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Glossary

For purposes of this report, the following definitions are used™:

Agronomic rate — the rates of application of sludges, manures, or crop residues in accordance
with rates specified by the appropriate fertilizer grade for the crop under cultivation.

Annual loading — amount of metal or element applied to land each year, expressed in kilograms
per hectare or pounds per acre. ' :

Bioconcentration — the concentration of a hazardous substance in the tissue of an organism.
By-product — a substance that is not one of the primary products of a production process.

Commercial fertilizer / Liming material — any substance containing one or more recognized
plant nutrients and which is used for its plant nutrient content and/or which is designated for use
or claimed to have value in promoting plant growth, and shall include limes, gypsum, manipulated
animal and vegetable manures.

Contaminant — any hazardous substance that does not occur naturally or occurs at
concentrations greater than natural background levels.

Cumulative loading — total addition of a metal or element to soil over a period of time,
expressed in kilograms per hectare or pounds per acre.

Custom mix — a mixture of commercial fertilizer or materials of which each batch is mixed
according to the specifications of the final purchaser.

Hazardous substance — any dangerous or extremely hazardous substance as defined in
RCW 70.105 and other applicable regulations. In general, substances determined to present a
~ threat to human health and the environment. ' '

Industrial-derived / Waste-derived — a waste or by-product from any industrial process that is
recycled into fertilizer or soil amendments.

‘Loading — amount of metal or element applied to land, expressed in kilograms per hectare or
pounds per acre.

Natural background — the concentration of a hazardous substance consistently present in the
environment which has not been influenced by localized human activities.

Non-essential element — an element not necessary for plant or animal metabolism.
Nutrient — an element that promotes plar;ti or animal growth.

Soil amendment / Soil conditioner — any of various organic or inorganic materials added to soil
to affect its physical and/or chemical properties. '

Solid waste — all liquid, solid, and semi-solid materials which are not the primary products of
public, private, industrial, commercial, mining and agricultural operations.

Tag-along — an unintended or unnecessary element or substance found in a product.

* Toxic — an element or substance that is or has potential to be harmful to human health or the
environment. '

* Many of these definitions are codified in the Washington Administrative Code.
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Executive Summary

Fertilizers and soil amendments from natural, manufactured, and industrial by-product sources can
contain “tag-along” substances. Metals are potentially hazardous tag-along contaminants. Asa
first step in response to concerns about potential adverse effects on human health and the
environment from recycling some wastes in fertilizers or in soil amendments, three state agencies
and Washington State University conducted a screening survey for metals. This survey assessed
metal concentrations in some fertilizers and liming agents. In addition, analyses of metal
concentrations in potato samples were conducted.

The difference between nutrients present in soils and the nutrients required for optimum plant
vitality is usually balanced through fertilizer and/or soil amendment applications. The essential
nutrients needed by plants include nitrogen, phosphorus and potassium. Other nutrients needed
include calcium, magnesium, sulfur, and trace metals such as copper and zinc. The total amount
of fertilizers and liming materials used in Washington State in 1996 was about 1.2 million tons.
The major factors determining the rate of fertilizer application are: 1) concentration of nutrients in
the fertilizers, 2) soil type, nutrient level, and quantity of irrigation water, and 3) crops grown.

Fertilizers include “simple” fertilizers made to supply a single nutrient, “mixed” fertilizers made
from multiple nutrients, and “custom™ fertilizers formulated with certain nutrient specifications.
For this survey custom-mixed fertilizer samples collected in 1993-94, and some commonly used
fertilizers collected in 1997, were analyzed. Thirty-six samples analyzed for 24 metals were
collected in 1997 from a variety of commercial fertilizers and liming materials. The metals
analyzed include those regulated under the federal Biosolids Rule and other metals typically found
in fertilizers. '

Currently there are no adopted standards that apply to tag-along components in fertilizer products
used in'the U.S. Due to this lack of standards, the concentrations of metals found in fertilizer
samples were compared to three related standards: the EPA Biosolids Rule, the Canadian sewage
stludge and fertilizer regulations, and the Washington State hazardous waste Land Disposal
Restrictions. :

Eight of the nine metals regulated under the Biosolids Rule were detected in the fertilizer samples
tested. Initial concern has focused on three of the biosolids metals: arsenic, cadmium and lead.
The highest concentrations of cadmium were found in triple superphosphate, rock phosphate,
ammonium phosphate sulfate, granular zinc samples, and micronutrient mix No. 2. The highest
concentrations of lead were found in kiln dust lime, granular zinc samples, and micronutrient mix
No. 2. The highest concentrations of arsenic were found in wood ash, kiln dust lime,
micronutrient mix No. 2, and Boronat (micronutrient) samples.

Wood ash was the only product that exceeded the annual application rate derived from the
Biosolids Rule (for arsenic and lead). This indicates that continued application of wood ash could
cause the soil concentrations to exceed the cumulative pollutant loading limits in the Biosolids
Rule. Most of the othier samples were well below (generally less than a tenth of) the biosolids
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metals application rates with the exception of cadmium in triple superphosphate. Phosphate
fertilizers may also create a concern similar to waste-derived fertilizers. These data do not take
into account factors such as ambient soil conditions or plant uptake in determining when
potentially adverse human or environmental health effects may be seen.

Wood ash, when adjusted for annual application rates, exceeds the Canadian standards for
arsenic, lead, zinc, nickel, and molybdenum, Triple superphosphate exceeds the Canadian
standards for cadmium. Two samples of granular zinc products exceed the Canadian standards
for zinc, however, zinc is an intentional ingredient in these products because it is a micronutrient,
so the standard would not be applicable. Concentrations of metals in eight of the non-waste-
derived products appear to exceed the state hazardous waste Land Disposal Restrictions. Only
the waste-derived products are potentially subject to the Land Disposal Restriction. Both of the
granular zinc products tested are derived from hazardous waste; however, the granular zinc
product with the highest metal concentrations (No. 1} is excluded from these standards.

The relative amounts of metals added on an annual basis indicate that certain non-waste-derived
fertilizers pose a level of risk similar to some waste-derived fertilizers. The data indicate policy
addressing the amount of metals added to agricultural lands should include both waste-derived
and non-waste-derived fertilizers and the impact of long-term fertilizer applications on metal
accumulations in soils. '

Recommendations from this survey include:

e ongoing sampling to monitor fertilizers for metals, as well as sampling of fertilizers, soils and
soil amendments for dioxins and other organic substances;

o field soil sampling for metal concentrations in the root zone;

e adoption of Canadian standards for fertilizers on an inferim basis,

e collaboration with federal agencies to develop national risk-based standards; and

¢ acomprehensive study of plant uptake of metals. '

Because some industrial by-products. may contain dioxins, a follow-up survey is being conducted

to determine concentrations of metals and dioxins in industrial by-products. Results of that
survey will be published as an addendum to this report. -
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Introduction |

Problem Statement

No federal or state standards exist that regulate the level of contaminants in most fertilizer
products. Under existing Washington State Department of Ecology regulations, some materials
classified as hazardous and solid wastes are recycled as ingredients in fertilizers and soil
amendments. Examples of products made from waste-derived ingredients include liming agents
and sources of micronutrients (e.g., zinc). Waste-derived fertilizer products can also contain
“tag-along” contaminants. Metals are potentially hazardous tag-along contaminants; however,
some products may also contain organic contaminants.

Fertilizer products from natural sources can contain non-essential elements, such as metals, that
are identical to the tag-along contaminants from waste-derived ingredients. The risk of having
non-essential elements or contaminants present in fertilizer products has not been fully evaluated.

Study Purpose

Tn response to concerns about potential adverse effects to human health and the environment from
recycling solid and hazardous wastes in fertilizers or in soil amendments, the Washington State
Department of Agriculture (WSDA), Washington State Department of Ecology (Ecology),
Washington State Department of Health, and Washington State University conducted a screening
survey. :

The goal of this study is to determine the concentration of metals in (1) some fertilizers primarily
produced from raw materials, (2) some fertilizers produced from industrial by-products, and

(3) soil amendments that include lime. Related information used in this study includes examining
archived WSDA fertilizers and potato samples. This initial study is not a formal risk assessment
on health risks based on exposure pathways. Rather, its purpose is to compare the results with
existing standards and information. :

Ecology is gathering data on sources of chlorinated dioxins in Washington State (Washington
State Dioxin Source Assessment —in prep.). By-products from several industrial processes have
been identified as possible sources. Based on this information, the screening survey was expanded
to include some additional sampling for dioxins and metals in some by-products and liming
materials at four facilities in October 1997. These results will be published in early 1998 as an
addendum to this report.
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Fertilizer Use in the U.S. and Washington State

Modern farming and natural processes, like erosion, decrease the level of nutrients in soils.

The difference between nutrients present in the soil and nutrients required by the plants is usually
balanced through fertilizer application in recommended amounts. Synthetic fertilizers containing
concentrated nutrients eliminate the need for organic fertilizers (animal manure, biosolids) to
sustain crop production if applied at sufficient quantities. Economics and environmental
considerations (e.g., groundwater protection) necessitate routine analyses of soils and sometimes
plant tissues, for proper nutrient management.

The total amount of fertilizer used in the United States in 1996 was approximately 53.4 million
tons'.. Tn Washington State, the total amount of fertilizer and liming material used in the same
period was about 1.2 million tons. The types and amounts of fertilizers used in Washington State
during the 1995-1996 crop year are listed in Appendix A. All the products tested for this survey
were either commercial fertilizers or liming agents.

| Pla'nt Nutrients Classification

Plant nutrients can be classified into three groups based on the relative quantities of nutrients
required to sustain crop productivity. For example, the term “micronutrient” refers fo those
elements that are required in minute quantities by plants. The micronutrient requirements are
‘often expressed in parts per million (ppm). In comparison, the relatively larger amounts of
primary and secondary nutrients required are expressed as a percentage (Rules Relating to

* Fertilizers, Minerals and Limes, WAC 16-200-711).

The plant nutrient classification is:

Primary plant nutrients : Micronutrients
¢ Nitrogen (N) e Boron
o Phosphorus (P) e Chlorine
s Potassium (K) e Cobalt
e Copper
Secondary plant nutrients e Iron
» Calcium ¢ Manganese
e Magnesium s  Molybdenum
e Sulfur e Sodium
s Zinc

' Endnote citations are given in the References section of this report.
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Essential Nutrients for Plants and Animals

Many nutrients are essential for healthy humans and animals®, Nitrogen is required by plants to
synthesize amino acids, which are the building blocks for protein formation. Phosphorus is
required by plants for nucleic acid formation, energy utilization, and plant growth. Potassium has
numerous roles in plants. Chromium, iodine and selenium are required for human nutrition but
they are not recognized as plant nutrients. Conversely, boron is classified as an essential
micronutrient for plants but is not essential for animal or human nutrition.

Animals and humans depend on plants for essential amino acids, fatty acids, carbohydrates,
minerals and certain vitamins. For example, phosphorus from plants is used for bone formation,
energy utilization, and formation of structural components of cells. Potassium and other
electrolytes (sodium and chloride) are crucial determinants of acid-base balance in animal tissues.
The proper balance of sodium, chloride and potassium is required for growth, bone development
and protein utilization in animals and humans. Cobalt is required for ruminant animals for
synthesis of vitamin B12. Additionally, chromium has been classified as an essential element for
human nutrition. . | ‘

Nonessential Elements

In addition to essential elements (nutrients), many naturally occurring fertilizers, synthetic
materials and sources of micronutrients may contain elements that are not classified as essential.
Some of these elements (e.g., mercury), even in small amounts, may be toxic to living organisms
and may accumulate in the environment. Nutrients (e.g., copper and zinc) in excessive amounts
could become toxic to plants and animals.

Application Rates of Fertilizers

Fertilizers may be applied in a gaseous, liquid, suspension (slurry) or solid (dry) state. In the
United States, application rates of fertilizers for agricultural purposes are generally expressed in
terms of liters (gallons) for liquid products per hectare (acre) or kilograms (pounds) of pure
nutrients or product per hectare (acre) for both liquids and solids. Three major factors determine
the rate of application of fertilizers: (1) concentration of nutrients in the fertilizers,

(2) soil type, nutrient level, and quality of irrigation water, and (3) crops grown. Application rate
and concentration of nutrients determine the amount of nutrients delivered to the land.

Under practical conditions, the results of soil and plant tissue analyses for a given location are
used to determine the application rate of any plant nutrient. Concentrations of nutrients in
fertilizers and application rates of fertilizers are invérsely related, i.e., the higher the concentration
of nutrients, the lower the application rates. However, since several soil samples are normally
collected from each field and tested to help determine the fertilizer recommendations, the highest
recommendation will normally be used across the entire field to ensure adequate nutrient
additions. Considering all the factors involved in determining the application rate of fertilizers
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(e.g., diverse soils, crops, and environmental conditions), it is impractical to state a rate that
would apply throughout Washington State.

Types and Specifications of Fertilizers

When fertilizers are made to supply a single nutrient, they are called “simple” fertilizers.
Multinutrient fertilizers contain more than one nutrient and are referred to as “mixed” or
“complex” fertilizers’. Others known as “customer-formula” or “custom-mix” fertilizers are made
from simple or complex fertilizers in accordance with certain specifications for nutrient content.

The labels of fertilizers containing primary nutrients are given a numerical designation of three
numbers called “grade.” Grade refers to the weight percentage of total nitrogen, available
phosphoric acid, and soluble potash (e.g., 10-15-20). If any of the three primary nutrients is not
included in the fertilizer, a zero value appears in the grade for that nutrient (e.g., 10-15-0).

The “guaranteed analysis” statement on the label includes the minimum percentage of each plant
nutrient claimed to be present in the fertilizer.

While the majority of fertilizers are materials that are mined or manufactured for the purpose of
supplementing soil nutrients, most micronutrients and some liming materials may be by-products
from other industries. These by-products contain nutrients needed for plant growth or sufficient
amounts of neutralizing chemicals for changing soil pH.
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1997 Sampling Overview

Thirty-six samples were collected in the spring of 1997 from a variety of commercial fertilizers
and liming materials to determine the concentrations of metals. The samples were analyzed for a
standard list of 24 metals, see Table 1. Target analytes were primarily selected for the nine metals
regulated under the EPA Biosolids Rule*; however, the samples were also analyzed for an
additional 15 metals. Testing for these analytes was conducted because the laboratory procedure
used to determine concentrations of metals in biosolids also provided concentrations for these
other elements. ‘ :

Table 1. Target analytes.

" Biosolids metals

- Arsenic (As) Molybdenum (Mo)
Cadmium (Cd) ~ Nickel (i)
Copper (Cu) - Selenium (Se)
Lead (Pb) Zinc (Zn)
Mercury (Hg)

Additional analvtes

Aluminum (Al) Magnesium (Mg)

| Antimony (Sb) Manganese (Mn)
Barium (Ba) Silver (Ag)

Beryllium (Be) Sodium (Na)
Calcium (Ca) Thallium (Tl
Cobalt (Co) Tin (Sn)

Chromium (Cr) Vanadium V)

Iron (Fe)

Most of the 15 additional analytes are not as great a concern as those regulated under the
Biosolids Rule. Exceptions to this include tin, barium, beryllium, chromium, and thallium.
Several of the other elements are generally only considered harmful at high exposure Jevels.
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. Nineteen archive samples of custom-mix fertilizers from WSDA were also analyzed for metals
(Appendix B). These samples, which were mostly customer-formula fertilizers, were originally
collected and analyzed for the guarantees (nitrogen, phosphoric acid, soluble potash, boron,
sulfur) in 1993 and 1994 as part of the WSDA routine fertilizer sampling program. The samples
have been in a WSDA storage lab and were submitted for analyses in April 1997.

The fertilizers that were sampled in 1997 were selected primarily based on the annual tonnage
report and the availability of the material at the time of sampling. For example, a higher
percentage of samples were collected from materials with the greatest distribution and use.
Ten of the 36 samples were collected from fertilizers containing industrial by-products, which
included materials from magnesium mining, cement production, wood ash/paper production,
steel mill emission control dust, tire ash, and recycled wallboard.

