaasshown schematically
in Figure 8. This processtypicaly consists of three steps:

1) ammonia oxidation
2) nitric oxide oxidation
3) absorption.

Each step corresponds to a distinct chemical reaction.

Ammonia Oxidation

During ammonia oxidation, a one to nine ammoniato air mixture is oxidized
at a temperature of 750 to 800°C (1380 to 1470°F) as it passes through a
catalytic converter, according to the following reaction:

4ANH; +50, 6 4NO +6H,0
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The most commonly used catalyst is made of gauze squares of fine wire
constructed of 90 percent platinum and 10 percent rhodium. Under these
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conditions the oxidation of ammonia to nitric oxide (NO) proceeds in an
exothermic reaction with 93 to 98 percentyield. Higher catalyst temperatures
increase reaction selectivity toward nitric oxide (NO) production. Lower
catalyst temperatures tend to be more selective toward nitrogen (N,) and
nitrous oxide (N ,0) (USEPA, 19934). The nitric oxide then passes through
awaste heat boiler and a platinumfilter in order to recover the precious metal
platinum (Kent, 1992).

Nitric Oxide Oxidation

The nitric oxide formed during the ammonia oxidation is further oxidized in
another process step. The nitric oxide process stream is passed through a
cooler/condenser and cooled to 38°C (100°F) or less at pressures up to 800
kPa (116 psia). The nitric oxide reacts noncatalytically with residual oxygen
to form nitrogen dioxide and its liquid dimer, dinitrogen tetroxide:

2NO + O, 6 2NO, + N,O,

(A dimer isasmall polymer whose molecule iscomposed of two molecules
of thesame composition(Lewis, 1993).) Thisslow, homogeneousreactionis
temperature and pressure dependent. Operating at low temperatures and high
pressures promotes maximum production of NO, within a minimum reaction
time (USEPA, 1993a).

Nitrogen dioxide absorption

Thefinal step introduces the gaseous nitrogen dioxide/dimer mixture into an
absorptionprocessafter being cooled. The mixtureispumped into the bottom
of an absorptiontower with trays, while liquid dinitrogen tetroxide (N,O,) is
added at ahigher point. Deionized water enters the top of the column. Both
liquidsflow countercurrent to the dioxide/dimer gas mixture. Theexothermic
reaction occurs as follows (USEPA, 1993a):

3NO, +H,O 6 2HNO; + NO

A secondary air streamisintroduced into the columnto re-oxidize the NO that
is formed. This secondary air also removes NO, from the product acid.
Oxidationof NO to NO, takes place inthe free space between the trays, while
absorption of NO, into the water occurs on the trays. An aqueous sol ution of
55 to 65 percent (typicaly) nitric acid iswithdrawn from the bottom of the
tower. The acid concentration can vary from 30 to 70 percent nitric acid
depending upon the temperature, pressure, number of absorption stages, and
concentration of nitrogen oxides entering the absorber (USEPA, 1993a).

There are two variations of the process described above to produce weak
nitric acid: single-stage pressure process and dual-stage pressure process. In
the past, nitric acid plants have been operated at a single pressure, ranging
from atmospheric pressure to 1400 kPa (14.7 to 203 psia). However, since
the oxidation of anmoniais favored by low pressures and the oxidation of
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nitric oxide and the absorption of nitrogen dioxide are favored by higher
pressures, newer plants tend to operate a dua-stage pressure system,
incorporating acompressor between the ammoniaoxidizer and the condenser.
The oxidation reaction is carried out at pressures from slightly negative to
about 400 kPa (58 psid), and the absorption reactions are carried out at 800
to 1,400 kPa (116 to 203 psia) (USEPA, 1993a).

In the dual-stage pressure system, the nitric acid formed in the absorber
(bottoms) is usually sent to anexternal bleacher where air is used to remove
(bleach) any dissolved oxides of nitrogen(NO, NO,, etc.). Thebleacher gases
are then compressed and agai npassed throughthe absorber. The absorber tail
gas(distillate) issent to an entrainment separator for acid mistremoval. Next,
the tail gas is reheated in the ammonia oxidation heat exchanger to
approximately 200°C (392°F). The gas is then passed through catalytic
reduction units for NO, emissions control. Thefinal step expandsthe gasin
the power-recovery turbine. Thethermal energy produced in thisturbine can
be used to drive the compressor.
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Figure 8. Typical Process of Dual-Stage, Weak Nitric Acid Production
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High Strength Nitric Acid

High strength nitric acid (98 to 99 percent concentration) can be obtained by
concentrating weak nitric acid (30 to 70 percent concentration) using
extractivedistillation. Extractive distillation is distillation carried out inthe
presence of a dehydrating agent. Concentrated sulfuric acid (typicaly 60
percent sulfuric acid) is most commonly used for this purpose. The weak
nitric acid cannot be concentrated by simple fractional distillation, in which
acidisconcentrated by removing water vapor in acolumn with trays or plates.
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The nitric acid concentration process consists of feeding strong sulfuric acid
and 55 to 65 percent nitric acid into the top of a packed dehydrating column at
approximately atmospheric pressure. The acid mixture flows downward and
concentrated nitric acid leaves the top of the column as 99 percent vapor,
containing asmall amount of NO, and O, resulting fromdissociation of nitric
acid. The concentrated acid vapor then goesto ableacher and acountercurrent
condenser system to condense strong nitric acid and the separate out the
oxygen and nitrogenoxide by-products. The bleacher usesair to strip nitrogen
oxides out of the nitric acid and the countercurrent condenser systemcoolsthe
vapor by flowing air through the vapor causing droplets to separate ouit.

Thesenitrogenoxide by-products then flow to anabsorptioncolumn wherethe
nitric oxide mixeswith auxiliary air toformNO,, whichisrecovered as weak
nitric acid. Inert and unreacted gasesare vented to the atmosphere fromthe top
of the absorption column. Emissions from this process are relatively small
compared to weak acid production (USEPA, 1993a). Figure 9 illustrates a
typical high strength nitric acid production process.

Figure9: Typical Process Diagram of High Strength Nitric Acid Production
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Source: Adapted from United States EPA, 1993a.

[11.A.3. Ammonium Nitrate and Urea

The manufacture steps for anmoniumnitrate (NH,NO,) and urea (CO(NH,),)
are similar. In both cases, severa maor unit operations are involved,
including:

1) solution formation
2) concentration

3) solidsformation
4) finishing

5) screening
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6) coating
7) product bagging and/or bulk shipping.

These operations are shown schematically in Figure 10. Not all steps are
always necessary depending on the end product desired. For example, plants
producing ammonium nitrate or urea liquid solutions aone use only the
solution formation, solution blending and bulk shipping operations. Plants
producing a solid product may employ all of the operations.

Solution synthesis

Ammonium nitrate.

Ammonium nitrate plants produce an aqueous ammonium nitrate solution
through the reaction of ammoniaand nitric acid in aneutralizer where water
is evaporated by the heat of the reaction as follows:

NH; +HNO; 6 NH,NO; + 26 kcal/g mal

Thetemperature, pressure, and final concentrationof theammoniumnitrate are
interdependent. Higher temperatures and pressures can be used to produce a
higher concentration of ammonium nitrate (Hodge, 1994); however, the
temperature of the operation should be below 120°C (250°F) in order to
prevent explosions. Up to 99.5 percent of the ammonia and nitric acid is
typically converted to ammonium nitrate (Kent, 1992). Ammonium nitrate
solution can then be used as an ingredient for nitrogen solution fertilizers or
concentrated to a solid form.

Urea.
In the urea solution synthesis operation, ammonia (NH3) and carbon dioxide
(CO,) arereacted to formammonium carbamate (NH ,CO ,NH ,) asfollows:

2NH; + CO, 6 NH,CO,NH,

Typical operating conditionsinclude temperaturesfrom 180 to 200°C (356 to
392°F), pressuresfrom 14,000 to 25,000 kPa (140 to 250 psia), molar ratios
of NH; to CO, from3:1t0 4:1, and aretentiontime of twenty to thirty minutes.
The ammonium carbamate i sthendehydrated to yield 70to 77 percent agueous
ureasolution. Thisreaction follows: (USEPA, 1993a)

NH,CO,NH, 6 NH,CONH,, H,O

Urea solution can be used as an ingredient of nitrogen solution fertilizers, or
it can be concentrated further to produce solid urea.
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Solids Concentration

Ammonium nitrate.

To produce a solid product, the aqueous ammonium nitrate solution is
concentrated in an evaporator or concentrator. The resulting liquid “melt”
contains about 95 to 99.8 percent ammonium nitrate at approximately 149°C
(300°F). This melt is then used to make solid ammonium nitrate products
(USEPA, 1993a).

Urea.

Thethreemethodsof concentrating the ureasol utionare vacuumconcentration,
crystallization, and atmospheric evaporation. The method chosen depends
upon the level of biuret (NH,CONHCONH,) impurity allowable in the end
product. Biuret can cause mottling in urea solutions, reducing the fertilizers
effectiveness in foliar applications (Kent, 1992). Aqueous urea solution
decomposes with heat to biuret and ammonia. Therefore, if only alow level
of biuretimpurity isallowed intheend product, the method with the | east heat
requirement will be chosen, such as crystallization and vacuum concentration
(Kent, 1992). However, the simplest and most common method of solution
concentration is atmospheric evaporation.

Solids Formation

Prilling and granul ation are the most commonprocesses used to produce solid
ammonium nitrate and urea. Prills are round or needle-shaped artificially
prepared aggregates of a material. To produce prills, concentrated melt is
sprayed into the top of a prill tower. In the tower, melt droplets fall
countercurrent to a rising air stream that cools and solidifies the falling
droplets into prills. Prill density can be varied by using different
concentrations of ammonium nitrate melt. Low density prills, in the range of
1.29 specific gravity, are formed from a 95 to 97.5 percent ammoniumnitrate
melt, and high dengity prills, in the range of 1.65 specific gravity, are formed
froma 99.5 to 99.8 percent melt. Low density ammonium nitrate prills are
used for making bl asting agents because they are more porous thanhigh density
prills and will absorb oil. Most high density prills are used as fertilizers
(USEPA, 1993a).

Granulated ammonium nitrate and urea are produced by spraying a
concentrated melt (99.0 to 99.8 percent) onto small seed particles of
ammonium nitrate or urea in a long rotating cylindrical drum. As the seed
particlesrotate inthe drum, successive layers of the nitrogenous chemical are
added to the particles, forming granules. Pan granulators operate on the same
principle as drumgranulators, except the solids are formed inalarge, rotating
circular pan. Pan granulators produce a solid product with physical
characteristics similar to those of drum granules (USEPA, 1993a).
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Although not widely used, additives such as magnesium nitrate or magnesium
oxide may be injected directly into the melt stream. Additives can servethree
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purposes. to raise the crystalline transition temperature of the final solid
product in order to retain its strength and density; to act as a desiccant,
drawing water into the final product to reduce caking; and to alow
solidification to occur at alow temperature by reducing the freezing point of
molten ammonium nitrate. (Kent, 1992)

Salids Cooling
The temperature of the nitrogenous product exiting the solids formation

process is approximately 66 to 124°C (150 to 255°F). To prevent
deterioration and agglomeration, the product must be cooled before storage
and shipping. Typicaly, rotary drums or fluidized beds are used to cool
granulesand prillsleaving the solidsformationprocess. Becauselow density
prills have a high moisture content, they require drying in rotary drums or
fluidized beds before cooling (USEPA, 1993a).

Solids Screening

Sincethe solidsare producedinawide variety of sizes, they must be screened
for consistently sized prills or granules. After cooling, off size prills are
dissolved and recycled back to the solution concentration process. Granules
are screened before cooling. Undersize particles are returned directly to the
granulator and oversize granules may be either crushed and returned to the
granulator or sent to the solution concentration process (USEPA, 1993a).

Solids Coating
Following screening, products can be coated in a rotary drum to prevent

agglomeration during storage and shipment. The most common coating
materialsare clays and diatomaceous earth. However, the use of additivesin
the melt before solidification may preclude the use of coatings.

The solid product is stored and shipped in either bulk or bags. The mgority
of solid product is bulk shipped in trucks, enclosed railroad cars, or barges,
and approximately ten percent of solid ammonium nitrate and urea produced
in the United States is bagged (USEPA, 19933).
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Figure 10: Typical Processfor Ammonium Nitrate and Urea Manufacturing
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Source: United States EPA, 1993a.

[11.B. Phosphatic Fertilizers

The primary products of the phosphatic fertilizers industry are phosphoric
acid, ammonium phosphate, normal superphosphate, and triple superphosphate.
Phosphoric acid is sold asis or isused as an intermediate in producing other
phosphatic fertilizers. Monoammonium phosphate is favored for its high
phosphorous content, while diammonium phosphate is favored for its high
nitrogencontent. Normal superphosphate hasarelatively low concentrationof
phosphorous, however it is used in mixtures because of its low cost. Triple
superphosphate providesa high concentration of phosphorous, morethan40%
phosphorous pentoxide. Theindustrial processesfor each of theseproductsare
described below.

[11.B.1. Phosphoric Acid (Wet Process)

Inawet process phosphoric acid facility (shownschematically in Figure 11),
phosphoric acid is produced by reacting sulfuric acid (H,SO,) with naturally
occurring phosphate rock. The phosphate rock is mined, dried, crushed until
60 to 70 percent of the rock is less than 150 pum in diameter, and then
continuoudly fed into the reactor along with sulfuric acid (UNEP, 1996). The
reaction al so combines cal cium fromthe phosphate rock with sulfate, forming
calcium sulfate (CaSO,), commonly referred to as gypsum. Gypsum is
separated from the reaction solution by filtration.
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Facilitiesinthe United States generally use adihydrate process that produces
gypsumintheform of calcium sulfate with two molecules of water (CaSO, C
2H ,0 or calcium sulfate dihydrate). Japanese phosphoric acid facilities use
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a hemihydrate process which produces calcium sulfate with a half molecule
of water (CaSO, C ¥2 H,0). This one-step hemihydrate process has the
advantage of producing wet process phosphoric acid with ahigher phosphate
pentoxide (P,Os) concentrationand lessimpurities than the dihydrate process.
Due to these advantages, some United States companies have recently
converted to the hemihydrate process. However, since most wet process
phosphoric acid is still produced by the dihydrate process, the hemihydrate
process will not be discussed in detail here.

