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Re: Submission of Petition for Inclusion of Sodium Ferric Hydroxy EDTA on the NOSB List Under the
Category: Svanthetic substance’s allowed for use in organic crop preduction.

Diear Mr. Pooler:

Enclosed is Woodstream Corporations submission of the petition for the inclusion of the technical ingredient, sodium
ferric hydroxy EDTA, on the NOSB List under the category: “Synthetic substance’s allowed for use in organic crop
production. We are petition the use of this material as an acceptable synthetic substance for use as a molluscicide with
1o restriction.

This application includes 2 copies of our petition. One copy is a CBI Copy that discloses confidential business
information (CBI) in Section 3, as well as in Appendixes B, C, and D of the petition. The front page of the CBI Copy
has been labeled “CBI Copy”. Each page containing confidential information has been labeled in red “CBI Copy” in
the upper right hand comner. All CBI within the text Is outlined with brackets and labeled in the right margin with
“CBI”. This text is not suitable for public distribution or anyone else who does not require access to it. The
information in the CBI sections discloses trade secrets and as such is highly confidential. This information was released
by Woodstream under the condition that all who view it hold it under strict confidence.

The second copy is a “CBI-deleted” copy and has been clearly labeled on the front page as such. Each page in the CBI
sections has been labeled in red with “CBl-deleted”. All CBI within the text is deleted. In the right margin, the place
where the CBI material has been deleted has been marked with a bracket and labeled in red with “CBl-deleted”. In
some instances, several pages have been CBI-deleted. In these situations, a single page is used stating that the
information has been CRI-deleted and lists the numbers of the deleted pages where the information would have
appeared. This copy contains non-confidential information and is available for inspection by members of the public.

If you have any questions or need additional information, please contact Charles Levey via the contact information
located on page 1 of the petition.

David L. Anderson
Product Development Manager
Woodstream Corporation

> YULE-HYDE

ASBOCIATES




Page 1 of 23

CBi-deleted Copy

«f

ORGANIC PETITION

ODIUM FERRIC HYDROXY EDTA
TECHNICAL ACTIVE INGREDIENT

Petitioner: Woodstream Corporation
69 North Locust Street
Lititz, PA 17543

Contact: Charles Levey
Phone: 717-626-2125 x 425
Fax: 717-626-1918
Email: CLevevid

‘oodsiream com

Petition for inclusion of sodium ferric hvdroxy EDTA on the NOSB list under the
category:

{1} Synthetic substance’s allowed for use in organic crop production.
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ORGANIC PETITION
SODIUM FERRIC HYDROXY EDTA
TECHNICAL ACTIVE INGREDIENT

SUBSTANCE NAME:

Sodium Ferric Hydroxy EDTA ~ CAS # 24594.29-4; It iscomprisedofironina
sodium EDTA chelate.

MANUFACTURER’S NAME, ADDRESS AND TELEPHONE NUMBER:

Sodium Ferric Hydroxy EDTA is formed during the pellet manufacturing process
where Ferric Sodium EDTA binds with free hydroxy molecules to create the
active ingredient.

The manufacturer of the end product is:
Woodstream Corporation

69 North Locust Street

Lititz, PA 17543

717-626-2125

The manufacturer of Ferric Sodiym EDTA is:

Akzo-Nobel Functional Chemicals LLC
525 West Van Buren Street

Chicago, IL 60607-3823

800-906-7979

INTENDED USE:
Pesticide (Moluscicide, as a shug and snail bait)

LIST OF THE CROPS FOR WHICH THE SUBSTANCE WILL BE USED,
APPLICATION METHOD AND APPLICATION RATE:

Vegetables including (but not limited to): asparagus, artichokes, beans, beets,
blackeved peas, broceoli, Brussels sprouts, cabbage, cantaloupe, carrots,

cauliflower, corn, cucumbers, eggplants, garlic, lettuce, onions, peas, peppers,
potatoes, radishes, rutabagas, spinach, squash, Swiss chard, tomatoes, turnips.

Orchard Fruits including (but not limited to): apples, avocados, apricots,
cherries, grapes, melons, peaches, plums, nectarines, citrus, and pears.
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Berries including (but not limited to): strawberries, blackberries, blueberries,
boysenberries, loganberries, and raspberries.

Field Crops including (but not limited to): beans, field corn, sweet corn,
soybeans, sugarbeets, sugar cane, asparagus, arfichokes, beets, broccoli, Brussels
sprouts, cabbage, carrots, cauliflower, cucumbers, letiuce, onions, peas, peppers,
potatoes, radishes, strawberries, tomatoes, and turnips.

Vineyards

Greenhouse grown vegetables

Grass Grown for Seed Production, Wheat
Indoor Container- Greenhouses

Outdoor Container-Grown Nursery Plants
Turf, golf courses, sod farms

The end-use product, Slug & Snail Killer can be applied by hand or by using
broadcast or granular spreaders.

The rate of application for commercial agriculiure uses in vegetables, orchards,
berries, field crops, vinevards, greenhouses grown vegetables, grass grown for
seed production, indoor containers, outdoor containers, and turf is 20 — 40 Ibs per
acre. For indoor containers ¥ teaspoon of bait can be applied in or around a 9-
inch pot. For outdoor containers, 1 teaspoon per contfainer is recommended. For
smaller areas of turl and ornamentals, 1 Ib per 2000 square feet is recommended.

In the Home & Garden Market, the end use product, Snail & Slug bait is applied
at arate of 1 1b per 2000 square feet, or 1 teaspoon per square vard. The bait can

be used on lawns, flowers, shrubs, trees, vegetables and fruits.

SOURCES:

T B, i, bt i, e, i,

3
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SUMMARY OF PREVIOUS REVIEWS
No submission has been presented to any organic certification programs.
REGISTRATION INFORMATION

EPA Registration

Sodium Ferric Hydroxy EDTA is not currently registered. EPA registration was
applied for on December 17™ 2004. Approval is anticipated in the summer of
2006,

Tl Bt~ WM

The 1.8, Food and Drug Administration designated ferric sodium EDTA, the
precursor to sodium ferric hydroxy EDTA, as Generally Recognized as Safe per
GRAS notice number GRN 000152,

State Reeulatory Authority Registration

Sodium ferric hydroxy EDTA has not been registered by any states. State
registrations will be submitted once EPA registration has been approved.

CHEMICAL ABSTRACT SERVICE (CAS) NUMBER AND LABELS
CASH#  24594-29-4

The master label for the end-use Slug & Snail Bait can be found in Appendix A,
The User Recommendation Sheet and product details for ferric sodium EDTA can
be found in Appendix B.

PHYSCICAL PROPERTIES AND MODE OF ACTION

Physical Properties

Sodium ferric hydroxy EDTA is comprised of iron in a sodium EDTA chelate. It
is formed during the pellet manufacturing process by the reaction of ferric sodium
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EDTA and hvdroxy molecules. The technical grade ferric sodivm EDTA material
is a water-soluble, light greenish yellow powder, with no odor. 1t contains 13%
iron. Ferric sodium EDTA is a commeodity ingredient used in the photographic
industry as a bleaching agent, used i

n agriculture as a fertilizer micronutrient, and used in the chemical industry as a
catalyst. In addition, # is also used as food supplement to prevent anemia and
iron deficiencies in developing countries.

Mode of Action

The mode of action is not completely clear but is believed that the active
substance is one of the ron ions. The interchange of iron between oxidation
states 1 and 1] in biclogical systems is rapid and occurs easily making # difficult
{0 isolate which ion, Fe2+ or Fe3+, is responsible for activity.

Most mollusk blood contains a respiratory pigment called hemocyanin, a copper
compound. When oxvgenated, such blood is bluish in color; when deoxygenated
the blood is colorless. The toxic effect of won (11 or iron (J1) ions is due to the
fact that they are absorbed on the hemocyanin of the oxygen carrier of the
mollusk and this absorption changes the pH reducing the oxygen carrying
capacity of the blood leading to suffocation.

Chemical interaction with other subsiances

Sodium ferric hydroxy EDTA is a stable material that is unlikely to react with any
other products used in organic farming. Iron is a micronutrient required for plant
growth. Sodium ferric hydroxy EDTA is a form of iron that is plant available.
Any sodium ferric hydroxy EDTA that is solubilized, is rapidly taken up by plants
and therefore, not available to react with other organic inputs. In alkaline soils,
the iron is likely 1o be replaced by an alkaline earth metal such as CaZ+ or Mg2+.
As iron is ubiguitous in the environment it will react with substances in the soil to
form compounds that commonly occur in the soil. No detrimental chemical
interactions with other materials used in organic farming are expected fo occur.

Yoxiciv and Environmental Persistence

Sodium ferric hydroxy EDTA does not pose a hazard {o the environment. This
conclusion is based on the facts that: a) the active metabolites, Fe2+ and Fe3+ are
essential for plant and animal growth, b} Iron is applied as a trace element to soil
in large tonnages on a worldwide basis, quite oflen as EDTA, ¢} Ferric sodium
EDTA is used as a dietary supplement and is considered GRAS by the USDA, d)
EPA classifies ferric sodium EDTA “as not a biochemical, but eligible for a
reduced data set”, e) ferric sodium EDTA is on EPA list 4B inert ingredient,
The application rate adds a fraction of the ron present in the soil, g Sodium
Ferric Hydroxy EDTA is unlikely to accumulate in the environment.

9
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Iron is an essential nutrient for plant and animal growth, ftplaysakeyroleasa
component of enzymes involved in redox reactions, chlorophyll synthesis, DNA
synthesis, oxygen transport, and many other cellular functions. Iron deficiencies
in plants lead to interveinal chlorosis, premature leaf fall, dieback of new growth,
and stunting. In mammals, ron deficiency symptoms include pallor, weakness,
and shortness of breath.

“Plants obtain iron from the soil primarily in the ferric form (Fe’™) as oxides such
as Fe(OHY', Fe(OH), and Fe(OH)y. This form of iron is extremely insoluble. It
is therefore difficult for plant roots to obtain iron from the soil” (Taiz/Zeiger,
1991). As a result, tons of iron is applied fo the soil as a trace element fertilizer
supplement., “When iron is applied as an inorgamc salt such as FeSo4 or
Fe(NO3)2, it can form insoluble precipitates. This precipitation of iron makes it
unavailable for the plant” (Taiz/Zeiger, 1991). To avoid this problem, iron has
been combined with chelating agents like EDTA. “lron-EDTA complexes are
commonly used in nutrient solutions for plants grown hydroponcally,
acroponically, or in the soil” (Taiz/Zeiger, 1991).

The FDA has approved the components of sodium ferric hydroxy EDTA as direct
food additives. Iron is an essential element for nutrition and is listed as GRAS for
direct addition to food per 21 CFR 184.1375. Sodium EDTA is a common
chelating agent, which immobilizes metal ions until in an environment where they
are available for uptake. Sodium EDTA is a direct food additive per 21 CFR
172.135. A published safety assessment on ferric sodium EDTA for FDA GRAS
evaluation concluded that it is regarded as safe when used as a source of dietary
iron for food fortification purposes (Tarantino, 2004). In addition, the World
Health Organization (WHO) evaluated ferric sodium EDTA and concluded that it
was considered safe for use in food fortification programs. Dietary exposure from
sodium ferric hvdroxy EDTA, as proposed is minimal. Sodium ferric hydroxy
EDTA is intended for application to soil surfaces in agricultural crops, turf and
ornamentals, and home gardens. The end use product is not applied directly to
fruits, vegetables, or plant surfaces.

Sodium ferric hydroxy EDTA has been submitied for EPA registration and is
currently under review. EPA has classified ferric sodium EDTA as “Not a
biochemical, but eligible for a reduced data set” per the Agency’s letter received
May 16, 2001. EPA states the classification is based on the abundance of iron in
nature, its low toxicity, its use as a nutritional supplement, and its low water
solubility.

Ferric sodium EDTA has been identified as an EPA List 4B inert ingredient. In
making the List 4B determination, EPA evaluated the toxicity of the chemical
substance and considered the exposure that could occur from its use. Based on
this evaluation, EPA concluded that the current use of ferric sodium EDTA in
pesticides would not adversely affect public health and the environment. In

10
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addition, sodium EITA, when used in pesticide formulations, is exempt from
registration per 40 CFR 180.1001.

Iron is the fourth most abundant element and the second most abundant metal in
the Earth’s crystal rocks. The normal range of iron concentration in the soil is
between 5000 to 50,000 pm (0.5 to 5%) (Brady 1974). Depending upon whether
the soil has been cultivated or not, a typical A horizon soil bulk density can range
from 0.91 to 1.36 g/ce (Thompson & Troeh 1973). Based on a soil depth of
18cm, 1m’ of typical soil weighs between 163,800g and 244,800g and contains
between 819 to 12,240g Fe. Following the highest application rate of the end use
product (401bs/Acre), Slug and Snail bait provides 0.035¢/m” of iron.

The amount of iron applied to soils as fertilizers is far greater then the amount of
iron added with an application of Slug and Snail bait. An application of Slug and
Snail bait adds 0.035g/m2 to the soil. The recommended rate for using won
chelates to correct iron deficiencies in field crops is between 0.56 to 1.12g Fe/m2.
Following the recommended rates to correct iron deficiency, one application of
iron fertilizer applies 16 to 32 times more iron when compared to the highest

application rate of Shug and Snail bait.

Sodium ferric hydroxy EDTA is unlikely to accurnulate in the environment, As
previously mentioned, sodium ferric hydroxy EDTA is rapidly absorbed and
utilized by plants. The purpose of Shug and Snail bait is to control land based
mollusks that are attacking plants. As a resuli, plants will take up the majority of
the product applied 1o a soil. The sodium ferric hydroxy EDTA that is not
absorbed by plants will breakdown in the environment.

Sodium ferric hydroxy EDTA will react relatively easily to release the ferric ion
and take up another metal ion. The ease of this reaction depends strongly upon
the pH. In fact, one of the major problems with the agricultural use of ferric
EDTA as a source of iron is the ease with which such reactions occur in alkaline
soils. The iron usually is replaced by an alkaline earth metal such as Ca or
Mg™ Once the iron ion is displaced, it will soon react to form ferrous hydroxide
or other very insoluble compounds like those already in the soil. Aslronis
ubiquitous in the environment, the ferric jons present in Slug and Snail bait will
not pose a hazard.

In considering the fate of the EDTA complex in the soil it is necessary to consider
the breakdown due to radiation, bacterial action, and chemical reactions. The
majority of EDTA will be degraded photochemically or absorbed by plants as the
complex or as Fe3+ chelated by some of the natural root exudates in the
rhizosphere and a lesser portion will be degraded in the soil by bacteria. A very
small part may find its way into the surface water.

The most important breakdown of ferric EDTA occurs at the air/water interface,
which is when the pellet is physically breaking down as a result of water

3
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penetration. Sail and slug pellets are applied to the soil surface under very moist
conditions. Over a period of time, typically between 1 to 4 weeks the pellet
physically breaks down exposing the inside of the pellet to sunlight. Under the
conditions the rate of degradation will approach that of photochemical
degradation in a very thin layer of water.

Based on the work of Frank and Rau (1990) and Svenson et al. (1989) the half-life
of Fe(1II) EDTA in two German rivers has been estimated to be between 2~ 24
hours and between 10 — 480 hours at depths of 70 cm to 2 m. There is obviously
a large variation in the rates of photodegradation but the belief is that n aqueous
media at or near the surface, such as will exist when the pellet is physically
disintegrating, under a range of climatic conditions, the half-life of sodium ferric
hydroxy EDTA at the surface of the pellet will be between 20 miunutes to 24
hours. Based on a half-life of 12 hours, the concentration drops to 1% afler 4
days and to less than 107 after 1 week.

Sodium ferric hydroxy EDTA that leaches out of the pellet will further degrade in
the soil. In the soil, EDTA may exist primarily as the Fe(lll} chelate in acidic
soils and as the Ca chelate in alkaline soils (HSDB 2004). One of the important
aspects of the end-use product is that it contains an appreciable amount of
calcium. This has the effect of reacting to replace ferric EDTA with Calcium
EDTA and hydrated iron oxide. These reactions will occur in the soil, in water,
and in the pellet at the soil/air interface under moist condifions.

Biodegradation is the predominant removal mechanism for EDTA in aerobic
soils. The usual route of degradation is by successive loss of -COOH groups
from the EDTA moiety. Studies by Tiedje (19752, 1975b) indicate that
accumulation of FeEDTA in the environment over vears is unlikely. This worker
found that when FeEDTA is present at relatively low concentrations (2 to 1000
g/g in the soil) it is biologically removed from soil and sediments. They found
that low concentrations of EDTA and its metal chelates disappeared over periods
ranging from 15 to 45 weeks, in a wide variety of soils. Although no single
bacteria capable of metabolizing EDTA or of metal chelates was isolated, it was
postulated that co-metabolism by a mixed population was the most probable
mechanism.

Belly and co-workers {1975) found that mixed cultures of aerobic bacteria were
capable of degrading over 90% of ferric EDTA in 5 days, for cultures containing
less than 2 millimolar EDTA. These researchers found that a mixed population of
microorganisms present in an aerobic lagoon biologically degraded ferric EDTA.
They found that 28% of acetate-2-C and 30% of the ethylene carbon was
recovered as carbon dioxide afler 5 days. Intermediaries for ferric EDTA
degradation are: ethylenediamine triacetic acid (ED3A), iminodiacetic acid (IDA),
ethyvlenediamine diacetic acid (N,N-EDDA), ethylenediamine monoacetic acid
(EDMA), nitilotriacetic acid (NTA), and glycine.
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If released into water, EDTA may react with photochemically-generated hydroxyl
radicals (half-life, 229 days) or undergo photodegradation. In agueous solution,
the Fe(I11) complex of EDTA has been reported to undergo photodegradation with
a half-life of 11.3 minutes (HSDB 2004). EDTA is not expected to adsorb o
suspended solids and sediment (HSDB 2004). The high water solubility, rapid
microbial degradation, and low to moderate bioconcentration factor indicate that
EDTA would not be expected to bioaccumulate in aquatic organisms (HSDB
2004).

Environmental Impacts from Use or Manufacture

The environment would not be impacted as a result of the use of sodium Ferric
hydroxy EDTA in the Slug and Snail bait end-use product (see section 9b).

As described in section 5, sodium EDTA is manufactured by reacting
ethylenediamine, hydrogen cyanide, formaldehyde, sulfuric acid, hydrogen
peroxide, sodium hydroxide and water to form tetra sodium EDTA

The tetra sodium salt is then reacted with ferric sulfate to give ferric sodium
EDTA. The solid product is produced by crystallization.

The only by-products of the manufacturing process are ammonia and sodium
sulfate. Both by-products occur naturally in nature.

During the pellet manufacturing process, ferric sodium EDTA reacts with free
hydroxy molecules to form sodium ferric hydroxy EDTA.

Effects on Human Healih

Sodium ferric hydroxy EDTA is of low risk to human health. The precursor,
ferric sodium EDTA, is a commodity ingredient used as a food supplement to
prevent anemia and iron deficiencies, used in agriculture as a micronutrient, and
used in the photographic industry as a bleaching agent.

Iron is essential to the metabolism of plants and animals. Iron is involved in
oxygen transport, electron transfer, DNA synthesis and many other cellular
functions. As humans cannot easily metabolize iron from food sources, and iron
deficiency is a common disease, iron supplementation of food ofien occurs,

Ferric sodium EDTA has been shown to have significant beneficial effects on iron
status by increasing fron bicavailability in human diets (Hembach, 2000}, In
2000, a World Health Organization (WHO) committee reviewing the use of ferric
sodium EDTA as a food supplement concluded it to be safe for use in food



Page 14 0f 23

fortification programs. Iron is listed as GRAS for direct addition to food per 21
CFR 184.1375. Sodium EDTA is a direct food additive per 21 CFR 172,135, A
published safety assessment on ferric sodium EDTA for FDA GRAS evaluation
concluded that it is regarded as safe when used as a source of dietary iron for food
fortification purposes {Tarantino, 2004). The recommend daily allowance of ron
for adults is 10—~ 18 mg. WHO has set the daily human intake of iron from ferric
sodium EDTA to be 0.2mg/kg body weight in food fortification programs (WHO
2000). Ferric sodiuvm EDTA is significantly more expensive than other sources of
iron and as a result, it is not widely used in fortification programs (Hurrell, 1997).

“Iron EDTA, like other EDT A-metal complexes, dissociates in the
gastrointestinal tract to form iron, which is bicavailable, and an EDTA salf;
absorption of the metal ion and EDTA are independent. Because of this
dissociation, consideration of information on EDTA compounds other than iron
EDTA is relevant.”(Hembach, 2000}

“EDTA compounds are poorly absorbed in the gastrointestinal tract and do not
undergo significant metabolic conversion” (Hembach, 2000). In fact, 95% of the
EDTA molecule is excreted in the stool (Hurrell, 1997}, Asaresult, EDTA
compounds have a low degree of oral toxicity. Toxicological studies have been
conducted to evaluate the toxicity of ferric sodium EDTA. In chronic toxicity
studies, diets containing as much as 5% EDTA were without adverse effects.
Acute oral tests found no adverse effects were seen in rats that received an oral
gavage dose of 5,000 mg/kg body weight (mg/kg bwi) of ferric sodium EDTA.
No rats died during the 14 day observation period, and no gross pathological
changes were found in organs in the thoracic or abdominal cavities at necropsy.
A LDS50 >5,000 mg/kg was established (see appendix C).

EDTA compounds have a very low dermal absorption rate. Only 0.001% of
CaNaZEDTA is absorbed afier dermal application (Institute for Health and
Consumer Protection, 2004). Acute dermal toxicity tests with ferric sodium
EDTA resulted in no adverse effects in rats that received a dermal dose of 5,000
mg/kg bwt. No effects on appearance, behavior or body weight were observed in
any rats any time after exposure. No rats died during the 14-day observation
period, and no gross pathological changes were found in organs in the thoracic or
abdominal cavities af necropsy. A LID50 >5,000 mg/kg was established (see
appendix C).

Inhalation of EDTA compounds is not expected to be toxic (Institute for Health
and Consumer Protection, 2004}, Acute inhalation toxicity trials with rats
resulied in no adverse effects when exposed by inhalation for 4 hours fo a
concentration of 2.05 mg/L. of ferric sodium EDTA. No effects on appearance,
behavior, or body weight were observed in any rats any time after exposure. No
rats died during the 14-day observation period, and no gross pathological changes
were found in organs in the thoracic or abdominal cavities at necropsy. A
LD56>2.05 mg/L was established (see appendix C).

14
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EDTA compounds are considered to be irritating to the eves (Institute for Health
and Consumer Protection, 2004). The cause of the irritation is due fo the
formation of an acid pH when the compound is dissolved in water. In a primary
eve irritation study on rabbits, ferric sodium EDTA was classified as mildly
irritating to the eye (see appendix C).

EDTA compounds are not carcinogenic in experimental animal bioassays and are
to cause an allergic response is expected to be extremely low. In primary skin
irritation study on rabbits, ferric sodium EDTA was classified as slightly irritating
to the skin (see appendix ). In addition, a dermal sensitization study on guinea
pigs found that ferric sodium EDTA was not considered to be a contact sensitizer
{see appendix ).

Chronic iron overload in humans has been known to occur. “Acute fron toxicity
has typically resulted from accidental ingestion of medicinal iron or adult iron
supplements by children. Symptoms of iron toxicity include lethargy, nausea and
vomiting, abdominal pain, black stools, and signs of shock, as well as metabolic
acidosis, liver damage and coagulation defects that may occur several days afier
ingestion. Delayed effects include renal failure and hepatic cirrhosis.” Toxicity
caused by long-term use of iron is more common in adults than children, but is
generally limited to individuals with metabolic disorders affecting maintenance of
iron balance {Heimbach, 2000). Poisoning symptoms may occur from Iron
overload caused by the acute ingestion of as little as 25 mg/kg body weight/day,
with clinically significant iron poisoning occurring at iron doses of 60 mg/kg
bw/d (Tarantino, 2004). To achieve a 60 mg/kg bw/d, il is estimated that a 10 kg
child (22 1bs) would need to consume approximately 77 grams of the end-use
Shig and Snail bait. This estimate supports the conclusion that sodium ferric
hydroxy EDTA will not cause ron overload.

Toxicological studies show that ferric sodium EDTA does not pose a threat fo
human health. The FDA considers it generally recognized as safe and the World
Health Organization has reviewed it and allowed its use as an iron supplement.
Therefore, it can be concluded that adverse healih effects would be unlikely to
oceur from exposure fo sodium ferric hydroxy EDTA and even less likely from
and end-use Slug and Snail bait containing 5.87% sodium ferric hydroxy EDTA.

Effects on Soil Oreanisms, Crops or Livestock

Sodium ferric hvdroxy EDTA is not expected o cause adverse effects on soil
organisms, crops or livestock. This conclusion is based on a} iron being
ubiquitous in the envirormment, b} the known role iron plays in plants and animals,
¢} the use of ferric sodium EDTA as a fertilizer, d) the use of ferric sodium EDTA
as a dietary supplement, e) the use pattern of the end-use product, 1) the lack of
propensity for ferric sodium EDTA to bioaccumulate, and g) the toxicological
data on sodium ferric hydroxy EDTA.

-
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Iron is the fourth most abundant element and the second most abundant metal in
the FEarth’s crystal rocks. As iron is 5o common in the environment, the
incremental amount added as a result of an application of Slug and Snail bait s
not expected to have adverse effects on avian, mammalian, or aquatic populations,
Any free iron from sodium ferric hydroxy EDTA will quickly react with
substances in the soil to form compounds that commonly occur in the soil.

{ron is an essential nutrient for plant and animal growth. In plants, it plays a key
role as a component of enzvmes involved in redox reactions, chlorophyll
synthesis and many other cellular functions. In mammals, iron functions in
oxidative enzyme systems involved in energy metabolism. It also enables the
hemoglobin in red blood cells to carry oxygen. Iron deficiencies in plants lead to
mterveinal chlorosis, premature leal fall, dieback of new growth, and stunting. In
mammals, iron deficiency symptoms include pallor, weakness, and shoriness of
breath.

Tron is commonly applied to crops as a fertilizer supplement. Iron deficiency is
difficult to correct because of rapid transformation of ron contained in fertilizers
1o unavailable forms in the soil. Ferric sodium EDTA is a chelated form of iron
that is used to keep the iron available for plant uptake. The recommended rate for
using iron chelates to correct iron deficiencies in field crops 1s between 0.56 1o
1.12¢ Fe/m2. An application of Slug and Snail bait adds 0.035g/m2 to the soil
The additional amount of iron provided from Slug and Snail bait is a fraction of
the amount applied as a fertilizer supplement.

Anemia due to iron deficiency is a common problem throughout the world. To
combat this, supplemental iron is added to foods or taken as tablets. In 2000, a
World Health Organization (WHO) committee reviewing the use of ferric sodium
EDTA as a food supplement concluded it to be safe for use in food fortification
programs. Iron is listed as GRAS for direct addition to food per 21 CFR
184.1375. Sodium EDTA is a direct food additive per 21 CFR 172.135. A
published safety assessment on ferric sodium EDTA for FDA GRAS evaluation
concluded that it is regarded as safe when used as a source of dietary iron for food
fortification purposes {Tarantino, 2004).

As mentioned previously, Ferric sodium EDTA has been identified as an EPA
List 4B inert ingredient. In addition, all of the other mmgredients present in the
end-use product are on either EPA list 4A or 4B. List 4A and 4B inert ingredients
are not expected to adversely affect the environment. List 4A ingredients are
considered to have very low toxicity or are practically non-toxic and are
considered safe for use in all pesticide products. EPA has concluded that List 4B
mgredients would not adversely affect public health and the environment as
currently used.

16
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Sodium ferric hydroxy EDTA does not bioaccumulate. In order to bioaccumulate
a substance has to be more soluble in cell material than in aqueous media and the
solubility in aqueous media has to be low. (i.e. less than 10 mg/L). Sodium ferric
hydroxy EDTA is quite soluble in water as are the degradation products.
‘Therefore, it cannot bioaccumulate in fish or other animals. 1t appears that any
metabolite of the EDTA moiety will contain at least one —COOH group and be
water-soluble. Bioaccumulation of the Fe moiety is not feasible.

Ferric sodium EDTA is used as an ingredient in several aquarium products
indicating that it is not toxic to the aquatic organisms. Non-target toxicity tests
have shown that ferric sodium EDTA does not appear to pose a significant hazard,
Of the species tested, only the water flea was less than 100 ppm. Based on the
non-target toxicity testing conducted on a diverse population of organisms,
adverse effects are not expected from use of sodium ferric hydroxy EDTA. See
summaries below:

STUDY RESULTS

Avian Acute Oral- Bobwhite guail | LD50>2038 mg/kg’
Non-target — Water flea LC50 32mg/L°
Non-target - Flatworm LCS0>100 mp/L”
Non-target — Snail LCS0>100 mg/L”
Non-target — Minnow LC50>100mg/L°
Non-target — Sideswimmer LC50>100mg/L°
Non-target — Pillbug LC50>100mg/L°
Non-target — Segmented worm LC50>100meg/L°

a. See appendix D
b. Ewell, 1996

Non-target toxicity trials were conducted on the end-use Slug and Snail bait
(Young, unpublished) and are summarized below:

STUDY RESULTS

Non-target — Ladybird larvae No significant effects — non toxic
Non-target — Carabid beetle No significant effects —non toxic
MNon-target ~ Melyrid beetle No significant effects — non toxic

SAFETY INFORMATION

The material safety data sheet for ferric sodium EDTA is found in appendix B.

17
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A National Institute of Environmental Health Studies substance report on sodinm
ferric hydroxy EDTA is not available.

RESEARCH INFORMATION, INCLUDING RESEARCH REVIEWS AND
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Frank, R., Rau, H. 1990, Photochemical Transformation in Aqueous
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Protection Special Publication 1.04.279
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ED'TA Compounds for Assessing Use of Sodium Iron EDTA for Food
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t} Young, C.L. Evaluation of the Toxicity of Various Slug Pellet
Formulations Including Multiguard®, Against the Larvae of a Non-Target
Ladybird Species, Harmonia conformis (Boisduval)(Coleoptera;
Coccinellidae). Unpublished.
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Formulations, Including Multiguard®, Against a Non-Target Carabid
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v) Young, C.L. Evaluation of the Secondary Toxicity of Snails Previously
Poisoned by Pellet Formulations Including Muﬁtiguarzﬁf&y {0 a Non-Target
Carabid Becetle Specics, Nofonomus gravis (Chaudoir). Unpublished.

w) Young, C.L. Evaluation of the Toxicity of Various Shug Pellet
Formulations, Including Multiguard®, Against a Non-Target Beetle
Species, Dicranolaius bellulus (Guerin-Meneville){ Coleoptera:
Melyridae). Unpublished.

12.  PETITION JUSTIFICATION STATEMENT

Sodium ferric hydroxy EDTA is consistent with organic farming and handling practices
and its use should be allowed in organic production. The justifications for inclusion on
the national list are: a) shugs and snails cause serious damage to crops and control
methods are needed to prevent economic losses; by alternative controls are available
however they are unreliable and inefficient; ¢) Sodium ferric hydroxy EDTA effectively
kills shugs and snails, yvet rather than being harmful to humans, animals, and plants, it
actually provides benefits; d) a similar synthetic molluscicide, ferric phosphate, was
recently included on the Hst; and ¢} ferric sodium EDTA is an EPA List 4 inert ingredient
and as such would be allowed in organic production as a pesticide inert ingredient.

Shigs and snails can cause significant damage {o plants resuliing in serious farm, home
garden and greenhouse losses. These mollusks damage plants by eating the leaves and
tender shoots or leaving a slime trail that detracts from the appearance of the produce.
Slugs and snails will feed on almost all crops including grains, clovers, corn, young
vegetables, ornamentals and small fruits. They are especially attracted to ripe
strawberries and tomatoes (Nielson, 2003). The economic threshold level for shugs and
snails numbers is crop dependant. Depending on the crop being grown, acatchof 1 10 5
per monitoring trap indicates a risk of economically significant damage and that control
is needed (Boucher).

Cultural methods are used o control slugs and snails but they have their limitations,
Barriers: Copper tape and diatomaceous earth are used to create a barrier that slugs and
snails will not cross. The problem with barriers is that environmental factors can disrupt
their ¢ffect. Diatomaceous earth 1s no longer effect once 1t is wet and must be reapplied.
Barriers will lose their effectiveness if vegetation or debris bridges the barrier or if a gap
exists that the slug or snail can crawl under. In addition, great care must be taken to be
sure that the mollusks are not on the inside of the area being protected.

Biological Controls: (insects and birds) Carabid beetles will feed on slugs and snails and
are capable of reducmg pest populations. Unfortunately, these controls also have therr
weaknesses. Carabid beetles are unlikely to be useful in protecting field vegetables as
pupae are often killed during cultivation and mollusks will use the plant as a refuge from
attack {Glen, 2002). Many bird species will eat slugs and snails. However, they cannot

provide short-term control and they are also capable of damaging crops {Glen, 2002).

b
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Physical Controls: (ie. beer traps and hand picking). Beer traps sunk into the soil will
effectively capture slugs. However, there are problems. For this method to be effective,
fraps must be spaced every meter and the traps must be mamtained every few days
{Symondson, 2001}, Hand picking works well for eliminating large slugs, but not the
small ones. This process can be improved by using shug shelters and by collecting at
night. Both of these options require a great deal of labor and are impractical for large
areas.

Cultural controls (i.e. cultivation and removal of potential shelters) Cultivating the soil
will kill slugs and expose them and their eggs to predators and removal of crop residues
will eliminate slug harborages reducing slug populations. Timing of these practices is
critical 1o be effective. Organic growers utilizing no-tillage practices or using mulches
will find these controls impractical.

Caffeine: Caffeine has been found to kill and repel slugs. However, studies have shown
that it is toxic to some earthworm species and # is phytotoxic to plants.

Repellents: (Aluminum Sulfate and Copper Sulfate) aluminum sulfate and copper sulfate
are only effective against very small slugs. They are quickly washed down with rain, so
repeated applications are often necessary. Caution must be exercised with their use as
copper sulfate is foxic fo fish and water plants and can be detrimental to earthworms. In
addition, aluminum sulfate has been linked to human health problems and it s toxic o
plants.

Baits: The only molluscicide bait available to organic growers is ferric phosphate. This
material was just recently added to the National List as a synthetic substance allowed for
use in organic crop production with no restrictions. This material is similar to sodium
ferric hydroxy EDTA. According 1o the patent, the end use product alse contains a
synthetic chelating agent (U.S. Patent #5,437,870). The toxicity profiles are comparable
and they use the same mode of action to control mollusks. The problem with ferric
phosphate as a molluscicide is that there is only one basic manufacturer of the bait and as
such a monopoly has been created for the organic market. An alternative is needed to
create competition and keep the costs affordable to growers.

Sodium ferric hydroxy EDTA is an effective control method that has a low toxicity level
to other organisms. This safety is based on the fact that the mode of action 1s highly
specific to mollusks and that ferric sodium EDTA is recognized to be safe. To be
effective, it must first be consumed by the organism. The baif is used in a manner and is
formulated such that mollusks are the most likely organism to consume it. Sodium ferric
hydroxy EDTA is highly specific to these organisms. It works by disrupting the oxygen
carrying capacity of the mollusks copper based blood. Humans and most other organisms
utilize a different circulatory process and as a result do not experience the toxic effects.
The USDA considers ferric sodium EDTA to be generally recognized as safe and they,
along with the World Health Organization, allow its use as a dietary supplement,
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Toxicity tests have shown that sodium ferric hydroxy EDTA will not harm non-target
organisms. The EPA has determined that ferric sodium EDTA would not adversely
affect public health and the environment. Tron is one of the most common minerals in the
environment yet at times it is limiting in plant nutrition. The iron in sodium ferric
hydroxy EDTA is in a form that is highly available to plants and ferric sodium EDTA is
used as a fertilizer supplement.

On March 2, 2005 the National Organic Standards Board set a precedent when 1t
recommended to the National Organic Program that ferric phosphate be added to section
205.601 of the National List. The rationale for the decision was “The material is
consistent with OFPA and meets the three criteria — minimal impact on humans and
environment, no non-synthetic substance is available for moilusk control, and the
material is compatible and consistent with organic production practices.” Sodium ferric
hydroxy EDTA is similar to ferric phosphate; they are synthetic, they have the same
mode of action, they have similar use patterns, they contain synthetic chelates, and they
have low levels of toxicity to non-target organisms.

Both ferric phosphate and sodium ferric hydroxy EDTA molluscicides are man made.
The manufacturing processes are similar in that the both have sodium sulfate and water as
by-products. The only difference is that the production of sodium ferric hydroxy EDTA
also results in ammonia as a by-product. The ferric phosphate and sodium ferric hydroxy
EDTA are combined with other inert ingredients and formed into a bait pellet.

The mode of action for ferric phosphate and sodium ferric hydroxy EDTA is identical. In
both cases, an iron compound is ingested and absorbed by the mollusk. The iron ions
move into the blood stream and then bind to hemocyanin, Hemocyanin is a copper
compound that functions as the oxygen carrier. When iron binds to the hemocyanin, the
pH is changed and the oxygen carrying capacity is reduced. The ultimate effect is that
the mollusk dies from suffocation.

The ferric phosphate and sodium ferric hydroxy EDTA baits also have similar use
patterns. Product is applied either by broadcasting material over a large area orused as a
spot treatment for small areas. The main difference is in application rate. The ferric
phosphate based bait is applied at a rate of 1 1b/1000 fi2 while sodium ferric hydroxy
EDTA bait is applied at a rate of 0.5 /1000 #2.

Sodium ferric hydroxy EDTA and iron phosphate baits contain a synthetic chelating
agent. Although the exact formula used in the ferric phosphate product is not in the
public demain, the patent is (US Patent #5,437,870), and it discloses that the bait must
contain a synthetic chelating agent to be effective. The patent specifically identifies
edetic acid, hydroxvethyl derivative of edetic acid, or salts therof

The toxicity of sodium ferric hydroxy EDTA and ferric phosphate are comparable.
Companies registering pesticides with EPA are required to conduct specific toxicology
studies. The studies include acute oral toxicity, acute dermal toxicity, dermal
sensitization, ocular irritation, dermal sensitivity, and acute inhalation. LD50s are
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determined for the acute foxicity trials and ratings are generated for the others. EPA
takes these data and places them into categories based on sef criteria. Tests conducted on
ferric sodium EDTA and ferric phosphate resulted in the products receiving the exact
same EPA category ratings. In addition, ferric phosphate and sodium ferric hydroxy
EDTA were used in non-target toxicity trials conducted on Bobwhite quail. Both
materials had LDS30s greater then 2000mg/kg.

The final justification for adding sodium ferric hydroxy EDTA to the National List is that
its precursor, ferric sodium EDTA, is on EPA List 4 of inert ingredients. Section 205.601
M (1) EPA List 4 - Inerts of Minimal Concern allows the use of synthetic inert
ingredients in pesticides for use with non-synthetic substances or synthetic substances
listed in section 205.601 and used as an active pesticide ingredient in accordance with
any limitations on the use of such substances. Ferric sodium EDTA is included on EPA
List 4 and therefore if it were used as inert ingredient instead of a precursor for the active
ingredient, it would be allowed for use in organic production. It is possible that ferric
sodium EDTA is currently being applied to organic crops as an inert pesticide ingredient.

Based on the facts that slugs and snails cause serious damage to crops and control
methods are needed, that alternative controls are available but are unreliable and
inefficient, that sodium ferric hydroxyl EDTA is an effective molluscicide that provides
benefits to crops, that ferric phosphate, a similar molluscicide has recently been allowed
for organic crop use, and that the precursor to sodium ferric hydroxy EDTA is allowed
for organic crop use as an inert ingredient, we request that sodium ferric hydroxy EDTA
be added to the National List as a synthetic substance allowed for use in organic crop
production as a molluscicide with no restriction.

j ]
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| wetate- or ethylene-laheled ™
: was added 1o reaction
buifer, a saits solution

i,

IEX BN
antd b
frem the aerared lagoon. Al
tion periods in the dark. ths
8 Grmation in each sam pie wa-
arespirometrically, As shown

= “the initigl radioactivity .ol (i

ki § NHFe[*C EDTA WHR TBCOVe:

matographed on a Bather-Coleman 5000 gas chm =
matograph equipped with sither & 4.t or 2 68

-& o-day incubation period;
ethylene-labeled compound,
5 OvEryY was obsgerved after -
Therefore, both the ethylene |
| .xetate side chains of the EI).
degraded in this process.
. Effect of pH and tempersa!
“CIEDTA degradation. The
®ere used o determine the
ndegradazimn; Ld-pipgrazinec
cid at pH values herweon
: ycimxyethy%gimrazim - N
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) tion, bath a long 3 fragorated 1o dryness under ftrogen with 3 N hydrg.
edie} and a shoet capnuls 0 Hioric acid-bulanol at 85 C. The butylnted zamples
vere piaced through the | were dried and then caused 10 reagt with 254 {valfval)
Attached 1o the langer- S8 Gillucronce:ic anhydride in (3 Ly {4 21), Witk
stisched (o the shorter 2 Tame s detection esch of these cempounds
ten vials containing 17 G could bhe o tan 00D mM on g s
phenethylami = 2 i

wifwt) dieth 3 pate columnp, §
iti s confirmed the presence [

ne, NNEDBDA, and M

vials af g 84

EDMa,

4 #:.a;i

t n D experimen Psamples,
g first via 7 n-butyls worcacetyl derivatives of EDTA
0O, ind EDSA formed iy experimental samples were not

counted by using a Pap.
ation spectrometer, [n
Cocktail (New
on, Mass.) was ysed far
lowever, in later studies
tman Kodak Co., Roch.
i was tsed.

dintes in degradation,
bz intermediates in the
nl of Allen basal salss
“Awtivol) NaFe EDTA
&liter Fernbach flasks,
"I min st 171 C) Plasy
‘ed as an uninoculated
tsuspension, and 30.ml
n, This flask served as s
tved as an experi.
mgfnl {dry wi) [finsl
sien. To prectude the
.o the flasks were ineu.
pErature,

¢ removed from the

used for their quaniitative analysis sinee these deriva-
" tives ey very late from the 59, diﬁeth}'fer‘:egly{:o]
{h Ft}rthermgre, standard samples of
te) did not react quantitatively
snder the mild butylation conditions used,

émabie-famsizug mass specirometer with Mattauch-
feomelry. N.butvitrifluer zeetyl derivatives were
formed from standard samoles of EiTaA, EDaa.
EDMA, NTA. IDA, N N.EDDa, N NZEDDA, and
Breine. In some cases imaurities and reagent residueg
shseured their lower
portion from the 4-day biodegradation sample wag
mtroduced into the inlet of the mass spectromerer and
#veral scans were taken as the inlet temperature was
gradually increased, This procedure provided a pas-
el separation of tampanents of differeny volatility.
Parent peaks g well as ar least (wo wther unique
fagments were abserved for sag compountd except
dycine. However neaks characteristic of glycine bar
WL unigque Lo ihis compound were abserved i the
bodegradation sample, - :

LET TN e o

RESULTS
of acetate- and ethylene-labeled EDITA. Deg.
rdation of NH Fe.-EDTA was observed ini.
tally in & series of experiments in which either
elate- or ethylene.labeled NH Fe-[*CIEDTA
¥as added to reaction mixtures containing
baffer, & salis solution, and biological material
fom the aerated lagoan. Af

ier various incuba.
ton periods in Lhe dark, the exten: of HC0,

Initial studies demonsirating degradation
of 3 N HO with an
sdel no. DC.SG The
1alyses wag 1 oo of
uracy and o precision

nalyses. Samples for
with HCI and stored
is. EDTA and ED3A
tying samples under

residue 1o reset with frmation in each sample was determined radi-
¢ Chemieals, no. 3706 sgspirometricaily, As shown in Fig, 1. 27% of

ding 10 the procedurs
| portions were chro.
man 00 gas chro.
Brd 4-f1 pr g &y
ube packed with 1%
te un Chromaosarh W,
cenirations of sither k
DA {rnonosodium
el wers prepered,
o a5 standards, With
mits of detection for
LimMM,

W MN.EDDA, and
5 their nbutyle
FEenelion of samples

71
the initial radicactivily of the acetate-labelad
NH Fe[“CIEDTA was recovered as “CO, afte;
1 3-day incubation period: and in the cpse of
B tthylene-labeled compound, a 31% “CO, re.
very was observed afler (his iirme period.
- Therefore, both the eithylene backbone and the
zelate side chaing of the EDTA molecules are
[ degraded in this process,

Effect of pH and temiperature on NH Fe-
"CIED'TA degradation, The following buffers
#ere used (o determine the effect of pH on
L cerradation: Ld-piperazinedicthanesulfonic
acid nl pi valyey between 5 apgd 7, Ny
hy‘dmxye'LE'L;,:‘!pig}es*azine - A -2 ethanesullonie

EDTA BIODEGRAT

Mass spectra wers obtained on & CF CLF-TIOR

mass fragments, A derivatized .

Heference g
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s Farmas

% Moo

Yo

)
Teme idayi)

Fio. 1. 00, evolution Irom  agetote. gpd
ethyleng lobeley NH Fe[“"CIEDTA, Eack  30.ml

serum  bottle contoined 0.9 mi of 1 M poressium
mhosphate buffer, BH 73 F milof Allen basal sairy, |
il of vell suspension, and either 0.2 m] af NH Fe.[2.
VUCIEDTA (geetate) (78,500 countsimin) or 0.3 mi of
NH FeEDTA- (Y lethvlens (94,800 countsirin), Al
vials were ineubated in the dark at rogm temperatire,
and each point represents an sverage of itriplicate
determingtions, Controls were heated ar 100 for 14
min befors the addition of t:‘ze‘mdioa«:titziz;m E

acid at pH 7.5; N-?ris(h};dmxymeihyl]methy%»
glveine at pH 8.0: and tris(hydroxymathy{}«
methylaminopropanesiifonic acid at pH 85
and 9.0, Buifers were addedd ar a final concen-
tration of 0.2 M and the vials incubated for
o days at room temperature, Degradation oe.
curred at all pH values tested beiween 5 and a:
optimum was between 7 and & Of the three
temperatures testad at . pH 7.3, the best for
degradation was reom temperatare {ca. 27 O
There was s 98% decrease in 00, evolution
at 3 C, and a 49% decrease in BCO, evelution

“Effect of various carbon sources on NH, Fe-
EDTA degradation. It seemed possible that
auxiliary carbon sourpes might stimulate
NH, Fe-EDTA degradation. Various carbon
sources were added at a fingl tonceniration of
0.1% to a reaction mixture containing biclogical
material from the aerated lagoon and NH Fe.
{2-#CIEDTA. Incubation conditions are as de-
scribed in Fig. 1. These experiments indicated
after 5 days a 2.7-lold increase of HCO, evoly-
Lion in the presence of added NaFe.EIYTA pver
control vials containing no sdditions, Increases
also were observed when either NTA (1.8-fold)
or ethylenediamine {1.2-fold} was added to the
standard reaction mixtures, In conirsst 10 the
stimulation sbserved with the above com.
pounds, the addition ol several aming acids
le.g.. L-glulamale, L-aspartale, L-serine, i.ala.
nine, glyeine} and sugars (e.g., p:lructose, n.




glucose, and glycer

el} strongly inhibited degra-

dation.
Effect of various microbial inhibitors pn
degradation. To obtain additional evidenge

indicating that EDTA depradation is biclog.
ical, and 1o £8in some insight intp the types of
MICroOrganisma involved, g study of the effec:
of various antibiotics 8nd other inhibitors onthe
degradation was underiaken, 4 strong inhibi.
tion of L0, evalution was rved after 4
S-day incubation with gz of antibioties
inctuding novobiocin (98% 4 I mg/ml), ehlor
amphenicol (86% ar 11103 1/mh, strepiomyein
{(B2% ar 2, j
mg/mly, peniciiiin G at 5,560 U/mly, and
formaldehyde (00% gt 8% vol/voll. Samples
that were heated L1085 C for 10 min before
the addition of the radioactive sybstrate demon.
Cstrated an 2439 inhibition of
over untreated econtrgls,

EDTA disappears
enalyses. Since prey ce for EDTa
degradation was based on resulrs obtained by
means of a radimmﬂpiz‘emearic
verilied degradation Gf ot LOMpPOUng by other
technigues including toral Urganic carbon apal.
¥315 {TOC) {Fig. 2. NaFe-EDTA (0.1 fwifvoly
was the sole carbon SOUrce present in the flask
Therefore, 4 decrease in tora] nonvolatile or.
sanic carbon is indicative of EDTA utilization,
A reduction of B35 in total rnonvolatile organic
‘arhon was observed after 5 days, -

EDTA disappearance in the flask also wag
Jeasured by a GLC method quantitaiive for this
hemieal, Thess experiments, summarized in
g, 3A, demonstrated 4 decrease in EDTA
Jncentration from 2.6 mM 1o 0.29mM during a
-day incubation period.

Identification of Possible.products and in.
‘tmediates of EDTaA degradation, Varipus
'mpounds in reacrion mixtures containing
OTA and zerared lagoon materia: were iden.
ted by a GLO method quantizative for aming
Iyearboxvlie acid (4, 213 These studjes are

mmarized in Fig. 34 and B. Along with

frease in EDTa
able

i

b

MCO, evolution

¢ by TOC ang GLC
us evidene

teehnigue, we

@

Loncentration, there was g
increase in the toncentrations of hoth

3BA, ang IDa {Fig. za). This increase ip
1BA and DA concentrations appeared 1o

«h & maximum at day 2, after which time
T8 WAS & Dronounced decrease in the ievels of
s¢ possible intermediates, Such decreases
sumably ean he exslained by 8 further
rabial degradation of ED3A and DA in
trol samples, ED3a and A werg present at
than 0.1 mM.
i oontrast to ED3A and

DA, other possible
rmediates

in the degradation of EDTA were

- Pounds exceps giveine

v

arbon, 10~ 2
3
L3
L
.
~
ra
e
o,
.
; ,/

Time, days

?]n
SHL

2 TOC and the calculaterd total of orgnale
“6rbon present in all identified intermedigres. Solid
l TOC anatyses: detted line represens
the sum toral of organic carbpn for oll Intermediargs
aetected by GLT (seo Fig, 3). i

IRg represents

oy

detectad in ather low oo

cincentrations {less than
0085 mM

..... Y (Fig. 3B} included among these
Lompounds  were hoth isorners . of ethvlene.
diaminediacetic acid (N MN-EDDA. and N A
EDDAy EDMA, NTA, and glycine, Fach
of thege compounds was detected in 2-day-oid
samples with maximal CONCENLIraiion occurring
at Ito's davs, After this time period, a decrease
in concentration of these intermediates was
observed, In control samples, these chemicals
were found at levels less-than 6.01 mM.

Mass spectral analyses, Tp verify the pres.
ente of the intermedistes demonstrated by GLC
analyses, the fragmentation patterns of the

buty] ester trifluoroacety] derivatives were de. .
' as shown in Table 1. The spectra of |

termined
these known compounds were compared with
specirs observed in g similarly derivatized sam-
ple from the Previous 4.day degradation study
{Fig. 34 and B). Molecular ions and unigus
fragments were obtained for all of the Lom-
listed in Table 1.
Caleulated versus actual nonvelatile or.
ganic carbon. To determine whether ail inten

mediates of EIFTA were accounted for in the
previous GLO analyses, the total earhon for ali
intermediates detected by GLE was calculated
and compared with total nonvolatile earbon
analysis (TOC) of the samples. As shown in Fig.
2 consistently higher amounts of carbon wers
detected by TOC analysis compared to calou-
lated carbon contents, :

BISCUSSION

The present study is the first to demonstrate
biologies] degradation of EDTA i an aguatie
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bl
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i

a1

..... — B S¥stem and to identify pessible intermediates in phot (i} optimum degradation was ob.
_:": this degradation. These results have signifi.  served at o7 rear physiological temperatures
_,?: tance not only in ssing possibie accumuia.  and pH values; {iii) degradation was stimu!
4 .88 Lon of this chemical in environment, but by the addition of possible intermediates of a
_',j H50 in changing the consensus expressed in  biological degradation including NTA and
e ot iterature indicating the recaleitrance of ethylenediamine, and inhibited by the addition
\‘\ s EDTA molecule to microbial attack (1, 7. of various sugars and amino acids; {iv} controls

pretre

onsira

ted with heat or with formale hyvde dem-
ed little or ne activity:; tv) degradation

se of possible underestimation

N S i . . ey .
" S : with the radior wigue,  was strongly inhibited by severs
" T 7 & GLE Lechnigue ar al nonvolatile  known to affeet microbial protein :
Tl roon ATOC) analvsis were yge 10 measure brane function.

exient of breakdown of EDTA. These stud. a1 involverment is indicated by the
ies demonstrated approximately 8% degrada- strong inhibition observed with chloramphen;-
ton of EDTA after 5 days based on the GLC  col (86%) and streptomyein (82%). On the other

<, and & 63% reduction in TOD during  hand, eycloheximide, an antibiotic . primarily
1] k£

L0

£
r

this time. Differences between these two acting on sucaryotic cells such as algae and
methods probably are attributable to the organic  fungi demonstrated 71% inhibition. Because
sarbon present in.various intermediates of deg- adsorption and inactivation of the antibiotics
radation as well as to cellular carbon released as might have occurred during the tong duration of
aresult of lysis during the course of the experi-  our experiments, a rather high concentration of
ment. antibiotic was added. Therefore, the exten: of
It seemns clear that the degradation of NH. Fe- involvement of each microbial group is difficuis -
EDTA reported in the present paper is biclogi-  to determine. ) :
cal. Beveral lines of evidence supiport this con- Qur experiments demonstrating a decrease in
cdusion: (i) 2} incubations were perlermed in 00, svelution from NH. Fe-1“CIEDTA when
the dark, thereby precluding the possibility of certain amino acids or sugars are added can be

total of organic -
ermedintes. Sotid

w5 doteed lne represents
ton for gl intermediates

ncentrations {iess than
ncluded among these
somers of ethylene-
WN-EDDA and NN

and glycine. Each
detected in 2-day-old

rncentration occurrin 1@ ' ) ‘ ' l
time period, a decrease | o3 & i
se intermediates was 52 y x : : 7 ¥ o8 ' E
iples, these chemieals | M A 7 -
than .01 mM. o

28, To verily the pres- - j
demonstrated by GLC i N
tion patterns of the - LA _

I derivatives were de- - 3 T
sble 1. The spectra of S £ ] ]

were compared with $ o8 ]

larly derivatized sam- b

-ay degradation study 3 ;

Har jons and unigue B i f

for all of the com. 3 3 . él :

2d in Table 1. . @k ™, = ¢ H ',

tual nonvolatile or. h\\ . o é 3&»—-——0N?ﬂ%\ PGiycine

ine whether all inter- oo e 3 ;

accounted for in the 3 - o1pa . 1 \emw»?am
1e total carbon for al] JHER, o - f T
"GLC was calculated I8 i ] !

I nonvolatile carbon § i

ples. As shown in Fig, : ) ! ; ; s ;

wiis of carbon were - Q0 : ¥ 5 g 9 iz “ ¥ s & & o e

4 compared to calea. Time, doys Time, days

Fio. 3. (A4 and By, Possible intermediates of EDTA degradation. Five milliliters of sample was removed
from eack flask ar the time intervals indicated. The samples were centrifuged ond the clear supernarant was
kept frozen until anaiysis, Each experimental flask contained 3.59 mp/mi Udry wi) {final concentration) of celf
suspension in addition te a bosa! salts selution and :"v’aFe-EDT,‘L Intermediates detected. &y GLC analysis
nclude EDTA, ED3A, Elydine, IDA, EDMA, NTA, N-EDDA. and NANEDDA.

HON

lirst Lo demonstrate
ZDTA in an aguatic



THuLE | Mass speetrgl anatly

$i5 for varipus Possible intermedingese

Cempoungt Stryciure of derivative

paliern im/fel

|

i o] 0
Glyeine ]

{1

. H H]
ntquwaCH,u—NH—é‘wCP,

o

o
L SN TRV S

DA i 7,229, 211,
{‘l} [§]

- W A . B S ats an ooe

EDMA BBl (ot o, c:—{,‘_z\.’va{:}‘:EmCH,wm’-w-x:(}»r;tfxa, 366.7 797, 285, 953

NNZEDDA

| 0
|

S N T CH e CH e N, e
i

78, 184, 143,

480, 406, 379, 310,

Partin! fragmentation ;
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5 postulated far the degradatic
5 miyed Popuintion of micooT,
the seratpd lagoon. One palhs
involves metabolism of the B
e successive removal ol
weveral other secondary sn.
have been reported (o he

£ similar oxidative cleavage of
& form amine and aldehyde pr
In the case of EDTA, the
 products would be ED3A ane
then would he metabolized ha
¥ bond clesvape ultimately re
mediaming and glyoxylate

e Recent resuits in our laberar
E unpublished data} indicate

bamine can be metabolized 1

B sumably, NH -

i C iy J 53, 184. 181 2 Another méchanism is reGU;
; P i ! i cecurrence of NTA and DA
i CF, CF, B lures. Based on reported micres
} for the cleavage of alkyinitroge
?}’ (“; 1n arhine and gn aldehyde ax
i 4 i i ) 3 S, P Fl -
NN-EDDA [ (n-Ei,an“C—CHE},~I\J~C§-{,'wCH,—»——?\J-»»—{E -CF, 384.7 319, 983, 758 18], at teast ¢ dxiregtn? 7
! }fl : plain the occurrence of the-
i ! :
it - .
NTA Nm*({:}’i;—ﬂff}—nh—gt;j, 3590 285, 258 158, HOOC-CH, 3, Ky e,
44 Eora
o . o ,
(B y o oy iy S .
ED3A \nwbuhOwqu‘{,},wNw—CH,hLHr~ ‘—LH,wawi}ﬁn»—m 498, 397, 328, 938,
' ’ 227, 189 .
‘?q’:} (HOOE -1
OF,
EDTA ?L ‘ ' : - ,
L£15508 S STy T w—wCH,},—jN—-‘CH,»—CH,»—Nm(C “i,—-wﬁ,——Q-—rswE)uJ, 5167, 442, 415, 258,
: g - 227, 144 :
*The butyl ester trifluoroacetyl derivatives of known compounds wers determined on » CEC«?_I-IEQS
dz)ub!e-iucusing TRESS specirometer of Mattaych gevmetry. g
*See Fig. 3A and B for detgils.
 Parent peak.
. . . R -, i . , : Fic
nterpreted in several ways, First, ths presence  analyses were used to identify possible interme.

of such organie tompounds or their metabolites
Ay repress the synthesis of oneg or more of the
MIYmMes reguired for EDTa degradation. See.
md, since many of these sugars and aming aejds
re rapidly bimdegradad, 2 preferential ytiljza-
ion of such tompounds over EDTA may have
ecurred In reaction vials, And finally, the
ddition of certain SUgars and amino aoids may
ave produced population shifts in the vials
wulting in a decrease in the Eﬁ’i‘ﬂ—utiiizing
opulation,

GLC methads confirmed by mass spectral

S T n o it

diates and end preducts of EDTA degradation.
These analvses indicars ihal B3A and DA are
probably intermediates, In addition, low levels
of other possible intermediates, including N N.
EDDA, MN-EDDA, EDMA. NTA, and glycine
were observed, It is reasonable that all thes
intermediates have resulted from the microbial
degradation of EIDTA, but the possibility tha
somne of these compounds may have been formed
during derivatization cannol be eliminated,

Based on the presence of ali these compounds,
may be -

at  least two differeny pathways

{HOOC-Chy b, N~ Chiy.
£OT4

- -
(00C-CH, ), Loy

g0z

{HOOC - Cotyl,
Al A~
- Fig. 5. Propose
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dintes* postulated for the dc«m ation of EDTA by the

,
Fragmma— ; mixed population af microorganisms Dresent in
pEtiern (m e} M heaerated lagoon, One hway shown in Fig. 4
B nvolves metabolism of the EDTA molecule by
_:‘ the s ive removal of Z-carbon units.
T Several ather ncary and tertiary amines
33‘; ‘{983 H have been Te purtrzd £0 br metabely :
: s (8, ILJ 15}
141287, in the ] .‘f—naloguus initial
184 products § Be A
thern would bs: m ~tubus.
bond cleavage, altimately resulting in ethyl
AGB.7 292 265, 953, enediamine and glvoxviate as end p:uuztts

240,228, 184, 138, fecent results in our nhox.:mrv {K. Belly,

26 wnpublished - data) indicate that q:thyleneéi-
tmine can be metaholized 1o CG, and pre-
4807 4(30,91;’ 314 sumably, NH,*
) :

53
w184 “_” Another mechanism is rﬁqm:ed toexplain the

At SRk Bl e 44

Page 7 of 8

RADA'"*I{W 743

{Fig. 5}, Whather NTA or its aldehyde is formed
biologically from EDTA, ED3A or N,NI DDA,
or all of these ch?mxcﬂxs TETMEBINS 1o be deter.