A description of the by-products sampled, including product definition, manufacturing information

and agronomic information can be found in Appendix C. Table 2 lists the products sampled, the

composition or grade for each product, and its physical state. A summary description of sampling
_protocols and quality assurance/quality control procedures is in Appendix D.

Data Limitations

At the time this study was conceived resources were limited, and there was a very short timeframe
for sample collection. In order to examine as many products as possible, only one sample per
product was collected. The sample collection method ensured the sample was representative of a
particular product lot being sampled. The sampling method used is more typically employed to
obtain data for evaluating compliance with label guarantees. This method does not provide for
statistical analysis of the variability of the products. Therefore, caution in the interpretation of the
results must be used.

Due to time constraints and product availability, the collection of ammonium phosphate sulfate -
was conducted outside of accepted methodology. Although the sampling method did not meet all
guidelines, the data are acceptable for purposes of this report
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Table 2. Fertilizer products sampled.

Product

Grade Physical state
Industrial By-Product Origin |
Dical lime (Ag Lime) 33% CaCO; dry
High Mag Gro (Mixed fertilizer with magnesmm) 82% CaCOs dry
Kiln dust lime 85% CaCOs dry
Gypsum 85% CaS0, dry
Wood Ash (CaCO3-7.6%) CCE-31.3% dry
Granular Zinc (micronutrient) No. 1 18% Zn dry
Granular Zinc (micronutrient) No. 2 18% Zn dry
Manganese sulfate 29.5% sol. Mn dry
Micronutrient mix No.1 (8,B,Cu,Mn,Zn) not applicable™ dry
Micronutrient mix No.2 (B,Fe,Cu,Co,Mn,Mo,Zn)  not applicable™ dry
Other
Boronat {micronutrient) 10% boron dry
Urea 46-0-0 dry
Aqua ammonia 20-0-0 liquid
Urea ammonium nitrate 32-0-0 liquid
Calcium ammonium nitrate 17-0-0 liquid
Thiosol 12-0-0-268 liquid
Nitrosol - 20-0-0-408 liquid
Monoammonium phosphate 11-52-0 dry
Muriate of potash 0-0-62 dry
Diammonium phosphate 18-46-0 dry
Rock phosphate 0-30-0 dry
Ground limestone 96% CaCOs; dry
Calcium nitrate 15.5-0-0-19Ca dry
Prilled blend 16-15-15 dry
Liquid ammonium phosphate 11-37-0 liquid
Ammonium phosphate suspension 11-30-0 liquid
Cal pril lime (Limestone) 91% CaCOs . dry
Ammonium phosphate sulfate 16-20-0-148 dry
Ammonium polyphosphate 10-34-0 liquid
Triple superphosphate 0-45-0 dry
Phosphoric acid 0-68-0 liquid
Potassium nitrate 13.75-0-46 dry
Ammonium suifate 21-0-0-24S dry
Ammonium nitrate 34.5-0-0 dry
K-Mag (Sulfate of potash-magnesm) 0-0-22 dry
Dolomite - 102% CaCO;3 dry

% = These products are intended for use in mixizig or blending with other fertilizer materials to produce fertilizers
whose total primary nutrient guarantees equal or exceeds 24%.
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Results

Concentrations of Metals in Fertilizer Samples

The concentrations of metals, in parts per million (ppm), detected in the 36 fertilizer samples are
listed in Table 3. Each value represents the results of a single composite sample of a product.
Values followed by a “U” indicate that the metal was not detected at or above the concentration
isted (detection limit). Values followed by a “J” indicate that the metal was detected, but the
concentration is ari estimate. For purposes of this report, the “J” data are used. The results are
categorized into metals regulated under the EPA Biosolids Rule (nine metals) and metals not
regulated under the Biosolids Rule (15 metals). The following section focuses on the results for
the nine biosolids metals.

Arsenic was detected in nine of the 36 samples. Concentrations in products ranged from

4.2 to 1040 ppm. The highest concentrations of arsenic were found in Boronat (1040 ppm),
micronutrient mix No. 2 (83 ppm), and wood ash (66 ppm). The micronutrient mix and wood ash
are industrial derived products while Boronat is a naturally occurring material. Arsenic was also
detected in kiln dust (37 ppm), in four of the ammonium phosphate products (4.2 - 187 ppm), and
in phosphoric acid (7.8 ppm).

Cadmium was detected in 12 fertilizer samples ranging from 0.63 to 275J ppm. The highest
concentration of cadmium was detected in granular zinc (micronutrient) sample No. 1

(2753 ppm), ammonium phosphate sulfate (145 ppm), and triple superphosphate (119 ppm).
Granular zinc is an industrial by-product; ammonium phosphate sulfate and triple superphosphate
are not derived from wastes. Cadmium was also detected in three other industrial by-products
and six other non-industrial derived fertilizers. :

Copper was detected in 23 of the 36 samples. Copper concentrations in samples ranged from
0.094 to 39,900 ppm. Samples of micronutrient mix No. 2 (39,900 ppm) and micronutrient mix
No. 1 (19,400 ppm) contained the highest concentrations of copper. Both of these products are
derived from industrial by-products. Seven other industrial derived fertilizers (7.2 - 1,680 ppm)
and 14 non-industrial derived fertilizers (0.094 - 80.7 ppm) contained detectable concentrations of
copper. In general, the industrial by-product samples contained higher levels of copper than the
non-industrial derived product samples. Copper is commonly added to soils for its nutrient value.

Lead was detected in 11 fertilizer samples. Lead concentrations ranged from 2.5V to 11,3003
ppm. Lead was detected in seven of the 10 industrial by-product samples (11 — 11,300] ppm),
with granular zinc (micronutrient) sample No. 1 containing the highest concentration. Lead was
detected less frequently and, in general, in lower concentrations in the non-industrial samples.
Concentrations of lead in the four non-industrial samples that had detectable levels ranged from
2.53 - 49 ppm.
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Mercury was detected in 16 of the 36 fertilizer samples ranging from 0.006 to 3.36J ppm. The
highest concentration of mercury was detected in granular zinc (micronutrient) sample No. 1.
Mercury was detected in eight of 26 non-industrial derived fertilizers. '

Molybdenum was detected in 14 fertilizer samples. Detected concentrations of molybdenum
ranged from 1.3F to 17.8 ppm. The highest concentration of molybdenum was detected in
diammonium phosphate, a non-industrial by-product derived fertilizer. Molybdenum was detected
in five of ten industrial by-product derived products (1.3 — 14 ppm) and in nine of the
26 non-industrial by-product derived products (3.4 — 17.8 ppm).

Nickel was detected in 16 fertilizer samples in concentrations ranging from 1.5 to 1953 ppm.

The highest concentrations of nickel were detected in non-industrial by-product derived fertilizers,
ammonium phosphate sulfate (195J ppm) and triple superphosphate (151 ppm). Nickel was
detected in eight of ten industrial derived fertilizers. '

Selenium was not detected in any of the 36 fertilizer samples.

Zine was detected in 33 of the 36 fertilizer samples. Concentrations of zinc ranged from

0.21 to 203,000 ppm. The highest concentrations of zinc were detected in the industrial derived
fertilizers: granular zinc, a micronutrient, (203,000 and 178,000 ppm); micronutrient mix No. 2
(94,300 ppm); and micronutrient mix No. 1 (67,000 ppm). Zinc was detected in all of the
industrial derived fertilizers and was detected in all but three of the non-industrial derived
fertilizers. Zinc has been the micronutrient most often needed by crops grown in calcareous and
alkaline soils in the western United States. The micronutrient products containing the highest
concentrations of zinc have been marketed to correct zinc deficiencies where demonstrated.

Concentrations of Metals in Archive Fertilizer Samples

The analytical results of metals for the archive samples are shown in Appendix B. The majority of
the samples (16 of 19) were custom-mix fertilizers formulated for specific crops and fields. The
metal concentrations listed in Appendix B (sample collected in 1993 & 1994) may provide useful
information with regard to the range of levels of metals found in some mixed fertilizers compared -
to individual fertilizer materials listed in Table 3 (samples collected in 1997). Custom-mix
fertilizers are made from various fertilizer materials. Some of the elements listed (including
calcium, magnesium, boron, cobalt, copper, iron, manganese, molybdenum, and zinc) are plant
nutrients. Appendix B also lists application rates for the mixed fertilizers that range widely
depending on nutrient concentration in the blend of fertilizers, location (soil texture and nutrients
present), and the crops grown.

Potato Sampling

Appendix E lists the analytical results of 44 potato samples collected by the WSDA Food Safety
Program in April 1997. The samples were collected from storage/packing sheds, retail stores and
processing plants from several areas throughout the state. The samples were collected from the
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1996 fall harvest of potatoes and were analyzed with peels for lead and cadmium by the Food and
Drug Administration (FDA) regional laboratories in Seattle and San Francisco. The average
concentrations of lead and cadmium in the samples were 0.01 ppm (trace — 0.046) and 0.03 ppm
(0.006 — 0.068), respectively.

The levels of lead and cadmium found are similar to U.S, average concentrations of these metals
previously reported by FDA for raw potatoes of 0.009 ppm lead and 0.031 ppm cadmium®. This
study also reported average lead and cadmium concentrations in potatoes collected in Washington
State of .009 ppm lead and .022 ppm cadmium. Potatoes in the 1983 FDA study were analyzed
‘without peels and were collected from uncontaminated areas considered to be background.
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Discussion of Results

This section describes the results from the screening survey. The concentration of metals is
compared to:

e EPA Biosolids Rﬁle
e State regulations: Dangerous Waste, WAC 173-303; Biosolids Rule, WAC 173-308
¢ Regulations in other countries.

The potato sampling results are compared to historical FDA data. For a more detailed discussion
of applicable regulations, see Appendix F.

Fertilizer Application Rates and Metals Loading

As previously mentioned, fertilizer products are added to agricultural soils at different rates
depending on factors such as crop type; nutrient concentration in the fertilizer, soil nutrient levels,
and physical characteristics of the soil. Because fertilizer products are applied at variable rates,
absolute metal concentrations do not provide sufficient information on the amount of metals
actually applied to agricultural land, or the relative hazard of each product.

Tn order to estimate the amount of metal applied to land each year (annual loading), the metals
results in Table 3 were adjusted by an annual application rate for each product in order to estimate
the amount that each metal is applied to land each year. This adjustment was also done so that
fertilizer sample results could be compared to the standards for metals in the Biosolids Rule and
the Canadian standards.

Because application rates may vary with nutrient needs and other factors, the maximum
application rate was used for each product to estimate the “worst case” amount of metals added
1o soil. The maximum annual loadings for each product are listed in Table 4. Table 4 results for
cadmium, lead and arsenic are displayed graphically in Figure 1.

The maximum annual loading is based on using the highest application rate reported. This rate
was obtained from several sources including fertilizer manufacturers, distributors, and the
Washington State University Extension. The two exceptions to using the maximum application
rate are wood ash and granular zinc, for the following reasons: '

e Liming materials (wood ash) are generally applied once every three years, so the maximum
- application rate was divided by a factor of 3, the number of years that may lapse between
‘applications. The wood ash sampled was reported as having been applied only once to a
specific acreage of land. '

e  Granular zinc is applied once every three years (when used at levels approaching the
maximum rate), so the maximum application rate for granular zinc is divided by a factor of 3.
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Figure 1. Maximum Amount of Metals Added to Soil on an Annual Basis (kg/ha)
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Application rates reported for the sampies- collected from 1993 and 1994 were those reported by |
the fertilizer manufacturers or applicators involved (Appendix B).

The application rate is a range of rates that may be used depending on crop and soil variability.
Potential application rates for the fertilizer products sampled were not used to calculate annual
loadings of metals to soil, but are presented for information purposes (Table 5). If known, the
specific fertilizer application rate at the time of sampling is listed. '

The annual load in italics in the first row for the first nine metals in Table 4 represent the annual
loading of metals expected from application of “exceptional quality (EQ)” biosolids

(40 CFR 503.13) applied at a rate of 10 metric tons/ha. These annual loading values are used as
screening values’; they do not appear in the Biosolids Rule. They were derived from the typical
application rate of biosolids in Washington (5 to 10 metric tons/ha) and the standard for EQ
biosolids. The maximum concentrations for metals in EQ biosolids are listed in Table 6.
Currently, the Biosolids Rule does not contain an EQ concentration for molybdenum, although
the Biosolids Rule does contain a non-risked based ceiling concentration for molybdenum of

75 mg/kg (dry weight). In the absence of an EQ value for molybdenum, a screening value for
molybdenum with which to compare to fertilizer results will not be used here.

These screening values provide a reasonable annual loading comparison. The 10 metric ton per
hectare application rate is at the upper range of what is typically applied on fields in Washington.
Biosolids that do not exceed the limits in Table 6 are not subject to record-keeping requirements,
because they will not cause the soil concentrations to exceed the cumulative pollutant loading
limits (40 CFR 503.13) reported in Table 6. If the cumulative metal loadings for any of the nine
regulated metals exceed the limits listed in Table 6, no additional biosolids may be applied. The .
first fow in Table 4 is left blank for the 15 metals not regulated under the Biosolids Rule since
there are no other comparable screening values.

Wood ash was the only product that exceeded the EQ biosolids metals application rates

(i.e., for both arsenic and lead). The estimated arsenic application rate from the wood ash sample
is 1.39 kg/ha compared to the EQ biosolids arsenic application rate of 0.41 kg/ha. The lead

_ application rate estimated from the wood ash sample is 3.59 kg/ha compared to 3.00 kg/ha for the
EQ biosolids application rate. The estimated annual application rate for copper in wood ash

(3.34 kg/ha) was one-fifth the EQ biosolids application rate (15.00 kg/ha).

Most of the other samples were well below (i.e., less than 10 percent) the EQ biosolids metals

application rates with the exception of cadmium in triple superphosphate. The EQ biosolids

application rate for cadmium is 0.39 kg/ha while the annual application rate calculated for the
triple superphosphate sample 0.11 kg/ha is approximately 30 percent of the biosolids value.
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. Table 6. Pollutant concentrations for excéptional quality biosolids (40 CFR 503.13)

PoHutant Limit*
Arsenic : 41
Cadmium 39
Copper 1500
Lead . 300
Mercury 17
Molybdenum NA**
Nickel : 420
Selentum 100
Zinc : 2800 .

* Monthly average con_cemratibn in milligrams per kilogram (ppm) - dry weight basis
#£ Not Available. Mo does not currently have an EQ concentration

Background on the Biosolids Risk Assessment

The EPA evaluated 14 exposure pathways in developing the Biosolids Rule (EPA 503)°,

Nine exposure pathways focused on impacts to people and five exposure pathways focused on
impacts to ecological receptors (livestock, soil organisms, predators of soil organisms, and
plants). The pathway which gave the highest risk for each metal (thus requiring the lowest
protective concentration in biosolids) was determined to be the “limiting pathway” for that metal.
The limiting pathways for arsenic, cadmium, lead, and mercury are based on preventing impacts to
people. The limiting pathways for copper, nickel, and zinc are based on preventing impacts to
ecological receptors, namely plant toxicity (phytotoxicity). Some of the numerical criteria in the

~ biosolids regulation (camulative loading rates and pollutant concentrations in biosolids) are based
on the limiting pathway for each metal.

Contaminants in Fertilizers and Ecological Risk

In terms of assessing ecological risk from contaminants in fertilizers applied to agricultural land,
the impact of fertilizer application should be studied. Fertilizer may contain both inorganic and
organic contaminants that exhibit unique characteristics in terms of bioavailability. Literature in
this specific area appears limited®. Tn a related but limited effort, ecological risk has been assessed
in the Biosolids Rule that evaluates risk from application of sewage sludge (biosolids) to
agricultural and non-agricultural land.

Because EPA standards for the use and disposal of biosolids were developed primarily from a
human health perspective, an expanded effort to assess ecological risks from application of
biosolids to non-agricultural land is currently underway'’. This assessment will address risks to
wildlife populations, plant community and diversity, soil invertebrate community structure, and
microbial processes. The bioavailability of metals in biosolids is a primary determinant of risk in
this assessment. Although this assessment is directed toward application of biosolids to
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non-agricultural land, it may provide insight into an ecological risk assessment of contaminants in
fertilizers applied to agricultural land. '

Additional information on Biosolids risk assessments can be found in Appendix G.