A simplified reaction for the dihydrate processis as follows:
Cay(PO,), + 3H,S0O, 6 2H;PO, + 3[Ca;SO, * 2H,0] 9

To make the strongest phosphoric acid possible and to decrease evaporation
costs, ahighly concentrated 93 percent sulfuric acid isnormally used. Because
the proper ratio of acid to rock in the reactor is critical, precise automatic
process control equipment is employed in the regulation of these two feed
streams (USEPA, 1993a).

During the reaction, gypsum crystals are precipitated and separated from the
acid by filtration. The separated crystals must be washed thoroughly to yield
at least a 99 percent recovery of the filtered phosphoric acid. After washing,
the durried gypsum is pumped into a gypsum settling pond for storage. Water
is siphoned off and recycled through a surge cooling pond to the phosphoric
acid process. Depending on a variety of factors, such as average ambient
temperature and annua rainfall, settling and cooling ponds may require
between 0.25 and 1.0 acre for each ton of daily P,0s capacity (TFI, 1999).

Considerable heat is generated in the reactor when the sulfuric acid and
phosphate rock react. In older plants, this heat was removed by blowing air
over the hot durry surface. Modern plants vacuum flash cool a portion of the
durry, and then recycle it back into the reactor.

Wet process phosphoric acid normally contains 26 to 30 percent P,Os. In most
cases, the acid must be further concentrated to meet phosphate feed material
specifications for fertilizer production. Depending on the types of fertilizer to
be produced, phosphoricacidis usually concentrated to 40 to 55 percent P,Os
by usng two or three vacuum evaporators (USEPA, 1993a). These
evaporators operate with aforced circulation and generate a vacuum through
vacuum pumps, steamejectors, or an entraining condenser downstream of the
evaporator. Figure 12 illustrates a vacuum evaporator.
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Figure11: Typical Processof a Wet Process Dihydrate Phosphoric Acid Plant
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[11.B.2. Ammonium Phosphate

Diammonium phosphate (DAP) and monoammonium phosphate are the major
typesof ammonium phosphaticfertilizer. Ammonium phosphatesare produced
by reacting phosphoric acid with ammonia. The ammonium phosphate liquid
slurry producedisthenconvertedto solid granules. Approximately 95 percent
of ammoniation-granulationplantsinthe United Statesusearotary drum mixer
developed and patented by the Tennessee Valley Authority (TVA).

Inthe TVA DAP process, phosphoric acid is mixed inan acid surge tank with
93 percent sulfuric acid (H,SO,) and recycled acid fromwet scrubbers. The
mixed acids are then partially neutralized with liquid or gaseous anhydrous
ammonia in a brick-lined acid reactor. All of the phosphoric acid and
approximately 70 percent of the ammonianeeded to complete the reactionare
introduced into thisvessel. A durry of ammonium phosphate and 22 percent
water are produced and sent through steam-traced lines to the ammoniator-
granulator.

Slurry from the reactor is distributed in the rotary drum granulator, and the
remaining ammonia (approximately 30 percent) is sparged under the durry.
The basic rotary drum granulator consists of an open-ended, dightly inclined
rotary cylinder, with retaining rings at each end and a scraper or cutter
mounted inside the drumshell. A rolling bed of dry material ismaintained in
the unit while the slurry isintroduced through distributor pipes set lengthwise
in the drum. Gravity forcesthe durry to travel through the turning granulator
to thelower end. Moist DAP granulesarethen discharged into arotary dryer,
where excesswater is evaporated and the chemical reaction is accel erated to
completion by the dryer heat. Dried granules are cooled and then sized on
vibrating screens. The product ranges in granule diameter from one to four
millimeters (mm). The oversized granules are crushed, mixed with the
undersized, and recycled back to the ammoniator-granulator. Product-size
DAP granules are allowed to cool, screened, bagged, and shipped. Before
being exhausted to the atmosphere, particulate and ammonia rich off-gases
from the granulator, cooler, and screening operations pass through cyclones
and wet scrubbers (USEPA, 19933).

TVA developed two minor modifications in their DAP process to produce
Monoammonium Phosphate (M AP). Inone, the phosphoric acidisammoniated
to an ammoniato phosphoric acid ratio of only 0.6 in the preneutralizer and
then 1.0 in the granulator. This compares to aratio of about 1.4 for DAP.
With the second modification, the ammonium to phosphoric acid ratio is
brought to 1.4 inthe preneutralizer, then additional phosphoric acid is added
inthe granulator to bring theratio backto 1.0. The second method is preferred
by industry because higher temperatures may be used to dry the MAP,
increasing production rates (Kent, 1992).
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A schematic diagram of the ammonium phosphate process flow diagram is
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shown in Figure 13.

Source: U.SEPA, 1993a and TFI, 1999

Figure 13: Smplified Process Flow Diagram of Diammnonium Phosphate Production
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[11.B.3. Normal Superphosphate

Normal superphosphates (NSP) are prepared by reacting ground phosphate
rock with 65 to 75 percent sulfuric acid to produce asolid fertilizer material.
NSP is most often used as a high-phosphate additive in the production of
granular fertilizers. It can aso be granulated for sale as granulated
superphosphate or granular mixed fertilizer.

There are two primary types of sulfuric acid used in superphosphate
manufacture: virgin and spent acid. Virgin acid is produced from elemental
sulfur, pyrites, and industrial gases and is relatively pure. Spent acid is a
recycled waste product from various industries that use large quantities of
sulfuric acid. Problems encountered with using spent acid include unusual
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color, unfamiliar odor, and toxicity. Animportant factor in the production of
normal superphosphates is the amount of ironand auminum in the phosphate
rock. Aluminum (asAl,Os) and iron (as Fe,O;) above fivepercent imparts an
extreme stickiness to the superphosphate and makes it difficult to handle
(USEPA, 19933).

A generalized processdiagramof normal superphosphate productionisshown
inFigure 14. Ground phosphate rock isweighed and mixed with sulfuric acid
(H,S0,) and held in an enclosed area for about 30 minutes until the reaction
ispartially completed. The mixing may be donein acone mixer, whichrelies
onaninputted swirling motion of the acid to mix the rock and acid, apug mill,
which operates with one or two mixing shafts, or apan mixer, which agitates
the solution. The reaction is (AWMA, 1992):

Cayg(PO,)eF,CaC0; + 11H,50, 6 6H5PO, + 11CaS0,*nH,0 +
2HF + CO, + H,0

The mixtureisthentransferred, usng an enclosed conveyer knownas the den,
through the cutter which breaks up clumps, and finally to a storage pile for
curing. Off-gases from the reactor are typically treated in a wet scrubber.
Parti cul atesthroughout the process are controlled with cyclonesand baghouses
(USEPA, 1993a).

To produce granulated normal superphosphate, cured superphosphate is fed
through a clod breaker and sent to a rotary drum granulator where steam,
water, and acid may be added to aid in granulation. Material is processed
through arotary drum granulator, a rotary dryer, and a rotary cooler, and is
thenscreened to specificationsimilar tothe processused for anmoniumnitrate
and urea. Finaly, it is stored in bagged or bulk form prior to being sold
(USEPA, 1993a).
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Figure 14: Typical Processfor Normal Superphosphate M anufacturing
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[11.B.4. Triple Superphosphate

Triple superphosphate provides a high concentration of phosphorous. Two
processes have been used to produce triple superphosphate: run-of-the-pile
(ROP-TSP) and granular (GTSP). GTSPyieldslarger, moreuniform particles
with improved storage and handling properties than ROP-TSP. At thistime,
no facilities in the United States are producing ROP-TSP, so only the GTSP
process is described here.

Most GTSP material ismadewiththe Dorr-Oliver slurry granulation process,
illustrated in Figure 15. This process is similar to that for normal
superphosphates with the major exception being that phosphoric acid isused
instead of sulfuricacid. In this process, ground phosphate rock or limestone
is reacted with phosphoric acid in one or two reactors in series (USEPA,
1993a). Thereactionis:

CasF(PO4)3+ 7H3PO4 + 5H20 6 5ca(H2PO4)2'H20 +HF

(Hodge, 1994) The phosphoric acid used inthisprocess hasarelatively low
concentration (40 percent P,Os). Thelower strength acid maintainsthe durry
inafluid state during amixing period of one totwohours. A small sidestream
of slurry is continuously removed and distributed onto dried, recycled finesin
agranulator, where it coats the granule surfaces and builds up its size.

Granulesarethendriedinarotary dryer, elevated and passed through screens
to eliminate oversize and undersize granules. Oversize granules are crushed
and sent back to the first screen, while undersize ones are sent into the
emission control systems. The granules within the size range of the product
are then cooled and stored in a curing pile where the reaction is completed.
Particulates from the rock handling, drying, screening, cooling, and storing
processesaretypically controlled with cyclones and bag housesand of f-gases
fromthe reactor, granulator, and cyclones and baghouses are typically treated
with wet scrubbers (USEPA, 1993a).
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Agricultural Chemical Industry

Figure 15: Typical Processfor Triple Superphosphate
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I11.C. Fertilizer Mixing

A significant part of the fertilizer industry only purchases fertilizer materials
in bulk from fertilizer manufacturing facilities and mixes themto sell as a
fertilizer formulation. Fertilizer mixing facilitiesuse many different materials
in their blends. The most common granular fertilizer materials are listed in
Table9.

Table9: Fertilizer Materials Used in Bulk Blends

Typical Grade | Percent of
N-P,Os-K,0O fertilizer plants
using this materia
Ammonium nitrate 31-0-0 41%
Urea 46-0-0 66%
Ammonium sulfate 21-0-0 22%
Diammonium phosphate (DAP) 18-46-0 95%
Monoammonium phosphate (MAP) | 11-52-0 11%
Triple Superphosphate 0-46-0 78%
Normal superphosphate 0-20-0 4%
Potassium chloride 0-0-60 94%

Source: “ Retail Marketing of Fertilizersin the United States,” by Hargett, Norman
and Ralph Pay, 1980 .

DAP is favored for fertilizer mixing because of its ease in storage and
handling, convenient low nitrogen and high phosphorous content, and
compatibility with amost any other material. Granular triple superphosphate
isalsovery popular, but isincompatible with urea, acommonnitrogensource.
Therefore, TSP is commonly used in no-nitrogen blends necessary for
legumes. Ammonium sulfate has the lowest nitrogen content of the major
nitrogen sources, however its production cost is quite low. Potassium
chloride is the only mgor potassium source used in fertilizer blending.
Additional materials may a so be added to the blends, such as micronutrients
and pesticides (Nielson, 1987).
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Inert ingredients may also be added to fertilizer mixtures to improve the
consistency or ease of application. Inertingredientsinclude sands, clays, and
water.

Fertilizer mixing plants consist of five primary phases.

mixing and storing

moving materials to mixers

proportioning of materials

mixing, and

moving the finished blend to holding bins or transport containers

agrwbdPE

Fertilizer materials may be mixed as bulk blends or formed into granulations
by a variety of processes. Bulk blending is a dry process, where different
fertilizers are combined. Materials are typically received by rail cars and
transferred through el evatorsto storage areas. Front-end loadersthen carry the
material sto weighing hopperswhichfeed into themixers. Therearetwotypes
of mixersmost commonly used: the horizontal axis rotary drummixer and the
inclined axisrotary drummixer. Theinclined axismixer issimilar toacement
mixer indesign and appearance. Ribbon-typebulk-blend mixersareal so used
in some plants. A ribbon-type mixer has an axia shaft with mixing spokes
radiating out of the shaft in a configuration which forces the blend to flow in
aribbon-like pattern through the mixture (Nielson, 1987).

After preparation and initial bulk blending of materials, granulation may be
employed in order to form larger fertilizer particles with multi-nutrient
compositions. Granulation of mixed fertilizersmay be accomplished by steam
granulation, durry granulation, melt, or compaction granulation.

Steam granulation is primarily used in Europe and Australia. The process
resultsin little chemical reaction in order to maintain the P,Os content of the
fertilizer. Plasticity and agglomeration of thefertilizer materialsis promoted
by the injection of steam into rotating pans, rotary drums, or pug mills. The
particles are then dried with heated air in arotary drum dryer and cooled in
a rotary drum cooler. In some cases, particles may be coated with chalk or
clay to prevent caking (Hoffmeister, 1993).

Slurry granulation is more commonly used in the United States The process
involvesachemical reactionof thefeed ingredients. In durry granulation, one
of the feed ingredientsis prepared as aslurry and reacted with the othersina
preneutralizer. The durry isthen fed to agranulator such asthe ammoniator-
granulator developed by the TVA. Fertilizer producers in the United States
found that higher concentrations of acid could be fed to this preneutralizer-
granulator process than to a granulator alone, thus increasing the grades of
fertilizers and making the TVA process popular in the United States
(Hoffmeister, 1993).
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Another granulation process similar to slurry granulationis melt granulation.
The slurry feed isreplaced by a hot, concentrated, almost anhydrous melt of
feedfertilizer, typically anmoniumphosphate, preparedinapipereactor. The
hot melt provides the plasticity necessary for granulation. The granules cool
first in the granulator and thenin the cooler, eliminating the need for adryer.

Compactiongranulationis based onthefact that most material sare semiplastic
and whensubjected to high pressures, the materialswill compact, deform, and
itis possible to roll themout into flat, stable sheets. These sheets are then
cracked, forming granule-size chips which are most stable and less prone to
caking than other granulations. This process has been successful for many
fertilizer mixtures, particularly those including potassium chloride and
ammonium phosphatesand superphosphates. Ammonium sulfate, however, has
limited crystal plasticity, making it unsuitable for compaction granulation
(Hoffmeister, 1993).

The mixtures are then typically bagged in woven polypropylene bags for
strength and resistance, with liner bagsto prevent leaks. The bags are either
clamped, tied, heat sealed, or sewn, sewing being the cheapest and most
common method (Nielson, 1987).