MTA-aldehyde may be converted to

mined.
NTA by either 2 d Cgenase reaction or by
iedje et al. (20, apd

an idase rpaction
s and MNobie {9} have “mr,oaed that NTa
=tabolized hv an oxidative cleavage resyle.
n the formation of glvoxviate and IDA CIDA
’-1"1dm[4:e'c a similar oxidative cle
H“m glyzine and glyoxyviate. Roth ¢
g ‘w ine are metat

S
d3ou
-

cavage
gloxylate
walized res dity bv avariety

of microerganisms to form CO, and in the ¢ase

of glyeine, NH * is released.

Highest C«:»menirat%ons of the possible inter-
mediates of EDTA degradation were obtained
between days 2 and 4. After this time, a
significant decrease in the levels of many of
these compounds was detected, Buch a decrease

“wecurrence of NTA and IDA in reaction mix-  can he explained by metabolism and degrada-
wres. Based on reported microbial mechanisms  tion of { the intermediates of EDTA degradation.
for the cleavage of alky! Aitrogen bonds forming If this explanation is correct, then the present
B amine and an aldehyde as products {8, 10, study indicates that in addition to EDTA, other
BH40 310, 281 258 43), at least three mfﬂ:rmt reactions can ex- intermedistes such as ED3A, EDDA, and
i plain the occurrence of these iniermediates  REIDMA also can be depraded by micr DOTZanisms
CHO
]
aro sl _LH-CO0M
s OO0~ CHg b N-CH, Oy - [ EHp L0, < (W}\’)C-ﬁﬁ;l R OHyCH 8
144 ? / N
FOTA FD3a
4587, 397, 328, 738,
277, 199 H Re RS
e 2 z-’\'—CH?CHrN:“F W= HoChy i)
WA DA #, N‘*.E'ﬂﬁ.d
316, 442, 415,
22T, 44
dined on a CEC.91.1108
"\ ;‘H )
W~"5'“*’3-‘*z"~3“z‘?"\ﬂ o ese L0 s MHy
Ltpiens dicing
5 & sed : o e o fation.
ntify possible inters Fi. 4. A proposed pothway for EDTA degradaetion
»f EDTA L%Pg’rade,t on., .
18t EDJA and DA are NHICH, - COOHY,
Y i pa
n addition, low lovels 18 {HOOC-Crz ), NmCHaOH, - MICH,~COOM),
iiates, including N N- fora N
AA, NTA, and glycine! HH, CrépCO0H \
onable that all these : £ Gireine b
: HOOC - CH b 8 Do £y, ~f NI CH-CO0H o o AHOOC ~CH,), NoGH, -¢
ad from the microbial HO0C EHal, - Cety iy b ¢ "wra Yz
i the possibility that I8 £034 NI Aol hyde
3 e
nay have been formed 8 hae, e
not be eliminated, N R S 1 . A —

all these compounds, T

f A A EDRA
pethways may ba y

. Proposed mechanisms for NT

A-aldehyde formation from EDTA.




in aerated lagoons, and i5 consistent with find.
ings that both the ethylene and acetate parts of
the BEDTA molecule are metabolized to similar
gxtents.
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i . There are many species of slugs capable of causing economic damage 0
ereenhouse »[U{M a ad Lftd crops such as crucifers, strawbernes, ra }%wﬂ s, potatces, tomatoes, beans

and lettuce. Most species survive the winter as eggs of adults. An adult may be a smgze sex o1 have both
male and female reproductive umaﬂs {hermap hrodi tic) and be seif-fertile. A single individual 1s capable
of ]‘rnduamsﬁ up to 500 egws, which are deposited in batches of one to several dozen under stones, debris
orn the soil. Fges usually hatch 'm 315 spring or E%Eh summer. Slugs are nocturnal feeders, hiding

during day

viight hours.

During w - erowing seas wumbers of slugs survive the summer months and may move into
cultivated fields from wee drampage ditches or nE%M“ moist, sheltered areas, (_s op damage is
usually most severe in late summer or early autumn of cool, wet growing seasons, mgma ally when
precec led by a mikd winter. 5 ;a.aij}e sl,,zgpm,nnaumas mav ,mi dupin fields previously i no-till corn,
atfalfs, potatoes and strawberries,

3
“.3 I o

ape and Beon Shugs feed by grating away the surface of the plant tissue with a tooth-covered
néula which works like a rasp. This type of feeding injury is easily distinguished from caterpillar
feeding on thick-leafed cole crops like cabbage. The grating action produces a large wound on the leaf
surface nearest the slug, which gradually tapers to a smaller hole through the opposite surface. Slug
injury to cabbage appeafg rageed compared with the clean-sided incision typical of caterpillar feeding.
On thin-leafed crucifers or other crops, insects produce leaf injury which is virtually indistinguishable
from slug feeding. The presence of a glistening slime trail can sometimes be used to distinguish slug
IRIUrY. %Eb@ most nsect ;*feﬂ:ﬁq can be found on the foliage émmg davlight hours while slugs tend to hide
off the plant. Slugs attack the fruit of tomatoes and strawberries leaving small {1/2-inch fong), shallow
holes in the fruit's surface.

Scout for signs of slug feeding on crop plants near the weedy borders of fields.

Muonitering, A covered pit can be used to provide a humid, sheltered hiding place for slugs during
daylight hours. The pit should be four inches in diameter and six inches deep. An aluminum foil-covered
shingle or a board can be used as a cover to provide a cool refuge from the sun. Slugs tend to congregate
inlar we numbers i these shelters : mE may be counted and destroyed during daylight hours. Set
monitoring traps near field borders. The traps will not function as well in “e{,c..,{f‘g fields or with crops like
cabbage which provide adequate shelter for slugs beneath large-frame leaves close to the ground.

Action Thresheld, The literature suggests applving control measures when one o five slugs per frap are
found.

Cultural Coentrol. Maintain good weed control within the field and along borders to eliminate daytime
refuges of slugs.

{ hemical Control. Baits are much more effective at controlling stugs than are foliar apphied
msecticides. Therefore, it is important to distinguish between caterpillar and slug injury. Apply baitsina
clean cultivated strip along the margins of fields to intercept shugs entering fields from weedy borders.

hitp://www hort uconn edu/ipm/general/hitms/slugs htm 8/19/2003
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%, broadcast the bai’z through
SOUTCES %L T bh

For crops that provide plenty of foliar cover near g
the entire field 1f slug damage is a problem W Pl:J‘S _i 0
i‘uctf: the effectiveness of baits, hfietaifsein de baits {e
control on many crops. Metaldehvde use 1s prelub
orm. Follow label application instructions carefull

http://www hort uconn.edu/ipm/general/htms/slugs htm 8/19/2005
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MACROMUTRIEMT CONTENTS OF MINERAL 30LLE 3

trient Content Commonly Found in Seifs and

s of o Representative Surfoce Soil

ipg jn Microm
rpested Analys

Tanng 2.7,

Suggested
Analysis of 2
v chrmcma,ivm
: Surface Soi
MNutriens Perce me. {ppm}
iron 0560 -5.008 ,LQ 50,0007 25,000
Manganess 0020 ~1.860 . {1 IU GOG 2,500
Zing 0401 -8.025° 250 106G ‘
foron (0005 0015 150 3
Copper 00005 ~9.013 S it 56
Chlorine G007 -4 i 1000 50
Cobalt 00001 ~0.005 = 56 13
Molybdennm (. 40002-0.0003 0.2 5 2

" ppm = paris per million. These sstimates ase based on published data from s number of sources, especinily

BEchalt (4%

The deficiencies of micronulrients dsngermi in many of our soils in

rpeent years have highlighted the practicat significance of these elements,
ESﬂcng macronutrient fertility nreb?cms re more widespread, however,
they will be given our first attention. Micronutrients will be considered in
more detail in Chapter 18 S

P

FOUR NUTRIENT QUESTIONS. To arrive at'a’ ieym} conclusion as to why
nutrient deficiencies often cccur in soils; four phases must be examined.
They are {a) the macronutrient content$ £ mineral soils, {b) their forms of
combination, {c} the processes by wh ch, [ﬂf‘rbﬁ elements become available
to plants; and {d}ilc soil solution andz i -ﬁl"Sﬁ phasas wil Ebecensléﬁfe&

n Ozd:‘:l‘

2:5‘ NﬁAéITRGNUTRIENifCGNIENA OoF MINERAL SOILS

The chemical composition for representative surface soils of humid
temperate and arid temperate regions is given in Table 2:3. I should be
noted that such figures do not Bt any particular soil but present a very rough
average of the data available for top soils of these two regions. These data _
suggest that soils of arid regions are in ga.nmai higher in ali of the important - .
constituents except organic matter and nilfogen. An exception even to this '
is found in the black earth soils (Mollisols) of subhumid regions, which
sometimes range as high as 16 percent of organic matier and 0.70 to §.80
percent of pitrogen.

ORGANIC MATTER, NITROGEN, AND PHOSPHORUS. The percentage of organic
matier exceeds that of any other constituent listed in Table 2:3. Yet its
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SUPPLY AMD AVAILABILITY OF PLART NUTRIE h See. 205 mas
Tapre ? slatier and Primary Nutriesis Present in soluble in i

urface Sinfy e

“"v-“"'xf i‘ gl Minera! iotal amount

sntutive Analyses :
— e 2 ?mf..sm i
Humid Region Scil| Arid Region Soit” Lot {
o Rd’ﬂ;"s That ~— S
Ordinarily May- H
He Bapected farrow

Bfacre-

it is generally p

O § J
Constintents {4 Percen: sice Percent’ stie ¥ : soils tend 1o be
- : : i correct this
Organic matter $.40-10.00 4.00 50,000 325 63,000 i
Nitrogen (M) 8.42- 0.30 .15 3,600 812 ;;»ﬂh] i
Phosphorus {P) 0.01- 629 .04 66 G6.07 1,400 i
Potassivm E’RJ G107~ 330 1 34,000 2.80 403, i3 ;
Calcium (Ca) 0.07- 360 040 8000 100 20.000 j
Magnesinm (Mg} 0.12. 1,50 4.30 6,400 660 12,500
Sulfur (%) 0601~ 0.260 .44 EO0 .08 1,800 i
" As s supplement 1o the gaserabized faures of Tuble 23 the analyses of eight representacive United Sipzes t
surfaes 50415 are presenced a3 published by Marbu (3y;
Hagers-
Sassa- Loy
Morfnik feus Oneario Loam Sil Casende  Masskall  Sumanic
Fine Sandy Loam, from Loam, Sl il Clay !
Constituents  Send, Loam, Mew fily, Tennes Lowm, Loam, from hf_. C?,xi. ,’vlih f
Florsda  Virging York Mevada seL Cregon Tows Kansas idml manure,
£ (%3 A ) {34 4] T3 ¥ A fie
‘a possﬁs delie
8i0, 5149 B596 7654 63.69 331 WAl 7283 jhs0 ‘ and south, hov
T, 4,30 0.5% .64 047 185 4] 443 0.31 ru}%ur*‘f?
F:?OB (351 1.7 343 387 &.12 398 314 355
ALD, 8.3 9.3 £3.77 830 bhi4 413 jias
MaG 084 .08 .12 044 G407 10
e} 0.40 0807 . S48 L0037 L8 o
: Mo 4.38 $0 L2 645 0.9% 0.8
KO BS Ces o nn 223,
; Na, 7 G580 4% .20 158 T 16 ! SiEd
B0, D.0% 0.18 0.6 0.6 0.87 .85 or Lf.’l‘i’ ROV
50, o407 0. 0z &.07 0.21 o [N 3] o, :
Nitoges 54 015 518 827 s.08 a1 609 . explained—an
- : N to higher plant
® The furrow slice of a representacive mineeal soll i considored 1o contain approximarely 2 miflion povnds of EEEN ’ Lndu’ B
dry earth to the agre. ) QEE{W’ I[b[ 0
i r;em;,d £

amount in most surface soiis usualiy s eritical. Tt is of prime mportance in
keeping the soil loose and open and is an essential source of several nufrient
clements. The addition and subsequent decay of organic matter in the soil s
i 1has highiy significant both physically and chem ically,
Nitrogen and phosphorus are almost always present in comparatively )
small amounis in mineral soils, Moreo over, a large proportion of thes :
elemenis at any one time i3 held in combinations unavailable o piams
For exaraple, even the more e simple compounds of phosphorus are *simzvc?v
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ko
n

insoluble in most soils. Asg {35 doubly oriticaldow

total amounts and very E{.:a-i' A

hospt { m
Tim main pmh?vm s ont

it is g e mﬂv ;ﬂ“:?‘ﬁﬂi 1*11

COIFEC! [3115 condition.
Magnesium, besides its im

i, funciions in the soil
much as does cale

ium. Iis J:.hucnw i mmn'smEs has long besn suspecied.
Untit recently, however, it has not been considered especially critical because
it is carried by most lzmmmmfa sometimes in .ﬁ?bvdm@ﬁm‘s Where liming!
is practiced, the lack of magnesium ofien is auwmazzaasfy rectified. In spite

of this, magnesium deficiency isa mdei pmb!w} m many areas in the eastern
United Siates.

SULFUR. Although it is usually no morc i ﬂszul than phosphorus, suifur
is more readily available. This i is, becan” aple morganic compounds are
not rendered insoluble by aeactmg wi

-other soil constituents as is
the case with phosphorus. As almadya gk ted! rhe addition of sulfur in

farm manure, rain water, and f‘crtﬂzzars taﬁds an automatic C WAy to relieve
a possible deficiency in humid temperai _regmn In ceu‘am areas of the west

b
and south, however, specific addmcg o{ sulfur ontaining compounds are
reguired, g

Y rma&,h oxidation, ] mchmg
or cmp removal, The t} md pizmpham&, | : d@txb e handicap as already
explained-—an exceptionally small amount’ pressm and a low availability
to higher plants, ,

Under humid conditions cafcium by all meansimust be included in the
above list because it is sure to he much dcp eled. leaching. Consequently,
it is needed not only a5 a mxtr:sni butzldoray atmeans of controlling soil
acidity. In arid regions, iching .of calcium usually is negligible,
this nutrient is likely ¢ mdanee] especially in the subsoil,

Liming rafors 1o the applicativn to sgriculiural sois of basie caiciom- and magnesivm-
contriniag materials with the objective pf reducing soil acidity. Ground fimestones are most
commaonly used, although burned Bme {Cal} m’ siaked Hme FCa{0H,] 2re sometimes added.
Cc:ﬁ*mwely, these materials asp referrct c
€28 Chapter 15},

il the praciice of adding them ag {irrring

Fage 13 eflﬁ
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Sec, 1103 TUE PHOSPHORUS PROBLEM

17:72, InreunNce OF PHOSPHOR PrLanTs

It is difficult to state in detail the functions hosphorus in the economy
of even the simplest planis. Only Tg tant functions witl be
considered here. Phosphorus makes through its favorable

ect on the following: .

- Cell division and fat and atbumin formation.
Flowsering and fruiting, including seed formation,
Crop maturation, thus counteracting the effects of excess nitrogen
applications,
Root development, particularly of the lateral and fibrous rootlets.

5. Streagth of straw in cereal crops, thus helping to prevent lodging.

6. Crop quality, especially of forages and of vegetables,

1. Resistance to certain diseases.

7:3, THE PIIOSPHORUS PROBLEM

Afthough the amount of tofal phosphorus in an average mineral soil
compares favorably with that of nitrogen, it is much lower than pofassium,
calcium, or magnesium (see Table 2: 3). Of even greater importance, however,
is the fact that most of the phospherus present in soils is currently unavaiiable
o plants. Alse, when soluble sources of this element are suppiied 1o soils
in the form of fertilizers, their phospherus is often “Axed” or rendered
insoluble or unavailable to higher plants, even under the most ideal field
conditions {see p. 4651

Fertilizer practices in many areas exemplify the problem of phesphorus
availability. As already emphasized, the tonnage of phosphoras-supplying
mtteriais used as fertilizers definitely exceeds all except the nitrogen carriers.
The removal of phosphorus from soils by srops, howeyer, it T
to that of nitrogen and potassium, ofien being only one third or one fourth
that of the latter elements. The necessity for high fertilizer dosage when rela-
tively small quantities of phosphorus are being removed [rom soils indicates
that much of the added phosphates becomes unavailable to growing phants,

The influence of this situation on fertilizer practics is clearly shown when
considering the additions of fertilizer phosphorus in comparison with crop
removal.

In the United States, phosphorus added in fertilizers excesds that removed
by erops by mors than 24 percent {see Table 17:1% In some areas, notably the
eastem seaboard states, additions of phosphorus more than triple the removal
of this element by crops. Since phosphorus is lost only sparingly by leaching,
the inefficiency of utilization of phosphate fertilizers is obvious.

firiefly, then, the overall phosphorus probiem is threefold: {a} a small
total amount present in soils, (b) the unavailability of such native phosphorus,
and (¢} a marked “fixation” of added soluble phosphates. Since crop removal

ops, however, is low compared

Referencec
Page 14 of 19
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PISPHORLS AND POTASSIUHN

pliosphate

of phosphorus s relatively low and workd

oblem (a), that of supplying sulficient toial phosphorus, is not serious.

reasing the availability of native soil phosphonis and the retardation :

ﬁx ation or reversion of added phosphates are, therelore, the problems of :
aiest impertanca, These two phases will be discussed- 3«>a,nwmg a brief

review of the phosphorus compounds present in soils. :

y
g
‘7’

It
\)

2T
&

ne
{

] 7

Tanve P71 Murients Removed by Crops in the United States Compared 1o That {:,n 2
m Ferfilizers (1063Y

Removed in ¢rops (thousands of tons) £.838 4,152
Added in fereilizers {thousands of tons) 4,3*‘@’} 3,313
Addition as percent of removal 52 58

* Muirient removal figuees caloulaisd from While {25} Ferdlizer addizions from Tenaessee Valley Aushongy

231

17:4. Puosenorus CoOMPOUNDS IN SO1LS]

Both inorganic and organic forms of phosphorus occur in seils and both
are important 1o plants as sources of this element. There is a sertous fack of
information, however, on the relative amounts of these two forms in different Frourel7:1 Di
sofls. Data available from Oregon, Town, and Arizona (Table 17:7) give sorl. e dilute-oe

some idea of their relative prop@ruons Despite the variation which ocours, residual inorganic
it is evident that a consideration of soil phosphorus would not be complete much bigher in ina
uniess some alteniion were given to both forms (see Fig. 17:1)

INORGANIC COMPOUNDS, %iosz inorganic phosphorus compounds in soils
fali into one of two gruupa (a) those containing calcium, and (b} those
containing iron and afehinum; The caleium’ compounds of most importance -~

are listed in Table 17:3. Fluorapatite, the most insoluble and unavailable
of the group, usually is an original mineral It is found in even the more

Soils
weathered soils, especially in their lower herizons. This fact i an indication ; S— RS
of the extreme insolubility and consequent unavailability of the phosphorus Western Grc_g,ma st
contained therein. The simpler compounds of ma?cium, such as mono and Hill soils

O valley-fliing
Recent valley 5o
iows soils

dicalcium phosphate, are readily available for plant growth. Escept on
recenily Fertilized soils, however, these mmpoumds are present in extremely

smal quantities only since they easily revert 1o the more insoluble forms. . Prafrie soibs

Minch less i known of the exact constitution of the ron and aluminum Ciray-Brown pod
phosphates contained in soils. The compounds involved are probably : Planosols
hydroxy phosphates such as dufrenite, wavellite, strengite, and variscite - S““i;“ﬁ“?}h
{i0). These compounds are most stable in acid soils and are extremely ‘_sllb;f?:k“
insolnbie. i

* Figures for Oregon fre
for Arizomy from Full

Y For 3 review of soil phosphorus, ses Larsen {17

IR LA SO Lonafie o o e

i
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AVAILARBILITY AND SURFACE AREA OF PHOSPHATES .;;1‘";'}'

plants is oblained when the soil pH is maintained in the range from 6.0 (o

i 7.0 {see Fig. 17:3). Even in this range, however, the fact should be empha-

I8 resctingy BEIRERE o7od |hat phosphate availability may still be very low and that added soluble
: phosphates are readily fixed by soils. The low recovery {perhaps 10 1o 30
y dne to

OTEANGE of S ol

p iz Bk Y o~ - . - - -

e percent) by plants of added phosphates in a given season is partiall
this fixation, ‘ : '

P7:300 AvATLABILITY aNTY SUREACE AREA OF PrHosrruaTES

When soluble phosphates are added to soils two kinds of compounds
form immediately: {a) fresh precipitates of caleiim, or iros and ahpminum
phosphates; and {b) similar compounds formed on the surfaces of either

> culcinm carbonate or fron and aluminum oxide particles. In each case, the
total surface area of the phosphate is high, and consequently the availability
of the phosphorus contained therein is reasonably rapid. Thus, even though

- the water-soluble phosphorus in superphosphate may be precipitated in
the soil in a matter of a few days, the freshly precipitated compounds wil]
relense much of their phosphorus to growing plants.

Ensiraiina),
$ 3001, The

EFFECTS OF AGING. With time, changes take place in the reaction products
of sofuble phosphates and soils. These changes generally result in a reduction

converied + : . : o A . P

arh m;:f : m surface area of the phosphates and a similar reduction in their availability.

4 ell.? 3 - N L 2 - + . -
sanale, - An increase in the crystal size of precipitated phaesphates occurs in time.

£ bles . . . . .
This decreases their surface area. Also, there is a penctration of the phos-

' phorus held by calcium carbonate and iron or aluminum oxide particles
inte the particle itseif (see Fig. 17:5). This leaves less of the phosshorus near
the surface where it can be made available to growing plants, By these

ttes which
tern soils,
Putilizing
s as it is

Aoot ?miri

fron
by drcius
. . axide
i the soil
freaction

wisphates : (23 () {c}
ssome of PR Floure 175, How relatively soluble phosphates are rendered unavailable by com-
zed, Been - pounds such as hydrous oxide. {a) The situation just after application of a soluble
hemically phasphate. The root bair and the hydrous iron oxide particie are surrounded by soluble
tipitation  “HEEE  phosphates. Within a very short time {b) most of the soluble phosphate has reacied
& ealeiym oo ' with the surface of the iron oxide crystal. The phosphorus is stil fairly readily available
:pH 7.0, A ¢ 1o the plani roots since most of it is focated 2t the surface of the particle where exndaies
) from the plant can encourge exchange. In time {c} the phosphorus pesetrates the

crystal and only 8 small portion is found near the surface. Under these conditions its
availability is low, o :

abily 1o
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PHOSPHGRUS aMD paTAassiam Chot

VERY SLOWLY AVAILABLE PHOSPHATES

Apatites, aged Fe, M, snd Al phosphates, stable
4 . P
organic phosphates

’d
SLOWLY AVAILABLE PHOSPHATES

Caz{P0,),, freshly formed Fe, AL and Mn phosphates
fsmatl crystals], and mineralized organis phosp!

l

READILY AVAILABLE PHOSPHATES

Water-soluble {s.q Water-dnioluble xr‘g
Mty phosphates, Call, pO,) ) CahHPO,, CatPO4) 31

Frouae 17:6 Classification of phosphate compounds in three major grotips. Fertilizer
phosphates are generally in the “readily available phosphate” group but are guickiy
eonveried (o the slowly available forms. These can be utjlized by plants at first but
upon aging are rendered less available and are then clussed as very slowly availsbl
At any one time perhaps 80-90 percent of the soil phosphorus is in “véry slowly avail- 15
able” forms. Most of the remainder is in the slowly available form since perhaps less
than [ percent would be expected to be readily available. '

processes of aging, phosphate availability is reduced. Thus, the supply of &
available phosphorus to plants is determined not only by the kind:
pounds which form but also by their surface areas (see Fig ' 17%

17:11. PHOSPHORUS-FIXING POWER OF So1Ls, "

8 s - . b-'z-a, 4
In light of the above discussion it is interesting lo pote theé agtual quantity
of phosphorus which soils are capable of fixing, Data fromithirec New Jeissy
soils presented in Table 17:4 emphasize the tremendous power of cerfain Jy
soils n this respect. For example, 1o satisfy the phosphorng fixing powero
the unlimed Collington seil, nearly 47 1ons of supez‘ph:}i_‘sp_}gatﬁ' 'sgatg:mn’g;
20 percent PO would be required. Although liming definitely reduced the
fixing capacity, the guantity of phesphorus fixed even on ihg limed soils'is
enormous. Thus, over 25 tons of superphosphate would ¢ required o -
completely satisfy the phosphorus-fixing power of the limed. Collinat _50i1
One Coastal Plain soil wad reported {4) to have 2 phe
capacity of 125 tons of 20 percent superphosphate per’ act
Although such values are somewhat higher than usual bees
and amounts of the iron and aluminum sompoundy in the
overemphasize the problem of phosphate fixation.-
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Sec. 17013 AVAILABILITY OF (}RGANH

Uanre 17:4. Phasphorus Adwrbing Power ﬁf’i a‘ee

srred Dnfimedd®

| Fxpressed as pounds

Soil Treatment
Sassafias Mo Hme
Sassafras Lime
Collington !0 fime
Cotlingion 30,2468
Duichess 68,728
Dutchess 44,0620

* From Fetht ami Beur (24).

17:12. INFLUENCE 0F S01L ORGANISMS AND ORGANIC
MATTER ON THE AVAiLABILITY OF INORGANIC
PHOSPHORUS

In addition to pH and related factors, organic matter and mzcmarg nisms
strskingly affect inorganic rzlmsphorus availability. Just ag'was thxz case. with
nb=agen, the rapid de mmgmsmon of organic matter and cansequcni bhigh
1. Obist population results in the temporary tying up {}t in@rgunm pims»
phates in microbinl tissue. :

Products of organic decay such as organic acids and b mus ave, ti c,,ughi
to be efective in forming complexes with iron and alummmn,'wmpaunds
This engagement of iron and aluminum reduces mergam;) phosphaia
fixation fo a remarkable degree. The exact importance of this effeét ha not as
vt been completely ascertained. The ability of humus and ligny
i phosphate fixation, however, is shown in"Fig. 17:7. ‘B :

. effective in releasing phosphorus after it had been fixed a.a b
- phate. Thus, organic decomposition products undoubtedly play
- role in organic phosphorus availability,

A g were
hos-

17:13. Avainasinity oF ORGANIC PHDS?HQRU

Only meager information iaas been Dbeamwd on the fabty 'af‘fr:clanﬂ the
availubility to higher plants or organic phosphorus campaﬂnd it has been
gstablished 1hat both phydn and nucleic acids can be utilized a5 sources of

i phosphorus (20}, Apparently the phytin is absorbed directly by the planis

i while the nucleic acids probably are broken down by enzymes at the rool

| surfaces and the phosphorus is adsorbed in either the organic or inorganic
form. In spite of the readingss with which these compounds may be assim-
tlated, however, plants commonly suffer from a pimsphnms ﬁicﬁue;m;y gven
in me_ presence of eonsiderable quantities of organic forms of this element,
Tust as with inorganic phosphates, the problem is one of avaziablhiy
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Figurs 17:7. Effect of added organic materials on the release of phosphorus previ-
cisly fixed by iren compounds. Both humaus and lignin ars effective, the humus 1o the
greater degree. These resulis sugeest that mineral 8zation of phosphorus may be lower
in soils compuratively high in orzanic matter, L4fter Swenzon ef af. (22}]

Phytin behaves in the soll much as do the inorganic phosphates (8,
forming iron, aluminum, and calcivm phytates. In acid soils the phylm is
rendered insoluble and thus unavailable becanse of reaction with iron and
sluminum,. Under alkaline conditions calelum phyiate is precipitated and
the phosphorus carried is rendered unavailable

The fixation of nucleic acids involves an entirely different mechanism,
but the end resnli—low phosphorus avaéEabilEtywis the same. Bvidently,
nucleic acids are %t.magj\: adsorbed by clays, especially montmerillonite

- This adsorption 3 part;cukarlv profounced upder ‘acid Land.tzm; and
rc:suhs in.a markm du:re:ase in the rate of ducempvsz!wn of the nucleic
acids, Co sequemiy,~. the ’vdaiab ph
low, especaaiiv in acid soils whsch centain appreciable amounts of mont-
morilonite,

The judicious application of lime to acid soils s thus {ully as imporiant
in organic phosphorus nurition as it is In rendering inorganic compounds
available. Whether we are dealing with inerganic soil phosphates, added
fortilizers, or organic materials, the imporiance of Hme as a controlling
factor in phosphate pvailability is clearly evident.

17:14, PracTican CONTROL OF PHOSPHORYIS
AVAILABILITY

From o peactical standpoint, the phosphorus-utilization picture is aot
100 encousaging. The inefflcient uiilization of applied phosphates by plants

rfmm },u

sphorus supply from: Yhis souree 1570
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A7 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Cay - W= % Ob WASHINGTON, D.C. 20460
LOPROi

OFFICE OF FREVENTION,
PESTICIDES AND TOXIC
SUBSTANCES

Amy Plato Roberts

Technical Sciences Croup, Ine.
1101 17th Street, NW, Suite 500
Washington, DC 20616

Dear Ms. Roberts:

The Biochemical Classification Committee of the Biopesticides & Pollution Prevention Division (BPPD) has
reviewed the information submitted and has determined that the active ingredient Iron (formulated as an Fe-Na-
EDTA complex with 2 carbonate buffer in "flour-based” pellsts qualifies to be reviewed in BPPD. As with a another
Iron-based product registered by BPPD, your active ingredient/product was classified as "Not a biochemical, but
eligible for a reduced data set” and, therefore, reviewable by BPPD. The classification is based on the abundance of
Tron in nature, its low toxicity, its use as a nuritional supplement, and its low water solubility. To obtain information

egarding how to register a product with 1. 8. EPA, please visit our web site at www,epa gov/pesticides. Please go
to the section entified "Registration” to find all of the necessary forms required and mformation regarding specifics
on how to register a pesticide product. There are also cross references found on our "What's New" section which
are helpful in developing product labeling. Additional information regarding biopesticides and BPPD may be found
2t www. epa.cov/onpbopd Lbiopesticides/. We recommend that you centact Sheryl Reilly, Biochemical Pesticides
Branch Chief {703/308-5071; reilly sheryl@epa.gov) to arrange a pre-regisiration meeting.

Should you have any firther questions, please feel fiee to ermail or call me at the address below.

RBussell S. Jones,

Chatr, Biochemical Classification Committes
Biopesticides & Pollution Prevention Division
O¥ffice of Pesticide Programs

. 5. Bpvironrpental Protecton Agency

Aricl Riog Bidg. (751103

1200 Pennsylvania Avenue

Washington, DC 20460

703/308-5071 —
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SIMULTANEOUS EVALUATION OF Tqg (00 AR 12 5
ACUTE EFFECTS OF CHEMICALS ON
SEVEN-AQUATIC SPECIES

Witiiam S, EWELL* Josgpa W, GorsucH, Ropgt O. KREHCELE,
KENNETH A. Roanianp and Ricmann €. Sprgan:

E.

Hezlth and Enavironment Laborroriss, Fastman Kodak LCompany,
Rochester, New York 14450

{Recelved 4 MNoyember 1985; Accepied 20 March 19843

" ABSIICt — A Cost-effective testing procedure is described thal measures the zeute aguasic effects

of a single test chemical OB SEVER $qUALEC species stmultaneously: Aseffus intgrmedius {pilibug),
BDaphnia mogna {water £ iea), Dugesin tgring (flavworm), Carmers Jasciorus {sideswimmoer), Heli-
sema irfvelvis (smatl), Lumbriculug YGriegaius (segmented w rim} End Fimephales promefas (Fat.
head mimnow). These speties were chosen becanse of their ecatogical imporiance, diversity and
amenzbiliay 1o aboratory o sring. Twenty-seven commerdial inorganic and ofgamc chemicaly WETE
iested using the simuitaneous expasure procedure. The 960 LOSO values were derived for each spe-
oies and the resuiss compared with literazure valyes. The reproducibility of the resuis achieved using
this testing procedure was shows 10 be very good. The results Compare favirably with 96-h LC 5o
- values from single-species toszs, : R - co
The susceptibility of est apimails as a function of species and chemi
ated. Water {leas were found 10 be a3 susceptible as, or m
isms for all compounds tested. The relarive sensitivities of {
highly chemizal dependent. -

cal compound was evaiy- -
0re 50 than, the other aguaric organ-
he other tes1 species were found o be

Ke)‘wmds»Multispccics testing AQUALIC toXieily  Fathead minnow
Aguatic invertebrates | Organic and inorganic chemicals

INTRODUCTION which may be underprotective or overprotective.
nvestigations into multispecies testing have I the second approach, « m@*e tcurate measure-
foprompted by a desire 1o provide a begrer  TREDE Of communiry effect i aciueved, but greater
ns of determining the range of sensitivities of  12bor (o pertorm several tests is needed. A cost-
atic 20imals for use in hazard aad risk assess.  ¢ffective, fepreducible method of assessing the
Ut} The majority of reporied toxicity inves.  1Mpact of a chemical on several aGualic erganisms

: : ) . - . imultanesisiy wo: h ipnific advaniase
lions describing the impact of chemicals and  SiMultanesusly would be of significant advaniag

‘ormed using singie-species tesr methods, usu-
with [reshwater fish 2-4]. Macroinverte.

rology on zquatic environments have been |0 CAvironmental effects testing.

In our laboratory we have deveioped a test
methoed that achisves the sdvaniages of both of the

£3, primardy from the phylum Asthropoda [5], Ebﬂ‘f’»’ 33'3%??_?%?1&51 i.c.,‘ data is obrajzfd on save{;l
Pose most of the remaining data. species while performing one test: The intent in
‘urrently, the range of effects of 2 chemicat on Geveloping the multispecies 1est was 10 expand
ipie zquaric species is obtained in ane of two  UPOn e{;tablzgﬂgd procequres using accepted meth-
i {a) test one species and apply an application gaakr{gzts [6-81. The method cvaiuazegh ;ksvg pOttFP
T that estimates relative species sensitivities o 112l 0f a substance to Fause acute aquatic effects in
wriorm severa) single-species tests. The firgr even )“‘i‘fmk_ 2quatc speaies 55”“5[??"‘??“5{}'- The
oach, while havia’gg the advaniage of involv. ?nfamzan‘c"m from ‘Eéu‘s ;"}ﬂma;’}f sezilnsztw:ty t::sz may
single test, has the disadvantage of noy estab. B¢ useful in predicting F“ﬁ likelihood of an ef-
% the accuracy of (he application factor, fﬁ-’:[. should # test chemical enter the freshwater
: ENVITCRIMeant.

e immature stages .of organisms are used be-
0 whom terrespondencs may be addressed, cause they are considered more sensitive than
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adults [9-111, Species for this acute aquatic effects
binassay were chosen based on rheir diversity,
amenability 1o faboratory culture and ecoipgical
imporiznce f12-19). ‘
An evaluation of the maltispecies method using
“a series of com nercially imporang, iarge-volume
inorzanic and organic chemicals was performed.
The 96-h LCS0 values were derived for each spe-
cies using the statistical. procedures of Stephan
{20]. These resulis were then compared with val.
ues in the lierature, The #qualic woxicity literature
for this serfes of vommercial chemicals predomi.
nantly containg informarion from single-species
513, primarily those with water fleas and fish.
The precision of 1k multispecies method was
determined by fepeating the esting on ane-third of
the chemicals aftera $-month interval, The diver-
- SHy of effects among chemicals ang species was the
primary requirement in seleceing specific chemicals
for retesting. One organic chemieal and one inor-
ganic chermnical were ltested on-each of the seven
AQUALKC specieg using conventional single-species
test methods [6-8] and the resuits of the differen:
procedures were compared, Finally, the muitispe-
cies method provides an cxc&iiemuppcrmnéty 1o
conpare relative spectes sensitivities beeause SXpo-
SUes 1o each chemical were conducted under idep.
ticai conditions. . . oo

W, S, Eweie BT AL,

Helerence e
Page 2 of 10

EXPERIMENTAL DESICN
Test vessel grd difuen: witer

The static multispecios bioassays were per.
{ormed in seamiess giass, 30.5-em cuboidal, Pyrey
chromaiography Jars o which 0 Hters of e seiy-
tion was added. Warer quality was routinely moni.
tored to characierize the dilyen: water and ensyre

its suitabiliry 7L Activaed caf‘ean—macraé, de..

chiorinated and tempered indusisial $EYICe wager
from Lake Ontario was yseg in all tests. The
chemical characteristics of the diluent WaLer are
presented in Table

he chemicals used in the 12515 were reagen:.
¢. Based on'a recommende exXpected envirgs.
mental concengration cutoff jevel {21], the max.
UM Concentration used in these bioassays wag
100 mg/L. Chemicals known 1o be readily soluble
M 100 me/l were added directly 1o the diky.
thl water i each zguariom in the appropriate
AMOUNS 10 give nominal concentrations of 100,
10, 1 and 6.1 mg/L. Test chemical COnCeniraions
wers nol analyzed, o ’

Once the test solutions were prepared, the starn-
ing temperature, dissolved axygen and pH values
were-determined for each CXposure concentrarion

gra

Table 1. Chnemical characteristies of dilution water {zverzge sample population of iH

Eiement

Conen, {mg/L) Cther paramerers Valye
Aluminum 0.23 Total dissolved solids 130 mesL
Arsenic <005 Toi hardness {Cacoy) $3G masl
Barium <0.02 Noncarbonate hardness {as TaCo,) 18 mg/L
Cadmium <0.01 Alkalindty {as Cal0,} S3 mprl
Caleiym 3% Soluble sulfate (307 3 .mgll
Chromium <402 Chloride by 1.0, 4as Q1) 26 mesL
Cobak <0,07 Towl NH, {as N 0.06 mesL
Copper <008 Organic aitrogen 0.21 mgfw
iron <.} NOY {as Ny ) G.2% mp/l
Lead <093 NOT fas N <0.01 mg/L
Lithium <0.01 Molybdenumereactive dissoived Sio. 3,35 mg/L
Magnesium 6.0 Tatal phosphorus (P} 0.82 mg/h.
Manganess <{ .4 Total cyanide (TN ) }
Mercury <0 000 Soluble fluoride Fy
Molybdenum 0.24 pH
MNigkel .04 Conduciivizy 260 pemhos/om
Potassium 8.7 Tezal arganic cashon .8 mg/L
Selemium <(.002 Total residual £, 6.6 2z/L
Siteer <{.01
Sodiam 10 .
Tin 0.2
Zine (.01
LC. = ion chromategraphy,

'?upu-\ma.' \ Segbs e}

.
£
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wd the contral, When the stariing ph ol the teg
fution fell cutside the extremes of 6.5 10 8.5, the

{ was adjusted to 7.0 by the addition of Hi%g
-

Avy NaOH or 10w, {v/vy H 30, .

ST Organisms

The method simulianesys ¥ BXDOGSES seven spe-
s from five phyla (Tabla 2). Al test organisms
re acclimated to the control diluent water in the

wdinglrearing tanks, Food was withheld for the

b preceding start of the ras Tuveniles of each
<ies, 2% uniform in size as o

possible, were ¢ol-
ed from the colonies, Ten juvenile oTEARIsms

zach species were routinety exposed 1o the rest
anical in each treatmen:. Stratified randomiza.
;”1 was accomplished by proportioning our g
re than 209 of any one species into an aguars
120 any one time. Biologica) loading was kent
3w 0.5 Fram wet weight per Hter of test sofu-
t. The average wey weight for a randomly che-
set of minnows was determined at the stapt of
test. The other six species were not weighed,
the minnows and Sl?,aéfs Wﬂ? placed in the fest Fig. 1, Cchzaz‘amtm baske: saspended from | o

els. The remaining five species were segregarad motor,

eicled stainless steel, S5-mesh wireclosh baskers

cm in diameter % 7.5 om in depth}, Each bas. .
was suspended from a i-pm motor-driven

hanism (Fig. 1) that raised and lowsred the
215 in the water column.

= Ty ) »

. . 2
Srradenn s o
falie Tttt Bn o
e

ST

tonjunction with the daity bological observarions,
A stainfess stee!  The test termperature targer was 20 & 1°C, I the
L slotted every 0.5 cm, facilitazed the position-  dissoived OEYgen Concentraton in z tes: chamber
f the baskets so that the submerged volumes  fell below 40% of the starting level in 2 test, the
ged from one-third o two-thirds during each  1es was repeated with 6,05 L/min glass-sparger
- The baskets were spaced around the tes ves. aeration, Al tests were conducted within the ex.
30 that they did not interfers with each iremes of 6.5 10 2.3 pH units, The photoperiod
L One-hall of the velume of the submerged  durazion was 16 h of lighs, The alr-water intsrface
owas exchanged with the maintank volume  of ez

:ch tank received approximately 50 fre of
minute, cool-white fluorescent fight, »
ral/chemical parcmerers Biological paramecars
terminations of the emperature, dissolved Bi

Siclogical observations were made daily, Sur.
nand pH of each rase solution were made in -vival, condition and behaverial information were

Tabie 2. Houtinely resrzd species
[—
on name Genus 2nd tpeojes Phylum Approximaze size or ags
Aselius intermegiys Arthropoda Q0izg
Tea Daphnic magna Arthropods First and segnnd larval Helis-Ty
I Dugesia tigring Platrvhelminthes 0006 ¢
mmer Gammarus fosciatus Arthropoda 0.007 g
Helisoma trivaivis Molusca C.l8G g
ted worm Lumbriguys variegatis Annelida 4.006 2 .
miBow Fimepheles promalas Chordas - 0.2-0.5 ¢
i
%
L%
i
; .
1 b "
L g
i' L)
= r
e
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recorded. Dead OTERRBISMS were removed when
observed. A (egg OTEANIS was considered dead if
it appeared motionless and exhibized 80 response
o gende prodding. If more than cpe-hall of the
population of a speries exposed in any treatment
was determined 1o be dead, additional aquaria
conlaining Jower concentrations of tess solution
were set up. All seven species were exposed 1o sach
dose level. At any rime during the testwhen al)
0 organisms of SpeTies were considered dead,
these biclogicsl parameters were determined and
recorded.

5 in these ress were exposed for (he
same time period, 96 b, A in any bigas ay thar
determines 2 dose fesponse, the LC50 value can be
achieved ar any time during the exnosure. I i3
recognized by the zuthors thar some iy

usuaily are exposed for only 48 h.

Eduivalency pf nultispecies and
Single-species test dora

To evaluate the equivalency of 96-h LC30 vat
ues obrained from this multispecies ress wirh Cor-
responding 96-h LCSO values from single-species
tests, duplicate (rials wers congducted simula.
aecusly with each procedure, A multispecies ras;
was performed together with seven single-species
12815, one for each type of aquatic animal, Two
chemicals were tested in this manner: thymel and
zine syifare {heprahydrare).

)

ata analysis

Estimation of LCSO values. The L.C50 values

wers estimated by an in erpolation method using
a com

ULer program written for anuatic toxiciry
studies [20]. This linear inge pelation uses e og.
arithm ransformation of the concenzraton and
the angle transformacion of the percent dead be.
ween the two doges thar bracker 3% response
(i.e., proportion kilied: The moving average and
probit methods coyld not be used beecause the
required minimum of two partial moriakities wag
rarely obzained.

Repeatability fprecision) of sy procedure, For
each of the nine compounds tested twice, 2 single
degree-of-freedom estimate of the varianee #550-
clated with the log [LC50 was compiied for each
speciss. These single degreesof-freadom variznces
were then averaged over compounds and species 1o
0btain an estimate of (he variance of the toxicity
st procedure within this laboratory,

Species sensiivity comperison. To Lompare the
sensitivities of the ssven species, we used the orig-
inaf set of iog LC30 values {i.e., without the re.

peal iest data). Pairwise species Comparisons of
log LC30 values, by compound, were made Witk
Fisher's least significan: difference procedure {22,
using the standard deviation from the repeatabyi).
ity analysis.

RESULTS
Estimation of LO30 values

o

The LC30 values are given in Tabiz 3A and
Values are expressed in miliigrams per iter, as the
chemical without any water of hydration. Sorme
LC30 values could not be estimated becayce the
proportion kilied az the highest dose level was less
than 50%. These values are expressed as greater
than 100 me/L.

Comparison with iiterature velyes

Results from the multispecies tests were Com-
pared with extremss of LC50 values reported in
the literature for the same chemicals and species.
The literatyre valuas referenced in Tahle 34 and

B for certain invertebrates may be from bioassays -

of a duration fess than 96 h. The extremes of the
lizerazure values from conventional singie-specias
tests are given in parentheses in Table 34 and 8.

Repeatabiticy forecision) of tes: procedure

The LC30 values for the nine <ompounds thay
were tested tivice are given in' Table 4. For 18 of
the §3 pairs, both tests provided a g LS, so
that 34 single degree-ofefreedom estimates of the
variance associazed with prediciing the log LCs
were obtainzd. The pair of iog LOSO values for
pentachlorophenol with pillbugs was ominted as an
outiier, The remai ing 33 pairs of log LC30 val
Les yield an average variance (57} of 0.04. Thus,
the estimated standard deviation (S} associated
Wilh a predicied log LCSOis 0.20. Based on thess
datz, 2 value of 9.20 can be interpreted as zn
“average” standard deviation for this multispecies
test. MNinety-five percent confidence Hmits (C.L.
for an estimared log LSO value are given by

% C.L. =log LCSO = (1.96 x 0.20)

Thus, the maximum UNCEriAY associnied with
the fog LC50 s » 1,98 0.20) = £0.3%, with 95%
confidence.

Multispecies versus single-species
(231 compaerison

The LC50 vaiues for replicate tests with thymel
and zine sulfae {heptahydraze) age given in Tabic
3A and B. Fxcsllen: agreement belween the two
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Table 4. Repeatability {precision) of test procedure B6-h LOSG values {mgsl)
Test Waper Segimenzed
Mo, flea worm Snail Minnow Sideswimmer Pilibug WOTMm
Allyl alechol i $4.25 Lo 4.8 a.32 Zi 1.3 0.32
CHCHCH,OH 1 9.40 4.G 4.8 .32 4.9 .32 It
Dicthanolamine TR 1€y 0 Hi's] 150 0 106 3
NH{CH:CHEGH}; i Hid) 10 00 PO HXG 00
Nickei chisride i 3z 3z 3.2 40 100 75 32
Ml 2 1z iz 32 G 1o [0 L1
Pzntachiorophenol G52 .78 .40 0.1z 921 3z 132
.0LOH b -4z G.32 75 0.3z 0.48 12 3.z
Phenol [ 4.0 32 HES 3 21 25 Hiy
CeH,OH i 4.4 39 100 £ 25 G 100
Potassivm ferrocyanide i 32 10 100 HO0 100 100 1oG

§ Ki?c{CN}_é 2 7% ey 1} 100 100G 100 4G

P Sedium fermic BEDTA i 32 X fo.4] Hi g i3] EELE 100

; CrotFeN Nag, z 13 100G 100 100 100 Hid) 1o

;“ Sodivm alire | 48 e 59 106 32 100 14

NaM(O, Z 41 o 104G i 144 Hial
Thymaol _ 1 3.z 59 3 3z 1z i7 3.2

| CUHCGH.CHICH, 108 2 17 a6 m 3.2 3.2 25 4.8 '
L0530 values for thig study are based on nomipal CORCERIraiions. :g_.‘ﬁ-

| Tabiz 5, Ccmpayison of multispecies test apd Table 3B. Comparison of multispecics test gng

single-species fest for thymol (mg/L) single-species test for zine salfare
" {heptahydrate: mg/L)
Test irial Dm p mg Pp . Gi A7 Ly -
- T Test Tral Dm Dty Pr Or Al Lw
angle I 32 38 32 42 32 28 o0
Muki { 32032 03 1232 s 32 Simgle 1 08 32 32 12 24 47 1
: - . i - 7 2 0311 0w 5.7 55 3
wii S 22321 osaup oo gp M 1 o) %% oy lag o) i
Muli 2 3 321 0m 2Z032 19 3n Single 2 1.2 32 32 s 4.5 >I06 32
T —— " Ml Z 103 32 3 5 >HME 32
[}gn, watss flegr D, HNasworm; . snail; Pa, {athead s
ainacw; GF, 5id¢:5wimmcr; Al pillbug; Ly, segmented  Um, water flea; o, Aatworm: Hi, snail; ‘Pp, fathead
worm. , ] minnow; Gl sideswimmer: Af pillbug; Ly, sepmented
ii'}_w: of ten segmented worms g 1D pom were fragment. worm. : R -
¢ but siill meving at 96 h. Sipes the endpeing was mor-
ahy, the 130 Sl eslimate was caleulated 1o 19
; megsl.. ’ )
determine the most sensitive species for each com- 154
pound. MNine compounds were omitied because &

1 none of the seven LCSO values were estimabie. § 2
St procedures wag ghserved for all species ox. Although some LC30 values could be com-
Posed 1o thyraol and six species exposed Lo zine puted for pozassium ferrocyanide and sodivm §
sulfare, Although the LC50 values for sideswim-  nitrite, these LC50 valees were not stazistically dis- :i
s were reversed from trial 1 1o trial 2, the tinguishable among the other species and wore akso %
ftremes remained the same. omitted, The restlis for the remaining 16 com- :
. L pounds aze given in Table 64, and are summanized 2
“Peies sensitiviry comparison in Table 68 '

Species sensitivity comparisons, by compound, o
¥eie conducted using Fisher's least significant Qif. DISCUSSION :
‘Erenee procedure, With this procedure, any two We demonstrated that this multispecies test.
Lﬁi LC50 values are statistically different {a = ing procedure s a reliable, precise and accurace
L0

8.2 iF:
G20 }

it they differ b

¥ at

feast {2.578) (0.20% +
=0.73. This procedure was applied 15

method for esiab
aquatic effects of 2 chemica

ishing the magnitude of acure

Lon representatives of
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W, 5. EwsLL er az,

bie GA. Most sengitive by compaund on the

basis of Fisher's leag significant difference

multiple comparison critesion

o

Tabie 68, Percentage of compounds for which
each spegics is the single maoyt SEnsiive
or 2gually most sensitive

Compound

Most sensitive spegieg

Dm D Hi Po Gf a; Ly

Alivl alcohal

Aniling D
Beryilium chisride Dm
Cobak chloride Dm
Cupric salfare Dee:
Ethylenediamine

dibvdrochioride D
Nickel chloride Om = Hi

Pentachiorophenc!

Phenaol
Potassium dichromaze
Resorcing)

Sodium evanide
Sedium ferrie EDTA
Sodium hypochiorie
Thymol

Zing sulfare

i)sz(erxﬁszv

D, water flea; D, flatworm:

Hi, snail; P, fathesd

minnow; Gf, sideswimmer; Aj, pillbug; Ly, segmented

Worm.

several phyla in 2 minimum of tme and with min-

imal use of laboratory resources,

ihe majority of
the LCS0 vaiues estimated using the maltispecies”

method feli within the extremes of established lirer-
ature.vaiues. The repeatability of the tests is such
that, for the present set of chemicals, the 959,
confidence intervals equal the log LC30 = 0,39,
The comparison of Species sensitivities using

Fisher’s Izast significant dif ere
cated that

e procedure indiv
even tnough water fleas were always

ranked among the most sensitive speties, they were
joined haif the time by siher species. This appar.
©entincreased sensitivity of water fleas may be due
w the greater duration of 2 9.4 test. It shouid be

noted that 5 of 21 water flea 961 LCI0 values
were below the lower extreme of the lierature val.

ues. However, 2 of 7] wazer

flea %6-0 L.C50 val.

des were higher than the upper exireme of the
lerature values, The rematning 14 water flea 96.5
LC3G values were within the extremes of the Hrer-

aure values.

CONCLISIONS

This method for simultanesusly expo

sing sev.

CEBi speries in an aguatic bioassay has proven to

b
1

b

[+]

rebable and repeatable, it yeguires relatively fg.
additional time and facilities beyond those nec-
essary {or currently established testing pr

R

GErams,

Water fieas were found (o be as susceptible as, or

more so than, the other aguatic organ

ms for a!f

EERIE RS

e

Single mosi seasitive 50 o g ¢ ¢ g 4
Egually most seasitive 500 19 303031 13 g8
T gy

D, water flea; Dt, flatworm: Ht, snail:
minnow: GI, sideswimr W AL
WOrm,

fincludes sinzle most tensitve determinazions.

. Fp, Tatheag.
pilibug: Ly, Segmented

ompounds asted. The relative sensitivities of the
her six test species were found to be chemical
This multispecies merhod provides
data equivalen to-thase obtained in Lonventional
5 .
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Ethylenediaminetetraacetic acid (EDTA) isused in a large variety of products, e.2.

taundry detergents, cosmetics, photochemicals, and pharmaceuticals, and in indus-

& ries, e.g.. textiles and galvanic and paper manufacturing. The content of EDTA in

jaundry detergents varies between 0.1 and ©.5%. For the FR(, therefore, a consump-

sion of 1000 10 3000 1/ can be estimated for this purpose alone. Laundry detergents

- account for an estimated 20 to 30% of the total EDTA consumption which thus may

‘ F amount up 1o 25,000 1/a. Fe
Because EDTA is not volatile, it is released mainlv with waste water streams. [n i

waste water treatment plants EDTA is neither transformed by MHCFOOTEANISITS nor

adsorbid 1o the sewage sludge (Gardiner, 1976; Means & gl 19803, Taking into ac-

s Exp Hiol -

fraine Studies on shoes 2

ion in animals and s inhibi-

count the figures mentioned above and the amount of waste water of the FRG, con- ]
& centrations of 50-500 ug/liter can be estimated for waste waters. Due to dilution, 3
T p environmental concentrations in German rivers are expected 1o be fower by a factor ]
of 123 Measured concentrations in natural waters were reporied 1o range from 1010
¢ 70 .o/tliter, with a median value of 23 pg/liter {Dietz, 1984). These figures are con-

firmed in reports of the Arheitsgemeinschaft Rhein-Wasserwerke e. V. {ARW, 1986}
and the Eidg, Anstalt fur Wasserversorgung Abwasserreinigung und CGewasserschutz
. (EAWAG, 1987). Comparison of timated and measured environmental concentra-
L tons confirms that most of the EDTA used is released to surface waters without
:  chemical transformation,

Analvtical determinations of EDTA do not provide information about the chemi-
cal bonding of EDTA in surface waters (Reichert et al., 1950; Linckens and Reichert.
1982). Because it is a strong complexing agent, it seems appropriate to assume that it
15 ent in the form of its metal complexes. Taking into account the pH-dependent
effective complexing constants (Kober, 1679, Gmelin, 1987} and the concentrations
of metals (inciuding Ca and Mg} in surface waters {Baverisches Landesamt, 1983
?andc::anszalp 1G83), it can be estirnated that most of the EDTA should be present
m the form of Fe(I1l) complexes. On the other hand, most of the iron in surface waters
I8 present in the form of colloidal and amorphous iron hydroxides and therefore may
ot be complexed by EDTA. Calculations for aitriiotnacetic acid {NTA), therefore,
lead 1o the canclusion that most of this compound in surface waters occurs in the
form of its copper complexes (NTA, 1984). However, the Fe(lIN-EDDTA complex is

-
This work 1 o
: otk has been presented
duly 1938, F




FRANK AND RAL
the most stable EDTA ¢ 7) and EDTA can react with Fe(Ill) already g
the waste water treatmeni plant.
e W hm an increasing number of

piex (pH

vt part EDTA Is not transformed by acro M.
OTEATISINS i wasle water ,wamwnt piants and rransforrnaton by FOBTRATISTS i
nature is extremely slow also. For the removal of EDTA from surface waters photg.
chemical reactions and reactions with other reactive species such as OH. singlet oxy.
gen, H.O,, etc, therefore could be the only sinks.
in earlier publications, fﬂhyh,mmamin&iri—, di-, and m

identified as photo producis {Lockhart and Blakeley
sfor FeEDITA range from (003 to O
). In these expen :
1y enviTonmenial concentrations, Because these v ,
excitation wavelength, and concentration 1t seerned appre-
e 1o study the kinetics storeaction in detail at concentrations similarta
environmental concentrations. A further aim of this work is to estimale the possibl
environmental fate of FDTA and caloulate its environmental half-life.

vieid
cott, 197
higher the
wm vield depends on pH.

EXPERIMENTAL METHODS
m salt. analviical grade, was purchased from Merck and used without
VWater from an jon exchanger was doubly disulled In a quart

EDTA 50
further punfication.
apparaius,

]

The Fe{lil} complexes form immediately after mixing of equimolar solutions. Mot
of the kinetics experiments wereg performed in 0.1 M Na(Cl0, solutions but the resulls
of single experiments in sodium acetate and i pure water did not deviate {rom th
egults in NaCi,.

For the irradiation with monochromatic light, single lines from a high-pressurt
mercury lamp {Philips HPK 125} were separated wi ith precision interference fAlten
{Schott UV-PIL Filter). The irradiation inten sities were determined using the azobes
sene actinometer (Gauglitz 1976; Gauglitz and Hubig, 1981} Foruv measurement
a spectral photometer {(Zeiss DMR 183 was used.

Water samples from the Neckar river were taken from the surface. All samples werty
clear although the river appeared 10 be dark. The optical transmission of the samples Wi}
measured within approximately 30 min afier taking the sample in a ipemmphum;;znk.
No sedimentasion of dissolved material could be observed visually.

R

RESULTS AND DISCUSSION

Reaciive Species

The uv absorption spectrum of FeEDTA shows ama rgimum 2t 258 nmin addif _
soluiion and at 242 nin in basic solution. The {itration spectrum is shown ;n } g

1. The isoshestic point at 244 nm reveals that within the tested pH range (

This possibility will be especially enhanc cd i the T
hese plants will be equipped with phosphate &,

10.5) and the high dilution {ca. I X 1G4 M) GHE}' two differently protonated fo

of the FeEDTA compiex can occur. The formation of dimers, which hag bef “‘*

E

* The optical transm
these data please send a formatied disc (5,257 MS-DOS e

1o 2uthors.

ission data of the Neckar river are available as ASCH fles, I vou are mier,_awd‘g

b
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PHOTOCHEMICAL TRANS

™

06

o
-

==

Binm

"

abs

sorplion maximum 8 situated

i Tiration specirum of FeEDTAL It
2 nrm, in basic (pH 10.3) solution Lhe maxin

wm i siuated 51 242 nm.

observed previously (Schugar € al. 1969) and which can Cause concentration-
dependent gquanlum yields, is observed onby at higher concentralions. Atenviron-
mental concentrations, therefore, only photoreaciions of the mongmeric com-
plexes are to be expected. in FeEDTA the EDTA trianion is active as a peniaden-
1ate Higand and the sixth coordinaiion position in the Fe(111) ion is occupied by a

wa' .- molecule. In basic solutions this wates molecule is assumed to inse 1S pro-

1969). The pK, value of the complex s 7.5. In natural surface
1t as the negatively charged complex can appear as the

ton (Schugar ef al.
waters, the neutral as we
photoreactive species.