' App!icabitity of the Biosolids Rule to Fertilizers

The Biosolids Rule is based on the protection of human and ecological health and crop
productivity from agricultural applications of biosolids that are known to contain metals. From
this perspective, the Biosolids Rule represents a starting point for assessing possible impacts of
fertilizer products because it accounts for many of the same potential exposure pathways

_important for evaluating fertilizers. However, there may be risk assessment and other
assumptions used in the Biosolids Rule development that are not appropriate for evaluating
potential fertilizer hazards. A brief summary of the important areas where exposures to biosolids
may differ from exposures and possible health impacts of biosolids and fertilizers would require a
fisll review of pertinent literature and an extensive risk assessment which is beyond the scope of
this report.

Many factors influence plant uptake of metals from soil including the form of the metals, soil
pH, presence of other elements, and organic matter content of soil"*. Estimates of plant uptake
used in the Biosolids Rule were taken mainly from studies involving biosolids, either in
laboratory or field studies. Biosolids are rich in organic matter that provides reactive sites to
bind metals, thereby making metals in biosolids less bioavailable than metals applied as
inorganic salts”>. Some researchers think that metals in biosolids will become more
bioavailable once the organic matter degrades in the environment; however, this is an area of
much controversy”. |

Several of the pathways used to develop the Biosolids standards (Pathways 1, 2, 4, 6, and 8)

~ rely in part on estimating metals uptake into plants. Therefore, exposures from these pathways
may underestimate exposures from fertilizers. Due to the many factors that influence plant
uptake, it is not possible to quantify the degree to which the biosolids risk assessment might
underestimate plant uptake from different fertilizer products™. |

~ Pathway 3, which is based on a child eating biosolids and not on an exposure via plant uptake, 15

" the limiting pathway for arsenic, cadmium, lead, mercury, and selenium. If plant uptake of metals
from fertilizers is higher than assumed in the biosolids risk assessment, then pathways involving
plant uptake may become Jimiting for these metals. '

Other ways in which the Biosolids Rule may not apply to fertilizers relate to differences in
possible exposure scenarios. For example, Pathway 1 assumes that 2.5% of the general
population’s fruits and vegetables are grown on sludge amended soils, If this percentage is higher
for fertilizer products, the Biosolids Rule would likely underestimate the general population’s
exposures from fertilizers. Additionally, since the Biosolids Rule applies only to nine metals,
exposures to other possible contaminants in fertilizers including other metals and organic
compounds are not accounted for when using the Biosolids Rule as 2 comparison.
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Land Disposal Restrictions

Fertilizer products that are derived from certain hazardous waste are subject to the “Land
Disposal Restriction” portion of the state Dangerous Waste Regulations (WAC 173-303)
(Appendix F Table). These standards cannot be compared directly with the results in Table 3
because of differences in the test methods used. The results in Table 3 represent the total
concentration of metals in the fertilizer products. The dangerous waste standards listed in
Appendix F are based on the concentration of metals in an extract of the material. The
concentration in the extract will be less than the actual concentration of metals in the product
being tested. A 20-to-1 ratio is typically used to estimate the extract value from total metals test
results. However, caution is needed when using this approach. The physical and chemical
characteristics of the material being sampled can greatly affect the ratio of metals in the product to
the extract.

The concentrations of metals in eight of the non-waste derived fertilizers exceed the 20-to-1 ratio.
It appears that Boronat would exceed the standard for arsenic. It appears that the standard for
cadmium would be exceeded by rock phosphate, ammonium phosphate sulfate, ammonium poly
sulfate, and triple superphosphate. It appears that the standard for chromium would be exceeded
by rock phosphate, liquid ammonium phosphate, suspension phosphate, ammonium phosphate
sulfate, ammonium polyphosphate, and phosphoric acid.

Four of the ten industrial by-product fertilizers are known to be derived from hazardous waste:
kiln dust lime, both granular zinc products, and wood ash. The kiln dust lime and granular zinc
No. 2 have been tested and meet the Land Disposal Restrictions of the Dangerous Waste
Regulations. The granular zinc No. 1 is specifically excluded from the Land Disposal
Restrictions.

Tt appears that Micronutrient mix No. 2 would exceed the standard for chromium.

Regulations in Other Countries

The Canadian standards established in 1980 for sewage sludge were recently reassessed and
deemed to be applicable and appropriate for all soil-applied fertilizer products™. In 1995-96,
Canada established the maximum limits for trace elements in compost. During this process, the
Canadian sewage sludge standards were re-evaluated. This review employed three analytical
approaches: “no net degradation,” “no observable adverse effects,” and “best achievable.”".
As part of the re-evaluation, the Canadian metal standards were compared with other standards
development activities, including those conducted by the EPA. The comparison concluded the
metal standards established by Agriculture and Agri-Food Canada were valid.

Cumulative pollutant loading limits and toxicological benchmarks for soils from several countries
are presented in Table 7. The Canadian metal standards are part of the Fertilizer Act and
Regulations of Agriculture and Agri-Food Canada (Memorandum T-4-93, August 1996).
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The standards apply to fertilizers, supplements, treated sewage, compost and other by-products,
and were developed based on national soil background metal contents. Although the data
contained in the tables are not risk-based, the cumulative pollutant loading limits were set with
consideration for the unique risks posed by each metal. For example, the loading limits for arsenic
and nickel were set at twice the average soil concentrations because of the known toxic effects of
arsenic and nickel on plant growth'®. The maximum acceptable annual and cumulative metal
additions to soil under the Canadian regulations are more stringent than the limits adopted under
the Biosolids Rule. Maximum acceptable cumulative metal additions to soil in Canada are based
on the long term. For the purpose of evaluating individual products, Canadian standards define
“long term” as 45 years. :

Table 7. Cumulative pollutant loading limits (kg/ha) of sludge-treated soil in several
countries and European Community (EC), and soil toxicological benchmarks (mg/kg) for
screening potential contaminants established by Oak Ridge National Laboratory (ORNL),
Canada, and the Netherlands (NETH).

Element Cumulative Loading Limits Toxicological Benchmarks
| USA* | Canada** | EC*** | France | NETH | ORNL Canada NETH
As | a1 15 0 [ 10@0)5§ | 20(40) | 40(30)
Cd 39 4 125- | 375 | 125 3 (6) 3 (6) 12 (24)
: 625 | '
Cu | 1500 75300 | 200 | 7.5 | 100(200)| 150(300) | 190 (380)
Cr 350 | 75 | 1(2) | 750 (1500) | 230 (460)
Ni 420 36 125 | 625 | 3.8 | 30(60) | 150(300) | 210 (420)
Pb 300 100 ofgs 125 | 225 | 50(100) | 375(750) | 290 (580)
Zn | 2800 370 | 175-550 | 550 30 | 50(100) | 600 (1200) | 720 (1440)
Hg 17 1 22535 23 | 0075 | 03(0.6) | 0.8(1.6) 10 (20)
Co 30 20 (40) | 40 (80) 240 (480)
Mo 4 2 (4) 5(10) | <480 (<960)
Se 100 2.8 e - - 1(2) 24 no data

§ Values in parentheses are kg/ha using a conversion factor of 2.

* 1 oading based on EPA Biosolids Rule and 100 year application.
#% | pading based on 45 year application,
% Application durations for the EC, France and the Netherlands are not available.
--- Not applicable or available.
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The Canadian standards, expressed as maximum annual loading to soil, are presented in italics in
the second row of Table 4. These values are derived from dividing Canada's maximum acceptable
cumulative metal addition to soil standards by 45 years. Wood ash exceeds the Canadian annual
metal addition to soil for arsenic, lead, zinc, and molybdenum. Since the application of wood ash
~ may be limited to a one-time use, actual application of this product may not exceed the Canadian
cumulative standards. Triple superphosphate exceeds the Canadian standards for cadmium. The
two granular zinc samples exceed the Canadian standards for zinc; however, Zinc is an intentional
ingredient in these products because'it is a micronutrient. ' '

The standards for several European countries listed in Table 7 are in general more stringent than
the Canadian standards. However, unlike the Canadian standards, the standards for the EC,
France and the Netherlands apply to biosolids only and do not apply to fertilizers and liming
agents. These standards are based on preventing pollutant accumulation in soil'”. Documentation
describing the technical basis for the different European standards, however, has been difficult to

. obtain. Therefore, conclusions about how fertilizer results provided in this report compare to
standards provided for the EC, France and the Netherlands will not be made.

Screening soil benchmarks for phytotoxicity of metals shown in Table 7 include those developed
by Oak Ridge National Laboratory (ORNL), Canada, and the Netheriands'®. Although these
benchmarks are not strictly comparable due to differences in derivation, phytotoxicity may result
when metal concentrations in soil exceed any of these benchmarks. ORNL benchmarks are
generally conservative, because soluble metal salts which were used in toxicity tests (e.g., field,

" greenhouse, growth chamber) are typically more bioavailable than indigenous metals in the soil.
Canadian benchmarks take into account human health and, presumably, soil organisms as well as
the entire food chain dependent upon the soil in an agricultural land-use context. Dutch
benchmarks take into account plants, soil fauna, micro-organisms, bioavailability, and - .
biomagnification and represent metal concentrations in soil causing adverse effects in 50% of the
species potentially present in the ecosystem. Conversion of these benchmark concentrations
(mg/kg) to loading limits (kg/ha), using certain assumptions (i.e., 15 cm mixing depth, 1.33 g/cc
soil density), allows comparison to the cumulative loading limits in Table 7. Where cumulative
loading limits exceed these converted toxicological benchmarks (shown in parentheses), toxicity
may result. ‘ '

Whenever possible, uniform regulations and standards between neighboring countries would
promote better use of resources. Uniform regulations and standards may also prevent unfair trade
advantages caused by unacceptable materials distributed to a country with less stringent
regulations. :

Effects of Fertilizer and Soil Amendments on Metals in Soil

The short-term impact of adding industrial and non-industrial by-products to soils and plants at
recommended rates for metal concentrations may be limited. Long-term application of high
concentrations of metals in micronutrients, micronutrient mixes, some phosphorus fertilizers, and
some wood ash could potentially lead to substantial elevation of metals in soils and plants™.
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There is relatively little information on the effects of fertilizers on metal concentrations in soils
and plants in Washington State; however, there has been much research conducted elsewhere that
is summarized in the scientific literature. For example, continued application of phosphate
fertilizer at high rates over a period of several decades resulted in soil cadmium concentrations

being elevated 10-fold or more™*",

In Australia phosphate fertilizer and manure applications caused up to 27% of sampled leafy
vegetables to have cadmium concentrations exceeding the maximum permitted concentration,
0.05 mg/kg, set by the Australia, New Zealand Food Authority™.

A survey of cadmium, lead, zinc, copper, and nickel in agricultural soils in the U.S, found little
evidence of significant accumulation of cadmium or lead in most cropland soils, although zinc and
copper were both elevated by normal agricultural practices”. The authors attributed an increase
of cadmium in the Great Lake states, as well as in some soils in Oregon, Florida, and Idaho, to the
application of phosphate fertilizer and/or rock phosphate. In summary, given the range of
concentrations for various elements in phosphate fertilizers, it is difficult to generalize about
possible potential plant uptake from their use. '

The direct link between increased soil metal concentrations and the use of soil amendments has
been more clearly established for biosolids. Continued application of biosolids at low rates or at
an initial high rate of application causes a marked increase in cadmium, chromium, copper, lead,
nickel, and zinc in agricultural soils®**. However, the addition of cadmium and lead from the
application of phosphate fertilizer, or micronutrient or micronuttient mixes, is very small relative
to the amounts of metals that are allowed to be added to soils annually via land application of
biosolids® and other waste-derived products. It is entirely legitimate to question whether such a -
small addition can cause soil productivity and crop quality any harm. :

Natural Background Metal Concentlrations in Soil

Table 8 lists metal concentrations found in U.S. soils. These data are provided to show that
many metals are commonly found in soils at a range of concentrations. Additionally, these
concentrations may be compared to fertilizer metal concentrations reported in Table 3 for
perspective. However, metal concentrations in Table 3 would need to be converted to
concentrations of metals in soil in order to make this comparison meaningful. Several factors
would need to be accounted for in converting Table 3 results to soil concentrations, such as
fertilizer application rates and dilution from mixing with soil, contribution of metals from use of
multiple fertilizer products, natural background metal concentrations already present in soil, and
possible build-up of metals over time. Due to the limited nature of this screening study, metal
concentrations in soils resulting from application of the fertilizer products tested were not
estimated.
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Table 8. The content of various elements in soils.

Common range

Average concentrations

1K

Table O illustrates the natural background concentrations of metals in surface soils in
Washington® . Natural background soil metal concentrations can be used to establish a cleanup
standard for a hazardous substance for which no applicable or relevant and appropriate
requirement exists (Model Toxics Control Act [MTCA], WAC 173-340-700). The MTCA
standards are useful for comparing with data on soil concentrations of metals. The comparison to
MTCA standards will be made as the data from soil sampling become available. These data will

Element for soils (ppm) for soils*
Al 10,000-300,000 71,000
As 1-50 5

B 2-100 10

Ba 100-3,000 430
Be 0.1-40 6
Ca 7.000-500,000 13,700
Cd 0.01-0.70 0.06
Co 1-40 8

Cr 1-1,000 100
Cu 2-100 30

Fe 7,000-550,000 38,000
Heg 0.01-0.3 0.03

| 0.1-40 5

400-30,000 8,300

Li 5-200 20

Mg 600-6,000 5,000
Mn 20-3,000 600
Mo 0.2-5 2 _
Na 750-7,500 6,300
Ni 5-500 40

Pb 2-200 10

Se 0.1-2 0.3

Sn 2-200 10

Ti 1,000-10,000 4,000
A 20-500 100
Zn 10-300 50
Source *° *mg/kg or ppm

be published as an addendum to this report.
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Table 9. Statewide and regional 90th percentile values* for some elements in Washington
State soils ‘

Statewide 37,200 | 7 2 1 42 36 42,100 17 1,100 | 0.07 | 38" 86
Puget 32,600 7 0.6 i 48 36 58,700 24 1,200 | 0.07 | 48 85
Sound
Clark 52,300 6 2 i 27 34 36,100 1'7_’ 1,500 | 0.04 | 21 96
County ,

Yakima 33,400 5 2 1 38 27 51,500 11 1,100 | 0.05 | 46 79
Basin . .

Spokane 21,400 9 0.8 1 . 18 22 25,000 15 700 0.02 | 16 66
Basin ' )

~ *#All Values=mg/kg and rebresent total-recoverable analysis.
## Graphite furnace atomic absorption (GFAA) analysis.

Factors Affecting Metal Availability

The amount of metals added to soils is not the only factor that governs their bioavailability. Metal
bioavailability and phytotoxicity thresholds are affected by metal solubility that is controlled by a
variety of plant factors and intrinsic soil factors®®. The solubility of metals in phosphate fertilizer,
rock phosphate, and industrial by-products is largely unknown presently. To precisely understand
the environmental hazard of an element in a fertilizer or soil amendment requires detailed
knowledge of metal solubility in soil and its mobility in the environment’.

The intrinsic soil factors that affect metal availability in soil include pH and the concentrations of
metal, organic matter; clay, and aluminum, iron and manganese oxides in soil'?. Fine textured
soils and soils containing high amounts of organic matter and/or iron oxides have lower metal
availability compared to coarse-textured soils or soil with low organic matter content™".
Uptake of metals by plants also can be complicated by the presence of other metals in soil.

For example, addition of zinc can reduce cadmium accumulation in wheat grain’.

Generally, leafy vegetables are good metal accumulators, whereas roots and tubers generally are
not, As a result, leafy vegetables and food legumes are more susceptible to cadmium and zinc
phytotoxicity than grain or grass crops™,

Phosphate fertilizers, industrial by-products, and most soil amendments, with the exception of
biosolids or compost, are essentially devoid of organic matter. Thus the protective effect of
organic residues that limits metal availability in biosolids cannot be applicable to phosphate
fertilizer, rock phosphate, and the industrial by-products used as a micronutrient source.

