
in Laguna Niguel, California with pathogenic
microorganisms. Investigation by the water dis
trict found no direct sewage system contamination
sources, but noted a number of residential appli
cations of organic fertilizers, some of which con
tained processed sewage sludge. This suggests that
there may be a possibility that fertilizer may con
tain microorganisms and in the case of processed
sewage sludge the process may not be destroying

all organisms.

What does this all mean? I believe that fertilizer
and other associated materials will continue to be
viewed by the general public as potential environ
mental and health concerns, especially if the safety
of food is impacted. The media and special interest
groups will continue to raise these concerns and
keep them before the public. How can you, the
fertilizer industry address these issues? As I indi
cated earlier, I am not very good at predicting out
comes. However, I believe you can address these
issues through development and distribution of
factual information that is understood by the pub
lic. Secondly, any necessary regulation must be
based upon good science and avoidance of polit
ical pressures. As the president of AAPFCO, I
pledge the continued support and efforts of the
association to cooperate with the fertilizer industry
whereever appropriate to seek mutual resolution to
such issues.

Summary
Three separate risk assessments have been com
pleted that examine the human health and envi
ronmental effects of small amounts of metals that
occur in some fertilizers. The three studies were
done by the California Department of Food and
Agriculture (CDFA), The Weinberg Group for The
Fertilizer Institute (TFI), and the U.S. Environ
mental Protection Agency (EPA). All three point
to the same conclusion: Metals in fertilizers gener
ally do not pose a threat to human health or the
environment.

Fertilizer is Safe!
Ron Phillips

The Fertilizer Institute

Background
In 1996, The Fertilizer Institute initiated a com
prehensive risk assessment project on the risk of
metals in fertilizer. The purpose of the project
was to generate risk information to provide more
comprehensive information to customers and to
enable TFI to better interact with regulatory agen
cies and

In July, 1997, the Seattle Times ran a series of arti
cles containing charges about the potential of envi
ronmental damage caused by "hazardous wastes in
fertilizer." This series of articles spurred regulators
to more closely examine the impact of metals in
fertilizer. One of the regulatory bodies responding
to the issue was the U.S. EPA, which contracted
with Battelle to do a characterization study of the
fertilizer industry.

Fertilizer Basics
Nutrients are essential to all life and some nutrients
are metals. Fertilizers (or plant food) provide nec
essary nutrients to plants in a usable form. Fertil
izers are made of the same elements plants find
in nature - except they're in a more concentrated
and usable form. Fertilizers are made from nitro
gen in the air we breathe and also are mined from
the land. Fertilizers boost crop yields, making it
possible for American farmers to feed people in
the U.S. and around the world. Without fertilizers,
crop yields would drop 40 to 60 percent, depend
ing on the crop.

The three nutrients plants need in the largest quan
tities are nitrogen, phosphorous and potassium.
These are known as the major nutrients, as they
comprise about 98 percent of all the fertilizer sold
in the United States. Nitrogen is taken from the
air and converted to a more plant-available form
of fertilizer through a chemical process. Phosphate
and potash are mined from the earth and can be
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used directly or converted to fertilizer, which is
easier for plants to use.

In addition to these three major nutrients, there
are three secondary nutrients - calcium, magne
sium and sulfur - as well as several micronutrients,
including boron, copper, iron, zinc, manganese,
molybdenum and chlorine, which plants use in
very small quantities. Farmers apply fertilizers
based on soil tests and other recommendations
designed to meet the needs of particular crops and
replace the nutrients they've removed.

So why are there metals in fertilizers?
Nature is the biggest reason. Phosphate and potash
fertilizers begin with the mining of phosphate rock
and potassium rock from the earth's crust. Nature
places small amounts of metals in these ore bod
ies, generally more in phospate than in potash ores.
There is little chance of metals in nitrogen fertil
Izers.

In addition to phosphate and potash products,
some minor element fertilizers, or micronutrients,
come from mined ore bodies as well, while a few
others may have recycled waste as their source of
nutrient. These nutrient sources - ores and wastes
- often contain metals as well.