The ground state of the FeEDTA comp
bands are not expected. This s confirmed by the
in the spectrum at 258/242 pm. This absorption is atinibute
charge transfer state (Schugar ef af., 19693,

lex 15 a sextelt. Hence, d-d absorption
location of the first absorption band
d 1o a ligand 0 metal

Determination of Photochermical Quanium Yields

Quantum vields have been determined in dilute solutions rapging from .04
“’ 10410 1.7 % 107% M at vanous pH walues in oxygen-free {argon-saturated) and
airsaturated solutions. The solutions were irradiated with meonochromatic light at
313, 366, and 405 nm. A typical reaction spectrum is shown in Fig. 2. Absorption
'diﬁg.fams (Mauser, 1974; Rau, 1989 {appendix]) reveal that EeEDTA is the only ight-
absorbing substance in the wavelength interval depicted in Fig. 2. Therefors, the

Suanturn yield can be determined using Eq. {1) (Mauser, 1674

Him

In A, 0 = ln A\, o) — 1@31@,@{;] . 1
[

Ey
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Fic. 7. Reaction speciruim of FeEDTA at pHl 4 jrradiation wavelengih is 333 nra. 4

With k

AR D= Absorbance of FeFIDTA at wavelength A and Bme L.
= Absorbance of FeEDTA at the irradiation wavelengih at ime &
J, = Irradiation intensity in mol photons em tsec”.

| = Quanium yield of FeEDYTA atthe irradiation wavelengih.
coefficient of FeEDTA at the irradiation wave 2

¢, = Molar, decadic absorption
engthin M~ em”

pe= Irradiation ume in sec.
Figure 3

15 SEpWIsE

shows a typical diagram of In AN 1
numericaliy evaluated from the measared values of 4 and 1. The quantumg

A versus the integral of EG. (1). The integrd §

¥,

<

i, 3, Plotofin A58, rpversus he integral of Eq. {1}
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‘TA at the irradiation wave-

P e e R

S g

nteeral of Fq. (13 The integral
we of 4 and 1. The quanium

1ofEaq. {1).

Reforence £
Page 50f %

PHOTOCHEMICAL TRANSFORMATION OF EDTA 55

TABLE |

pH £33

4300

4300

4030
3360
2950 450 75

yield is then determined from the slope of these diagrams and measured values of ihe
irradiation intensity and the optical absorption coeflicients. The absorption coefhicients
veed for the caleulations are given 1 Table 1. The quantum vield was determuned as 2
furction of pH and wradiation wavelength. The results are given in Figs. 4 and 3.

[ue to the various errors which occur in determining the siope, the irradiation
intensity, and the absorption coefficients the error bars in these figures are estimated
by error propagation. Figure 4 shows the quantum vield as a function of pH when
light of 313 nm is used for irradiation. In oxygen-free solution, a clear difference in
the quantum yield of the protonated and deprotonated FeEDXTA complex can be
recognized. The quantum yield for the protonated complex is 0.133 and for the de-
protonated complex 0.07. In the presence of oxvgen, this difference is less pro-
nounced, which can be due 10 various reasons. In the FeEDTA complex exeilation
by’ zht causes an electron transfer from the ligand to the central Fe(iil). The primary
photoproducts from this molecule can be an Fe(ll) ion and an atkyl-radical. Accord-

6 pH

oy

¢ FIG. 4, (uantum vield of FeEDTA versus pH. Irradiation wavelengih I8 313 nm. Open ¢ircles, oxygen-
1ot {arpon-saturated) solutions; filled circles, gir-saturated solutions,
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Assessiment of the F
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sl ol FeEDTA versus iation wavelength in oxvesn-fres solutions. Open <ircles § The transformation of |
pH 3. . the FeEDTA complex. If

spectrum, the optical tran
ing to Carey and Langford (1973, 1975) this radical can be stabilized by reaction vith known, the rate of this ir
another EeEDTA. The reaction therefore could reach a Lmiting quantum vield of {  these caleulations the mod
7 This stabilization reaction becomes less probable in highly dilusted sclutions and and absorption specirum ¢
certainly has no significance in environmental photochemistry. If the reaction pro-g. Cdg@em and the concentra
ceeds via the suggested path then lower quantum yields should be observed, if ther ii}ﬁ'mie of the photochemi:
are other molecules in the solution (radical scavengers) with which the primary alkyl-£.  8re of the same order of mu
_environment, mainly due

radical can react, 7
_ Typical radical scavengers such as ethanol, methanol, and 2-propano} in conces g " account and trying 1o get ¢
trations up to 0.3 M and excess EDTA Jower the quantum vield only slightly by§.. 3¢éms to be appropriate 10
approximately 20%. But in the presence of these compounds the photo reaction be FeEDTA spectrum at pH 7
comes less reproducible and the resulting quantum yields show a larger scatter. The an oxygen content which
addition of saccharose does not change the guantum yield. Neckar, the authors collectc
Oxygen also known as an effective radical scavenger Jowers the quantum vield g~ OVera relatvely long time
a rouch larger extent as can be seen in Fig, 4 and the difference in the reactvily of th mance of calculations. Dif
protonated and deprotonated complex is less pronounced in the presence of oxygeny . - ?he ¢fl‘v’ir0nmegia§ half-ife
Oxygen can change the guanium vield by at least two mechanisms. 1t can react withe | the river. The results of the
the primary alkyl-radical and thereby prevent the reaction of this radical with a furf- 77 For all calculations the s
ther FeEDTA molecule and it can physically quench the excited FeEDTA complety The ?fiﬂh of the natural w
and thereby prevent the primary photo reaction, Tt can further reoxidize the Felll ';'5.@1"‘]}\’65 in Table 2 are giv
formed in the primary reaction to Fe{ll1). Because the Feflll) complexes with EDTAE - 1”?1@1;113@ in central Europ
are much more stable than the Fe{ll) complexes, this can be true for ethylenediamise, the emission source within
triacetic acid and the various diacetic acids which are formed by the photoreactio? 'I:}lﬁ resulis compiled in
also. At environmental concentrations, these reactions will be of no concern. Butly u C@tmﬁ Europe within rel:
laboratory experiments the presence of oxygen causes the experiments 10 becolP ;!Hgme; season. In winter,
less reproducible. Comparison of the effects of the various radical scavengers 01 B o ]"Eﬁ will reach the sea.
guantum vield shows it is probable that the effect of oxygen is due 1o the physt gg;t?ﬁhemzca! transformat;
quenching of the excited FeEDTA complex as well asto the reaction with the priméf e, Y °T, the much higher .
alkyl-radical. The importance of this effect with respect to an assessment and gﬁ.-_g“m n Fable 2. Comy
estimation of environmental life times of EDTA will be discussed later. SVIOnmental concentratic
Figure 5 shows the dependence of the quantum yield on the irradiation wavelens of B a_;‘"’ only a limited num
at pH 4 and pH & Contrary 10 organic molecules both complexes exhibit a depdly " A concentrations {E
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. gence of the quantum yield on irraciation wavelength with a clear decrease in the
quantum vield with increasing irradiation wavelength. 1In ¢ es, photo-

So1OnS DO y siart from the lowesi, ciear 1 electronic
states; this 1 kpown as Kasha's rule. In metal complexes, there exist a variety of
siates which are situated clase 10 one another in energy and v hich ¢ at be exciied
separately. Due to their electronic structure, metal complexes therefore more ofien
exhibit a quantum yield which depends on the irradiation wavelength, However, for
FeEDTA another possibilily eusis 0 explain this behavior {(Natarajan and Endicot,
1473). Natrajap and Endicott suggest that in FeEDTA the photon may be absorbed
i hv 1he Beand or by a charge trapsfer absorption. Whereas the charge fransler
nhotoreactive, the ligand excited state s not. According 1o this su i€
sndence of the quantum yield should be due 10 an innermole file

4

i

e

e Assessmeni of the Possibie Ernvirommeniad Fale of &

S

The transformation of EDTA i patural waters Can of
e FeFEDTA complex. If the quantum vieid of this com :
spectrum, the optical transmission of the natural water, and the solar irradiance are
known, the rate of this translormanon can be calculated. For the performance of

} coluits FaTy
 orvgen-lree solutions. Op

e stabilized by reactios

miting quantum yield of these cazlcuie_nmns the mode] of (Frank and Klopffer, 1989} was used. Cruantum viekd
sohly diluted solutions and and absorption spectrum of FeEDTA depend on the pH of the natural water. Oxygen
mis{w. If the reaction pro- | content and the concentration of other substances of the natural water can influence
cmlé be observed, if there § the rate of the photochemical reaction. The differences in rate caused by these factors

1 which the primary alkyh are of the same order of magnitude as those which are caused by the variations in the
"B environment mainly due 1o the variation of the solar irradiance, Taking this into

nd 2-propanol in concen- } account and trving Lo get conservative values, for the performance of estimations, it
gm vield only slightly by f seemsio be appropriate 1o take optical absorption coefficients which belong 1o the
ads the photo reaction be FeEDTA spectrum at pH 7, quanium yields which belong to the same pH value, and
show a targer scatter. The - an oxveen content which is near the air-saturated value. For the German river
- 2 Nevsar, theauthors collected a relatively large number of optical ransmission specira

'“crs the quantum vield 10 § over a relatively jong time period. These transmission data were used for the perfor-
Different results for the same months reveal the variation of

erence in the reactivily ofthe | mance of caleulatios

in the presence of oxveen. § the environmental half-life which is due to the changes in the optical transmission of
mechanisms. It can react with ¥ ihe river. The results of the calculations are compiled in Table 2.
on of this radical with a fur : For all calculations the starting concentration of FeEDTA was set at 8 X 1078 M

excited FeEDTA comples § The depth of the natural water was set at 2 m and the flow rate to 0.5 msec™'. The
4 further reoxidize the re(ll) § %‘:alf*hves in Table 2 are given for averaged maximum, mean, and minimam solar

Fe(lIl) complexes with EDTA E  Fradiancein central Europe. The flow distance in Table 2 is the mean distance from
abe true for ﬂhy}eneﬁéamiﬁé: ' the emission source within which the starting concentration decreases by a factor of

formed by the ptxgwreacﬁﬂﬂ ‘ 2 The results compiled in Table 2 show that FeEDTA can be transformed in nvers
¥ - - £

will be of no concern. But i incentral Europe within relatively short times by photochemical reactions during the
5 the experiments 1o beco™ ;‘Ammcr season. In winter, transformation times become so long that most of the
ous radical scavengers on (B¢ FeEDTA will reach the sea. Due to the higher optical transmission of the seawater,
oxyegen is due to the physicll Photochemical transformation rates in these waters seem o be higher than in Tivers.

bihe reaction with the primaf)- However, the much higher depth of the sea is not taken into account in the calcula-
ot 10 an assessment and E& ton given in Table 2. Comparison of calculated transformation rates and measured
« discussed later. . environmental concentrations in rivers is not yet possible to a large extent, because

don the irradiation wavelengd gerg are onlyali mitgd ﬂu‘mbg:r of data sets avai}abie. The still Hmited published data
‘oth complexes exhibit a depetd EDTA concentrations {EAWAG, 1987; ARW, 16%6), which extend over a longer
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TABLE D

= GrERMaN RIVER

1aLE-1IFE OF
NrcKar FNOTS

L

TATED OTE

Half-life/hr

Month, vear Mean

2490 484
47 98
22 46

g 16
7 12
9 13
7 10
4 ¥
& 16
14 24
Vi 1
25 46
18 33
15 {7

YOG
!

A
o
Tt

ecember 1988

Kieler Forde
March 1983 3 & 27

Nare. For deiails see 1631

time period, seem to reveal that higher concentrations occur during the winter season;
this seems to be due not merely 1o the lower amount of water in the nvers during
winter, The reasen for the lower EDTA concentrations observed in summer, these-
fore, could be photochemical iransformation.

Other abiotic ransformation processes for FeEDTA could be reactions with (OH
radieals and singiet 0Xvpen ('O, For the reaction ¥ Jith OH radicals, rate coefficients
between 4.8 ¥ 108and 15 X 108 M7 sec™! have been reported (Farhataziz and Ross,
1977; Lati and Meyerstein, 1978). The steady-statc concentration of OH radicals in
natural waters can reach vaiues of 1078 10 10717 M (Haag and Howgné, 1985}, That
means that abiotic reactions with O radicals counld become important if the guap-
tum vield of FeEDTA were as low as 1075, This estimate is valid for FeEDTA, which
has relatively low absorption coefficients in the solar spectrum. For other subsiances
with higher absorption coefficients, this threshold would be even lower.

Rate cocfhcients for FeEDTA with singlet oxygen have not been published. Howevel
a Lmniting vaiue for rate coefficients of singlet oxygen with molecules containing electron-
sich double bonds seems 10 be 108 a7~ see”! {Wilkdnson and Brummer, 1981Y; for other
molecnies this vatue is stll lower. The concentration of singlet oxygen in natural surface
waters is ca, 1077 M (Scully and Hoigne, 1987). Reactions with singlet oxvgen, therefor®,
w4l not become important as long as the quanium vield 1s fgher than approximately
14 for substances with absorption coefficients in the solar spectrum higher than thast
of FeEDTA, this limiting value again would be even lower.
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Safety Ass sessment of Iron EDTA [Sodium
[ron (Fe'") Ethylenediaminetetraacetic
Acid]: Summary of Toxicological,
Fortification and Exposure Data

EILE MEBACH™, 5. RIETH', F. MOHAMEDSHAH', R, SLESINSKY,

MUEL-FERNANDO, T. SHEEHAN', R. DICKMANN and
1. BDRL? Li ECA

'ENVIRON Corporation
S, Banle Crock. MU

edizme :
Tews of Abstrackbron EDTA [sodivm iron {Fc‘j i‘) eihylenediamineterraacetic acid {EDTAY, shown to have a sig-
fan 61, ; sificant beneficiel offect on fron status by inerensing fron bieavailability in human diets, has been proposed
: for use as a foreificant bn cermin graln-based.products including breakFfast ceresds and cerenl bars. This
i ﬁdf’{ paper presents an assessment of the safety of ron EDTA for ity intended uses In these preduces. Iren
wn of : ELFTA. like other EBTA—moial complexes, dissociaies in the gastrointestinal tract v form iron, which is
Human bisayailable, and an EDTA salf; abserption of the meisl fvn and EDTA are independent. Because of this
digseciption, copsideration of nformation on EDTA cempounds other than fron EDTA s relevant to (his
: safely assessmeent. EDTA compounds are poorly absorbed in the gastroinfestinal tract and do net underge
el ewud : significant metabolic conversion. They have a low degree of scute oral toxicity. EDTA compounds are not

reproductive or developmental toxicants whes fed with & nuirfent-sufficient diet or minimal diets sup-

{1994} plemenied with zine. In chronie ioxieity stmbies, diets centaining as much as 5% EDTA were without

s 'd‘ adverse effects. EDTA compounds were not carcinogenic in expeznmaahi antmal bioassays and are not
g rati i ditevtly penotoxie. This lack of significant toxiclty is consistent with s history of safe use of other EDTA
SET 5;‘ : compounds {CaMNa,EDTA and T ‘J.;»LETA) approved by the FDA for use as direct food addilives. An

#rt o L : upper-Dbonnd estimated daily intnke (EDN of EDTA from bron EDTA {115 mefkg bw/day for the 1S
: popelation] iy less than half the acceptable daily intake (ADL) for EDTA of 1.5 me/kp bw/day established
by JECFA, The datp collected and published gver the past 30 to 30 vears demonstrate that iron EDTA s
safe and effective for iren fortification of food products and meets the standard of “reascanble cortainty »f
ne haro”. Based on the published record. fron EDVA may b regqrdmﬁ 4% geperaily rezognized a5 safe
(GRAS) for the intended food uvses and maxbmum use Jevels, © 2008 Elsevier Seience Lyd, A0 rvights
reser e

Keywords: on; EDTA; Fostilic

nutrient; GRAS.

Abbreviations: A = acceptable daily intake; bw = body weight; DV = daily value; BT » estimated
daily intake; GRAS = generally r:’tx..uv’u..t:J as sale; PVC = packed red cell mlum;, RTE = ready-ip-

eat.
introduction recognized as safe (GRAS) with no resiricions
) ; defici . . healih other than good manufacturing practices (21 CFR
ron deficiency smmermia 38 g serious health cone |
i Of CERCIEHEY APRETRM B 8 SEROUS £72), The FDA has affimed as GRAS the usc of
; difien that resulls from insufficient imtake andjor .

several iron compounds both as nuivient sup-
femends and a8 food additives and supplements in
infant formulas {21 CFR 184} Generally, ferric
; . (Fe**) iron in food and supplements is poorly
#(g 4 hor. Tel (03} 5162367 Fax My absorbed by humans besavse H s procipiiated from

i orrespomding author, 7 . - >
$16-23%Y comail; jheh vb%.n.;mvéroacezp,rzam, solution at a pH above 3.5 Atempls {0 ncrease

poor 3h‘:<}!‘ption of iron from the diet. The FDA
kas bated 4 number of lron compounds as generaily

L0 - see front master @3 2000 Elsevier Science Lad. Al rights reserved. Primted in Great Britain
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iron EDTA, & review 0(
j)l »\ chelates, and cslimaies

SEYT A sall absorption of the mef;;l jon
and FDTA we sendent. B\xr of this dis

jon, considers Loon Various

t

H s yeb
eyvaluation
lusions

Wormanon  should xL:,LJ in
regarding its safety under the standird of
shle certainty of no harm.”

Chemical properties of iren EDTA  and other
EDTA-metnl complexes

fron EDTA {CAS No. [5708-41-5), alse el {erred
to us ferde edetate, ferrie sodium vletate, sodium
feredelate, edetic acid sodium iron sali, and sodium
iron EEYTA (JECFA, 1993a), Is shown in Fig b

EDYTA s a hexsdentate che
ing stoichiomeiricaily with virtuaily every metal in
the periodic table {Chaberck und Murie 13, 195897 via
four carhoxylaie and two leriiary amine groups. A
neutral or melat chelate is formed with
divalent or iivalent melal lons. The various
EDTA il complexes formed depend om their re-

tor capable of hind-

igandds (Hart, 1984; JECFA, 194,
Plumb o «h, 195% Wade and
Busnum, 1955 West and Sykes, 1960). The stabilin
constants for different EDTA-metal complexes vary
considerably and metaly forming o stronger com-
plex with BEDTA displace the wezker complexes,
Among the nutritionally imporfant (race metals,
ferrie (Fe' 7} iron has the highest stability constand
followed by copper, zing, ferrous irom, caleim,
magnesiym and sedium. Caloium EDTA has been

other competing

i

Ma® "DOCTH; CHAC007

ODOCH;

Fig. 1. Sodium iron

O !;5}1.1.1‘

ead ',,rLJlﬁzt,xI i

ton On Yario
<i’1em! in this  25Sessm
determination of the safety u! iron EDTA.

WA

History of food use of EDTA

3, saveral ELEJ'I'A inl?"

; HERUE.
diree

L

they are a3
; colour stabilizers in 4

that My pz’a‘
clazly, and st mhi},' u“ .
-pwn.-Ld for use in fonds %1}"1.
azad safl drinks, canned cooked veg-
o satad, {Tozen while potatocs, mayon-
sring, sandwich spreads
Wi congenirations ran-

“lsbk‘s pota
putse, salad drhgsmgﬁ, HE
and canned vooked shelif
ging from 25 to BOG ppm. NaEDTA is approved

for wse i oa similar varicry of food products and in
agueous  multivitaain  preparations  al  concer-
trastons ranging from 36 to 300 ppm (21 CFR 1723
Together, these agents are approvod [or use in 35
diflerent [ood producis.

In wddition fo the direct additive  uses
CaNiEDTA and MupEDTA, EDTA and iis
CIUm, lf:. rie, potassiom, and sodium salis  are
approved for indirect food additive uses as com-
ponents of adhesives (21 CFR 175.165) In addition,
Ma,FDTA is approved for use as & component of

0 ’ : N : an aguecus sanitizing sol nz:m 113 i fo@d»m'uccs—
% spective uffimily < stants, ihe giH of the CAVIFUR-  sing equipment and uter e H 78.1010).

i menl o which they  are formed, and ihe Use of EDTA u_ﬁrpmmd in LhL food supply
£+ concentration of (he competing metals as welb @3 congiderably predates codification of the foo addi-

tive 1z pﬂazmm FEYTA salis were Brst developed in
Gepmany in the 19305 as a subslitute for citrie acid,
EﬂTJ\ came 'mn widespread use as a chelator in
s during the 1950s, By 1979, anoual § production
(ie ’\1 I} ,'a was =,.,QO{ ptaum&s and

1987, theye Hgures 1 5 and

TISE
1620 ﬁﬂ peumh raspectively

Mutritional efficacy of jron EDTA

Ferric (Fe®" ) food iren & precipitated from 3ol
shon above phi 3.5, This insoluble previpilate
pootly absorbed in the upper small infostine by
humans, where mest non-heme bron 8 absorbed,
unless  suitable complexing agemts arg prosent
{Conrad and Schude, 1968 N soPhail ef af, 19810,

1
i
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Field #riak in South and
Thailand and Souwh Africu Z'uwc den
iron BIXTA enphances iren sbsorption
i with no teporis of advers

er-Torres e af, {1975
asing  peasani  voluateers  from rurad
Venezuela. The mean absorption u[ zron ﬁuﬂ iron
EDTA ronged between § and 13%%. The mean
ahsorpton from ferrous suifasc ’m‘zed from 2 to
G ‘-dim; 1o ik o ixed with the
sajt, esults indweate that the won absorpnion
from the iron EDTA complex s only shkehily
affecied by the presence of inbibiung substances,
while irom zbsorption from ferrons sulfate is very
sensitive 10 the inhibiting substances present in food
vehicies,

Another study demonstrated increased ahsorption
of both intrinsic and extrinsic food iron when fron
EDTA complex was administered instead of other
iron salts (Layrisse and Martingz-Torres, 1877}

Yieri er al. (1978} carmed out ron EDTA
apsorption studies in Central America involving
seven children and 58 adults 1o compame the pro-
poriion of iron absorbed when administered as fer-
ric suifate [Fex{SCuk. iron EDTA apd haeme-
globin {Hb). These ‘“umjmund& were given with
milk-rice-sugar formule totalling $me Fo (o iron-
deficient children. |1 was observed that iron [rom
haemogiobin was absorbed hest, followed by 1won
EDTA and by [eric sulfate (mean  peroent
abscuptmﬂ + 5 = 345+ 1.5, 8464158 ard

34 1.5, respectively). Aamrp%ien from from
imn EIYTA was better than absorpiion from ferric
sulfate in a standard meal providing a total of 5mg
Fe in pormal and wron dcﬁuent adults. When ron
EDTA gnd fersic suifate are administered along, the
iron in iron EDTA {s absorbed better than that in
fersic subfate amd it improves tlm absorption of non-
heme iron. Mesn fron absorption from fron EDTA
was 2,7 nmes higher than from ferric sulfate in 21
men siudied in the Guatemalan Jowlands. The 11
anaemic subjects did not absorb more than 9%
and only three absorbed more than 4.5% of the
iron from ferric sulfate. 10 sublects surpassed that
favel of absorption {10%) with iron EDTA, reach-

cnt of iven EDTA int

ing values 1.;“: i

O -
the low-
which iron
:Ld Tl
1 deficiency

¢ of interven-

>

impact of forufica
was estimated at 2, 26 and :
ron, In the fortified nunities, Ton o $LOTes
increased significantly in all populstions ¢
8-44 vears in one lowlan
age 43 years or over in the highlar
iFon SLOFCS

Ml

rity and
muniy. In the control communily, the
remained unchanged in children, fomales [8-44

over, bui inoreascd

e

ars, and females 4

e

)

Iron EDTA was shown to be successful as an
iron forifving ag a pilot
in Th xiand {Garby angd Arcckul, 1974} fron
FA was ndded to fish saucs to g final concen-
14 and 1.0 me of clemental iron pay ml
of sauce. The addition of iron EDTA did not affcct
the visual appearance, pH or taste of the fish sauce,
Packed red cell volume {PCVY and submaximal
il working capacity were measured beforg
vear after the freatment in both the iest aad
contrel subjects. 1 vear after the enrichment pro-
gram, the mean change in the PCV in the test vil-

Zag ranged from +1.38 (Jor children) 1o + 156
{for women); and the mean change ranged from
332 (for <hildven) to +0.22 {for women) in the

conirol villnge, An additional cxamination of the
changes in submaximal working capacity and PCV
values in 21 male subjects I the test village and
[our subects in EhC controf vi Lr::,e was conducted at
the beginning and at the end of the study. A signifi-
capt ineredse o both mean PCV values and sub-
maximal working capacity was observed in the test
village bul nol in the control village. Over the
course of the vear study, 9% of the subjects in the
test village became anaemic and 33% recovered
from anpemin; whereas 1A% of the subjects in the
contro} viliage became anaemic and 20% recovered
from anasmin.

A Z-vear iron EDTA fornification trigl was con-
ducted in 264 single families from a South African
population of Indian decent (Baliot ef af, 198%a.b).
This was a controtled double-blind study where the
subjects were randomly assigned to ihe conirol and
test groups matched for iron staias. Iron BITA
d 1o the masala (curry powder) af a level
5 pmol Fefp masela; fortified or unfortified
masala was distributed directly to each famaly each
month free of churge, Iron status of the fortfied
group was shown o émprm'e more than that of

g
Y

ores i z’ortinm fema es and a swmi‘caral ,mnase
in serum ferritin levels in fortified males. The preva-
lense of iron deficlency was significantly reduced in

Heterence g
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12 I, Hewnbach 21 af.
fort male fenale groups, but the cha

for women than men.
'F@D 'ciuf‘iui»: Cy L in women  was ;
: of the study ¢ 4
s did not accumulute

s i G

WeFE MDFC sl

Y

zinc conconirations were found.

Human experimental studivs
L

Candela ef .f'h {l 324y demenstraled that chela
avpilabis  fos
{ the dose admi-

ad Tertification with iron
ed on the basis of poten-

e;‘ mataholsm.

an {rom
i oand thm if—’

tiad .1d~u&>n CH“CH on v
T

putritionaily rian
ces gn s The s wers fed e
iton BDTA with jow zinc
.LsPd "n” s {Hurrell
aned added wilh tron L
H in the subjects by ad- nereased and
ion of FDTAL seing effect on iren 2 Ve f,:mmm,f'd St
sorption was  maximum  when BEIXTAFe  diet without iton ncrease i
molar ratio was | or Bmdv“ilah‘?iw of iron weight gain with inereased zine 1ot 7 in ani
was particularly enhancod by NapEDTA n meals receiving iron EDTA sugsests that extra zinc was

nistered
Studie

diet ‘t"m'n e Atk cither

FeSO, showed that addition of NapyEDTA en

i I E: iow bivavailab

iron diets {M

<

pents was siudied
aiifate or
sovhean

lr; mib fed o low
L zine absorption

of @i,

ion and elimin-
with 1he zamo

jua

(1>

e

with Jow iron availability or with high levels-of phy.  available for normal me ¢ progesses, Ade
tutes and oiber subsiances that inhibil iron absorp- ol either sron RDITA or H HHA le & zinc

ton. ciens dier resulied in inersased absorption, grinary

In siudies with 301 human fomals  given  excretion and retention of zinc, but 1w a iy
MESTEDTA added 1o corn porndge, iron absorps  extens than thal seen in rats fod the inc-defi
ed twofold compared 1o porridge  diet, fron EIDTA had very Il offect on copper

fon wWas im:z

. Less thun 2% of the  absorption and retention and in caloum el
udmautw iron fromy ” EﬂT"&. wis exereted i ation.  The  zuothors  conchsded  that using

urine {MauaoPhas
twice us bigh with the <:.2 hitatd
were fed forrous s
the next duy. This find
s by which chelnted iron lm MS A COMMOn pui.‘z]

[10’1 cxbso" s owas NaFeEDTA as 2 lood fortificant would have no :
i :}1him$ who  detrimental effect on the metabolism of zine, copper ;

Rl and calcium and, in some oircumsianess, could

improve zine sbserpon and retention from low-

bioavailabifity diets” (Burrell e of, 1995,

.t

with intrinsic iren differs [rom the mechanism of Similar in zing  hicavailability and
absorption for simple iron sails, resuliing in greater  improved apimal growth were seen with turkey

overall iron bioavailability, Simlar resul ta were - pot Wy (Kratzer et ool 195‘%‘; chicks (Scott and
obhaerved by Layrisse and Murtinez-Torr ; Z r, 19683 uand rais (Forbes, 1861) when
a study of 147 peasants from rural aveas of  Na.EDTA was used at 150-3000 mgfkz of feed to
Venezuela, The FelV BDTA uppeared 1o exchange  fortify a semi-purified soybeoan protein chiet. The
completely with vepetable food won in the gut. The  enhancing affect on zinc absorption s believed o
absurption of both imrinsic and extrinsic irom was e due to the formation of a soluble zine chelate
grenler with F2YEDTA than with other iron salts  with EDTA that is potentinlly more bicavailable.
usexd Tor fortfication, EIYTA prevents formation of zine complexes with
phytic acid that are not absorbed by humuns.

i "J:’?
e

Animal experimenio

od thas the 1nan experimenol studies

PUIEDTA was Enhunced zinc absorption from low-bionvailabil-
The mucosal ity dists supplemented with iron EDTA as com-
celis of the pylorus and the upper jejunum absorbed pared wih §*=~‘§{}4 was found in 5 6-day duration
the S*Fe. which was siowly transferred o plasma  fesding stwdy of 19 adult women {Davidsson er al,
srangferrin and imcorporaied inly hasmogiobin, A 1994) This same study found no effect on caleium
small proportion of the abses than  absorption and ne effect on retention of zinc or cal-
15 of the adminisiered dose) was excreted by the  cium. In snother study (Davidsson ef of., 19983,
kidneys, while the remaining 95% of the unab-  manganese absorption and urinary excretion were
sorbed iron was excreted in the facces. Aboul 3%  sludied in adults aé‘ier intake of a weuning vereat
of the iron excreted in the faeces was in a soluble  fortified with either iron EDTA or Fc”?Om no g

er ul (19R4) ot
N-ﬁ?a{

¥n swing, Cund
absorption of iren fro




as in
o is

]
Hopi-

15¢ iR
simais

fesser

ficient

opper
Hrnin-
uIng
Ve 1Bl

could
1w

angd
rurkey
1 oand
when
»ed 10

The
el 10
halate

labii-
COTE~
aation
ot df.,

or tab
1998},

1 OWerg

i
H
i
H
H
H
3
i
i
H
i
i

Sefety assessment of

nificant difs
ar excretion.

were found i either absorption

Teaicliy review

frost

Agile ron , 4
i stion of mediwipal iron or adult on
supplements by children, Severs toxicily is observed
afier Lhe ingestion of up imately 2.5 g or more
of ferrous suifate {308 mgp iron} (Klaassen, 19963
i include letharpy, nausea  and
; and signs
as  metabolwe -sis, liver
defects tha '\}a ooour
Jon. Delnved s molude

renl mlm and Hepatic sirrhons.
Toxicity caused by iong-terms administraton of
iron and resuliant ivon m.vs"lmd

§is) 15 MOTE GO
chikiren, but 13

; with
inherited metabolic disorders affecting mainienance
of iron balance {e.p. human lewcocyte antigen

i nuiwié

(HLAYinked heredizasy  hasmochromaiesis) ~or
excessive exposures {e.g. use of iron utensils in food
and beverage preparation or repeated blpod trans
fusions for the treatment of anaemia). The available
evidence suggests that normal individuals are a

te control the absorpiion of iron despite hxi.}*

and it i3 only individuals with underbning
r5 that augment iron absorplion whe are at

risk  of developing haemochromatosis  (Bothwell

et al., 197%; Hardman er of., 1996; Klaassen, 1996}

intakes

.
T3

EDTA gud ED

A-vation complexes

As noted previousiy, metal jons on the EDTA-
mietal s:m‘piﬂ,x are frecly exchanged once in (he
digestive fract, Accordingly, the varous EDTA sal
forms would be expected 1o have cssentinlly smilar
wxicological potential and metabolic fate in e
bady, regardless of wheiber EDTA ks consumed a5
the calelum, sodium or sodium-iron sait form
ONACG, 1993 Therefore, 2 review includes
summaries of the toxicity of various EDTA-metal
complexes as relevant to the assessment of the roxic
potential of iron EIVTA.

Begause of the substantial differences in the avail
ability of EDTA chelates administered by parent-
eral routes ss compared with the oral rounte, 1his
review focuses op studies performed by ihe oral
outs s most relovant (o fren EDTA used a3 =
food fortificant. Subsisntial information on ihe
tosicodogical potensial of varieus EDTA chelates
adzmnmm ¢ by injection can be found in oiher
reviews (INACG, 1993; JTECFA, 1993b)

Pharmacokinetics of orally-adminisiered EDTA
complexes. The EDTA moiety has been shown to
he poorly absorbed following ingestion in humans.

When MCeshelied CaBEDTA was given onally to

on BT A il

5 @
Was &
WA

1OSL ;1[; §
ved in the faeces {91

g (49%) within 3
eran m"i 'E\"UI

Yin the J-m! ered
{ this

gxcreted prin
1 lald;{‘.ﬂ?:ﬁg H !uk [ metabolisr
ot by hamans [,Alﬂm‘mm;zx and 1 rugitlo,
DTA applied to homan .km HES
ras uded was minimally abss 'i’ H
4 hr {maximum activity inow
the apphied dose} \Ex: BIMET 3

ThL ],?mm acokinelics of Cts"

It JLH 1 4y
IYTA in Q!{pr‘l

and l“a

I.U i3 app
H of the aciv

1%

Cu
f{»

wehminislered
dicaling '~'Edl 2586 ntin’ziy nene of the compounds
were metabolized, Chromatographic m‘sﬁ‘ays

firmed that the compound p
cssentinlly unchanged (Foremun ¢l af,

Human foxiciiy. The colelum disodinm salt of
EDTA {CaMNa,BFDTAY is used clinically for the
treatment of heavy motal poisoning (including lead
and mercury pomoning) where the caltinn i
exchanged for the respective heavy melal, which i
then mobilized and removed by the kiineys. EDTA
has also been used for removing radioactive el
ements such as plutonium and strentium from
humans expossd to radioactive materials and cline

ty for remeval of copper in patients with Wik
son's disease {(Foreman er ol. 1933, Kha
19963 Because most EDTA chelates are poorly
absorbed from the pastrointestinal tract, chelation
sherapy is typically performed by parenteral admin-
istration (Klaassen, 1996), Kidney damage is a well
characterized  effect from  oversiposure 1o
CaNa,EDTA or NapEDTA administered by parent-
eral injection for chelation therapy. Mephrotoxicity
is similarly observed in animals given EDTA com-
pmmds by injection (Foreman et af, 1956; Reuber,

. Reuber and Schmieler, 1962, Spencer, 19603
imwc»u al lower exposure levels (e those associ-
ated with its use as a food mgrcdzcm }, nephrotoxi-
city has not been observed,

Field trials in South and {"emfaé Arnerica,
Thailand and South Africa (Ballot of «f, 1989a.b;
Garby and Arsekul, 1974, Maramspm Fres gf g[.,
197 Viteri ef wf., 1978, 1995} involving distary for-
Lfication with iron BIDTA reporied no advesse reac-
tions Lo iron EDTA, {(See section on nuiritional
efficacy of fron EDTA)

Acute toxicity in amimafs, The oral 1Ds of
CaNuEDTA in Wistar tats, rabbits, and dogs was
10,000, 7000 and 12,000 mg/kg bw, respectively
Oser ot al, 1963). The oral LDy of NapEDTA in

3




Al

E )

Wistar rafs was
Animals given higher
exhibited ha hages in the sm
man ef af. (1953} reporied that single of
ger than 230mz EBDTA per
diarrhosa in rats.
Subchroniv fxrn‘r'ﬂ,'i,{;e i
containing 9, 4.5, 1.0 or 340% M
ept to approximately 500, 1004 L b
day, re spucrive!y 3 for 50 days exhibited no adverse
effects except dinrrhosa and reduced food consump-
ion 1 the inglﬂt dose proup only (Yang, 1952)
Animals in the i group and a compar

caused

animal

had been fed a dict containing 4.5% EDTA
nonths, animals in these groups therefore
ed botl“ pre- and postnatally.

{1952) maintained groups of rats (three nni-
malsfsex/ u.ruup) for 4 months on a loy neral diet
{one-half the mormal salt concentration) condining
0 or 1.3% CaMNaEIYTA ({couivalent o approxs
mately 1500 mg ay*). The test group had a
significantly reduced weight gain, but displayed no
differences in their general condition,

Chan {1936) fed weanling aibino rats a funified,
low-mineral diet (0.54% Ca and £613% Fe) con-
taining  either 0.5 or 1.0%  NgEDTA  or
Ma.CaFEDTA for 90 days {equivalent 10 approxi-
mately 500 or 1008mg/kg bwiday, respectively®).
Signs of diarrheea and growth returdalion were
observed in the 1% Na.BEDTA dose group only.
Extension of dosing for an additional 113 days (205
dayvs 1otal) resulied in growth tsiardation in the
proups fed diets containing 1.0% of each EDTA
chelate, and increased blood coagulation times,
bised serum calcium levels, and an anasmic appear
ance in the zroup fed 2 1.0% Na,EDTA diet. Chan
(19563 speeulated that complex s i the
blood may have interfered with

> conirol g "'ovp were liiter mates [rom dams that
P

ware

of calein

the coagulation

mechanism, Gross and histological examinations of

the Hver, kidney and splesn revealed no significant
abnotmulilies. A subsiantial degres of denial ero-
sion and lower ash conmtent of bone wus observed in
animals receiving a jow mineral dist with 1%
Ma,EDTA, but not in rals fed a

dist with adequaie mineral i
In g review of the sio

l

Chan {19563, BIBRA

SEN

ies by ‘1“ g (2‘1“3 md

*Where dosage conversions from ppm diet o mgke
hwjday were not provided by the study investigators,
apsmx;'mte dosuge conversions were performed using
the foliowing factors from Derelanko and Hollinger
(1995

Species {and sge) Corversion fzowor {divide pprs by}

Me.‘s-‘ {otder; 7
Rt {youg) H

E{efsmz e g
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. Heimbach e o,

ence of minule qu_m:ms of Ma,EI¥TA {14-100

that f
RT A wm.} gtill
ts {1.e.
nat 1at3

the k!mt), Th»y obsery Ld Turther 1
ined  on  mineraldeficient d
"A iewels as high as |
1oxie slfects,

Chronic .~ Chronic  toxigity
studies in the rat, mouse and dog (NCL 1977 Oser
er af, 1963 Ya 1932) provide ne evidense of
adverse systemic “1*{,«,1‘1 A350H ci-;sr,c:d with dletary ad-
minisiration of EDTA ¢ 8,

In studies performed by the National Cancer
Institute (NCE, ]91;} gt rale BOCC3F,

and F344 rals containing 0,

ent 4
3%, did not exhibit

foxiciiy i andnaly

PG

WY

750 or 7300 p mmdum EDTJ‘& {Na EDTAY
for 1013 wk fu_ ved by u normal diet for §owk
(equivalent 1o approximately 335 and 70 mg/fkg

gy

375

and
The

vafday in muee, and 1o approximaicly
750 mglkg bwfday in rats, respectivel
Ma EDTA diet was not associated with any adverse
effeets on clinical signs of toxicity, survival or ine-
dence of neoplastic or nen-neophastic Jesions. There
was a signifcant dose-related incroase in sarvival of
fermale rats, and a slight dose-related depression in
bw gain in mice only,

Yang {1952} extended the %0-day subchromic rat
feeding siudy with 0, ﬁ oF i% Na.EDTA in the
diet for a tota} period of 2 years. Mo cfects were
noted in growth, survival, food consumplion, biood

v

glation imes, red celi counts, or ik ash content
of bomes in comparison 1o contrel  grouwps
Histopathological examination revealed no freat-

ment-related effects. The diarrhoea and reduced
food consumption reported after 90 days in the 5%
group were appareatly no longer observed
after 2 vears on the
Four groups of mongrel dogs {four animals/
sroup) were fed diets designed to provide 0, 50, 100
ar 200 mp CaNa,EDTA/kg bw/day for 17 months
{Oser ef ol 1963). No adverse offects were noted i
sppearance, heaith status, b huematoiogy, urinalysis
or biood chemistry parameters, bone or dental cal-
cification, or gross and histopathologic fndings.
Reproductive and developmental toxicity in ani-
mgls, Oser ef of. (3963} maintained Wistar rats (25
animals/sex/group) on suuitionally adeguate dicts
standard Inboratory feed supplemented with
inorpanic salts, vitamins and cottomseed oil} and
adjusted “fo provide ©, 30, 123 and 250mg
CaMNaEDTA ke bw/ day for up to 2 years, Feeding
iedt oot through four successive generations
{Fy. Fi, Fy, F3) to examine potential adverse sffects
on reproduction and lactation, 10 rats from each
treatment group representing the Ty generation

dosc

I
[ 5-N

were taised 10 maturity and al low:d to produce two
Biters; o similar resimen was followed for the Ty
. The second litters from each gener-

and Fy litters




d without Lsmngg
end of the ar penod |
;r'miu@d absez‘v:‘ni.mr;, lt.*
rodiews for 0.5, 1, 1.8

men i’-x?i}

Spt{'tl"l‘n' investigaiors reporied
fmied  differences in growih, supvival,
stopathelogy, reproductive porformance,
i or blood chemistry paromerers
: £ bw/day
authors
s of 3000

i be sgquiva
n') lbr lour g

arhonate during gest

ITA had mederate 1o severe disrthoca, The
TA die Foa shght mpurn of

reproduction and an meroased incidence of mal
mations {ncluding bram, clcfi palate, malformed
digils, clubbed leps and malformed twils) The 3%
NaaEDYTA diet severely affected reproduction™n a
second study, pregnant females were fed either the
control diet with 100 pom e, ?% Nazﬁi‘f’["A with
100 ppm zine or I NagE :
1080 ppm zine on gesu&izz:’n dnys 6-21. Sig

HE fs‘.,gi’it
increases in malformations werg seen in animals
given 3% Na,EDTA at the low zinc kovel of 100
ppm but nol with 1000 ppm zine, The investigator

\"Ci

5
the observed teratopenss effects were
e o BEDTA iiself but rather to an
zine that was insulficient w

suggested that
not annbutablk
induced deficiency of 2
sunport ﬂﬂt’ﬂ?iil foetal development

Kimmel {(1977) demonstrated that the route of
admmmuanon of Na,EDTA had 8 marked coffec
odictive  and  developmental toxici%y
Groups of pregnant rais were given Na;EDTA in
semipurified diet 2t o g bw/day
{3% in dics); by gavepe at a dose of h.,(J mg,kg
bwiday (given as p spiit doss 625 mgiky bw
rwice/day} or 1509 mg/kg bw/day {given as u split
dose of T30 me/ke bw twice/dav); or by subow
taneous injection al a dose of 373 mg/ky bw/duy.
Animals in 28 groups were dosed on pestation davs
7 through 14 and foewmses were examined on pes-
sation day 21 for skeletal and visceral malfor-
mutions,  Malernal  toxicity  was  evident by

*Where dossge conversions [rom ppm diel o mpkse
iday were not provided by the “lﬁdy 'nv s‘lig: s,

rs from Dg x-.hnluf #nd H(_,

Specics (and ap) Conversion Tacior fdivide ppm
Mouse (older) T
Bt {young} He
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maiformations
: By gav vage.
EDTA wus more
fower malformed
z :.'} lll:m cid dx ¥ L
son {4t a dose ahout one-th ard 0o one-
he other routes), ERTA was lethal o
ms, but proaduced a low rate (4.3%
of maiformed offspr £ 1977 and
hm mel and Sioan (1873 ated that the mech-
1 by which EDT ‘\ inducsd developmental tox-
the binding of zine by EDTA resulting in
}: during embryvonic dewe

HCHY Was 1
inc defici

C

Ch

mgs WErE  LOnSts

v {15715 when a low

Shardein er gl stigated the develop-
mental toxicity of FDTA {acid form), NaEDTA,
MNa:EDTA, Na;EDTA or CaNa,EDTA, Equimolar
doses of lUUU mg/kg bw/day were given In two split
doses by pavage on days 7-14 of pestation 1o
groups of 20 pregnant rats that were maintained on
z nutriionaily complete, standard lab chow dist,
Daems were sacrificed on day 21 of gestation and
foetuses  were  examined  for  abnormalities
Diarrhoea and decreased {ood intake and weight
gain were observed in all treated proups. EDTA,
MNa.EDDTA, and Na EDTA had the greatest effecis
on weight gain, MNone of the test compounds signifi-
cantly sffected Hiter size, foetal moriality, or rate of
ll“sdal{‘!l mations. The absence of pesitive fndings in
this pavage study contrasts with the high incidence
of malformsations noted by Kimmel {1977} m
gavaze studies performed with animals receiving &
sepipurified diet with linited levels of zne and
other micronutrients,

The studies summearized above revesl a lack of
reproductive and developmental toxicily associated
with EDTA compounds when administered orally
ng with puiriionaily adequale diets (Oser of af,
196%; Shardein er al., 1981}, or when purified diets
were lorlified with zine {(Swenerton and Hurley,
1971

Genodoxicity. A z'-zview of the hierature by Hein-
dorfl e ol (].Sjl indicated that EDTA inhibited
DNA gynthesis and repabr and produced a low
degree of chromosoma! damage and gere mutations
i ovitro. FIOA scientists {Lerner e af, 1986} con-
chuded that the observed svenls were probably spur-
ious indications of gemotoxic polential caused by
the chelation of cations that are important as enzy-
matic cofactors invelved in DNA synthesis in the

cell, Tavlor and Jomes (1972) reporied that iransient
mh bition of DMA synthesis was observed in rat

&
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of var-
,?ed forms
. These

by the

seritoneal i
MAnZINEsS <
it not ‘hy sais :

culated that he lagck of effects
“mvidcé evidenes
- continuation ,,f DINA
ther ELTA sails probably
: nired zinc ions i
importance of 7

rcqu:..md o1
synihesis and th
caused a depl

widuey 4 tissues
andergoing rapid growth and cell division was also
noted in the developmental studies ol Kimmel
{1978} and Kummel and 3 175), MNasEDTA
was not mu{ug Wi IR WY a5%HYs Wi tb vridhio-
netla ! {strains TA98, TAIGO, TA153

Tf‘ﬂ"%”,' or with Escherichia cofi WP
BvriA u/.. 1985y, The L3I78Y mouse
lymphoma cell forward | atiom assay (Molirapor

withous a rai Hver 89
showed ne mulageny

er of, 1988} @it
metabolic activaio
activity.

A recenl pubiicat by Dun—ke] ot oul
reported that of 11 forms of iron sa
Ames Salm :'Jlurlt? Hssay with or \mzému‘ b:7 mea-
bolic activi only ferrous fumarate produced
slight ingreases above conirol 1 tevels and iron EDTA
{(MaFeBEDTAY and other saits were not ;
In the L3178Y mouse iymphomi assay, in conlra
to negative findings by McGregor e al. (1988),
positive increases in mulanls were obtained with
most of the iron compounds, Iron EDTA produce
& concenlration-related, but only & marginally posi-
tive, increase of 2.5-2.7-fold over control vahms al
the highest dose iested in the presence and absence
of a rat hver S9 metabelic activation System, 7o
spectively. At the highest concentrations that were
considered mutagenic, increases in mutant i seidence
ahove contrel values for common iron COMpoUs wls
were approximalely 3.2-fold for ferrous ate
sither with (+) or without {~1 89; 2.8 (+] and 2.0
{~} For ferric chloride: and 2.5 (+}and 1.3 {i
ferrie phosphate. Ferrocene complex was not muta-
genic with 59 bus produced 7. 2-Fold increases above
conlrol vahies withowt 38, The absence of mular
genicity in the Ames test Tor the same compounds
suggests that mouse fymphoma cells may be par
sicularly sensitive to incorporation of oxcessive
guasntities of iron salis in the lssue cuiture growth
medium. The sipnificance of muations produced by
iron compounds added at non-physiological concen-
frafions in an in vitre screending system is difficalt w
exirupolate for relevance to infact organisms. As
the fpding with iron EDTA is typieal of the pthes
irons sails tested, and was not the highesl response
observed, it most likely refiects the sensitivily of the
13187Y cells fo abnormal iron conceniratons.
Thus, the finding with ron EDTA i ol unue
and it 35 of minor imporlance in the overall assess
ment of its safaty.

The overail findings indicate that EDTA-metal
complexes lack significant genotoxic pote ential nnder

o
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o4 ml 0[&0 CIOTA s inn {Yang, 1932
Mo ospn of :ulc g_c: 1'::31;«- wilg 1 after a challenge
injection of a 0.1% selubion eeks after the

cin-sensitization susly
snd ang Cross (3969)
) md viduals thai

fast mjection. In a human
with CaNnEDTA. Rayn

& positive gesponse in 3
with ethylepediar
given  the widespread
SEDNTA and the absence of :
ans, it wos A1 most g weak sensitizing agent.

that

Fyaluaiions by expert bodies

In 1074, the Joint FAQ/WHO Expert Comnutice
on Food Additives {JECFA, 1974) recommended
that CaNa;EDTA or NoEDTA be permitted a3
food additives at doses up o an ADL of 25mg
EDTAMKg bw/day, based ou the facis that
additives are poorly absorbed from the gut, appeas
1o be metubolically inert, and huve u hislory of use
in treating meiai poisening in humans.

Subssquently, the International Nutritional
Anamia Cmsuhative Group (INACG, 1993 and
IFCFA {1993b,c) evaluated the benefils and polen-
fial health concerns associated with the use of iron
EPTA as an iren fortifcant in food. Among their
conclusions were the foflowing

[

these

& Iron EDTA in the comcenlration range intended
for food fortifcation would not have toxic side-
effects based on studies in animals and humans,

The EDTA moiety is mipimally absorbed {5% or

essy and the fraction absorbed i excreted by the

after 24 1o 48 by, The wide-

unchanged

spread use of NapEDTA and CaNaEDTA
approved by the FDA for use by the food indus-

iry has noi been associated wilth any adverse
effects.

e Iron and BDTA disussociate in the gastroiniesti-
wal tract prior lo absorption by the mucesal cells
and ﬂmy display ingependent ’ib‘mr},ﬂ&ﬁ proe
cesses. Sufficient iormation on the safety of
these mmpnundx is availabie to demonstrate
their safety at proposed fortificant concepiralions
and further toxicological research is not reguived.

& Concern over the use of iron EDTA for pro-
lonzed pericds of ome m the diet because of
irace metal depletion appears 1o be unfounded.
Exchange of iron for zinc is ihe predominant
reaction of concern becsuse of is potential effect
on 7inc balance. Bfects on zine balance depend
on the EDTAzine ratio, and the proposed iron
EDTA concentration sange for [forufication

would pot be expected 1o have detrimental effects
on zing balance.
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Safely

nans show tlﬁ i iro:} in

s Absorption
iron EIVPA 15 ab

JBCFA Uprow ; that use of
sodium iron EDTA ... would not present a safety
problem  in food 'f:r‘iiﬁ&:f‘sticm pro-
25 in iron- d eficient , B vi re( T

IR

dium salts of }‘L‘ll’\ m.hlnl:"’f h)
{(FECFA, 1593ch

I 1949, JECFA reviewed add: uoml data on ]i‘{‘é'l
FIXTA and reinoved the P oguabi
from the 1993 review, Th“ Commilles “concl
that sodium Jron EDTA could be considered safe
when used in  supervised  fpod  forlifesn
proprammes. .. () AL 19U

Ir the LS, the GRAS process ensures thal proposed
uses of iton FDFA are reviewed for safety before they
are implemented. Further, the existence of g sophisty
cated National Muirition Monioring Sysiem that
includes large-scale surveys of the food consumption
behaviour of the US population ensures that the po-
tential exposure of the population and populatios
subgroups to iron EDTA from actual or proposed
uses can he accurately assessed. Finally, the intended
uses of iron EDTA do not call for any morease in the
tevel of iron fortification {rom that aiready existing
and sre in compliiance with FIDA's Fortification
Policy {2} CFR 104.20% For these reasons the use of

ey

FTableg | MNaleEl

TA. Sin-

2 £J8 may be regurded as ovourrin
i food fortihoation prog

Specifications for food prade matorial

ix batches of

The Kellvgp Company analy

od-grade sren EDTA pr by Lehmann
bk, A oso yiin z«.l restalis and

i
mary of these annd
1

food grade specifications is presen

Exposure assessment

o T g
Coneeniration of iron EDRTA

intended for use as a fortificant i
ssed products: (1) ready-to- em {RTE)
cereals, (2) toaster (3 cereal

yuafl o3,

; {#
products a1 muwti fortfied wi{h iron in comph-
ance with the Food and Drug Adounpistrotion’s
Fortification Policy (“;uidt*“ 5 {J CFR 10420)
lron EDTA 15 intended 4 2 an alternatve
compound 1o those carren shle. fron EDTA
stended 1o provide a mfm*rum of 20% of the
v vaiue (DY) for irom, or 3.6 mg ironfserving i
RTE cereals, toaster pasizies ard breakfast .
and 15% of the DV, or 2.7mg ironfserving, m
granole bars because of their smaller serving size.
{The DIV for iron established by WRC (1989} is
18 mg ironfpersonfday. Any additional iron forufi-
cation above 20% DV would be provided by
alternative iTon compounds.

The amount of fron BEDTA o be added to foods
is based on the target level for iron. The corre-
spending amounts of EDTA and complete irom
EDYTA complex 1o be added tw the food preducts

Dlch analyses sumimary

Pradust property

Produet speaifications

Average of butches

Axsay testis
Fe {%) N
EDTA (%} M
Waser {90y
Na (%}

Edentity ety
Fa
Wa or solubilizy {%

p§ (1% miﬂ)
Heavy metpls
As fippm)
Ph {ppm)
Hg {ppm}
Zn L';;'enﬂ
T [,pa:* 1

luble marter (%)
¢ acid (NTA} (%)
'vimulauux afRCCEPIATICR tests
Chior xd* (<37} (%—)
Sulfate D 1 {%

o

K ‘(mm*

12.8%, NMT 13.5% 136
£5.5%, NMT 70.3% 6340
NIA 130
MlA 562
+ lest
Sotuble 0% 43 2570
35585 4%

MNMHT 3 pen
™MMT | ppm
"J,’A%
NMT 25 pom
WMT M ppmn
Nia
MNMT 0.1%
MMT 0L1%

WNMT 0.i% 005
MNMT 0.3% %02
NMT A0 ppim < 140
NMT 430 ppm < 140
MM 20 ppm < T0e

MNLT = not less than, NMT = nof mor than,
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can he caicuinted as foliows, Th
the tr.i ydrate form of iron
comprises 12.5 1o 13.53% of the forufi
and 6535 w
EIFTA content (7 .55 »,) Wi
MM nmz

v

cant by weigh
H the maximum
11 oooer in fots with the

3% % AU most, then,

there will he 7 ar as much DIDTA
as iron ¢ arly, becange m:i
constitutes at e erial, the

enl MI

i wmpiere mhxd{au iron HIXYT/
be $80/12.5 or 8.0 times the level of iror
%rvin" sizes for f@{sd-’ﬁ 10 which
culd be nddo

iromn

the conceniration of
calr be calculated

$oper x‘"vmgy
m 4 given product

d food uses

4

Estimated daily intakes from intende

EDIs for the intended wses of iron EDTA were
estimated for the total US population and for two
subpopuiations with relatively high intakes of the
food products o which iron EDTA will be added
years, with hiph daidy miakes
w, und males age 13 5, with

daily inzakes of food per persond Thess
es were eshmated using the TAS Internations!
t Research System (TAS-DIET™) (TAS, 1995
and food consumption duta [rom the 198991
Continuing Survey of Food Infakes by Individualk
(8597 CSFII} conducted by the Agricultural
Research  Service of the US Depariment of
Agriculture (ARS, 1994

{r.c. children age §
of food por kg b
high

ye

As  supgested by the Food and Drug
Administration, which defines "heavy” consumers

as those individuals whe consume the food al or
above the 90 yeruen{ e of the food inmke disin.
Lum'm ‘Dl,“in and kuznesof, 1995}, ¥Ds for

each food product and for all four food products
cembinmi were based on the 90" percentile of

3

intake per user, Further, the “worsl case” assump-
tion was made that the four fortified products cap-
mred 100% of the market such thai all brands of
RTE breakfast cereals, logster pasiries, breakiaw
bars and granola bars consumed by all individuals

- contain iron EDTA at the maximum concentration
level.

d curront uses com-
iron in the 1o 1 poplzlméors,
; combined, s
3 mg ironfpersonjday, mpares with
current intake value of 5, Jf ) g f“ﬂfg:er‘sen/day
LDl for EDTA from invended wser. Projesisd

907 percentile duily intakes of BDTA for the US
poptlaton as g whole

for the two subpopu-

ions are summarized in Table 3.
EDIs of EDTA from current uses, As previously
MNayEDTA und CuNa,EDTA are approved
a,@(}~ﬁdd~t?\'t use i 35 diferent food pro-
FR 170) ot conoenirations ranging from
l) ppm (21 CFR 170, Whittaker o a/,

for -.ftm,.x,.!

99153,

Whittuker 1 af. {1983} od  that mean
EDTA exposure [rom consumption of regulated
foods did not exceed 15.12mg EDTA/person/day
or .25 mg EDTAky bwiday for a 60-kg person.
Whittaker o7 ol (1993} regarded thas estimate as an
upper bound, overstating both food intaks and ex-
posure to EDTA, Compansen of Whittaker's
EDTA exposure estimate fo 2 por capiie estimate
based on the amount of EDTA available for use in
the US food supply suggests that this estimate is
indecd  high. Based on tiopal  Academy of
ciences figures for the total poundage of food-
BY3 EDTA salt for 1987 of 186,000 pounds
{NAS, 1989), per rcapifz iniake & estimated 1o be
1.6 mg/person/day, or onc-tenth Whitlaker's osti-
mate.

The Whittaker analysis was refined with respect
10 intake estimates for dry pinto beans and black-
eyed peas, for additional uses of CaNa,EDTA
approved since the Whittaker anal Wit con-
ducred, and for elimination of exposure from cols
beverages that no longer use CaNa,EDTA in
couted cans in the United Sistes. This refinement
resulied i an estmated intake of EDTA from all
rf:gtz]ated food seurces of 7.75mg EDTA/person/
day, or .13 mg EDTA/kp bw/day {for a 80-kg per-
5@!1).