In this regard, the Biosolids regulations probably are not sufficiently protective of soils and plants
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from being adversely affected by metal accumulation resulting from fertilizer application in soil.
The more conservative Canadian standards could be used for regulating metals in the interim, until
the protection is validated or until better criteria are developed.
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Conclusions

This screening survey of metals in fertilizers found the highest concentrations of:

e cadmium in ammonium phosphate sulfate, triple superphosphate, micronutrient mix No. 2,
rock phosphate, and granular zinc samples :

o Jead in micronutrient mix No. 2, kiln dust lime, and granular zinc samples

o arsenic in Boronat (micronutrient), micronutrient mix No. 2, kiln dust lime, and wood ash

Comparing the fertilizers at the maximum annual application rates indicates the highest annual
‘loading for:

e cadmium from triple superphosphate, and ammonium phosphate sulfate
o lead from wood ash, kiln dust lime, and granular zinc No. 1
e arsenic from wood ash, kiln dust lime, and Boronat (micronutrient) =

Wood ash was the only product that exceeded the annual loading for exceptional quality biosolids.
Wood ash and triple superphosphate were the only products that exceeded the Canadian
standards. It will be critical to address whether or not elevated metal accumulation in soil over
time is of concern to crop productivity and whether or not the Canadian or biosolids standards are
sufficiently protective. -

The concentration of metals in several wasté-derived fertilizers (granular zinc samples and
micronutrient mix No. 2) and non-waste-derived fertilizers (Boronat, ammonium polysulphate,
triple superphosphate, liquid ammonium phosphate, suspension phosphate, phosphoric acid,
ammonium phosphate sulphate, and rock phosphate) may be of concern with respect to the

Land Disposal Restrictions. However, only those fertilizer products derived from certain
hazardous wastes are subject to these standards. The two granular zinc products are derived from
hazardous waste; however, granular zinc No. 1 which contains the higher concentrations of
metals is not subject to the Land Disposal Restrictions because of an exclusion. The wide range
of standards that apply to fertilizers indicates that uniform risk-based standards should be
developed. :

Tag-along metals are found in both waste-derived and non-waste-derived fertilizers. The highest
concentration of arsenic is found in the non-waste-derived fertilizer Boronat (micronutrient). The
non-waste-derived fertilizer triple superphosphate is projected to have the highest annual loading
for cadmium. The data indicate that standards for metals in fertilizers should apply to both
waste-derived and non-waste-derived fertilizers.

Washington State is comprised of diverse soil and environmental conditions. Eastern Washington
soils are mostly calcareous and/or alkaline, whereas western Washington soils are typically acidic.
Bioavailability of heavy metals is highly sensitive to pH and other soil characteristics such as
organic matter and clay contents, so that the uptake of metals by a crop may vary considerably
among regions and soil types. This variability, along with different sensitivities of crops to pH
and heavy metal content in soil, and varied solubilities of metals in fertilizers and industrial
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by-products, will require a comprehensive study in order to gather sufficient scientific information
for the agencies to regulate fertilizers.

Page 36



Recommendations

Based on the data from this survey, the Interagency Fertilizer Testing Workgroup endorses the
following actions previously set forth by Governor Gary Locke and agency directors.

Continue Product Sampling

To date, 55 fertilizer products have been tested for metals. More testing on different sources
are needed. An ongoing sampling program should be established by the Washington State
Department of Agriculture (WSDA) to monitor fertilizers for metals; this would provide data
for developing and implementing regulations. Both random and targeted samples should be

 collected. Some of the targeted samples should include fertilizers from out of state that are

made from industrial by-products to see if they meet the Land Disposal Restriction (LDR)
standards.

The Washington State Department of Ecology should test other fertilizers, soils and soil
amendments to determine if dioxins and other organic substances are present in these
substances, and, if so, at what level.

Conduct Field Soil and Plant Sampling

Sampling of fields in the Columbia Basin and western Washington should be conducted for
the purpose of evaluating the concentrations of metals in the soil within the root zone.

The purpose of the sampling would be to evaluate the concentrations of metals in the soils
compared to statewide background values. Crops grown on the fertilized fields could also be
sampled. ‘

Adopt Canadian Standards for All Fertilizer Products

WSDA should seek legislative authority to adopt the Canadian standards on an interim basis
that would apply to all fertilizer, not just recycled fertilizer. Canadian limits are more
applicable than the Biosolids standards.

Sustain Efforts on National Standards

Washington State should work closely with the federal agencies in the development of
national risk-based standards. Such standards would provide equal standing for all fertilizer
manufacturers (since both recycled fertilizers and non-recycled fertilizers can contain metal
contaminants) and eliminate the considerable difficulties inherent in defining a “by-product”

and identifying the source of the raw materials in fertilizer products manufactured outside the

state of Washington.
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e Conduct Comprehensive Field and Crop Study

A comprehensive study of plant uptake of metals and comparison to various standards is
recommended. The California Department of Food and Agriculture effort and the literature
would be reviewed; and a team of scientists in cooperation with Washington State
Department of Health, Department of Ecology, and Department of Agriculture would,
experiment growing multiple crops using several different types of "recycled" fertilizers and
at different application rates. These field and laboratory studies would be performed using
different soil types representing the west and east sides of the state under a range of soil
conditions. Laboratory studies should be conducted to determine the solubility of
contaminants in various products as a function of soil type, pH and time. The intent would
be to determine the appropriate standards for regulating fertilizers.
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Appendix A

1995 - 96 Annual Tonnage Report
Commercial Fertilizers including Liming Agents

Washington State Department of Agriculture, Pesticide Management Division,
PO Box 42560, Olympia WA. 98504-2560.

JUELY 1 JANUARY 1 1995 - 96
THRU THRU CROP YEAR
DECEMBER JUNE 19%6 TOTAL'
1993

NITROGEN MATERIALS

‘ Quantities Sold (tons)
AMMONIA, ANHYDROUS 39,715 41,862 81,577

AMMONIA, AQUA 56,981 77,970 134,951
AMMONIUM NITRATE 18,227 32,862 51,089
AMMONIUM NIT-SULFATE 134 1,037 1,171
AMMONIUM POLYSULFIDE 5,118 7.315 12,433
AMMONIUM SULFATE 13,120 38,491 51,611
AMMONIUM THIOSULFATE 16,400 - 23,128 39,528
CALCIUM AMMONIUM NITRATE 1,011 1,065 2,076
CALCIUM NITRATE 5,008 8,467 13,475
NITROGEN SOLUTION <28%N 2,632 6,402 9,034
NITROGEN SOLUTION 32%N : 58,025 80,586 138,611
UREA 24,039 46,911 70,950
OTHER ' 11,221 24,543 35,764
TOTAL - 251,631 390,639 642,270
AMMONIUM METAPHOSPHATE 3,277 5,007 8,284
AMMONIUM PHOSPHATE 0 353 353
DIAMMONIUM PHOSPHATE 3,757 6,656 10,413
AMMONIUM POLYPHOSPHATE 3,203 0 3,203
AMMONIUM PHOS SULFATE 11,897 17,681 29,578
MONOAMMONIUM PHOSPHATE 11,587 29,413 41,000
BONE MEAL, STEAMED : 168 206 374
NITRIC PHOSPHATE 498 1,896 2,394
PHOSPHATE ROCK 0 39 39
PHOSPHORIC ACID _ 2,530 557 3,087
LIQUID AMM POLYPHOSPHATE : 17,584 20,107 37,691
SUPERPHOSPHATE, TRIPLE 1,964 2,993 4,957
OTHER 2,501 9,378 11,879
TOTAL 58,966 94,286 153,252
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JULY1 JANUARY1  1995-96
THRU THRU  CROP YEAR
DECEMBER JUNE1996  TOTAL

1995

POTASH MATERIALS
: Quantities Sold (tons)

POTASH SUSPENSIONS : 2,414 2,031 , 4,445
MURIATE OF POTASH 60% 22,462 41,511 63,973
POTASSIUM-MAGNESIUM SULFATE 2,165 6,826 8,991
POTASSIUM NITRATE 40 36 ‘ 76
POTASSIUM SULFATE 2,270 6,626 8,896
OTHER ‘ 11,425 4,328 15,753

TOTAL 40,776 61,358 102,134

SECONDARY/MICRO MATERIALS

ALUMINUM SULFATE - 1,899 19 1,918
BORAX (BORON AS BORAX) 1,152 2,339 © 3,491
COPPER SULFATE | 31 58 89
COPPER CHELATES . 7 19 36
FERRIC SULFATE 0 3,493 3,493
FERROUS SULFATE 560 599 1,159
IRON CHELATES » 43 113 156
GYPSUM (CALCIUM SULFATE) 12,407 10,106 122,513
MAGNESIUM SULFATE (EPSOM 388 862 1,250
SALT)

MAGNESIUM CHELATES 3 32 35
MANGANESE CHELATES 24 81 105
MANGANESE SULFATE 0 250 250
MOLYBDENUM SALTS _ 0 22 22
SULFUR 2,978 4,177 7,155
ZINC OXIDE 364 0 364
ZINC SULFATE 1,597 1,903 3,500
ZINC CHELATES : 227 563 790
OTHER 4,970 4,955 9,925

TOTAL 26,650 29,591 56,241

JULY 1 JANUARY ¢ 1995 - 96
THRU THRU CROP YEAR
DECEMBER JUNE 1996 TOTAL
1995

LIMING MATERIALS

Quantities Sold (tons)
CAL HYDROXIDE (HYDRATE) 1243 551 1,794
STANDARD DOLOMITE 5,241 8,718 13,959
STANDARD CALCITE 6,909 5,923 . 12,832
OTHER ‘ 33,219 21,486 54,705
TOTAL : 46,612 36,678 83,290
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NATURAL ORGANIC MATERIALS

BLOOD, DRIED 35 123 . 158

COMPOST 0 924 - , 924
COTTONSEED MEAL 3 69 72
FISH SCRAP 287 90 377
GUANO 0 2 2
MANURE 4,043 13,427 . 17,470
OTHER ‘ ' 3,193 8,754 11,947
TOTAL 7,361 23,389 30,950

MISCELLANEQUS MATERIALS

GRADE 6-10-4 9 1,127 1,136
GRADE 8-16-29 38 817 855
GRADE 9-0-0-108 - - 1,808 1,604 3,412
GRADE 10-20-20 | 920 364 1,284
GRADE 11-19-23 - . 0 1,094 1,094
GRADE 13-7-20 726 0 726
GRADE 15-2-4 ' 45 363 408
GRADE 20-0-0-248 . 124 1,248 137
GRADE 16-16-16 : 357 621 978
- GRADE 20-2-5 13 571 584
GRADE 21-3-5 244 2,802 3,046
GRADE 30.5-0-0-68 . - ‘ 0 1,288 1,288
GRADE 33-0-0-128 0 865 : 865
MISC PRODUCT 41,863 84,566 126,429
TOTAL 46,147 97,330 143,477

JULY 1 JANUARY 1 1995 - 96

THRU THRU CROP YEAR
DPECEMBER JUNE 1996 TOTAL
1995

GRAND TOTALS -
Quantities Sold (tons)

PERIOD TOTAL FOR FERTILIZER 431,731 696,593 1,128,324
' MATERIALS : '
PERIOD TOTAL FOR LIMING 46,612 36,678 83,290
MATERIALS ‘
GRAND TOTALS FOR YEAR 478,343 733,270 1,211,614
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Appendix C

Product Information

AG LIME
Generic Name: Ag lime
Industry Or Common Name: Dical lime
Chemical Characteristics: Product guarantee is 33% calcium, 82.5% calcium carbonate, 2% magnesium and
7% magnesium carbonate. The calcium component of Dical lime is derived from calcium silicate, calcium
hydroxides and calcium oxide. The magnesium component is derived from magnesium hydroxide and magnesium
- oxide. The calcium carbonate equivalent of the product is 94%.
Agronemic Or Horticultural Information: In Eastern Washington, Dical lime is used as a soil amendment and
for soil neutralization. Dical lime is incorporated into the soil or topdressed in the spring or fall at an application
rate of 2240 to 8960 kg/ha (2000 to 8000 Ib/ac). : :
Sample Number: H2529 State Or Country Of Origin: Washington
Sample Name: Dical lime : By-Product Information: By-product of

: magnesium ore extraction from dolomite deposits.

AMMONIUM NITRATE

Generic Name: Ammonium nitrate

Industry Or Common Name: Ammonium nitrate

AAPFCO Definition": Ammonium nitrate is chiefly the ammonium salt of nitric acid. Tt shall contain not less
than 33% nitrogen, one half of which is the ammonium form and one half in the nitrate form. (Official 1951)
Chemical Characteristics: Product guarantee is 34.5-0-0. ,
Manufacturing Information: Ammonium nitrate is manufactured by reacting nitric acid with anhydrous
ammonia and removing all of the water. The final product is concentrated, prilled or granulated, and coated to
prevent caking. ‘ :

Agronomic Or Horticultural Information: In Western Washington, ammonium nitrate is applied in the summer
*as a sidedress fertilizer for spinach and corn. The application rate is 112 to 168 kg/ha (100 to 150 Ib/ac).
Ammonium nitrate may also be used on pasture at an application rate of 151 kg/ha (135 Ib/ac).

Sample Number: H4771 o State Or Country Of Origin: Washington

Sample Name: Ammonium nitrate

AMMONIUM PHOSPHATE SULFATE

Generic Name: Ammonium phosphate-sulfate

Industry Or Common Name: Ammonium phosphate-sulfate

AAPFCO Definition: Ammonium phosphate-sulfate (fertilizer grade) is a product obtained when a mixture of
phosphoric acid and sulfuric acid is treated with ammonia. It consists principally of a mixture of ammonium
phosphate and ammonium sulfate. The guaranteed percentages of nitrogen and of Available Phosphate shail be
stated as a part of the name. (Official 1993)

Chemical Characteristics: Ammonium phosphate-sulfate is a double salt of ammonium phosphate and
ammonium sulfate or a mixture of these two salts. It is a free running granular fertilizer; green, light gray or dark
gray in color; and readily soluble in water. Product guarantee is 16-20-0-with 14% sulfur. The nitrogen is derived
from ammoniacal nitrogen. The phosphoric acid is derived from ammonium phosphate and the sulfur is derived
from ammonium suifate and gypsum.

1) Padmore, J.D. et al, 1997. Official Publication - Association of American Plant Food Control Officials
(AAPFCO), #50. Published by AAPFCO, Inc., West Lafayette, IN. :
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Manufacturing Information: Ammonium phosphates are produced by reacting phosphoric acid in a
preneutralization vessel and further ammoniating the shurry in a rotating ammoniation-granulation unit,
Ammonium phosphate consists principally of monoammonium phosphate and/or diammonium phosphate.
Additional sulfuric acid is introduced into the ammoniation-granulation unit to make ammonium phosphate-
sulfate. ‘

Agronomic Or Horticultural Information: Monoammonium phosphate and ammenium phosphate, components
of ammonium phosphate-sulfate, are readily soluble in water. The other components are only

slightly soluble in water. In Central and Fastern Washington, ammonium phosphate-sulfate is typically applied to
wheat ground with seed as a starter fertilizer at an application rate of 112 kg/ha (100 Ib/ac). It may also applied in
the fall at an application rate of 224 to 280 kg/ha (200 to 250 Ib/ac).

Sample Number: H2532 State Or Country Of Origin: Idaho

Sample Name: Ammonium phosphate-sulfate :

. AMMONIUM PHOSPHATE SUSPENSION

Generic Name: Ammonium phosphate

Industry Or Common Name: Suspension phosphate .

AAPFCO Definition: Ammonium Phosphate (fertilizer grade) is a product obtained when phosphoric acid is
treated with ammonia (anhydrous or aqueous), and consists principally of monoammoninm phosphate and
diammonium phosphate or a mixture of these two salts. The guaranteed percentage of nitrogen and of available
phosphate shail be stated as part of the name. {Official 1993)

A suspension fertilizer is a fluid containing dissolved and undissolved plant nutrients. The suspension of the
undissolved plant nutrients may be inherent with the materials or produced with the aid of a suspending agent of
non-fertilizer properties. Mechanical agitation may be necessary in some cases to facilitate uniform suspension of
undissolved plant nutrents. (Official 1970) :

Chemical Characteristics: Product grade is 10-30-0.