Background on Risk Assessment
Risk assessment is a scientific tool that helps deter
mine the likelihood that contact or exposure to a
given substance will result in adverse health or
environmental effects. Typically, a risk assessment
contains the following major steps:

• Selection of a substance of concern: What
could an individual be exposed to that
might cause a health risk? In this case,
it is the metal contained in some fertilizer
products.

• Exposure assessment: Who are the
individuals that might be exposed, and
how are they exposed to the substance
of concern? For instance, farm families
are likely to have some exposure to
fertilizer and the metals they contain. The

exposure assessment measures how much
a member of that family will be exposed
to metals in fertilizer as a result of
skin contact, inhalation of dust or
unintentional ingestion of fertilizer soil,
or ingestion of crops grown in fertilized
soil.

• Toxicity assessment: How toxic, or how
dangerous, is exposure to these elements?
What adverse effects could result from

exposure? Could it cause cancer or some
other health effect, and at what level of expo
sure might these effects show up?
• Estimation of acceptable exposure levels:
The information from the previous steps
are brought together in calculations of risk
based concentrations (RBCs), or the amount
of a metal in a fertilizer product than
can safely be considered non-threatening to
human health. RBCs are considered screen
ing level estimates that would not underesti
mate actual risks.
• Risk evaluation: An RBC for a particular
metal is then compared to measured levels
of that metal in products. This comparison
provides the basis to initially determine the
likelihood of adverse health effects.

California Risk Assessment
The California Department of Food and Agri
culture (CDFA) conducted a risk assessment to
provide risk-based standards for evaluating the
potential for adverse public health impacts from
metals in commercial inorganic fertilizers used in
farming operations in California. The report, com
pleted in 1998, has undergone several scientific
peer reviews.

The CDFA study established risk based concentra
tions for three metals -lead, cadmium and arsenic.
These were selected from among a larger group
of metals because of the toxicological signifi
cance. The focus of the study was farm families,
both adults and children living on farms including
adults applying fertilizer. The exposure assessment
included consideration of unintentional ingestion
of fertilized soil, skin contact with fertilized soil
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and ingestion of homegrown crops grown in fertil
ized soil (including vegetable crops, root crops and
grains). The assessment was performed in accor
dance with basic health risk assessment procedures
established by EPA and by California health offi
cials and EPA.

Cancer and non-cancer effects were evaluated
for the three metals in phosphate fertilizer materi
als, NPK blends and zinc micronutrient products.
RBCs are presented as "unit factors" and are based
on one percent nutrient content. Because fertilizers
vary in the amount of nutrients they contain, the
unit factors can be used to calculate product
specific RBCs for any product of interest. For
example, the CDFA RBC for cadmium is 16 ppm
for each one percent of nutrient. Diammonium
phosphate is a fertilizer product that contains 46
percent of the nutrient phosphorous. Thus, the
cadmium standard for diammonium phosphate
(DAP, 10-46-0) would be 736 ppm (16 x 46), the
46 representing 46 percent phosphate in DAP.

The product-specific RBC values can be compared
to measured levels of arsenic, cadmium or lead in
specific products in order to evaluate health risks
of specific products to farm families. The CDFA
report does not make such comparisons but pro
vides the methodology for such a comparison. The
results would be generally applicable beyond Cali
fornia but keeping in mind the assessment was per
formed using crops, soil conditions and fertilizer
usage representative of California.

California RBCs:
Phosphate Fertilizer Micronutrient Fertilizer
Cadmium 16 ppm per unit of nutrient 134 ppm
Arsenic 19 ppm 155 ppm
Lead 97 ppm 738 ppm

EPA Risk Assessment
The U.S. Environmental Protection Agency con
ducted a fertilizer risk assessment to guide the
Agency's decisions regarding the need for federal
regulatory action on non-nutritive elements in fer
tilizer. The agency used probabilistic methodol
ogy to estimate increased risks of both cancer and
non-cancer health effects. The methodology was

adopted from EPA's risk assessment for cement
kiln dust used as an agricultural liming agent.

EPA assessed macronutrient (NPK) fertilizers,
micronutrient fertilizers and soil amendments. The
agency evaluated risk from 9 metals: cadmium,
lead, arsenic chromium, mercury, nickel, vana
dium, copper and zinc, in addition to 17 dioxin
congeners. Rather than calculating RBCs, the
agency provided a "yes" or "no: answer to the
question, "Are commercially available phosphate
materials, NPK blends and micronutrient products
safe for health and the environment?