Enls of EDTA from curreni uses and intended
uses cpmbined. For the (ot} population, the 90"
pereendile intake of EDTA from both current and
intended uses s estimated to be LISmg EDTA/ky
bwiday (he. 1.0Zmgikg bw/day +0.13 my/kg bw/

e 2. Proposed concentzsion levels of iron BOTA
P

Bday

s Torzificant congentration
3

Food group Serving size {g} Ironjzerving (% DV) fronfserving {mg) i EDTAY tron EDTAT
RYE breakfast coresls 28 kY is 127 gt s
Toaster pastrics 50 n 38 72 404 374
Cereabbased breaklast basg 3 20 348 97 547 77
Grancia bars 21 I 27 ] 723 26

Ulron per serving = serving size.
lrom concentralion x 5.64.
“Trom eoncerdration x 8.8
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Tabie L S0 Percentile intake estimates

EDT
Iron

"Calkulated as 554 % Fe

dayy. The highes:
among younp oh
group, the mean mukc of current plos
inlended wses is esumated :o bg a.(}‘S mg EDTA K
bwiday, and the intake at the 907 perce iéJe 55 3ti-
mated fe be 2.06mg EDTA/

L3 mpjky bw/day +0.13mg/kg b

Safety evaluation

To evaluate the safety of wron EDTA,
EDTA were compared i the ADM of
EDTA/kg bw/day established by %AU WH(}
(JECFA, 1974, Comparison of 20" percentile
inlakes from the intended food uses of irom BEDTA
for the US population {1.02 mg EDTA/ky bwiday)
and for children aged 1-6 years (193 mg EDTA kg
bw/day} roveals that she hDL are 41% and 77% of
the ADL respeclively, A similar comparison based
on b{;th current and inlonded ey combined reveals
that the EDIs are 46% and 82% of the ADI, re-
spectively. Thus, even at the 90" percentile of
imtake, in no case doss the intended anse of iron
EDTA result in an EDY that exceeds the ADE This
i3 true despite the fact that the analyses are based
on the assumption that iron EDTA will be nsed at
maximum intended concentrations in alf brands and
all product lines of RTE cersals, toaster pastries,
breakfast bars and granola bars, as well as i all
currently approved applications. Therefore, these
analyses represeni substaniial oversstimates of likely
actual exposure 1o iron BEDTA.

As previouslty noted, toxicological studies of ron
EDTA ftsell huve not been conducted; rather, the
ADY for BINTA was determined based on safety
stucties and the history of use of other EDTA com-
pounds, Thus, i is particularty important to note
that the estimated mean intakes of iron and FDTA
from the intended uses are comparable 10 or lower

Cuand Sidmp
ints

3

than those used in the three ale feld irials
of ron EDTA as 3 for .wm {Tabic 47,

The intended applications of ron EDTA as 5 for-
iflcant result in estimated mean intakes of iron of
3mg Fefpersonjday for the total pepulation,
290 me %/’;: onfday for children age 1-6 vears,

Fe/personfday for teenage males. The
estimated intake of EDTA that will result from the
intended uses of iron EDTA is 22.17mg EDTA/
personfday  for the US po ation, 1636 mg
EDTA/personfday for children age 1-6 vears, and
28.99 mg EDTA/personfday for teenags makes.

In summary, ali exposure estimates are well
below the JECFA ADI and independe: ® o amin«
ation of the currently availgble toxwicology literature
provides no evidence of potential h:‘za; ander
intended use conditions. The data collected and
published over the past 20 10 30 years demonstrate
that iron EDTA is safe and effective for iron fortifi-
cation of l‘oewd pf{‘l‘jUCES and meels the standard of

T rtainly of no harm” Further, the
;\zragas}wd record establishes that the salely of ron
EDTA [or ifs intended use may be regarded as a
matter of general recognition,

dledgerents—The suthors acknpwlodge the merm-
Bers of the expert panel, Dr Joseph F. Borrslecz, D
Sarsoel O, Kaba, Dr Miguel Layrisse, Dr Sean R Lynch
end Dr Fernande B, Virer,, who participated in the safety
an of Fon
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Preventing Iron Deficiency Through Food

ration
Hlurrell, Ph.DL

Fortifi
Richard T

Orie way o prevent jron deficiency anemia in
developing countries s through the fortification

ffood products with iron. In addition o avoiding
undesirable color and flavor changes, the main
challenge is fo prmpﬂ the fortification iron from
@l infubitors arm gbsorption present In

There is clear evidence of a high prevalence of ron defs-
crency anenda mdeveloping ¢

tent, in the more industrialized couniries of the world, Most
yildren, aned

eritically affected are infunts, scho e ohi

women of reproductive ape. Appruuu,atﬂiy 50% of these
o coune
tries of South Asia and Africa, compared with abuut 25%
in Latin America and approximately 10% in the mxhustrial
ized couniries of Europe.’ In addition to the deleierious

avelor

populations suffer from anemia in the less

physiologic consequences of ron deficiency in mdhividu-

o E

5, the resuling public healith consequences m develop-
ing couniries can significantly impact economies in the
form of health costs, wasted e

lost productiviiy.

cational resources, and

Hefore considering an intervention sir

vent iron deficiency, its eticlogy must be under Sm'ad T]m
is more complex i developing countries than s indusinal-
ized countrics where the consumption of ins 41 wieni ab-
sorbable iron is usually the only cause or may be the major
factor causing iron deficiency? In %vciop g countrie
other possible causes are intestingl werm infections,
taria, and vitamin A deficiency.”® The major causatiy cmc-

tor in developing countries is not low iron intake, but, rathe
fow aron ab

phioi. Iron miake i3 often relatively hmh,

aimost 20 me/day,’ snd would casily meet the recommended

+

14-15 mgiday)”

ances for the United Sia
Unfortunately, much of the ingested iron is poerly
bicavailable iron frem plant sources or is contamination
tron from seil and inchudes little bicavailable iron from ani-

dietary aliow 25 {

Dr. Hurrell s Professor of Human Nutriion al the
Institute of Food Science, Laboratory for Human
Nutrition, Swiss Federal instifute of Technology, Z0rich,
CH-B803 Ruschiikon, Switzerland,
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muku of moda ﬂ‘at enhance Iron absory

g vitamin (,"9

ed as the mosl

the preva-

enreg

£ :appmzwh 16 red

2y
i

ney. - This can be in the form of "mass

cereals, milk, salt,

cné%{m"b},fh rifying foods such«
and eondiments tha: are widely consumed by both at-risk
populations and others who hewa ;
ron. Alternanvely, a
# food product preferentially con
groups 1

Hile or no need for exira
eted fortificatior
suIn rf.d by one of the at-risk
ortified can be considered

cgram in which

Although targeted fortification is relatively easy w©

o for infant foods such ag formulas and commercial

mfant cereals, or for schoolehildren through schooil feed-
s including such Irinks or
is more difficult to farpet a fortified food specifi-
cally for adult fertile women. For this group, the fortifice-
tien of & widely consumed product would seem the best

foods as forifed ¢

cookies,

way to provide extra food iron, but other groups such :

aduit men and postmencpausal women, who do not re-
guire exirs on, will siso consume the fonified food. in

ere 18 concern that this excess

£ ed countries, i
iron may be detrimental and lead 1o increased incidence of
apd cancer’™ owing fo increased oxidas-

1

atheroscieress
tive siress.
cuniries, however, where a lower in-
take of bivavailable iron occurs, these considerations might
notapply,
reported o range from 2% in Burope and 4% in Nonh
America, 10 13% in Latin America, 20% in Alnica, and 32%
in South Asial

Afthough widespread iron deficiency has been recog-
mized for more than 30 vears, intervention sirategies in-
cluding food fortification bave been met with limited suc-
cess. The only clear success story has been in industrial
ized courgnies, such as the United States and Sweden, where
the steady drop in the prevalence of iron defiviency in
infants and preschool children over the last 30 years™ is

in developing

Ihe prevalence of anemia in adult men has been

Nuirition Reviews, Yol 55, No. 6
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o be added. Clearly, the iron compound must be
stive hicavailability
1 inhibiiors
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of won deficiency aneni a‘rhmAh s

2.9%5 inthe NHAN

iron-fc indant formulas wrent low incide S However, i

Peeuidalseb h"’ added
~fortified iood' the Umized
chas white bread, rolls,
. pasia, and
=4 iren {rom these
cial fron intake as determined in

D will have little or no impact on the sron siatus of the

1 thus

od fortification prog

sented about 21
ANES LIS
Although pilot fortification

the choice of [“mf v

ERSLIINRG &0 JL]LC]JCHL‘ absorption of for
'rcsnhs.i}’“rc are as [ECERAtEE
aps for Chile # This could
! wk of politieal commitment, insaffi

z'>§,

have given pronis o mmd nrela

55 stories exoept pe

crent fund-

g, t}ail[ ,u_lmu o focal o multmational

,the use of hem
> of Mareb!

wat are used as ron fort

de the aid] won of ascorbic a

wetworks, or lack of nuirit
onsumer, all ofwl

sichare con- hin or dried Blood, and the o TA Finaily, the

educanon programs forihe e

sidered necessary for o sue

ication vehic

Anciber 7} u,:u]d be that iron deficiency s due 1o
factors joient absorbable iron. Hoolkworm

iﬂfl’i(ih(‘;ﬂé&, maiaria, ;mé.l vitamin A deficiency should be fortification compounds.

&

addressed simultancously in any food fortification s

Oplimization of the ron Compound

eoy. HU“'-:“er i hon ability of food iron is the ma-

):,[ RE

ant of tron deficiency anemis m developing Some characteristics of commenly used iron compounds
incrensing the supply of abs

countrie wrbabie food on are shown in Table 1. They can be conveniently di-
ficiency anemia. vided inm fmzt‘ gmups: { 1‘3 those that are freely water-
‘Tilismcesszmlesi.m-f careful selection of both the food or soiubie but soluble

product to be Tortified and the iron fortification comp hosv that are waler

should se the prevalence of iron &

Tabie 1. Characieristios of iron Sources Commonly Used o Forlily Food (adapted from Hurrsll 1885, 1892;
Bothwell & McPhail 1902}

Approximate  Average relative  Approximate
Feeontent (%) bioavallability relative cost®

Rat Tian

Freely water soluble

Fur’sh sulfate 7H HEY 100 10
Dirved ferrous sulfsie 0 100 0.7
Ferrous gluconate 7 89 5.1
Ferrous laciate - 106 4.1
Ferric ammonium cirate Hy/ — 2.1

Poorly water seluble/soluble in dilute acid
Ferrous fu
Ferrous su
Ferric saccharate
Water-insoluble/poorly soluble in dilue acid
Ferric orthophosphate
Ferric smmonium orthophosphate (BKA Nobel, Sweden)

ot Lt
1 e

- L
3
i
Pt P L3

s
ot
I e
-3
£ B

!

Ferrie pyrophosphate 25 23
Blemental Pe powders: elecirolviic 98 0.3
carbonyi 98 L0
reduced 97 0.2

Protected compounds
NaFe EDTA 4
Hemoglobin .34

0
£
.
-
= o
.
p—

‘":5
o
5]
=¥
-
e
o
4
5
-
b
=
=
%
sl
o1
::;
R
-
=
Y
wn T
p )

“Rdau : 1o farrous s lfat 7”‘%{,0 = .0, for the same level of wotal iron.
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sre et

can be 101 nd in reference 25,

sich as
ang h!fl’ globin d ¢ exieni on the amo
LoIn pene
! ’-ml‘,r.faﬂzl'h|ﬁ= nrodents and bumans, as
; soluble in
: %ra dilute ac
"b lity
ice owing 1o
“and the
al o al-

. the frecly water-sofuble vompounds

arc ¢om-

lems in the food vehicle.

Bicavailability
The absorption of forsfication iren depends primarily on

its solubility in gastric juice. Water-soluble compounds

such as ferrous suifate dissolve instantanecusty in gastnie

juice, whereas more suchaselemen-

, inseluble compounds
ial %rm‘: TaT;

dissolve complelely, Once dissolve

cation iron enters the common pool, where its absor

{lixe that of all pool iron) depends on the content of en-

hancing or mhlmmry b in the meal and on the iron
status of the 1. For example, phytate and
ual will dimin-

tion, whereas vitamin C or low ron status will

%]

H

i polyphe-

o 15 or a satisiaelory iron status in an indiv

oy

crihance abs 0T

Because iron status and various food components
may markedly

s affect iron absorplion, the absorption of a
simgle ron o 5 than 1% 1o al-
wnosi 100%. Therefore, when comparing different iron com-

Frelative toa

sound can vary from les

nounds, one must measure the bicavailabil

reb 15 usually ferrous sul-

standard compound. The sk
fate, which has been desiznated as having a reiative
moavalabiliny (RBY ) of 100, |t has recertly bee
strated that the b noreplotion test in 50
the measurement of dialvzable iron in vitro are

dictors of iron bioavailability m humans ® The RBY of many
I ’LEJ.ZS}

1 dermon-

nis and

gaod pre-

commereial iren compounnds is well known (Table |
ounds can be screened by animal or in vitro
ECeSSArY.

New comp
assays, alihough human stdies are ultimately ne
Compounds lzbeled with radicactive or stable isotopes

can be prepared and used as confirmation for the more
sofuble compounds. For those compounds thﬂt are poorly
shate and

soiuble in dilute acids, however, such as ph
elemental iron powders, one s never absolutely sure that

~}
.
B

Reference b
Page 3ef 13

the labele

rics as the
-

HERR &1y

> best condinm

ation of the

i color and
also
: spuce’
Many

ar vvhm AR [mnl LL] sugar 1s added 1ot ron
annot be 1 ;

soha

ounds are colored and ¢

ihe more

pnur’xf" often react
coloration. Infan

green on addition of fl’nms sulfate
i compounds have often been
5 rled thot ferrous sul-
te, and ferme ammo-
e fers
roduce off-colors when added 10 a
Samila
other soluble iron compounds

Frs

nium citrate us fumarn

and ferric citrate,

chocolate mitk drmk,

v, salt fortificd with ferrous

sulfa omes yellow

or brows. ™
€34 Navor can also result from the metallic mste of the

soluble on itself, particularly i beverages. However, the

catalyiic elfect of tron on fat oxidation in cereals during

storage Is r problem. As in the case of product

discoloration, the water-soluble compounds, such as for-

rous suffate, promeote fat oxidution and reduce product shelf

fife. A convenient method to measure the potential of iron

fortification compounds (o promote [at oxadation in cereals
15 {0 measure
aining the

erilane Tormation in the headspace of sealed
ron-fortified product ™

Pentane is the makor hydrocarbon formed by the exi-
¢ degradation of Hinok Yl Corre-

CANS CON4

zic actd, and 118

lates with the production ol off-flavors. Figure 1 shows the
°C of apre-

raze of pentane formation during siorage ¢
cooked whole wheat [lour containing various iron salis (at
a concentration of 13 me iron per 100 g four}™ Ferrous
sulfate and ferrous ghiconate rapadly

funaccepiable by a taste p

generaied peniane
flerd w6
weeks of siorage. Ferric pyrophosphate and reduced el
snerated Tar less pentane and were still orga-
A similar
iy can ocour in milk producis when fron is

and were Judge angl

emental 1707 5
feptically acee

$10 ble after 7 weeks of storage

Hite

oxidative ranc

added

Freely Water-Soluble Compounds

Freely water-soluble compounds are the most pavaiiable
iron compounds, but also the most Likely 1o promeie unac-
sle color and flavor changes. They are essential in
liquid products, and there 1s often Iittle d
the compounds with respect to bivavailability, flavor, and
creanoieptic problems. Ferrous sulfate is the least expen-

cen

ference between

Nudrition Revisws, Yol 58, Mo, §
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Fipure §. Pentane formation in stored wheat flour fortified with

sted from referes

different iron compou

sive compound and is widely used o fortify infumt forme-
las and pasta and cereal {lour that are stoved for only sho

i

bihis
lactate, and ferric am
evidence that soluble |
exient than seluble
form,™ it 15 possible that fi
with inhibitors of abseo

s are ferrous pluconate, ferrous
sniurn citrate. Although there
rie salts arce absorbed to a !tsﬁer

periods, Other poss

i1y

rous salis when dron 18 10 an onized

erric iron binds more strongly

mtmn such as phytic acid and

polvphenols.

Compounds Soluble in Dilute Acid
Recently, sevm‘ai compounds that are

poorly soluble m
ity soiuble 1

have been
arawe

water byt readh in difute agic

fied. These compounds are ferrous , ferrous suc-

cinate, and ferric saccharate. Their advantage 1s that the

nse far fewer organoleptic pro §
water-soluble compounds and still readily enter the ¢
man iron pool during digestion. They have been su
for use i nfant cereals

flr!‘.i

and chocoelate drink pow
aghafl hm‘ a
rink or an infani cereal for-
test compounds or PFe-radion
e chocolate drink contained

Srudies have been conducted in whic

subjects were fed a chocolate
tified with Fe- mdzolabmﬂ

heied ferrous sulfste
5 meg iron and 23 mg vitamin C per serving, snd the infans

cereal contained 7.5 mg fron angd 33 myg vitamin C persery-
ing. Absolute ﬁihmrptrsn f om the ferrous sulfate control
meals varied from 3% 1o 6%. The absorption from ferreus

furmnarate and ferrous s
hetter than from irurﬂ‘ 15 8

CCiy

ate was af least as good i nes
syliate. Absorption from ferrous
fumarate was twice ag high as from ferrous sulfate in the
chocolate milk drink, and the irop compound may have
undergone some reactions dusing the manufscture of the

chocolate drink powder, which included a vacuum drying
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into the pre

ﬂquiva ent 10 the ferrous s
variable but moder (RBV 3% ,74), and l-r’l*
pyrophosphate had a variable low ahsorption (RH“'

3 thiat i

-39). 1t would

drink than in the presenc
st ahsorpt WEre f}u 1 the cho

Ferric pyrophosphate and § ¢ caused no or-
in the checolate

i, bul ferrous

ferric

sanoleptic probiems in either product.

drink,

miaraie oo 0t was made witl

botling wi

when addui 143
din more

organoleptics

, bat color problems ocourre

nate were

simple n

aculd fruli varicties,

o
Lir

Compounds Poorly Soluble in Dilule Aci

Compounds that are

noorly soinh nclade

erric orthop

ferric pyrophe ic ammo-

nium orthophi and the eleme

by carbenyl, elect

g, or reduction P"En‘lqu g

st oflen-used compounds in food fortification
and their main advantage is that they
tic probiems. Their disadvaniage is that they have a van-

s eanse no organolep-

aple absorption because they do not readily dissolve in
gasiric juice. Animal studies mdicate that current commner-
izl compounds are about halfas weli sbsorbed as ferrous

sulfate.’ Human studies, however, have given variable o

,1353

ither because

This

ng resulis {Table ]

the compounds tested had different pb“s;ud}m;am;
characieristics from the Commercml compeunds™ - or

beeause of the influence of diflerent meals on the dissolu-
tion of the iron compound in pastric juice. Hallber
for instance, found that the RBY in humans ffhc same
carbonvyi iron powder varied from 5 10 20 and the RBV of
1moenium orthophosphate varied from 301060 sim-
ply because of the composition of the meal with which
they were fed. When carbom :
meal in pharmacologic (100 mg) doses, it is reported Lo
have a relative Boavailability in humans of about 74% that
of ferrous sulfse ®

Hseemsy
{40 mg/kg) added 1o wheat {1
on iren notrition, bat the much

ferric

On 1% 0o ned without a

felemental iron
flour would have Hitle impact
higher levels added 1o com-
mercial infant cereals (200550 mg/kg) together with vita-
min sritie substantiaily to the prevention of
iron deficiency anemia.

shable that the low levels of

43

ool ce

Encapstilated fron Compounds

Beth ferrous sulfate and ferrous fumarate are available com-
mercially 10 encapsulated form. Commonly, the coatings
are partially hydrogenated oils, such as soybean and cot-
hyl cellulose. The coating has litle influence

ionseed, ore

n
-



on the BBV as
va‘:l j":

ed color reagtions, Zine

coating
and

ported to be 70% that of ferrous su!zamﬁ*

Protecti

g and Enhancing the Absorption of
ortification tron

Many food vehicles for rom
stances that inhibit sron abson
d pocastonally pelyphenois

acid as

and cascin, and chocolate drinks comtain polyp

addinen, many dieis in

4 lepume
shsorpizon that is high eno

improve or mainlain iron status, it s nec

ary G pre-

vent the forification iron from reacting with the absorp-

iion inhibitors, This can be accomp \}}-’(3 by adding ab-

sorption enhancers. The most common enhancer is vita-
min C. Alternatives would be bovine hemoglobm and

NaFeFEDTA where fron is in a protected fom.

Vitamin C

Vitamin ( can-increase the absorption of both native won
and fortification iron severaifold when added 10 foods. s
cffect appears Lo be related fo both its reducing power and

its chelating action. It can reduce fernc to ferrous iron an

or maintain ferrous iron in the ferrous state an }}E‘QM’CI‘J

or decrease the formation of insojuble complexes with ab-
tIn
5 sron at low ph
at the more atkaline
& r‘r:p{:aned a sixfold in-

sorption inhibitors or witl

+ hydroxide ion in the

addition, it can form selabie comp
thal remain soluble and absorba
duodenal pH, Thus, L
i 1 ﬁbaaz‘pu on(l.

9% by adult peasanis
in Venezuels who consumed EG\} o maize containing Z.8 mg
iron and 79 me added vitamin C. Similarly, Cook and
Monsen® reported that iron absorption in young men fod
a hguid ‘
§.594 to 7.1% as vitamim O was increased from 254
mg. M reported that the

effect of vitarmin © on phyla ronenols was dose
dependant and that as little as 30 my vitamin C conld com-
pletely overcome the effect of phytic acid {38 mg phytate
phosphorus} inmatze bran added 1o white bread, whereas
>50 mg vitamin C overcame the negative effect of meals
ed as tannic acid.

semnla meal containing 4.1 mg ron increased §

ore recently, Siegenberg et

e and pel

containing > 100 mg polyphenols add
Vitamin € mcreases the absorption of all fortification
iron compounds to a similar extent.™ Derman et al ¥ r
ported that iron absorp
stores from infant cereal fortified with ferrous sulfate or

tion by adult women with low ron
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vitamin £ was ade

1060 b; nj lh men aad WO

rom 8
{arina and
3!yhc: iron was only

d three- 10

fna .]i)]-«-bd'-..lj infant formula fortified wit P Sing won
r titer, iron absorpii
1 O but mcreas
oy Yiter and to 8% with 200 mg per

only -

Ton 'mimmm"w frosy

yain £ was oited as the reason 1"(‘
of a ficld s

but in su bequu 1 field wrials with the produd

conducted with this }w ol

er Hiter, the prev

A mnnlh& old was (yr|1,t ;

COIPared

formul

Hamoglobin

Hemaoglobin 15 a form of food iron that 1s naturally pro-

weeted from major inhibitors of iron absorption, such as
The irom bs contained within

i split

phytic aoid
the por
from the globin moiety during

polyphen

vrin ring of the e molecule, which

2 The iron s released within

ion, and is taken up

inlact into the mucesal cel
the mucosal cell by the action of hemne oxygenase™ and is
prevented from reacting with the inhibitory and enh andang

nail o, 1"»w

hmnm within the intesti nen. Hemao
etter absorbed than heme ron without the glo
and is further ephanced in the

le fi55ue.

wesence of

The nature of the mechanism is not {uily established, but &t
seems to be related 1o protein digestion products prevent-
l,\
sheir absorption™

When used ag a food additive, henx
in the form of dried red
that iron absorption is relatively high and prediciable,
Absorption varies little with the co
and although il varies to some extent with the iron status
¢ this variation is far less than with nonheme
imated that heme iron would be
ingr on the tron stores; it s thus
s ape ot tar-
Iv 10 at-risk groups, tissue iron stores will

mg the polymerization of thus reducing

fJ‘:z

abin is added

biood cells. Its main advantage s

ositicn of & meal,

of the subj

iron. Monsen et al.”’
s ahsorbed depen
possible that if hemogiobin-fortified produc
geted specilica
gradually accamulate i iron-replete subjects. The main
éisadvamaye of '}‘sﬁma globin iron, however, 1s the very low
3493 and s intense red-brown color. In
infant cereal, 3 dmé bovine red blood cellsper 100 gric

Tlour was necessary 1o provide 14 mg Fe/100 g, making
the product dask brown. Iron sbsorption was ;4 e i B

won content (

month-old ;]LEED%S. sned aithough the globin protein is lack-

ing in isole , it is high in lysine and is reporied to
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imal blood and o
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-consm‘ﬂcd as well as reld
nption of bl
I iatin A

e Co

vine hemoglobin concemtrate was fed to mfany

ared with that of

monihs okd and their iron ¢iaius wag com

fants fed reguelar sofid foeds (vegetables and meal). In

L

ths, the preva

12 mon

the contrel group &

with ondy
s’m'iiéud

was 1 7% 0o

deficrng

ereal per

o dn s 56(;(31‘:-:.% :m,z‘;iy,"" hfL 1[) ¢ wheat flour coo

e were [ed

Y bovine
as pari of the Chilean

cars. in oz survey

shool Izmcl; progran over a perod

of 1000 participats fron,

gher seruns ferritin and hemoglobin 1 “fclﬂ were

nificanii

found ia children who consumed the fortified cookaes than

mh{s;c who did not. However, the preva lum of anemiain

3 (10 old sef

chuded that the program wmzld have had a larger impact on
iron status i regions where the prevalence of iron defl-

ciency in scheolchildren is higher

Sadium lron EDTA
The use of NaFeEDTA as a food additive has
been reviewed by the International Nutritional
Consubative Group {INACGH™ and was

mended as the most suitable iron fortificant for use in de-

IT”T} U iy recom-

veloping countries. The provisional acceptance of the com-
hy thc Joint FAO/WH (’} Expert Commiticeon F cﬂd
Additives® for use in supervised fortification prog
iron-deficient populations has dmmi the way for larg
scale fortification trials. Other EDTA-containing

YO U

pounds, ke, Na, EDTA and CalNa EDTA, are widely nsed
in manufactured foods m industrialized couniries as pro-
tection against metal-induced organcleptic changes. The

EDYTA molecule forms FeBEDTA in the intestinal tract,” so
that combinations of Na, EDTA and ferrous sulfate or other
iron compounds can also be considered for fortification

PUTpOses,

Chemistry. EDTA (ethylene diamine tetraacetic acid)
is a hexadentate chelate binding through its four nega-
tively charged carboxylic acid groups and two amine groups.
It can combine with virtually every metal in the periodic
table. Tts effectiveness as a chelate depends on the stabil-
ity constant between EDTA and the metal. This is inflo-
enced by pH and molar ratio, and any metal capable of
forming a stronger complex with EDTA will at least p

Nedrition Reviews, Vol 55, No. 8
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dium (Najat 1,
{He, 204, lead
haps man
constants. The

4 by have

11-“1

andl ITA s *»H
B sy 82

Based on the pH opliy

intestine of NaFeEDTA avdl’_“
as follows. In the s

s {n amd T\fa from:
vwould bind Fe

£ common g‘:u()f. So even with the addition of
AL ron EDTA weul
on would be released

bedt and
ably bind in succession Lo Cu (pH
{pH %), but most of the metals are
: EXTS of the metal-EDTA com-
plexes are absord «.d (<} L A and excreted direcily
in the urine. More than 95% of ihu DTA molecule s ex-
creted in the stool. Theorstically, in the leum and colon, o
could bind to Ca, which has a pH optimura of 7.5 for com-
plex formation. Mg, with a Jow stability constant and a
high pH optimum ¢ 5, probably would notreact,
Absorption of Iron from NaFelEDT4. The major ad-
vaniage of NaFeEDTA over other won fortification com-
15 that it prevenis
v cereal and legume grains. Thus, in
cereal [ or rieals containing a considerable quantity
of phytic acid, the sbsorption of iron from NaFeEDTA is
two- t threefold that from ferrous sulfate, With less inhibi-

H ior

pownds iren from binding with the phytic

acid present i man

tery foods, such as potato, there 15 little difference be-
ween the won
With neutral foods, such as sugar cane syrup, consumed
on their own, iron absorption when fortifisd with
MNaFeEDTA was only 3% of that from ferrous sulfate (for
detailed review see reference 60}

Ina way similar to vitamnin €, Na EDTA could be con-
sidered an absorption ephancer. Tt has the added advan-
. homust,

rption from the two iron compounds.

however, be sdded at an equivalent or slightly lower molar
ratio W iron in the meal. El-Guindi et a1.* added equimolar
guantities of ferrous sulfate and Na EDTA 10 Egypuian
baladi bread and increased iron abwrpmm from 2.1% 1o

1age of being stable during processing and sto

3.3%. Earlier work $ od that increasing the ratio of
IYTA fo iron 18 associated with a progressive redue-
tion in iron absorption,® MacPhail and Bothwell® recently
reported that adding Na,EDTA to 2 ferrous sulfate—forti-
fied rice meal significantly increased absorption at EDTA-
w-iron rafios of 1:4 to 111, with a maximum absorption at
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14 mg fron per dov} on
ssumted to be in the

;‘)Lljb) IS
and zing, however, rssible

EDinum AENESIT With copper

.'hz mes more B

copper and squivalent amounts of EDTA and 7
5 ed this efTect
ndents, increasing lev

1 both
elsof EDTA mthe

. a]s:n

‘We have inve
aduitwomen. In

orption and, toa SR GH]
ey
absorption.
zinc absor
34% with NaFeEDTA
on calerem absorption, U

creased from 0.3% 10 0.6%
on overall zine metabohs
added NaFeEDDTA can ther
zinc absorption from meals containing phytc ¢

inte (o

efore Increase bﬁi%] iron and
i Fim
also increase the absorption of copper, as well as the po-
sentially ements Pb, Hg, Al, and Mn, However, 3t
would be wpecic

i e
o have no effect on

calcium and mag-

Ir -5, Three intervention studies have
been made wath N‘AFBED?A by Garby and Areckul™ in
Thailand, Viteri et 21,7 in Guatemala, and Baliotctal. #in
Socwh Africa. Al were ¢
Scuth African study wa

conirofled smdim, but only the

‘he number of
000 and the

v 12 to 37 months. MNone of the food ve-

15 double bhimded,

gubjects varied {rom approximaiely 600 to 1

studhy time §

hicies—{fish sauce, sugar, corry powder—contained phytic

acid, The amounts of won provided per day were 4.3 mg in
sugar, 7.7 mg in curry powder, and 10-15 mg in fish sance.
All showed & positive effeet on iron status, In the fish
auce study, p cased in men, women,
and children. In the sugar stady, even with a fairly low
level of fortification and a relatively modest compliance,
there Wwas an increa
E the fertified product but not in subjects
receiving the unfortfied product. In the curry powder study,
robimn levels and
sernrm forritin in all subjects, and anemia inwomen feil dra-
matically from 22%10 5%.
Crganoleptic
NuFeEDTA causes fewer organoleptic problems than other

acked cell volume e

o

Sl

e ip gerum ferrisin {ron stores) in all

there was an increase in red cell hem

Considerations. Iron combined
water-soluble iren compounds. it can, however, cause un-
wanted color changes. We have Found it [0 be unsuitable
for the fortification of chocolate drink powders and infant

cereals containing banana and other frubs. Viteri et al”!
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Figure 2. Pentane formation 1 vith

MNaFelRDTAL

Fiha NaFeRDTA-K
and

Jwhen added 1o 1es

turned ﬂ‘.cu a pm}\l\ﬂ vmht U!kzr

A does have an advantage, however, when

because unhike ferrous sulfate, 1t
does not pmmke the that lead 1o
rancid, oxidized pmducts We stersd {unpublished resulis}
aur mixed with NaFeEDTA, ferrous sul-

phus equimolar Na, EDTA (15 mg Fe/
160 23 in closed aluminum cans as described by Hurell &1
5 Far exdation was quantified by measuring the accu-
nulation of pentane in the headspace. The results (F
23 show that stored wheat flowr underwent little or no fat
oxidation during 6 months storage #t 37 °C when unforti-
fied or fortified with NaFeEDTA. In contrast, when the
SO, THLO (hepta hydrate), or
JTALl "n{ia i the wheat flour were

sidation reaciions

gure

flour was fortified with Fe
FeSO, 7H,Oplus
progressively exidized during the storage periods and pro-
vely more pentane accumuliated m the headspace.
egulatory Issues and the Current Use of EDTA 1n
Foods. The Joiat FAQ/WHO Expert Committee on Fo,o,d
‘u ditives {JECFAY? pormitted the use of CaNp FDTA and
Na,EDTAup io 2.5 mg/kg body weight/day with a maxi-
mum acceptable daily intake (ADI) setat 1530 my/person/
day. The ADI was extrapolated from the rodent study by
05 level {250 my/kg
applying a safety factor of 100, Unlortunately, this stxf{iv
did not include higher levels of EDTA. These compounds
permited by local food and drug authorizes &

Zrgss

ar et al.™ as (he hichest no-effec

H4re BOW
use in many countries in Asia, Africa, the Middle 1
furene, and America as a sequesiering agent for mczala o
prevent flavor changes, rancidity, discoloration, turbidity,
and texture toss. They are most ofien added o foods such
as mayonnaise, canned vegetables (peas, beans, potatoes),
canped fish and shell fish, carbonated beverages, beer,
and margaring, In the United States, they are permitied i
34 different foods at levels varying from 33 to 800 mg/kg
{Table 2}, although the estimated daily intake is only 25
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Table 2, Examples of Approved CaNaﬁDTA Use in Foods inthe United Siales

Food Products Purpose Amouni Permitied (ing/kg)
I ima heans, ¢ mmd Resin color 30
Re BO0
‘ Retain color, favor texiure 206
Carbonated beverage Retain flavor 43

{Crabimeat, clams, shiimps Reiain color

ek roducis eaervative

Retain color

\Mwml Retain calor

M ushzumms} canned Retain color
Relain colar

[,)

Poiatoes, canned

ervative

*ajuﬂs, cuch as M
Phalippines
European Union ta :
canned sh , pickles,
canned mushroom, glacé ces. EDTA com-
e currently not aliowed in fouds consumed by

allows addition 1o az‘md crab,

cherries, and sau
pounds ar

infants and young children,

st Statns of NaFeEDTA, Alth NaFeEDTA
qud dt).‘)Lal_ ai pre;:::m 1 b: the most appl oprigie won
still about

1. However, il

nore cxpensive than ferr

is two- 1o threefold betier absorbed than ferrous sulfate,
;mt negd 10 be

3an relatively expensive vitamin © doe

ded as an absorplion enhancer. Addi
bﬁi made in the packaging material, because lu,x
cated packaging can be used fora

sophisti-
NaFebBE[DTA-lortihed
food than for one fortified with ferrous sulfate (or other

The hetter material

ed 1o protect vitamin C from

iron salis) and vitamin €
mast be dess
during storage.

nackaging
degradation

Howsver, belore general use of NalebEDDTA can be
reeeony
ascertain potential « -z@aalohpm pmbie’m in & va 1et*, of

wended, more systematic studies are aegessary 1o

gated and JlL )bvsm logic uﬂp@ﬂar o o( kr*y dmnonstmtmd
infhzence must be ascertained.

Food Vehicles for kon Fo

Ceresl Producis

Cereal flours are currently the most frequently used ve-
hicles for iron fortification that reach the entire population.
The amount of iron added is nsually reletively low because
it is added onlv to restore the iron level in milled flour
that of the whole grain, Wif;h frue fortification, a higher
amount than is usually present would be added. Wheat
flour enrichment is mandatory in many countries, and the

Nerition Beviews, Yoi. 85, No. 8

native level in 70% exiracng
Ny ll’nﬁfkg. which:
-wheat i

(1112 mpikgy s ens

richeds roxipate content of

ad

. siteation i the Unms
Fres add u,vm ver amounts ol ren. In
g mg/kg, and in the United
a5 the iron content in white flour

whil
States. Other county
Denmurk, the enrichy
Kipgdomitis 16.5n
is restored 1o that of
inthe United b%"x
also have lﬂdcmE t'im ﬁird\ ﬁ

iment leved 1s 3

- voluntary
enriched
by manufacturers similarly to other baked goods such as

pasta products a

iron enrichment, and these commodities are mos

crackers, roils, cookies,
tent.”® The contribution of fortified ron 1o ron intake is
highest in the Uniled Siates, where H accounts for 20--
of total iron iniake. ™ The consribution of fortfed ron 1o
iron intake in the United Kingdom is much lower, around
gjﬁ P

TFechnolegy also exists Tor fortifying whole gxams such
as rice. This can be done by coating, infusing, or by using
extruded grain analogues. The fortified grains are then mixed
11606 or 1200 with the normal grains. Hunnell et ab ™ de-
seribed a sophisticated method of prepaning fortified rice

{ 3 vitaming and then adding iron,

calohsm, and vitamin E ip separate lavers of coating mate-
rial. The cost of these procedures together with the ¢
culty of completely masi

king the fortified grains 15 the main
reason wiy no successiul programs have been implementied
in developing couniries. Althongh iron fortification of rice
or been enforoed. ™

is mandatory in the Philippines, it has nev:

Gther commenly fortified foods are breskiast cereals
and infant cereals. In industrialized countries, breakfast
ceveals can potentially provide a significant amount of irom,
pasticularly w children and adolescents. In the United King-
dom, for instance, they can provide up to 15% of total fron
intake in 11-12-year-olds.” The contribution of fortified
iron from infant cereals is potentially much preater because
they often provide the major source of iron at & critical time
in 2 child’s growth and brain development.

There are twe major disadvantages o using cereal
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CFirst, th
ial inhibitor of iren

5 as vehicles for ron fortifics ¥ Con-

i acid, a pot
whole grains and ab

i[} ¥ are

Siff-ﬂ“iﬂl\f'“! :.u ,‘:;

vallable iro

, whest flour
grcdﬂctst be-
be fortified with
YHowever, even
v the
shsorplicn enhancer is

FepRDTa would

ph ate or
stored for

ailable ferrous st

7 absorption will be inhibited

H ;h\'m ’md unless an

aithough N

appesr 0 be

flours and perhaps even pusta products. The usefulness

of the fortifcation-of these coreal foods can therglore be

auestioned, because rather low levels of v absorbed

: ,
iron comp e:mglx are added without absorption enhancers
te products containing physic acid,

Rreakfn nila

elernental H

fortified with reduced

ce o [‘ v' "mwirz C, the ase-

(200300 mg/ke) in the presence of large amounts of vila-
min O, Mors bisavailable iron compounds such as ferrons
fumarate are also ofien used,” and even with the eleciro-
Ivtic form of elementat iron, the efficiency of infant cereals
1o provide a nairitionaily useful source of iren has been

demonsirated.’®

Salt
lodine-forsified salt hy
ficiency in many countries,
i
H

"h

ully eradicated iodme de-

so salt would also seem a

1ighly suitable vehicle for ron fortification. However, o

fortification of salt poses many technic: s, and for
developing countries, an efficient preduction and disir-
bution syslens must also exist.

Almost all of the development work for the fortifica-
tion of salt with iros has been conducted in India.®* Colos
changes during storage have been the main problem, be-
cause salt in india is relatively crmde and containg up
4% rneisture. Al soluble irom compennds and vitamin C

caused unaccentable color changes. Fortification was pos-
and ferric ortho-

sible omiy with msoluble iron r“emnmmf

ph E
45 10 pr uvxah, bam 13 myg exira iron per day. Whea N

was added as an absorption promoter,” absorption was
reported 1o be 80% that of ferrous sulfate. A small-scale
fortification trial in which the fortified saltwas included in
a school feeding program demonsirated an improvement
in iron staus ™

Ralt that comains fewer impurities would undoubt-

oy
i
o

zetables in g m erﬂ

apha .JSCd and

i5 an altemative vehicle Tor tron for

fihe world where 1t is produoced, such

1 and Ceniral America, but in other develop

'uu 1S mOTE COm

ents of the popm—
L“ ;

3

absorbed from coffee und ea owing 0 phmz ¢

¢ compounds
0 phytate,
the main techaical problem is (o select a

or, il added o cereal products, ows
Aswith sals,
bioavailab

£ron con‘ap{mné that does not cause unwanied

color changes 1n less pure s

P Commerc 3
wilite canc sugar w ouE da 1pezw ey 1o Fo.miy, and Disler

uccesaful addition of several different
g won'kg) together
with vitamin . There were, however, unacceptable color
reactions when added to colfee and
fud fortification trial was reported in
Guaternala, where NaFcEDTA added o s
kg to provide an extra 4 my rron/day ¢
pulation groups receiy

this was oversor i

etal. “reported the

{erric and ferrous compounds { 10

For 1o certain maize

products.” A s

rat 13 mgiron/

TSOn IncTeased
g the Tortified

iron stores in ali po
preduct’!

Milk
Infant formulas are usually milk based with added

Ve
etable oils, minerals, and vitamins, fron is almost always
added as ferrous sulfate from 3w 12 mg per iiter, and iis
absorption can be improved considerably by the addition
of 100200 mp vitamin C per hiter.” ]
bioavaiiability From milk products can be assumed {0 be
due to the presence of two mhibitory
and the milk prot

e yelatively low iron

factors, calemm™

¥ In a series of forification
triads i3 Chile in which iron-fortified [ormulas were fed to
infants, the improverment of iron status was only modest i
the absence of vitamin € but improved considerably when
it was added to formula.® The widespread consumption of
ron-fortified (and vitamin C-fortified) formmulas by infanis
in the L*med States 15 regarded as the reason for the im»
matic fali in the prevalence of anemia over the ast 30 years
Whole milk vould also be considered as a vehicle for
iron fertification, but because of the presence of caleiam
and casein, an absorption enhancer should be added 10

Nufrition Reviews, Vol 88, No, &
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Condimenis

Condiments that are traditionally used in developing coune
wies, such as monosodium shutamate, fish sauvce, curry
powder, and bouillon cubes, could be useful fortification

vehicles, Mm ywodium glitamate is widely used as a fla-

vor enhancer in Asia and has been successfully fortifie
with ferric orthophosphate and ferrous sulfate encapsu-
inted in zine stearate * The latier compound had 70% of
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fortified with NaFeFDTA, resulted in significant improve-
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reactions and on the addition of an absorption enhancer,
such as EDTA,
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1.1

CAS No:
EINECS No
IUPAC Name:

Svnonyms:

CA Index name:

Empirical formula:

Maolecular formula:

Molecular weight:
Stuetural formuda:

i.2

Purity:
Impurity:

Additives:
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GENERAL SUBSTANCE INFORMATION

IDENTIFICATION OF THE SUBSTANCE

60-00-4

{12-(Bis-carboxymethvl-aminoi-ethyi]-carboxymethyl-amine f acetic acic
: snediamingtetraacetic acud; et
wanediylbis{N-{carboxymetl

2 N~
|
|

f
_~CH,
COOH

PURITY/AMPURITIES, ADDITIVES

OR-100%) wiw

< 8,3 irisodium nitrilotriacetate

< 0.3 ethvlengdiamineiriacetate
< 0.3% wiw nitrilotriacetic acid
< 1% water

]



Reference i
Page 9 of 33

1.3 PHYSICO-CHEMICAL PROPERTIES

Table 1.1  Fhysico-chemical properiies

Parameter Vaiue

ing b
{calouia fa'J according Rek

Flash point nol delarmined bacsuse substance is 2

Flammabilty ot flammable ¥

ne self gniton up 1o the dee

lgn

Expicsive properies not expiogive ©
Crxidising properties o oxidising properie

Henry's law consiant

the subsiance

19 point s sciantifically not meaningful ba

ed t0 be very low for particulany loni substances. Therefore &
ted.

ptermined because of stuciural seasons.

’o!luwmg risk assessment,

s level was determined 1o be 1. Therefore the substoence s nol

mpm H
yapour prassure and waler soly

1.4 CLASSIFICATION

Classification according to Annex [

Class of danger: none
R-Phrase none

The classification of FLEDTA is not included m Annex | to Directive 67/348/EEC

Prooosed clagsification

Al the meeting of 17-19 November 2003 the EU ciassification and labelling working group
(Human Health) agreed upon the following classification for EDTA:

Xi; R36

i



Reference
Page 100l 35

CHARTER 1 UBSTANCE INFORM

Irritant

Irritaling o eves

Keep out of the reach of ¢hildren

In case of contact with eves rinse immediately with plenty of water and
seek medical advice




2 GENERAL INFORMATION ON EXPOSURE

EIPA is mamily

produced and used as acid (HLEDTA) and as sodium salt (Na,EDT A) In

3

lower amounts, other salis or metal complexes are preduced or used Ihe environmental

exposure fro;
environmenial r

H.EDTA ¢q

11‘6 differens uses of all F)T% species is overlapping. Thus, for the

sment (Sections 2 and 3% all production and use volumes are given as

synthesised preferably by cvanomethylation of ethylene diamine with sodium

de. Aliernatively, a two-step reaction is in practise: first hydrogen
lhd-: 10 ethylene dinitrilo tetraacetonitrile, which is in the second
ydroxide to Na,EDTA. From its salt, H&,,_} PA 1s produced by
and precipiation from aque solution

riihﬂ mih su pE uric agid

in the European Union, EDTA is produced or imported at 7 sites. During prod fuction, reieases
scour via wastewaler into surface waters. According to the data submiited by the pmdmﬁrs,
the total vearly releases mnfo the hvm(\xphere amount fo 266 toanes/annum, The total yearly
releases as dust into the atmosphere are 11 tonnes/annum,

FDTA is used as a complexing agent in many industrial branches. The substance is soid either
directly from the producers fo the consumers or via distributors. The European application
volumes {referred as HLEDTA) were in 1999

Table 2.1  European use pattern of EDTA

lise Marketed amoust [tfa]

Heusahold delergenis

industrial and institutional deterg

Photochemicals 4.191{12%;)
sl

Pulp and paper 4007 (129

Matais

Agriculture 5821 (17%;
Cosmetic 786 12.2%)
Rubber processing 489 {1.4%)
O production 358 {1.0%:
Expors 1,143 {3.3%:
{thers 3,352 (9.8%:;
Total 34,548
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3 ENVIRONMENT
K| ENVIRONMENTAL EXPOSURE

ERN General discussion

Environme

During the use as complexing
the wastewater, The emission
Section 3.1.2.7.

at, the maior amount of the applied EDTA is emitted into
untion in the individuad industry branches is presenied m

e

When H.EDTA and Na,EDTA are emitted during
are formed in the enpvironment, mdependent ! , :
T?zeref@;‘rﬁ:, in the environmental e‘mmm‘f assessment the emise
a.FDTA uses have 1o be adde
are calculated for emissions of the
assessment 15 performed on this bas s,
FLEDTA,; when the species 15 not stated

nrod uu on, use eic., the same onic species
ed compound {acid or a sal)
ioms from both FLEDTA and
TA equival

e environmental 118
2 generaily related 1o

j

ti‘“ fwﬂl h«. taken as H, ZZ)T ‘x

Fnvironmental fate

Degradation

The results of standard biodegradation tests can not be used for the exposure assessment. It
was demonstrated by abomim tests that biodegradation of EDTA 15 strongly dependent on
the complexed metal. Metal-EDTA complexes with a thermodynamic stability constant below
10", like Ca, Mg and Mn, were degraded under special conditions, while chelates with
stability constanis above 10", such as Cu and Fe, are recalcitrant.

In biological treatment plants, EDTA can be removed when a number of specific conditions
are present: a relatively high hydraulic and sludge retention time, an alkaline pH value of the
wastewater, and when EDTA s not complexed with heavy metal jons. Monitoring data
indicate that these conditions are fulfilied in some treatment plants of paper mulls and
beverage industry, where removal rates up to 95% were determined. In conftrast, in mumicipal
treatment plants EDTA is generally not removed. In the exposure scenarios for paper mills
and beverage industry, 2 scenarios were calculated. In the first scenario no removal is
assumed reflecting a worst-case scenario, and a removal of 90% reflecting the best available
techniques. In ali other scenarios no removal 18 assumed.

In sediment and soils, EDTA is aerobically degraded with estimated half-lifes of 300 days

Fe( IH} EDTA was found to be photolytically degraded in agqueous solution. As a refevant part
(15 to %5 of total EDTAY is released as iron complex, this mechanism is probably predominant
in environmental EDTA degradation. For the regional exposure scenario, it is assumed that

50% of the total EDTA releases are photolytically degraded with a half-life of 20 days.

The pathway of both biodegradation and photolysis is identical: carboxymethyl meieties are
subsequently cleaved, leading to ethylenediaminetriacetic acid (ED3A) as the first reaction
procduct. ED3A is either further degraded or undergoes intramolecular cyclisation leading to
ketopiperazinediacetate (KPDA). The sum of ED3A and KPDA was detected in surface
waters in concentrations up to 16 pg/l. KPDA was found 1o be readily biodegradable failing
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the 10-days window. Due to the degradation properties,
metabolites is not expected.
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The adsorption cnto sediments 18 low: For 3 metal con
hetween 3 and 13 Vke were determmed. For the exp
Kpeea 800 Kpgysp 0f 75 Vkg are used.
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Bicaccumulation of EDTA and its metal complexes
BOF of 1.8 Vkg was used,

iow: for the exposure assessment a

3.1.2 Aquatic compartment (incl. sediment)

3.1.2.1 Production

Exposure scenarios were calculated based on site-specific data of 7 European EDTA
producers. The cajculated PEClocal values are in the range of 0.095 and maximum | mg/L

(’J

3.1.2.2 Ise

Releases into housghold sewage

EDTA is an ingredient of household detergents, cosmetics, pharmaceuticals and food. The
main function is the complexation of trace metals. It was ; assumed that the total application
volume (3,669 tonnes/annum) is released via the household sewage without elimination in
treatment plants. The resulting PEClocal is (.195 mg/L

Industrial detergents

EDTA preveats the precipitation of caleium, magnesium and heavy metals which can cause
sedimentation and incrustation in containers, pipes, nozzies and on planes to be cleaned. In
aikaline degreasing fleets, phosphates are stabilised and the flocculation of calcium soap is
prevented, furthermore the cleaning effect 18 intensified and tarnishing of metal surfaces is
prevented,

The total Furopean market volume was 10,685 tonnes in ]‘9‘5 . There are a large number of
use areas within the industrial and institutional detergents {I&I) market. The products
formulated to ncorporate EDTA described within these £y nr:ﬂ@ 15 arc distributed to a large
number of cutlets thus resulting in disparate entry of EDTA to the aquatic VPG,
mainly via municipal effluent treatment systems. A 2'33 gh level of usage is the dairy and
beverage industry, with 50% of the total reported tonnage. The majority of users within the
dairy and beverage industry use less than 1 tomne/annum, but three large sifes with

consumption up to 30 tonnes/annum are known. For the exposure estimation, 3 alternative
scenarios are regarded:

[€4]
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Wastes from photoindustry are colleg tgd by disposal companies. Bath residues are either
incinerated or evaporated and deposited, and uses in the cement industry for nitrogen oxide
removal from fumes are known. Some monitoring data are available which indicate that &
disposal sites EDTA is released into the wastewater, Based on TGD default values, a
PECIocal of 2.4 my/l is calculated,

e
Het

Textile ndustry

EDTA is used in textile finishing to support processes like cross linking of MEEU] 15€
molecules (to produce easy care fabrics) and oxidative bleaching and to prevent ¢ talytical
damages of the fibres. The exposure scenario for large textile finishing sites resuhb noa

PECIocal of 2.6 mg/l.

Bleaching agents are applied by paper mills to remove remaining lignin from the cellulose
fibres and to improve the brightness. If hydrogen pemx%de 1s used as bleaching agent, heavy
metals like manganese would decompose the peroxide; therefore they have to be chelated.
EIYTA is not fixed onto the paper; therefore the total use amount is emitied into the sewage.

The exposure estimation i mainly based on site- sphuhc data for 11 Swedish paper mills
covering about 75% of the European paper production. 2 scenarios are cal culated.

. Monitoring data for mills effluents are reported which demonstrate that EDTA is partially
removed in long-termed aerated biological treatment plants. A removal factor of 50% is
chosen for those sites reflecting the best available techniques, e sulting in a PEClocal of
6.5 me/l.

. Asonly a part of the treatment plants are run under favourite EDTA degrading conditions
{alkaline pH, long sewage and sludge residence time), at other plants no ghimination s
assumed as a worst-case approach. This scenario Jeads to a PEClocal of 4.1 mg/l.

Monitoring data from Swedish and Finnish sites (representing the majority of the European
marketl) reveal that a PECiocal of 4.1 mg/] resulted from the worst-case scenario I3 not
eached for any site. Therefore, this value is not used in the risk chara cterisation. Instead, the
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Palvmer and rubber production

EDTA is used in the production of Styrene Bumé;ene Ehsi omer is manly
manufactured by ﬂnm%x on polymerisation. EDY HyFe(iih
ions in the mitiator system. Based on the I{m dc:ﬂluh mm,ei, a ”%( luca uf i mgsl is
caleulated,

EDTA is used for well cleaning processes at oil platforms. In the cleaning process about

1 tonne of EDTA is used durimg a 24- how pumbﬂ leading to intermittent releases. According
to the CHARM {Chemical Hazard and Risk Management) model, a ditution factor of 1,600 1s
reached at a distance of 500 m from the platform leading to a PEClocal of 0.63 mg/

Fuel gas cleaning

EDTA is an ingredient for fume desulfuration at coal power plants and waste incineration
plants according to the Wellmenn-Lord-process. The EDTA ¢ coptaining solution is Tun in a
circle, and a partial stream is incinerated, thus there are no emissions into the wastowater.

iHsposal

From different uses, EDTA containing wastes come up from the industrial processes. From
the photoindustry it is known that minilabs are {partially} run waste-water-free, the wastes
heing collected by waste disposal companies. Furthermore, hath residues from photolinishers
and probably from other branches like textile finishing or cireuit board production are
collected.

o=

There is some monitoring data available indicating that EDTA is released into ¢ the wasiewater
at disposal sites. In the frame of the present risk assessment, it was not possible to gain more

information about environmental releases for this life-cycle step. hsrefﬁze the results from
photochemicals recovery are used for the risk characterisation { PEClocal = 2.4 mg/).

Sediments

Recause of the low }'}urﬁiimzaiﬂe cocfficients, no acmmuia&i{m in sediments will take place.
Thus an assessment of this sub-compartment is net necessary,
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Moenitoring in municipal trealment plants

aring an extended monitoring _program in German muz‘zupql
1994-1995 the EDTA cone n exceeded 600 pg/l m 5 oof

Switzerland, the EDTA centrations in wastewaler are generally in ﬂ e ’rnm he“\un 18 te
300 pg/l, with maximum loads between 1,000 t0 5,000 pg/l

&

Monitoring in surface waters

During an extended monitoring program, EDTA was measured in Ge
Erom 1993 (o 1993, the substance was sampled atf 143 Jocations at 73 nv
per vear al each location. The EDTA concentration
T iehest detected concentration in a cregk was
gsult,

;mm;w-\:l this was 4 singul

in the Rhine at Lobith and
hith, the average concentrations

[n 1994, the concentrations were 4.1-17.6 {meaﬁ‘; g (;'x}‘; 1
3.5-11.4 {means 7.7) in the Ijsselmeer at An

were 7.7 ug/hin 1995, 10.9 pg/l in 1996, and 7.0

In the lLeke Constance near Lrbfﬁ}lﬁmxﬂ‘ the vearly averaged EDTA concentration was

in 1994

4";

i

4.8 pg/l in 1989, The value decreased 10 2.5 pg/l

g/l In the rver Glatt,

In Swiss rivers, the EDTA concentrations are generally below 20
maximum concentrations of about 200 pg/l were measured.

in the river Odiel near Huelva (Spain) EDTA was measured at two sites. The first sampling
p@mi is near several industrial emission sources, the EDTA concentration was 2.46 mg/l. The

econd site near the river mouth is influenced by sea water, the EDTA concentration was
599]ﬂmj

G.

3323 EDTA metal complexes in the hydrosphere

The most important property of EDTA is the fo srmation of water soluble complexes with
multivalent metal ions. Metal jons are ublquitously present In wastewater and surface waters,
thus the agem 1\ always compictely complexed in mth media. Because of the high complex
formation constants, heavy metal ions are bound preferredly. In the thermodynamic
equilibrium, the most preferred metal being comp exed 1s Ni, foliowed by Cu, Zn, or Pb.

EDTA complexes can undergo metal exchange reactions. Due to this property, non-
degradable complex species can be tra msformed into degradable compounds. However,
hecause of the kinetical stability of the complexes (half-lifes up to 20 days are reported), this
process is not Hkely to oceur in municipal treatment plants as the retention time 1s too short.

EITA is able to solubilise heavy metal ions previously bound onfo sediment solids. It is not
possible to give a single value for an EDTA concentration at which no effects on metal
remnbilisation occurs, Because of the complexity of the EDTA-metal interactions {dependent
on metal concentrations, pH, nature of the sediment, concentration of organics etc.), it 1s not
possible to come to a general rule for effects which is appiicable to each river system. For
individual surface waters, model calculations can be performed to receive a rough estimation.
In concentrations below the aquatic PNEC (2.2 mg/l), natural surface waters contain &
stoichiometric excess of heavy metal ions, leading to a complete complexation of EDTA in
the waler phase, thus this effect will not lead to an increase of the total heavy metal level.
Only metal exchange reactions can occur.
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3124 Regional exposure
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314 Tervestrial compartment

3.1.4.3 Production

Dust emission during production will reach the soil in the vicimity of the p

o

duction siles by
of 0.31 mp/ky dw

¥
o

wet and/or dry deposition. For the strongest emission source, a PECloc:
and a PEC ewuer 0f 4.6 pg/l s calculated.

3342 Use

Cu-, Fe-, Mn-, Mg-, Mo- and Zn-EDTA complexes are mixed into fertitisers if there 15 a lack
of trace elements in agricultural soil. As a worst-case approach, the exposure from the use as
leaf fertiliser was calculated, leading to a PEClocalyy of 0.51 mg/kg dw and a PEC orewaer 0F

7.6 ug/l

3.1.5 Secondary poisoning

As there is no bioaccumulation, a biomagnification via the food chain is not expected.

{Lad
¥
]

EFFECTS ASSESSMENT

321 Aguatic compartment (incl. sediment)

The toxicological profile of EDTA is based on disturbances of metal metabolism. For the
interpretation of toxicity tests, the complex formation properties of EDTA have to be taken
into account. Beside Ca and Mg, test media contain a certain amount of heavy metal wons
being necessary as trace nutrients. The complex formation constants of heavy metal
complexes are by several orders of magnitude higher than of Ca/Mg-complexes, thus after
addition of the test substance EDTA (as acid or Na-salt) the concentration of uncomplexed
trace metals decreases drastically. The degree of Ca/Myg complexation is dependent on the
amount of added FDTA. Uncomplexed EDTA is only available when it is present in
over-stoichiometric concentrations.

Short-term tests on fish reveal that EDTA and Na-EDTA are more toxic in an uncomplexed
form. This can only occur if they are available in over-stoichiometric amounts to the chelants.
Under these conditions the complexing agents can cause nutrient deficiency by reducing the
essential concentration of different ions. The higher the water hardness the higher was the
concentration of EDTA necessary to cause a toxic effect expressed as mortality. In the test

Keference i
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e test on the zehrafish Donio rerio, the NOEC was determined 10
based on analvtically determined concentrations. “zaNawE?}TA was
is test 15 considered o be the most relevant fish test for the PNEC

ance. Th

For daphnids no investigation on the influence of water hardness or possible reduced nutrient
conditions are available. The availuble acute tests are carried out by Bringmann and Kithn
hard water (160 mg/l Ca0). It is known that caleium deficiency inhibited the d velopment of
fresh water crawfish. 24-hour ECS0 values of 480 1o 790 mg/’l ;ur D“p i
found. In a long-term test a 21-day NOEC of 22
the latter test a surplus of Ca was present, thu
being the active test substance.

C:—.‘t-ED'D forme 1 i thg

The apparent effects of complexing agents to algal growth are related to essential frace metal
bicavailability. [t was demonstrated that not the absoiute EDTA concentration, but rather the
ratio of the EDTA concentration to the mefal cations is crucial to algae growth. With
sufficient trace metal amounts, HuEDTA concentrations up to 310 mg/l caused no effects.
Similar results are obtained when Fe(1IDEDTA is used as test substance, due to its slow metal
exchange kinetics overchelation of the nmriem metal ions is avoided. Therefore direct effects

caused by the intrinsic toxicity of EDTA are not expected in surface waters, where in nearly
every case a stoichiometric surplus of metal ions 1s present.