[11.D. Pesticide Formulating Processes

Pesticideformulationinvol vesthe process of mixing, blending, or diluting one
or more pesticide active ingredients (Als) and inert ingredients to obtain a
product used for additional processing or an end-use (retail) product.
Formulation does not involve an intended chemical reaction (i.e., chemical
synthesis). Als are produced at separate facilities not included in this
notebook. Pesticide formulations take many forms. water-based liquid;
organic solvent-based liquid; dry products in granular, powder, and solid
forms; pressurized gases, and aerosols. The formulations can be in a
concentrated formrequiring dilution before application, or they can be ready
to apply. The packaging of the formulated pesticide product depends on the
type of formulation. Liquidsgenerally are packaged into jugs, cans, or drums;
dry formulations generally are packaged into bags, boxes, drums, or jugs;
pressurized gases are packaged into cylinders; and aerosol sare packaged into
aerosol cans.

Formulating, packaging, and repackaging is performed in a variety of ways,
ranging fromvery sophisticated and automated formul ating and packaginglines
to completely manual lines. Descriptions of liquid formulating and packaging,
dry formulating and packaging, aerosol packaging, pressurized gasformulating
and packaging, and repackaging operations are provided below.
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[11.D.1. Liquid Formulating and Packaging

Liquid formulations contain mixtures of several raw materials, including Als,
inertingredients suchasbase solvents, emulsifiers, or surfactants. The solvent
must be able to dissolve the Alsand other ingredients. 1t may be water or an
organic chemical, such asisopropyl acohol or petroleum ditillate. In some
cases, the formulation is an emulsion and contains both water and an organic
solvent. Solid materials, such as powders or granules, may also be used as
part of aliquid formulation by dissolving or emulsifying the dry materials to
formaliquidor suspension. Theformulated product may bein aconcentrated
form requiring dilution before application, or may be ready to apply.

Typical liquid formulating lines consist of storage tanks or containers to hold
active and inert raw materials and a mixing tank for formulating the pesticide
product. A storage tank may aso be used on the formulating line to hold the
formulated pesti cide product, prior to apackaging step. Facilitiesmay receive
their raw materials in bulk and store them in bulk storage tanks, or they may
receive the raw materials insmaller quantities, suchas 55-gallon drums, 50-
pound bags, or 250-gallon minibulk refillable containers or “totes.” These
raw materials are either piped to the formulation vessel from bulk storage
tanks or added directly to the vessel from drums, bags, or minibulks.
Typicaly, water or the base solvent i s added to the formulation vessel inbulk
guantities (USEPA, 1996). A typica liquid formulating line is shown in
Figure 16.

The formulating line may also include piping and pumps for moving the raw
material fromthe storage tanks to the mixing tank, and for moving formulated
pesticide product to the packaging line. Other items that may be part of the
line are premixing tanks, stirrers, heaters, bottle washers, and air pollution
control equipment. Some lines may also have refrigeration units for
formulation and storage equipment, scales, and other equipment.

Many liquid formulations are packaged by ssimply transferring thefinal product
into containers. Small quantities of product are often manually packaged by
gravity feeding the product directly fromthe formulation tank into the product
container. For larger quantities, the processis often automated. Formulated
product is transferred to the packaging line through pipes or hoses, or is
received from a separate formulating facility and placed in afiller tank. A
conveyor beltisused to carry product containers, such asjugs, bottles, cans,
or drums, through the filling unit, where nozzles dispense the appropriate
volume of product. Thebelt then carriesthe containersto acapper, which may
be automated or manual, and to a labeling unit. Finally, the containers are
packed into shipping cases (USEPA, 1996).
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Figure 16: Typical Processfor Liquid Formulating
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[11.D.2. Dry Formulating and Packaging

Dry formulations al so contain active and inert ingredients. The final product
may beinmany different forms, such aspowders, dusts, granules, blocks, solid
objects impregnated with pesticide (e.g., fleacollars), pesticidesformed into
asolid shape (e.g., pressed tablets), microencapsulated dustsor granules (Al
coated with a polymeric membrane to prevent premature degradation), or
encapsul ated water soluble packaging. They areformulated in variousways,
including:

C mixing powdered or granular Alswith dry inert carriers;

C spraying or mixing aliquid active ingredient onto adry carrier;

C soaking or using pressure and heat to force active ingredients into asolid
matrix;

C mixing active ingredients with a monomer and allowing the mixture to
polymerize into a solid; and

C drying or hardening an active ingredient solution into a solid form.

These dry pesticide products may be designed to be applied in solid form or
dissolved or emulsified in water or solvent prior to application (USEPA,
1996).
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Because there are many types of dry pesticide products, dry pesticide
formulating lines can vary considerably. In general, though, dry formulating
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lines have tanks or containers to hold the active ingredients and inert raw
materias, and may include mixing tanks, ribbon blenders, extruding equipment,
high pressure and temperature tanks for impregnating solids with active
ingredient, vacuums or other types of drying equipment, tanks or bins for
storage of the formulated pesticide product, pelletizers, presses, milling
equipment, sieves, and sifters (USEPA, 1996).

Raw materials for dry pesticide products may beliquid or solid. Liquid raw
materials may be stored in rail tank cars, tank trucks, minibulks, drums, or
bottles. Dry raw materials may be stored in silos, rail cars, tank trucks,
minibulks, metal drums, fiber drums, bags, or boxes. Liquid raw materialsmay
be pumped, poured or sprayed into formulation vessels, while dry raw
materials are frequently transferred to formulation equipment by screw
conveyors (consisting of a helix mounted on a shaft and turning in atrough),
elevators, or by pouring.

Dry formulating lines may aso include piping and pumps to move raw
materials from storage tanks to the formulation equipment, and to move
formul ated pesti cide product to the packaging equipment. Other items that may
be included in the dry pesticide product line are premixing tanks, tanks for
storing formulated product prior to packaging, stirrers, heaters, refrigeration
units on formulation and storage equipment, scales, and air pollution control
equipment (e.g., cyclones, filters, or baghouses) (USEPA, 1996).

Dry pesticide products may be packaged into rail tank cars, tank trucks, totes,
and minibulks, but are typically packaged into bags, boxes, and drums. As
with many liquid formulations, dry formulations are packaged by simply
transferring thefinal productinto boxes, drums, jugs, or bags. Small quantities
or bags are typically packaged manualy usng a gravity feed from the
formulating unitinto the containersor bags. Larger quantitiesmay be packaged
on an automated line, similar to liquid packaging lines.

Figure 17 illustrates a dry pesticide formulation line.
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Figure 17: Typical Processfor Dry Formulating
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[11.D.3. Aerosol Packaging

Some pesticide products (typically water-based or solvent-based liquids) are
packaged asaerosol s, whichcanbeapplied to surfaces or dispersed intheair.

The product is placed in spray cans that are put under pressure and a
propellant is added, which forces the product out of the can in an aerosol

spray. An aerosol packaging line typically includes a filler, a capper, a
propellant injector, and a United States Department of Transportation (DOT)

test bath. Inthefiller, formulated pesticide product is dispensed into empty
aerosol cans, in much the same way as the liquid packaging lines fill

containers. The cans are then sent to the capper, where acap with anozzleis
placed on the can. The can enters a separate room, where the propellent is
injected into the can, avacuum is pulled, and the cap is crimped to make the
can airtight. In order to comply with DOT regulations on the transport of

pressurized containers, each can must then be tested for leaks and rupturing in
aDOT testbath. Test bathsindicate leaks by the appearance of bubbles at the
point of leakage onthe cylinder. The aerosol packaging line may alsoinclude
a can washer to remove residue from can exteriors prior to entering the test
bath (to reduce contaminant buildup in the bath), adryer to dry can exteriors,

and machinery to package aerosol cans into boxes for shipment (USEPA,

1996).
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[11.D.4. Pressurized Gas Formulating and Packaging

Some pesticide products are formulated and packaged as pressurized gases,
primarily for the purpose of soil fumigation. Soil fumigationisused wherethe
nematodic and funga populations in soil prohibit successful seed planting.
Volatile general toxicants, such as low molecular weight haogenated
compounds, are typically injected into the soil before planting, but are also
occasionally used once plants have reached maturity (Kent, 1992).

The active and inertingredients arereceived asliquid, pressurized liquids, or
gases, and are stored in tanks, tank trucks, rail cars, or minibulk storage
containers. Liquid ingredients are placed in a holding tank prior to
formulation. Formulating and packaging operations for these products usually
occurs in one step in a closed-l1oop system. The ingredients are metered by
weight through pressurized transfer linesinto DOT-approved steel application
cylinders. Other equipment that may be included in a pressurized gas line
include pump and piping, and heating and refrigerating units to maintain gas
pressures and temperatures in storage (USEPA, 1996).

The cylinders may be refilled at a later date, after they have been tested to
ensure that they are still capable of containing pressurized fluids. DOT
requires hydrostatic pressure testing, as well as visual examination of the
cylinder (USEPA, 1996).

[11.D.5. Repackaging

Repackaging operations are similar to packaging operations, except the “raw
material” is an already formulated product that has been packaged for sale.
Repackagersoften purchaseformul ated pesticide products, transfer the product
to new containers with customer-specific labeling, and sell them to
distributors (USEPA, 1996).

A separate type of repackaging, called refilling, is usually performed by
agrichemical facilitiesthat transfer pesticide products frombulk storage tanks
into minibulks. Theserefillable containersare typically constructed of plastic
and typically have capacities ranging from 100 to 500 gallons. Minibulks may
be owned by the refilling establishment, the pesticide registrant, or by theend
user. Production lines usually consist of a bulk storage tank, a minibulk tank
into whichtheproductisrepackaged, and any interconnecting hoses or piping.
The bulk storage tanks may be dedicated by product and clustered together in
adiked area. The products are dispensed to the minibulks by the use of manual
system or a computer-regul ated systemof pumpsand meters (USEPA, 1996).
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IIl.E. Raw Material Inputsand Pollution Outputs

Raw material inputs and pollution outputs of fertilizer products and pesticide
products differ considerably, and, therefore, are discussed separately below.
The pollution outputs are discussed both specifically by product as well as
generaly by process since there are some similarities in the fertilizer and
pesticide production processes and pollutant outputs.

[I11.E.1. Fertilizers
The primary raw materials for fertilizer manufacturing are phosphate rock,
natural gas, sulfuric acid, and carbon dioxide. These materials are combined
by several methods and in different proportions to produce a variety of
fertilizer products, as described in section I11.

Figure 18 summarizes the fertilizer material inputs for the principal fertilizer
products.

Figure18: Raw Material Flowchart for Principal Fertilizer Materials

Air N%zgural

Ammania Phiosphate Sulfuric

A Rack Acid
Nitric Fhosphaoric
Acid Acid

0,
l YV Yy l Y YY vy
Ammonium Urea Ammonium Triple Normal
nitrate phosphate Super- Super-
phasphate phosphate

Source: Adapted fromManual on Fertilizer Satistics, Food and Agriculture Organization of
the United Nations, Rome 1991.

Because the basic fertilizer nutrients are found in many natura and manmade
materials, raw materialsfor fertilizerscanal so be derived fromsources other
than the virgin materials described above. Common sources of fertilizer
ingredients are sewerage treatment sludges and certain industrial wastes.
Although these waste-derived fertilizers may contain essentially the same
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nutrients as fertilizers derived fromvirgin materials, they also may contain
additional constituents that were present in the waste material and which may
not be beneficial, or are potentially harmful to crops, human health, or the
environment. Such constituents may enter the food chainor groundwater and
could become concentrated inthe soil after repeated use. Lead, cadmiumand
arsenic are some of the more common fertilizer ingredients that could be
harmful if sufficient quantities are present. It should be noted, however, that
fertilizers derived from virgin materials also have the potential to contain
harmful levels of these congtituents if significant quantities are naturally
present in the raw materials.

Onewaste material input which hasreceived some attentionrecently i s cement
kiln dust (CKD). Although there has been a considerable amount of research
conducted on CKD use as a fertilizer, existing applications of CKD for this
purpose have been mostly anecdotal, and thereis only limited evidence that
commercial CKD useasafertilizeris growing significantly (USEPA, 1993b).

Like agricultural lime, CKD is akaline and contains a number of essential
plant nutrients. Because of these parallel characteristics, CKD has been used
as an agricultural soil amendment. CKD possesses significant fertilizer
potential, particularly because of its high potassium content. Soil scientists
have also suggested that other key plant nutrients contained in CKD, such as
cacium, phosphorous, and zinc, might be beneficial in some fertilizer
applications. However, some concern has been raised over hazardouswastes
in CKD (USEPA, 1993b).

Coa combustion by-products are also receiving attention for their potential

agricultural benefits., including alleviating soil trace elemental deficiencies,

modifying soil pH, and increasing levels of Caand S, infiltrationrates, depth

of rooting, and drought tolerance. Flue gas desulfurization residues, which
contain gypsum, have the potential to improve water use efficiency, product
quality, and productivity of soil-crop systems. The short term benefitsof coal

combustion by-products usage has been demonstrated, however, long term
effects have not been documented. Future hazards and benefits are yet to be
determined (Korcak, 1995). Electric-arc furnace dust is also used as a
fertilizer ingredient since it contains a number of trace elements required by

plants, including zinc.

Pollution outputs are summarized in terms of air emission, wastewater, and
residual wastes.

Air Emissons
Synthetic Ammonia

Air pollutants from the manufacture of synthetic anhydrous ammonia are
emitted primarily from four process steps.
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C regeneration of the desulfurization bed,

C hesating of the catalytic steam,

C regeneration of carbon dioxide scrubbing solution,
C steam stripping of process condensate.

More than 95 percent of the ammoniaplantsinthe United States use activated
carbon fortified with metallic oxide additives for feedstock desulfurization.
Vented regeneration steam contains sulfur oxides (SO,) and hydrogen sulfide
(H,S), depending on the amount of oxygeninthe seam. Regeneration may al so
emit hydrocarbons and carbon monoxide (CO). The reformer, heated with
natural gas or fud oil, may emit combustion products such as NO,, CO, SO,,
hydrocarbons, and particulates (USEPA, 1993a).