In order to make its evaluations of risk, EPA first
commissioned Battelle to prepare a report on fer
tilizer production, use and the incidence of met
als in fertilizers. The report, entitled "Background
Report on Fertilizer Use, Contaminants and Reg
ulations," is available on the web at www.epa.gov/

ncephihomlcatalog/EPA747R98003.html. Following is a
summary ofmetals levels in fertilizers as contained
in the EPA report. (See Table 1).

Receptors for the EPA risk assessment are farm
families, including adults and children. Five expo
sure routes were evaluated:

• Direct ingestion of fertilizer products
during application (adult only)

• Incidental ingestion of fertilized soil
• Inhalation of particles and vapors during

fertilizer application
• Ingestion ofplant and animal products

produced on fertilized soil
• Ingestion of home-caught fish from

streams adjacent to fertilized fields

EPA concluded that "of the large number offertil
izer products evaluated, only a few had contami
nant levels high enough to potentially cause cancer
risk or noncancer hazard of concern. Therefore, the
results of this analysis indicate that, based on the
data available, hazardous constituents in fertilizers
generally do not pose harm to human health or the
environment." The summary explains the agency
found only four individual product samples with
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levels of metals above the hazard index: a liming
agent, an iron micronutrient, a boron micronutrient
and a zinc micronutrient. (See Table 2).

Non-cancer risks are expressed as a hazard index.
A hazard index of one is the screening level that
separates "safe" products from those needing fur
ther evaluation. On the above chart, then, numbers
less than one are considered safe.
Cancer risks are expressed in terms of frequency
of increased cancer per number of population.
Acceptable risks, or safe levels, are those where
the increased cancer risk is less than one in
100,000, or IE-OS. Less frequent occurrences,
such as one in 1 million or 1E-06 are acceptable.
More frequent occurrences, such as one in 100,000
(IE-OS) or greater do not meet the safe level and
require further evaluation.

The Fertilizer Institute Risk Assessment
The Weinberg Group, for The Fertilizer Institute,
completed a risk assessment to provide risk-based
safe concentrations for evaluating the potential
impacts of 12 metals in fertilizers on farm fami
lies. The 12 metals are arsenic, cadmium, chro
mium, copper, cobalt, lead, mercury, molybdenum,
nickel, selenium, vanadium and zinc. Risk-based
concentrations for these 12 have been calculated
and compared to measured levels in fertilizer.

The populations and pathways generally are the
same as those for the California study. The farm
family population includes both adults and chil
dren, and pathways include unintentional ingestion
of fertilized soil, skin contact with fertilized soil
and ingestion of homegrown crops grown on fertil
ized soil.

Several differences in exposure and tOXICIty
parameters between the California and TFI assess
ments that account for differences in the RBCs.
These different assumptions include looking at
national factors rather than California specific fac
tors, and include:

• Application rates of fertilizer. The upper
end of national application rates were

generally higher than the application rates
used in the California assessment.

• Exposure duration. National defaults
were used in the TFI assessment, whereas
California modified these factors based
on California-specific information.

• Plant uptake. Slightly different crop
groups, accounting for different crops
grown nationally and in California, and
different references used account for dif
ferences in crop uptake assumptions.
Generally, the TFI study assumed higher
uptake factors. (See Table 3).

Comparison to Measured Levels
TFI has compiled and continues to add to a data
base of measured levels of metals in fertilizers.
This database contains more than 900 samples of
phosphate fertilizers and about 140 samples of
micronutrient fertilizers. These samples produced
nearly 3000 analyses of metal content. The data
base was compiled from three sources:

1. A comprehensive literature search using
several online scientific databases. The
search identified articles published since
1985. Literature from both the EPA
Battelle report and the CDFA risk
assessment was used to add to the data.

2. An industry survey of TFT member
companies. A survey was designed and
sent to 24 companies with about 200
facilities.

3. Government and non-government
organizations were contacted for relevant
reports that are unpublished. In particular,
a good deal of data was obtained from
state officials who periodically test for
metals in fertilizer.