In addition fo the discussed adverse effects, like growth inhibition, mortality and
immobilisation of EDTA the growth stimulating effects like eutrophication occurs. For iwo

different river waters a significant increase in phytoplankton production was observed after
addition of 30 1o 300 ug/l EDTA. The higher availability of trace elements through the
complexing agent EDTA depends on the preloading of the water and can significantly
stimulate the processes of eutrophication. If trace elements like Fe, Co, Mn, and Zn are
sufficiently available in a soluble form, the algae growth will be increas sed after addition of
EDTA only insignificantly. This aspect of effects can not be assessed quantiatively with the

methods available,

3211 Determination of PNEC,qus

The effects assessmeni of EDTA is based on long-term tests, which are available for fish,
daphnids and algae. The most sensitive endpoint could be found for Daphnia mogna with a
NOEC of 22 mg/l HiEDTA. According to the TGD an assessment factor of 10 has to be used,
leading to a PNEC qu of 2.2 mg/l.

In the frame of the marine risk assessment there is no scenario for intermittent release
available. As there are no valid test results with marine organisms available, it is proposed
according to the TGD, Chapter “marine risk assessment” to use an AF of 1,000 mstead of 100
for PNECintermittent-marine. Using this factor a PNECintermittentmarine of 0.64 mg/l can be
calculated.
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3213 Influence on the foxicity of heavy metals

In surface waters, EDTA causes an incresse of heavy
of EDTA on the toxicity of heavy metals was demonst
nost metals was decreased by a factor of 17 10 1.7
rent toxicity mechanism 1s assumed.

metals in the water phase. The mfluence
-ated i a lest on Daphaia, The oxicity
04, except with mercury, for which a

3.2.1.4 Ecotoxicity of EDTA metabolifes

The toxicity of ketopiperazine diacetate (KPDA) wa s tested on the zebrafish Brochidanio
rerio, on Z](?ffr!’?mu magna, and on the alga Psewdokirchaerella subcapiiaia. For I
taxonomic groups lested, the ECS0 values for ketopiperazine diacetate (KPDA) are above
100 mg/l. With an assessment factor of 1,000, for KPDA a PNEC of » 100 ug/l 1s caleulated,

3.2.2 Atmosphere

Because there are no fumigation tests available, an effects assessment for this compartment
can not be performed.

3.2.3 Tervestrial compartment

There are only test resulis available which investigate the decrease of heavy metal foxicity
caused by EDTA . It is not possible to derive a PNEC with this data. Therefore, the assessment
can be based on the pore waler concentration only

3.2.4 Secondary poisoning

As there is no bioaccumulation, a biomagnification via the food chain is not expected.

3.3 RISK CHARACTERISATION
331 Aguatic compariment

The risk assessment for aquatic organisms resulted in a PNECu, of 2.2 mg/l. The
PNEC picmorsamisn. Was defermined to >30 mg/l. For intermittent releases ocourning at o

TEaT e
platforms, the PNEC mermisenmarine Was determined to 0.64 mg/i.

P4
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CHAPTER 3, £NVIRONMENT

fe-SColile SCENATIOS

[ 2

Table 3.1 PEC/PNEC ratios for the aguatic compartment

Scenatio PECincak: PECaque! Cetfl [mgh}/ Cefft./
[mg’lf PRECqe Cedl PNgCn"rug s

Producer A waly impert

Producer 8 18 (.08 a7 <), 18
Producer O (0595 G4 <[.G0GE
Producer [ max. 1.0 <{.45

Produger k * (.39 .18 <30
Producer F .19 2045 no WwWTP

Producer G 0.2 0.4 a0 WWTH

Froducer H (.04 340

Housahcld sewags 4.8 10
industrial detern .64 .26 54
ndustrial deterge 26 1.2 29
industrial detergents 035 G148 2.5
Photochericals 0.57 9.2 47 <G08
Texiile indusiry 24 9.8 19 < (338

=1
zn
[
3c4
.
foee}
I

Pulp end paper Scenario §

Puip and paper Scenario 2 2.8 1.2 40 <08
Met HY 55 116 <23
Polyrmer and rubbar production 1.7 677 16 <32
Disposal 24 11 3 < .48

= Arsie E produstion was meanwhile stopped
A conclusion (iii) was reached for the following scenarios:

. for the use of EDTA in industrial detergents by large sites within dairy and beverage
industry, where no effective wastewater treatment is applied,

. for paper mills where no effective wastewater treatment is apphed,
. for metal plating (circuit board production),
«  forreleases at waste disposal sifes.

Influence on the disiribution of heavy meials

In high concentrations (which can occur when sirong point sources are emitting into a small
river) EDTA prevents the adsorption of heavy metals onto sediments and can remobilise
metals from highly loaded sediments. Both effects lead to increased heavy metai
concentrations in the water phase. On the other hand, the aquatic effects assessment resulted
that the EDTA compiexes of heavy metals are less toxic than the uncomplexed metals.
Overall, a risk for the aquatic environment due to the influence of EDTA on the mobility of
heavy metals is not expected, Conclusion (ii).

»..
(¥4}
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is not expected. Conclusion (i)

substances

332 Atmosphere
EDTA is emitted into the atmosphere in dust form during production. The PE Clocaly, Tor the

No appropriate effect tests are
available, so a risk characterisation ratio for this compartment can not be caloulated.
However, because of the relative low toxicity of EDTA, a risk 1o the environment is not
expected. Conclusion (ii).

strongest emission scurce was estimated © 67 ug

333 Terrestrial compartment

Because there are no effect tests on terrestrial organisms available, the risk characterisation s
based on the calculated porewater concentrations.

During production, EDTA is emitted into the atmosphere at several sites. Depesétjon mio soil
resulted in a porewater concenlration of maximum 4.6 pg/l. With a PNEC,. 0122 mg/l, the
PEC/PNEC ratio 15 0.002.

The use of EDTA as leaf fertiliser was regarded as a worst-case scenario for the exposure
estimation, resulting in a PEC srewaer 01 7.6 pg/l. With a PNEC,qus 0f 2.2 mg/l, the PEC/PNEC
ratio 18 0.003,

For both scenarios, a risk to terrestrial organisms is not expected. Conclusion (ii).

134 Secondary poisoning

As there is no bicaccumulation, a biomagnification via the food chain is not expected.
Conclusion {i).

16
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4 HUMAN HEALTH

4.1 HUMAN HEALTH (TOXICITY)

4.1.1 Exposure assessment
4.1.1.1 Gecupational exposure

wposure assessment for workers is made for both substances, HyEDTA and N
summarised as EDTA. The uses of EDTA are determined by its high capacity for complexing
1ions, Diluted substances with EDTA concentrations below 5 % are mainly used, e.g. as

(househoeld, industrial), photochemicals, in agricul products and

Detailed information on the production volumes is given in Section 2.

information the Tollowing relevant occupational exposure scenarios are

Based on the avail
1o be expected:

. production and further processing as a chenmical mlermediate (Scenario 1),

. formulation of preparations (Scenario 2},

. uses of formulations including formulation of preparations on-site (Scenario 3},
Oceupational exposure limits (OEL) have not been established.

The exposure assessment is based on measured data and literature data, expert judgement and
estimations according to the EASE model (Estimation and Assessment of Substance
Exposure). The exposure levels should be regarded as reasonable worst-case estimates
representing the highly exposed workers.

The results for the different scenarios are summarised in Table 4.1, More detailed information
on inhalation and dermal exposure is given below.

Inhalation BExposure

For the large-scale chemical industry, it is assumed that the production and further processing
of EDTA is mainly performed in closed systems with high levels of protection. Most of the
substance is produced in a liquid form. Due 1o the physico-chemical properties of the
substance (low-vapour pressure), inhalation exposure to vapour during the handling of
solutions is assessed as neghigible.

Higher exposures are expected if EDTA is produced or used as powders, During the
production exposure of dusts occurs if the closed systems are breached for certain activities
e.g. filling (Scenario 1). If the formulation of products is performed using the powdery
substance, possibilities of inhalation exposure occur during weighing and filling (Scenario Z).
Inhalation exposure has to be considered if droplet acrosols are formed during the application
of agueous preparations, e.g. high pressure cleaning, metal-cutting with cooling lubricants,
pre-treatment of metal, ¢lectroplating industry, use of herbicides and insecticides. Among the
different fields of applications high-pressure cleaning is considered 1o be the most important
exposure scenario (Scenario 3). Inhalation exposure is negligible if aerosols are not formed.
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Summary of ex DOSUTe data

Table 4.1  Summary of exposure data

Exposure scenario Buration and frequency | Inhalation Dermal
- of activities relevant for | exposure exposure
eXpoSUre Shift average Shift average
imgim] [mgip/day]

Production and further processing in the chemical induslry

1) Prod: ard further processing of st length, 2505 5
powdery EDTA daily

Preparation and use of formulations

23 Preparation of formulations, handling of | 1 hour {assumed), daiy B
the powdery subslance
chenressure cleaning {dikned sokd 4 hours {assumed), daly %

LEY ~jocal exhaust venﬂatim

ance used, the Iower exposure levels of the assessed ranges are mkp sk sssessment.

b ex 2 ons Gigukl, powdeny} where the formalion of aerosols s possibie, Exposire
i e, i aurcmln ar H

Y Or account of the low dermal absorp:

grclipatonal sk assessment.

wn of the substarce (0,001 %), dermat exposure i regarded to be of reinor relevance for

4.1.1.2 Consumer £Xposure

The most important exposure of consumers o EDTA results from use of household detergents
and cosmetics. The use in textiles can not be estimated because of lacking data. EDTA is used
as a component of cosmetics (skin creams and lotions, after care products for hair in
concentrations  of &@ 2%, hair bleaches in concentrations of 1%, washing gels in
concentrations of <0.01%4), and of cleansing agents, dish washing agents in concentrations of
<(.5%, and cleansing agents for orthodontic devices m concentrations of <10%.



e, it might be assumed that the consumer is exposed to EDT, oral route
ion of the substance from plastics coming into contact with foods. An estimation
e 1S Ao pusmble due to the lack of data about the amounts used for tis purpose

due to

Dermal exposure 1o cosmecs

d\ Thl, ‘lﬂc.

Assuming the use of 16 g of a lotion containing 0.
can be estimated to about 0.5 mg/kg bw/day.

E3(\1— hajr blez‘zchmg the use of an amount of 3-6 ml {= 5-6 g3 of a hair bleaching agent
H 3 1 Taking into account the retention factor of 10, than 6 mg
il contact ‘:1\3 1, which cor rupundxl l mgikg bw.

Dermal exposure 1o househoid wsers or dish washing agents

[

To estimate the
wasg set 10

posure of cons rs 10 housshold cleansers the value Bt fraction
a worst-case estimate 1o cover all of the subcat { household
cleansers. This is the highest concentralion reposted among products in the BgVV
database. The most commoen concentration of EDTA in household cleaners, however, is
below 1%, The worsl-case estimate of the daily dermal exposure was calculated to be
0.12 myg/kg bwiday.

Ok

5

—

&

The caleulation of the total dermal exposure of consumers results i 2 value of about
(.72 mglkz bwiday.

Oral exposure

Oral exposure may result from the use of cleansers of tooth brackets that conltain maximum
concentrations of 5% of EDTA. As a worst-case, the residual amount of EDTA on a bracket
would be 3 mg. Because tooth brackets are normally used in childhood, the caleulation was
refated to the bodyweight of a 10 year old child, (30 kg; 5% percentile), and the resulting
exposure amounts to be 0.1 mg/rkg bw/day.

4.1.1.3 Humans exposed via the environment

The only significant indirect exposure for human occurs via drinking water. A significant
intake via fish, plants or meat is not expected because EDTA does not accumulate in biota.
Model calculations have been performed for the local scenario for the different producers
rsaulimw in a total daily dose of EDTA in drinking water in the range from 0.003 to

.38 mg/ke bw/day. For the regional scenario a total daily dose of 00039 meg/kg bw/iday was
calcuia;ed_

4.1.2 Effects assessment

Jastification for cross-reading from different EDTA compounds

In generai, edetic acid (HLEDTA) and tetrasodium EDTA show similar properties and
exposure pattern. However, with respect fo acute toxic and local effects both substances
behave differently. Thus, the hazard effects of the two substances are evaluated separately for
the endpoints acufe foxicity, irritation, corrosivity and sensitisation based on the test
substances used in the respective toxicity assays. For systemic effects studies with
administration of HuEDTA or of is salts such as NaxHREDTA, Na;HEDTA and MNa,EDTA
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acid, Teken together, any
copsideration of the overall av u]]dblc‘

ih a from studies with the soluble, but strongly associated complex caleium ¢ modmm edetate
(< EDTAY wer :‘m considered in the report excepl the sections on toxicokinetics
reproductive mmutv ' - inle account iin o constant of the calcium EDT

complex (about Y Fovh ﬂw umumunum of free anionic EDTA species in CaNa:EDTA
sclutions can be estimated to amoeunt < 0.01% accor o the mass action law. Thus, almost
Dmpom n of the ( \Ideﬂa \ comp olex 1s st tas CaFEDTA" sp , whereas o3
‘ S ey free anionic EDTA species in
o0 Iow for detecting ¢ v toxic (systemic} effects of
‘A The CaNa:EDTA wm dze)a%e any other metal that has a
" (e.z. lead, iron, zinc, and copper). £.2., zine chelates with
¢ shows a 107 times higher binding affinity than that of the
caleium comple 1“’ ]ﬂﬁrfiﬂi'ﬁﬁ ap g);icaﬁﬂﬁ of CaNa;EDTA will result in ccm]p]ﬁ:xaiiun of zinc
ions thus interfering with the zinc homeostasis and leading finally to developmenta toxicity.

‘;ui Em; W
EDTA or sods
higher \"U‘ldi?i”

Toxicckinetics, metabolism and distribution

There arc no oral toxicokinctic studies or skin absorption studies with EDTA iself or its
tefrasodium  salt available. According to the dissociation equilibrium of edetic acid
administration of different SOdHZa  salts will result in dependence on the intestinal pH-value fo
the formation of various anionic species of EDTA. It can be assumed that the oral and dermal
:1bu(3rpnun s:ai xoraum d]i‘s of EDTA and of the free acid is comparable to the measured low
YTA. It is poorly absorbed from the gastrointestinal tract (a maximum
ot 3% was dcle ted in the urine). Only 0.001% of CaNa;EDTA is absorbed after aermdl
application. In whatever salt EDTA is administered it 1s likely 1o chelate metal ons in viy

Agute toxicity

7

in rats the acute oral toxicity is jow. In two tests LDS0 values of > 2,000 mg/kg were
reported. There is no need for classification and labelling for acute oral mmcéfy.

In a test system similar to the inhalation hazard test there was no mortality afler an E-hour
eXposure of an unknown test concentration of the substance that was heated to either 20 or
20°C. These data are considered to be sufficient for the risk assessment of acute inhalation
toxicity. There is no need for classification and labelling for acute nhalation toxicity.

No data are available on acute dermal toxicity. Taking in account the poor dermal absorption
it can be assumed that the result of an acute dermal toxicity test would not reveal toxic
properties warranting a classification and labelling for scute dermal toxicity.

bnation

A 50% aqueous preparation of edetic acid (no data on purity) resulted in a mild irritation of
the skin after a 20-hour exposure time. It can be concluded that these findings do not warrant
a classification and labelling for skin irritation. Instillation of 50 mg of solid edetic acid (no
data on purity} to the rabbit eye resulted in strong but revers irritant effects that warrant a
classification as ,,Xi, Irritant” and labeiling as ,,R 36, Irritating to eyes™.

Reference i
Page 25 of 35



CHAPTER &, HUBAN HERLTH

on Ritgman Tost wis h\w[ih A accor
showed a positive ;

challenge. "
resulls. Based
many decades in ,“03 ]uum' e the sub:
tabeliing with R 43 May cause sensitization by tkm cor 3
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Reneated dose toxigity

From repeated dose toxicity experiments {90-day feed male Heltzmann rats, Z-year bioassay
both sexes Fischer 344 rats and B6C3FI mice) a NOAEL of 500 mg/kg/day for NapEDTA
and NasEDTA could be derived {corresponding to 435 mg'kg bwiday EDTA). Although the
90-day study was performed maiw in male animals and does not provide a full range of today's
clinical biochemistry the data provided information on histopathology mainly from the long
erm study and parameters such as body weight and some hematological parameters do justify
this non toxic effect level, The adverse effects seen with higher-dose levels were increase i
mortality, reduced body weight, reduced food consumption, diarrhea, emaciation, and
sometimes parakeratosis in cesophagus and forestomac as well as decreased hemogiobin and
hemuatocrit Jevels,

Mutagenicity

Bacterial mutation tesis are negative, but mutations and DNA damage were found in mouse
tymphoma cells after exposure to very high concentr atjons. For somatic cells in mice (bone
marrow cells) negative resuits with respect to the endpoints micronuclel, anguploidy and sister
chromatid exchanges were described. In germ line cells negative results were obtamed for
induction of structural chromosomal aberrations in R*‘;nmunmom{., for induction of
aneuploidy in primary and secondary spermatocytes, and ai iso for mduction of dominant
lethals. A positive result was obtained in a micronuclens test with spermatids, indicating that
aneugenic effects may be induced in specific phases of spermatogenesis {late
spermacytogenesis). The effect was bound to the use of an ext tremely high dose in the LD3

range. Altogether, EDTA and its sodium salts have a low mutagenic potential at exiremely
high doses. On the basis of the various negative findings and the assumption of a threshold
mode-of action for aneugens, it can be concluded that EDTA and its soedinm salts are not
mutagenic for hnmans.

A bioassay of Na;EDTA for possible carcinogenicity was conducted by administrating of test
material in the diet to Fischer 344 rats and B6C3F1 mice. The studies did not report specific
data on kidney toxicity in either species. Although a variety of tumours occnrred among test
and control animals of both species, no tumours were related to treatment. Thus, there 1S 10
concern on a carcinogenic potential of EDTA.
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It has been repeatedly reported that the patiern of malformations observed after exposure of
pregnant female rats to EDTA, edetic acid salts or calcium EDTA is similar to that observed
when dams were held on zine depleted diets during either short intervals or for the whole
period of gestation. Since it has been demonstrated that zine deficient diets per se lead 10
developmental and teratogenic effects in offspring the depletion of zinc in the diet and/or the
depletion of endogenous zine tissue concentrations caused by EDTA treatment appear 0 be of
specific significance for embryo/fetal impairment and the mduction of malormations. With
sufficient zine supplementation fetotoxic and teratogenic effects could be prevented,
respectively mirnmised.

The teratogenic effect of EDTA has been shown to be atiributable to an interference with zine
homeostasis in the dams and fetuses. However, in all but one study with the oral route of
administration, the doses leading to teratogenic effects are always paralleled by diarrhea,
which in tum will additionally increase zinc deficiency. Therefore, 1t can be discussed
whether the teratogenic effect is primarily attributed to unspecific weight reduction in dams or
whether this effect is due to specific interference with zinc homeostasis, Fetotoxicity may be
as well related to reduced body weight of the dams, The second point to be discussed s the
mechanism of action of zinc depletion and hence teratogenicity. Three mechanisms of zinc
depletion can contribute to the teratogenic effects: i} reduction of available zinc by
complexation in the upper intestine, i} enhanced urinary excretion, and iii) enhanced zine
excretion into the gut lumen by diarrhea.

The fetotoxic and teratogenic effects are occurring at exposure levels of approximately
1,000 mg/kg bw/day and above. We do not recommend classifying EDTAMNaEDTA as being
a reproductive toxicant duc to the following reasons: i) the malformstions have been
demonstrated at relatively high oral dose levels and i} a steep dose response relationship can
be assumed. No oral NOAEL for either developmental toxicity or maternal toxicity could be
established.

¥

2 Please refer 1o the comprehensive Final RAR for the full refer
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RUMAN HEALTH

4.1.3 Risk characterisation
4.1.3.1 VWorkers
4.1.3.1.1 Introductory remarks

FLEDTA and Ne solid substances with water solubilities of 0.4 ¢/l and 3060 g/l &
20 *C. The vapour pressure is assumed 1o be very low and evaporation is mmmc’cd to be not
relevant. A widespread use of HUEDTA and NayEDTA s described inn section 4.1.1.1 and the
central scenarios are listed in Table 4.1, Since HuEDTA and NayEDTA are assumed to show
similar toxicity in several endpoints an integrated assessment is performed. As far as
ences in toxicity have to be regarded they are assessed separately. Toxicological key

L
. are gye irftation and developmental toxicity at very high doses,

Acute toxicity, repeated dose toxicity and developmental toxicity
MOS values and oral studies represent the
these endpeints. Performng
route 1o route extrapelat
be constdered. The ma

central database for
a risk assessment of dermal contact and inhalation exposure a
ion has to be performed and systemic availability via all routes has 10
num systemic availability after oral application is 5%, while for the

dermal route a maximum value of 0.001% is given. For inhalation a worst-case assumption of

100% systemic availability is applied. Because of the negligible skin absorption systemic
effects after dermal contact are not considered 1o be relevant.

As starting points for MOS caiculation the oral toxicity data are converted into values of

internal body burden, taking the 5% systemic availability after ingestion into account. The
MOS values are calculated as quotient of the converted NAEL/LAEL values and the internal
body burden from inhalation exposure at the workplace. The minimal acceptable MOS, as
decision mark between conclusion (it} and {iii), results from the multiplicative combination of
different factors, which consider e.g. interspecies differences, intraspecies variability and the
nature of effect (see comprehensive risk assessment report), Minimal MOS values may be
different for each toxicological endpoint pending on the overall database and the effect under
assessment. In a parallel procedure an acceptable exposure concentration is identified
indicating conecern 1 1 occupational exposure concentrations exceed this value.

4.1.3.1.2 Occupational risk assessment

Acut

Inhalation

There are no valid data on acute inhalation foxicity {tﬁ,gZDTX and NaEDYFAY, Thus the
ssessment is based on oral data, starting with an NOAEL of 2,000 mg/kg for Hﬁ—i)i A and
363 mg/kg for Na,EDTA, As described above an internal NAE" L of 106 mg/ke is calculated
for HyEDTA and 28 mg/ke for Na;EDTA. A minimal acceptable MOS of 20 (4 - 3) is used
which results in an acceptable internal body burden of 3 mg/'kgz’day for HLEDTA
(1.4 mg/kg/day for Na;EDTA). The minimal MOS of 20 is composed of an interspecies factor
of 4 and an uncertainty factor of 3, which covers intraspecies variability, nature of effect and
dose response zelatmnsmp The Lﬁneapgadmw gxposure wﬁcemmima assuming a 100%
absorption via inhalation is 35 mg/ e for ILEDTA (9.9 mg/m for Na,EDTA). All MOS
values are higher than 20 and concern is not derived. Conclusion (ii).

0

e
L

384 ssed on the basis of
guantitative assessment of
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M opigae]
Llermial

Acute systemic effects afler dermal exposure are not considered to be relevant due (o the very
jow skin abscrption, (.,,ﬂnclusie)n (i)

Irritation/Corrosivity

TA. Thig

YTA and NagEl

Weak effects have been observed 1 mitation studies of Hy
was nof sufficient ia)z classification, concern is not derived,

HLEDTA is considered to be irritating to the eves. Na ay result in serious damage o
the eve, Conclusion {11) 18 r‘]“DpO""d on the grounds that control measures exist which can
minimise exposure and risk of irritation, thereby reducing concern. However, these controls
must be implemented and complied wit h to reduce the risk of damage 10 eyes. Conclusion

(i)

Sensitsation

A very weak response was observed in a skin sensitisation test in guinea pigs and only two
reports on skin sensitisation in humans are avatiable. Based on the fact that the substance 18
being used in industry and consumer pmdmctﬁ f@r many decades in high quantities the
incidence of positive responses is too low to derive concern as to skin sensitisation.
Conelusion (i)

Inhalation

No acute or chronic respiratory health effects have been observed in workers from exposure
to EDTA. There is no valid indication for EDTA as a respiratory sensitiser. Conclusion (ii)

Repeated dose toxicity

Inhatation (local gffecis)

‘alid inhalation studies with single or repeated exposure in animals are not alfailﬂ e
{Hf.l DTA and NaEDTA). The eye irritation points to an irritative potential, but there ar re no
reports of effects in humans, that might confirm a potential risk. No concern is d ed.
Conclusion (i).

Inhalation (systemic effects)

For the assessment of systemic effects after repeated inhalation the repeated ora ral studies are
taken into account. Subchronic and chronic toxicity studies in rodents resulted in a NOAEL of
about 500 mg/kgiday. At higher doses adverse effects like diarrhoea and emaciaiion were
observed. The NOAEL of 435 mgikg/day for HiEDTA (565 mg/kg/day for NayEDTA) is
used for risk assessment.

An internal NAEL of 21.8 mg/kg/day is caleulated for HYEDTA and 28.2 mg/kg/day for
Na;EDTA. A minimal MOS of 20 (4 - 5) is used which results in an acceptable internal body
burden of 1.1 mg/kg/day for H.EDTA (1.4 mg/kg/day for NauEDTA). The minimat MOS of
20 is composed of an interspecies factor of 4 and an uncertainty factor of 5, which covers
intraspecies variability, nature of effect and dose response relationship. The cmesgxmciing
acceptable exposure concentration assuming a 100% absorption via inhalation is 7.4 mg/m’
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alues are higher than 20 and concern is

Dermal (foc

See under “lrritation/Corresivity/Dermal™, no further information availsb e Conclusion (i)

Dermal (systemic effecis)

Chronic systemic effects afier dermal exposure are not considered to be relevant due o the
very low skin absorption. Conclusion (ii).

Mutapenicity and Carcinogenicity

FLEDTA and NaEDTA are not considered to be mutagens in humans, Based on the resulis of
oral long-time studies m rats and mice, HJ.}:H)‘E‘A and NasEDTA are not considered o be
carcinogenic. Conclusion (i)

Reproductive toxiginy (fertilny unpainments

No evidence for adverse effects on fertility were observed in a rat multigenerational study
conducted with CaNa;EDTA up to the highest tested dose of 250 my/kg/day. Effects on the
reproductive organs are alse not reporte d in subchronic and chronic studies in rodents. Based
on these data ILEDTA and Na;EDTA are not considered 1o impair fertility, Conclusion (ii).

Renroductive toxicity {(developmental toxicity)

Inhalation

It is assumed that developmental toxicity of EDTA is based on its metal chelating capauw
and especially on endogenous zinc depletion. In rats high oral doses of EDTA (as
Na:H-EDTA) led to fetotoxicity and teratogenicity accompanied by maternal toxicity. The
maternal and fetal LOAEL was approximately 1,000 mg/kg/day (application with the diet).
An internal LAEL of 30 mg/kg/day is calculated for EDTA. A minimal MOS of 60 is applied
which resulis in an acceptable internal body bu;den of 0.83 me/kg/day. The minimal MOS of
60 is composed of an interspecies factor of 4 and an uncertainty factor of 15, which covers
intraspecies variability, nature of effect and tEm Clﬂ‘sL, response relationships of the different
studies on developmental toxcity. The corresponding acceplable exposure concen stration
assuming a 100% absorption via inhalation 18 5.8 mg/m’, Scenaric | {production and further
nrocessing of powdery EDTA, see Table 4.1) with the lowest MOS of 70 is considered as a
borderline scenario, but having in mind, that worst-case assumptions led to the 100% value of
systemic availability after inhalation, concern is not derived. In summary, conclusion (i) is
recommended for all scenarios. Conclusion (i),

Dermal

Developmental toxicity after dermal exposure is not considered to be relevant due 1o the very
low skin absorption. Conclusion (i},

4.1.3.1.3 Summary of conclusions for the sccupational risk assessment

The occupational risk assessment of dermal and inhalation exposure comes 10 the conclusion
that there is no need for further information and/or testing or for risk reduction measures
beyond those which are being applied already (overall conclusion (i1)).

Pt
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4,1.3.2 Consumers
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Following the exposure assessment, the consumer may be exposed to EDTA via dermal and
oral routes. Consumers are not expected to be exposed to EDTA in the range of hazardous
doses which can be derived from the oral animal LD50 values (> 2,000 mg/kg bw), Taking
into account all assumptions being applied in the exposure estimation scenarios, exposure by
inhalation should be considered as of 1o concern for the consumer. Therefore, the substance is

of no concern in relation to acute oral or dermal toxicity. Conclusion (ii).

Irritation / Corrosiviry

The substance has weak irritant properties on rabbit skin but has irritant properties 1o the
rabbit eye. The risk for consumers, however, related to ocular exposure is low, given the low
levels of EDTA contained in consumer products. According to the dermal eXposure scenarios
{cosmetics, household cleansers or dish washing agents, reasonable worst case) it can be
assumed that irritant concentrations of the substance will not occur, Thus it is concluded that
EDTA is of no concern for consumers in relation to possible irritating  effects.
Conclusion (if).

Sensitisation

In a Magnusson Kligman Test with NazEDTA 30% of the guinea pigs showed a positive
response afier the first challenge and 10% after a second chalienge. The low result of the
second challenge does not support an immunologically mediated mechanism, There are only
Ewo reports on single cases in hamans demonstrating positive skin results, Based on the fact
that the substance is being used in industry and consumer products for many decades in high
quantities the incidences of positive responses can be considered as very fow. Even taking
into account the broad consumer BXpOSUIe via cosmetics and cleansing and dish washing
agents, EDTA is considered as non-sensitising to humans. Conclusisn {ii).

Repeated dose toxicity

Oral application of Na;EDTA in the diet 1o rats for 1 month revealed a NOAEL of
1,125 mg/ke/day (225%) in diet. From a 90-day investigation in rats a NOAEL of
500 mgfkg/day equivalent to 1% in diet can be deduced for male rats. This dose corresponds
to 435 mg/kg bw/day edetic acid. The adverse effects seen were increase in mortality, reduced
body weight, reduced food consumption and diarthea. Investigations with Na;EDTA over a

period of two years in rats and mice revealed a NOAEL of 500 mg/kg/day hence supporting
the NOAEL of 435 m g/kg/day seen in the 90-day study,
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Acute T¢

© assessment, the consumer may be exposed to EDTA via dermal and
oral routes. Consumers are not expected 1o be exposed o H}lr‘a in the range of hamrduu
deses which can be derived h'em the oral animal LSO values (> 2,000 mg/kg bw). Taking
into account all assumptions being applied in the exposure estimation scenarios, exp mur“ by
inhalation should be considered as of ne convern for the consumer. Therefore, the substance is
of no concern m relation 1o acute oral or dermal toxicity. Conelusion (i)

Immitabion / Corrosiviyy

The substance has weak irritant properties on rabbit skin but has irritant properties to the
rabhit eye. The risk for consumers, however, related to ocular exposure is fow, given the low
levels of EDTA contained in consumer products. According to the dermal exposure scenanios
{cosmetics, household cleansers or dish washing agents, reasonable worst «:“asp—-} it can be
assumed that irritant concentrations of the substance will not occur. Thus it is concluded that
EDTA is of no concern for comsumers n relation to possible artating  effects
Conclusion (i),

In a Magnusson Kiigman Test with Na;EDTA 30% of the guinea pigs showed a positive

response after the first challenge and 10% after a second challenge. The low result of the
second challenge does not support an immunologically mediated mechanism. There are only
two reports on single cases in humans demonstrating positive skin results. Based on the fact
that the substance is being used in industry and consumer products for many decades in high
quantities the incidences of positive responses can be considered as very low. Even taking
into account the broad consumer exposure via cosmetics and cleansing and dish washing

agents, EDTA is considered as non-sensifising to humans, Conclusion (i),

Repeated dose toxicity

Oral application of NayEDTA in the diet to rats for | month revealed a NOAEL o
1,123 mg/kgiday (2.25%) in diet. From a 90-day investigation in rats a NOAEL ei
500 mg/kg/day equivaient to 1% in diet can be deduced for male rats. This dose corresponds
o 435 me/ke bw/day edetic acid. The adverse effects seen were increase in mortality, reduced
bady weight, reduced food consumption and diarrhea. Investigations with Na;EDTA over a
period of two vears in rats and mice revealed a NOAEL of 300 mg/kg/day hence supporting
the NOAEL of 435 mg/kp/day seen in the 90-day study.
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The n’m;'gm of safery for dermal exposure between the assumed jnm"nﬂl e‘x:poszagﬁ: level of
(.0000072 : EDTAYof - o hw s wudged to be
sufficient, E\\.H considera he nature d};d severily uf 111:3 effects are taken
inte account. The m'zz} OAEL o s been converled mle an mternal
valug of 21.3 bw/day considering 1hr maximum uzu} absorption of 3%, 1t mmlud i
therefore that FDTA is of no concern for consumers in relation to the use cosme
heussheld detergents. Conclusion (1),
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The oral exposure of children (via cleansers for tooth brackets) has been calculated 1o be
0.1 mg/kg bwiday. The margin of safety between the exposure level of 6.1 mg/kg bxw ‘day and
the oral NOAEL (FDTA)Y of 435 my budday 18 judged to be sufficient, gven { special
considerations e.g. the nature and severity of the effects are taken into account. it is concluded
therefore that EDTA is of no cancern for children in relation to use of cleansers for tooth
brackets Conclusion (ii).

Mulaesenicity

EDTA shows a low mutagenic pmﬁm al at extremely high doses. On the basis of the vancus
negative findings and the assumption of a threshold mode of action for aneugens, it can be
concluded that EDTA is not mutagenic for humans. Conclusion (if).

Carcinogenicit

There is no evidence on carcinogenic properties of NasEDTA from studies in experimental
animals. Therefore it can be concluded that EDTA is of no concern for consumers.
Conclusion (ih).

Renroductive toxacity {fertility impairment’

Data from a multigeneration study on rats with CaNa;EDTA did not give evidence for
adverse effects on reproductive performance and outcome for doses of wp to
250 mg/kg bwiday. Hence the NOAEL is 250 mgkg bwiday corresponding to
196 mg/kg bw/day edetic acid. This oral NOAEL has been converted into an internal value of
9 & mg/kg bw/day considering the maximum oral absorption of 5%. The margin of safety for
dermal exposure berween the assumed internal exposure level of 0.0000072 mg/kg bw/day
and the oral NOAEL (EDTA) of 9.8 mg/kg bw/day is judged to be sufficient. Thus, EDTA is
of no concemn for consumers to affect the reproductive performance. Cenclusion (i),

Reproductive toxicity {developmental tocity)

The studies with MNayEDTA form the basis for the estimation of LOAEL of
1,000 mg/ke bwiday. This oral LOAEL been converted into an internal value of
S0 mg/kg bw/day considering the maximum oral absorption of 5%. The margin of safety for
dermal exposure between the assumed internal exposure level of 0.0000072 mg/kg bw/day
and the oral LOAEL (EDTA) of 50 mg/kg bw/day is judged to be sufficient, even if special
considerations on the nature and severity of the effects as well as the lack of an established
NOAEL are taken into account. Thus, EDTA is considered without concern for consumers
with regard to feiotoxic and teratogenic effects. Conclusion {ii).

v
-




Reference |
Page 33 of 35

ELI RISK ASSESSMENT -

4.1.3.3 Humans indirectly exposed via the environment

The only significant indirect exposure for human occurs via i Model
calculations have been pezao rmed for the iocal Sf:fzmr?o for the differ *wdaa '3 which
resulted in a total daily dose in range from 0.003 to 0.38 mg/kg bwiday. For the regional
scenario a totad daily dose of G.003% mgkg | ioFor ﬂm purpose of risk
characterisation the highest dose of 0.38 g bw/day will be used. Thus, the margis of

safety expressed by the magnitude between the caleulated exposures and the NOAEL/LOA
arc considered to be valid for both the Jocal and the rogional scenario.

Repeated dose toxiciy

rear; OO day-study’s) with mice and rats with
widay was dertved (re S’"IU.’[}\C 435 mglky
for the

From different repeated dose toxicity
sodium salts of EDTA a NOAEL of 50(
bw/day EDTA) The margin of safety between the calculated maximum exposure
indirect exposure seurce drinking water {038 mpik vi and the NOAREL {435

swidayy is judged 1o be sufficient. Thus, se;aidmﬂ repeated dose effects the substance is of no
concern in relation to indirect exposure via the environment Conclusion (i)

Fertility (same preseniation as forwoerkers and consumers)

Data from a mulligenerational study on rats with CaNa;EDTA did not give evidence for
adverse effects on  reproductive  performance and outcome  for doses of up fto
250 mg/kg bw/day [T\_ap&_l tvely 196 mg/ke bw EDTA). The margin of safety between the

calculated exposure for the indirect exposure source drinking water (0.38 mg/kg bw/day) and
the NOAEL {196 mg/kg bw/day) is judged 1o be sufficient. Thus, regarding adverse effects on
reproductive performance the substance is of no concern in relation to indirect exposure via
the envirenment. Conclusion (ii).

Developmental toxicity {same preseniation as for werkers and consumers)

etotoxic and teratogenic effects occurred in rats at NapEDTA exposure levels of
approximately 1,000 mg/'kg bw/day (LOAEL) and above. The margin of safety between the
calculated exposure for the indirect exposure source drinking water (0.38 mg/kg bw/day) and
the LOAEL of 1.000 mg/kg by 1"(1’1}: s judged to be sufficient. Thus, regarding fetotoxic and
eratogenic effects the substance is of no concern in relation to indirect exposure via the
environment. Conchusion (i

4.2 HUMAN HEALTH (PHYSICO-CHEMICAL PROPERTIES)

Conclusion (i)

3]
e
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5 RESULTS
51 ENVIRONMENT

s a need for hmiting the risks; risk reduction measures which are
already being applied shall be taken into account.

due to the use of EDTA in industrial
dustry with ne effective
or aguatic Organisms.

Fhis conclusion 18 reag

detergents. The ex
ST A removal in thelr treatment planis s expected 1o fead 1o a o

et

g data. A high
es are known (o

The EIYTA exposure for paper mulls was estimated
exposure 15 expected in the receiving water of
olan long-term agrated biological treatment plants w

expected by cirewit board producers which have no effective wastewater
to 2 risk for aguatic organisms.

of the present risk a;*;‘%‘c‘sq'ﬂe;é[, it was not possible to gain sie-specific
mToa’maT about environmental releases for recovery of EDTA contaming wastes.
Thereior&, he ti"ipﬂim'?’ maode} for ihf: recovery of phmov?wmwﬂ hased on default values was
ised for the risk characterisation which leads 1o a risk for aguatic organisms,

HUMAN HEALTH

5.2
821 Human health {toxicity)
52.1.1 Waorkers

Coneclusion {ii}  There is at present no need for Rurther information and/or testing and no
need for visk reduction measures beyond those which are being applied
already.

3212 Consumers

Conclusion {H)  There is at present ne need for firther information and/er testing and no
need for risk reduction measures beyond those which are being applied

already.
52,13 Humans exposed via the environment

Conclosion (if)  There is at present no need for further information and/or testing and no
need for risk reduction measures bevond those which are being applied

aiready.
5.2.2 Human health (risks from physico-chemical properties)

Conclusion (i)  There is at present no need for further information and/or testing and no
need for risk reduction measures beyend those which are being applied
already

[}
ey
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Hazardous Substances Data Bank (MS1DI) Fact Sheet Reference j
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United States National Library of Medicine
National Institutes of Health

Fact Sheet
Hazardous Substances Data Bank (HSDB®)

gy data file on the National Library of Me

B is a2 toxicoic 1e's (NLMY Toxicology Data

Network {TOXNET®). It focuses on the toxic 'ﬁl'su, of potentially hazardous chemicals, It is
anhanced with information on human exposure, | industrial hygiene, emergency handling
procedures, environmental fate, requlatory reguirements, and related areas. All data are

renced and derived from a core set of books, government documents, technical reports and
cted primary journal literature. HSDB is peer-reviewed by the Scientific Review Panpt {SRP],
a committee of experts in t’m major subject areas within the data bank's *:«:“pe HSDB i
organized into individual chemical records, and contains over 4800 such record

5

W

Web Access/Searching

HSDE is accessible, free of charge, via TOXNET at: hitp://toxpet.nim.nih.gov

tsers can search by chemical or other name, chemical name fragment, Chemical Abstracts

ice Registry Number (RN), and/or subject terms. Search results can easily be viewed,
printed or downloaded. Search results are displayed in relevancy ranked order. Users may select
to display exact term matches, complete records, or any combination of data from the foliowing
broad groupings:

Human Health Effects
Ermergency Medical Treatment
Animal Toxicity Studies
Metaholismy/Pharmacokinatics
Pharmacology

Environmental Fate/Exposure
Chemical/Physical Properties
Chemical Safety & Handling
Occupaticnal Exposure Standards
Manufacturing/Use Information
Laboratory Methods

Special References

Synonyrms and ldentifiers
Administrative Information

Users can easily conduct their HSDB search strategy against other databases: Chemical

Carcinocenesis Research Information System, Integrated Risk Information System, and GENE-
TOX.

H5DB Review Btatus Tags

Associated with each data statement in HSDB is one of the following review status tags indicating
the level of quality review: "Peer Reviewed"” - representing data which has undergone peer
review by the Scientific Review Panel or other high level review group, "QC Reviewed" -
representing data which has received a quality control review, but not yet been reviewed by the

entific Review Panel, "Unreviewed” - used for a limited number of data statements, such as
industry submissions, which do not readily lend themselves to scientific review,

http://www nlm.nih.gov/pubs/factsheets/hsdbis himl 7/28/2005
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Further information

.

For detalled information about HSDB or TOXNET, contact:

H%DE Representative

Nationai Library of Medicine
Speciaiized Information Services

Two Democracy Plaza, Suite 510

6747 Democracy Boulevard, MSC 5467
Bethesda, M 20892-5467
Fax: (301) 480-3537
Telephone; {201} 496-1131
e-mail; tehip@ieh.nim, nib.gov
URL: htin://sis nlm.nilugoy

For information on NLM services, contact:

National Library of Medicine

Customer Service

8660 Rockville Pike

Bethesda, MD 20894

Telephone: 1-888-FINDNLM (1-888-346-3656) or (301) 594-5983
e-mail: custserv@nim.nih.gov

A complete list of NLM Fact Sheets is available al;
{aiphabetical list) hitp:/fwww. nim.nih.gov/oubs/factsheets/factsheets. himi
{subject list}: http://www.nim.nih.gov/pubs/factsheets/factsubi.himl

Or write to:

FACT SHEETS

Office of Communications and Public Liaison
MNational Library of Medicing

8600 Rockville Pike

Fethesda, Maryland 208384

Phone: (301} 496-6308
Fax: {301) 496-4450
email: publicinfo@nim. nih.qov

Last updated: 13 July 20035
First published: 01 lanuary 15%4
Metadata| Permanence jevel: Permanent: Stable Content

Copyright, Privacy, Accessibility
4.5, National Library of Medicine, 8600 Rockville Pike, Bethesda, MD 208%4
Nationai Institutes of Health, Health & Human Services

feal

http://www.nlm.nih.gov/pubs/factsheets/hsdbis himl
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ETHYLENEDIAMINE TETRAACETIC ACID
CASRN: 60-00-

For other data, click on the Tuble of Contenis

Human Health Effects:

Human Toxicity Excerpts:

nine elraacetic

FHUM, \\ “\PO‘%L RE STUDIES/ ... The free acid or the sodium salt of ... /eth }'1 nedi
acid/ » toxic caleium disodium form .. is more hz_qr“ :

/SIGNS AND SYMPTOMS/ Rapid intras ENOUS A drministration of Na2ZEDTA causes hypocalcemic
letany. i §om1u. a ?]ms z,mman (1 5 mg/ming adn tcred o 4 norm al inds \,u“z ak a’iwii%; 1O SYympioms

[CASE REPORTS/ Three cases of
nole d on per 1pl u"ai bicod ialms
LIoet s £

J Cilin

/OTHER TOXICITY INFORMATION/ ... Total loss of sperm motility was achieved at a concentration
of about 5 mg/mL of EDTA. EDTA decreased in vitro percentage of motile sperm as a function of
exposure time. [t completely impeded sperm penetration into cervical mucus at a concentration much
lower than that for 1 {}{}‘ b inibition of sperm motility. In the presence of extra calcium. the first-order
rate constant for immobilization of sperm was reduced by 38 *) 55.6% of control and was inversely
proportional to calcium concentration. After EINTA exposure, calcium ion concentration in semen was
uducc{’. as a function of EDTA concentration. A decrease of 65%

Yo in calcium ion concentration was the
11 wreshold at which total loss of sperm motility LCUT‘L‘t‘d

iLee CH et s1; J Fharm Sci 2 (6): Bd4Y~54

rj

Prug Warnings:

é

ntabt with EIYTA may cause dermal sensitization {eczema) or aEc.,rum c@mumimm

t Deutsgcher Chemiker [GDCh: — Adv vy Commd on EBxisting t}.F::my”u.‘s

ntal REel 5. Hirzel Verladg, 010 81,
Germany, 1997, =xxi, Z2Z3p. Bibl.ref. ]**P EVIEWED"*

Probable Routes of Human Exposure:
NIOSH (NOES Survey 1981-1983) has statistically estimated that 509,055 workers (315,637 of thes

are female) are potentially UipDSud o ethy ]ene&aamme tetraacetic acid in the US(1). Occupational
exposure to ethylenediamine tetraacetic acid may occur through inhalation and dermal contact with this
compound at Wuikpiac s where ethylenediamine tetra acct;c acid is produced or used(SRC). Monitoring
data indicate that the general population may be exposed fo ethylencdiamine tetraacetic acid via
ingestion of food and drinking water, and dermal contact with this compound and other consumer
products containing etﬁaylenedéamine tetraacelic ac‘:if; (SRC).

[{1) WICEH; National Occupaticnal Exposure Survey (N

(319837 1%PEER REVIEWED®»

hitpr//toxnet.nlm.nih.gov/egi-bin/sis/search/f? Stemp/~BRKLC3: 1 FULL 772872005
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Average Daily Intake:

The

average daily In
d be a max

hy vlenediamine tetraacetic aud for a man m}m drinks two Izie s of water per

. The acc

Emergency Medical Treatment:

Emergency Medical Treatment:

EMT Cepvright Disciaimﬁr:

e risk.
vatlable™ for use.
1 or imp ]sud ’\Ih, ummgi‘\ m J]xﬁi\ no zr_p*ck ntation o
W anmm as 1o tE"ze a curacy, ;dzab;hgu, mm;mum u&"Juh;L‘y’ or mm;zlm«, 1ess of any of the mmzmdu@,n

PLIED WARRANTIES OF
M}‘*‘.R( H. XNT ”&BILIT& X\D HTI\.} 5SS ?()R f\ PL\R FIC .'E;AR ,P . E{E )SE OR USE ARE HEREBY
EXCLUDED. Micromedex does not assume any responsibility or risk for your use of the POISINDEX
(R} or MEDITEXT(R) databases. Copyright 1974.2003 Thomson MICROMEDEX. All Rights
Reserved. Any duplication, replication, "downloading,” sale, redistribution or other use for commercial
purposes is a violation of Micromedex' rights and is strictly prohibited.

SPECHFIC . The use o
The PU] \H EX(R) and MEI
without warranties of any kind, it hrf “\‘p*m%‘

The following Overview, *** GENERAL OR UNKNOWN CHEMICAL ***_ is relevant for this
HSIYE record chemical,

Life Supperi:

SURRerT

hitp:/toxnetnlm.nih.govicgi-bin/sis/search/{7 /temp/~BkKLC3: 1:FULL 712872005
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hitp://toxnet.nlm.nih.gov/cgi-bin/sis/search/f7 /temp/~BkKLC3: 1.FULL T/28/20G5
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http://toxnet ndm.nih.gov/egi-bin/sis/search/£7 /temp/~-BkKLC3: 1'FULL 72872005
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Animal Toxicity Studies:
Non-Human Texicity Excerpis:
LABORATORY ANIMALS: Acute Exposure/ /Ethyienediaminetetraacetic acid/.. produced lowered

serurn calcium levels, if administered rapidly to animals. Lha’vm erum caleium was small or absent
ToiE(}wmﬂ Lza&uai doqmﬂ

LABORATORY ANIMALS: Acute Exposure/ Large or repeated doses may cause kidney injury.
Gastrointestinal upset, pain at the injection site, transient bone marrow depression, mucocuianeous
lesions, fever, muscle cramps, and histamine-like reactions {sneezing, lacrimation, nasal congestion)
have been rspmz E

[Bingham, E.;

John Wilev &

/LABORATORY ANIMALS; I")f:%«-‘r:ln;ﬂmeramé or Reproductive Toxicity/ ... Twenty to 40 mg EDTA
injected during embryvogenesis caused tail defects and polydactyly in rat fetuses. ... Cleft palate, brain
and eye defects and skele ar*omatze-a /were pmduwd/ in rat fetuses exposed (o 2 or 3% EDTA inthe
Lih.t &

B,

crimental diet ;}a‘ewr
lmors, MD:r T

ter day 6 of gestation. B‘v adding 19&}(} p;um Gf zine to ﬂ‘lx, exp

ted Ehﬁ defects.
T.H. e Joh

H=)

ALAABORATORY ANIMALS: |
ijI‘L nwdumd mﬁh EEE‘A

/GENOTOXICITY/ EDTA leads to morphological changes of chromatin and chromosome structure in

}}ldht and animal cells. A weak induction of gene mutations has been reported.
iorff K et al; MUTAT RES 115 (2): 149-73 (1883} ]**PEER REV

IBHED*>

http/ftoxnet.nlm. nih.gov/egi-bin/sis/search/f?. /temp/~BkKLC3: 1:-FULL 7/28/2005
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IALTERNATIVE IN VITRO TESTS/ The
-gLJ mudm] activity of 10% sodium sulf
i entration {mic)
i candida

Hiect of
selam: dr xo]mmm W ax ey gii i Imi m 1- 5 sl Jd g
sroves the kill rate, but not the mic, for the
eservative

N Vi TRO TESTS/ The effectivencss of
e from its cadmium complexes in hemols

A and varieus chelating 2
« eryvihrocyies was studiec

‘fm

ey
from

13 A platelet-rich plasma (PRPY or CCD §
3 Or plaﬁtic surfaces. However, w th plateie

en receptor. GPHb/Ia, then washed and
- jons will adhere and spread 1n the same manner as

nded in b 2+ and Ms

fer containis
E m(’ﬁ\ ’]i‘1 TRl JOHCL‘ HEl

1

(1%: 56-51

IALTERNATIVE IN VITRO TESTS/ LEDTA demonsirated the highest antifungal activity b
i i 1 Hfungal and all other solutions (P<0.0001). Oral cavity %h £ Was

/ALTERNATIVE IN VITRO TESTS/ .. The effect of EDTA /was compared/ with that of EGTA on
basal and the agonist {petaﬁium’ 8 mM, angiotensin IL; 10 nM, ACTH, 10 nM)-stimulated aldosterone
production by the cells i vitro, hmg two chelators lowered the extracellular ionized calcium {(iCa2+]o)
concentration in a similar manner. The levels of basal and the agonist-stimulated aldosterone pr oduction
in the presence of EDTA (] mM) aﬁd EGTA (1 mM) were significantly {(P<0.01 or less) increased when
L,Oﬂlpdlud mih 1%3 in the absence ¥ A and EGTA, respectively.
{Kigo =t al; Endocr & s: 33L-9 (12977 1**PEER REVIES

JOTHER TOXICITY INFORMATION/ .. The éuwc.,st dose of EDTA reported to cause a toxic effect in
i cg/day. ...Oral exposures to EDTA produced adverse reproductive and
developmental effects in animals. Clinical tests rep@r&:u no absorption of an EDTA salt through the

skin.
{Lani Int J 2% 2): Bb-L42 (Z00Z) PFFPEER REVIEWEDY*

F.eotoxicity Excerpts:

/AQUATIC SPECIES/ ... Chronic (4 week) exposure to EBTA resulted in increased mortality and

reduced growth rates, both of w hlch could be partially amemted by adding zinc to Lt.imxt media.
[ggruma*m U, et ai ¥ sh Aguat 5ol 5204%: B75- REVT

/AQUATIC SPECIES/ Unicellular alga, potericochromonas malhamensis, was exposed to inorganic
lead or triethyl lead and simultaneously treated with lead antidotes. Some of the antidotes alone slightly
to severely inhibited aiﬂal growth (bal, EBT %ﬁ a:ﬂd salts),

[Rodersr G et al; CHEM BIOL IN o (21

~54 (19833 }**PEER REVIEWED**

National Toxicology Program Studies:

hitp://toxnet.nlm.nih.gov/cgi-bin/sis/search/f7 /temp/~BkKLC3: 1:FULL 772872005
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e

dium ethyviencdiaminetetracetate rihydrate for possible
..n%ﬁ the test material in feed to Fischer 344 rats and B6CS3F 1 mice.
El 1” \’{}u mdlt_w an La 5.: ‘}x} ‘;L]] 5 '\"‘ - .

each species at hm and high conen, 3,750 and
1 control £roups were con ed of 20 males and 20 fem of each
k] nical toxicity were noted. A ]thou_f?h a variety of tumors occurred

pecies, no tumors were related to wreatment, Since survival was
riation among est 'mjwm‘ul groups, the .Jha nee of treatment

e

.Levels of [wk:, ce of Carcinogenicity: Male
; e \J::“tlu /Trisodium

121
v

mc 1 to early mortali

Volumes

7

.50 Mouse oral 30 mg/ke
{Bingham, E.; Coh

i Wile N &

Feotoxicity Values:

LOSOL ‘:‘?ﬂmi'\? macrochirus (Bluegiil) 159 mg/L/96 hr, pH: 3.7; 6

(ﬁ} oncentr ation: l GQ me/l; 5h1t

dll

NY . EQDE, P

W1ley & Son

L0974 (0.62-1.28) g, 34 (28-38) mim) 41 mg/L/96 hr (95%

< static /99.33 % aa, ‘Vez sene f%mif‘
Erviron Contam

L.C50 Lepomis macrochirus B?
conﬁdmw nmnai 34-62 mg /'i

TL et al;

1 1**PEER

Sneed hm, L@

T i

Ul e

L= 5]

http://toxnet nlm.nih.gov/egi-bin/sis/search/f7. /temp/~BkKLC3: 1 FULL 7/28/200
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H i

s (Channel catlish, Gngerling 2-3 i) 129 me/L/96 hr: state /

¥

_5.& CrELng g

.

L.C30 Pimephales promelas (F
76.3 mg/Li96 hr): static

Metabolism/Pharmacokinetics:

Metabolism/Metabolites:

Absorption, Distribution & Excretion:

EIFT A is essentially not metabolized by the human body and it is rapidly excreted in the urine. About
50% of BEIFF A admin iv is excreted within 1 hr and 90% within 7 hr. EDT A and its metal chelates do
not permeate the celluiar membrane to a significant extent; thus most of the EDTA remains in the

mtm eliular iimis m“mi e‘xczeted into the urine.

cice. Encycl

inter
LI

There is very little E]s’i,mﬂcﬂ gradae fon m“ EDY —i The duz - is distributed mainly in the extracellular
fluids, but ve Ty 1? tle g pla isma tf:am_entzatm )

Mechanism of Action:

All known phamwcag’micai effects of ED'TA result from formation of chelates with divalent and
trivalent metal /ions/ in the body.

marn, J.G., L.D.

cological Basi 01,
http://toxnet.nlm.nih.gov/cgi-bin/sis/searcl/f?. /temp/~BkKLC3: 1:FULL 772872005
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of some toxicants by
ther heavy metal mm are not absorbed

! v and thus the absorption
ss metal is stll present in

litic acid [eth
sreasing intestinal permeabili

readily from the Gl tract, EDT 'A a ;Jd uﬂ~ - chelators increase the
u’r ::‘npftud 1018, Tl‘ug it is important not to give a chelator ora

Interactions:

T A

3
4%

Total mvocardial calcium content of rats treated with adriamyein was very high. Treatment with ED¥
decreased caleium levels almost to normal values; however the histological adriamycin-induced cardiac
alterations were not ;;n\'

[ De 3 ¥

EH

.. Increased :1b%‘n§ﬂ§0n of drugs ... occurs in presence of ... ethvienedian ;ﬂmfmﬁmﬁwﬁﬁ acid (EIFTA
‘M en given orally ... (100-500 mg/kg in rats), the mdm{}r mcreased ... /the/ rate of absorption of
heparin, ;uﬂ.(}puiy&au;ma mannitol, muhn decamethonium, sulfanilic acid ... Phenol red, all lipid-
inseluble substances which ordinarily are poorly absorbed from GI tract. E?ae wide variety of the
chemical structures of these suggests that the chelating agent is acting in a nonspecific way and 1s not

affecting the physical or chemical state of the compounds within the intestine ... /there 18/ direct
evidence that EDTA acts by increasing the permeability of the intestinal epithelium ... Perhaps EDFT A

alters permeability by increasing the size of the membrane pores or by widening the spaces between the
“pnmha] cells through the remov ql of calcium mns

H.S. b 2 : E.L. Way.
Ralt Wilkins, *

The effects of EDFT A on contractile responses of hamster cremaster arterioles and rat aortic strips to
epinephrine (epi) or norepinephrine {nor) were examined. Comparable contractile responses were
elicited by lower epi or nor concentration in presence than in absence of EDTA. Individual responses
were maintained in the presence of EDTA but rapidly declined if EDTA was not present. Apparently,
oxidation of epi and nor reduces apparent vascular reactivity and EDTA prevenis or delays the
reduction.

[Maxwe]

et al; MICROVASC RES Z& {1}):

EDTA influences chromosome breakage by mutagenic agents. When applied in combination with
chemical mutagens, EDTA enhances mmagen—mdmaed aberration frequencies. This has been
demonstrated for many gene loci in drosophila melanogaster, chlamydomonas reinhardi, neurospora
crassa and zea mays. EDTA interferes with DNA repair processes that take place after exposure to
mutagens. In escherichia coli or micrococcus radiodurans as well as in chinese hamster cells, the fast
repair component detectable after treatment with ionizing radiation or bleomycin is inhibited by EDTA.
[Heindorff K et al; MUTAT RES 115 (2}: 14%-73 (1983) §**PEER REVIEWED*>

. Vanadium toxicity in chicks was alleviated by feedin g eih} lenediaminetetrascetic aeid ..
INational R ayoh Councll. Drinking Water and Health. Volume 3. Washington, DC:

http://toxnet.nim.nih.gov/cgi-bin/sis/search/i? temp/~BRKKLC3: 1:FULL 772872005
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M ,om. 3500
agents on 1‘21 @\1 m of oxygen at clevated tension was studied in mice. No
Pharmacology:
Therapeutic Uses:
ot srnline file (MelH, | |
MEDICATION (VET) Pharmaceutic aid
p@zmmnt‘ ui tarm ammaf
Five agents including EI¥T A were evaluated for their ablity 1o J ’m\m ;ur,od{mm h involved diseasec

human tooth root smfaLm. Exposure 1o 15% EIFTA partially e

[(Barbincfif J et al; J DOWNTCL &4 CL}: ERES1Y

Pretreatment of the human teeth with EDFT A-strontium chloride at ph 6 decreased the dissolution of

cndanci by a :vuhwquc:nt acid ¢ etching.
{0y 517 {3y Z498-

Condensad

Iirn}‘o}_,E‘"

'Use ﬁ:\;%ema}iy in selution or pas
therapy
onal La

ke ok

(VET): In dogs, in dissolution therapy of bile duct stones with EIFT A solution the pH value had to be
shifted to values around 9 and admixture of amino acids and bile salts seemed to improve dissolution
ﬁ;mdmmm Anl zﬂ!\ahgac n‘ﬂn uof pH 9.5 per se sit(% nol canse mqua t@\mm

,} ML Ca

’ﬂOGJ

Interactions:

http://toxnet. nlm.nih.gov/cgi-bin/sis/search/f? /temp/~BKKLC3: 1.FULL 7/28/2005
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vocardial calcium content of rats treated v ]m adrmmmm was very ‘;
sod calcium levels almost to normal valu

. reatment with EDT
mycin-induced har{hac

f . ethylenec
2 in rats}, 1 e chelator increas
mulin, CEE{‘EH‘:]H hfmnm sulfaniiic 110

re poorly absorbed !rm'n Gl tract. The wide variety m‘ the
sugge ests that the chelating agentis acling in a nons pcw ific way ’ud is not
by :m:ai or C 1e1 m(:ui state of the compounds within the
' ~:;Ef§g ‘g acts b_\' mcreasing the perm eability of the intestinal epithelium ... Pe

3

easing the size of the membrane pores or by widening the spaces

B 10’::1%31 ‘1}
When

The effects of EI¥T'A on contractile responses of hamster cremaster arterioles and rat aortic strips 1o
epinephrine (epi)} or norepinephrine (nor) were examined. Comparable contractile responses were
elicited by lower kpz or nor concentration in presence than in absence of EBTA. Individual responses
were maintained in the pms«.m of ED'TA but rapidly declined it EI¥FFYA was not present. Apparently,
oxidation of ¢pi and nor reduces apparent vascular reactivity and EIFFA prevents or delays the
reduction.