Carbon dioxide (CO,) is removed from the synthesis gas by scrubbing with
monoethanolamine (C,H,NH,OH) or hot potassium carbonate solution.
Regeneration of this CO, scrubbing solution with steam produces emissions
of water, NH;, CO, CO, and monoethanolamine (USEPA, 1993a).

Cooling the synthesis gas after low temperature shift conversion forms a
condensate containing NH;, CO,, methanol (CH;OH), and trace metals.
Condensate steam strippers are used to remove NH; and methanol from the
water, and steam from this may be vented to the amosphere, emitting NHs,
CO,, and methanol (USEPA, 1993a).

Nitric Acid

Emissions from nitric acid manufacturing consist primarily of NO and NO,
(which account for visible emissions), and trace amounts of HNO; mist and
NH;. The major source of nitrogen oxides is the tail gas from the acid
absorptiontower. Ingeneral, the quantity of nitrogen oxides (NO,) emissions
is directly related to the kinetics of the nitric acid formation reaction and
absorption tower design. NO, emissions can increase when thereis:

insufficient air supply to the oxidizer and absorber,

low pressure, especially in the absorber,

high temperatures in the cool er/condenser and absorber,
production of an excessively high-strength product acid,
operation at high throughput rates,

faulty equipment such as compressors or pumps which lead to
lower pressures, leaks, and reduced plant efficiency (USEPA,
1993a).

OOOOOO

Comparatively small amounts of nitrogen oxides are also lost from acid
concentrating plants. These losses (mostly NO,) are from the condenser
system, but the emissions are small enough to be controlled easily by
absorbers.
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plant. The small amounts that may be present in the absorber exit gas streams
aretypically removed by a separator or collector prior to enteringthecatalytic
reduction unit or expander.

The acid production system and storage tanks can be a significant source of
visible NOx emissions at nitric acid plants. Emissionsfromacid storage tanks
are most likely to occur during tank filling (USEPA, 1993a).

Ammonium Nitrate

The primary air emissions from ammonium nitrate production plants are
particulate matter (ammonium nitrate and coating materials), ammonia and
nitric acid. Ammonia and nitric acid are emitted primarily from solution
formation and granulators. Particulate matter (largely as ammonium nitrate)
can be emitted from most of the process operations (USEPA, 1993a).

The emission sources in solution formation and concentration processes are
neutralizers and evaporators, emitting nitric acid and ammonia. The vapor
stream off the top of the neutralization reactor is primarily steam with some
ammonia and NH;NO; particulates present. Specific plant operating
characteristics, however, make these emissions vary depending upon use of
excess anmmoniaor acid in the neutralizer. Particulate emissions from these
operations tend to be smaller in size than those from solids production and
handling processes and generally are recycled back to the process (USEPA,
1993a).

Emissions from solids formation processes are ammoniumnitrate particulate
matter and ammonia. The sources of primary importance are prill towers (for
high density and low density prills) and granulators (rotary drum and pan).
Emissions from prill towers result from carryover of fine particles and fume
by the prill cooling air flowing through the tower. These fine particles are
from microprill formation, attrition of prills colliding with the tower or one
another, and rapid transition of the ammonia nitrate between crystal states
(USEPA, 1993a).

Microprill formation resulting from partialy plugged orifices of melt spray
devices can increase fine dust loading and emissions. Certain designs
(spinning buckets) and practices (vibration of spray plates) help reduce
plugged orifices and thusmicroprill formation. High ambient air temperatures
can cause increased emissions because of entrainment as aresult of higher air
flow required to cool prills and because of increased fume formation at the
higher temperatures (USEPA, 1993a).

Emissions from screening operations are generated by the attrition of the
ammonium nitrate solids against the screens and against one another. Almost
all screening operations used i nthe anmonium nitrate manufacturing industry
areenclosed or have acover over the uppermost screen. Emissionsareducted
from the process for recovery or reuse (USEPA, 1993a).
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Bagging and bulk loading operations are also a source of particulate
emissions. Dust is emitted from each type of bagging process during final
filling whendust laden air is displaced fromthe bag by the ammoniumnitrate.
The potential for emissions during bagging is greater for coated than for
uncoated material. It is expected that emissions from bagging operations are
primarily the kaolin, talc or diatomaceous earth coating matter. About 90
percent of solid ammonium nitrate produced domestically is bulk loaded.
While particulate emissions from bulk loading are not generally controlled,
visible emissions are within typical state regulatory requirements (below 20
percent opacity) (USEPA, 1993a).

Urea

Emissions fromurea manufacture are mainly ammoniaand particul ate matter.
Formadehyde and methanol, hazardous air pollutants, may be emitted if
additives are used. Formalin™, used asaformal dehyde additive, may contain
up to 15 percent methanol. Ammoniaisemitted during the solution synthesis
and solids production processes. Particulate matter is emitted during all urea
processes (USEPA, 1993a).

In the synthesis process, some emission control is inherent in the recycle
process where carbamate gases and/or liquids are recovered and recycled.
Typica emission sources from the solution synthesis process are
noncondensable vent streams from ammonium carbamate decomposers and
separators. Emissionsfrom synthesis processes are generally combined with
emissions from the solution concentration process and are vented through a
common stack. Combined particulate emissions from urea synthesis and
concentration operations are small compared to particulate emissions from a
typical solids-producing urea plant. The synthesis and concentration
operations are usually uncontrolled except for recycle provisions to recover
ammonia (USEPA, 1993a).

Uncontrolled emission rates from prill towers may be affected by the
following factors:

C product grade being produced

C air flow rate through the tower

C type of tower bed

C ambient temperature and humidity (USEPA, 1993a)

The total of mass emissions per unit is usually lower for feed grade prill
production than for agricultural grade prills, due to lower airflows.
Uncontrolled particulate emission rates for fluidized bed prill towers are
higher than those for nonfluidized bed prill towers making agricultural grade
prills, and are approximately equal to those for nonfluidized bed feed grade
prills (USEPA, 1993a).
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Ambient air conditions can affect prill tower emissions. Available data
indicate that colder temperatures promote the formation of smaller particles
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in the prill tower exhaust. Since smaller particles are more difficult to
remove, the efficiency of prill tower control devices tends to decrease with
ambient temperatures. Thiscan lead to higher emission levelsfor prill towers
operated during cold weather. Ambient humidity can aso affect prill tower
emissions. Air flow ratesmust beincreased with high humidity, and higher air
flow rates usually cause higher emissions (USEPA, 1993a).

Inthe solids screening process, dust is generated by abrasion of ureaparticles
and thevibration of the screening mechanisms. Therefore, amost all screening
operations used inthe ureamanufacturing industry are enclosed or are covered
over theuppermost screen. Emissionsattributableto coating includeentrained
clay dust fromloading, inplant transfer, and leaks fromthe seals of the coater
(USEPA, 1993a).

Phosphoric Acid

Gaseous fluorides such as silicon tetrafluoride (SiF,) and hydrogen fluoride
(HF) can be major emissions from wet process acid production. Phosphate
rock contains 3.5 to 4.0 percent fluorine. Part of the fluorine from the rock is
precipitated with the gypsum, another part isleached out with the phosphoric
acid product, and the remaining portion is vaporized in the reactor or
evaporator. The relative quantities of fluoridesin the filter acid and gypsum
depend on the type of rock and the operating conditions. Final disposition of
the volatilized fluoride depends on the design and operation of the plant
(USEPA, 1993a).

The reactor inwhich phosphate rock is reacted with sulfuric acid isthe main
source of emissions. Fluoride emissions accompany the air used to cool the
reactor durry. Vacuum flash cooling hasreplaced the air cooling method to a
large extent, since emissions are minimized in the closed system.

Acid concentration by evaporation is another source of fluoride emissions.
Approximately 20 to 40 percent of the fluorine originally present in the rock
vaporizes in this operation. Particulate matter containing fluorides can be
emitted directly from process equipment. About three to six percent of the
particulates can be fluorides, as measured at one facility (USEPA, 1993a).

Ammonium Phosphates

The major sources of air emissons from the production of ammonium
phosphaticfertilizersincludethereactor, theammoniator-granul ator, thedryer
and cooler, product sizing and material transfer, and the gypsum pond. The
reactor and ammoniator-granulator produce emissions of gaseous ammonia,
gaseous fluorides such as hydrogen fluoride (HF) and silicon tetrafluoride
(SiF,), and particulate ammonium phosphates. These two exhaust streams are
generaly combined and passed through primary and secondary scrubbers
(USEPA, 1993a).

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Exhaust gasesfromthe dryer and cooler aso contain ammonia, fluorides and
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particulates, and these streams are commonly combined and passed through
cyclonesand primary and secondary scrubbers. Particul ate emissions and low
levels of ammonia and fluorides from product sizing and material transfer
operations are controlled the same way (USEPA, 1993a).

Normal Superphosphates

Sourcesof emissions at anormal superphosphate plant includerock unloading
and feeding, mixing operations (inthereactor), storage (inthe curing building),
and fertilizer handling operations. Rock unloading, handling and feeding
generate particulate emissions of phosphate rock dust. The mixer, den and
curing building emit gasesinthe formof silicontetrafluoride (SiF,), hydrogen
fluoride (HF) and particulates composed of fluoride and phosphate material
(USEPA, 1993a).

Triple Superphosphates

Emissions of fluorine compounds and dust particles occur during the
production of granulated triple superphosphate. Silicon tetrafluoride (SiF,)
and hydrogen fluoride (HF) arereleased by the acidulation reaction and they
evolvefromthe reactors, den, granulator, and dryer. Evolution of fluorideis
essentially finished in the dryer and there islittle fluoride evolved from the
storage pile in the curing building (USEPA, 1993a).

Sources of particulate emissions include the reactor, granulator, dryer,
screens, cooler, mills, and transfer conveyors. Additional emissions of
particulate result fromthe unloading, grinding, storage, and transfer of ground
phosphate rock. Facilities may also use limestone, which is received in
granulated form and does not require additiona milling (USEPA, 1993a).

Wastewater
Wastewater from the fertilizer industry can be classified into four groups:

C process effluents resulting from contact with gas, liquids, or
solids

C dedicated effluents which may be separated for use in one
process or for recycling at a controlled rate

C effluents fromgeneral services suchas cleaning or pretreatment

C occasional effluents such as leaks or spills

A number of process wastewater streams from the nitrogenous fertilizer
industry have been identified. Frequently these wastewaters contain high
levels of nitrogenous compounds such as ammonia, nitrates, and organic
nitrogen. In ammonia production, wastewater is generated from process
condensate stripping.  Ammonium nitrate manufacturing produces process
wastewater inthe neutralization process, the evaporation unit, and air cooling
equipment. The vacuum condenser in urea plants is a source of wastewater.
Most scrubbing operations are also a source of wastewater. Nitric acid
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production generates relatively little wastewater since there is no process
wastewater source. Steam generated in nitrogenousfertilizer processing may
contain dissolved and suspended solids, akalinity, and hardness (USEPA,
1974).

The most common methods for removing nitrogenous compounds include:

C Biological nitrification/denitrification
C Air or steam stripping
C lon exchange

C Breakpoint chlorination (Water Environment Federation, 1994).

The major source of wastewater fromany phosphatic fertilizer manufacturing
process is referred to as “ pond water.” Phosphoric acid production creates
large quantities of pond water for cooling of the process, concentration of the
product and for processing and storage of the gypsum byproduct. Gypsum
durry water is decanted from the top of the gypsum stacks and sent to the
cooling pond through collection ditches (USEPA, 1993a). Through
evaporation and recycling, contaminant concentrationsin pond water canreach
several grams per liter of phosphates and fluoride. Additional elemental
contaminants in pond water which originate in phosphate rock are arsenic,
cadmium, uranium, vanadium, and radium (USEPA, 1974).

The most common industry treatment for removing phosphorous is lime
neutralization and settling.

Occasiona wastewater is generated in any fertilizer production facility by
leaks, spills, cleaning, maintenance, and laboratory tests. Cleaning of cooling
and pollution control systems also produces process wastewater. Cooling
water may contain ammonia, sulfate, chloride, phosphate, chromate, and
dissolved solids which become concentrated through evaporation (USEPA,
1974). The laundry of workers clothing is another source of wastewater
originating outside the actual process.

Solid/Hazar dous/Residual Wastes

One of the largest solid wastes in the fertilizer industry is phosphogypsum
whichisproduced during phosphoric acid production. Approximately 1.5tons
of phosphogypsumis produced per tonof phosphate rock fed, or 5 tons per ton
of phosphoric acid produced (expressed as P,Os). Gypsum (calcium sulphate
dihydrate) is a mineral which also occurs in nature. Phosphogypsum is
produced by the reaction of phosphate rock with sulphuric acid during the
process of producing phosphoric acid. Theterm“phosphogypsum” isused to
specify the particular gypsum arising fromthe acidulation of phosphate rock,
because it contains trace amounts of many of the mineral impurities that
accompany phosphate rock. One of these impuritiesis radium, the parent of
radon. Other traceimpuritiesfoundin phosphogypsumincludearsenic, nicke,
cadmium, lead, aluminum, fluoride, and phosphoric acid. Mainly because of
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the radium content, the EPA restricts use of phosphogypsum and stipul atesthat
no phosphogypsumwith radium over tenpCi/gcanberemoved fromthe stacks
adjacent to the agricultural chemical plants (UNEP, 1996).

The use of waste phosphogypsum for other purposes has been widely
encouraged, but economic and/or quality problems and/or the demand for the
resulting products frequently inhibit or prevent this. Theseproblemsrelate not
only to the impurities in the gypsum, but also to its relatively high moisture
content. Plasterboard, plaster, and cement arethe main possibilities. Itisalso
possible to recycle phosphogypsum in sulphuric acid production. The ready
availability of natural gypsum and the high cost of gypsum-based sulphuric
acid, as well asthe presence of trace contaminants, are the main obstacles to
its use (Miller, 1995). However, in countries where gypsum and other
sulphurous raw materials are scarce, phosphogypsum has been successfully
used for these purposes (UNEP, 1996).