Manufacturing Information: Ammonium phosphate suspension is made by combining an ammonium gas in a
reactor with phosphoric acid. The resulting product is mixed with a suspending agent (usually clay).
Agronomic Or Horticultural Information: In Central Washington, ammonium phosphate suspension is spray
applied by ground rig on alfalfa and timothy hay at an application rate of 1.5 to 12.3 lit/ha (1 to 8 gal/ac).
Sampie Number: H2574 State Or Couniry Of Origin: Washington

Sample Name: Suspension phosphate

AMMONIUM POLYPHOSPHATE
Generic Name: Ammonium polyphosphate
Industry Or Common Name: APP, “10-34” .
AAPFCO Definition: Polyphosphates is a general term pertaining to salts of any of a series of polyphosphoric
acids, whose molecular structure contain two or more phosphorous atoms linked by oxygen. Solutions may contain
several species such as orthophosphates, pyrophosphates, and polyphosphates containing three or more phosphorus
atoms, commonly known as tripolyphosphates or tetrapolyphosphates and water. (Official 1976)
Chemical Characteristics: Ammonium polyphosphate is a liquid with a product grade of 10-34-0. Nifrogen is

' derived from ammonium polyphosphate and phosphorous is derived from phosphoric acid.
Manufacturing Information: Ammonium polyphosphate is manufactured by ammoniation of superphosphoric
acid or by thermal dehydration of ammonium orthophosphate. o
Agronomic Or Horticultural Information: In Central Washington, soft white winter-wheat may require from
45 kg/ha (40 1b/ac) to 269 kg/ha (240 1b/ac) of nitrogen in the spring. Winter wheat requires fall placement at
similar rates. The application rates are dependent on wheat variety, previous cropping schedule, rainfall, soil type,
organic matter, soil pH, and soil test results. Used as a phosphate source, ammonium polyphosphate is applied at
an application rate of 186.6 lit/ha (121.8 gal/ac).
Sample Number: H2546 State Or Country Of Origin: Washington
Sample Name: Ammonium polyphosphate
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AMMONIUM SULFATE
Generic Name: Sulfate of ammonia
Industry Or Common Name: Ammonium sulfate
AAPFCO Definition: Sulfate of ammonia (ammonium sulfate) is chiefly the ammonium salt of sulfuric acid. It
shall contain not less than twenty and five tenths percent (20.5%) nitrogen. (Official 1951) '

" Chemical Characteristics: Product gnarantee is 21-0-0 with 24% sulfur. _ .
Manufacturing Information; Ammonium sulfate is manufactured in a neutralizer-crystallizer unit by reacting
anhydrous aminonia with sulfuric acid, '
Agronomic Or Horticultural Information: Sulfate of ammonia is one of the oldest forms of solid nitrogen
fertilizer. In Western Washington, it is broadcast at an application rate of 224 kg/ha (200 1b/ac) as part of a
fertilizer blend for pasture, corn and turf ground. ‘ .
Sample Number: H4769 State Or Country Of Origin: Canada
Sample Name: Ammonium sulfate .

AQUA AMMONIA

Generic Name: Anhydrous ammonia dissolved in water

Industry Or Common Name: Aqua 20-0-0, ammonia liquor; aqua ammonia

AAPFCO Definition: Aqua ammonia is an aqueous solution of anhydrous ammonia generally containing from
18 10 30 % of ammonia (NH;) by weight and having a vapor pressure usually varying from 0 to 10 psi at

104 degrees Fahrenheit. - -

- Chemical Characteristics: Product grade is 20-0-0. Under normal temperatures, agua ammonia has some free
ammonia but the vapor pressure is low. To minimize the loss of nitrogen, aqua ammonia should be injected below
the soil surface or under the water surface when applied in a water run. The pH value of aqua ammonia is highly
alkaline. ' ‘

Manufacturing Information: Anhydrous ammonia is dissolved in water to form agua ammeonia.

Agronomic Or Horticultural Uses: Aqua ammonia may be stored in non-pressure storage and is compatible with
ammonium polysuifide, ammonium thiosulfate, potash solution, pesticides and some micronutrients. Aqua
ammonia is applied in the spring on dry land grain crops. The application rates shouid provide 34 to 67 kg/ha

(30 to 60 Ib/ac) of nitrogen. . ' : '

Sample Number: H0752 ~ State Or Country Of Origin. Washington

Sample Name: Aqua ammonia '

CALCIUM AMMONIUM NITRATE
Generic Name: Calcium ammonium nitrate
Industry or Common Name: CAN 17
Chemical Characteristics; Calcium ammonium nitrate is a clear, aqueous solution of calcium nitrate and
ammonium nitrate. Product guarantee is 17-0-0 with 8.8% calcium. The total nitrogen guarantee (17%) is
comprised of 5.8% ammoniacal nitrogen and 11.6% pitrate nitrogen.
Manufacturing Information: Calcium ammonium nitrate is produced by the acidulation of limestone with nitric
acid. Acidic calcium nitrate liquor is neutralized with ammonia and the nitrogen content is adjusted by the
addition of ammonium nitrate.
Agronomic or Horticultural Information: Calcium ammonium nitrate is used as a supplemental source of
nitrogen and calcium for fruit, vegetable and field crops. Calcium ammonium nitrate provides a readily available
source of calcium and is used extensively in the western United States. In Washington State, calcium ammonium
nitrate is applied at an application rate of 17.9 to 23.8 lit/ha (12 to 16 gal/ac). o
Sample Number: H1233 State or Country of Origin: Washington
-Sample Name: Calcium ammonium nitrate
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CALCIUM NITRATE

Generic Name: Nitrate of lime

Industry Or Common Name: Calcium nitrate

AAPFCO Definition: Chiefly the calcium salt of nitric acid. It shall contain not Jess than 15 % nitrate nitrogen.
(Official 1951) C

Chemical Characteristics: Calcium nitrate is derived from hydrated ammonium calcium nitrate double salt. Itis
a is a white, hygroscope, granular and water soluble product. Product guarantee is 15.5-0-0 with 19% calciui.
The total nitrogen guarantee (15.5%) is comprised of 1% ammoniacal nitrogen and 14.5% nitrate nitrogen.
Manufacturing Information: Calcium nitrate is a co-product resulting from nitric acid being reacted with
crushed phosphate ore. The resulting solution is neutralized with ammonia, separated and concentrated through
successive evaporation and filtration. The final product is granulated and coated to reduce moisture absorption
during storage, handling and application. Calcium nitrate may be used in the manufacture of calcium ammonium
nitrate solution. ' ‘

Agronomic Or Horticultural Information: Calcium nitrate is commonly applied in the spring at an application
rate of 56 10 112 kg/ha (50-to 100 Ib/ac). In Central Washington, calcium nitrate may be used on all crops except
mint and tmatore alfalfa.

Sample Number: H0754 State Or Country Of Origin: Norway

Sample Name: Calcium nitrate

CALCIUM SODIUM BORATE

Generic Name: Calcium sodium borate

Industry Or Common Name: Boronat

Chemical Characteristics: The primary source for calcium sodium borate is dry. lake beds as ulexite ore. The

boron content of ulexite ores is 9 to 10%. Boron products derived from ulexite ores have gray, granular

appearance. Product guarantee is 32% boron oxide. The boron content of boron oxide is 32%, providing a 10%

boron equivalency.

Agronomic Or Horticultural Information: Calcium sodium borate may be used as a component in bulk dry
“plend fertilizer and is applied in the spring at an application rate of 11 to 33 kg/ha (10 to 30 Ib/ac). This

application rate provides 1.1t0 3.3 kg/ha (1to3 Ib/ac) of boron. In Eastern Washington, calcium sodium borate is

used on potatoes, onions and corn.

Sample Number: H0753 State or Country of Origin: Chile

Sample Name: Boronat {micronutrient)

PIAMMONIUM PHOSPHATE

Generic Name: Diammonium phosphate

Industry Or Common Name: DAP ,

Chemical Characteristics: Diammoninm sait tends to be less stable than monoammonium salis. Consequently,
diammonium phosphate has an economic advantage over monoammonium phosphate because the same amount of
acid reacts with twice as much ammonia. Product grade is 18-46-0. ‘
Manufacturing Information: Fertilizer grade diammonium phosphate is made from wet process phosphoric acid
and ammonia. The product is manufactured by reacting ammonia with phosphoric acid in a prenentralization
vessel and further ammoniating the slurty in a rotating ammoniation-granulation unit. The material discharged-
from the unit is dried, screened and cooled before being placed in storage. Substantial quantities of crystalline
diammonium phosphate are produced as by-products from the iron and steel industry. For example, using electric
furnace phosphoric acid from pickling steel in the manufactore of dianumonium phosphate produces a fertilizer
product with a grade of 21-53-0. "

Agronemic Or Horticultural Information: There are three commercial grades of diammonium phosphate:
21-53-0, 18-46-0 and 16-48-0 (made from green or wet phosphoric acid). In Western Washington, diammonium
phosphate is used on corn at a rate of 280 to 336 kg/ha (250 to 300 Ib/ac). Diammoninm phosphate is also applied
to grains (wheat, oats and barley) at planting time and is used in fertilizer blends for pastures.

Sample Number: H4755 State Or Country Of Origin: Texas

Sample Name: Diammonium phosphate
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DOLOMITE

Generic Name: Double carbonate of calcium and magnesium

Industry Or Common Name: Dolomite :

AAPFCO Definition: Dolomite is a material composed chiefly of carbonates of magnesium and calcium in
substantially equimolar (1-1.19) proportions. (Official 1950)

Chemical Characteristics: Product guarantee is 22% calcium (55% calcium carbonate) and 11.8% magnesium
(41% magnesium carbonate).

Manufacturing Information: Dolomite is a naturally occurring mineral.

Agronomic Or Horticultural Information: Dolomite is used in same manner as limestone. However, when the
calcium proportions of limestone and dolomite are compared, one half of the calcium in dolomite has been
replaced by magnesium. Dolomite reacts more slowly with acids than high calcic limestone and is much less likely
to release ammonia from its salts. In theory, 45.4 kg (100 1b) of dolomite is equal to 49.5 kg (109 1b) of calcium
carbonate for neutralizing soil acidity. On western Washington permanent pasture, dolomite is broadcast applied
in the late fall at an application rate of 2242 to 3363 kg/ha (2000 to 3000 Ib/ac). Application rate for dolomite on
cultivated crop land is 2242 to 8968 kg/ha (2000 to 8000 Ib/ac).

Sample Number: H2550 State Or Country Of Origin: Washingion

Sample Name: Dolomite ‘

GYPSUM
Generic Name: Gypsum
Industry Or Common Name: Land plaster, gypsum
AAPFCO Definition: Gypsum, land plaster or crude calcium sulfate is a product consisting chiefly of calcium
sulfate with combined water ([calcium sulfate dihydroxide]) and is incapable of nentralizing soil acidity. It shall
contain not less than seventy percent (70%) [calcium sulfate dihydroxide].
Chemical Characteristics: Product guarantes is 5% calcium sulfate. Pure gypsum contains approximately
18.6% sulfur.
Manufacturing Information: Recycled wallboard.
Agronomic Or Horticultural Information: Leaching of the soil is an important step in correcting soils with a
high pH due to sodium. Gypsum may reduce the alkalinity of sodic soils by replacing less desirable
sodium jons with soluble calcium ions on the soil exchange complex. The sodium replacement improves soil
aggregation of small soil particles so there are more large pore-spaces in the soil. Gypsum is applied at an
application rate of 112 1o 224 kg/ha (100 to 200 ib/ac). ‘
Sample Number: H4766 _ State Or Country Of Origin: Oregon
Sample Name: Gypril lime By-Product Information: Recycled clean

construction wall board.

KILN DUST
Generic Name: Kiln dust
Industry Or Common Name: Cement kil dust, kiln dust lime
AAPFCO Definition: Cement flue dust (potash lime) is a by-product from cement manufacture. It contains 4% to
12.8% of potash and averages 30% calcium.
Chemical Characteristics: Product guarantee is 85.5% calcium carbonate and 1.5% magnesinum carbonate.
Agronomic Or Horticultural Information: In Western Washington, kiln dust is used as a liming material. It is
applied in the spring to crop and forage acreage at an application rate of 4484 to 8968 kg/ha (4000 to 8000 Ib/ac).
Sample Number: H4763 State Or Country Of Origin:  Washington
Sample Name: Kiln dust lime _ By-Product Information: By-product of Portland

cement manufacturing process.
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LIMESTONE

Generic Name: Ground limestone :

Industry Or Common Name: Cal pril lime _
AAPFCO Definition: Ground limestone (coarse-ground limestone) is calcic or dolomitic limestone ground
sufficiently fine for effective use as a liming material. (Official 1950)

Pulverized limestone (fine-ground limestone) is the product obtained by grinding either calcic or dolomitic
limestone so that all material will pass US Standard No. 20 sieve (850 pm opening) and at least 75% will pass a
US Standard No. 100 sieve (150 wm opening). (Official 1989) ,
Chemical Characteristics: This product is a finely ground, prilled (uniform size and coated) calcium carbonate.
Product guarantee is 91% calcium carbonate and 1% magnesium carbonate.

Manufacturing Information: Made from mined natural limestone.

Agronomic Or Horticultural Information: Correction of adverse chemical, physical and biological conditions by
adding limestone may result in improvements in plant growth. Not only is calcium an essential plant nutrient but
the availability of some nutrients may also be increased through the application of limestone. Phosphorous
availability is increased at pH values greater than 6.5-7.0. Micronutrient availability is increased at pH values of
5.5-6.5. Biological activity favors pH values of 6.8-7.0 and element toxicity is reduced at pH values of over 6.0.
Good soil aggregation and structural development are favor near -neutral or nentral pH values. To change soil
reaction 1 pH unit, limestone must be applied at a rate of 1682 to 4484 kg/ha (1500 to 4000 Ib/ac) depending on
soil type. In Western Washington, limestone is typically applied on a periodic schedule based on yeatly soil testing
at an application rate of 4484 kg/ba (4000 b/ac).

Sample Number: H4764 State Or Country Of Origin: Washington

Sample Name: Cal pril lime ‘

LIMESTONE

Generic Name: Limestone

Industry Or Common Name: Ground limestone

AAPFCO Definition: A material consisting essentially of calcium carbonate or a combination of calcium
carbonate with magnesium carbonate capable of neutralizing soil acidity.

Chemical Characteristics: Limestone is used to change soil acidity. The effectiveness of limestone is dependent
on its calcium carbonate equivalent and the fineness of the ground material. The finer limestone is ground, the
faster it can change soil acidity. Product guarantee is 96% calcium carbonate equivalent.

Agronomic Or Horticultural Information: Correction of adverse chemical, physical and biological conditions by
adding limestone may result in improvements in plant growth. Not only is calcium an essential plant nutrient but
the availability of some nutrients may also be increased through the application of limestone. Phosphorous
availability is increased at pH values greater than 6.5-7.0. Micronutrient availability is increased at pH values of
5.5-6.5. Biological activity favors pH values of 6.8-7.0 and element toxicity is reduced at pH values of over 6.0.
Good soil aggregation and structural development are favor near -neutral or neutral pH values. To change soil
reaction 1 pH unit, limestone must be applied at a rate of 1682 to 4484 kg/ha (1500 to 4000 Ib/ac) depending on
soil type. In Western Washington, limestone is typically applied on a periodic schedule based on yearly soil testing
at an application rate of 4484560 kg/ha (4000 Ib/ac).

Sample Number: H4759 State Or Country Of Origin: Washington

Sample Name: Ground limestone

LIQUID AMMONIUM PHOSPHATE

Generic Name: Liquid ammonium phosphate

Industry Or Common Name: Liquid ammonium phosphate

AAPFCO Definition: Ammonium phosphate (fertilizer grade) is a product obtained when phosphoric acid is
treated with ammonia (anhydrous or aqueous), and consists principally of monoammonium phosphate and
diammonium phosphate or a mixture of these two salts. The guaranteed percentages of nitrogen and of available
phosphate shail be stated as part of the name. {Official 1993)
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Chemical Characteristics: Product grade is 11-37-0.

Manufacturing Information: Liguid ammonium phosphate is manufactured by neutralizing wet process
superphosphoric acid with ammonia.