RES 26 f1:: £1-8 1

oet oal; M

EDTA influences chmmoqnmﬂ breakage by mutagenic agents. When applied in combination with
chemical mutagens, EE¥FTA enhances mutagen-induced abea’mlmn frequencies. This has been
demonstrated for many gene loci in drosophila melanogaster, cgﬂamydmmmag reinhardi, neurospora
crassa and zea mays. EDTA interferes with DNA repair processes that take place after exposure to
mutagens. In escherichia coli or micrococcus radiodurans as well as in chinese hamster cells, the fast

mpan component LjCEﬁfL{d%‘]w after m:mm:ﬂt m h ionizing radiation or bleomycin is inhibited by EDTA.
: £ oF i3 rl'—‘m <,) : dok PR BU‘:"'—'YJT[M"

The inﬂmn ¢ of chelating agents on the '(a’&:"céiv of oxygen at elevated tension was studied in mice. No
increase in toxic effects was observed after ad mnmzau&n of B @
21; INT J CLIN PHARMACOL, THER TOXKICCL 21 {3): 115-7 {3

}**PEER

Environmental Fate & Exposuare:
Envirenmental Fate/Exposure Summary:

Ethvienediamine tetraacetic acid's production and use in detergents, pharmaceuticals, texiile, metal
treatment and agricultural industries, analytical chemistry, as a chelating agent and food preservative
may result in its release to the environment through various waste streams. If released to air, a vapor
pressure of 2X10-12 mm Hg at 25 deg C indicates ethylenediamine tetraacetic acid will exist solely in
the particulate phase in the ambient atmosphere. Particulate-phase ethylenediamine tetraacetic acid will
be removed from the atmosphere by wet and dry deposition, The potential for direct photelysis may

http://toxnet.nim.nih.gov/egi-bin/sis/search/f7 ftemp/~BKkKLC3:1:FULL 7/28/2005
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exist based upan the UV absmp cthylenediamine te tic acid in surface waters, where it is
1 ].w n‘;inmm was been reporied. I released to soil.
] ?Jmiﬂ mobiiity based upon an estimated Koc of 98,
; d to be an important fate process based upon an

£7. ”\.1 i lh ’mr cum/mole. The pKa of ethylenediamine tetraacetic
I}i%‘« compound will primarily exist in the disseciated form in the
'\ L!n not adﬁorh more strong 1“{ 0 GIQ&DlL car th md "l»" 1 han } ~ei1‘
er, ethvien ne i
1;01 the estimated Koc. Vo];—’zz
ss based upon this con 1‘;;}uun'1" m rconstant.
Since ethy ‘l' rcd iamine tetraacetic n“d will exist almost entirely in the ,um..f,ed h e at pH values of 5 1o
9, volatilization from water surfaces is not expecied to be an 11179011@;1 1 fate process. An estimated EC‘?
of 13 suggests t%h note ni’zal for bu concents Jhs‘r‘ M AguAatic orgs is low. Hydrelysis 1s not expecie

¢ acks functional groups that
1"\ dm} e unuu nvéz‘onn‘zmm] L:E}TEL%ilii_'?l”ifﬁi. Occupational -“*\pmuu 1o ethvienediamine tetraacetic acid
may occur through mhalation and derma tact with this compound at workplaces where
ethvlenediamine tetraacetic acid is produced or used. Monitoring data indicate that the general
population may be exposed 1o ethylenediamine tetraacetic acid via ingestion of food and drinking water,
and dermal contact with this compound and other consumer products containing ethylenediamine
tetraacetic acid. Fihylenediamine tetraacetic acid is commonly detected in groundwater, surface wate
and drinking water. {SRC)
N N

enedlanine tetr duCCU A
0% i%’()l”ﬂ mois! 3(3}1 surl

£

Proebable Routes of Human Exposure:

NIOSH (NOES Survey 1981-1983) has statistically estimated that 309,055 workers (315,637 of these
are female) are potentially exposed to ethylenediamine tetraacetic acid in the US(1). Occupational
exposure 1o ethylenediamine tetraacetic acid may occur through inhalation and dermal contact with this
compound at workplaces where ethylenediamine tetraacetic acid is produced or used{SRC). Monitoring
data indicate that the general population may be ex *a{)%f:{f to ethylenediamine tetraacetic acid via

e,

ingestion of food and drinking water. and dermal contact wma this compound and other consumer
products containing cthylenediamine tetr aacetic acid{(SRO)

o
['r'
(€2
-
[l
a5}
e
i
=

4]

REVI

I I National upational Exposure SuLxey

Average Daily Intake:

The average daily intake of ethylenediamine tetraacetic acid for a man who drinks two liters of water per
Ou g; The Au,eplazbia, dmiv intake for manis 00 2.5 mmknf(i}
: i B 1 ntal uhmeh- P

]**PEER

h
day wmﬂd be a ma\nmzm Qi 50

Artificial Poliution Sources:

Fihylenediamine tetraacetic acid's ;zodazmun and use in detergents, pharmaceuticals, textile, metal
treatment and agricultural industries, analytical Lhﬁmhl"y as a chelating agent and food preservative(l)

may result in its release to ¢ hs envy 1rammem thmuﬁi va m us waste streams({SRC).
%gl‘ Lewis RJ Sr, ed; / - i

Wiley & Sc

ed, NY, NY: John

Inc. opp.

Environmental Fate:

(941
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e

ATE: Based on a clagsificats Xn ““‘IEI ne( 13, an estimated Koe value of Q%{SR
s a water solubility of 1,000 a regression-derived equation{3}, 1nc
e felraace id 15 expected 10 b ve ]uwl muk ity in soil(SRC). Volatilization of

acs d imm zm‘:% : Lacm is not expected 10 be an im iportant fale process

determined {
ethylenediar
et%u}"ia

el

(SRC s 7.7X10-16 atm-cu m/mel at 25 deg C(SRC).
deriv deg Ci4), and water solubility, 1,060 mg/L(2).
Ethyviene from dr} soil surfaces(SR( 'f_ bz{zszed upon a
VADOT pr ediamine teirgacetic acid is

nwlzmb] g uni S - subject to an enriched culture of

AQUATIC FATE: Based on a classification scheme(1), an estimated Koc value of O4(SRC). determined
from a water solubility of 1,000 mg/L(2) and a regression-derived eque fion{3), indicates thdt
ethylenediamine tetraacetic acid is not expected to adsorb to suspended solids and sediment(SRC).
Volatilization from water surfaces is not expected(3) based upon a Henry's Law constant that 1s
estimated as 7.7X10-16 atm-cu m/mol at 25 deg C{"%R(’ ), derived from its vapor pressure, 2X10-12 mm
Hg at 25 deg C(4), and a water solubility, 1, 000 mg/L{2). The pKa of ethylenediamine Ix::zraabeiéc acid 1§
. “’0 (3}, indicating that this compound will primarily exist in the dissociated form in water. Therefore,
this compound is not expected to adsorb more strongly to organic carbon and a,b‘v than its neutral

counterparts(f). According to a classification scheme(7). an estimated BCF of 13(SRC}, using a water
solubility of 1 {M Omg/L(Z) Lmd y regression-derived equation(8), ﬁilﬂgeqiﬂ the poiemie& for
bioconcentration in aquatic organisms is low(SRC). A photolysis half-life of 11.3 minutes for the 1:1

iron(111} complex of Lﬂwimada amine tetraacetic acid was measured uamg an aqueous solution,
illuminated in a Xenotest 1200 apparatus(10). The biodegradation of ethylenediamine tetraacetic acid 1s
negligible under acrobic conditions unless complexed with a metal or subject to an enriched culture of

microorganisms(¥},
({1} Swann

ATMOSPHERIC FATE: According to a model of gas/particle partitioning of semivolatile organic
compounds in the atmosphere(1), ethylenediamine tetraacetic acid, which has a vapor pressure of 2X10-
12 mm Hg at 25 deg C(2), is expected 1o exist solely in the particulate phase in the ambient atmosphere.
Particulate-phase ethylenediamine tetraacetic acid may be removed from the air by wet and dry
deposition{SRC).

f{1) Bidleman TF; Envirc

R R:VlZWLD**
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Enviropmental Biodegradation:

AFROBIC: In the summer and winter daily cycle of a 5 kg/d load at a Swiss wastewater treatment plant,
the concentration of ethvlenediamine tetraacetic acid in the primary and secondary effluents was 30-150
2/ -refore, it was concluded that ethyleneds

iammine tetraacetic acid was not biologically degraded.
» of 12 d and temperature 2¢ deg C) no biological degradation
that during the waste water treatment process, ethylenediamine
retraacetic acid was not biologically nor chemically degraded in measurable amounts. However, In
natural walers and waste water where cthylenediamine tetraacetic acid is complexed with metals, the
iron{111} complex is photodegradable and other comp! raded slowly or not at ali(2).
Another article reported a 17-30% reduction of the ethylenediamine tetraacetic acid in three v
treatment plants in Finland(3). An enriched culture of microorganisms has been found to bean e
method for the deg

te water
[t

ective

1

ANAEROBIC: Ethylenediamine tetraacetic acid was not found to biodegrade in measurable amounts
anaerobic conditions(1).
y TS + PBh: 3

{

Environmental Abiotic Degradation:

The rate constant for the vapor-phase reaction of ethylenediamine tetraacetic acid with photochemically-
produced hydroxy! radicals has been estimated as 1.8X10-10 cu em/molecule-sec at 25 deg C{SRC)
using a structure estimation method(1). This corresponds (o an atmospheric half-h fe of about 0.7 hours
at an atmospheric concentration of 5X10+5 hydroxyl radicals per cu em(1). The UV absorption of
ethylenediamine tetraacetic acid in surface waters, where it is complexed with iron(Lll), was found to be
758 nm in an acidic solution and 242 in a basic solution(2). The rate of photolysis of the iron(II1)
complex of ethylenediamine tetraacetic acid was analyzed. An aqueous solution of the complex was
illuminated in a Xenotest 1200 apparatus. Using a sun spectrum from 60 deg N (Stockholm latitude), the
half-life was caleulated to be 11.3 min for the 1:1 complex dissolved in the top layer of a water body and
illuminated at the yearly max of sun he specified area(3)

v WM, Howard i 267 2293-9% i
nviron Safety

) 1**PEER

Ethylencdiamine tetraacetic acid (ED'TA) is capable of complexing with most of the important {race
metals and alkaline earth metals in the environment, thus causing an increase in the total solubility of the
metals(1). Analysis of cation-EDTA equilibria reactions suggests that EDTA will eventually
predominate as the iron (111} (Fe) chelate in acidic soils and as the caleium (Ca) chelate in alkaline soils
(2). EDTA, particularly as the Fe(I1I) chelate, is known to photodegrade(2). The foliowing
photodegradation products of Fe(11)-EDTA have been identified: carbon monoxide, formaldehyde,
ethylenediaminetriacetic acid (ED3A), iminodiacetic acid (IDA), N, N-ethylendiaminediacetic acid
(N,N ethylenediaminedi (EDMAY and glycine(2.3).

Res 10: 5 { iedie JM; J Enviren Qual o: 21

¥ TR
ER

Phys 1: 45 (1980)

o
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Envirenmental Bioconcentration:

An estimated 11{ ! of 13 was calculated | i ic acid{SRU), using
sclubility of 1.0 A1y anc ' %wmu ng m a L;u“;": 11Lat on
3\ M]% 8( k

Soil Adsorption/Mobility:

The Koc of ethylenediamine tetraacetic acid is estimated as 98(SRO), usir f: a water solubility of 1,000
mg/l, at 25 deg C(1) and a regression-derived {fqusmoz‘;,’ According to a classification scheme{3}, this
estimated Koe value suggests that ethvlenediamine tetraacetic acid is ‘\p ccted to have high mobility in
soil. The pKa of ethylencdiamine tetraacetic acid is 0.26{4). indicating that this compound wiil primaniy
exist in the dissociated form in the environment and JTHUHH generatly do not adsorb more strongly 1o
inic carbon dﬂd Jlav than their neutral counterparts(s)

L

Boca

Volatilization from Water/Soil:

The Henry's Law constant for ethylenediamine tetraacetic acid is estimated as 7.7X10-16 atm-cu m/mol
at 25 deg C(SRC) derived from its vapor pressure, 2X10-12 mm Hg mm Hg(1), and water solubility,
1,000 mgnhz) This Henry's Law constant indicates that ethylenediamine Tetmacaﬁc acid 15 expected o
be essentially nonvolatile from water surfaces(3). Ethylenediamine tetraacetic acid's estimated Henry's
Law constant indicates that volatilization from moist soil surfaces may oceur(SRCY. Ethylenediamine
1c1rﬁmwh“ “Cld zq not expected to volatilize from dry soil surfaces{SRC) based upon its vapor pressure of

lati‘*

.buu k of

Envirpnmental Water Copcentrations:

GROUNDWATER: Eth) ’16:36&5%&31%116 tetraacetic acid was detected in ground water samples at
concentrations ranging from 5 to 25 ug/L, location not &pé: cified(1).
[(1) Alder (1990} }**PEER REVIEWED**

AC et al; Water Res 24: 733-47

DRINKING WATER: Ethylenediamine tetraacetic acid was detected 1n drinking water produced from
surface waters in concentrations ranging from 10 to 45 ug/L{1}, location not speuiicd Ethylenediamine
tetraacetic acid was detected in the drinking water of Dutch drinki ng water companies in March 1992 at
concenirations ranging from <0.8 10 16.5 ug/Lu,,

http://toxnet.nlm.nih.govicgi-bin/sis/search/f2./temp/~BkKLC3:1.FULL 7/28/2005
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4
38}

OTA) was identified in the Lea
1,120 ppb(1}. Ethylencdiamine
ter companies in March 1992 4

aé concentrat
Was ddu.tuﬁ n Ihr_ '1,&.‘ '

}\1\ er ?mzﬂ;n i)

Effluent Concenirations:

During 1974, ethylenediamine tetraacetic acid (3
E\r’ieadi {?ngi:n“*i‘} sewage ires mmm plmu at concentr
concentration of E Alenedias tic acid wasle wate

’3”:%.') was identified in the effluent from the Rye
ing from 200 ppb to 1 200 ppb(1). The
refftuents of five Finnish pu h, and paper

Sediment/Seil Concentrations:

SEDIMENT: Ethylenediamine tetraacetic acid was detected in lake sediment samples collected from
Lake Saimas in Finland during May and June of 1996 at concentrations ranging from 80 to 310 ug/kg
(1). The fraction of ethy chmdmxmmt etraacetic acid absorbed onto sediment in samples of surface
waters, groundwaters, and waste water treatment plant effluents from Switzerland was an average of one
percent{2).

Environmental Standards & Regulations:
FIFRA Requirements:

As the federal pesticide law FIFRA directs, EPA is conducting a comprehensive review of older
pesticides to consider their health and environmental effects and make decisions about their future use.
Under this pesticide reregistration program, EPA examines health and safety data for pesticide active
ingredients initially registered before November 1, 1984, and determines whether they are eligible for
reregistration. In addition, all pesticides must meet the new safety standard of the Food Quality
Protection Act of 1996, Pesticides for which EPA had not issued Registration Standards prior to the
effective date of FIFRA '88 were divided into three lists based upon their potential for human exposure
and other factors, with List B containing pesticides of greater concern and List D pesticides of less
concern. Ethylenediaminetefrancetic acid is found on List D. Case No: 4036; Pesticide type:
insecticide fungicide, herbicide, antimicrobial; Case Status: None of the active ingredients in the case
are being supported for reregistration by their registrants. All are unsupported, or some are unsupported
and some are cancelled. Cases described as "unsupported” generally are being processed for
cancellation.; Active ingredient (AD): ethvlenediaminetetraacetic acid; Al Status: The active ingredient
is no longer contained in any u.,dmmuj pmdw, . eancelled.”

Unlited States Envirx L wency/ Prevention,

Acceptable Daily Intakes:

http://toxnetnim.nih.gov/cgi-bin/sis/search/{7 Aemp/~BkKLC3:1:FULL 772872005
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CERCLA Reportable Quantities:

~rx

Persons in charge of vessels or facilities are regu 3 ral Response Center (NRC)
ﬂnmd atelv, when there is a release of this ds wmmmi hazardous substance, i an amount Q"]lf{-ﬂ to or

r than its reportable quantity of 5000 1o or 2270 ky. The wll free number of the NRC 15 (800} 424-
:1n the \’v :xs] H C. mim’whm] ang &PH 26-2675. The rule for determining when

wection 1V, D3 b

Clean Water Act Requirements:
Ethylenediamine tetraacelic acid is designated as a hazardous substance under seetion 3K 2 A of
the Federal Water Pollution Centrol Act and furt bm* re"*uéfzted E:»),f the € lum ‘\?v ater Act L’%m@nhnef ts of

1977 and 1978, These regulations apply to dis gn ation inciudes any
c asw

ell as any L»ohsmma a’ui

Chemical/Physical Properties:
Molecular Formula:

C10-H16-N2-08
E -.‘ R.E;.‘g; ’\Hi ]_J o4

Molecular Weight:

Color/Form:

{w &mia from water

Colorless cry «:tais

LF-‘.I is : R;
NY: John Wil =3

Dicticnary. ed. New York,

. REVI]

Vg R

Melting Point:

[\)

45 deg C

hitp://toxnet.nlm.nih.gov/egi-bin/sis/searcl/f?. /temp/~BkKLC3: LFULL 772872005
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Solubilities:

\QL E‘\] Hﬂ

[ ¥,

Raplin,

Spectral Properties:

IR: 230F {Aldrich Chemical Co., Inc., New York; Aldrich Library of Infrared Spectra, Aldrich Chemical
Lo Mi 1Wdi13\€t§ ‘M)

NMR:3

’@e_;_,

and 11

of M IdbS Spedm Aidmchi
1z C di !

Vapor Pressure:

Other Chemical/Physical Properties:

Decomposition at 220 deg C

hitp://toxnet nlm.nih.gov/cgi-bin/sis/search/f7./temp/~BKKLC3:1:FULL 772872005
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vy alkali metal hyvdroxides to form a series
ml La‘umh

G ocuomy moi 50
| euit -

o E sHim atu

Chemical Safety & Handling:

DOT Emergency Guidelines:

Those substance designated with a "P" may
ontainers may explode when heated. Some

Fire or eﬂ(plmion‘ Some may burn but none ignite readily
polymerize explosively when heated or involved ina fire. C

mav be €1 ':ms*wmtcd hot.
ant of

Health: Inhalation of material may be harmful. Contact may cause burns to skin and eyes. Inhalation of
asbestos dust may have a damaging effect on the lungs. Fire may produce irritating, corrosive and/or
tam{: gases. Ruu xai from fire control may cause p(}liutnsza

Public safety: CALL Emergency Response Telephone Number. ... Isolate spill or leak area immediately
for at least 10 to 23 meters (30 to 80 feet) in all directions. Keep unauthorized personnel away. Stay
upwmd

Protective clothing: Wear positive pressure self-contained breathing apparatus (SCBA). 5
firefighters' pmtmtzw clothi il only p:owde §1§m{ed protec imn

http:/ftoxnet.nlm.nih. gov/egi-bin/sis/search/f? /temp/~BkKLC3: 1L FULL 772872005
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Evacuation: Fire: I tank, rail car or tank ¢ mux 1S 1NV 7 omited

r 800 n‘mf:z 5{1/2
i all directs 0. CO¥ m der imtial ¢ for 800 meters { dire

L
o

Fnc S nzﬂi fires: Dry chemical, CO2, water spray or reguiar I

Move containers from fire area if vou can do 1t without i
cure water streams, Dike fire-control water for later disposal. % ire involving tanks:
containers with flooding quantities of water until well after fire is out. Withdraw immediate
rising sound from venting safety devices or discoloration of tank. ALWAYS stay away imm engulf

Spill or leak: Do not touch or we spifled material. Stop leak if vou can do it without risk.
Prevent dust cloud. Avoid inhalation of asbestos dust. Small dry spills: With clean shovel place material
into clean, dry container and cover loosely: move containers from spill area. Small spills: E—Jka up with
sand or other noncombustible absorbent { material and place into containers for later disposal. Large
spills: Dike far ahead of liquid h}‘]“ for later disposal. Cover powder spill with plastic sheet or mzp w0
minimize \ptuadmv Pn:x ent entry in 1o wat ‘s, sewers, basements or confinec 3 areas.

First aid: Move victim to fresh air. Call 911 or emergency medical service. Apply artificial respiration if

victim is not breathing. Administer oxygen if breathing is difficult. Remove and isolate contaminated
clothing and shoes. In case of contact with substance, immediately flush skin or eyes w tth running water

for at least 20 minutes. Ensure that medical personnel are aware of the material(s) involved, and take

pr eLaut ions to protect | hcmselv 5.

Fire Fighting Procedures:

If material involved in fire: Extinguish fire using agent suitable for type of surrounding fire. (Material
Jtshh‘ dan not burn or %}’uz ns mth dhi*m Ity
ccl ey

= TOOUS

Emergency Handling
n of American Ral

il

cyclopaedd

1y e 2l g o
Vo, oWiITZE

cf Do tional Health and
il_*Lﬂ, e -4 and: International Labour C .
hitp:/ftoxnet.nlm.nih.gov/cgi-bin/sis/search/f? /temp/~BKKLC3: LFULL 712872005
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o oXides/

Protective Equipment & Clothing:

i

Wear ::ppl opriate “ﬂcmu_di p ’ﬂ ctive glove:

Preventive Measures:

Pm korml protection: Keep vpwind. .. Avoid breathing vapors or dusts. Wash away any material which

uumauul Me body with copious amounts of water or soap and wate

If material not involved in fire: Keep material out of water sources and sewers. Build dikes to contain
flow as negcessary

wWling of
laterials :

e et rs -
L LDL}‘:’_A; [N

Stability/Shelf Life:

The free acid is less stable than its salts, and tends to decarboxylate when heated to temps of 150 deg C
Siabl on storage ar d on *(;1;11}&: in ag solution.

-

and Co.

Cleanup Methods:

Environmental considerations: Land spill: Dig a pit, pond, lagoon, holding area to contain liquid or solid
material. /SRP: If time permits, pits, ponds, lagoons, soak h{}lm or holding areas should be sealed with
an impermea& e flexible membrane lmc:r Cover solids with a plastic sheet to prevent dissolving in rain
or m fwni;m o water.

'\«Eureuu uf Fﬂplu~'

Environmental considerations: Water spill: Add dilute caustic soda 72‘5@?5 3. z%é'mt ;}H 0 nmﬁmi (pH).
Use mechanical dredges or lifts to remove nmnei}ﬂm.,c masses o

sciation of Am RaJJlo_as au of

: » Surface

4267%*PEER
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Disposal Methods:

SRP: The most favorable course of action is to use an alternative chemical product with less inherent
propensity for occupational exposure or environmental contamination. Reevcle any unused portion of

the material for s ap
chemical must cons
on :‘:mm" Loaguatic, a

Proves J use or return it o the manufacturer or supplier. Ultimate dispx
er: the material's impact on air quality: potential migration in soil or water; eff
plant life: and conformance with environmental and public health r'eg,z,ziammi.

he
£C

Occupational Exposure Standards:

Manufacturing/Use Information:

Major Uses:

viencdiaminetetrancetic acid (USEPA/OPP Pesticide Code: 039101) there are 0 labels
mau:h, /SRP T\m rea‘*i%ez"ed for current use in the U.S., but approved pesticide uses may change

For sthy

g
)

state and 3:}4;*1 Fauthorities muai be wnmhei ?m currently approve ed uses./

and Co.,

Chelating agent in boiler and cooling water, detergents for household and textile use, industrial
germicides, and metal cutting fluids; chemical intermediate for micronutrients for agricultural purposes;
bleaching agent in coler film proce z»bmg, chelating agent in electroless nickel plating; etching agent in
metal finishing and semiconductor production; chelating agent in wood pulping processes; activator in
butadiene-styrene copolymerization; chelating agent in iovd . pharmaceuticals and cosmetics and for gas

scrubbing; component of blood anticoagulants
{SRT, p. 1**PEER REVIEWED**

MEDICATION

*#PLER REVIEWED ™

Lig soaps, Sbcampc:m agricultural chem sprays; metal plating, decontamination of radioactive surfaces,
metal deactivator in vegetable oil, oil emulsions, pharmaceutical p}'O(jdbt‘a ete; eluting agent in ion
exchange, to remove insoluble deposits of calcium & magnesium soaps; in textiles to improve dyveing,
scouring; clarification of lig, analitical chemistry, spectrophotometric titration, aid in reducing blood
cholesterol, food additive (preservative)

-
e
[

cgi-bin/sis/search/f? ftemp/~BkKLC3: I:FULL 2872005
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h. o 5
sminsfetraseetio seid ¢

’munda hd\

L od con

. aids in the flavor retention of stored beverages :md . haa ba:c:n $
controtling corrosion m canned carbonated beverages. ... B
been shown 1o be suppress ed by adding to mi ik at least 5 parts ul

e

enhances the foaming p’OkaU&.S of reconstituted skim my E .
hé;ﬂ{ﬂﬂd:h;]} iormatmn i cured meats h*, CO Y

IO K

v, off
¥ f per pari copper. ... £1F
ai A wﬂ% rc‘:mr{l npitric oxide-

ntaining calcium and the zinc content of zine stearate are analyzed by
3 § A solution.

Manufacturers:

Dow Chemical U.S.A., 2030 Dow Center, Midiand M1 48642, (989) 636-1000; Production site:
?m,tpo > !"’h@‘i

Hampshire Chemical Corp.
?ramm tion sites: D::ta,a‘ Pa

Ave., Ste 2500, Lexington, MA 02421-7994, (781) 869-3400:
Nashua, NH 03060

(i ical Producers. SRI Internat

i, Menio

Methods of Manufacturing:

Ethylenediamine is condensed with sodium monochloroacetate with aid of sodium carbonate. Agueous
solution of reactants is heated to about 90 deg C for 16 hr, then cooled and acidified with hydrochloric
acid whuaupfm the acid precipitates. Salts of acid are known as edetates.

[Osol, Pharmaceutical Sci 5, 16th ed.

Pennsy! PPRPERR REVIE

P Qoo
Co., 1880., p.

Py o

Heating tetrahydroxyethylethylenediamine with sodium hydroxide or potassium hydroxide with calcium
u‘(ide uaﬁly st.

(Ed.}.

Sons,

'n

nery. 13th ed. New York

The most widely used svnthesis is the alkaline cyanomethylation of ethylenediamine by means of

http://toxnet.nim.nih.gov/cgi-bin/sis/search/f?. temp/~BkKLC3:1:FULL 7/28/2005
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1thesis. In this process, the
1 formaldehyde react with

Horyent g

. Commercial method lu roduction of EIFT A is the two-step Singer sv:

cvanomethylation step is separate from the hy imhs H\w-.’we 1 cvanide

rlen THne 1o 1’@:);“;‘1‘1 é%oiubi mek‘m:d"nuuﬂ“tcttaas:etomtn ¢ (EDTNY, 22
vic ;niari]a}%az“al{zsmcemzm;]gu,2. in high vield (>96%). The intermediate nitrile 1s ﬂ;paratd

e, z:mc‘% «’uh@:ecm:—‘;aﬂy hydroly: M vith sudiwn hydroxide to tetrasodium ERT A, with liberation of

hvmaducl C L thesis in two stages eliminates most of the impurity-forming

y prevenis the inactivation of the protein

The vase-life of cut flowers stored at low temp was extended by treating the flowers, especially
carnations, before storing with solution containing EINT A, silver nitrate, sodium hamul’r&te and
sucrose.

The concentration of EINTA-tris used as lavage to treat olitis externa, cystitis or other persistent

infections in dogs and cats, was found to prevent the growth of Pser d@m@ms ACTUZINOSE,

btdphviowu,w aureus amd hem bircmm ocel when present in growth mex
y ORE, Jones MS; : ol 8 {3y: 271-80 (1983) ]°

Fdetic acid has increased antibacterial effects of benzalkonium and ch 3010@;@@3 as well as pz'cvcmmg
resistance in vitro to neomycin by resistant strains of Staphylococcus aureus. Copper, manganese, Zinc
utilization in chicks is crhmwd EW prior chelation with edetic acid.

[Rossoff, erinary Drugs. MNew York: Sprin lishing Company
1974 ., p. '

Acid, rather than any salt, is form most potent in removing calcium from solution. It may be added to
shed blood to prevent clotting. It is also used in pharmaceutical analysis and removal or inactivation of
unw gmzi?:d fons an s:eiuii@ﬁ.

/Ethvienediaminetetraacetic acid/ was used a
dves as early ‘zs 1935,
¥

nf Pesticides Raltimore: Williams & #Wilkins,

[hv> s, W, J., Jr.
. ] **PEER REVIE

Essentially 100% asa L%’leiatmﬁ agent (includes free acid plus salts)
[5RI, p. VIEWED* *

SRI

;
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. 8. Production:

U. S. Exports:

(1978 ND
[SRYI, p. 1**FEER R
(1982) ND
ERI, B

Laboratory Methods:

Analytic Laboratory Methods:
EDTA in pickled vegetables was identified by gas- anu C’ chromatography and confirmed by mass
imummmmpm after conv eammn ta aix mmmcﬁ}w est

s 1
fant

;
1hs A {6}

A spectrophotometric method for determining EDTA m freshwater is presented. The sensitivity of the

method 15 10 ug.
[KATISER K LE;

RES 7 (10): 1465-73 (1973 ]**PEER REVIEWED**

Ethyvlenediaminetetraacetic acid and related chelating agents are 1 readily analyzed by titration with
standardized solutions of metal salts, which react quantitatively to form metal chelate complexes. The
endpoint is commenly determined by the precipitation and turbidity of an insoluble metal compound or
the color mmmﬂe of a mem; m,nszlaxe d‘ve used as ‘m ;;1d1ham§

ébqj to EL
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Method: ASTM D3113A Jard Test Methods for Sodium Salts of EBTA in Water; Analyte:
: { %rzﬁm ag . [ Matrix: Waters containing free NadEDTA or heavy metal or alkaline
i individu A]E‘ or in combination, in concentrations from 0.5 1o 20

o8 FEL o

Special References:
Special Reports:
HART JR; COSMET TOILETRIES 98 (4): 54-8 (1983); USE OF EDTA-TYPE CHELATING

AGENTS & THEIR SALTS IN SHAMPOOS, LIQUID S0OAPS, SKH\ CLEANERS, CREAMS &
LOTIONS, & OTHER PRODUCTS ARE REVIEWED.

’\IIP {No GH Routc umE m tehd Sp{:u(:a rats and mice. NTIS No PB270938/AS. /Trisodiom

nA o e
MiATIa G

choand Testing;

wenl Status Reporb;

Synonyms and Identifiers:

Related HSDB Records:

4072 [DISODIUM CALCIUM EDTA] (saly

5003 [TETRASODIUM EBTAL (salt

Synonvms:

RILOYTETRAKIS-

ACETIC ACID, (ETHYLENEDINITRILO)TETRA-

“*PEER RE

oW

ACIDE §<?§:§§EENE§3E&MEN§ TETRACETIGUE (FRENCH)
*rPRER REVIE

Al3-17181
**PEER REVIEWED*
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NEDIOIC ACID, 3,6-BIS(CARBOXYMETHYL)-

j

*+*PEER REVIEWED -

e REVTEHED

Chemical Code 039101

REVIE

2-ETHANEDIYL BIS[N-(CARBOXYMETHYL)GLYCINE]

Fthvlenehisiminodiacetic Acid
*£pETR REVIEWED**

ETHYLENEDIAMINETETRAACETIC ACID

~:3
3
o
)
o
b
o
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LNNUNLWTETRAACETIC ACID

{(CARBOXYMETHYI

315(

TRICON BW

il REVIEWED*™

""[\JE"\i *

VERSENE AUID
“+PEER REVIEWED
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Associated Chemicals:

Trisodium Ethyienediaminetetraacetate trihydrate;150-38-9
Shipping Name/ Number DOT/UN/NA/IMO:

NA 9117; Fibvienediamin

petie peid: EX
Standard Transportation Number:

49 669 10; Ethviensdismineictraacetic acid
Administrative Information:

Hazardous Substances Databank Number: $09
Last Revision Date: 20040910

Last Review Date: Reviewed by SRP on 5/13/2004
Update History:
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Ingestible mollusc poisons
Abstract

An effective, readily ingested molluscicidal bait poison includes an inert molluse bait and two active
ingredient precursors. These precursors are edible and non-toxic to terrestrial molluses when consumed
alone. However, the composition which includes the two precursors is fatally toxic to terrestrial
molluscs. One precursor is a simple iron compound, while the other precursor is selected from edetic
acid, its hydroxyethy! derivatives and salts of these acids. In another embodiment a single active
ingredient may replace the two precursors. This active ingredient may include ferric edetate and the
ferric hydroxyethyl derivative of edetic acid.
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Clatmes

What is claimed is:
1. A terresirial molluse stomach poison compesition, comprising

a simple iron compound selected from the group consisting of 1ron proteins, iron carbohydrates, and iron
salts, which, alone, have little or no toxicity to the moluscs;

a second component selected from the group consisting of edetic acid, hydroxyethyl derivative of edetic
acid, or salts thereof; and

an inert carrier material edible to molluscs, wherein the molar ratio of the iron in the simple iron
compound to the second component is in the range of 1:0.2 1o 1:2.0.

2. The composition of claim 1 wherein the simple iron compound 1s present in an amount such that the
iron concentration within the compesition is in the range of about 200-10,000 ppm.

3. The composition of claim 1 wherein the second component is present at a concentration in the range
of 2000 to 20,000 ppm

4. The composition of claim | wherein the simple iron compound is present in an amount such that the
iron concentration within the composition is in the range of about 2000 to 6,000 ppm and the second
component is present at a concentration of about 7,000 to 17,000 ppm.

5. The composition of claim 1 wherein the second component, in its salt form, is selected from the group
consisting of calcium disodium edetate, monosodium edetate, disodium edetate, trisodium edetate,
tetrasodium edetate, caleium disodium hydroxyethylethylenediaminetriacetate, monosodium
hydroxyethylethylenediaminetriacetate and trisodium hydroxyethy lethylenediaminetriacetate.

6. The composition of claim 1 wherein the simple iron compound is selected from the group consisting
of saccharated ferric oxide, ferric albuminate, ferric ammonium citrate, ferric chloride, ferric citrate,
ferrous gluconate, ferrous lactate, ferric phosphate, ferrous phosphate, ferric pyrophosphate, ferric
nitrate, ferrous sulfate, iron stearate, and ferric tartrate.

7. The composition of claim 1 wherein the inert carrier is selected from the group consisting of wheat
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cereal, agar, gelatin, oil cake, pet food wheat, soya, oats, corn, rice. fruits, fish byv-products, sugars,
coated vegetable and cereal seeds, casein, blood meal, bone meal, yeast, and fals.

8. A terrestrial molluse stomach poison composition, comprising:

an effective amount of an active ingredient selected from the group consisting of ferric edetate and a

ferric hvdroxyethyl derivative of edetic acid.
9. The composition of claim 8 wherein the active ingredient is present in an amount such that the iren
concentration is in the range of about 200-10,000 ppm.

10. The composition of claim 8 wherein the inert carrier is selected from the group consisting of wheat
cereal. agar, gelatin, oil cake, pet food wheat, soya, oats, com, rice, fruits, fish byv-products, sugars,
coated veeetable and cereal seeds, casein, blood meal. bone meal, yeast, and fats.

Description

BACKGROUND OF THE INVENTION
This invention relates to ingestible compositions for the control of terrestrial molluscs.

Terrestrial pulmonate gastropods, slugs and snails (collectively, molluses) are significant plant pests that
affect commercial agriculture and horticulture and domestic gardens. These molluscs are OmnNivorous
and consume large amounts of vegetative materials during their daily foraging. Consequently, they can
seriously damage vegetable gardens and even plant crops during all phases of the growing cycle.
Because of their destructive potential, control measures must be employed to ensure adequate protection
of the growing plants from damage by terrestrial molluscs.

A wide variety of approaches have been used to try to combat pest molluscs. Perhaps the most common
is the use of poisonous compounds called molluscicides. Molluscicides include 2 diversity of chemical
compounds such as table salt (NaCl), calcium arsenate, copper sulfate, and metaldehyde. Molluscicides
fall into two major groups, depending upon their mode of action: contact poisons and ingestible (or bait)
pOIsons.

Contact poisons are molluscicides that, 1o be effective, must come into physical contact with the exterior
of the mollusc, either by external application or through the action of the mollusc traversing a
molluscicidal composition placed on the ground. The contact molluscicide is picked up by the
proteinaceous slime coat of the mollusc and it builds up in the body of the mollusc until a lethal
proportion is reached. One of the major drawbacks of contact molluscicides is that they have little effect
if the molluscs do not physically contact the active chemical agent. If the molluses are hidden or migrate
into an area after a contact molluscicide is spread, the molluscs are unaffected. For these reasons,

contact-acting mollusc poisons generally are considered to be unreliable.

Heavy metals, including zine, aluminum, copper and iron, are all toxic to molluses and are examples of
compounds known to be effective molluscicides when used as contact poisons in the form of salts or
chelates, See, Henderson, et al. Crop Protection (1990), 9, 131-134 and Henderson, et al., Ann. Appl.
Biol. (1990), 116, 273-278,

Ingestible (or baif) mollusc poisons are those that must be ingested by a molluse in order to be lethal.
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This type of moliusc poi%@n tends 1o be preferred over contact poisons only because contact poisoens,
which rely upon passive acquisition of the active ingredient, are not considered to be reliable. One
challenge associated with the development of effective bait molluscicides is to prepare a composition
that 1s both pdlﬁtd% le 1o the moliuse and effective as a let t’-ul DOISON, (3%}\ iau;l}, a sufficient quantity of
the poison must be ingested 1o reach the lethal threshold. C i hat are palatable to the
mollusc are not effective as a lethal poisen, while comp m‘“' ions ﬂ;at are qu te pomu and lethal are not
readily ingested by molluses. Many contact poisons, such as aluminum sulfate. copper sulfate and borax,
are useless as ingestible poisons because they are not palatable to molluscs, and the molluses do not

”3 g st a lethal dose of these compounds. Ingestible poisons must be sufficiently paiatable o the moliusc

o that they will be consumed in lethal amounts, but the composition must also be slow acting enough (o
wevent the molluse from becoming sick or cause it to cease feeding.

e

Twpical problems associated with the development of compounds for the effective control of molluses
are discussed by Henderson, et al. in Aspects of Appl. Biol. {iﬂ%) 3, 341-347, This publication
recognizes that although many compounds are known to be poisonous to molluses, there 15 considerable
difficulty in delivering the poison to the moliusc either as a bait or as a contact poison. The potential

toxicity of a compound 1s irvelevant il molluses will not consume a lethal dose of a bait poison.

One of the few compounds that act as both a contact and bait poison for terrestrial molluscs is
metaldehvde. This compound is commonly used as a long lasting bait, attracting the molluscs and killing
them after they ingest the poison bait. Despite its high effectiveness and its commercial popularity,
metaldehyde is toxic to higher mammals and is a major contributor to domestic animal poisoning in the
LS. and Europe. More recently, UK. Patent Application 2 207 866A has reported that specific
complexes of aluminum with pentanedione compounds and iron with nitroso compounds would act as
both ingested and contact poisons.

There is thus a need to develop an effective ingestible poison for molluscs that 1s palatable to molluscs
and that does not pose a threat to the environment, crops, animals and other non-pests.

Accordingly, it is an object of the invention to provide a toxic, ingestible composition that is palatable to
terrestrial molluses. Another object 1s provide such a composition that poses no significant threat to the
environment, ¢rops, animals, or other non-pests, Other objects will be apparent upon review of the
following description.

SUMMARY OF THE INVENTION

The invention provides an effective ingestible poison that is lethal to terrestrial molluscs. The
composition is comprised of constituent compounds which do not pose any significant threat to the
environment, plants, animals and other non-pests. In one embodiment the composition combines an inert
carrier, such as a bait, with a simple iron compound and a second component. The simple 1ron
compound can be an iron protein, an iron carbohydrate or an iron salt. The second component may be
edetic acid, or hydroxvethyl derivative of edetic acid or a salt of these acids, Individually, neither the
simple iron compound nor the second component is toxic to terrestrial molluses. It is believed that the
composition becomes toxic to molluscs only after it is ingested by the molluscs. Preferably, the molar
ratio of iron in the simple iron compounds to the second component is in the range of 1:0.2 10 1:2.0
Preferably, the iron component is present in an amount such that the concentration of iron within the
composition is in the range of about 200 to 10,000 ppm.

In another embodiment the composition comprises a single active ingredient in combination with an

inert ingredient such as a mollusc bait. The single active ingredient may be ferric edetate or a ferric
hydroxyethyl derivative of edetic acid. Preferably, the active ingredient 1s present in an amount such that

http://patfil uspto.gov/netacgi/nph-Parser?Sect1=PTO1 & Sect2=HITOFF&d=PALL&p=1&... 4/7/2006
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the concentration of iron within the composition is in the range of about 200 to 10,000 ppm.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a bait wﬁxm that is effective against terrestrial molluscs, In one
embodiment the composition of the invention combines an inert. edible mollusc bait with two active
mf*rsdtemp ecursors. Individually the active aﬂi,‘.’ft,d]\.,ﬂi precursors are not toxic o the molluscs. Itis
only when the entire mmpexmun including the active ingredient precursors, is ingested by molluscs
that molluscicidal activity 1s achieved,

One active ingredient precursor is a simple iron compound. The simple 1ron (“{xrzwp{nmd can be an iron

protein, an iron carbohydrate or an iron salt. A second active ingredient precursor is selected from the
oroup consisting of edetic acid a hvdroxyethyl derivative of edetic acid, or salts of these acids.

In another embodiment the molluscicidal composition combines an inert, edible mollusc bait with an
active ingredient such as ferric edetate or a ferric hydroxvethyl derivative of edetic acid.

An advantage of the molluscicidal composition of the present invention is that it exhibits good mortality
against terrestrial molluscs and it is readily consumed by terrestrial molluses. A further advantage of this
composition is that the constituents of the composition are environmentally safe and pose no threat to
humans, animals or other non-pests. In fact, with the exception of the iron salts of edetic acid or
hydroxyethyl derivatives of edetic acid the individual components are non-toxic to molluscs when
administered alone. The composition of the invention not only is lethal to molluscs, but molluscs are
also poisoned to the extent that they cease feeding upon plants after consuming the composition.

Preferably, the molar raii() of iron in the simple iron compound to the second precursor ingredient is in
the range of 1:0.2 10 1:2

The simple iron compound can be selected from any one of a number of iron salt compoimdq including
iron proteins, iron carbohydrates, and iron salts. The iron compound can be present in its iron (11 state
{ferrous) as well as in its iron (111} state (ferric). Examples of suitable simple iron compounds are
saccharated ferric oxide, ferric albuminate, ferric ammonium citrate, ferric chloride, ferric citrate,
ferrous gluconate, ferrous lactate, ferric phus?%mie ferrous phosphate, ferric p‘ymphusp%me ferric
nitrate, ferrous sulfate, ferric stearate, ferrous stearate, and ferric tartrate. One characteristic of the
simple iron compounds used as an active ingredient precursor in this invention is that they have little or
no ’tox;mty to the m@ﬂusm when uud cilnne ‘:izzztabk ﬂmph, iron mmpmmdf} are mmmeiczaﬁv

The simple iron compound preferably is present within the composition at an amount such that the iron
concentration in the composition is in the range of about 200 to 10,000 ppm. More preferably, the
simple iron compound should be present in an amount such that the iron concentration in the
composition is in the range of 2000 to 6000 ppm.

As noted above, the second active ingredient precursor can be edetic acid, hydroxyethyl derivative of
edetic acid or salts of these acids. Preferred salts of these acids include the sodium salts, such as calcium
disodium edetate, monosodium edetate, disodium edetate, trisodium edetate, tetrasodium edetate,
calcium disodium hydroxyethylethylenediaminetriacetate, monosodium
hydroxyethylethvlenediaminetriacetate, and trisodium hydroxyethylethylenediaminetriacetate. The
second active ingredient precursor preferably is present in the composition at a concentration in the
range of about 2000 to 20,000 ppm More preferably this component is present at about 7,000 to 17,000

ppm.

http://patftl.uspto.gov/netacgi/nph-Parser?Sect1=PTO1& Sect2=HITOFF&d=PALL&p=1&... 4/7/2006
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In the embodiment of the invention in which the bait moliuscicide includes a single active ingredient
such as ferric edetate or the ferric hydroxyethyl derivative of edetic acid, this active ingredient
preferably is present in a level such that the iron concentration is in the range of about 200 to 10,000
ppm.

The single active ingredients are available from a variety of commercial sources. One commercial
source for ferric sodium edetate is Dr. Paul Lohmann Gmbl KG of Emmerthal, Germany which sells
ferric edetate {Lohmann ferric edetate, In addition, ferric edetate is commercially available from the
Hampshire Chemical Unit of W. R. Grace & Co. of Lexington, Mass. under the mark Hamp-Ene. RTM..
The hydroxvethyl derivative of ferric edetate is also available from the same unit of W. R. Grace under
the marks Hamp-01.RTM. and Hampshire R TM..

The inert bait component of the molluscicidal compesition of the invention is one that must be readily
consumed by molluscs. A variety of molluse baits are well known and may be used in the compositions
of the present mvention, ‘%ux’ﬁ haits include agar, potato dextrose agar, gelatin, 01l cake, pet food, wheat,
sova, oats, corn, rice, fruits, fish by-products, sugars, coated vegetable and cereal seeds, casein, blood
meal, bone meal, veast, fais, and a variety of cereals, including wheat cereal. A preferred bait is wheat
cereal which is commercially available from various sources.

The molluscicidal bait composition of the invention may also include additional formulation enhancing
additives. Such additives include preservatives or anti-microbial agents, phagostimulants, water-
proofing agents, and taste altering additives.

A variety of preservatives can be used effectively with this molluscicidal bait composition. Examples of
preferred preservatives include Legend MK.RTM., available from Rohm & Haas Company of
Philadelphia, Pa. and CA-24, available from Dr. Lehmann and Co. of Memmingen/Allgau, Germany.
Preservatives such as these can normally be mixed with water to form a stock solution to be added to the
formulation at a concentration in the range of about 10-750 ppm.

Phagostimulants can be added to the composition to attract molluses and to induce molluscs to feed
upon the composition. A variety of phagostimulants can be used, including sugars, yeast products and
caesin. Sugars, such as sucrose, are among the more p;ef{:ﬂe{i phagostimulants. These additives are
normally incorporated within the composition in a dry form. "3""‘;‘p§cal§yj they can be added to the
composition at about 1 to 2.5% by weight of the total composition.

Waterproofing agents, which can also act as binders, can be added to the composition to improve the
weatherability of the molluscicidal bait. These are typically water insoluble compounds such as waxy
materials and other hydrocarbons, Fxamples of suitable waterproofing agents are paraffin wax, stearate
salts, beeswax, and similar compounds. One preferred wax compound is PAROWAX RTM,, available
from Conros Corp of Scarborough, Ontario, Canada. Waterproofing agents can be incorporated into the

L T

composition, in dry form, at about 3 1o 12% by weight of the total composition.

It is also desirable fo include within the molluscicidal bait taste altering compounds that render the
composition unpalatable to animals. Exemplary compositions include those having a bitter taste.

Suitable compounds that are commercially k},‘t«'ﬁlﬂa’ﬂéﬁ: include BITREX, available fmm Mcfarlane Smith
Ltd. of Edinburgh, Scotland. These wmpmxmis typically are added at very low concentrations. For
example, a 0.1% BITREX solution can typically be added to the composition at about 1 to 2% by weight
of the total composition.

The molluscicidal bait of this invention typically is used in dry form and many of the constiuent

http://patftl uspto.gov/netacgi/nph-Parser?Sect 1 =PTO1&Sect2=HITOFF&d=PALL&p=1&...  4/7/2006
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ingredients of the composition are included in dry form. However, it is useful to include a sufficient
amount of Water within the composition to form a dough so that the ingredients can be more easily
formed. Water is tvpically added at about 13 to 60% by weight of the total C{’ITI]A;QIUOI"‘ The water,
however, 1}f§31¢:~113_j is driven off by heating and drying the molluscicidal bait before it is used.

As noted above, the compositions of the present invention are typically used in a dry, spreadable form
such as powders, Lzantﬂm cubes, or puld‘i The composition may be spzua{i on or around areas infested
by molluscs as well as in areas in which mollusc infestation is to be prevented.

Dry molluscicidal compositions according to the present invention can be prepared as follows.

A suitable amount of the active ingredient precursors, or the active ingredient, is blended, in dry form,
with a dry mollusc bait, such as wheat flour. Thereafter, other dry ingredients (such as phagostimulants
and waterproofing agents) are blended and mixed with the bait. Next, suitable amounts of liquid
additives (such as preservatives, laste altering additives and water) are added 1o the dry mixture to form
a dough. The bait can be covered, such as with plastic wrap, and heated, One p"e“ﬂ’“re(ﬁ Ezeﬁti;“xs"
technique is by heating in a microwave oven for 30 seconds 1o 10 rmmnm
be processed in a food grinder to obtain strands of the bait material. This 15 ¢ hLa dI‘lLd at elevated or
ambient temperatures, and can be made into a desired form, such as powder, pellets or granules.

An exemplary formulation of a suitable mollusc bait is as follows.

The barrier composition of the present invention is effective against a variety of terrestrial molluscs
including Ariolimax spp.; Arion species including, Arion ater, A. hortensis, A. rufas, A. circumeriptus,
A. empericorum; Deroceras spp.; Agriolimax spp.; Prophysaon spp.; Helix pomata; and Cepaea
nemoralis.

The following examples serve to further illustrate the invention.
EXAMPLE 1

Molluscicidal baits were prepared according to the general procedure discussed above. The active
ingredient precursors were added in sufficient amounts to yield the concentrations noted in Table TA.

T hn iron based active ingredient precursor used was saccharated ferric oxide (iron sugar). The following
additional ingredients were also included in the mixture: 2.5% by weight sucrose and 20 ppm Legend
MIRTM. antimicrobial agent, and 10% by weight paraffin wax. The control was prepared in a similar
manner, except that it did not include the active ingredient precursors.

Tests were conducted in 25cm.times. 50cm.times. 5cm planting trays (two trays per treatment with 3
slugs per tray). Each tray was floored with wet potting soil and covered with a transparent, plastic lid.
Fach tray received five garden slugs, Arion ater. Ten grams of each of the formulations identified below
in Table 1A were placed inside a petri dish and put in each planting tray along with a lettuce plant. The
planting trays were placed outside in the shade during the course of the experiment. Table 1B illustrates
the observed mortality (slugs killed/3) and percent of bait eaten for each formulation, at 6 days after
testing {DAT).

EXAMPLE 2
The formulations identified below in Table 2A were prepared by the general procedure noted above. The

active ingredient precursors were used in sufficient amounts to yield the concentrations noted in Table
2A. The iron-based active ingredient precursor used was saccharated ferric oxide. Additional ingredients

hitp:/patft] uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&... 4/7/2006
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used in the formulations included 10% by weight paraffin wax, 2.5% by weight sucrose and 20 ppm
Legend MK.RTM.

Test were conducted in 36 liter plastic tubs (two tubs per treatment with ten slugs per wb), Each wb was
floored with wet potting soil and covered with a 1id. Each tub received ten garden slugs, Anion ater. Ten
grams of each molluscicidal bait identified in Table 2A was added to two petri dishes and placed inatub
along with two lettuce plants, The tubs were left outdoors during the course of the experiment.

The tubs were examined three days after reatment and seven days afte
mortality (slugs killed/10) and amount of each molluscicidal bait eaten. These data are presented in
tables 2B and 2C. Bait consumption is rated according to the following standards: heavy, greater than

i

20% bait consumed; moderate, 10 to 20% bait consumed; and light, less than 10% bait consumed.

f

r treatment 1o assess the slug

EXAMPLE 3

Compounds identified below in Table 3A were prepared according to the general procedure noted

above, The active ingredient precursors were added in sufficient quantities to yield the concentration
noted in Table 3A. The following ad f

ditional ingredients were also added for each formulation: 10% by
weight of paraffin wax, 2.5% by weight sucrose and 20 ppm Legend MK.RTM..

Tests were conducted in 25 em.times.50cm fimes.5cm planting trays (two trays per treatment with 5
stugs per tray). Each tray was floored by wet potting soil and covered by transparent plastic lids. Each
tray received 5 garden slugs, Arion ater. and ten grams of bait which was placed inside a petri dish and
placed on the soil along with a lettuce plant. The trays were placed outside in the shade during the
course of the experiment.

The slug mortality (slugs killed/5) and percent of bait consumed was evaluated at 6 DAT and these data
are shown in Table 3B.

EXAMPLE 4

The formulations identified in Table 4A were prepared according to the general procedure noted above.
The active ingredient precursors were added in sufficient amounts to yield the concentration shown in
Table 4A. Additional ingredients for each formulation included 10% by weight paraffin wax, 2.5% by
weight sucrose, and 20 ppm Legend MK.RTM..

Tests were conducted in 36 liter plastic tubs (2 tubs per treatment with 10 slugs per tub). Each tub was
floored by wet potting soil and covered with a plastic lid. Each tub received 10 garden slugs, Arion ater,
and ten grams of bait, which was placed inside a petri dish. The petri dishes were placed on the soil
along with two lettuce plants. The tubs were left outside during the course of the experiment. The tubs
were exarmined at 1 DAT and 6 DAT to determine slug mortality (slugs killed/10) and the percent of the
bait consumed. These data are illustrated below in Tables 4B and 4C.

EXAMPLE 5

The bait compositions identified in Table SA were prepared according to the general procedure noted
above. Active ingredient precursors were added in sufficient amounts to yield the concentrations noted.
Additional ingredients included 10% paraffin wax, 2.5% by weight sucrose and 20 ppm Legend

MEK.RTM..

The tests were conducted using 36 liter plastic tubs (2 tubs per treatment with 10 slugs per tub). Each

hitp://patftl.uspio.gov/netacgi/nph-Parser?Sect 1 =PTO1&Sect2=HITOFF&d=PALL&p=1 &... 4772006
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tub was floored by wet potting soil and covered with a plastic lid. Each tub received 10 garden siugs,
Arion ater, and ten grams of bait which was placed inside a petri dish and placed on the soil in each tb
along with two lettuce plants. The wbs were left outside during the course of the experiment.

The tuhs were examined at 1 DAT and 6 DAT to determine the slug mortality (shugs killed/10} and the
amount of bait consumed. These data are illustrated in Tables 5B and 5C.

EXAMPLE &

The bait compositions identified in Table 6A were prepared according to the general procedure noted
above. Active ingredient precursors were added in sufficient amounts to vge%d the concenirations noted.
-y

’Xﬂdlilomi ingredients included 10% by weight paraffin wax; 2.5% by we&ght sucrose; and 20 ppm

Legend MK. RTM..

Feeding tests were conducted inside 36 liter plastic containers. Two containers were used for each
treatment so that there were two replicates. Each container was filled to 3 cm mah potling soil that was
made damp. Ten shugs. Arion ater, were placed into each tub at the start of the experiment. At the same
time. 10 grams of bait was placed into a petri dish and the dish was placed on the soil in the container.
Two letluce plants or one potted marigold plant were placed on their side and positioned on the soil
within the container as an alternate food source, The containers were then covered with plastic lids and
the tubs were placed outside in a shaded area. The containers were evaluated at 5 DAT and 6 DAT by

counting all living and dead slugs and removing the dead slugs. At the same time, the plants and the bait
were examined to determine the amount of bait consumed. Table 6B, below, illustrates the slug
mortality and the bait consumption for replicates 1 and 2 at 5 DAT. Table 6C illustrates the total slug
mortality for the two replicates.

EXAMPLE 7

The formulations shown in Table 7A were prepared according to the general pmcedure noted above.
The tests were conducted using 1/2 liter food containers (2 containers per treatment with 3 slugs per
container). Each container was floored by wet potting soil and covered with transparent, plastic lids.
Fach container received 3 garden slugs, Deroceras reticulatum, and a cube of bait placed directly on the
soil. The containers were ummma,d at 1 DAT and 5 DAT to determine the slug mortality and the bait
consumption. Bait consumption was recorded according to a scale in which "heavy” indicates greater
than 20 percent bait consumption; "moderate" indicates 10 to 20 percent consumption; and "light”
indicates less than 10 percent bait consumption. The data obtained are illustrated in Tables 7B and 7C
below.

EXAMPLE 8

The baits identified in Table 8A were prepared according to the general procedure noted above. Hamp-
FEne RTM. ferric sodium edetate was obtained from W. R. Grace and Company of Lexington, Mass. and
Lohmann ferric sedium edetate was obtained from Dr. Paul Lohmann GmbH KG of Emmerthal,
Germany. Tests were conducted in 36 liter tubs (2 tubs per treatment with 10 Deroceras reticulatum per
tub). Each tub had a soil covering the base of the tub and the tub was covered with a plastic lid. Three
lettuce plants were placed in the tubs as an alternate feeding source. Slugs were introduced to the tubs at
the time the baits were added.

The tubs were examined at 4 DAT to determine slug mortality. These data are shown in Table 8B.

One of ordinary skill in the art will appreciate that minor modifications may be made to the

hitp://patftl.uspto.gov/netacgi/mph-Parser?Sect! =PTO1&Sect?=HITOFF&d=PALL&p=1&... 41772006
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AQUEOUS PHOTOLYSIS OF THE IRON (1) COMPLEXES OF NTA EDTA
AN DTPA.

Anders Svenson, Lennart Kaj and Hikan Bidrndal
SWEDISH ENVIRONMENTAL RESEARCH INSTITUTE
PO Box 21060

5-100 31 Stockboln
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Absiract

The rate of photolysis of iron complexes with three common compiexing agents, NTA, EDTAand DTPAwaS
analysed. Aqueoussolutions of each complex were illuminated ina Xenotest 1200, Using 2 sun spectrurm rom
50°N (Stockbolm latitude), environmentally refated hait lifetimes were calenlated.

The half lifetimes were 43, 11 and § min for the three 1:1 complexes, resp., dissolvedin the top layer of a water
system and illuminated at the yearly maximum of sun lght in the specified area. In the environment several
faciors operate to reduce this rate. However, photolytic degradation patbways seem to be ap imporiant
environmental fate of these substances.

nroduetion

Nitrflo-triacetic acid {NTA), ethylenediaminine-tetraacetic acid (EDTA), and dicthylenetriamine-pentaace-
tic acid (DTPA) form strong complexes with several divalent and trivalent meta) cations. The log K of their
ferric complexes has been reported as 15.9, 25.1, and 28.6, respectively (1L

The complex formation has been nsed industrially in various applications. NTA and EDTA are important
constituents of some detergents and IYTPA is used ip pulp and bleaching processes. When discharged and
treated in municipal sewage plants only NTA will be hioconveried to any measurable degree, whereas EDTA
and D'TPA pass through the process undegraded (2,3). Under specific conditions the two latter substances,
however, have been shown to be degraded by microorganisms {4L

Receiving waters normally contain ferric ions and considering the concentrations and association constans of
meta! ions in water, akmost all emitted complexing agents wili be bound to ferricions. Ferric complexes shsorb
sunlight and the organicmoiety will decompose. Thus EDTA hasbeen shown 10 be degraded and form several
conversion products (Fig. 1)(5). Splitting of acetic acid residues was an important CONVETSIOn Step.
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Tig 1. Reaction scheme of the photochemical comversion of |

“TITA at neutral pH i 1
the aquatic envirganent.