Dumping gypsum on land is not possible everywhere because the material
settles and dries slowly and requires an adequate land area and certain
climatic and soil conditions where the stack is situated. Gypsum stacks are
being increasingly regulated in terms of lining and cap systems to prevent
contaminated leaching or runoff (UNEP, 1996).

All phosphate ores contain traces of radioactive elements and a number of
metals. During processing, these are partitioned between beneficiation process
wastes, the waste from the further processing into intermediate and finished
fertilizer production, and some end up in the final product (UNEP, 1996).

Cadmium is a heavy metal which accumulates in living systems and can
become toxic above certain limits. The quantity of cadmium contained in a
phosphatic fertilizer depends on the source of the rock or waste material from
which it was made. The cadmium content of phosphate rocks varies from
almost zero to over 300 mg/lkg P,Os. The acidulation of phosphate rock
partitions the cadmium between the fertilizer product and the by-products,
mainly the phosphogypsum arising from phosphoric acid production (UNEP,
1996).

The fertilizer industry has for some decades tried to develop cadmium
separationprocesses. Processesstudied sofar have shown seriouslimitations
and problems, with regard to safety, cost, energy consumption or
environmental concerns. Currently available processesareexpensiveand are
not economically viable except for phosphates destined for human or animal
consumption, which have a greater added value. A process developed for
removing cadmium from phosphoric acid, which is used in the production of
many phosphatic fertilizers (except normal superphosphate), has shown
promise on alaboratory scale, but needs further testing before being used on
an industrial scale (UNEP, 1996).
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Off-gpecification product, spills, and dusts collected in emission control
systems are potential sources of residual wastes. Products are occasionally
suspended or canceled, leaving stockpilesof residual product. Other possible
sources of solid wastes are spent catalysts, spent containers, wastewater
treatment sludges, and spentfilters. Many of these wastes are transported of f-
sitefor disposal. However, with good housekeeping techniquesand dedicated
systems, some of these wastes may be recycled back into the process instead
of being wasted.

Cataysts used in the steam reforming process need to bereplaced every two
tosixyears. Spent catalystscontain oxidesof hexava ent chromium, zinc, iron,
and nickel. They are typically returned to the manufacturer or other metal
recovery companies for recycling and reclamation of valuable materials
(UNEP, 1996).

I11.E.2. Pesticide Formulating, Packaging, and Repackaging

As listed below, input raw materials include the pesticide concentrates from
pesti cide manufacturing plants aswel | asdiluents and other chemical additives
used in the formulating process.

C Active Ingredients
Organic/inorganic pesticides:. insecticides, herbicides, fungicides, and
others. (See Table 10.)

C Formulation and preparation materials
Dry formulations:
organic flours, sulfur, silicon oxide, lime, gypsum, talc,
pyrophyllite, bentonites, kaolins, attapulgite, and volcanic ash.

Liquid formulations:
Solvents. xylenes, kerosenes, methyl isobutyl ketone, amyl
acetate, and chlorinated solvents.
Propellants: carbon dioxide and nitrogen.
Others: wetting and dispersing agents, masking agents,
deodorants, and emulsifiers (USEPA, 1990).

Inadditionto pesticide materials, some facilities listed under SIC code 2879
producefertilizer/pesticide blends. A variety of nitrogenous, phosphatic, and
mixed fertilizers may be inputted into bulk blending tanks to produce these
combinations.
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Table 10: Approximate Quantities of Most Commonly Used Conventional

Pesticides in United States Agricultural Crop Production

Chemical 1995 Consumption | Chemical 1995 Consumption
(Million pounds (Million pounds
active ingredient) active ingredient)

Atrazine 68-73 Chlorpyrifos 9-13

Metolachlor 59-64 Chlorothalonil 8-12

Metam Sodium 449-54 Copper Hydroxide | 7-11

Methyl Bromide | 39-46 Propanil 6-10

Dichloropropene | 38-43 Dicamba 6-10

2,4-D 31-36 Terbufos 6-9

Glyphosate 25-30 Mancozeb 6-9

Cyanazine 24-29 Fluometuron 5-9

Pendimethalin 23-28 MSMA 4-8

Trifluralin 23-28 Bentazone 4-8

Acetochlor 22-27 Parathion 4-7

Alachlor 19-24 Sodium Chlorate 4-6

EPTC 9-13

fgg;ce: Pesticide Industry Sales and Usage, 1994 and 1995 Market Estimates, EPA, August

Air Emissons

Air emissions can be generated throughout the pesticide formulating and
packaging processes, mostly when fine particulates of pesticide dust become
suspended in air while the materials are being moved, processed, or stored.
Most dust or granule blending mills are equipped with vacuum systems,
cyclones, and wet scrubbersto coll ect fugitive dust. Some vacuumsystems are
dedicatedto certain processesto facilitate reuse of the dust. Other sysems are
used to collect dust from a number of areas (USEPA, 1990). Dust generated
by pesticide formulation processes contain Als which may be toxic to humans
and the environment. Thus, they are important to contain.

Volatile organic compound (VOC) emissions such as xylene may also arise
when solvent-based liquid formulations are produced. VOC emissions may
also be generated during equipment cleaning with solvents.
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Wastewater

Process wastewater is defined in40 CFR 122.2 as “any water which, during
manufacturing or processing, comesinto direct contactwith or resultsfromthe
production or use of any raw material, byproduct, intermediate product,
finished product, or waste product.” Wastewater from the pesticide
formulating industry is typically due to cleaning of equipment and related
process areas and not the actual formulating processes (USEPA, 1996).

Cleaning and decontaminating blending and liquid pesticide mixing and
storage equipment generates pesticide-contaminated wastewater or solvent,
depending uponwhether the equipment is used to formulate water or solvent-
based pesticides. Decontamination is performed between batches of different
types of formulations to prevent cross contamination of the subsequent batch.
Decontaminationisal so performed prior to taking the equipment out of service
for maintenance. The decontamination is commonly performed using high
pressure water hosesequi pped with spray nozzles, portable steamgenerators,
or by running a batch of solvent through the formulating equipment (USEPA,
1990).

Active ingredient containers, such as 55-gallon drums, are often
decontaminated by triple rinsing. The decontamination is usually performed
using a high pressure water hose equipped with a spray nozzle or a portable
steamjenny. Thecontainerscanthen be sold or givento commercial recycling
firms, depending on label directions (USEPA, 1990).

Floor, wall, and equipment exterior washing is typically performed using
water hoses equipped with spray nozzles. It may al so involve the use of mops
and squeegees. Wastewater is also generated by clean-up of spillsand leaks.

Wastewater fromthese operationstypically contains Als, solvents, and wetting
agents (USEPA, 1990). Other sources of wastewater include:

Pollution control scrubber water

Department of Transportation leak test water
Safety equipment wash water

L aboratory equipment wash water

Shower water

Laundry water

Fire protection test water

Contaminated precipitation runoff (USEPA, 1996)

OO OOOOOO

Solid/Hazar dous/Residual Wastes
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Residua wastes include containers and container liners potentially
contaminated with pesticides, aswell as off-spec product, dustcollected from
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emission control equipment, and product spills. Contaminated |aboratory
equipment and protective workers clothing are other potential solid waste
sources (USEPA, 1990).

Decontamination of the solid-based pesticide blending mills may generate
solid diluent contaminated with pesticides. The diluent typically consists of
clay for dust mills and sand for granule mills (USEPA, 1990).

In case of pesticide products which have been suspended or canceled, there
may be existing stocks of these products remaining. EPA may allow the use
of existing stocks or prohibit such use. State environmental agencies
occasionally collect unusable pesticides.

Procedures for pesticide management have been proposed by EPA, as
authorized under section 19 of the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA). For more details, refer to section VI1.C on pending
and proposed regulatory requirements.
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Agricultural Chemical Industry

Industrial Process Description

Table11l: Summary of Potential Pollution Outputsfor the Agricultural
Chemical Industry

Process Air Emissions Process Wastewater Residual Waste
Nitric Acid NO, NO,, HNQ;in NA Spent tower
Absorption Tower || tailgas materials, trays
Solution NH;, HNO, Condensed steamwith | NA
Formulation and particulates NH,NO; and NH,

Granulation

Solids Formation || Particulates, NO,, NA Dusts

SiF, HF

Regeneration of Hydrocarbons, CO, Condensed steam, NH;, | Spent bed materia

Desulfurization NH;, CO, Co,

and Filter Beds

Screening Dust NA Mixed undersized
captured dusts, used
screens

Wet Process SiF,, HF Pond water Gypsum

Phosphoric Acid

Production

Unloading of Dust/particul ates NA L eftover raw material

materialsinto released in transfer containers

blending tanks

Open processing VOC's NA NA

and storage

equipment

Equipment and NA Washwater, waste Waste sands and

facility cleaning solvent clays, used mops/
squeegees/etc.

Laboratory VOC'sand dusts Washwater, lab testing | Off-spec product

procedures released water used for

testing/analysis

Spills and runoff Dust/particul ates Contaminated Contaminated solid
released by spill rainfall/runoff product
Pollution control NA Contaminated scrubber | Spent filter materia

systems

water

Source: Guideto Pollution Prevention, The Pesticide Formulating Industry, Center for
Environmental Research Information, United States EPA, Washington D.C., 1990.
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Agricultural Chemical Industry Industrial Process Description

I11.F. Management of Chemicalsin Wastestream

Fertilizers

The Pollution Prevention Act of 1990 (PPA) requires facilities to report
informati onabout the management of Toxic Release Inventory (TRI) chemicals
inwaste and efforts madeto eliminate or reduce those quantities. These data
have been collected annually in section 8 of the TRI reporting Form R
beginning withthe 1991 reporting year. The datasummarized below cover the
years 1995-1998 and are meant to provide a basic understanding of the
guantities of waste handled by the industry, the methods typically used to
managethiswaste, and recent trendsin these methods. TRI waste management
data can be used to assess trends in source reduction within individual
industries and facilities, and for specific TRI chemicals. This information
could then be used as a tool in identifying opportunities for pollution
prevention or compliance assistance activities.

While the quantities reported for 1995 and 1996 are estimates of quantities
already managed, the quantities listed by facilities for 1997 and 1998 are
projections only. The PPA requires these projections to encourage facilities
to consider future source reduction, not to establish any mandatory limits.
Future-year estimates are not commitments that facilities reporting under TRI
are required to meet.

Table 12 shows that the TRI reporting fertilizer manufacturing and mixing
facilities managed about 566 million pounds of production related wastes
(total quantity of TRI chemicals in the waste from routine production
operationsin column B) in1996. From theyearly datapresentedin column B,
the total quantity of production related TRI wastes decreased between 1995
and 1996. Production related wastes are projected to increase in 1997 and
1998. Note that the affects of production increases and decreases on the
guantities of wastes generated are not evaluated here.

In 1996, about 84 percent of the industry’ s TRI wastes were managed on-site
through recycling, energy recovery, or treatment as shown in columns C, D,
and E, respectively. Most of these on-site managed wastes were recycled on-
site. Thereisanegligible amount (<1%) of wastes being transferred off-site
for recycling, energy recovery, or treatment. The remaining portion of the
production rel ated wastes (12 percent in 1995 and 16 percent in1996), shown
in column 1, is either released to the environment through direct dischargesto
air, land, water, and underground injection, or is transferred off-site for
disposal.
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Table 12: Source Reduction and Recycling Activity for the Fertilizer Industry as
Reported within TRI

A B I
On-Site Off-Site
Quarntity of
Production- C D E [= G H
Related % Released and
Waste % % Energy % % Energy Disposed® Off-
Y ear (10° Ibs)? || Recycled | Recovery | % Treated| Recycled | Recovery | % Treated Site
1995 719 76% 8% 4% 0% 0% 0% 12%
1996 566 7% 1% 6% 0% 0% 0% 16%
1997 606 7% 1% 7% 0% 0% 0% 15%
1998 617 78% 1% 7% 0% 0% 0% 14%

Source: 1996 Toxics Release Inventory Database.
@ Wwithin this industry sector, non-production related waste < 1% of production related wastes for 1996.

b Total TRI transfers and releases as reported in section 5 and 6 of Form R as a percentage of production related
wastes.

¢ Percentage of production related waste released to the environment and transferred off-site for disposal.

Pesticides and Miscellaneous Agricultural Chemicals

Table 13 showsthatthe TRI reporting pesticide and miscel laneousagricultural
chemicals facilities managed about 252 million pounds of production related
wastes (total quantity of TRI chemicalsin the waste from routine production
operationsincolumn B) in1996. From theyearly data presented in column B,
the total quantity of production related TRI wastes increased between 1995
and 1996. Production related wastes were projected to continue to increase
in1997 and 1998. Note that the affects of productionincreases and decreases
on the quantities of wastes generated are not evaluated here.

In 1996, about 95 percent of the industry’s TRI wastes were managed on-site
through recycling, energy recovery, or treatment as shownin columns C, D,
and E, respectively. Most of these on-site managed wastes were recycled on-
site. A small portion of the remaining wastes (4% in 1996) are transferred
off-site for recycling, energy recovery, or treatment. The remaining one
percent of the productionrelated wastes, shownincolumnl, iseither released
to the environment through direct discharges to air, land, water, and
underground injection, or is transferred off-site for disposal.
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Table 13: Source Reduction and Recycling Activity for the Pesticide and
Miscellaneous Agricultural Chemicals Industry as Reported within TRI

A B
On-Site Off-Site
Quanity of C D E F G H
Production-
Related % Released and
Waste % % Energy % % Energy Disposed® Off-
Y ear (10° Ibs)? || Recycled | Recovery | Treated | % Recycled| Recovery | % Treated Site
1995 245 85% 0% 10% 2% 1% 1% 2%
1996 252 84% 0% 11% 2% 1% 1% 1%
1997 266 84% 0% 11% 1% 1% 2% 1%
1998 279 85% 0% 11% 1% 1% 1% 1%

Source: 1996 Toxics Release Inventory Database.
@ within this industry sector, non-production related waste < 1% of production related wastes for 1996.

b Total TRI transfers and releases as reported in section 5 and 6 of Form R as a percentage of production related
wastes.