The Weinberg Group in December 1998 submit
ted a report on this database entitled, "Industry and
Literature Survey of Nutritive and Non-nutritive
Elements in Inorganic Fertilizer Materials." The
data from state monitoring programs are archived
at The Weinberg Group. A summary of the data is
as follows: (See Table 4).
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In addition, TFI has contracted with North Caro
lina State University (NCSU) to conduct a statisti
cally valid sampling program of all major, basic
fertilizer products in the United States. Those sam
ples will be tested for levels of metals, adding addi
tional information and confidence to information
compiled about the incidence of metals in fertil
izers. The NCSU database will be used to give a
complete and universal assessment of the incident
of metals in fertilizer.

The RBCs developed in this risk assessment, when
compared to measured levels in fertilizer, show
wide margins of safety.

Summary
Risk assessments have been completed which
focus on a number of metals commercial inor
ganic fertilizer and potential health effects on two
key populations: farm families and fertilizer appli
cators, and effects on the environment. Actual
measured data of metals in fertilizer show these
products are safe for farm families, applicators and
the environment with wide margins of safety for
all NPK and nearly all micronutrient products.

Policymakers considering the need to set stan
dards for non-nutritive elements in fertilizer should
carefully consider the results of these risk assess
ments.

Recent Developments
Newly published information regarding soil parti
tioning values (K) suggests lower range kd val
ues were used in the California and Weinberg risk
assessments. California has recalculated its RBCs
using higher Kdvalues.

However, an analysis of the data shows a correla
tion between Kd values and plant uptake factors
(PUFs). As Kd values risk, PUFs should be low
ered, as higher Kds indicate lower metal amounts
are available in soil solution. TFI believes this
relationship must be considered as new RBCs are
developed.

The debate over proper Kds and PUFs is bounded
by these observed facts:

1. We don't observe problems with metals
in groundwater, as would be expected
with low values

2. The Food and Drug Administration's
annual marketplace survey shows the
levels of metals in food are declining.

3. Long-term experiments around the world
show there is no long-term build-up of
metals in soil, as would be expected with
high Kdvalues.

Metal
Phosphates

Minimum Maximum
Micronutrients

Minimum Maximum

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Vanadium
Zinc

Table 1

0.05
0.03
4.3
0.2
0.1
0.003
0.5
25
1

155
250
896
1,170
5,425
0.2
195
721
2,193
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0.5 ppm
0.75
1.3
1.5
5
0.01
2.5
0.5
6

4,950
2,165
580
39,900
52,000
3.36
8,950
41
94,300



EPA Risk Results:

Metal

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Vanadium
Zinc

Table 2

Highest Farm Family
Hazard Index (Phosphates)

1E-06 (expressed as cancer risk)
0.18
0.015
0.0006
No risk
0.3
0.0011
0.007
0.001

Highest Hazard
Index (Micronutrients)

1E-05
0.21
0.0011
0.00001
No risk
0.9
0.015
0.0001
0.03

TFI Risk Assessment RBCs

Phosphate Fertilizer Micronutrient Fertilizer

Cadmium
Arsenic
Lead
Cobalt
Mercury
Molybdenum
Nickel
Selenium
Zinc
Chromium
Copper
Vanadium

Table 3

23 ppm per unit of nutrient
4.5
73
3,100
0.9
42
350
120
1,200
34,000
280
2,200

Phosphates
Minimum Maximum

210 ppm
38
500
23,000
6.5
300
2,600
800
8,600
220,000
1,800
17,000

Micronutrients
Minimum Maximum

Arsenic
Cadmium
Chromium
Cobalt
Copper
Lead
Mercury
Molybdenum
Nickel
Selenium
Vanadium
Zinc

Table 4

0.05
0.15
0.5
0.25
0.44
0.05
0.001
2.5
1.1
0.05
11
0.83

42
205
5,100
22
540
1,860
1.5
72
235
21
1,106
6,300

95

0.01
0.1
0.25
0.25
0.5
0.32
0.003
0.25
0.25
0.01
0.5
8

6,190
3,900
8,100
786
1,680
27,700
12
850
560
25
46.5
348,000