3

Wepresenta Kineticstudy of the photoche wical conversionof the ferriccomplexes Of NTA, ERTA, and DTPA
With these substances we would iike 1o emphasize the photolytic component of conversion of substances in the
environment that together with biodegradatonand chermical conversion reduce thepersisienceoia compound
in the environmeni.

E—

Nitrilo-triacetic acid (NTA), emyiauﬁéiamim-tetmaeaaic acid, disodinm sait (FDTA), and diethylenetriami-
ne-pentaacetic acid (DTPA)wereoipa quality and ohtained from E. Merck AG, Darmstadt, FRG. Solugons
of ferric 101 complexes (0.10 mMin ~6 mM sodigm phosphate, pH 7.00) were {luminated in a Xenotest 1200
apparatis, Original Hanao, in 1 x 1x 4 e’ quartz cuveties as described earlier {6,7).

Absorption spectra of the complexes wers recorded in a Beckmazn DU-8 specyolotometer, The incident light
intensity was measured using a chemmical actinometer composed of 10 M uranyl nitrate in 50 mM oxalic acid
(6-8). The oxalic acid concentration was analyzed in a total organic carbon-analyzer, A0 Model 1830 .

Coneentrations of NTA, EDTA and DTPA were analyzed Dy gas chromatography as methyl Ssters essentially
aceording to & published proce dure {§). A 1 ml sample was added 25 ug cyciohexane-diaming tetraacetic acid
as an ipternal standard and the solvent was evaporated 1o dryness using gaseous pitrogen, One mi 0%
boromifluoride in methanol was added and the samples were treated one hour at 100°C. After cooling 1 md of
richloromerhane and 3l 1M potassinmphosphate, pH 7,0, wasadded, followed by extraction and separation .
of the two phases. The velume of the organic phase was reduced 1o about one third and from this solation |
samples were injected inge the gas chromatograph (Hewle qe-Packard 5880 A). The chromatograph was fitted '
with a splitless injector {infector temperanre 250°C) and a 7.5 m x 031 mm SE-34 capillary colummn. A
temperature Program from 16070 to 25 Cwas run 81 15° /mmin and the substances were detected by a flame -
ionisagion detector (300°C). .

Cruantum vields of conversion and half ifetimes were caleuiated for the iron complexes of NTA, EDTA and
IYTPA as described eariier (6,7,10). A calculated sun specEln representing daily and yearly maxima at G0°N
{Stockhoim latitude) was used as the environmental Hght scurce (7,11

lis & F2e185]

Gas ci}rolz_latagxa?hic analyses showed that NTA, EDTA and DTPA a3 their 111 ferric complexes weit -
degraded in 2 light dependant process Upon iyination a few minutesin & Yenotest 1200 apparaws. In Fig.
2 the tate of photolytic conversion is shown
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From this rate and the rate of ight absorption, quantum yields of conversion were calculated (Table 1), The

results show that different proportions of the abserbed light energy were nsed 10 degrad

complexing agents,

The calenlated half Hfetimes, as shown in Table Lre
area at noon, June 21st. These estimates represent optimised condis

ation of these

fer to the top millimeters of awaterbody in the Stockhoim
ons in various aspecis and the true

environmental lifetime certainly is longer. Such environmental photolytic Liferimes may be estimaied 1aking

amumber of system-related factors into consideration &
be considered: the daily and yearly periodicity of incident
effects of surface and shore vegetation, absorption and scattering by

compounds and planctic organisims.

3 Ay

Complha Copversion
raie
{molecules/
cm® X 5}

Fe - NTA 3855 10°

Fe-EDTA 1.20x 10%

Fe -DTPA 135 x 10

Light
ahsarption
{photons/
o X 8
307x 107

528x 107
170 10¢

Cranim
vield
of conversion

6.0129
0.0243
000793

Tabie 1. Photolytic conpversion of the ferric 11 complexes of NTA, EDTA, and DXTPA.

Theoretical
half
lifetime®
{min}

425
iL3
204

* Caiculated from the yearly maximum of a solar spectrum a1 SN

13). The following most important factors have 10
light, weather conditions ke cloudiness, shadowing
suspended solids, dissolved organic

Fvaluation of the overall environmentat Lfetime of a substance usnally takes only hiodegradation inte

consideration. In activale

ated sludge processes botk EDTA and DTPA are not degraded, while NTA wil

decompose. A half lifetime for NTA degradation in such a process of 1.6- 2.9 hours were caleniated from data
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presented elsewhere {2, Asinibe case of phoiolysis these hiodepradation esis
that hardly oceur in the whole body of 2 receiving water.

The complexing agenis NTA, EDTA and IYTP A, as their ferric complex are photo
vironment. The rates at opimised conditions in the top layers of a waier body althe y
are rapid with halilives shortes than 1 hour.
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HIGURE 12.15. Substrate-level phosphorylation with the production of ATP. This reasction, which
oooars in giveolysis, involves the incorporation of inorganic phosphatie into 1,3-bisphosphoglyceric
cid {first reactiont and the breakdown of this compourd o praduce ATP from ADP.
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SSIMILATION OF MINERAL NUTRIENTS

FIGURE 12.17. Examples of the formalion
potassium maiate. (b} Divalent cation, ¢
between paraiel strands containing negativet
play a structural ro

action of a redox eleczron transpory chamn (Bienfair and
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1 membrane el

o

reases in bean roots and
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raneeral., 1985)
Ir any case, reduction appears to be a prcrequi., te for the
uptake of iron into plant cells (Chanev and Brown, 1972).
Most evidence suggests that the fron is

s reoxidized in
the cells

of the roor and transported to the leaves as an
electrostatic complex with citrate (Olsen ot al., .

When ronec i iants reccive won, they may
often ake up massive amounts by an augmentation of

the uptake system. Large amounts of “free” iron in plant
cells can pose problems because iron can interacy with
oxygen to form superoxide anions (073, which can
damage membranes by degrading unsaturated lipid com-
ponents (Halliwell, 1974; Trelstad et al, 1981 Plant
cells can, however, provide safe storage for iron in the
ieaves through the use of an iron storage protein called
phytoferritin (Bienfair and Van der Mark, 1983). Phyro-
ferritin is made up of 24 identical protein subunms that
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Folassium malale
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Divalent cations can form or
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in the cell walls of some atgae and highar plants
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complex, It &
also z‘hc}ughi that the level of free iron in plamt cells
may regulate she de novo biosynthesis of phytofersitin
{Zihringer er al., 1976),

When iron aces 2s 2 redox componens, it is ofwen
fux within a porphyrin group in the
active site of an enzyme. This I8 the case, for example, i

. The ¢ore comsists

involve a breakdown of the protein

Present ds a comp

the cyrochromes that mediate eleciron transporr in the
mirechondrial inner membrane. Therefore, an impertant
assimilatory reaction for iron mvelves its insertion into
the porphyrin system. This reaction is called the ferro-
chelase reaction, and it is catalvzed by the enzyme ferro-
chedase (Fig. 12.18) (Jones, 1983Y. Ferrochelase is asso-
ciated with chloropiasts and mitochondria and most
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CFSAN/Gffice of Food Additive Safety
December 9, 2004

Agency Response Letter
GRAS Notice No. GRN 000152

Edward A, Steele

Vice President - Food. Dietary Supplement. & Cosmetic Consulting
»% AC Consulting Group

7361 Calhoun Place

Suite 560

Rockville, MD 20855

Re: GRAS Notice No. GRN 400157

Dear My, Steele:

The Food and Drug Administration (FDA) is responding to the notice, dated June 3. 2004, that
vou submitted on behalf of Kraft Foods Global (Kraft) in accordance thx the agency's
proposed regulation, proposed 21 CFR 170.36 {h"’ FR 18938, April 17, 1997; Substances
Generally R\,mgmged as Safe (GRAS); the GRAS proposal}. FDA mceiveé this notice on June
9, 2004, filed it on June 15, 2004, and designated it as GRAS Notice No. GRN 000152,

The subject of the notice is sodium iron (HI) ethylenediaminetetraacetate (’?“JaFe” TAY For
the purpose of this letter, we describe the subject of the notice as "sodium iron

_'i!' A" (NaFeEDTA} Thc notice informs FDA of the view of Kraft that NaFeEDTA is GRAS,
through scientific procedures, for use as a source of dietary iron for food fortification purposes
in powdered meal replacement, flavored milk, and fruit-flavored beverages at a use level not to
exceed 2.5 milligrams {mg) of iron per 200 milliliters (mL) of reconstituted beverage. Kraft
intends NaFeEDTA for iron fortification in areas of the world with a high prevalence of ron
deficiency,

As part of its notice, Kraft includes the report of a panel of individuals (Kraft's GRAS panel)
who evaluated the data and information that are the basis for Kraft's GRAS determination. Kraft
considers the members of its GRAS panel {o be qualified by scientific training and experience
to evaluate the safety of substances added to food. Kraft's GRAS panel evaluated estimates of
dietary exposure, the method of manufacture, specifications for the mgredient, and published
studies on NaFeEDTA or its constituents (iron and EDTA). Kraft's GRAS panel mm‘:iudﬁd that
NaFeEDTA meeting food-grade specifications is GRAS for its intended use.

Kraft describes the chemical identity of NaFeEDTA. NaFeEDTA (Chemical Abstracts Service

http://www .cfsan.fda govi~rdb/opa-g1 52 himl 7/20/2005
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Hormula
remical names sodium feredetate. sodium

try Number 15708-41-03) exists in the trihydrate form, with the empirnics

FelN “aC)gGHﬁ,C}; it is also known by the
iron g[ DEDT/
water-soluble at }“H
foods that are stored

is a pale yellow powder that is v

for iﬁng 5}@]‘%&)&11\, of time or prepared at high temperatures.

NaFeEDTA is prepared by reacting sodivm EDTA with an iron
conditions, followed by Niitering and drying, in accordance wi
practice. The ingredient is manufactured to meet the Joinl WH ﬁ, TAQ Expert Committee on
Food L\d Jitives (JECFA) food grade specifications, containing between 12.53 and 13.5 percent
{byv weight) ron and between 63.5 and 70.5 percent {by weight) EDTA. Purity specifications
for NaFelEDTA include Himits on lead, arsenic, and water-insoluble matter.

chioride salt under acidic
1 current good manufacturing

"

Kraft intends NaFeEDTA for iron fortilfeation of powdered meal z'@maccrim favored milk,
and fruit-flavored beverages i areas of's l'~<:f wor ILE with a high prevalence of iron deficiency. 'The
intended level of fortification is 2.5 mg tron per 200 mL of reconstituted beverage; the beverage
powder would contain 0.02 percent iron and 0.1 pumm EDTA by weight. Reconstitution of
12.5 grams {g) of beverage powder with 200 mL of water would result in 2.5 mg iron per 200

sverage, or a final concentration of 0.00125 percent iron (0.00125 g iron per 100 mL
beverage).

Kraft estimates that the intended uses would result in a mean intake of 31.4 milligrams of
NakFebEDTA per person per day {mg”pid}fwi»} Kraft also estimates that the intended uses of
NaFeEDTA would result in an tron mtake of 4.2 mg/‘p/‘d at the mean and 8.2 mg/p/d 31 fhe 90th
percentile and an EDTA intake of 21.8 mg/p/d at the mean and 43.0 mg/p/d at the 90t
percemile.@i’ Kraft provides estimates of intake for vari‘ous age groups, mcl‘admg mfams 0-2
vears of age. Kraft notes that infants and children consume more food and drink than adults on a
body weight basis, but states that realistic estimates of NaFeEDTA intake for young children
correspond 1o an iron intake that remains within JECFA’s recommended limit of intake for iron
in supervised fortification programs (0.2 milligrams per kilogram of bodyweight per day
(mg/kg bw/day).

K raft notes that JECFA evaluated the use of NaFeEDTA as a nutritional supplement in foods in
both 1993 and again in 1999, JECFA's provisional 1993 conclusion expressed concern about
overfortification of NaFeEDTA and did not recommend its availability for general use by
individuals. Consistent with this approach, Kraft intends 1o restrict the use of NaFeEDTA for
iron fortification of powdered meal replacement, {lavored milk, and fruit-flavored beverages o
areas of the world with a high prevalence of ron {E&f’lciancy;@ JECFA's 1999 evaluation
confirmed the provisional 1993 conclusion that "sodium iron EDTA could be considered safe
for use in supervised food fortification programmes, when public health officials had
determined the need for iron supplementation in the dietof a mpuiaéim " at iron intakes of
approximately 0.2 mg/kg bw/d. Kraft notes that the restriction to use in supervised food
fortification programs is included because the original request for evaluation of NaFeEDTA by
JECFA from the Codex Committee for Food Additives and Contaminants was for this specific
purpose alone.

Kraft describes results from studies that support the safety of NaFeEDTA for food fortification

purposes. These studies include published human studies with NaFeEDTA, published and
unpublished acute and subchronic (60-day, 90-day) animal toxicity studies with NaFeEDTA,

http://www.cfsan fda.gov/-rdb/opa-g1 52 . himl 7/20/2005
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Kraft cites generally available published @ oc:zlmm: on the safety of EDTA and its salss.
the.majority of NaFeEDTA dissociate strointestinal fract to ;*1 duce free iron

DTA, Kraft considers studies with calcium and sodium salts of EDTA to be relevant to

afety of NaFeEDTA. Kraft notes that extensive published studies 1n humans and other

nisms have heen conducted with EDTA and its salts, and that these studies have shown that

DT A 15 p{i’(}i‘]}" ahsorbed and 1s essentially not met *ml ized. Kraft C es several puhEz» ed

toxicity studies conducted with calcium disodium EDTA (CaNa,EDTA) and trisodium EDTA

"FA in its safety evaluations, and discusses

some of these studies in detail. The notice also includes a discussion of a carcinogenicity study
with Na,HEDTA. In some rat studies, eratogenic effects were reported when EDTA was

{(Na,HEDTA), including studies reviewed by

ad]‘ﬂll"ﬂikf@d at very high doses (1000-1500 mg/kg bw/day) and zinc was restricted in the diet,
No other adverse effects were observed in any of the studies. Kraft states that these studies
contribute to the conchusion that NaFeEDTA is safe for its intended uses.

Iron Exposure

Kraft discusses the estimated contribution of NaFeEDTA to total dietary iron in populations
where the ingredient would be used. Kraft provides examples of Latin American countries
where iron deficiency anemia occurs in 30 to 70 percent of susceptible @uhpepulaﬁa ns (e.g.,

young children and women of childbearing age). Further, Kraft notes that iron intake in iron
deficient populations, while not precisely known, may be assumed to be substantially less than
the recommended dietary allowance (RDA) for iron."™/ Kraft estimates that the intended uses of
NaFeEDTA would contribute an amount of iron equivalent to anpm\;imale’v 25 percent of the
dietary intake of iron in those populations, assuming that typical iron intake is approximately 10
mg/p/d and one 200-mL serving {delivering 2.5 mg of iron) is consumed per day.

Kraft discusses the potential for iron overload from the intended uses of NaFeEDTA. Kraft cites
published studies including long-term human studies in developing countries where NaF¢EDTA
was provided as an iron fortificant and a study of NaFeEDTA toxicity in rats. No adverse
effects were seen in any of the studies, and Kraft notes that in the rat study the amount
consumed was 50 times greater than the estimated 90th percentile imakc of iron resulting from
the imended uses of NaFeEDTA. Kraft states that these studies support its conclusion that the
intended uses will not cause iron overload.

Kraft also discusses the levels of iron intake associated with acute toxicity in humans. Kraft
notes that iron poisoning sv mptoms may occur from iron overload caused by acute ingestion of
as little as 25 mwkg bwid of iron, with clinically significant iron poisoning occurring at iron
doses of 60 mg/ke bw/d. Kraft estimates that a dose of 60 mg/kg bw/d of iron would be
equivalent to consumption of approximately 100 liters (L) of reconstituted beverage containing
2.5 mg iron per 200 mL reconstituted soft drink. Kraft states that this estimate also supports the
conclusion that the intended uses of NaFeEDTA will not cause toxicity in normal individuals.

]
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Kraft discusses the potential for adverse effects of ED'TA on the absorption of essential
minerals in humans. Kraft acknowledges that, in large dGSc EDT A may interfere with the
absorption or retention of minerals but states that moderate doses of EDTA are generally
considered to be innocuous. In suppert of this view, Kraft cites published long-term human
studies with NaFeEDTA conducted in developing “«:mmfieq published animal studies on EDTA
and NaFeEDTA, and JECFA's evaluations of both EDTA and NaFeEDTA. Kraft concludes that
the intended uses of NaFeEDTA would not interfere wit 'h the absorption of minerals such as
calcium, copper, zinc and magnesium.

Potential Labeling Issues
ié?ectio:a 40‘3(8} of ih{: Ff;,dﬁml ]“(‘3(‘)«1’3 Hmﬂ am:ﬁ C mmetic Act (’FFDC A;‘i ;‘Iﬁ\"id‘c’i% that a food

40 3(r; ; oi {he F 5 D( A ]ayq ﬂlaE tLt: s‘iatmﬁmv iramwvum for Eat:’;?ih Ll&ltﬂ‘% In ue’scubma
information that the notifier relies on to conclude that NaFeRDTA is GRAS under the
conditions of its intended use, Kraft raises issues under these labeling provisions of the FFDCA.
These issues include absorption of iron from dietary NaFeEDTA and its effects on ron status,
and are the p‘dih(ﬂ of the Office of Nutritional Products, Labeling and Dictary Supplements
(ONPLDS) in the Center for Food Safety and Applied Nutrition. The Office of Food Additive
Safety neither consulted with ONPLDS on these labeling issues nor evaluated the information
in Kraft's notice to determine whether it would support any ¢laims made about NaFeEDTA on
the label or in labeling.

Conclusions
Based on the information provided by Kraft, as well as other information available to FDA, the

agency has no questions at this time regarding Kraft's conclusion that NaFeEDTA is GRAS
when used as a source of dietary iren for food fortification purposes in powdered meal

http://www cfsan. fda.gov/~rdb/opa-gl1 52 html TI202005
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Laum M. Tarantino, Ph.D.
Director
Office of Food Additive Safet
Center for Food Safe L"

and Apphied Nutrition

DEDA estimates that NaFeEDTA exposure from Kraft's intended uses would be approximately
63 mg/p/d at the 90th percentile.

IFDA notes that Kraft's estimates, based on food consumption data from the USDA 1994-
1996 Continuing Survey of Food Intake by Individuals (CSFII) and the 1998 Supplemental
Children's Survey, may not be directly relevant to Kraft's target population with a high
prevalence of iron deficiency. However, these estimates do provide some information on the
Jevel of exposure to be expected from use of NaFeEDTA in the specific food categories chosen
by Kraft.

(*ron overload may be a greater problem in the United States than iron deficiency. FDA notes
that the stated restriction on the intended uses of NaFeEDTA would mininize the risk of
overfortification both within and ouside the United States.

()The RDA for iron varies with age and gender, ranging from 6 mg/p/d for adult men 19-70+
vears of age to 18 mg/p/d of iron for menstrua ting women 19-50 vears of age. The RDAs for
miamx §7 12 '"11031‘[ b} childma Lu.oimwni“. and teens are in this range. An RDA has not been

18 v) amd 40 mg/p/ d or mianta {e} E" m@nths} cmd chﬂdmn {i 1; }'), _F.DA notes tha{z by
definition, the UL represents the highest level of daily iron mtake that is likely to pose no risk
of adverse health effects in almost dlE individuals. Individuals with hereditary hemochromatosis,
liver disease, or iron loading abnormalities are exceptionally sensitive to the effects of iron
overload, and were not considered in the 10OM's derivation of a UL for the general population.

http://www.cfsan. fda.gov/~rdb/opa-g1 52 html 7/26/2003



Reterence n
Page 6 of 6

'

)Caicium disodium EDTA (Cal XTA H\“HEEDT”&} are approved

as direct food additives under 21 CFR 172,120 and 21 CFR 172,135, respective

SEDTAY and disodium I

FoA/Cent

rfor Food Salsty & Applisd Nunt
Hypertext updated by 29 j

my January 28, 2008

http://www cfsan. fda.gov/~rdb/opa-g1 52 himl 772042005



Reference 0
Page ] of &

THIRD BEDITION

SOIL

Associate Professor of Agronomy
Fowa State University

P AW.HILL BOOE COMPAN

His

MNew York 3t Louis
Kuala Lumpls
4 Rio ds Jansiso Singapore

MNew Deli
Toroniw




Keterence o
Page 2 of 6

EPHYSICAL PROPERTIES OF S0ILS &5

Four ot“ ihe § i”\i soils had less total
cuit ieg. The other o s K and :
space and no “mngc in total pore Spacc
o InCTeRses were con r;:)":ﬂ\f smalier and less significant

1 by some ©

dows i 2
sify, Plowing at ’me n_hi 7 antuu 1c_=wl also lcuwwu" ik
this ef icci may disappear within a Jew weexs, Too much tilla

osition of organic maiter and reduces aggregete stabiiity and por

. incorporation of large amounts of crop residues into the soil afier each crop

helps {0 maintzin the organic-mmatter content of 1h~,, soil and thereby favors b
fertility and aeration.

Measuring soil poTosity

»y
H

Data such as those shown in Table 3-2 and represented in Figure 3-10 are
generaily obfained in two ways. The aeration povosity is megsured by the
tension method already described. Total porosity i caleulated from datzs on bulk
density and particle densify.

Bullc Density The bulk density is the weight of the soil so is per unil volume
 toial soil. The pore space is 2 part t of the volume of “ﬂﬂ measured for bulk
density, bul the soil i3 L,N(;‘-H“’ & to drive the water out of the pores before the
oit is weighed.

Direct measurement of bulk density requues bo th field ;ni mb(}ratm-l work.

i3 now pos to messure soil density in the nie ang of gamma-ray
al ,f’ﬂufﬁlﬂﬂ Ay £y £ ., VWENE i at C ﬂlk” 154 with 2

ctor. The spurce and the dctec:@r are aranged ong above the other 2o that
¢ det - by o along a curved path through the
soil. Soil particles tend to '1173%(11 i ays. The denser the soil, the more the
Y-{AYS HI8 ab‘i(‘-i‘de and the smalier 1
therefore be tzken as an indication et s:;ml bi.l .
made in the interprefation for the water sontent of th
sxcluded from the bulk density. Gamma-ay atienuatios
nsed aiom: a neutron probe o determine
operation of n probe i des {in Chapter 4.
Bulk-densily data are necessardy expin 1 in units of

These can be any properly specified units {such as Ptm ads per cublc foot), but

the usual units are grams per cubic cent timeter (gfec), An older term, volume
. was long used for this same property put is seldom seen i recent
Yterature. Volume weight is deferming ed by dividing the weight of a given "Dhmw
of oven-Gry soil by the weight of the same volume of water. Volume weig

weight
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SCGILS AND SOIL F

1.1, Bulk Densities and : iomatier Contents for Severul Celtivated and
Hiivaied Soils

Orpanio matiey

i

!

Fon ey dEiu ot
ANV

e

(R S

Ao L

efove 3 murnber without any units, This nun ber is the same for all prac

poses as the bulk density ex ssed in grams per ¢ centimeter.
The hualk density of the 4 horizons of mineral soils is usually between 1.0 At
1.6 glee {that of organic soils is lower and can be as low as 0.1 glec in sphag

i

moss peats). The variation results mostly from differences in total pore space. As

peneral yule, the finer-texivred soils have more pore $pace and lower bulk
densities than sandy s0i gny ong soil vanes
sccording to its degree of compaction, Packing a soil decresases its pore space s
increases s weight per unit volume. (werburden weight tends to compact ing
lower horizons and give them higher bulk densities than the 4, horizons. A by
density given without specifying the horizon is usually for an A; or an Ap
horizon.

{

_OF course, the bulk density o

Oreanic matter decreases bulk density in two ways. First, organic matter is
much Hghter in weight than a corresponding volume of mineral matter; second,
organic matter gives increased asgrepate stability to 2 soil. The iatter is by far the
most important of the two eliects in most soils, but both act to give lower
bulk densities in scils with higher organicnsiter contenis The buik density
gaually 1 i

1

Iz,

L Cuitivation reduced the
seqnatter contents in all six of these s0ils angd increased the bulk densities
of most of them. The uncuitivated Webster oam in this 1able illustyates how
organic matter can reduce the hulk density even below the usual 1.0t0 1.6 gioe
vange of mineral soils.

when cultivation causes a loss in organic matier fromas

Some of these changes are shown in Table 3

The relation between bulk density and the density of water is useful when it
s desited to convert buik density from grams per cubic centimeter to pounds per
cubic foot or pounds per acre-foot {an area of one acre that is one foot deep) or
per acre-furrow slice (the seil moved when one acre of land is plowedy. The
necessary constanis are:
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i

Gy -
“ S0O0LS 87

Density of water = | 0 gice

01 62.4 hicu ft

One acre = 43 561

The weight of 2 cubic faot of

oo

The resuit should normally be rounded to 80 or 81 ib/cu 1.

The weight of an acre-foot of this soil can be

by multiplying by the number of square feet
number of cubic feat in an acre-foot):

alculated in the same manner
i an acre {which equaly the
P 1.3 %624 % 43,560 = 3,533 587 2 b/acre-foot

An acre-fool of soif is often

assumed to weigh approximately
pounds.

3.5 million

The weight of an acre-furrow
depth. For 2 7-in. plow depth and

ice can he Ld{C‘Fi ted by corre

g for its

7
1

1.3 x 624 %x43,50 x

; 2 Ibjacre-furrow siice

A slightly lower bulk density or a siigh tly sh
equal to 2 million ih, a figure that is me’ue’m\' tsed as the approximate weight
of an acre-furrow slice. This is an average weight; the petuszl weight for 2 any
particylar soil may differ o by from it. Nevertheless, the m]} ion ﬂ

value Is quite useful because most maxw’u il data are rted a3 par
: + availabie phos

allower plow depth rnakes the ro esuft

by

1 {ppm). For example, a soil
ig ulhnfalen to 20 parts per 7 million Ll
witiphication by 7 can be anplied to any &

PP 1o approximate pounds per acre-furrow shice

THY cofiial

[irrow stice.
> converted from

density Is the other hasic

property th
¢ space. Particle density is the averape das sity of the
ight of the soff i divided oy the volume of the g0
the units used are almost always grams per cubic

st bhae

‘»‘.{Lc} of the older hte ature uses the ts
s of the spil particies. Like volume weig
ihe xmw-h of an \.ql.LV let

I Specific gravity as a n,w:&.xm o the
ight, it is duermrwa by ¢ ing by
¢ volume of water and has no up n&. Thb spm fie
gravity is numerically equal to the p particle density in gr

18 per ¢
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that otherwise
13 where jron

iron is abser 7y 1e 18 1on. The amount needed is not larpe.
Stighbeling { 1} reported that th oonient of several frudis and vcgeml les
ppn. These a:nomts are

contents of plants.
en to be meaimrea{ 3

1esnin, and }oz
ger leaves - being small and
" chiorophyl is called chiorosis.
Oider leaves because iron is

relatively immo
\ E}Hen ihe ‘Jems rernain green while the areas b i
ron chlorosis,

reiween veing tum
differ in their susceptibility to iron chlorosis. Soyhesns become

in high-lime soils in Towa (Figure 14-3) where com, oais,

i
ertai

: e
Figre 14-3 A soybean field in central Jowa showing iron chiorosis. The light-colored
oybeans ate yellow because the high-lime soil reduces the solubility of ron.
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clover, and alfalfa show no chiorosis. Peach trees becoms chiorotic on the
Houston clay soils in Texas, bul cotion, corn, CIOVEr, 8 SMELE 1S Qrown on
these soils show no chlorosis. Most pLzH btain ad

from neuital o1 acid soils, but rhododendrons

chlorotic if the soil pH is above 6.0,

Tron fertilizers

Ferrous suifﬂt* iS5 be#n wsed for many vears as a treatment for iron deficiency.

This salt i8 ¢ er and can be applied to either the plant or the

the circumsiance den’;uz’x ds. }*Eonsis sometimes include a small package of ferrous
sulfate with azaleas or other potted plants which require appa'eciablﬁ quantities
of sofubls fron.

Application of ferrous sulfate to calcareous soils is gencrally ineffective.
These soils already comiain many times moze iron than would ever be applied as

fertitizer. The problem is fow availability resulting § from the high pH. The
added iron will soon react to form ferrous hydroxide or ather very insoluble
compounds like those already in the s0il. Adding a Form of soluble iron that can
ionize and react in the soil is therefore not effective.

Pohar ::DIW\ of ferrous sulfate have proved quite effective when the iron

not too high. A 1 pezcem mlvtim of fm'mns

atfe:"ed plama g»\-‘v‘..,tma)
needed.
In Florida, where almost half the citrus tree have been affected by lack of
iron, the use of ferrous sulfate has not proved sati E" ciory. Most of the soils used
itrus are acid, but other ions, especially copner mtﬂncre with the
y of iro proved ’zmt;nr ¢ of iron ¢ ates was
dev 'i]epﬂd at ;’ e Florida Citrus Experiment Station at “lI\t; l\h‘,w. Applications
of 10 to 20 ¢ of actual iron per tree ina chelated formn Bave been effective in
yreciing ¢© 2 years. Chelates are discussed in b
gction of this ¢ 3pter.

Manganese

A amall amount of

Manganese can exist in seven

that most of the manganese 'm the qol wh, ion is present as Mn" {Geering,
Hodgson, and Sdano, 1965 3. This form i3 aiso fourd in rocks, The Mn" ion can
fill the same tole in mineral str :;Awm as Fn" *and Mg'" ilons, but manganess is
iess abundant than either iron or magnesium

Reference o
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HClethvier arminetetragcetate (EDTA) was
i 2 .
graded 1z “CO, i sells and sediments under
N
microorganisms in mixed liquid culture. EDTA

shown to be slowly hiede-
aerobic conditions and by
chelates of Cu, 04 Zn, Mn, Ca,

and Fe added to soil were equally degraded, while NLEDTA was degraded more

slowly.

Ethy]enediaminetetzaacewte (BEDTAY s 5
synthetic organic chalant which is produced in
large quantity for a wide variety of agricultural
and industrial uses. Its eventual fate in the
environment is not known, though it is com-
moniy thought to be resistant to microbial
cegradation {1}, Studies with EDTA incubated
i sewage sludge have shown thar the chelan:
does not support U: consumption (8) nor do its
chelation properti iminish {4}, However, by
these methods low.level biodegradation over
long periods could not be detected. In s prelimi.
hary report we provided evidence that [
EDTA was biodegraded to Q¢
Tiedje. £ 3. Perry, an

sequent autoradiography showed >05%
chemical purity of 21l three labeled comptwnds
The soils were cemmon agricuitural sgi
mid-Michigan; their texture and pH 4fe
foliows: Spinks lnamy fine sand, pH 6.4
nover sandy ioam, pH 7.4; and Miami sandy
loam, pH 6.6. The incubation conditions and
HCO, analvsis methodology wers essentially as
previously described {
i

d {43, Photodegradation of
EDTA, which has been demonstrated for Fo* .
EDTA (6), was assumed noet i¢ be of Signifi-
tance since there was no difference in N0,
evolut from flasks incubated in the dark
CO, in soils {e.g zermperaturs stitdyi compared teo flasks
id T8, savage, Abs incuhated in roon ight. Anaerobie incubations
Annu. Meet, Am. Sac Microbiel, 1874, B29, . were sarried out in a glove hox {2}, The organic
3 The presens feport provides additional evi. amendment consisted of 2qual quantities of
dence confirming microbial degradation of glucose, glyoine, acelate; and peptone added to
EDTA, as well as evidence for its biodegrada- il in aquesus solutions to yvield 2 fipal soncen-
lion in mixed culture and in sediments and for
degradation of heavy metal-EDTA chelates in

1

2

.

tration of 0.4%, The mixed cylture medivm
consistad of the same carbon substrates and 4.5

sail, g of [MCIEDTA per miin mineral salts (99, the
Freshly collected soils and sediments were inoculum was 2 water extract from soil,

incubated in fasks with [PCIEDTA at a con. The metal-EDTA chelatos were made by

centration of 4.0 ug of free avid/g of soil, The mixing equimolar concentrations of the chloride

[“CIEDTA substrate solutions were prepared  salt of the metal and EDTAIng
from the acid form of EDTA which was dis.
solved in deionized and glass-distilled water
while neutralizing with NaOH: stock solutions
were always stored in the dark at 2, The
e . aceiate-?. and ethylene.1,2
{bridge}-labeled EDTA substrales were oh.
tained from Mallinekrod: Chemical Co. Ny.
Liar magnelic resonance analysis of ['°Ccar.
boxyl-ED'TA showsd only absorptions expected

Gueous solution.
The pH of the selution was adiusted to neutral.
ity before addition to s0il. Sedium azide {2,000
u/g) was added to several s6ils Lo approximate
a sterile control. Sterile soilg were obtained by
autoclaving soil incubation flasks for 1 & on
each of 3 successive days, after which filter.
iized EDTA was aseptically added. Steril
ity was confirmed by the absence of turbidity in
futrient broth tubes inoculated with soil taken

of BDTA, indicating a chemical purity of at
least 95%, Thin-layer chromatography and suhb.

‘Published es jeurnal srsicle Mo, 7222 of the Michigan
Agricultural Experiment Seation

[

-3

2

from the Nasks after the termination of the
experiment, Degradation is reported as both
rate of 0, evoiution, which was caleulated
from the best linear fitof plotted values over the
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9= 1o B-week incubation period, and as total
“CO, svolved. The former value probably more
truly represents EDTA degradation since this
rate was more typical over the long term and
BMONE experiments and was not influenced by
the more rapid but varisble values often found
for the initia! period.

ztractable EDTA and metals were deter-
mined in the supernatan: after cenirifugation of

e meial coneentra-

5CTDLION Speg-
LIosCopy ar A by seintsllazi
g, The "C in the agueous extract
sumed to be primarily EDTA sines
chromatography and sutoradiography studies
on other soils showed this compaun
only significant labeied product 4,
unpublished data), and
found this assumption to be consistent with the
chelation properties observed.
Evidence showing thet BDTA « degraded
Y MICTS0Tgan s 15 summarized in Table 1. In
ils 8 ed

i1on count-
Was as-

el, U0, pr on miniral
compared o untreated soils. The effeet of
emperature on tate of degradation shows a
typical biological pattern with an inorease up to
40 C but a sharp decline at 50 . EDTA labeled
in each of the three carbon positions shared
approximately equal rates of CO, preduction, a
finding not possibie for solely chemical cataly.
515, A higher rate of degradation by surface soils
than by subsoils is consistent with a higher
distribution of microorganisms and organic
matter in surface soils. The szimulation in
degradation rate caused by the addition of
readily degradable organic matter is also typical
of a microbially catalyzed degradation. Finally,
the mineralization of EDTA which coineided
with growth of 2 mixed microbial population in
& complex liquid medium in the absence of soil
strongly indicates that microorganisms were
respensible for BDTA metabolism. No volatili-
zation of **C securred in the absence of microor-
ganisms. The correlation of degradation with
high organic matter concentrations and the
absence of suctessiul enrichments with EDTA
as a sole energy source suggest that co-metabol-
ism is the mechanism of degradation. The
conclusion that EDTA is degraded by microor-
ganisms, albeit slowly, is consistent with a
concurrent report of Belly et al. {3}, who found
EDTA degradation by ATEERISMS concentrated
from an aerated lagoon which was receiving
industrial effluent that contained EDTA.
The degradative abilities of the aerobically
incubated sediments were similar to soil; the

Arre. Microniol,.

Tase 1. Summary of dota indicating blodegradation
of EDTA

Rate
o " o of EDTA
Trestment Soil T
degradation
% per 4 wki

Autocisved Spinks G4 4.5
Azide Spinks 0.8
Annerobic Spiaks [ .5
1ac Spinks 0.3 25
it R Spinks 1.6 8.5
nc Spinks 4.8 12.9
RS Spinks £.2 b
5o Sopinks 2.2 5
Carboxyl Spinks 4.8 [FRY
Aceiage. ¥ Spinks 1.8 my
Bridge Spinks 4.4 4.5
Surface soil Conover 87 16.5
Subsoi {onover 0.8 25
Orpanic smend- Miami 7100 23

ment
Unamended AMiami T.94{4.8)" 155
Mived liguic Bia zoil iz

cubiure

* Al incubation flasks contained 25 « of soil and 4 ug of
£0 srhoxyt EIITA per v and were incubated serobically at
30 C uniess ptherwise indi ated; data are means of duphi.
cates.

*Caloulated from the 2. 1 bweek perind: value in paren-
theses is for the cnomparable 3. s Beweek period,

- “Caleulsted from the exponentisi phase of growth,

Tasig 2. Metabolism gnd extrociebility of 122
metal-EDTA. chelates after 18 days of incubetion in
Miami soil

. % of the origingl recovered®
Meta!

B0, Metal EDTA
Ni WEs 61448 8iihb
Cu 6.2 96r¢ 515 ¢d
Cd 264 b 2.6¢ 3i5¢d
in i9&b 12.4 be §1.2a
Mn M3h 20,4 b 4834
Ca 0.t b 55.0¢
Fe 128y 4753d
None 0.85h 288 4

*Any two means within the same column followed
by the same letter are not stgnificantly different az the
5% level {Duncan’s multiple range test): dats are
means of four replicates.

following rates of EDTA degradation (% par 4
weeks) and total degradation at 10 weeks (%,
respectively, were found: Wintergresn Lake, 35
and 11.3; Clear Lake, 5.6 and 152 and Mill
Pend, 3.2

ye

and 9.1, No *CO, production was |

observed under ann-

Heavy retal-Els
::‘esu%& in inhibition o,
N the casp of Mi.
inhibited 30% (Tali
Periments {not $hiras
and Brookston 501 -
labels aige showed ¢4
EDTa matabolism,

abie and in 5 Irirard
and Od were pg fe
Previously associate.,

Thus, mass action arys
LOn reactions appar
eXfnange sa that o oo
probably Fe. o Ca-F i
metabolism, The L.
tabolism could be dige
ability of the cells 1/
#exor o g lower COric -
is aizso interesting ths -
the only meta] which. ..
venled idati

Testing cells of an

o
Fseudomonas specie

]

the

&
Fhis EAVEStigation wa. -

~ o

Chamicat Crompany,
The 1ee:

chneal g,




vindicating bledegrodation 3
o E:
JTA

Hate Toal
ol EDTA O, at
dezradation 7wk

ar 4 wki {5}

.4

&

a1

4.8

i.b

4.8

2.2

4.8 170
4.8 23
4.4 4.3
6.7 16.5
4.3 2.5
.Gt 28
T944.8)° 5.3
e

w2d 28 g oof P oug ol

ere incubated serobically a2
T Gata are means of dupli

‘eek perind, value in paren-
~week period,
rial phase of

growth,

of i

rringl recovered®

Metel EDTA
5144 8150
Ghe 51.5cd
280 815 ed
124 be 87.2a

045 854

same column followed
Geantly different at the
range test): data are

gradation {% per 4
amoat 16 weeks (%},
intergreen Lake, 2.8
med 15.2: and Mill
0. production was

result in mhlba
in the case of
m’ul ?Pd 30% rT

were ne longer exhcc’abt buL ha
tated LDTA was (Table 23
ion and compe'{mgﬂ soll precipita-

Siiltw‘ in Hgand
A substrate,
available for
e lower Z‘r,sti?, ‘OE N ‘a_.D'E‘A mes
1 be due 1o NI toxicity, to the in-
ability of the cells to atiack the Ni-EDTA com-
plex or to & fower concentration of free EDTA, It
is also interesiing thar Ni-nitrilotriacetate was
the only metal which, at low concentrations. pre-
vented the oxidation of nitrilotriac :
resting cells of an nitrilotriacetate-degras
Pyeudomoneas species (81,

md Cd
Brevion
Thus

ton reactions

] 0.
b iy Fee 0F
metabolism.
tabolismn oo

This mwanganm was supporied by a contract with Dow
Chemical C
The tech
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Toxicelegical Profile, Current Use, and Reguiatory Issues
on EDTA Compounds for Assessing Use of
Sodium lron EDTA for Food Fortification

Paul, WHITTAKER, JOHN E. VANDERVEEN, MICHAEL 1, EXNOVY,
Patil. M. KUZNESOF, AND VIRGINIA T, DUNKEL

Jor Feod Safe { Applied Muvition, Food and Drig Administyation, Washingron, DL 20204

Forperiued Mot p 2
Feveivod oty 26, 1 1993

of intrinsic food ron 1

major concern i the U i States i
food supply. Recontlv, an updateof the 25 H
s much ower than provicusly assumed. This reduction may allow pew uses of NaFeEDTA irt
food. The Mllowing ssues are discussed in relation Lo the possible use of MaFeEDTA: toxicological
prohie of EDTA compounds, aoceptable daily intake of EDTA, and esti i gmly intake of
2T A in the United States.

¢ exposure o EDTA supgests tha

INTROPDUCTION

The international nulrition community is interesied in using sodium iron{lil} eth-
ylenediaminetetraacetate {NaFeEDTA) for dietary iron fortification. Clinical trials in
(usternala, Yenerzueln, Thailand, and South Africa have demonstrated that NaFe-
EDTA succcss’fh}ty reduces 1ron deficiency anemia {(Ballot er of, 1989; Garby and
Areckul, 1974; Marntinez-Torres f of . 1979; Viteri er al., 1978}, and several countrics
have aimadv used MNaFeEDTA for food fortification. Many couniries woukd like
NaFeEDYTA 10 be approved for use in the United States along with EDTA compounds
already regulated. These countries rely on approval decisions on food additives made
by the United Siates, largely because of their own limited resources. There are several
reasons for pursuing the use of NaFeEDTA for iron fortification: {1} It has a relatively
high iron bioavailability, which is zeneraliv not reduced by dietary inhibitors (Viteri
ef al., 1978y 12) it is a Fairly stable compound (MacPhail er al, 1985 Sawyer and
McKinnie, 1960) and {3} it usuaHy does not cause undesirable characteristics such
as rancidity and discoloration of food {(MacPhail er ¢, 1985). A major concern has
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heen the prosumed extensive use of EDTA m the Amerncan food suppiy: |
secent update shows that exposure 1o EDTA s much lower than previously estimated.
This reduced exposure would allow new uses of NaFeEDTA in food since physio-
chermical considerations indicate tha DT A would have a toxicologieal pr
analogous 10 ¢ iy regulated EDTA salts. Outside the United: States, where the
number of processed : ke of EDTA 15
it would be reasonable to consider using NaFeEDTA. A remamning concern with in-
creasing the use of

population.

In the United States, EDTA compounds are used in foods as chelating agents 10
bind trace metal jons, which may produce undesirable cffects on the color, dlanty,
and stability of foods. EDTA is added fo foods as a preservative, processing aid, and
color stabilizer. The chelation of metal ions by EDTA is nonspecific and depends in
part on the relative stabilities of the mdividual metal-EDTA ¢

ates. In solution,
metal ions with higher affinities displace mesallic ions w

oW,

.

er afhnities from the

EL¥EA complex. The most commeon undesisable lons are iron {(Fe' Yand copper ( Cahy,
which can catalvze the oxidation of viiamins and unsaturated futs and oils. EDTA
the range of 25-800 paris per million may be commonly added 1o foods such as
canned carbonated soft drinks, canned cooked vegetables, potate salad, frozen white
notatoes, mayonnaise, salad dressings, margarine, sandwich spreads, and canned
cooked shellfish (FDA, 1992h.¢).

FDA has approved the use of EDTA and several of its salts as direct{ FDA, 19928)
and indirect (FDA, 10924) foed additives {FDA, 1992b,c.c). However, only dispdium
EDTA {Na;:BDTAY and caleium disedium EDTA {CaMNa,EDTAY, which constitute
most of the EDTA salts in the American lood supply, have been approved as cdirect
additives 1o foods. The most recent survey by the National Academy of Sciences
{NAS) (Table 1) shows that 24,100 pounds of Na EDYTA and 162,000 pounds of
CaNa, BIDTA were available to be added to the American food supply in 1987 (NAS,

1989}, Other approved EDTA compounds, indirectly added to food either singly or
mixed, are calcium, iren{11}), potassium, or sodium salis of BIYTA (FDA, 1992e) The
present report discusses the toxicological profile of EDTA compounds, the acceptable
daily intake {ADI) for EDTA, and the estimated daily intake (EDI) for EDTA inthe
Umited States, .

TOXICOLOGICAL PROFILE OF EDTA

in the toxicoiogical evaluation of EDTA, both Na,EDTA and CaMa,EDTA have
been used 1o assess chronic loxicily, carcinogenicity, genoloxicily, and feratogenicity.
NaFeEDTA has not been tested, but chemical properties of EDTA complexes indicate
that the EDTA from NaFeEDTA would function in a similar way 1o EDTA from
regulated sah complexes. :

Chronie Toxichiy

Oser ef af. (1963 reported the results of a chronie feeding study in FRRL rats fed
CaNa,EDTA in the diet at levels of 0, 50, 125, and 258 mg/ke body wifday. Repro-
duction, lactation, and the long-term effects of CaNa;EDTA in the diet were assessed
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c 4 YEARS SURVEYED BY THE NaTlONAL
SLRVEYSES

Axsount oF EDTA ™ THE US Foob SurrLy
ACADEMY OF

nls

EOTA compound Y

through four successive generations. Terminal observations were made on
eopiving the diets for 0.3, 1.0, 1.3, and 2}'-33;1“5. In the Z-vear feeding study, no significs
differences occurred in weight gain, food efficiency (body wi gain/i0
monoiesis, bood glucose, blood nenprolein nitrogen, serum caloium
uTine sugar, and organ we s in treated rats as compared with controls,
pathological evaluation of liver, kidney, spleen, heart, adrenals, thyromd, aml gonads
also revealed no differences. Results of the evaluations to determine whether Ca-
NaEDTA interfered with various aspects of mingral metabolism were also negative.
There was no evidence of aim’u mal calcification in the tibias of rats sacrificed at 12
weeks, and at the end of the 2vear treatment, the ash content of the tibias of control
vats was the same as that in rals fed the highest dose level, No effects were observed
on two metalloenzymes: blood carhonic anhyvdrase, whose cofactor is zinc, and Hver
xanthine oxidase, which requires molybdenum and iron. The results on reproduction
and lactation in four successive generations showed that CaNa,EDTA had no effect
on fertility, gestation, viability, or lactation indices, and the 1Z-week growth responses
for all dose levels were as good or better than those of control groups of the same sex
and generation, This study was reviewed by the Food and Agriculture Orpanization/
World Health Organization (FAQ/WHO) Joint Expert Committee on Food Additives
{(JECEAY and was used by them o caloulate the ADI of CaNa,EDTA (JECFA,
1966, 19741

it

Carcinogeniciiy

A rodent bioassay 1o determine the possible carcinogenicity of trisodium EDTA
(Na:EDTA) was reported by the National Cancer Institute (NCI, 1977). The test com-
pound was administered for 103 weeks to Fischer 344 rats and B6C3F | mice at dictary
levels of §.375 and 0.75%. Various tumors were observed in test and control groups
of both species; however, th-fx were nod dosesrelated, and it was concluded that there
was oo s1atis evidence of carcincgenicity for EDTA at the concentrations tested.
Survival was satisfactory and there were nio other signs of climeal toxicity,

Genploxicily

EDTA has been tested for genotoxicily in assays measuring gene mutation and
chromosomal effects, Dunkel ef @l {1985) reported the results from a four-laboratory
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v in which MNa ";DTA was fested for mutngenicny m Salmonel
b LGR, TAID0, TALSAS, TARYT, and TAI338 and in 1
HVF i‘omh withoul 3";”Hﬁﬂhr: alion and with activation, using lver 8-9 prepar
from Arocior 1234anduced Fischer 344 rats, BOCAF mice, and Svrian hamsters. The
number of reverianis dxl not increase with any combination of bacterial tester sirain
or vation preparation. McGregor ef af. {1988} reported that NagEDTA did not
increase the mutant freguency in the L3178Y tk° /tk™ mouse lvmphoma cell forward
miutation assay in gither Lhe absence or presence of 3 metabolic activation system, In
studies sponsored by the National Toxicology Program {unpublished data)l, Na,EDTA

-

was tested for is abilily to induce chromosomal aberrations or sister chromatid ex- ;
changes in mammalian cells in culture. The resulis from these 16515 were also hegative.

Based on the above studies, EDTA s apparently not genoloxic

Alfereic Reuctions

in an carly human skin sensitization study, Ravmond and Gross {1969) reporied

o {37507 positive response to CalNa 'DiA with 2 of the 3 positively responding

individuals cross-reacting with ethvlenediamine. They concluded: “In view of its wide-
spread use und the absence of previpusly reported reactions, we feel it must b a weak
sensitizing compound.” Subsequently, Henck o1 ¢f (1985) evaluated the sensitizing
potential of Na,EDTA in zuinea pigs and, based on their negaiive results, concluded
that the potential for sodium salts of EDTA o produce a human skin sensitization
response was extromely low,

Teratogenicily

There have been several studies in which the teratogenicity of EIVT A was investipated
{Swenerion and Hurley, 1971 Kimmel, 1977; Schardein e ¢f, 1981). Swenerton and
Hurley (19711 reported that when pregnant femnale rats were fect diets containing 20
and 30 g Na, EIYTA/kg diet, gross congenital malformations were observed in the full-
term young. However, when Na, EDTA was fod simultancously in a diet supplemenied
with zing from the basal diet level of 100 o 1000 myp Zn/kg dict, no eflects were
observed. They sugpested that the congeniial effects may have resulted from zing
deficiency caused by the chelation of zine by EDTA,

Kimmel {1977 administered NaEIXTA to pregnant rats by different routes and at
different dose levels. In rats fed 3% NasEDTA (954 mg Na.EDTA/kg/day) in 3 semi-
purified diet comtuining 50 mg Zn/kg diet, maternal body weight was severely reduced
but no maternal deaths occurred; malformations were observed in 71% of the offspring.
In dams given 750 mg Na,EDTA/kg body wi by gavage twice daily (1500 mg
Na,EDTAfkg/day), the maternal death rate was 87.5%, whereas in rats gwu; 625 mg
Na;EDTA kg body wi by gavage twice daily (1250 mg Na:EDT A ke/day), the maternal
death raig was 36% and malformations were observed in 20.5% of the offspring. Al-
though a marked loss in matomal bedy weipht and 3 death rate of 24% were observed
in animals injecied subeutaneously with 375 mg NapEDTA/kg body wi, the number
of matformations in the offspring was not significant, Kimmel {1977) states that ab-
sorption of Na:EDTA From the gut is normally quite low, but may have been greater
in amirnals on distary N FDTA because of continual presentation of the compound,
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Hpid-soluble comp
The teratopenic cap?
disedinm, and tetrasodium EDTaA, was reported by Schardein ef ¢f {1981). Eqvimr}%m
doses of the compounds, based on 1000 mp/kg body wi, were given by gastric intubation
to pregnani sats receiving Puring Lab Chow duning ihe Feness,
MNo teraiogenic cﬁ 15 were observed with any of the mmpmmtﬁs) gven at maternaily
10X doses.
in the studies by Swenerten and Hurley {1971) and Kimmel (1977), Na,EDTA
induced teratogenic effects when the level of dictary zinc was 'eégsmué} low, The dis-
crepancy between the teratogenicity effects observed by Kimmel (1977} and Schardein
elal (19813 may be due to different levels of zine in the diet, drinking watw, or Cage

compasition,

$<.:
»t

e period of orgar

ACCEPTABLE DAILY INTAKE (ADI}

FAC, "WE"EG has determined an ADI for EDTA based on the 1963 study by Oser &
L (1963). The ADI was calcoiated by using the highest dose tested (230 mg/kg body
w‘i; ‘day) as the ao-phserved-offect level, and by applying a %

1y factor of 160 to obtuin
a dose of 2.5 mg/kg body wi/day, which is equivalent to 150 mg/person/day for a 60~
kg individual. CaNa,EDTA was used to caleulate this dose,

In a companson of the relative toxicities of Na, EDTA and CaNa EDTA, JEC A
(19743 conciuded that the use of CaNa,EDTA is preferable to that of Na;EDTA, since
Na,EDTA is more effective at sequestering caleium physiologically, However, JECFA
stipulated that Na,EDTA may be used when needed in foods, provided that it is used
only at the level necessary to achieve the desired technical effect. B s also important
to consider zine nutrilure in relstionship 1o EDTA toxicity. Swenerton and Huley
{1971) found that high doses of Na,EDTA were teratogenic in the presence of low
dietary zinc but had no effect when dietary zinc confent was elevated. This finding
indicates that EIYTA may bind zine, inhibiting its absorption and, thus, reducing zine
status, which may be a factor in the teratogemcity of Na ,EDTA.

The findings of the chronic study on EDTA by Oser g1 al {1963) were used 10
determine the ADI, and a subsequent bioassay has supported the findings of this study
(NCI, 1977}, Survival in the NCI study was satisfactory and no significant neoplastic
or nonneoplastic responses were observed. Therefore, no scientific basis exists for
changing the ADI for EDTA.

ESTIMATED DAILY INTAKE (EDI) FOR EDTA
IN THE UNITED STATES

FIA has determined the EDI for EDTA on several occasions since 1969, In 1992,
the agency updated the estimate of chronic exposure to EDTA by using available food
intake information and Monte Carle simulation methodelogy to calculate a 90th
percentile exposure {Rubinstein, 19813, The model used in the simulation is based on

the cxpression for the exposure 10 2 substance in the diet

i
i

Sl

sof9
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where, for an individual, the exposure 10 a substance {x) is the sum of the exposures
from the intake of food () for all foods (/) in that individual’s diet treated with the
subsaance. The contribulion from each food {7 is the intake of that food multiplied
by the concentration of the substance () in that food,

"i he Monte Carlo technigue uses a distribution of values for a variable instead of a
discrete value. The lognormal distributions of food intake were used for foods for
which EDTA treatment is regulated, and triangular distributions (mini i
and maximum) were used to describe the use levels. The food intake distribut
were taken from the Market Research Corporation of America {MRCA} Information
Services (Morthbrook, 1LY 5-Vear Menu Census {1982-1987}, and the 19871988

1.5, Department of Agricuiture-Nationwide Food Consu upnon &;vne\ (LISDA-
NFCS) portion sizes were used. The maximum use levels were takes from the appro-
priate FDA regulations. For use iu’d distribution, typical values were estimaied to be
R0-90% of the maximum; minimum values were estimated 1o be 60-70% of the max

imum. Values in Table 2 are ihe ew*u* ¢ {ynean) vaiues resulting from upphmuon

of the following assumplions: All foods that can be treated with EDTA contain EDTA,
and the presence of EDTA in food does not affect a consumer’s choices relating (o
that food. The food categonies for which intake distributions are available f from MRUA
tend to be broader than those in the regulations. For example, the regulations allow
EDTA use in processed dry pinto beans. MRCUA intake data arc avatlable only for the
category “dried vegetables.” Likewise, canned black-eyed peas, canned cooked chick-
peas, and canned kidney béans may be treated, but intake data are avatlable only for
the broad category “canned vegetables.” In cases where data were not avgilable for
the specific foods treated, we used infake distributions for broader food categories that
encompass the specific food. Additionally, the highest food ETITA use level for those
categories was used. The effects of these assumptions on the estimate of exposure to
EDTA are twolold. Fisst, by assuming that all foods are treated with EDTA, the
number of people theoretically exposed to EDTA is maximized. Second, the use of
broad food categories results in an overstaternent of the intake of EDTA, Therefore,
lhas estimate must be seen as an upper bound, overstating both the intake and extent

exposure. The distribution of intakes obtained through the use of our model is
1;&1‘;’ 10 uﬂcct EDTA intake for those who regularly consume products that happen
to be treated with EDTA. The FDA has no information for estimating the size of this
population,

One measare of the conservatism of our BIYTA estimaie can be oblained by conm-
paring it to the amount of EDTA disappearing into the food supply. The total quantity
of EDTA salt reported by weight in the NAS update for 1987 was 186,000 pounds
{NAS, m@} This amount yields a per capita estimate of exposure of 1.6 mg/person/
day, or 1/10 our estimate.

Mean Lxg:spsufes to EDTA from individually regulated foods are outlined in Table
7 Recause of the varied uses for EDDTA, we caleulated that alj consumers are ¢aters
of EDTA; therefore, eaters-only exposure is equivalent to the total-sampie exposure.
The s “;th of the Monte Carlo simulation are summarized in Table 3. Mean overall
exposure 10 EDTA has been estimated to be 15 mg/person/day. in the Monie Carie
simulation the $01h percentile exposure is 26 mg/person/day and the 50ih s 13 mg/
day. The difference in formula weight between CaNa;EDTA and Na,EDTA was not
taken into account: if it had been, the effect on overall exposure would be a difference
on the order of | mg/person/day, This updated EDI is substantally below the ADI
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TABLE 7

EXPOSURE TO EDTA FROM DUALLY REGULATED Foops®

Llse level EDTA

Food type’ {nnim)

Pickicd cablbage sl
cugumbers

183 27 504

Canned carbonated solt
drinks
Coia 27
Fraity 27
{iher 27

REN

65 i6

6s 2.2

20 0.5 iR
Canned ¢ 255 0.2 4R
Canned ¢ 120 0.0 5
Cooked, canned vegetablies G2 214 8278
Extruded vgp 130 0.4 5
Beer 20 28.7 593
Marganne [ 54 340
Potato salad G0 130 P17
Diry pinto beans “F62 .G 787
Spice extractives 52 06 g
Canned fruit pie Ailing 478 8.3
Smuces i35 1.7
{iefilie Bsh balls 45 1.3
Looksd sausage 13 8.7
RTE cereal {bananas) 240 0.2
Aqueous multivisaming 113 H)
Frozen white potaloss 50 123

Tosal

* Zero result from rounding. _
" Faod categories sre taken from the Market Resesrch Corp. of America’s 8- Year Menu Consus Survey.
o5 resulting from the use of 2 trangular probability distnibution of use levels,

w

50% of the maximum, and minimum [evels were taken 10 be 60-70% of the maxkmum. See text for details
of methods used.

#Y.ognormad distributions taken [vom the MRCA 5-Year Menn (ensus were wsed. Mean ood intakes
ars shown,

¢ Vatues shown are the mean exposures determined in the Moms Carlo snalyses. These values ars different
from the product of mean use levels and fvod intake because of the skewness of the lngnormal distnbutions
of food inspkes, or rounding. See text for details of methods used.

fTesal exposure 13,124 ppfperson/day is cguivalent to 15 my/person/day,

of 150 mg/personiay and suggests 1hat additional uses or forms of EDTA, such as
the NaFe salt in selected foods, are possible.
SUMMARY

FAQ/WHO has determined an ADI of 2.5 mg/ke body wi/day or 150 mg/person/
day, calculated as CaNa,EDTA, with the stipulation that no excess of Na,EDTA
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TABLE 3

Monte CaRLO™ RESULTS

Sienulation satistics for EDTA
i EDTA

Muximum
Srandard de
Simulatzors
Herati
Pergentile probabilities {chance < = shown value)

2 naonte Cardo m

]

(except that needed for technical cffect) remain n fnods, Mo chronic toxicity stuchics
have been performed on EDTA since the ADY was determined; therefore, there 1S Bo
scientific basis for changing the ADI for EDTA.