Agronomic Or Horticultural Information: In Central Washington, liquid ammonium phosphate is sprayed by
ground rig on alfalfa and timothy hay at an application rate of 65.6 t0 263.7 lit/ha (44 to 177 gal/ac). This
application rate provides 11 to 45kg/ha (10 to 40 Ib/ac) of available phosphate.

Sample Number: H2526 State Or Country Of Origin: Washington

Sample Name: Liguid ammeonium phosphate

MANGANESE SULFATE

Generic Name: Manganese sulfate

Industry Or Common Name: Manganese sulfate : ‘

AAPFCO Definition: The term manganese sulfate, when applied to an ingredient of a mixed fertilizer, shall
designate anhydrous manganese sulfate (MnSO.). (Official 1950)

Chemical Characteristics: Manganese sulfate has a product guarantee of 29.5% soluble manganese.
Agronomic Or Horticultural Information: Manganese is a metallic micronutrient existing in the soil in several
oxidation states of which the manganese ion is the form most commonly absorbed by plants. Manganese sulfate
provides a readily available source of manganese. Manganese functions as a catalyst in plant growth processes.
Manganese sulfate is used in dry blends in Western Washington. This product is broadcast applied to forage and
tarf grasses at an application rate of 28 to 56 kg/ha (25 to 50 Iv/ac). Sample Number: H4753 '
State or Country of Origin: Mexico ‘

Sample Name: Manganese sulfate By-Product Information: Industrial by-product

MICRONUTRIENT MIX No. 1
Generic Name: Micronutrients
Industry Or Common Name: Micronutrient mix ‘
Definition: Micronutrient mixes are mixtures of trace elements necessary for optimum plant growth. The mixes
are intended to be micronutrient additives for blended fertilizers. :
Chemical Characteristics: Product guarantee is: 1) sulfur (8%) in the form of copper, manganese and zinc
sulfates and lignosulfonate. Sulfur is an essential secondary plant nutrient and exists in the soil in a number of
oxidation states. Sulfur is absorbed by plants as a sulfate ion; 2) boron (1.5%) as sodium borate. Boron is 4 an
essential non-metallic micronutrient. It is absorbed by plants as boric acid or one of the borate anions. Boron is
commonly found as an oxide in combination with sodium or calcium; 3) copper (1.5%) as suifate of copper.
Copper is essential for plant growth and is recognized as one of the micronutrients; 4) manganese (3%) as
manganese sulfate. Manganese is a metallic micronutrient existing in the soil in several oxidation states. The
manganese ion is the form most commonly absorbed by plants; and 5) zinc (6%) as zinc sulfate. Zinc is a metallic
micronutrient and it is adsorbed by plants as a zinc ion.
Agronomic Or Horticultural Information: This particular micronutrient mix is recommended for correction of
multiple nutrient deficiencies as determined by foliar and soil testing. The product is applied at seeding time in a
band with a starter fertilizer. Sidedressing and broadcast methods are also effective. Application rates for this
micronutrient mix range from 8.4 kg/ha (7.5 Ib/ac) for mild micronutrient deficiency to 34 kg/ha (30 Ib/ac) for
severe micronutrient deficiency. ‘
Sample Number: H4772 State Or Country Of Origin: Washington
Sample Name: Micronutrient mix No. 1~ By-Product Information: Some of the micronutrients

contained in this mix may be made up of industrial by-

products.
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MICRONUTRIENT MIX Ne., 2

Generic Name: Micronuirients

Industry Or Common Name: Micronutrient Mix

Definition: Micronutrient mixes are mixtures of trace elements necessary for optimum plant growth. The mixes
are intended to be micronutrient additives for blended fertilizers. :
Chemical Characteristics: Product guarantee is: 1) boron (2%) as sodium borate. Boron is a an essential non-
mietallic micronutrient. [t is absorbed by plants as boric acid or one of the borate anions. Boron is commonly
found as an oxide in combination with sodium or calcium; 2) iron (10%) as iron oxide and iron sulfate. Ironis
responsible for the formation of chlorophyll in plant cells and is taken up by plants a ferrous ions: 3) copper (5%)
as copper oxide and copper sulfate. Copper is essential for plant growth and is recognized as one of the
micronutrients; 4) cobalt (0.05%); 5) manganese (5%) as manganese oxide and manganese sulfate. Manganese is
a metallic micronutrient existing in the soil in several oxidation states.

The manganese ion is the form most commonly absorbed by plants; 6) molybdenum (0.05% as-sodium molybdate.
Molybdenum is a metallic micronutrient that is absorbed as a molybdate anion and is the micronutriént required in
the smallest quantity by plants; and 7) zinc (5%) as zinc oxide and zinc sulfate. Zinc is a metallic micronutrient
and it is adsorbed by plants as a zinc ion, '

Agronomic Or Horticultural Information: This mix is a general purpose homogenous micronutrient used by
bulk bienders for preparing a complete fertilizer suitable to a broad range of crops and soil situations. In Western
Washington, the maximum blend rate may be 25 kg of micronuirient per metric ton (50 pounds per ton) of finished
blended fertilizer. The finished blended fertilizer is applied by ground broadcast every three years or more at an
application rate of 561 kg/ha (500 Ib/ac) fertilizer mix. T his application rate would provide 14 kg/ha (12.5 Ib/ac)
of micronutrient mix.

Sample Number: H4756 ‘ State Or Country Of Origin: Arkansas

Sample Name: Micronutrient Mix No. 2 By-Product Information: Some of the
micronutrients in this mix may be made from
industrial by-products.

MIXED FERTILIZER WIiTH MAGNESIUM
Generic Name: Prilled (mechanically manipulated for uniform size) mixed fertilizer containing magnesium

Industry Or Common Name: High Mag Gro
Description: A “mixed fertilizer” means a fertilizer containing any combination or mixture of fertilizer materials.
High Mag Gro is an alkaline based fertilizer containing a combination of primary and secondary plant food
nutrients.
Chemical Characteristics: Product guarantee is 1-0-8 with 3.5 % calcium (8.7% calcium carbonate) and 18%
magnesium (62% magnesium carbonate). The nitrogen component of Hi Mag Gro is derived from ammonia
nitrogen. The calcium is derived from calcium chloride, calcium hydroxide and calcium oxide. The potassium
component is derived from muriate of potash and the magnesium component is derived from magnesium chloride,
magnesium hydroxide and magnesium oxide. The pH value of Hi Mag Grois 9.5 with a calcium carbonate
equivalent of 82%.
Manufacturing Information: Hi Mag Gro is derived from flux bars which have been remanufactured into
fertilizer. Flux is defined as a substance that aids, induces or otherwise actively participates in a flow,
e.g., a mineral added to a furnace charge to promote fusing of metals or prevent the formation of oxides.
Agronomic Or Horticultural Information: In Eastern Washington, High Mag Gro is incorporated or topdressed
on crops at an application rate of 34 to 536 kg/ha (30 to 300 Ib/ac). This application assumes Hi Mag Gro is
applied as a fertilizer and provides 0.34 to 3.36 kg/ha (0.3 to 3 Ib/ac) of nitrogen, 2.69 to 26.9 kg/ha
(2.4 to 24 b/ac) of potassium, 1.1 to 11.2 kg/ha (1 1o 10.5 Ib/ac) of calcium and 20.85 to 208.5 kg/ha
(18.6 to 186 Ib/ac) of magnesium. Hi Mag Gro may also be used as soil amendment and applied at an application
rate of 2242 to 4484 kg/ha (2000 to 4000 Ib/ac).
Sample Number: 12530 State Or Country Of Origin: Washington
Sample Name: High Mag Gro By-Product Information: By-product of

magnesium ore extraction from dolomite deposits.
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MONOAMMONIUM PHOSPHATE

Generic Name: Monoammonium phosphate

Industry Or Common Name: MAP, monoammonium phosphate

AAPFCO Definition: Monocammonium phosphate (fertilizer grade) is a product composed of ammonium
phosphates, principally monoammonium phosphate, resulting from the ammoniation of phosphoric acid. The
guaranteed percentage of nitrogen and available phosphate shall be stated as part of the name. (Official 1991)
Chemical Characteristics: Ammonium phosphate is a concentrated fertilizer. The dry form of ammonium
phosphate is 2 uniform, hard pellet. Product grade is 11-52-0. Monoammonium phosphate is readily soluble in
water. The other components of ammonium phosphate are only slightly soluble. Upwards of 18% of the
components of ammonium phosphate will not dissolve in water. One thousand liters of water will dissolve
approximately 63 kg of monoammonium phosphate, i.e., one hundred gallons of water will dissolve approximately
200 pounds of monoammonium phosphate. .

Manufacturing Information: Monoammonium phosphate is manufactured by allowing ammonia gas to react
with wet process phosphoric acid.

Agronomic Or Horticultural Information: In Western Washington, monoammonium phosphate is used
primarily in the spring in direct applications on fresh peas and sweet corn. Monoammonium phosphate is applied
by sidedressing or may be broadcast as part of a.custom blend at an application rate of 224 to 336 kg/ha (200 to
300 1b/ac).

Sample Number: H4754 ‘ State or Country of Origin: Idaho

Sampie Name: Monoammonium phosphate No. 1

MURIATE OF POTASH

Generic Name: Potassium salt of muriatic acid

Industry Or Common Name: Muriate of potash, potassium chioride

AAPFCO Definition: Muriate of potash {commercial potassium chloride) is a potash salt containing 48% to 62%
soluble potash, chiefly as chloride. (Official 1951)

Chemical Characteristics: Muriate of potash is the most common source of potash. The crystalline and angular
product works well in bulk blending. The fine-sized crystalline product is preferred for liquid suspensions. Product
grade is 0-0-62. ‘ .

Manufacturing Information: Potassium chloride is brought to the surface as the sylvinite ore, the main ore
mineral for potash. Sylvinite ore is mined through conventional shaft mining and solution mining in New Mexico,
Utah and Canada. California and Michigan recover potash by from natural brine deposits.

Agronomic Ox Horticultural Information: Muriate of potash has one of the highest analyses for a potash
material fertilizer and it is soluble in water. Muriate of potash may draw moisture and set up under certain storage
conditions. It has a high chlorine content and may be injurious to some crops when heavy band applications are
made. In Western Washington, muriate of potash may be used alone but is more comumonly used in blends on corn
forage, fresh green peas and pasture grass. Muriate of potash is broadcast in the spring at an application rate of
224 to 280 kg/ha (200 to 250 Jb/ac).

Sampie Number: H4767 State or Country of Origin: Canada

Sample Name: Muriate of potash '
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NITROSOL

Generic Name: Ammonium polysulfide

Industry or Common Name: Nitrosol

Chemical Characteristics: Nitrosol is a liquid fertitizer product with a product guarantee of 20-0-0 with 40%
sulfur.

Agronomic or Horticultural Information: Aminonium polysulfide is usually mixed with aqua ammonia or
injected in combination with anhydrous ammonia. Ammonium polysulfide may be maintained in non-pressurized
storage and is compatible with aqua ammonia, potash solution and some non-metallic micronutrients. Ammonium
polysulfide may be applied at planting time and/or following harvest at an application rate for sulfur of 5610

28 kg/ha (5 to 25 1b/ac). This application rate requires 2 to 10 lit/ha (1.3 to 6.7 gal/ac) of ammonium polysulfide.
In Eastern Washington, this product is used on any crop after soil tests have demonstrated a sulfur requirement.
Ammonium polysulfide may also be used throughout the planting season.

Sample Number: H1231 State or Country of Origin: Washington

Sample Name: Nitrosol

PHOSPHORIC ACID

" Generic Name: Phosphoric Acid

Industry Or Common Name: Green acid, wet process acid

Chemical Characteristics: Product grade is 0-68-0. .

Manufacturing Information: Wet process acid is manufactured by reacting finely ground phosphate rock with
sulfuric acid. The phosphoric acid then is separated from the gypsum “cake” by washing and filtration. This
process separates the phosphoric acid from the calcium sulfate formed during the reaction procedure. Wet process
acid may be green or black. The product coloration is a result of impurities from aluminum, calcium, fluorine,
iron, magnesium and organic matter compounds. ‘

Agronomic Or Horticultural Information: Liquid phosphoric acid is applied in irrigation water, furrow
irrigation or applied into the soil. It is most commonly used in the manufacture of combination fertilizers such as
ammonium polyphosphate. _ . '
Sample Number: H2549 State Or Country Of Origin: Wyoming

Sample Name: Phosphoric acid

POTASSIUM NITRATE

Generic Name: Nitrate of potash

Industry Or Common Name: Potassium nitrate, salipeter :
AAPFCO Definition: Nitrate of potash (potassium nitrate) is chiefly the potassium salt of nitric acid. It shall ‘
contain not less than twelve percent {12%) nitrogen and forty-four percent (44%) soluble potash.

Chemical Characteristics: Potassium nitrate is the potassium salt of nitric acid and is available in prills or fine
grade. Product grade is 13.75-0-46. '
Manufacturing Information: Potassium nitrate is manufactured by either direct reaction of potassium chloride
with concentrated nitric acid to produce potassium nitrate and chlorine or by the action of nitric acid on caustic
potash or carbonate of potash.

Agronomic Or Horticultural Information: In Western Washington, potassium nitrate is injection applied
through irrigation systems in the greenhouse and nursery industries. Potassium nitrate may also be used in mixed
fertilizer blends. Used on a variety of crops, these mixed fertilizer blends are broadcast at an application rate of
1 to 3.1 kg per square meter (5 to 15 Ib per square foof) of row. The application may be completed in one
operation or spread every 60 days until the required potassinm nitrate has been applied.

Sample Number: H4765 State Or Country Of Origin: Tennessee

Sample Name: Potassium nitrate :
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PRILLED BLEND |

Generic Name: Prilled blended fertilizer, prilled mixed fertilizer, prilled blend .

Industry Or Common Name: Mixed fertilizer, mechanically manipulated for yniform size (prilled)

AAPFCO Definition: A “mixed fertilizer” means a fertilizer containing any combination or mixture of fertilizer
materials.

Chemical Characteristics: This product is a prilled mixture of several fertilizer materials. Product guarantee is
16-15-15 with 2.7% sulfur. The total nitrogen guarantee (16%) is comprised of 10% ammoniacal nitrogen and
6% nitrate nitrogen. Available phosphate is derived from mono- and diammonium phosphates and soluble potash
is detived from muriate of potash. Sulfur is derived from ammonium sulfate.

Agronomic Or Horticultural Information: "'his blended fertilizer was formulated for application on grass-seed
crops, turf and pastures. The application rate is 420.3 kg/ha (375.1b/ac) which applies 67.2 kg/ha (60 1b/ac) of
nitrogen, 62.7 kg/ha (56 Ib/ac) of phosphate and 62.7 kg/ha (56 Ib/ac) of potash.

Sample Number: H4762 State Or Country Of Origin: Norway

Sample Name: Prilled blend ,

ROCK PHOSPHATE

Generic Name: Phosphate rock

Industry Or Common Name: Phosphate rock, rock phosphate

AAPFCO Definition: Phosphate rock is a natural rock containing one or more calcium phosphate minerals of
sufficient purity and quantity to permit its use, either directly or after concentration, in the manufacture of
commercial products. (Official 1952) _ :

Chemical Characteristics: The basic source for all phosphorous fertilizer materials is natural deposits of
fluoroapatite or phosphate rock.. The bulk of these ores are sedimentary in origin. The principal world reserves
are mined in North Africa, the former Soviet Union and North America. North American deposits are located in
Florida, Idaho, Montana, Utah , Wyoming, North Carolina and Tennessec. Product grade is 0-30-0.
Manufacturing Information: Phosphate rock may be treated with strong acids or heat to make available forms of
phosphate. - ‘ -
Agronomic Or Horticultural Information: The phosphorous in phosphate rock is slowly available to crops and
the effectiveness is dependent on the degres of fineness of the ground product. Finely ground phosphate rock is
sometimes used in long-term fertility programs. Best results are obtained when phosphate rock is used on soil high
in organic matter and of a relatively strong acidity. In Western Washington, phosphate rock is broadcast applied
in the fall or spring at a rate of 784.7 kg/ha (700 Ib/ac).