¢ Percentage of production related waste released to the environment and transferred off-site for disposal.
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V. CHEMICAL RELEASE AND TRANSFER PROFILE

This section is designed to provide background information on the pollutant
releases that are reported by thisindustry in correl ation with other industries.
The best source of comparative pollutant release information is the Toxic
Release Inventory (TRI). Pursuant to the Emergency Planning and Community
Right-to-Know Act, TRI includes self-reported facility release and transfer
datafor over 600 toxic chemicals. Facilitieswithin SIC Codes 20 through 39
(manufacturing industries) that have more than 10 employees, and that are
above weight-based reporting thresholds are required to report TRI on-site
releases and off-site transfers. The information presented within the sector
notebooks is derived from the most recently available (1996) TRI reporting
year (which includes over 600 chemicals), and focuses primarily on the on-
site releases reported by each sector. Because TRI requires consistent
reporting regardless of sector, it isanexcellent tool for drawing comparisons
across industries. TRI data provide the type, amount and media receptor of
each chemical released or transferred.

Althoughthissector notebook doesnot present historical information regarding
TRI chemical releases over time, please note that in general, toxic chemical
rel eases have been declining. In fact, according to the 1996 Toxic Release
Inventory Public Data Release, reported onsite rel eases of toxic chemicalsto
the environment decreased by 5 percent (111.6 millionpounds) between 1995
and 1996 (not including chemical s added and removed fromthe TRI chemical
list during this period). Reported releases dropped by 48 percent between
1988 and 1996. Reported transfers of TRI chemicals to off-site locations
increased by 5 percent (14.3 million pounds) between 1995 and 1996. More
detailed information can be obtained from EPA's annual Toxics Release
Inventory Public Data Release book (which is available through the EPCRA
Hotline at 800-535-0202), or directly from the Toxic Release Inventory
System database (for user support call 202-260-1531).

Wherever possible, the sector notebooks present TRI data as the primary
indicator of chemica release within each industrial category. TRI data
provide the type, amount and media receptor of each chemical released or
transferred. When other sources of pollutant rel ease data have been obtained,
these data have been included to augment the TRI information.

TRI Data Limitations

Certain limitations exist regarding TRI data. Within some sectors, (e.g. dry
cleaning, printing and transportation equipment cleaning) the majority of
facilities are not subject to TRI reporting because they are not considered
manufacturingindustries, or because they are below TRI reporting thresholds.
For these sectors, release information from other sources has been included.
Inaddition, many facilitiesreport TRI moreunder thanone SIC codereflecting
the multiple operations carried out onsite whether or not the operation is the
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facilities primary area of business as reported to the U.S. Census Bureau.
Reported chemicals are limited to the approximately 600 TRI chemicals. A
portionof theemissionsfromagricultural chemical facilities, therefore, arenot
captured by TRI. Also, reported rel eases and transfers may or may not all be
associated with the industrial operations described in this notebook.

The reader should aso be aware that TRI “pounds released” data presented
within the notebooks is not equivalent to a “risk” ranking for each industry.
Weighting each pound of rel ease equally does not factor intherel ativetoxicity
of each chemical thatisreleased. The Agency isin the process of developing
an approach to assign toxicol ogical weightings to each chemical released so
that one can differentiate between pollutants with significant differences in
toxicity. As a preliminary indicator of the environmental impact of the
industry’s most commonly released chemicals, the notebook briefly
summarizes the toxicol ogical properties of the top five chemicals (by weight)
reported by each industry.

Definitions Associated With Section |V Data Tables
General Definitions

SIC Code -- isthe Standard Industrial Classification (SIC) code, a stetistical
classification standard used for all establishment-based federal economic
statistics. The SIC codesfacilitate comparisons between facility and industry
data.

TRI Facilities -- are manufacturing facilities that have 10 or more full-time
employees and are above established chemical throughput thresholds.
Manufacturing facilities are defined as facilities in Standard Industrial
Classification primary codes 20-39. Facilities must submit estimates for all
chemicals that are on the EPA’s defined list and are above throughput
thresholds.

Data Table Column Heading Definitions

The following definitions are based upon standard definitions developed by
EPA’ s Toxic Releaselnventory Program. The categories below represent the
possible pollutant destinations that can be reported.

REL EASES-- are on-site discharges of atoxic chemical to the environment.
Thisincludes emissions to the air, discharges to bodies of water, releases at
the facility to land, as well as contained disposal into underground injection
wells.
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Releases to Air (Point and Fugitive Air Emissions) -- include all air
emissions fromindustry activity. Point emissions occur through confined air
streams as found instacks, vents, ducts, or pipes. Fugitive emissionsinclude
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equipment leaks, evaporative losses from surface impoundments and spills,
and releases from building ventilation systems.

Releasesto Water (Surface Water Dischar ges) -- encompass any rel eases
going directly to streams, rivers, lakes, oceans, or other bodies of water.
Releases due to runoff, including storm water runoff, are also reportable to
TRI.

Releasesto Land -- occur within the boundaries of the reporting facility.
Releases to land include disposal of toxic chemicals in landfills, land
treatment/application farming, surface impoundments, and other disposal on
land (such as spills, leaks, or waste piles).

Underground Injection -- is a contained release of afluid into a subsurface
well for the purpose of waste disposal. Wastes containing TRI chemicalsare
injected into either Class| wellsor Class V wells. Class| wells are used to
inject liquid hazardous wastes or dispose of industrial and municipal
wastewaters benegth the lowermost underground source of drinking water.
Class V wells are generally used to inject non-hazardous fluid into or above
an underground source of drinking water. TRI reporting does not currently
distinguish between these two types of wells, although there are important
differencesin environmental impact between these two methods of injection.

TRANSFERS-- aretransfersof toxic chemicalsinwastesto afacility thatis
geographically or physically separate from the facility reporting under TRI.
Chemicals reported to TRI as transferred are sent to off-site facilitiesfor the
purpose of recycling, energy recovery, trestment, or disposal. The quantities
reported represent a movement of the chemical away from the reporting
facility. Except for off-site transfers for disposal, the reported quantities do
not necessarily represent entry of the chemical into the environment.

Transfersto POTWs-- are wastewater transferred through pipes or sewers
to apublicly owned treatments works (POTW). Treatment or removal of a
chemical from the wastewater depends on the nature of the chemical, aswell

as the treatment methods present at the POTW. Not al TRI chemicalscan be
treated or removed by a POTW. Some chemicals, such as metals, may be
removed but not destroyed and may be disposed of in landfills or discharged
to receiving waters.

Trandfers to Recycling -- are wastes sent off-site for the purposes of
regenerating or recovery by avariety of recycling methods, including solvent
recovery, metalsrecovery, and acid regeneration. Oncethese chemicalshave
been recycled, they may be returned to the originating facility or sold
commercialy.
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Agricultural Chemical Industry

Chemical Releases and Transfers

furnaces for energy recovery. Treatment of achemical by incineration is not
considered to be energy recovery.

Transfersto Treatment -- are wastes moved off-site to be treated through a
variety of methods, including neutralization, incineration, biological
destruction, or physical separation. In some cases, the chemicals are not
destroyed but prepared for further waste management.

Transfers to Disposal -- are wastes taken to another facility for disposal,
generally as arelease to land or as an injection underground.

IV.A. EPA Toxic Release Inventory for the Fertilizer, Pesticide, and Agricultural Chemical

Industry

This section summarizes the TRI data of fertilizer manufacturing and mixing
facilitiesreporting SIC codes 2873, 2874, or 2875 astheir primary SIC code
and of pesticide and miscellaneous agricultural chemicals formulating
facilities reporting SIC code 2879 as their primary SIC code.

Accordingto the 1995 ToxicsRelease Inventory (TRI) data, 190 fertilizer and
pesticide facilities reporting SIC 2873, 2874, 2875, or 2879 released (to the
air, water, or land) and transferred (shipped off-site or discharged to sewers)
atotal of 106 million pounds of toxic chemicals during calendar year 1996.
This represents approximately 2 percent of the 5.6 billion pounds of releases
and transfers from all manufacturers (SICs 20-39) reporting to TRI that year.
The top two chemicals released by weight are ammoniaand phosphoric acid
(both from fertilizer manufacturing). These two account for about 89 percent
(82 million pounds) of the industry’s total releases. Xylene, methanol, and
ethylbenzene are the three top chemicals transferred by weight (all from
pesticide formulating). These three account for about 71 percent (9 million
pounds) of the total TRI chemicals transferred by the industries. The
variability infacilities TRI chemical profiles may be attributed to the variety
of processes and productsin theindustries. Eighty-seven percent of the 243
different chemicals reported were reported by fewer than 10 facilities.

Fertilizers (SIC 2873, 2874, 2875)

According to 1996 TRI data, fertilizer manufacturing and mixing facilities
rel eased and transferred approximately 93 million pounds of pollutants during
calendar year 1996. Onehundred and ninety facilitiesreported TRI emissions
for 46 chemicals. Only 13 of the 46 chemicals (28 percent) were reported (as
releases and/or transfers) by ten or more facilities, evidence of the diversity
of theindustry. Fertilizer facilitiesrel eased an average of 481,000 pounds per
facility and transferred an average of 8,000 pounds per facility. The high
release per facility values are, in alarge part, aresult of significant releases
for ammonia and phosphoric acid from seventy or more facilities.
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Chemical Releases and Transfers

Releases

Transfers

Table 14 presents the number and weights of chemicals released by fertilizer
manufacturing and mixing facilities reporting SIC 2873, 2874, and 2875 in
1996. Thetotal quantity of releases was 91.3 million pounds or 98 percent
of the total weight of chemicals reported to TRI by the fertilizer industry (i.e.,
releases and transfers). The top chemical released by this industry is
ammonia, accounting for 54 percent of the total releases. Phosphoric acidis
the next largest rel ease at 35 percent of thetotal. Fifty-eight percent of al TRI
releases in the fertilizer industry were air emissions, 53 percent as point
source and 5 percent as fugitive. Ammonia accounts for 91 percent of air
releases. The mgjority of the other releases were land disposed (32 percent)
with phosphoric acid accounting for 99 percent of land disposals. The
remaining nine percent was released as water discharges or underground
injections.

Table 15 presents the number and weights of chemicalstransferred off-site by
fertilizer manufacturing and mixing facilities reporting SIC 2873, 2874, or
28751in1996. Thetotal amount of transfers was about 1.5 million pounds or
only two percent of the total amount of chemicals reported to TRI by the
fertilizer industry (i.e., releases and transfers). Transfers to recycling
facilities accounted for the largest amount, 51 percent of the total transfers.
The next greatest percentage went for disposal and the rest to treatment
facilities. No energy recovery transfers were reported for this industry.
Copper compounds, phosphoric acid, and zinc compounds represented the
largest transfers (primarily to recycling), as 60 percent of the total transfers.
Ammoniaonly accounted for 4 percent of thetransfers compared to 54 percent
of releases.

Pesticides and Miscellaneous Agricultural Chemicals (SIC 2879)

Releases

According to 1996 TRI data, pesticide formulating facilities released and
transferred approximately 13 million poundsof poll utantsduring calendar year
1996. Onehundred and ninety-threefacilitiesreported TRI emissionsfor 197
chemicalsin 1996. Only 18 (9 percent) of these chemicalswere reported by
ten or more facilities, evidence of the particularly diverse nature of the
industry.  Pesticide formulating facilities released an average of 10,000
poundsof pollutants per facility and transferred an average of 59,000 pounds
per facility. The high average transfer per facility is due mostly to high
average xylene, ethylbenzene, and methanol transfers.

Table 16 presents the number and weights of chemicalsreleased by pesticide
and miscellaneous agricultural chemicalsformulating facilitiesreporting SIC
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Chemical Releases and Transfers

Transfers

28791in1996. The total amount of releases was 2.0 million pounds or 15
percent of the total quantity of TRI chemicals reported by the pesticide and
miscellaneous agricultural chemicals industry (i.e., releases and transfers).
Thisis substantially less than the 98 percent of reported chemicals released
by the fertilizer industry. Thetop two chemicalsreleased by thisindustry are
methanol (23 percent of releases) and dichloromethane (13 percent of
rel eases).

About 69 percent (1.4 million pounds) of all the chemicals released by the
pesticide industry were released to air in the form of point source emissions
(50 percent) and fugitive air releases (19 percent). Air releases were
primarily comprised of dichloromethane, carbon disulfide, and methyl i sobuty!|
ketone. Approximately 29 percent of the releases were by underground
injection, and the remaining releases were to water (2 percent) and land
disposal (1 percent). The relatively large number of chemicals reported to
TRI under SIC 2879 compared to the fertilizer industry illustrates the variety
of chemical formulations produced by the pesticide industry.