Sample Number: H4757 State Or Country Of Origin: Texas

Sample Name: Rock phosphate

SULFATE OF POTASH-MAGNESIA

" Generic Name: Sulfate of potash-magnesia g

Industry Or Common Name: K-MAG, sulfate of potash-magnesia, Sul-Po-Mag

AAPFCO Definition: Sulfate of potash-magnesia is a potash salt containing not less than twenty five percent
soluble potash nor less than twenty five percent sulfate of magnesia and not more than two and one half percent
chiorine. Double sulfate of potash and magnesia (Jangbeinite) is a commercial product containing not less than
21% soluble potash (K,) nor less than 53% sulfate magnesia and not more than 2.5% chlorine. (Official 1930)
Chemical Characteristics: Product guarantee is 22% potassium, 11% magnesium and 22% sulfur,
Manufacturing Information: The domestic salt is produced from langbeinite and is marketed as 95%
langbeinite. Sulfate of potash-magnesia imported from Germany was formerly called double manure salts.
Agronomic Or Horticultural Information: In Western Washington, sulfate of potash-magnesia is broadcast
applied on peas and corn in the spring at an application rate of 112.1 to 168.7 kg/ha (100 to 150 Ib/ac).

Sample Number: 4768 State Or Country Of Origin: New Mexico

Sample Name: K-Mag

Page C-11



THIQSOL

Generic Name: Ammonium thiosulfate

Industry or Common Name: Thiosol ‘

Chemical Characteristics: Ammonium thiosulfate is a slightly ammoniacal Liquid fertilizer (60% aqueous
solution) containing 12% ammoniacal nitrogen and 26% combined sulfur. Product grade is 12-0-0.

Agronomic or Horticultural Information: Ammonium thiosulfate is stable in storage and is maintained under
non-pressurized storage and handling. This product is compatible with many non-pressurized fertilizer solutions
and with most micronutrients. Ammonium thiosulfate is also compatible in portion with neutral or alkaline
phosphate-containing liguid fertilizers as well as aqueous ammonia and nitrogen solutions. Ammonium thiosulfate
may be applied on the surface or sub-surface of the ground. In Eastern Washington, ammonium thiosulfate is
typically applied to wheat, peas and other crops at a maximum application rate of 129 kg/ha (1 15 Ib/ac).

Sample Number: H2547 State or Country of Origin: ‘Washington

Sample Name: Thiosol <

TREBLE SUPERPHOSPHATE

Generic Name: Superphosphate

Industry Or Common Name: Treble or triple superphosphate

AAPFCO Definition: A product obtained when rock phosphate is treated with either sulfuric acid, phosphoric
acid, or a mixture of those acids. The guaranteed percentage of available phosphoric acid shall be stated as a part
of the name. (Official 1993) ‘

Chemical Characteristics; Treble superphosphate is a granular dry fertilizer. Concenirated superphosphate is
also called double, treble, triple or multiple superphosphate, referring to the guarantees of 45 to 48% available
phosphate. Treble superphosphate is composed of monocalcium phosphate monohydrate. Product grade is 0-45-0.
Manufacturing Information: Concentrated superphosphates are manufactured by acidulating natural phosphatic
material with phosphoric acid. .

Agronomic Or Horticultural Information: In Western Washington, treble superphosphate is drilled on freezer
peas in the early spring at an application rate of 224.2 kg/ha (200 1b/ac).

Sample Number: H4770 State Or Country Of Origin: Idaho

Sample Name: Triple superphosphate

UREA

Generic Name: Urea

Industry Or Common Name: Urea :

AAPFCO Definition: Urea is the commercial synthetic acid amide of carbonic acid and it shall contain not less
than 45% N. (Official 1966)

Chemical Characteristics: Urea is white, crystalline or granular, and often produced in a uniform prill, Urea has
a low salt index and is chemically stabile. It is a synthetic organic with has two amino groups and is normally
oxidized by bacterial action to form nitrates. Product grade is 46-0-0.

Manufacturing Information: Synthetic urea made by combining lquid ammonia and liquid carbon dioxide at
very high temperatures and pressures. The resulting product is a crystalline urea which is completely soluble.
Agronomic Or Horticultural Uses: Urea is the most concentrated and available form of nitrogen in dry
fertilizers. Utrea can absorb large amounts of water (hygroscopic). Urea is not compatible with sulfate of
ammonia, potash salts, dolomite or ammonium nitrate and under high humidity it is not compatible with treble
phosphate. Urea is widely used in liquid and solid fertilizer blends and for direct application. In foliar sprays,
urea is applied at an application rate of 1.2 kg /lit (10 Ib/gal). Foliar applications of urea are readily absorbed
through the leaves of many plants and efficiently utilized as a nitrogen source. In Washington state, urea is used
on all area crops except mature alfalfa. Dry urea, alone or as part of a fertilizer blend, is applied in the spring at an
application of 56 to 246.6 kg/ha (50 to 220 Ib/ac) of actual nitrogen per acre. This application rate requires 122to
536.9 kg/ha (109 to 479 Ib/ac) of dry urea. : '

Sample Number: HO0751 State Or Country Of Origin: Idaho

Sample Name: Urea

Page C-12



UREA AMMONIUM NITRATE

Generic Name: Urea ammonium nitrate

Industry Or Common Name: UN 32, UAN 32, Solution 32

Chemical Characteristics: Urea ammonium nitrate is a liguid fertilizer. Product grade is 32-0-0. The total
nitrogen guarantee (32%) is comprised of 7.75% ammoniacal nitrogen, 7.75% nitrate nitrogen and 16.5% is urea
nitrogen. '

Manufacturing Information: Urea ammonium nitrate is manufactured by combining liquid ammonium nitrate
and urea and combining the resulting liquid with water to adjust the nitrogen level,

Agronomic Or Horticultural Information: Urea ammonium nitrate is a non-pressurized liquid, compatible with
most non-pressurized solutions, micronutrients and pesticides. The ammoniacal nitrogen portion of urea
athmonium nitrate attaches itself to fine clay particles and humus. The nitrate nitrogen portion is readily available
for both shallow and deep feeding while the urea nitrogen is unavailable until converted 1o nitrate form, Urea
annonium nitrate may be used for nitrogen top-dressing applications on spring grains or applied through
jrrigation on summer growing crops. This product may be also be applied by sprayer on wheat and barley at a rate
of 11 to 23 lit/ha (7 to 15 gal/ac).

Sample Number: H 2538 State Or Country Of Origin: Washington

Sample Name: Urea ammonium nitrate :

WOOD ASH

Generic Name: Ash from wood hog fuel -

Industry Or Common Name: Nutrilime

Pefinition: Ash from wood hog fuel is the inorganic and organic residue remaining after the combustion of wood,

(clean wood fiber and bark) for electricity and steam production.

Chemical Characteristics: Wood ash is an alkaline material with a pH that ranges from 8 to 13 and contains

micro and macro nutrients extracted from the soil during tree growth. Wood ash is substantially different from coal

ash. Coal ash has a lower alkalinity but higher silicon, aluminum, iron.and heavy metal content. The alkali metal

and alkaline earth elements in the wood ash are present mainly in the form of potassium and calcium oxides,

hydroxides and potassium and calcium carbonates. Product guarantee is 3% calcium (7.6% calcium carbonate),

0.09% magnesium (1.9% magnesium carbonate} and 1.71% iron. The product guarantees 8.9 % calcium

carbonate equivalent. ‘

Manufacturing Information: This product is generated from hog fuel burned for electricity and steam

production. The wood waste fuel may be from paper production and is reported to contain no added chlorinated

compounds. ’ '

Agronomic Or Horticultural Information: Wood ash from hog fuel may be used as a liming agent or soil

amendment. Wood ash from hog fuel may be used on any acidic soil that needs pH adjustmient. The rate of

application is dependent upon soil test results. Application rates, dependent upon soil test results, may be 67260 to -

91922 kg/ha (60000 to 82000 Ib/ac).

Sample Number: H4775 State Or Country Of Origin: Washington

Sample Name: Wood ash By-Product Information: Paper industry by- .
product from combustion of hog fuel.

ZINC SULFATE

Generic Name: Granular zinc sulfate

Industry Or Common Name: LHM 18% granular zinc

Definition: The zinc salt of sulfuric acid. _

Chemical Characteristics: Zinc sulfate is immediately water soluble. The product granules are hard and do not
break down under normal mechanical conveying, The “LHM” product designation results from this product
having a higher water solubility and a lower level of contaminants when compared to granular zinc No. 1. Product
guarantee is 18% zinc and 9% sulfur.

Agronomic Or Horticultural Information: Granular zinc sulfate is commonly blended into dry fertilizers and
applied in the spring and/or fall at an application rate of 1.12 to 11.2 kg/ha (1 to 10 1b/ac) of zinc. This application
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rate requires 6.28 to 62.78 kg/ha (5.6 to 56 Ib/ac) of granular zinc sulfate. In Eastern Washington, granular zine
sulfate is most commonly used on potatoes, corn and beets. .
Sample Number: H1903 State Or Country Of Origin: Washington
Sample Name: Granular zinc No.2 (micronutrient) By-Product Information: Derived from fly ash
produced in the combustion of tires for energy
generation,

ZINC SULFATE
Generic Name: Granular zinc sulfate
Industry Or Common Name: 18% Granular Zinc
Définition: The zinc salt of sulfuric acid. :
Chemieal Characteristics: Zinc sulfate is immediately water soluble. The product granules are hard and do not
break down under normal mechanical conveying. The product guarantee is 18% zinc and 8% sulfur,
Agrenomic Or Horticultural Tnformation: Granular zinc sulfate is commonly blended into dry fertilizers and
applied in the spring and/or fall at an application rate of 1.12 to 11.2 kg/ha (1 to 10 Ib/ac) of zinc. This application
rate requires 6.28 to 62.7 kg/ha (5.6 to 56 lb/ac) of granular zinc sulfate. In Eastern Washington, granular zinc
sulfate is most commonly used on potatoes, corn and beets. ‘ '
Sampie Number: H1906 State Or Country Of Origin: Washington
Sample Name: Granular zinc No.1 (micronutrient) By-Product Information: Zinc component may be

derived from zinc oxide fume and zinc oxide fly

ash.
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Appendix D

Sampling Protocols and Quality Assurance/Quality Control

Sampling Protocols

Samples were collected using standard operating procedures as described in the Washington State
Department of Agriculture (WSDA) Investigator’'s Manual - Pesticide Management Division'.
(Due to product availability, the collection of sample number 2532 did not meet all the standards
established by the Investigator’s Manual. However, the sample is considered representative of

- that product.} ‘ : N

Typically, fertilizers are either dry product or bulk Jiquid. Dry product comes in small packages,
one-ton packages or bulk. Composite samples of dry product were collected with clean stainless
steel probes. Ten core samples were taken from different packages or containers comprising a
single lot, mixed in a stainless steel pan, and transferred to a clean plastic sample bag. Bulk liquid
was sampled by flushing a sample port and collecting the sample directly into a clean polyethylene
sample bottle. All samples were labeled with a WSDA seal, the sample number, the sampling date
and the investigator’s initials. A laboratory sample transmittal sheet was also filled out at the time
of sampling. WSDA staff then delivered the samples and their supporting documentation to the
Manchester Environmental Laboratory.

All sampling equipment was cleaned at the end of each day and wiped dry. For the 1997 samples,
three stainless steel probes were used each day to minimize the need to reuse any of the probes
before being washed. After the sample equipment was used, excess material was shaken off, a
bottle brush was used to wipe the inside of the sample probes; and the sampling equipment was
wiped clean. On occasion, an alcohol swab was used to remove any remaining residue. Although
some cross-contamination may have resulted, any error would likely have been small and would
have generated a “false-positive” result.

Quality Assurance/Quality Control
1997 Samples

The samples collected in 1997 were analyzed by Manchester Environmental Laboratory using
standard U.S. Environmental Protection Agency (EPA) methods. Most metals were analyzed
using EPA method 6010, which uses inductively coupled plasma and optical emission detection.

‘Mercury samples were analyzed using EPA method 7471, which uses cold vapor atomic
absorption. All holding times were met. Following is a summary of the data quality.

Overall, the data for this project are acceptable for use. However, the diverse matrices and high

- concentrations of some analytes did present anatytical problems. When comparing results for
undiluted samples and diluted samples, corrected for dilution, the relative percent difference
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(RPD) between the undiluted/diluted corrected results for most analytes was within the allowed
able acceptance factor of 10%, except for diammonium phosphate, granular zinc, and individual |
elements in several other samples. Because of the uncertainty of the results, these samples are
qualified “J” or instrument estimation. The dilution problems did not appear to be general to all
samples of different matrices. ‘

The pr;—:cisioﬁ of aluminum, chromium, and manganese duplicate results were low. Data for these
elements in granular zinc are qualified “J” as estimated. Mercury results are also qualified on this -
sample due to possible interference by manganese. '

The reported detection levels of aluminum, caleium, iron, zinc, and magnesium for the solid
samples were raised due to carryover from high concentrations in some of the samples. Zinc and
manganese were detected in the procedure blank run with the solid samples, and sodium was
detected in the liquid procedure blank. Data for these elements in samples associated with these
blanks at levels less than 10 times the blank level have been qualified “J” as estimated.

Duplicates and Spikes

All spike recoveries, except those for molybdenum from both liquid and spiked solid samples and
tin from the spiked solid sample, are within the EPA Contract Laboratory Program (CLP)
acceptance limits of +/- 25%. The results of spiked and duplicate spiked samples and of duplicate
samples are used to evaluate precision. The RPD for all analytes, except silver in the spiked solid
sample, are within the 20% CLP acceptance window for duplicate analyses. The laboratory
control samples were within the window established for each parameter, with the following
exceptions: The recovery of antimony was low in the solid samples, and molybdenum recovery
was low in the liquid samples. Data for all these elements are qualified “T” as estimated. No
other significant quality assurance issues were noted with the data.