Table 17 presents the number and weights of chemica transfers by the
pesticide and miscellaneous agricultural chemicals formulating facilities
reporting SIC 2879 in 1996. The total amount of transfers off-site was 11.3
million poundsor 85 percent of the total amount of chemicalsreported to TRI
by the pesticideindustry (i.e., releases and transfers). Xylene, methanol, and
ethylbenzene accounted for 58, 12, and 10 percent, respectively, of the
chemical TRI transfers. Transfers to recycling facilities accounted for the
largest quantity (51 percent) although only eight facilities reported recycling
transfers. Xylene accounted for 84 percent of all recycling transfers. Energy
recovery and treatment accounted for 23 and 31 percent respectively. The
remainder of transfers consisted of off-site disposals.
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Agricultural Chemical Industry

Chemical Releases and Transfers

Table 14: 1996 TRI Releasesfor Agricultural Chemicals Facilities (Sl Cs 2873,2874,2875)
by Number of Facilities Reporting (Releasesreported in pounds/year)

Avg. Rdesses
# Reporting Fugitive Point Water  Underground Land Tota Per Fecility
Chemicd Name Chemica Air Air Discharges Injection Disposa Reeases
Ammonia 106 4,590,371 43,967,432 427,065 539,900 78,814 49,603,582 467,958
Phosphoric Acid 72 1,452 8,631 2,939,394 0 29,071,310 32,020,787 444,733
Zinc Compounds 56 3,946 2,969 7817 65 4,023 18,820 336
Manganese Compounds 43 5,292 1,696 1,500 0 500 8,988 209
Nitrate Compounds 42 1,529 261,250 3,108,211 971,850 125,960 4,468,800 106,400
Copper Compounds 37 1477 525 1,443 60 528 4,033 109
Sulfuric Acid (1994 and after "Acid Aerosols' 32 3237 1,435,613 5 15,000 25,587 1,479,442 46,233
Only)
Nitric Acid 30 22,388 17,418 10 0 7,655 47471 1,582
Chlorine 30 5,345 25,787 7818 0 0 38,950 1,298
Methanol 20 38447 3,068,775 63,362 20 185 3,170,789 158,539
Formadehyde 13 730 20,874 10 220 5 21,839 1,680
Chromium Compounds 11 251 0 536 0 1,430 2,307 210
Nickel Compounds 10 255 250 795 270 565 2,135 214
Copper 8 5 10 0 0 0 15 2
Zinc (Fume or Dust) 8 5 8 0 0 0 13 2
Lead Compounds 7 17 270 510 0 0 797 114
Hydrogen Fluoride 7 15,325 13,820 15 0 3,309 32,469 4,638
Diethanolamine 6 5 7,907 31,470 0 0 39,382 6,564
24D 5 21 251 0 0 0 272 4
Manganese 5 5 10 0 0 0 15 3
Diazinon 4 0 2 0 0 0 2 1
Benflurdin 4 445 258 0 0 0 703 176
Atrazine 3 140 0 0 0 0 140 47
Triflurdin 2 239 0 0 0 0 239 120
Chromium 2 400 0 0 0 0 400 200
Cadmium Compounds 1
Cobat Compounds 1 . . . . . . .
Diisocyanates 1 10 70 0 0 0 80 80
Certain Glycol Ethers 1 0 0 0 0 0 0 0
Carbaryl 1 5 5 0 0 0 10 10
N-butyl Alcohol 1 5 0 0 0 0 5 5
Quintozene 1 0 0 0 0 0 0 0
Mecoprop 1 10 250 0 0 0 260 260
Methoxone 1 5 250 0 0 0 255 255
Ethylene Glycol 1 750 0 13,000 0 250 14,000 14,000
Methyl Isobutyl Ketone 1 73,325 16,241 0 0 0 89,566 89,566
Dicofol 1 250 0 . 0 0 250 250
24-DP 1 7 250 0 0 0 257 257
Asbestos (Friable) 1 0 0 0 0 0 0 0
Dicamba 1 12 250 0 0 0 262 262
Nickd 1 400 0 0 0 0 400 400
Vanadium (Fume or Dust) 1 . . . .
Hydrochloric Acid (1995 and after "Acid 1 0 0 0 260,000 0 260,000 260,000
Aerosols’ Only)
Thiophanate-methyl 1 0 0 0 0 0 0 0
Pendimethain 1 0 0 0 0 0 0 0
Oxyfluorfen 1 0 0 0 0 0 0 0
190** 4,766,111 48,851,072 6,603,991 1787475 29,320,121 91,327,740 480,672
** Total number of facilities (not chemical reports) reporting to TRI in thisindustry sector.
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Chemical Releases and Transfers

Table 15: 1996 TRI Transfersfor Agricultural Chemicals Facilities (SI Cs 2873,2874,2875)

by Number and Facilities Reporting (Transfersreported in pounds/year)

Avg
# Energy Transfer
Chemicd Name Reporting Potw Disposal Recycling Trestment Recovery Tota Per
Chemicd Tranfers Transfers Transfers Tranfers Tranfers Transfers Facility
JAmmonia 106 51600 . 11477 63077 595
Phosphoric Acid 72 0 289528 . 418 289946 4,027
[Zinc Compounds 56 5 1060 179327 45834 226226 4,040
IManganese Compounds 43 0 1000 . 3834 4834 112
Nitrate Compounds 12 95000 . 14657 750 110407 2,629
(Copper Compounds 37 0 11861 384419 11000 407280 11,008
Sulfuric Acid (1994 and after "Acid Aerosols' 32 0 0 0
Only)
Nitric Acid 30 0 250 250 8
Chlorine 30 25 25 1
M ethanol 20 1542 1542 7
Formaldehyde 13 250 . . 250 19
Chromium Compounds 1 0 14207 63230 . 77437 7,040
Nickel Compounds 10 0 81600 20000 101600 10,160
Copper 8 0 . 14657 : 14657 1,832
Zinc (Fume or Dust) 8 0 505 14657 5 15167 1,89
Lead Compounds 7 0 10 10 1
Hydrogen Fluoride 7 0 . 0 0
Diethanolamine 6 19940 20000 39940 6,657
2,4-D 5 0 4613 4613 923
Manganese 5 0 . 0 0
Diazinon 4 0 4608 4608 1,152
Benflurdin 4 0 1250 1250 313
Atrazine 3 0 107880 107880 35,960
Triflurdin 2 0 . 0 0
Chromium 2 0 14657 14657 7,329
Cadmium Compounds 1
Cobalt Compounds 1 . . .
Diisocyanates 1 0 0 0
Certain Glycol Ethers 1 0 . 0 0
Carbaryl 1 0 591 591 591
N-butyl Alcohol 1 0 . 0 0
Quintozene 1 0 4358 4358 4,358
Mecoprop 1 0 250 250 250
Methoxone 1 0 . 250 250 250
Ethylene Glycol 1 0 185 185 185
Methyl Isobutyl Ketone 1 0 . 0 0
Dicofol 1 0 250 . 250 250
2,4-DP 1 0 . 250 250 250
JAshestos (Frigble) 1 0 19300 . 19300 19,300
Dicamba 1 0 . 250 250 250
Nicke 1 0 14657 14657 14,657
|V anadium (Fume or Dust) 1 . . .
Hydrochloric Acid (1995 and after "Acid 1 0 0 0
JAerosols’ Only)
 Thiophanate-methyl 1 0 4358 4358 4,358
Pendimethain 1 0 4358 4358 4,358
Oxyfluorfen 1 0 4358 4358 4,358
190** 168,362 337,971 782,046 250,692 0 1,539,071 8,100,
** Total number of facilities (not chemical reports) reporting to TRI in thisindustry sector.
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Table 16: 1996 TRI Releasesfor Agricultural Chemicals Facilities (SIC 2879) by Number of Facilities
Reporting (Releasesreported in pounds/year)

Avg. Rdeass
# Reporting Fugitive Point Water Underground Land Tota Per Fecility

Chemicd Name Chemicd Air Air Discharges Injection Disposa Reeasss
1,2 4-trimethylbenzene 24 5310 3185 0 0 0 8495 34
Xylene (Mixed |somers) 24 24494 16327 0 17760 0 58581 2441
Ethylene Glycol 2 7856 819 2521 2290 7922 21408 973
Naphthdene 21 4536 3402 17 0 20 7975 380
Malathion 17 571 280 10 0 0 861 51
Diazinon 17 21 227 10 0 0 258 15
Ammonia 14 20529 36839 4908 2300 360 64986 4,642
24D 13 1926 1535 5 0 255 3721 286
Carbaryl 12 1005 9005 10 0 2500 12520 1,043
Methanol 12 12434 35850 8217 400300 51 456852 38071
N-butyl Alcohol 12 1498 1668 0 0 0 3166 264
Captan 12 519 12106 5 5 0 12635 1,053
Quintozene 1 1050 561 0 0 0 1611 146
Trifluralin 1 1304 2578 87 0 0 3969 361
Chlorothalonil 1 622 1005 0 0 1670 3297 300
2,4-d 2-ethylhexyl Ester 1 2160 1065 5 0 0 3230 2%
Ethylbenzene 10 1065 pvat 0 0 0 1486 149
Atrazine 10 4000 2430 5 1 0 6436 644

h Copper Compounds 9 547 188 11 0 5 751 83
Zinc Compounds 9 2299 2307 0 0 0 4606 512

z Dimethylamine 9 3547 7560 0 250 0 11357 1,262
Arsenic Compounds 8 267 1089 14 0 0 1370 171
Certain Glycol Ethers 8 10501 250 0 0 0 10751 1,344

m Lindane 8 255 255 5 0 250 765 %
Bromomethane 8 9398 63421 0 0 0 72819 9,102

E Chloropicrin 8 2240 5835 0 0 0 8075 1,009
Cumene 8 108 78 0 0 0 186 23
Permethrin 8 976 509 0 0 0 1485 186

:. Dicamba 7 8 324 132 50200 0 60004 8572
Piperonyl Butoxide 6 35 6 0 0 0 41 7

u Dimethoate 6 225 260 10 0 0 495 83
Mecoprop 6 510 920 0 0 255 1685 281
Toluene 6 11676 27350 39 536 71 39672 6,612

o. Thiram 6 510 1000 0 0 0 1510 252
Methyl Parathion 6 716 312 0 0 0 1028 171
Diuron 6 261 1250 8 0 0 1519 253

a Prometryn 6 250 268 0 0 0 518 86
Chlorine 6 6020 2455 0 5 0 8480 1413
Manganese Compounds 5 6657 75 0 0 0 6732 1,346

m Nitrate Compounds 5 5 6 22000 0 0 22011 4,402
1,1,1-trichloroethane 5 1729 7400 0 0 0 9129 1,826
Carbon Disuifide 5 6817 112994 0 5 0 119816 23963

> Methoxone 5 265 510 250 0 250 1275 255
Metham Sodium 5 1266 258 1 0 2 1527 305

| N-methyl-2-pyrrolidone 5 310 10 5 750 5 1080 216
Carbofuran 5 2 274 1 0 0 297 59

: Bromoxynil Octanoate 5 270 251 0 0 0 521 104
Maneb 5 0 0 0 0 0 0 0

u- Cyanazine 5 285 1625 0 0 0 1910 382
Formaldehyde 4 3020 8018 1083 0 5 12126 3032

u Chloromethane 4 7434 82165 0 0 9 89608 22402
Dichloromethane 4 12585 256135 100 0 23 268843 67,211
O-xylene 4 5602 35250 5 0 5 40862 10,216

q Methyl Isobutyl Ketone 4 105310 58755 5 0 5 164075 41,019
Simezine 4 1005 1005 5 0 0 2015 504
Hydrochloric Acid (1995 and after "Acid 4 3698 48257 0 0 56 52011 13,003

¢ Aerosols' Only)

Phosphoric Acid 4 438 0 0 0 0 433 110
Sulfuric Acid (1994 and after “Acid 4 1009 1 0 0 15 1025 256

n Aerosols’ Only)

m Metribuzin 4 2 1010 5 0 0 1017 254
Acephate 4 255 1250 0 0 0 1505 376
Chromium Compounds 3 250 83 3 0 0 A1 114
Chlorodifluoromethane 3 11406 2441 0 0 0 13847 4,616

m Maleic Anhydride 3 1079 2385 5 0 0 3469 1,156
M-xylene 3 508 250 0 0 0 758 253

: Dicofol 3 210 0 0 0 0 210 70
Aldicarb 3 21 1205 0 0 5 1231 410
Linuron 3 5 5 5 0 0 15 5
Ethyl Dipropylthiocarbamate 3 6706 619 2 29 0 7356 2452
| Paraquiat Dichloride 3 500 500 0 0 0 1000 3R
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Table 16: 1996 TRI Releasesfor Agricultural Chemicals Facilities (SIC 2879) by Number of Facilities
Reporting (Releasesreported in pounds/year)

Avg. Rdeass
# Reporting Fugitive Point Water Underground Land Tota Per Fecility
Chemicd Name Chemicd Air Air Discharges Injection Disposa Reeasss
Propachlor 3 0 0 0 0 0 0 0
Fluometuron 3 260 512 0 0 0 772 257
Dimethylamine Dicamba 3 580 5 0 0 5 590 197
Caboxin 3 8 0 0 0 0 8 3
Copper 3 0 5 0 0 0 5 2
Ethoprop 3 250 615 0 0 0 865 288
Thiophanate-methy! 3 70 9 0 0 0 79 26
Pendimethdin 3 970 260 22 0 140 1392 464
Hexazinone 3 17 283 0 0 0 300 100
Ethylenebisdithiocarbamic Acid, Sdtsand 2 1057 57 0 0 0 1114 557
Edters
Trichlorfon 2
Parathion 2 . . . .
Dichlorvos 2 0 0 0 0 0 0 0
S,s,s-tributyltrithiophosphate 2 1325 473 2 0 8 1808 904
24-db 2 470 250 0 0 0 720 360
1,4-dichlorobenzene 2 340 1371 0 0 0 1711 856
1,2-dichloroethane 2 6300 57000 33 0 250 63583 31,792
h Chlorobenzene 2 320 0 0 0 0 320 160
Phenol 2 533 0 1 0 0 534 267
z Diethanolamine 2 255 255 0 0 0 510 255
24-dp 2 250 5 0 0 5 260 130
m Neled 2 0 50 0 0 0 50 25
Hydrazine 2 201 12 0 0 0 213 107
1,3-dichloropropylene 2 2301 120 0 0 0 2421 1211
E Propanil 2 250 2627 0 0 0 2877 1,439
Ametryn 2 255 298 5 0 0 558 279
Cycloate 2 0 49 1 2 0 52 26
: Bromoxynil 2 5 10 0 0 0 15 8
2,4-d Butoxyethyl Ester 2 262 401 0 0 0 663 332
u- Sodium Dicamba 2 5 750 0 0 0 755 378
Dipotassium Endothal 2 39 4 0 0 0 43 2
o Molinate 2 315 271 1 0 0 587 294
Chlorpyrifos Methyl 2 5 5 0 0 0 10 5
Zinc (Fume or Dust) 2 250 0 . 0 0 250 125
n Nitric Acid 2 4000 308 5 0 280 4683 2,342
Resmethrin 2 1 0 0 0 0 1 1
Desmedipham 2 15 0 0 0 0 15 8
Thiophanate Ethyl 2 . . . . . .
m Thiobencarb 2 530 281 0 0 0 811 406
Thiodicarb 2 250 1000 0 0 250 1500 750
> Propiconazole 2 5 5 0 0 0 10 5
Cyfluthrin 2 3 13 0 0 350 366 183
H Fomesafen 2 255 250 0 0 0 505 253
Quizaofop-ethyl 2 1 0 . 0 0 1 1
: Lactofen 2 847 29 0 0 0 876 438
Bifenthrin 2 6 1 0 0 0 7 4
Myclobutanil 2 . . . . .
U' Antimony Compounds 1 0 2 0 0 0 2 2
Chlorophendls 1 250 250 0 73400 0 73900 73,900
u Cyanide Compounds 1 15 a4 5 0 5 6 6
Diisocyanates 1 . . . . . . .
q Lead Compounds 1 130 139 0 0 0 269 269
Carbon Tetrachloride 1 66 41000 0 5 0 41071 41,071
Formic Acid 1 810 700 29 0 0 1539 1,539
Isopropyl Alcohol (Manufacturing, 1 0 15 0 0 0 15 15
¢ Strong-acid Process Only, No Supplies)
N,n-dimethylformamide 1 1 3B 0 0 0 39 39
n Methoxychlor 1 5 5 0 0 0 10 10
Vinyl Chloride 1 552 644 0 0 0 1196 1,196
m Tert-butyl Alcohol 1 20 121 0 0 0 141 141
2-methyllactonitrile 1 0 180 0 0 0 180 180
Triphenyltin Hydroxide 1 . . . . .
Hexachlorocycd opentadiene 1 5 5 0 250 0 260 260
m Dicyclopentadiene 1 141 562 0 0 0 703 703
Dimethyl Sulfate 1 . . . . . .
: Methyl Ethyl Ketone 1 2 240 0 0 0 272 272
Dichloran 1 . . . . . .
P-xylene 1 5 5 0 0 0 10 10
1,3-butadiene 1 Va4 1200 0 0 0 1277 1277
Cvdohexanal 1 (0] 18 (0] (0] (0] 18 18
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Table 16: 1996 TRI Releasesfor Agricultural Chemicals Facilities (SIC 2879) by Number of Facilities
Reporting (Releasesreported in pounds/year)

Avg. Rdeass
# Reporting Fugitive Point Water Underground Land Tota Per Fecility
Chemicd Name Chemicd Air Air Discharges Injection Disposa Reeasss
N-hexane 1 2910 5560 0 0 0 8470 8470
Pyridine 1 4836 5617 0 0 0 10453 10,453
Propoxur 1 . . . . . . .
Di(2-ethylhexyl) Phthalate 1 10 25 0 0 0 35 35
Hexachlorobenzene 1 5 0 0 0 0 5 5
1,2,A-trichlorobenzene 1 8000 750 0 750 0 9500 9,500
2,4-dichlorophenol 1 2630 250 0 15390 0 18270 18,270
Triethylamine 1 3298 101 0 0 0 3399 3,399
Hydroquinone 1 250 5 0 0 0 255 255
Folpet 1 0 5 0 0 0 5 5
Merphos 1 200 0 0 0 0 200 200
Oxydemeton Methyl 1 . . . . . .
Bromadil 1 6 0 0 0 0 6 6
Methyl Isothiocyanate 1 0 0 0 0 0 0 0
Perchloromethyl Mercaptan 1 0 510 0 0 0 510 510
Methyl |socyanate 1 0 0 0 0 0 0 0
Pebulate 1 250 250 0 . 0 500 500
Benflurdin 1
h Nitrapyrin 1 .
Tridlate 1 250 250 0 0 0 500 500
z Dodine 1 5 5 0 0 0 10 10
Dimethyl Chlorothiophosphate 1 0 0 0 0 0 0 0
Temephos 1
L B 1 . . . : :
Hydrogen Fluoride 1 0 0 0 0 0 0 0
E Bromine 1 0 0 0 0 0 0 0
Mevinphos 1 0 0 0 0 0 0 0
Phosphine 1 0 1076 0 0 0 1076 1,076
:. Creosote 1 15 25 0 0 0 2 2
Zineb 1
u, Fenbutatin Oxide 1 . . . . . . .
Alachlor 1 2100 0 0 0 0 2100 2,100
Benomyl 1 . . . . . . .
o Oryzdin 1 .
Oxydiazon 1 5 250 0 0 0 255 255
Aluminum Phosphide 1 .
a] |cinn : .
Pronamide 1 5 250 0 0 0 255 255
Toluene Diisocyanate (Mixed |somers) 1 .
m Propetamphos 1 5 5 0 0 250 260 260
Amitraz 1 .
Tebuthiuron 1 0 5 0 0 0 5 5
> Diflubenzuron 1
Sulprofos 1
H Dinocap 1
Fenpropathrin 1
: Profenofos 1
Oxyfluorfen 1
u- Triadimefon 1
Vinclozolin 1 .
u Fenvaerate 1 1 0 0 0 0 1 1
Dimethipin 1 .
Triclopyr Triethylammonium Salt 1 0 6 0 0 0 6 6
q Fenarimol 1 . . . . .
Adifluorfen, Sodium Salt 1 0 0 2 0 5 7 7
Chlorsulfuron 1 0 1 . 0 0 1 1
Fuvdinae 1 . . .
¢ Chlorimuron Ethyl 1 0 1 0 0 1 1
n Tribenuron Methyl 1 0 1 0 0 1 1
193** 369,954 995,519 39,600 573,228 15,287 1,993 588 10,329
|.|.| ** Total number of facilities (not chemical reports) reporting to TRI in thisindustry sector.
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Chemical Releases and Transfers

Table17: 1996 TRI Transfersfor Agricultural Chemicals Facilities (SIC 2879)

by Number and Facilities Reporting (Transfersreported in pounds/year)

Avg
# Energy Transfer
Chemicd Name Reporting Potw Disposal Recycling Treastment Recovery Tota Per
Chemicd Transfers Transfers Transfers Transfers Transfers Transfers Facility
1,2,4-trimethylbenzene 24 5 475 . 43314 . 43794 1,825
Xylene (Mixed |somers) 24 9 2599 4851510 731777 1020414 6606309 275,263
Ethylene Glycol 2 463 3600 16070 11478 . 31611 1,437
Naphthaene 21 0 823 6962 45 7830 373
Malathion 17 0 . 1207 1207 71
Diazinon 17 0 3370 3370 198,
JAmmonia 14 25397 . 47248 72645 5,189
2.4-d 13 263 6017 8700 14980 1,152
Carbaryl 12 5 2750 61666 . 64421 5,368
M ethanol 12 4367 5 126038 1186991 1317401 109,783
N-butyl Alcohol 12 5 584 4150 . 4739 395
Captan 12 0 2191 2081 . 4272 356
Quintozene 11 4 . 392714 221410 614128 55,830
Triflurdin 11 5 2278 9772 . 12055 1,096
Chlorothaonil 11 255 2005 1518 3778 343
2,4-d 2-ethylhexyl Ester 11 5 2077 . 23721 . 25803 2,346
Ethylbenzene 10 0 231 807182 150224 214836 1172473 117,247
IAtrazine 10 73 5673 . 28161 . 33907 3,391
Copper Compounds 9 0 9267 4 1500 11521 1,280
[Zinc Compounds 9 5 260 2730 . 2995 333
Dimethylamine 9 5 . 520 525 58
JArsenic Compounds 8 10 100655 231855 332520 41,565
Certain Glycol Ethers 8 57107 . 1132 58239 7,280
Lindane 8 0 276 1388 1664 208,
Bromomethane 8 0 . 0 0
Chloropicrin 8 0 . . 0 0
Cumene 8 0 5 1453 1458 182
Permethrin 8 0 1250 1617 2867 358
Dicamba 7 5 125 130 19
Piperonyl Butoxide 6 0 2082 2082 347
Dimethoate 6 0 . 3091 3091 515
Mecoprop 6 5 3896 2497 6398 1,066
Toluene 6 0 . 2171 2171 362
Thiram 6 2 533 38081 38616 6,436
Methyl Parathion 6 0 360 2120 2480 413
Diuron 6 250 . 380 630 105
Prometryn 6 12 250 . 6580 6842 1,140
Chlorine 6 6319 . . . 6319 1,053
Manganese Compounds 5 5 5 21 6309 6340 1,268
Nitrate Compounds 5 5 5 . 10 2
1,1,1-trichloroethane 5 0 22147 22147 4,429
Carbon Disulfide 5 0 . . 0 0
Methoxone 5 5 4778 A1 . 5724 1,145
Metham Sodium 5 1 15862 4603 557 21023 4,205
N-methyl-2-pyrrolidone 5 0 1770 8041 9811 1,962
Carbofuran 5 0 . 17525 17525 3,505
Bromoxynil Octanoate 5 0 16605 1448 18053 3,611
Maneb 5 0 250 1108 1358 272,
Cyanazine 5 62 755 13905 14722 2,944
Formaldehyde 4 0 1200 29000 30200 7,550
Chloromethane 4 0 26 . . 26 7
Dichloromethane 4 0 19277 3555 22832 5,708
O-xylene 4 0 1310 1310 328
Methyl 1sobutyl Ketone 4 940 . 1630 2570 643
Smazine 4 5 1255 250 1510 378
Hydrochloric Acid (1995 and after "Acid 4 0 0 0
JAerosols’ Only)
Phosphoric Acid 4 0 25549 25549 6,387
Sulfuric Acid (1994 and after "Acid Aerosols' 4 0 0 0
Only)
Metribuzin 4 0 13213 13213 3,303
|Acephate 4 250 . 15800 16050 4,013
Chromium Compounds 3 1 11257 155 11413 3804
Chlorodifluoromethane 3 0 0 0
Maleic Anhydride 3 0 . 0 0
M-xylene 3 0 410 410 137
Dicofol 3 0 250 250 83
JAldicarb 3 0 32289 32289 10,763
Linuron 3 0 . . 0 0
Ethyl Dipropylthiocarbamate 3 5 590 9610 10205 3402
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Agricultural Chemical Industry

Chemical Releases and Transfers

Table17: 1996 TRI Transfersfor Agricultural Chemicals Facilities (SIC 2879)

by Number and Facilities Reporting (Transfersreported in pounds/year)

Avg
Energy Transfer
Chemicd Name Potw Disposal Treastment Recovery Tota Per
Transfers Transfers Transfers Transfers Transfers Facility
Paraquat Dichloride 3 32 5 250 287 9%
Propachlor 3 15 . 6490 6505 2,168
Fuometuron 3 235 1505 13785 15525 5175
Dimethylamine Dicamba 3 0 255 . 255 85
Carboxin 3 2 334 390 776 259
Copper 3 0 . . 0 0
Ethoprop 3 0 250 1105 1355 452
Thiophanate-methyl 3 0 1167 . 1167 339
Pendimethain 3 0 . . 0 0
Hexazinone 3 250 250 250 750 250
Ethylenebisdithiocarbamic Acid, Satsand Esters 2 0 12830 12830 6,415
Trichlorfon 2 0 0 0
Parathion 2 . . . . .
Dichlorvos 2 0 145 104 249 125,
S,s,s-tributyltrithiophosphate 2 0 116 116 58
2,4-db 2 0 792 792 396
1,4-diichlorobenzene 2 0 1365 1365 683
1,2-dichloroethane 2 0 . 0 0
Chlorobenzene 2 0 1700 1700 850
Phenol 2 0 . . 0 0
Diethanolamine 2 5 51 5 61 31
2,4-dp 2 0 39 3 42 21
Naed 2 5 3176 3181 1,591
Hydrazine 2 0 . 0 0
1,3-dichloropropylene 2 0 51325 51325 25,663
Propanil 2 0 1744 1744 872
IAmetryn 2 0 . 9700 9700 4,850
Cycloate 2 0 28 1006 1034 517|
Bromoxynil 2 0 1388 8 139%6 698
2,4-d Butoxyethyl Ester 2 0 3256 3256 1,628
Sodium Dicamba 2 750 . 750 375
Dipotassium Endothall 2 0 . 250 . 250 125
Molinate 2 0 4405 1256 21 5682 2,841
Chlorpyrifos Methyl 2 0 . 500 . 500 250
Zinc (Fume or Dust) 2 0 0 0
Nitric Acid 2 0 . 0 0
Resmethrin 2 0 600 600 300
Desmedipham 2 0 . 492 492 246
Thiophanate Ethyl 2 . . . . .
[ Thiobencarb 2 0 4930 . 4930 2,465
Thiodicarb 2 5 250 18411 18666 9,333
Propiconazole 2 0 1332 . 1332 666
Cyfluthrin 2 0 . 1019 1019 510
Fomesafen 2 0 2501 5 2506 1,253
Quizal of op-ethyl 2 0 . . 0 0
L actofen 2 0 250 3069 3319 1,660
Bifenthrin 2 0 48 48 24
Myclobutanil 2 . . . .
JAntimony Compounds 1 0 132 . . 132 132
Chlorophenols 1 0 2290 1198 670 4158 4,158
Cyanide Compounds 1 0 4 4 4
Diisocyanates 1 . . .
Lead Compounds 1 0 . 65000 65,000
Carbon Tetrachloride 1 0 . . 0 0
Formic Acid 1 0 830 2800 . 3630 3,630
|sopropyl Alcohol (Manufacturing, Strong-acid 1 0 529 529 529
Process Only, No Supplies)
N,n-dimethylformamide 1 250 54765 4055 2331 61401 61,401
Methoxychlor 1 . 500 500 500
\Vinyl Chloride 1 0 . 0 0
Tert-butyl Alcohol 1 0 416 416 416
2-methyllactonitrile 1 0 0 0
Triphenyltin Hydroxide 1 . . . .
Hexachlorocyclopentadiene 1 0 3735 800 4535 4535
Dicyclopentadiene 1 0 0 0
Dimethyl Sulfate 1 0 . 0 0
Methyl Ethyl Ketone 1 0 814 814 814
Dichloran 1 . . . .
P-xvlene 1 (0] 250 250 250
1,3-butadiene 1 0 0 0
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Agricultural Chemical Industry

Chemical Releases and Transfers

Table17: 1996 TRI Transfersfor Agricultural Chemicals Facilities (SIC 