Archive Samples

The WSDA archive samples were submitted to Columbia Analytical Services Laboratory on
April 25, 1997. Most metals were analyzed using EPA method 6010, with mercury being -
analyzed using EPA method 7471. Since these samples have been in storage since 1993 and
1994, they have exceeded the CLP holding times for metals analysis {28 days for mercury,
180 days for all other metals). No analytes were detected in the method blank associated with
these samples *

Reference

1) WSDA, 1991. Chapter 2.
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Appendix E

Results of Analysis — Cadmium in Potatoes

Samples collected on April 28, 1997

Cadmium and Lead in Potatoes

1 WARJU esh, raw, unpeeled Quincy 35
2 WARJUO0011 fresh, raw, unpeeled Quincy 19
3 WARJU0012 | fresh, raw, unpeeled Quincy 23
4 WARJU0013 fresh, raw, unpeeled Quincy 39
5 | WAGLRO0OO9 fresh, raw, unpeeled Tri-Cities 34
6 | WAGLROO11 fresh, raw, unpeeled Tri-Cities 44
7 |WAGLROO12 fresh, raw, unpeeled Tri-Cities 42
8 | WARTWO0001 fresh, raw, unpeeled Grays Harbor Co 46
9 WALMS0006 fresh, raw, unpeeled Mattawa 34
10 | WALMSO0007 fresh, raw, unpeeled Pasco 39
11 | WAJFF025 fresh, raw, unpeeled Quincy 28
12 | WAJFF026 fresh, raw, unpeeled Quincy - 27
13 | WAJFF027 fresh, raw, unpeeled Mt. Vernon 49
14 |WAJFF028 fresh, raw, unpeeled Royal City 26
15 | WAIJFF029 fresh, raw, unpeeled Pasco 27
8 I'WAROQ0001 fresh, raw, unpeeled | Quincy 26
-9 WARQ0002 fresh, raw, unpeeled Quincy 55
10 | WAROO0003 fresh, raw, unpeeled Royal 38
11 | WARLBO0010 fresh, raw, unpeeled | Skagit Co 52
12 |WARLBOOI1 fresh, raw, unpeeled Skagit Co 16
13 | WARLBO0013 fresh, raw, unpeeled Yakima 32
14 |WARLB0014 fresh, raw, unpeeled Skagit Co 59
15 |WARLBO0O01S fresh, raw, unpeeled Quincy 36
16 | WARLB0016 fresh, raw, unpeeled Moses Lake 36
17 | WAMTO0001 fresh, raw, unpeeled Skagit Co 68
18 [WAMT0002 fresh, raw, unpeeled Skagit Co 28
19 { WAMTO003 fresh, raw, unpeeled Skagit Co 11
28 |WASISIS fresh, raw, unpeeled Mattawa 15
29 | WASISI9 fresh, raw, unpeeled Royal City 22
30 | WASIS20 fresh, raw, unpeeled Rovyal City 38
31 [ WASIS21 fresh, raw, unpeeled Pasco 16
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32 | WASIS22 fresh, raw, unpeeled Othello 57
33 | WASIS23 fresh, raw, unpeeled Royal Slope 26
34 | WASIS25 fresh, raw, unpeeled Othello 51
35 | WASIS26 fresh, raw, unpeeled Othello |54
36 | WASIS27 fresh, raw, unpeeled Othello 57
37 | WAFDB22 fresh, raw, unpeeled Colville 20
38 |WAFDB23 fresh, raw, unpeeled Mattawa 20
39 |WAFDB24 fresh, raw, unpeeled Pasco 26
40 WAFDB25 fresh, raw, unpeeled Kemnewick 29 .
4] |WAFDB26 fresh, raw, unpeeled Quincy 22
42 | WAFDB27 fresh, raw, unpeeled Moses Lake 21 .
43 | WAFDB238 fresh, raw, unpeeled Green Bluff 6
44 | WAFDB29 fresh, raw, unpeeled Quincy . 28

*PPB=PARTS PER BILLION; 1,000 ppb= 1 ppm

These levels would be considered background levels or naturally occurring levels for these
products. The average for the samples collected so far is 33.6 parts per billion cadmium (or about
0.03 ppm cadmium). These are low levels for any product. At these levels the average person
would need to consume a five-pound bag of potatoes a day to reach the Tolerable Daily Intake
Levels of 60 micrograms per day established by the U.S. Food and Drug Administration (FDA)
for cadmium, and 40 pounds of potatoes at one sitting to approach toxicity levels established for
cadmium in other foods. Biochemists and other technical experts at FDA, toxicologists with the
state Department of Health, and scientific researchers in the area of lead and cadmium levels in
food have stated that the cadmium levels shown in these samples are not of public health concern.
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Results of Analysis — Lead in Potatoes

Samples collected on April 28, 1997

Page E-3

1 WARJUO0010 fresh, raw, unpeeled Quincy 9
2 WARJUO0011 fresh, raw, unpeeled Quincy 9
3 WARJU0012 fresh, raw, unpeeled Rovyal City 7
4 | WARJUO0013 fresh, raw, unpeeled Quincy 11
5 WAGLRO009 fresh, raw, unpeeled Tri-Cifies 16
6 WAGLROO011 fresh, raw, unpeeled Tri-Cities 17
7 | WAGLROOI2 fresh, raw, unpeeled Tri-Cities 13
8§ | WARTWO0001 fresh, raw, unpeeled Grays Harbor Co 114
9 | WALMS0006 fresh, raw, unpeeled Mattawa 21
10 | WALMSO0007 fresh, raw, unpeeled Pasco 23
11 [ WAJFF025 fresh, raw, unpeeled Quincy 26
12 [ WAJFFO026 fresh, raw, unpeeled Quincy 22
13 | WAJFFO27 fresh, raw, unpeeled Mt. Vernon 13
14 | WAIJFF028 fresh, raw, unpeeled Royal City 13
15 [ WAJFF029 fresh, raw, unpeeled Pasco 12
16 | WAROO0001 fresh, raw, unpeeled Quincy 46
17 | WARO0002 fresh, raw, unpeeled Quincy 6
18 | WARQO003 fresh, raw, unpeeled Royal i2
19 | WARLBO0O1O fresh, raw, unpeeled Skagit Co 34
20  |WARLB0011 fresh, raw, unpeeled Skagit Co 7
21 | WARLBO0013 fresh, raw, unpeeled Yakima 26
22 |WARLB0014 fresh, raw, unpeeled Skagit Co 10
23 | WARLBOO15 fresh, raw, unpeeled Quincy 12
24 |WARLBO0O16 fresh, raw, unpeeled Moses Lake 12
25 | WAMTO0001 fresh, raw, unpeeled Skagit Co 8
26 | WAMTO0002 fresh, raw, unpeeled Skagit Co Trace
27 T WAMTO0003 fresh, raw, unpeeled Skagit Co 6
28 | WASISI8 fresh, raw, unpeeled Mattawa 20
29 | WASISI® fresh, raw, unpeeled Roval City 13
30 | WASIS20 fresh, raw, unpeeled Royal City 8
31 | WASIS21 fresh, raw, unpeeled Pasco 13
32 | WASIS22 fresh, raw, unpeeled Othello 12
33 | WASIS23 fresh, raw, unpeeled Royal Slope 6
34 [ WASIS25 fresh, raw, unpeeled Othello 29
35 | WASIS26 fresh, raw, unpeeled Othello i1




36 . | WASIS27 : fresh, raw, unpeeled | Othello .

37 | WAFDB22 fresh, raw, unpeeled Colville 12
38 | WAFDB23 fresh, raw, unpeeled Mattawa ,

39 | WAFDB24 fresh, raw, unpeeled Pasco ' 10
40 |WAFDB2S. fresh, raw, unpeeled Kennewick 4
41 |WAFDB26 fresh, raw, unpeeled Quincy

42 | WAFDB27 fresh, raw, unpeeled Moses Lake 17
43 |WAFDB28 _ fresh, raw, unpeeled Green Bluff

44 | WAFDB29 .| fresh, raw, unpeeled Quincy 7

*PPB=PARTS PER BILLION

These levels would be considered background levels or naturally occurring levels for these
products. The average for the samples collected so far is 13.8 parts per billion Jead. These are
extremely low levels for any product. At these levels the average person would need to consume
31 pounds of potatoes a day to reach the Tolerable Daily Intake Levels of 216 micrograms per
day established by the FDA for lead. Biochemists and other technical experts at FDA,
toxicologists with the state Department of Health, and scientific researchers in the area of lead
and cadmium levels in food have stated that the lead levels shown in these samples are not of
public health concern. -
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Appendix F

Laws and Regulations on Fertilizers

Fertilizer manufacturers are required to get an annual registration for packaged fertilizers or an
annual license to distribute bulk products from the Washington State Department of Agriculture
(WSDA). This process includes approval of labels. WSDA conducts random sampling but
usually tests only for the nutrients that are guaranteed on the label such as total nitrogen, available
phosphoric acid, soluble potash and, when claimed, some of the trace elements and
micronutrients. Penalties dre assessed if the analysis of any fertilizer falls below certain levels of
guarantees in any one-plant nutrient. In addition, it is illegal to mislabel or adulterate any
fertilizer. Adulteration is defined as injurious to beneficial plont life, or composition differs from
the label or the product contains unwanted viable seed (15.54.414 RCW). This law was adopted
in the 1950s, so other contaminants were not considered. Soil amendments are not required to
get a license or register with WSDA.

The procedure for someone marketing a waste product as a fertilizer is similar. An exception is
“woody waste” products under a new law (Senate Bill 5701) passed in 1997. The law creates an
optional procedure for distributors to request that Ecology determine if a product is safe for
human health and the environment (70.95.830 RCW). Even if this option is not used, the
company selling the fertilizer must follow applicable solid and/or hazardous waste laws as well as
register the product with WSDA. Also, WSDA frequently checks with Ecology to determine if
applicable environmental laws have been followed.

Examples of solid wastes that have been used in fertilizers include gypsum, some waste sludges,
and boiler ashes. Biosolids are no longer considered a solid waste and are regulated separately.
Solid wastes sold as fertilizer must get a local health department permit for each site the material
is to be applied. The local heaith department regulations must be as strict as state regulations.

Designating a Waste as a Hazardous Waste

A waste is designated a hazardous waste if it fails certam toxicity tests (such as a fish toxicity
test), or if it is declared a hazardous waste under the Resource Conservation and Recovery Act
(RCRA) or under the state Dangerous Waste Regulations (WAC 173-303). Some examples of
hazardous wastes that are used as fertilizers are cement kiln dust, electric arc furnace dust, and
certain industrial sludges or residues. Generally, companies self-certify that the hazardous waste
constituents do not exceed the standards specified in the “Land Disposal Restriction” portion of
the Ecology Dangerous Waste Regulations (WAC-173-3 03-140).
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Waste-Derived Fertilizers and Applicable Standards

Fertilizer products that are derived from certain hazardous waste as defined by the Dangerous
Waste Regulations (WAC 173-303) are subject to the concentration based standards in the table
below. ' ' |

‘Contaminant Limit* (ppm)
Arsenic = . 5.0
Cadmium 1.0
Chromium: 5.0
Lead 5.0
Mercury 0.2
Selenium 1.0
Barium 100.0
Silver 5.0

% Limit is based on concentration of metal in an extract rather than the actual concentration in product.
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Appendix G

Biosolids Risk Assessment and the Applicability of the Biosolids Rule
to Fertilizers

Risk Assessment in the EPA Biosolids Rule

Risk assessment was used to develop Biosolids standards in order to ensure that the standards
protect human and ecological health. Some of the numeric criteria for the seven metals in the
Biosolids Rule are based on risk assessment, e.g., the Cumulative Loading Rates and Pollutant
Concentrations.

Risk assessment is a procedure used to characterize potential adverse health effects resulting from
exposures to hazardous agents’. Risk assessment is made up of four main components:

1. Identifying potential hazardous agents (hazard identification)

2. Gathering and evaluating information about the toxicity of the hazardous agents, i.e., how
much could be harmful, and identifying the possible types of health effects (dose-response
assessment)

3. Estimating the amount of exposure to people or other organisms in the situation of interest
(exposure analysis)

4. Integrating steps 2 and 3 to determine if exposures are high enough to cause harmful effects
(risk characterization’ ‘

The following summarizes some of the risk assessment assumptions used in the Biosolids Rule
development. This summary is based mainly on two EPA documents: The Technical Support
Document for Land Application of Sewage Studge® and A Guide to the Biosolids Risk Assessment
for the EPA Part 503 Rule*

Biosolids Exposure Pathways

In developing the Biosolids Rule, the EPA evaluated multiple ways or “pathways” in which .
people and other organisms might be exposed to metals from biosolids. A total of fourteen
pathways were evaluated. Nine pathways evaluated impacts to people, two pathways evaluated
impacts to animals (livestock), and one pathway each evaluated impacts to soil organisms
(earthworms), predators of soil organisms, and plants (see Table in this appendix). Examples of
human exposure pathways evaluated include eating crops grown on biosolids amended soils,
directly ingesting biosolids, or being exposed to biosolids as dust in the air. The pathway which
gave the highest risk for each metal (thus requiring the lowest protective concentration in
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biosolids) was determined to be the limiting pathway for that metal. Allowable biosolids
concentrations for the nine metals were set based on the limiting pathway for each metal.

Not every metal was evaluated for each pathway, Many contaminants were screened out of
pathways due to low concern based on an earlier EPA study”. In at least one instance, a metal
was screened out of pathways for other reasons. For example, lead was evaluated in Pathway 3
(child eating biosolids), but was not evaluated in Pathways 1 and 2 due to lack of a toxicity
comparison value for lead. Therefore, it is not possible to compare exposures to metals between
all of the pathways.

Several organic contaminants were evaluated in the Biosolids risk assessment, but were not
included in the final Biosolids Rule. Examples of organic contaminants evaluated in the risk
assessment include PCBs, pesticides, and volatile organic compounds. Organic contaminants
were excluded because they met one of the following criteria: pollutant had been banned or
restricted for use or was no longer manufactured in the U.S., pollutant had been infrequently
detected in biosolids, or pollutant was not expected to be present in biosolids above limit
:dentified in biosolids risk assessment®. Chromium was also evaluated in the biosolids risk
assessment, but was excluded from the final rule.

Biosolids Risk Assessment Assumptions

As part of the Biosolids risk assessment, several assumptions were made to estimate exposures
from each of the 14 pathways. For example, Pathway 3 assumes that a child eats 200 milligrams
of biosolids per day. This assumption is based on information about the amount of soil children '
eat incidentally during a day, e.g., from playing outdoors. Appendix F also lists a subset of
assumptions used in the Biosolids risk assessment. :

Biosolids risk assessment assumptions generally incorporate the upper range of possible exposure
values to predict “high-end” exposures. For example, the risk assessment assumes 100%
absorption from the gastrointestinal tract for most ingestion pathways, a 70-year lifetime exposure
for pathways pertaining to adults, and a maximum altlowable amount of each pollutant is applied
to soil for 100 years. Many of the pathways account for general background exposures from
other sources such as diet, air, and water.

While the Biosolids risk assessment includes many “high-end” exposure assumptions, it also
includes some assumptions which are less protective. For example, the risk assessment evaluates
exposure pathways independently, i.e., exposures are not added across.pathways. Additionally,
arsenic and cadmium were not evaluated as carcinogens, even though EPA classifies them as
carcinogens for some pathways®.

The EPA Reference Doses (RfD) were used to evaluate toxicity of metals for many of the human
exposure pathways. The RfD is a threshold below which non-cancer effects are unlikely to ocecur
in people, based on human and animal studies. The Biosolids standards were set by allowing
exposures equal to the RfD and solving for the metal concentration in biosolids. This ensures that
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exposures from biosolids are below a level that could impact health. In addition, the risk ‘
assessment assumes that metals are in certain forms, e.g., arsenic in its more toxic inorganic form,
since the toxicity of many metals depends on their forms. Toxicity to other organisms (plants and
animals) was evaluated based on toxicity studies in the scientific literature.

Elements Not Regulated Under the EPA Biosolids Rule

Currently, there are no existing standards similar to the Biosolids standards with which to evaluate
potential health or environmental impacts of the 17 non-Biosolids elements in fertilizers. In order
to evaluate potential toxicity of these elements, a detailed analysis or risk assessment would be
needed to estimate exposures. This might include estimating exposures to these elements from
the food chain (e.g., uptake into crops). The fertilizer test results for these 17 elements represent
an initial screening of the various fertilizer products. Due to the limited scope of this fertilizer
sampling effort, a complex risk assessment estimating exposures to these elements is not possible
* at this time. The fertilizer test results for these elements may be used in combination with future
fertilizer sampling to estimate potential exposures and health impacts. However, several of these
elements — such as calcium, sodium, iron, and magnesium — would likely be dropped from further
exposure assessment due to their low toxicity. '

Ecological Risk Assessment of Fertilizer Application

In order to more broadly evaluate the risk of contaminants in fertilizers, an ecological risk
assessment should be performed which include steps in problem formulation, analysis, and risk
characterization”®. In the problem formulation phase, a conceptual model is developed, and
assessment and measurement endpoints are selected. In the analysis phase, exposure and
ecological effects are characterized. The spatial and temporal distribution of chemical and
physical stressors is addressed, and their impact on individuals, populations, and communities is
quantified. - The risk characterization phase uses input from the analysis phase to determine the
likelihood of exposure to chemical or physical stresssors resulting in adverse ecological effects.
A tiered approach is often employed to characterize the risk with an acceptable degree of
uncertainty.

In the EPA Biosolids Rule, five of the 14 exposure pathways for application of biosolids to
agricultural fand focused on ecological receptors. These receptors included herbivorous livestock
(e.g., cattle, sheep), plants (crop species), soil organisms (earthworms), and predators of soil
organisms (insectivorous mammals, birds). These represent a relatively limited suite of exposure
pathways and receptors in terms of ecological risk assessment. Other important ecological
receptors on agricultural land may include soil microorganisms, soil invertebrates (other than
earthworms), and mobile species, ¢.g., deer, whose foraging range overlaps with agricultural land.
Because contaminants may also be transported off-site to nearby non-agricultural land, additional
receptors may include non-crop plants, terrestrial wildlife species (e.g., mammals other than
livestock, birds other than chickens, reptiles, amphibians), and aquatic biota in nearby wetlands

* and surface waters (e.g., macrophytes, phytoplankton, zooplankton, fish).
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