Based on current consumption dula, the FEA has estimaied that the current daily
mean intake of EDTA is 15 me/person/day. This more relinble EDTA daily intake
estimate could support ihe inciusion of significant new uses of EDTA, such us Na-
FeEDTA for iron fortification.

NaFeEDTA provides a highly bioavailable form of iron for food fortification and
promotes the absorption of intrinsic food iron in & meal with low iron hioavailability.
Tron supplied in the form of NaFeFIYTA may be two to three times more bipavaiiable
{han FeSO, or food iron in some diets (Viteri e al., 1978}, and iron bicavailability of
NaFeFDTA is not generally affected by adverse storage condizions or by food prep-
arations such as cooking. Data also indicate that a lower level of fortification iron
could be used to prevent iron deficiency anemia in g population relying maindy on a
diet high in vegetables, which contain inhibitors of iron absorption such as phytate
and limited amounts of enhancers of iron absorption (ascorbic acid and meat). Because
NaFeEDTA is absorbed well in foods containing dietary inhibitors of iron, smaller
amounis may be used for iron fortification. In many countries the number of processed
foods in the food supply is low apd the EDI for EDTA s correspondingly lower than
that for the United States. The introduction of NaFeEDTA into the food supply for
iron fortification in those countries should not presgnt a toxicological concern. How-
ever, if NaFeEDTA were used in countries where clinical manifestations of zine de-
ficicncy exist oy whert calculated zine intakes are marginal, the effects of EDTA ¢On-
sumption on zinc nutriture should be examined.
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Evaluation Of The Toxicity Of Various Slug Pellet Formuilations including

Multiguard®, Against The Larvae Of A Non-Target Ladybird Species, Harmonia
conformis (Boisduval}{Coleoptera: Coccinellidae).

1. Aims

To evaluate the toxicity of Multiguard® to a non-target beneficial arthropod species
and to compare this toxicity with another commercially available pellet used for

control of mollusc pests. A blank pellet containing no active ingredient was used as
a conirol,

2. Test Species

Ladybirds (Coleoptera: Coccinellidae) and their larvae are known to be important
predators in both garden and agricultural ecosystems where they have utilised as
biological control agents, regulating the numbers of pest species especiaily aphids
(Wilson 1960). Harmonia conformis {Boisduval) is common Victoria, Australia where
it can be found on a range of plant species, wherever there are aphids which are
their major prey. H. conformis was selected as a test organism since it is an

important benefical arthropod in areas where mollusc control agenis are likely to be
broadcast.

3. Methods

Collection and maintenance of test species

Lo

Harmonia conformis were collected from vegetation in the Melboumne area. The
ladybirds used in experiments have been in culture for almost 2 years - 3rd instar
larvae were selected from these cultures for use in the tests (the 3rd instar is the
final stage before pupation - care was taken to select only smaller individuals whigh
were unlikely to pupate during the experiments as prior to pupation individuals do
not feed (Home, pers. comm.)). Cultures were. kept in aguana in natural dayvlight
and were maintained on an artificial diet similar to dog food, supplemented with
fresh aphids. Prior to testing,- larvae were acclimmated to laboratory conditions
(25°C and with & 12:12h light:dark lighting regime) in clear plastic containers (285 %
195 x 100 mm) containing plant material such as stalks and flower heads to provide
cover. Larvae were fed in the same way as the cultures,

Test Malterials

1. Multiguard® pellets (90 gfkg active ingredient, iron EDTA complex)
2. Baysol” peliets (20 g/kg active ingredient, methiocarb)
3. “Blank” control pellets’

Experimental Protocol

= All experiments were performed in 2 constant temperature facility at 25°C and
with a 12:12h light.dark ighting regime.

! Blank pellets were produced by hand using white bleached wheat flour. This was moistened

with a litte distilled water to form a thick paste. Pellets were shaped by pressing a syrings Hp
into the mixture. Pellets were then dried in an oven at 45°C for 48h,
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Drry weights of each pellet before and after exposure to the test animals were

recorded in order 1o estimate the quantity of pellet consumed during exposure.
Pellets were dried for 48h at 45°C to obtain dry weights.

= Larvae weights were recorded prior to exposure.

Tests were performed in small plastic tubs (30mm deep and 60mm diameter)
with lids. The tubs were inverted and 2 piece of filter paper (Whatman® No. 1))
was placed into the lid and moistened with 0.5 mi of distilled water. Small holes
were made in the roof of each tub to aliow adequate ventilation of the test
arenas.

One preweighed pellet was added to each container and was positioned on the
filter paper such that moisture would be absorbed. 10 replicates were performed
for each pellet treatment,

« One preweighed H. conformis was introduced to each test arena - after 24 and
48 h the test chambers were observed and the condition of the larvae was
recorded. Larvae were deemed dead if there was no response {0 mechanical
stimulation. If the larva was a) unable to locomote in a normal manner b)
positioned on i's dorsal side (ie on it's back with legs upwards) and was unable
to right itself ¢) showed uncoordinated movement of appendages in response o
stimuiation, then it was said to be paralysed.

After 48 h the pellet was removed, dried in an oven for 48 h at 45°C and the
change in weightiweight of pellet consumed was calculated.

- = Larvae were not re-used in subsequent experiments after-exposure.

il S B L
i3 i : i

4. Results and Discussion
Raw data collected can be found in the Appendices.

The mean (+ S.E.) fresh weight of larvae used in the tests was 16.01 + 1.33 mg.

Figure 1 shows the response of the test larvae to 24 and 48 h exposure to the two
pellet treatments and a control. It is evident that in both pellet treatments and the
control there was mortality. of the larvae. Since no active ingredient (a.i) was
present in the control pellets it is probable that the 20 % morigaiity observed after 48
h was due to random factors and the sensitivity of the larvae to experimental
ranipulation. The same level of mortality (20 % afier 48 h) was observed in the
Multiguard® trial - this too may be due to random mortality. However, Baysol® -
appeared to be toxic to N. gravis - after 24 h exposure there was 60 % mortality and
30 % paralysis, suggesting that the larvae were poisoned from feeding on the
pellets. After 48 h, 90 % were dead and 10 % were paralysed. it can be seen from
the raw data in Appendix 1 that there was no recovery from the paralysed staie Le.
if a ladybird larva was paralysed after 24 h it was dead or still paralysed after 48 h.

Figure 2 details the mean consumption of pellets during the 48 h exposure period,
calculated from the difference in dry weight of the peliet before and after exposure,
The estimated mean active ingrecﬁe_n% (al) intake was calculated from this as

follows:
estimated active change in dry weight the proportion of active ingredient
ingredient intake = of the pelist X in the pellet formulation

Multiguard® contains 90g of 2.i. per kg of peliet
Baysol® contains 20g of a.i. per kg of pellet
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fig. 2. mean pellet consumption and estimated mean active ingredient (a.1) ingested

s by N. gravis after 48 h exposure to 2 pellet formulations and a control.
treatment mean change in pellet estimated mean a.l
weight (mg) consumption {mg)
! (t S.E) (+ S.E)
E control 36+ 1.24 -
'_ Multiguard® 10.14 + 1.58 0.913 + 0.141
B Baysol® 29+114 0.0058 + 0.0022

It can be assumed that H. conformis was feeding on the pellets during the exposure
since in all cases there was a reduction in the mean dry weight of the peliets after
48 h exposure. More active ingredient was consumed in the Multiguard® treatments
than the Baysol® treatment (0.913 * 0141 mg and 00058 = 0.002D Mg
respectively) but the resulting mortality was much higher in Baysol® suggesting that
methiocarb (the active ingredient in Baysol®), is very toxic to H. conformis larvae,

whereas iron EDTA (the active ingredient in Multiguard®) may not be.

it should be noted that the raw data for the consumption of pellets (Appendix 2)
shows that in some instances that there is a negative weight change during the trial
with Baysol® peliets i.e. the peliets increased in weight, This suggests that somehow
there was an increase in weight of the peliet. The raw data suggests that an amount
of pellet was ingested in many of the cases where an apparent increase in dry mass
was seen since the larvae in question often became paralysed or died. The
increase in dry weight may be due io fungal growth within the peliet, effectively
increasing the weight despite the fact that some of the pellet was consumed Using
the change in dry weight as a measure of pellet consumption may not be an
accurate method, especially for such small changes in weight. This would also lead
to erroneous determination of the dose of active ingredient consumed possibly
explaining why there is no apparent trend between the dose of active ingredient

consumed and the response observed (see Appendix 3 for raw data of a.i. intake
and response).

8. Conclusions

There was 20 % mortality observed after H. conformis was exposed for 48 h o
Multiguard® and blank control pellets in laboratory trials. This was probably due to
random mortalities since it was not expected to see mortality in the trials with control
pellets containing no active ingredient. Therefore lron EDTA compiex - the aclive
ingredient against molluscs in Multiguard® - is probably not particulary harmful to H.
conformis. However, Baysol® pellets effected 90 % mortality and 10 % paralysis in
the ladybird larvae after 48 h exposure. Even allowing for the 20 % random mortality
observed in the confrol, the results suggest that the larvae were poisoned by
methiocarb, the active ingredient in Baysol® Larvae which were paralysed afier
consuming methiocarb showed no recovery with time, indeed of the 40 % paralysed
after 24 h, all 40 % were dead after a further 24 h.




It was not possible to determine the dose of pellet required to effect mortality since
there was no apparent trend between active ingredient intake and response {see
appendix 3). Using dry weight as an estimate of peliet consumption may not be
accurate for such small changes in weight, as a result any estimate of active
ingredient intake wouid also be inaccurate.

The results of laboratory tests suggest that the use Multiguard® pellets for the
control of mollusc pests should have minimal if any adverse effects on A. gravis, a
beneficial arthropod which is an important natural enemy of mang pest species
especially aphids (Wilson 1882). However, in identical tests Baysol” caused larval
mortality at a level which could affect natural populations. Further field tests would
be necessary to confirm the results of these iaboratory trials,

5. References
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APPENDIX 1

Raw Data for Ladybird iarvae tests
Individual larval response afier 24 and 48 & exposire o two pellet treatments and a control (O - larva

shows no adverse effects; X - larva dead; P - farva paralysed PU - larva pupated during exposure (see
Protocol section for explanation of categorisation))

replicate resnonse
blank Multipuard Bayso!
24 h 48 h 24 b 48 h 24 b 48 h
1 O 0O O O X X
2 X X O O X X
3 O O G O P X
4 Q0 O X X P P
5 & 0 O O X X
& G O PU 28] X X
7 O PuU O O X X
g O X O X O X
9 O Pl 0 0 P X
1] O O O O X X
%% mortality 16 20 130 26 50 S0
Yo paralysis 0 ] & 0 30 it
% pupation 0 20 10 10 0 B
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! Pellet consumption after 48 h exposure

treatment  weight weight weight % weight
before after change thange
mg mg mg
blank 53.801 51.21 2.591 4816
133,301 132.29 1011 6.758
£8.291 8595 2.341 2.85]
113811 9.1} 4 701 4,131
176051 1673 2751 1618
! 113,121 104.09 9.031 7.983
8,801 08 67 0,131 0,126
110,611 16997 0.641 .580
! 152071 15136 0711 0.468
120,161 10829 F1.871 9R7%
mesn 116.482 112.824 3.578 3.300
I 8.E. 18.1 14.3 1.240 1.670
w
' ireatmeni  weight weight weight % weight
before after change change
! g mg mg ‘
Multiguard  117.2 100.47 16.730 14.275
104 88 9591 -8.970 £.553
I 117.84 113.76 4 080 3.462
11067 10974 .93¢ 0.840
472 93.46 11.260 1,752
l 7901 6783 11180 14150
112.66 104,81 7.850 £.968
93.12 82.55 10,570 11.351
l 144.6 128.91 15.690 10.851
12365 . 10935 14,150 11.444

mean 114,335 100.694 10,341 9.265
! ‘ 5.E. 3.57 5.4 3.37 1.39

l treatment  weight weight weight Yo weipht
777777 E before after change change

mg g mg

Baysol 73.377 64.62 8.757 11.934

_________ - 57.497 53.65 3.847 6.691
71.667 65.24 6.427 .968

72.207 69.59 2617 3.624

56.077 55.88 0.197 0.351

53.637 52.62 1017 1.896

57.187 53.75 3.437 6.010

69.727 63.48 6.247 8.950

66.067 67.74 -1.673 -2.532

65.367 £7.12 -1.753 -2 682

""""" mean 64,281 61.369 2.912 4.322

S.E, 2.38 2.1 1,12 1.5%
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APPENDIX 3

Estimated intake of active ingredient {a. L.} and corresponding response of each larva after 24
and 48 b exposure to the test ireatments.

The estimated intake of active ingredient is based on the change in dry weight of each peliet tested
muitiplied by the proportion of active ingredient in the pellet formulation (Multiguard® - S0p/ke:
Baysol 20g/kg). The ratio of active ingredient to fresh body weight of each individual ladybird larva is
given as an indication of the dose of a. i. with body size. The larval response to exposure is given after
24 and 48 h (O - Jarva shows no adverse effects; X - larva dead; P - larva paralysed; PU - larva
pupated during exposare {see Protocel section for explanation of categorisation))

E TEE D TR OEE TR BE

MULTIGUARD®
replicate  dry weight  estimated body rafie al : TESPOnSC
conswmed  adintake  weight body wt 24 b 48 h
(mg) {(mg) (mg)
1 16.73 1.5057¢ 8.99 0.16749 O O
2 8.97 {80730 824 Q.09797 O O
3 4.08 0167720 1724 0.02094 G O
4 0.93 0.08370 3.52 0.02378 X X
' 5 i1.26 161340 11.38 (0.08751 O O
! 5 i1.18 1.00620 217 {.04637 Py pi}
" 7 7.85 0. 70650 2077 (.03402 O G
. 8 10.57 0.95130 21.2 0.04487 O X
‘ 9 15.69 141210 15.52 (.0%099 O O
10 i4.15 1.2733G 6.73 0.18923 O O
mean 16.14 6,913 13.58 6.08 % moriality 10 20
. s.e 1.57 0.141 2.1 0.019 % paralysis 0 0
: % pupation 10 iG
l BAYSOL®
replicate  dry weipht estimated body ratig ai : TeSponse
consumed  aiintake  weight  body wi b 48 b
E (mg) (mg) {(mg)
i 8.757 G.17514 426 0.01891 X X
l L 31847 (.G7694 6.0% 001263 X X
3 6,427 0.12854 2096 0.00613 P X
4 2617 405234 2976 6.60175 P P
5 4,197 0.00394 2581 G6.60015 X X
i 6 1017 002034 2334 0.00087 X X
7 1437 006874 19.3% §.00355 X X
kY 5247 {1.172494 1962 0.00657 O X
' g -1.673% 1.03346 1189 -3.00279 F X
N i 16 -1.733 -0.03506 11,95 -5,60793 X X
- mean 1912 4,858 17.76 8.804 % mortality - 60 94
- i 5.8 .12 6,027 2.43 8,002 % paralysis 36 10




An bvaluation Of The Toxicity Of Various Silug Pellet Formulations, Including

fuitiguard®, Against A Non-Target Carabid Beetle Species, Notonomus gravis
{Chaudoir),

1. Aims

To evaluate the toxicity of Multiguard® to a non-target beneficial arthropod species
and to compare this toxicity with another commercially available pellet used for

control of moliuse pests. A blank pellet containing no active ingredient was used as
a control.

2. Test Species

Many carabids in a variely of ecosystems are known to be important predators in
that they reguiate the numbers of other invertebrates, including pest species (Luff
1987). Notonomus gravis (Chaudoin{Coleoptera: Carabidae) inhabits the westem
grassland plains of Victoria, Australia and is the dominant carabid in this habitat - it
is thought t0 have potential as z biclogical control agent {(Home 1992). N. gravis
was selected as a test organism since it is an important benefical arthropod in areas
where mollusc control agents are likely to be broadeast.

3. Methods
Collection and maintenance of test species

Notonomus gravis were collected using the pitfall trap technique in open grassiand
in North East Melbourne (Grid Ref. 37.458 144.58E). Pitfall traps consisted of
plastic tubs set flush with the ground, each 50mm deep and 110 mm diameter.
Animals were maintained in the laboratory to provide individuals for experiments
following the method of Home {1892). Beetles were placed in clear plastic
containers (265 x 185 x 100 mm) haif-filled with damp peat moss and fed
moistenend pellets of commercial dog food (LUV®. These carabids are
predatory/scavengers and readily accept dog food.

Test Matenals

1. Multiguard® pellets (90 g/kg active ingredient, iron EDTA complex)

2. Baysol® pellets (20 g/kg active ingredient, methiocarb)
3. “Blank” control pellets™

Expernmental Profocol

» All experiments were performed in a constant temperature facility at 25°C and
with a 12:12h light:dark lEghting regime.

« Dry weights of each pellet before and afler exposure to the test animals were

recorded in order {o estimate the guantity of pellet consumed during exposure.

Pellets were dried for 48h at 45°C to obtain dry weights.

' * Blank peliets were produced by hand using white bleached wheat flour. This was
moistened with a little distilied water to form a thick paste. Pellets were shaped by pressing a

syringe tip into the midure and then expeliing the resulting 'peillel’ - these were then dried in
an oven at 45°C for 48h.
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» Beetle weights were recorded prior to exposure. Beetles were also sexed (males
possess a thick brush of setae on the first tarsus of the foreleg, this Is absent in
females (Home, pers. comm.)).

« Tests were performed in plastic tubs {50mm deep and 110mm diameter) with
hids. The tubs were inverted and a filter paper (Whatman® No. 1)(110 mm
diameter) was placed into the lid and moistened with 1mi of distilled water. Small
holes were made in the roof of each tub to allow adequate ventilation of the test

g

arenss,

« One prewseighed pellet was added to each container and was positioned on the
filter paper such that moisture would be absorbed. 10 replicates were performed
for each pellet treatment.

= One preweighed male N. gravis was infroduced to each test arena - after 24 and
48 h the test chambers were observed and the condition of the beetles was
recorded. Beeties were deemed dead if there was no response o mechanical
stimulation. If the beetle was a) unable to locomote in a normal manner b}
positioned on it's dorsal side (ie on it's back with legs upwards) and was unable

to right itself ¢} showed uncoordinated movement of appendages in response o
stimulation, then it was said to be paralvsed.

Yt

= After 48 h the pellet was removed, dried in an oven for 48 h at 45°C, and the
change in weight {assumed fo be the weight of pellet consumed by the beetle)
was calculated.

= Beetles were notre-used in subsequent experiments after exposure.

4. Results and Discussion
Raw data can be found in the Appendices.

The-mean (+ S.&.) fresh weight of beetles used in the tests was 173.6 mg (£ 6.16).

Figure 1 shows the response of the test carabids t0 24 and 48 h sxposure to the
two pellet treatments and a control. It is evident that only Baysol® was toxic to N.

-gravis after 48 h exposure. After 24 h exposure 1o Baysa§®, there was 20 % mortality

and 30 % paralysis among the tested beetles. After 48 h, 40 % were dead and 30 %
were paralysed. It can be seen from the raw data in Appendix 1 that there was no
recovery from the paralysed state i.e. if a beetle was paralysed after 24 h # was

dead or siiil paralysed after 48 h. In both Multiguard® and the control treatment there:

were no dead or paralysed beetles.

Figure 2 details the mean consumption of pellets during the 48 h exposure period,

calculated from the difference in dry weight of the pellet before and after exposure.

The estimated mean active ingredient {a.l}) intake was calculated from this as
follows:

estimated active  change in dry weight the proportion of active ingredient
ingredient intake = of the pellet X in the pellet formulation

Multiguard® contains 90g of a.i. per kg of peliet

Baysol® contains 20g of a.i. per kg of peliet

In all cases there was a reduction in the mean dry weight of the peliets after 48 h -

exposure, therefore it can be assumed that N. gravis was feading on the pellets

Reference u
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fig. 2. mean pellet consumption and estimated mean active ingredient (a.i} ingested
by N. gravis after 48 h exposure to 2 peliet formulations and a control.

treatment mean change in peliet estimated mean a.i.
weight {mg) consumption {mg}
+ S.E) {+ 5. E}
control 1.13 = 0.418 -
Muttiguard® 4.22 + 0551 0.38 +0.05
Baysol® 0.279 + 0.331 0.006 + 0.007

during the exposure {indeed mandible marks produced during beetle feeding could
be seen on the peliets). There was no moriality or paralysis caused by feeding on
Multiguard® pellets where & mean weight of 0.38 + 0.05 mg of active ingredient was
consumed. The mean weight of active ingredient in Baysol® (methiocarb) consumed
(0008 mg = 0.007) effected morality in 40 % and paralysis in 30 % of the tested
beetles.

it shouid be noted that the raw data for the consumption of pellets (Appendix 2)
shows that in some instances that there is a negative weight change during the trial

with Baysol® pellets i.e. the pellets increased in weight. The raw data suggests that |

an amount of peliet was ingested in many of the cases where an apparent increase
in dry mass was seen since the slater in question often became paralysed or died.
The increase in dry weight may be due fo fungal growth within the pellet, effectively
increasing the weight despite the fact that some of the pellet was consumed. Using
the change in dry weight as a2 measure of pellet consumption may not be an
accurate method, especially for such small changes in weight. This would also lead
to erroneous determination of the dose of active ingredient consumed possibly
explaining why there is no apparent trend between the dose of active ingredient

consumed and the response observed (see Appendix 3 for raw data of a.i. intake
and response).

5, Conclusions

There were no adverse affects to N. gravis after 48 h exposure to Multiguard® and
blank control pellets in laboratory trials. However, Baysol® pellets effected mortality
and paralysis after 24 h exposure, and after 48 h even more beetles were affected.
The Iron EDTA complex - the active ingredient against molluscs in Multiguard® - is
not harmiul o N, gravis. However, methiocarb, the active ingredient in Baysol®, is
toxic to N, gravis and in laboratory tests it has induced paralysis or death after
ingestion in 70% of the beetles tested. Beetles which were paralysed after
consuming methiocarb showed no recovery with time

it was not possible to determine the dose of pellet required to effect mortality since
there was no apparent trend between active ingredient intake and response (see
appendix 3). Using dry weight as an estimate of peliet consumption may not be
accurate for such small changes in weight, as a result any estimate of active
ingredient intake would also be inaccurate.
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The results of laboratory tests suggest that the use Multiguard® pellets for the
control of moilusc pests should have nc adverse effects on M. gravis, a heneficial
arthropod which is an important natural enemy of many pest species {(Home 1992).
However, in identical tests Baysol” caused beetle morality at a level which could
affect natural beetle populations. Further field tests would be necessary to confirm
the resuils of these laboratory trials,
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fig. 1. N. gravis response to 24 and 48 h exposure to the two pellet treatments
and a control
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APPENDIX 1

Raw Data for Carabid lesis

individuai bectic response afler 24 snd 48 b exposure o two pellet treatments and s controd (O - beetle
shows ro adverse effects; X - beetde dead P - beetie paralvsed (see Protocol section for explanation of
categornsation})

replicate FESpanse
blank Multiguard Baysol
24 b 48 b 24 b 48 & 24 h 481
i O O O O 0 P
2 O O O O P A
3 G G O O X X
4 G O O ¢ X X
3 0 2 G G G O
5 O 0 G O O P
7 O O O O P X
% O O O G e P
9 G O O G O O
10 O O O O O O
% mortality G 0 & L 20 44
% paralysis 8 ¢ 0 ¢ 30 38
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APPENDIX 2

Pellet consamption after 48 h exposure

ireatment  weight weight weight % weight
before after change change
blank 160,841 157.050 3.791 2,357
123.971 121.540 2.431 1861
128,251 127.780 0.47] 0.367
125.181 124 020 1.161 G.927
106.861 105.520 1.341 1.2558
147221 145910 1311 {.8%
138.631 138,180 0.451 0.325
158.281 157.260 1021 0645
131111 130,558 6.561 {428
142 681 143920 -1.239 ~1.868
mean 136.303 135173 1.136 8,828
5.E. 5,15 5.2 $.418 6,288
treatment  weighd weight weight % weight
before after change change
mg mg g
Multipuard 93,100 91090 2.010 2.159
122130 114.580 7.550 6,182
102 810 99.830 2.980 . 2.399
162,930 98.970 3.960 3.847
128 480 124080 4.4060 3.425
125990 120.940 5.050 4,008
101.120 97.970 3.150 3.115
80.150 771.150 3.000 3.743
119720 113.080 6.640 5546
123480  120.020 3460 0 280
mean  109.991 105771  4.220 3.773
3.E. 8,14 4.8 0.551 9,393
ireatment  welzht weight weight | % weighn
before after change change
mg mg mg

Baysol 38677 57.450 118706 2823
39.397 39950 -£3.55300 -1.404

42,807 43,480 -1 HRIN0 -1, 306

45487 45630 -3, 16306 -{3,358

36087 &1 33300 -£3, 059

57.597 56,250 1.34708 2.33¢

72.297 510 1.387G0 1.918

30.117 30890 £ 77300 -2.567

86.017 78.150 1.86700 2.333

35.167 39960 -3, 79304 -2 (025

mean 52.165 51.88¢6 0.27% (.061
5.E. 4,96 4.66 4,331 0.615
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APPENDIX 3

Estimated intake of active ingredient {a. 1) and corresponding response of each beetle after 24
and 48 b exposure to the test treatments,

The estimated intake of active ingredient 18 based on the change in dry weight of each pellet tesied
multiptied by the proportion of active ingredient in the pellet formulation (Multiguard® - 90g/ks:
Baysol 20g/g). The ratio of active ingredient to fresh body weight of cach individual beetle is given
and 48 h (O - beetle shows no adverse effects; X - beetle deads P - beetle paralysed (sec Proiocol
section for explanation of categorisation)}

MULTIGUARD®
replicate  dry weight estimated bedy ratio ai: reSponse
consummed  adistake  weight body =t 4 h 48 5
(mg) {mg) (mg}
j 2016 0.18050 261.000 0.0G06Y Q) O
2 7.550 0.574%0 190000 0.00358 O O
3 2.980 0.26820 139000 0.00193 O O
4 3.960 0.35640 181000 o009 O O
3 4.400 039600 192000 0.00206 O O
6 5050 045450 219000 0060208 O O
7 3.150 0.28350 142000 000200 O O
) 3.000 0.27000 182000 000142 G O
9 6.640 0.59760 147.000  0.00407 O G
1% 3.460 031140 157000 000198 G G
mean 4,22 0.38 181 0.002 % moriajity i ¢
8.€ 0.551 0.85 iz 3E-44 % paralysis i 0
BAYSOL®
replicate  dry weight estimated body ratio ai: Fesponse
consumed alintake weight  body wt 24 4Bh
(mg) (mg) {mg)
1 §1.187 04.0237 163.000 0006 O P
2 3,553 3,011 154000 -6.0001 P X
3 -G.683 -£3.0137 i86.000 -5.0001 X X
4 -.163 -0.0033 184.006 0.0000 X A
5 (.033 0.G007 170000 0.0000 O O
& 1.347 $4.0269 203.600  0.06001 O P
7 1.387 0.0277 170,060 0.0002 P x
8 -0.773 -0.0155 134000  -0.0001 P P
g 1867 0.0373 136000 0.0003 G O
10 -3.793 001350 156.000  -0.0001 O O
mesn 4178 8,506 165.6 JE-85 % mortality 20 40
s.e €.331 0.607 6.91 4E-65 % paralysis 30 30
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Evaluation of the secondary toxicity of snails previously peisoned by peliet
formulations including Multiguard® to a non-target carabid beetle species,
Notonomus gravis (Chaudoir).

1. Aims

To evaluate whether there was any secondary toxicity of wvarious slug pellet
formulations including Muttiguard® to a non-target beneficial arthropod species - in
order to do this, snails which had previously been exposed to the test pellets and
which displayed symptoms of poisoning (paralysis or death} were offered to carabid
beetles in laboratory trials, The carabids were monitored for 48 h to determine
whether there was any poisoning caused by ingestion of snail tissues which may

have been contaminated by the active ingredients from the various pallet
formulations. '

Z. Test Species

The Brown Garden Snail MHefix asperse Muiller, of European origin, has been
infroduced into almost every country affected by European settlement (Dees 1970).

It has become a pest of gardens and citrus groves throughout temperate regions
including south east Australia {Young 1996).

Many carabids ina variety of ecosystems are known to be important predators in
that they reguiate the numbers of other invertebrates, including pest species (Luff
1987). Notonomus gravis {Chaudoir}(ﬁefeoptera:‘Carabidae)' inhabits the western
grassland plains of Victoria, Australia and is the dominant carabid in this habitat - it
is thought to have potential as a biclogical control agent (Home 1982). N. gravis
was selected as a test organism since it is an important beneficial arthropod in
areas where mollusc control agents are likely to be broadcast. Carabids have been
reported to be important predators in the contro] of mollusc populations such that
the preservation of these species would beneficial for the biclogical control of snail
and slug pests - it is possible that this species may play such a role in Victoria,
although there is no literature to confirm this at present,

3. Methods

Collection and maintenance of test species

Adult Helix aspersa (shell height > 19 mm) were collected in the Melbourne area

and were maintained in the laboratory in large plastic storage boxes (800 x 300 x
300 mmy) lined with damp peat moss. Snails were fed a combination of sliced carrot,
lettuce and CaCO; was provided following the method of Schuytema ef al (1094),
Snails were starved for 24 h prior to exposure in order that each individual was in 2
similar physiological state.

N@fﬁnamus gravis were collected using the pitfall trap technigue in open grassland

in North East Melboumne. Pitfall traps consisted of plastic tubs set flush with the
ground, each 50mm deep and 110mm diameter. Animals were maintained in the
laboratory fo provide individuals for experiments following the method of Homne
(1992). Beetles were placed in clear plastic containers {265 x 195 x 100 mm) hali-
filed with damp peat mess and fed moistened pellets of commercial dog food
(LUV®™). These carabids are predatory/scavengers and readily accept dog food.

Heterence v
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Test Materials

1. Multiguard® pellets (9C g/kg active ingredient -lron EDTA compiex)
2. Baysol pellets (20 g/kg active ingredient - Methiocarb)
3. "Blank” controi peliets’

Expermental Protocol a) Snail exposures

]

All experiments were performed in & constant temperature facility at 25°C and
with a 12:12h light:dark lighting regime.

Dry weights of each peliet before and afier gxposure o the iest animals were
recorded in order to estimate the quantity of pellet consumed during exposure.
Fellets were dried for 48h at 45°C to obtain dry weights.

Snail weights and shell heights were recorded PIOT 10 eXposure.

Tests were performed in plastic tubs (50mm deep and 110mm diameter) with
lids. The tubs were inverted and a filter paper {Whatman® No. 19110 mm
diameter) was placed into the fid and moistened with 1ml of distilled water. Sma!l

Rl R IR

holes were made in the roof of each tub to allow adequate ventilation of the test
arenas.

One preweighed pellet was added to each container and was positionad on the

fiter paper such that moisture would be absorbed. 6-10 replicates were-

performed for each peliet treatment.

One preweighed snail was introduced to each test arena and after 24 and 48 h
the test chambers were observed and the condition of the snails was recorded.
Snails were deemed dead if there was no response to mechanical stimulation. If
the snail responded to stimulation but was unable to crawl in a co-ordinated
manner then it was said to be paralysed,
After 48 h the pellet was removed, dried in an oven for 48 h at 45°C, and the
change in weight (assumed to be the weight of pellet consumed by the snail) was
calculated.

b} beelle exposures.

Beetle weights were recorded prior to exposure. Beetles were also sexed {males
possess a thick brush of setae on the first tarsus of the foreleg, this is absent in
females (Home, pers. comm.)).

Tests were performed in plastic tubs (50mm deep and 110mm diameter) with

lids. The tubs were inverted and a filter paper (Whatman® No. 13110 mm
diameter) was placed into the lid and moistened with 1mi of distilled water. Small

holes were made in the roof of each tub to allow adequate ventilation of the test

arenas.

One snail which had previously been exposed to the pellet reatments was added
to each container. Care was taken that no pellet debris, which the beetle could
poientially consume, was on the snail before introduction. 8-10 replicates were
performed for each peliet freatment.

One preweighed male N. gravis was introduced to each test arena - after 24 and
48 h the test chambers were observed and the condition of the beetles was
recorded. Beetles were deemed dead if there was no response o mechanical
stimulation. If the beetle was a8) unable to locomote in a normal manner b

- positioned on it's dorsal side (i.e. on it's back with legs upwards) and was unable

' Biank pellets were produced by hand using while bleached wheat flour. This was moistened
with 2 little distilled water to form a thick paste. Peliets were shaped by pressing a syringe Hp
into the mixture. Pellets were then dried in an oven at 45°C for 48h.
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Page 2 of 8



N W WmE e e B OEE e

to right itself ¢) showed uncoordinated movement of appendages in response to
stimulation, then it was said to be paralysed.

4. Resuits and Discussion
Raw data can be found in the Appendices,

The mean (x S.E.) fresh weight and shell height of snails used in the tests was
5.186 [0 0.424 g and 25.05 + 0.806 mm respectively. The mean {z S.E) fresh
weight of beetles used in the tests was 0.173mg + 0.008 g.

Snails

Figure 1 shows the response of the snails after 24 and 48 h exposure to the two
pellet treatments and a control. There was no adverse response to the blank pellets,
As expected there was significant mortality/paralysis in the snails exposed to both
Multiguard® and Baysol®, the former seemed 1o effect mortality more rapidly (B0%
mortality, 0% paralysis after 48 h} than the latter (10 % mortality and 60 % paralysis
after 48 h), the induced paralysis lasting longer in the Baysol® treatment.

Figure 2 details the mean consumption of pellets during the 48 h exposure period,
calculated from the difference in dry weight of the pellet before and after exposure.

The estimated mean active ingredient (a.i.) intake was calculated from this as
follows: -

estimated active -change in dry weight the proportion of active ingredient
ingredient intake = of the peliet X inthe pellet formulation

Multiguard® contains 90g of a.i. per kg of peliet
Baysol® contains 20g of a.i. per kg of pellet

In all cases there was a reduction in the mean dry weight of the pellets after 48 h -

exposure. In some cases the entire pellet was-consumed {Appendix 2 for raw data).

fig. 2. mean pellet consumption and estimated mean active ingredient (a.i.) ingested
by N. gravis after 48 h exposuie © 2 peliet formulations and a control.
treatment mean change in pellet astimated mean a.i.
weight (mg) consumption {mg)
(+ S.E) {+ S.E)
control 65.07 + 21 -
Multiguard® 9058+ 17.0 8.97 + 1.53
Baysol® 21522 +6.4 0.4304 +0.128

More active ingredient was consumed in the case of Multiguard® (8.97 + 1.53 mg)
than Baysol® {0.4304 + 0.128B mg), this may explain why snails were observed o die
more rapidly (i.e. more were dead afier 48 N} in the Multiguard® trial. Both the Iron
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EDTA complex (the active ingredient in Multiguard® and methiocarb (the active

i

ingredient in Baysol®) were effective against H. aspersa in these trials.

it should be noted that the raw data for the consumption of pellets (Appendix 2)
shows that in some instances that there is # negative weight change during the trial
L.e. the peilets increased in weight. This may be due to mucous from the snails
contaminating the peliets. In none of these cases were then snails poisoned
indicating that they had not fed on the pelieis,

Beellas

Figure 2 shows the response of the beetles after 24 and 48 h exposure 1o the two
pellet treatments and a control. After introduction the beetles were observed actively
feeding on poisoned and control snails whether they were dead, paralysed or had
not been affected by the pellet treatments. There was no adverse response to the
snails exposed o the blank pellets or to Multiguard®. However, after 24 h 10 % of
beeties were dead in Baysol® treatments - after 48 h there was 20 % mortality and
10 % were paralysed. It would appear that there was a degree of secondary toxicity,
after 48 h 30 % of the beeties had been poisoned by feeding on the tissues of
snails which had previously consumed methiocarb {the active ingredient in E%ay’seii’}.

Further experiments would need to be performed to confirm that this was indeed the
case.

E. Conclusions

Both Multiguard® and Baysol® pellets effected mortality and paralysis in 80 and 70
%, respectively, of the tested snails, H. aspersa. However, there appeared to be no
secondary toxicity to N. gravis when exposed to snails previously poisoned with
Multiguard®. This may be expecied as there was no mortality when N, gravis was
exposed directly to Multiguard® pellets {see previous report). There was some
secondary toxicity to beetles offered snails which had previously been exposed to
Baysol® pellets. Methiocarb, the active ingredient in Baysol® pellets, had previously
been shown to effect mortality in A, gravis when exposed to pellets directly - it is
evident that methiocarb may have been present in sufficient concentrations in the

snail tissues to poison the beeties. Further tests need to be performed in order to
verify this

- The results of laboratory tests suggest that the use Multiguard® pellets for the

control of mollusc pests should have no adverse effects on N. gravis, either by
direct toxicity or indirectly by feeding on poisoned snails. However, in identical tests,

snails previously poisoned by Baysol® caused beetle mortality at a level which could

affect natural beetle populations. Further field tests would be necessary fo confirm
the results of these laboratory trials.
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fig. 1. H. aspersa response {0 24 and 48 h exposure to the two pellet reatments
and a control (MG represents Multiguard® treatment)
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fig. 2. N. grevis response 10 24 and 48 h exposure 1o snails previously exposed to
the two pellet treatments and a control (MG represents Multiguard® treatment) .
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APPENDIX i

Raw Data for Secondary Toxicity tesis

Individual snail response afler 24 and 48 b exposure 10 two pellet treatments and a control (O - snail
shows no adverse effects; X - snail dead; P - snail paralysed (see Protoco! section for explanation of

caiegorisation))
replicate Tesponse
blark Maultiguard Baysol
24 h 48 h 24 h 48 b 24 % 48 b
i 0 G P = o 0
P i 0 O it P P
3 thy 0 0 0 P P
4 0 0 P X 0 |
5 0 ¢ X X p p
& { $] x X P P
7 P X P p
3 P X P P
10 P X P P
Yo mortality 0 0 2 30 i 10
% paralvsis 8 0 60 0 80 70

Individual beetle response after 24 and 48 h exposure {0 smails previously exosed to two pellet
treatments and a control (O - snail shows no adverse effects; X - snail dead; P - snail paralysed {sce
Protecol section for explanation of categorisation})

replicate response
' biank Multiguard Baysol
24 h 48 h 24 b 48 h 24 b 48 b
i 0 0 ¢ ¢ il 0
2 o 0 H 0 0 0
3 & G H ] {} X
B 4 o 0 0 0 0 0
i 5 G 0 0 0 X X
6 G o 0 0 0 0
7 : 0 3 0 G
.8 0 0 6 0
§ G 0 ¢ P
10 & 0 0 G
Yo mortality 0 Y 0 g i6 20
% paralysis 0 G O i G 10




Pellet consumption after 48 b exposure

freatinent  weight weight weight % weight
hefore after thange change
mg mg mg
blank 96910 0.000 90.9100  100.0000
102.000 0.000 H2.0066  106.0000
108.200 0.000 1082000 100.0000
84.200 46,600 842000 100.0000
102.910 103400 04900  -0.476)]
74.800 75210 -0.4100 35481
mean 94.8367 297683 650683 66.4960
5.E. 321 192 21 212
treatment  weight weight weight % weight
before after change change
Eg mg mg
Muldgnard 131,030 {1000 131030 30,000
125.600 71300 38300 44 985
133360 2.490 130,870 98.133
110.660 99350 11310 i0.220
128.820 69.650 59370 45.932
203.140 156,010 47.130 23.201
181.62¢ 20.180 161.440 88,589
146.920 2.670 131,850 93.564
177.370 40.830 136.540 76.980
134.290 3.450 128 840 935.942
mean 133.710 43,121 90.589 61.622
S.E, 896 19 17 114
treatment  weight weight weight % weight
before after ¢hange change
g mg meg '
Baysal 44,660 44750 -0.130 -0.291]
59,760 0.000 59.760 100.000
GB.370 49710 18.860 27.503
36.040 36.680 -0.640 ~1.142
34310 20.6%0 33.620 61.904
62.950 7720 55,230 B7.736
85220 73.070 12,150 14.257
34.710 44,990 2730 17.766
54.710 38816 14.800 27652
65.140 32.83¢ 12.310 1% 898
mean 35097 38.039 2i.568 35368
S.E. 3.17 5.09 6.4 10.7
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Evaluation Of The Toxicity Of Various Siug Pellet Formulations, including

Multiguard®, Against A Non-Target Beetle Species, Dicranolaius bellulus
(Guerin-Meneville)}{Coleoptera: Melyridae},

1. Alms

To evaluate the toxicity of Muitiguard® to a3 non-target arthropod species and o

compare this toxicity with another commercially available pellet used for control of
moliusc pests. A blank pellet coniaining no active ingredient was used as a control,

2. Test Species

Melyrid beetles are thought to be important predators in that they regulate the
numbers of other invertebrates, including pest species (Home pers. comm).
Dicranolaius bellulus (Guerin-Meneville){Coleoptera; Melyridae) inhabits the western
grassland plains of Victoria, Australia and is often found in agricultural ecosystems
where it is thought to have potential as 2 biclogical control agent (Pyke and Brown
1986). D. beflulus was selecind as a test organism since it is an important beneficial

arthropod in areas where mollusc control agents are likely 1o be broadcast,

3. Methods
Coffection and maintenance of test species

Dicranolaius beliuius were collected in a potato crop and a carrot crop in Swan Hill,
Victoria, Australia (Grid Ref. 35238 143.37E), which they invaded from the
-surrounding bush. Animals were maintained in the laboratory at 25°C with a 12:12h
light:dark lighting regime. Beetles were placed in clear plastic containers (265 x 195
x 100 mm) containing plant material such as stalks and flower heads to provide
cover.- Beetles were fed moistened pellets of commercial dog food (LUV®
supplemented with fresh insects such as aphids and caterpillars (genus Heliothus),

Tesf Materials

1. Multigu;-:rd@ pellets (90 g/kg active ingredient. iron EDTA complex)
2. Baysol” pellets (20 g/kg active ingredient, methiocarb)
3. “Blank” control pefiets’

Experimental Profocol

= All experiments were performed in a constant temperature facility at 25°C and
with a 12:12h light:dark lighting regime.

» Dry-weijghts of each pellet before and after exposure to the test animais were
recorded in order to estimate the quantity of pellet consumed during exposure.
Pellets were dried for 48h at 45°C to obtain dry weights,

» Beetle weights were recorded prior to eXposure.

» Tests were performed in plastic tubs (50mm deep and 110mm diameter) with
fids. The tubs were inverted and a filter paper (Whatman® No. THI10 mm

' Biank peliets were produced by hand using white bleached wheat fiour. This was moistened
with a little distilled water to form a thick paste. Pellets were shaped by pressing a $yringe tip
into the mixiure. Pellets were then dried in an oven at 45°C for 48h.




diameter) was placed into the lid and moistened with 1ml of distilled water, Small
holes were made in the roof of each tub to aliow adequate ventilation of the test
arenas.

= One preweighed pellet was added to each container and was positioned on the
filter paper such that moisture would be absorbed. 10 replicates were performed
for each pellet treatment.
Cne preweighed D. beffulus was introduced to each test arena - after 24 and 48
h the test chambers were observed and the condition of the beetles was
recorded. Beetles were deemed dead if there was no response to mechanical
stimulation. If the beetle was a) unable to locomote in a normal manner B
positioned on it's dorsal side {i.e. on it's back with legs upwards) and was unable
to right itself ¢) showed uncoordinated movement of appendages in response to
stimulation, then it was said to be paralysed.

« After 48 h the pellet was removed, dried in an oven for 48 h at 45°C and the
change in weight/weight of pellet consumed was calculated.

= Beetles were not re-used in subsequent experiments afier exposure.

4. Results and Discussion
Raw data can be found in the Appendices.

The mean (£ S.E.) fresh weight of beetles used in the tests was 6.436 + 0.287 mg. -

Figure 1 shows the response of the beetles to 24 and 48 h exposure o the two .

peliet treatments and a control. There was no moriality in the controls or the
Multiguard® treatments after 48 h-exposure. After 24 h 10 % of the beetles were
paralysed in the Baysol® test - after a further 24 h there was 10 % mortality
suggesting that there was no recovery from the paralysed state. o

Figure 2 details the mean consumption of peliets during the 48 h exposure period,

calculated from the difference in dry weight of the pellet before and after exposure.

The estimated mean active ingredient {(a.l) intake was calculated from this as

follows:
gstimated active change in dry weight the proportion of active ingredient
ingredient intake = of the peliet A inthe pellet formulation

Multiguard® contains 90g of a.i. per kg of pellet
Baysol® contains 20g of a.i. per kg of pellet

In all cases there was a reduction in the mean dry weight of the pellets afier 48 h
exposure, therefore i can be assumed that D, pellulus was feeding on the pellets
during the exposure. Beetles consumed more of the control pellets than the other
formulations. There was only a small change in Baysol” pellet weights, however the
mean intake of active ingredient (0.014 + 0.005 mg) was clearly sufficient to effect
mortality in 50 % of beetles after 48 h. There was higher mortality observed in
Multiguard® than in the Baysol® treatments - this may be due to the relatively large
calculated mean al. intake in the Muttiguard® peliet test,

'ﬁg. 2. mean pellet consumption and estimated mean active ingredient (a.i.) ingested

D. bellulus after 48 h exposure to 2 pellet formulations and a control.

treatment mean change in peliet estimated mean a.i.
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weight (mg) consumption (mg)
(+ S.E) (+ S.E)
conirol 3.837 2.2 -
Multiguard® 14.2214£2863 1.152 + 024
Baysol® 7.314 + 0.867 0.1463 + 0.018

However, the data for the consumption of peilets should be used tentatively as an
estimate of active ingredient actually consumed since in other tests performed (see
other reports) it was concluded that using the change in dry weight as a measure of
pellet consumption may not be an accurate method, especially for such small
changes in weight. This would also lead io erroneous determination of the dose of
aclive ingredient consumed, possibly explaining why there is no apparent frend

between the dose of active ingredient consumed and the response observed {sesa
Appendix 3 for raw data of a.i. intake and response).

5. Conclusions

D. beliulus displayed no adverse affects after 48 h exposure to blank control and
Multiguard® pellets in laboratory trials. It can therefore be concluded that the Iron
EDTA complex (the active ingredient against molluscs in Multiguard®) is not harmful
o this Spemas after 48 h in laboratory trials. A 10 % mortality was observed with

Baysol® pellets after 48 h; therefore methiocarb {the active ingredient in Baysaf‘w) is .

slightly toxic D. bellulus.

‘From the cfata obtained in this study it is concluded that of the 2 treatments tested, -
only Baysoi would cause D. beflulus mortalities in the field: Since there was only a-

iow level of lethality (10 %) Baysol® applications would probably not seriously affect
Melynd populations although field experiments would need fo be performed to

confirm this. Results suggest Multiguard® should have no adverse effects on Melyrid '

beetles in areas where these pellets are broadcast,

it was not possible to determine the dose required 1o effect mortality since there was

no apparent trend between active ingredient intake and response (see appendix 3).. .
Using dry weight as an estimate of pellet consumption may not be accurate for such . -

small changes in weight, as a result any estimate of active ingredient intake would
also be inaccurate,
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fig. 1. D. bellulus response to 24 and 48 h exposure 1o the two peilet
treatments and a control
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APPENDIX 1

Raw Data for Melyrid beetle {Dicranolauis bellulus) tests

Individual beetie response after 24 and 48 h exposure 1o two pellet treatments and a contrel (O - beetle
shows no adverse effects; X - beelle dead; P - beetle paralysed (see Protocol section for explanation of
cateporisationy)

replicate response
blank Multiguard Baysol
24 b 48 b 24h 48 h 24 b 48 b
1 0 it 0 O G 0
2 0 0 0 0 P x
3 0 0 o i\ 4] 4]
4 4 0 i+ i o 0
3 0 & G ] g &
& 0 & g { & g
7 0 & G & & 0
8 g Y E 0 i 0
4 G g o O 0 g
i G 0 O it 0 0
%% mortalify ( ¥ i 0 O i
% paralysis G 0 0 g 10 O




APPENDBIX 2

Pellet consumption after 48 b exposure

treatment  weight weight weight % weight
before after change change
me me mg
blank 36.031 60.200 25831 30025
91.240 81.420 10.820 11,730
83.740 70640 13,700 16,360
43950 34.150 9.800 13398
71.670 65600 6070 5.469
97.260 91.600 5.660 5819
61.220 58.650 2.576 4.198
47.260 40.610 5.650 14.071
74,980 69.550 5.430 7.242
51.460 49.620 1.840 3.576
mean 70,983 62,144 8,837 12.379
S.E. 5.87 5.57 2.21 2.7
treatment  weight weight weight % weight
before after change  change
mg mg meg
Muoltignard 205380 196,000 380 4.567
118360 113590 4770 4.030
124.420 111920 12506 10.047
131036 109.1% 21.840 16.668
109480 101630 7.850 7170
49.520 85.060 14.460 14.530
nfa n/a n/a nfa
108.15G 99.290 8.900 8226
) 118320 94720 23.600  19.946
133.220 108330 24680 18.533
HICAT 127.547 113.324 14,221 11.524
S.E. 18.4 10.8 2.47 2.01
treatment  weight weight weight % weight
before er change change
me L 4 iy
Baysol 55.630 46,610 9.020 16.214
43,516 42.360 3.950 12.266
54960 46.780 8,180 i4.884
61.400 51.720 9.680 153763
51.980 44 830 7.15 13,755
44.316 43.390 5.920 12.006
32.350 42.210 12,140 19.370
48370 48.360 4.010 .021
64.110 33.730 10,380 16.151
41.930 35248 6.710 15,993
mean 51.857 45.543 7.314 13.647
5.E. 2.06 1.66 0.967 1.66

Reference w
Page 6 of 7
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APPENDIX 3

Estimated intake of active ingredient {a. i.) and corresponding response of 2ach beetle after 24
and 48 b exposure to the fest freatments.
The estimated intake of active mgredient is based on the chanpe in drv weight of each pellet tested
multiplied by the proportion of active ingredient in the pellet formuiation (Multiguard® - 90g/ke;
Baysel 20g/kg). The ratic of aclive ingredient 1o fresh body weight of each individual beetle is given
as an indication of the dose of 2. i with body size. The beetle response o exposure is given afler 24
and 48 h {O - beetle shows no adverse effects; X - beetle deadt P - beetie paralysed (sec Protocol
section for explanation of categorisation))
MULTIGUARD®
replicate  dry weight estimated body Fatio a : response
g consumed  adimtake  weight body wi 24 h 48k
= {mg) {mg) (mg)
1 9.380 0.84420 4,500 018677 { &
2 4.770 $.42930 6.760 806351 & &
3 12.500 1.12500 6.230 418058 O g
4 21.840 1.96560 6.780 (.2899] i it
5 7850 {70650 7.570 0.09333 0 Y
: 6 14.460 1.30140 7.800 {.16685 & tl
7 0.600 0.00000 §.300 {0.00000 . Rt 0
8 3.900 - 080100 4.860 0 16481 G 0
I 9 23.600 2.12400 6.870 {.30917 0 ¢
10 24,690 2.22210 5.800 0.38312 O ¢
mean 12.799 1.1519 6.54% 61838 % mortality 0 G
l s.e 2.63 $.237 4.387 0.0371 % paralysisg & g
BAYSOL®
s replicate  dry weight estimated body ratio ai : FeSpOnse
consumed adinmiake  weight body wi 4 b 48 b
i (mg) (mg) (mg)
i 5.020 (.18040 6,180 0.02919 it 0
2 3.950 6.11900 8760 501358 P b4
3 B8.180 G.16366 4,480 663652 O g
i 4 9.680 0.19360 6.770 0.02860 O H
5 7150 0.14300 7.220 0.01981 0 0
, 6 5.920 0.11840 5.840 0.02027 & 0
- i 7 10.140 0.20280 4.400 0.04609 it 0
| 8 0.010 000020 7230  0.00003 0 0
| . g : 10.380 0.20760 5800 0.83579 0 Hj
l 10 6.710 0.13420 5.550 (.G2418 { 4
. mean 7.314 $4.1463 6.223 0.06254 % mortality 8 ig
8.e 0,967 3.0193 $.42 00041 % paralysis 18 4
I
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Appendix A
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Sublabel A:  Agricultare
Sublabel B: Turf & Ornamentals
Sublabel C: Home & Garden

SLUG & SNAIL KILLER

ACTIVE INGREDIENT:
Sodium Ferric Hydroxy EDTAL. 5.87%
OTHER INGREDIENTS: ... 94 13"

Total: ... 1060.60%
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EPA Reg. No. {Pending as 42697-AR)
EPA Est. No. #####- XX -#H

Manufactured by:
Woodstream Corporation
69 North Locust Street
Lititz PA 17543
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Slag & Spail Killer - MASTER LABEL
EPA Reg. No. {Pending as 42697-AR)
Label version (3% dated March 13, 2006
Page 2 of 14

Sublabel A:  Agriculture

[Aliernate Brand Names: 1o be identified]

Noles Lo reviewer;
Designates optional wording- [text in brackets]
Designates commenis to reviewer- (ftaflicized fexi)

(FRONT PANEL)

SLUG & SNAIL KILLER

ACTIVE INGREDIENT:

Sodium Ferric Hydroxy EDTA.... 5.87%
OTHER INGREDIENTS: ... 94.13%
Total: .., 100.00%

KEEP OUT OF REACH OF CHILDREN
CAUTION

NET WEIGHT: XX LBS

EPA Reg. No. (Pending as 42697-AR) EPA Est. No. ###H##-XX-##4

FIRST AID

HIn Eyes: Hold eve open and rinse slowly and gently with water for 15-20 minutes.
Remove contact lenses, if present, after the first 5 minutes, then continue
rinsing eye. Call a poison conirol center or doctor for treatment advice.
Have the product container or label with you when calling a poison control center or doctor,
or going for treatment. Contact the nearest poison control center or 1-800-858-7378 for
emergency medial treatment advice,

PRECAUTIONARY STATEMENTS:
Hazards to Humans and Domestic Animals. CAUTION: Causes moderate eve irrifation. Avoid
contact with eyes or clothing. Wash thoroughly with soap and water after handling.
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Siug & Saail Killer - MASTER LABEL
EPA Reg, No. {Pending as 42697-AR)
Label version (3% dated March 13, 2006
Page 3 of 14

(BACK PANEL)

Personal Protective Equipment (PPE)} Reguirements: Applicators and other handlers must wear:
long-sleeved shirt and long pants, waterproof glo and shoes plus socks. Foliow manufacturer’s
mstructions for cleaning/maintaining PPE. Keep and wash PPE separately from other laundry.

User Safety Recommendations: Users should wash hands before eating, drinking, chewing
gum, using tobacco or using the toilet. Remove PPE immediately after handling this product.
Wash the outside of gloves before removing. As soon as possible, wash thoroughly and change
nto clean clothing,

Environmental Hazards: For terrestrial uses: Do not apply directly to water, or to areas where
surface water 1s present or to intertidal areas below the mean high water mark. Do not contaminate
water when disposing of equipment washwaters or rinsate.

GENERAL INFORMATION: Siug & Snail Killer is attractive and deadly to slugs and snails.
Slags and snails quickly find and ingest the bait. This product has a non-toxic mode of action and
can be used in areas where wildlife protection is a concern. The active ingredient in this product
inhibits the transport of oxygen in slugs and snails. When snails & slugs ingest the bait, they stop
feeding and crawl back to their shelter where they eventually die. Paralyzed or dead snails will
rarely be seen in the open. This product will not degrade under damp & humid conditions when
snails and slugs are most active. It remains effective under varying weather and environmental
gxtremes.

DIRECTIONS FOR USE: It is a violation of Federal law to use this product in a manner
inconsistent with its labeling. For any requirements specific to your State or Tribe, consult the State
or Tribal agency responsible for pesticide regulation. Do not apply this product in a way that will
contact workers or other persons, either directly or through drift. Only protected handlers may be in

the area during application.

AGRICULTURAL USE REQUIREMENTS:

Uise this product only in accordance with its labeling and with the Worker Protection Standard,
40 CFR Part 170. This standard contains requirements for the protection of agricultural workers
on farms, forests, nurseries and greenhouses, and handlers of agricultural pesticides. It contains
requirements for training, decontamination, notification, and emergency assistance, It also
contains specific instructions and exceptions pertaining to the statements on this label about

this box only apply to uses of this product that are covered by the Worker Protection Standard.

There is a restricted entry interval of zero (0) hours for this product.




Slug & Saail Killer - MASTER LABEL

EPA Heg. No., (Pending as 42697-AR)

Label version (3} dated March
Page 4 of i4

WHEN TO APPLY: Earlyv morni

snails travel and feed in the

13,2006
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Appendix A
Page 4 of 14

v or evening 18 the best time o apply this bait since slugs and
tht or early morning. Reapply as the bait is consumed or at 14 day

intervals. In areas of severe infestation, apply bait more heavily.

WHERE TO APPLY: All likely arcas of infestation should be treated, especiallv around the
perimeter of fieids because slugs and snails fravel into plant areas from daytime refuge. Apply bat
around the basc of plantings that show visible damage. Slugs and snails favor damp places around
and within vegetable plots like beans, tomatoes, lettuce, cabbage, celery and sgquash, and in weeds or

ditches around ficld margins.

HOWTO APPLY:

Shig & Snail Killer should be applied evenly to the soil around or near plants and areas 1o be
protected. Do not place bait in heaps. Apply while the ground 1s moist, in early morning, late
evening, or after rainfall. The soil should be moist, but with little or no standing water. Apply using
conventional ground spreader application equipment, or using a handheld spreader or rotary type
spreader, or by dispensing directly from container to smaller areas as spot treatment. Carefully read
and follow the instructions for the type of spreader vou use.

APPLICATION RATES
Crop/Use Rate Directions
Vegetables including (but not limited | 20-40 Ibs per Scatter the bait around the perimeter of vegetables

to}: asparagus, ariichokes, beans, .
beets, blackeyed peas, broccoll,
Brussels sprouts, cabbage,
cantaloupe, carrots, cauliflower, com,
cucumbers, eggplants, garlic, lettuce,
onions, peas, peppers, potatoes,
radishes, rutabagas, spinach, squash,
Swigs chard, tomatoes, tumnips.

acre

and between rows. Apply at lower rate if
infestation is low and pellets can be applied near
localized infestation. For heavier infestations,
apply at higher rate. Reapply every 14 days.

Orchard Fruits including (but not
limited to): apples, avocados,
apricots, cherries, grapes, melons,
peaches, plums, neclarines, citrus,
and pears

20-40 tbs per
acre

For mature trees in orchards, scatter bait evenly
arcund the base of the trees. Use higher rates for
heavy infestations.

For new seedlings, spread bait evenly around the

o

base of the stem using a Teaspoon.

Berries including (but not hmited
to): strawberries, blackberries,
blueberries, boysenberries,
loganberries, and raspberries.

20-40 ths per
acre

Scatter by hand or with granular spreaders around
the perimeter of plot and between rows, Do not
broadecast entire area, but treat selectively. For
small plots, treat around the base of the plants fo
be protected. Use higher rate for heavy
infestations.

Field Crops including (but not
Hmited to): beans, field corn, sweet
corn, sovbeans, sugarbeets, sugar

20-40 Ibs per
acre

At all stages of growth, apply the bait between the
rows and around the field perimeter. Use higher
rate for heavy infestations.




Slog & Snail Killer — MASTER LABEL

EPA Reg. No. (Pending as 42697-AR)

el version (3) dated March 13, 2006
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cane, asparagus, artichokes, beets,
broceoli, Brussels sprouts, cabbage.
carrots, cauliflower, cucumbers,
lettuce, onions, peas, peppers,
potatoces, radishes, strawberries,
tomatoes, and turnips.

Vineyards

Scatter bait evenly at the base of vines and
between rows. Use higher rates for heavy
infestations.

Greenhouse grown vegetables

2 TSP per 9
inch pot

Scatter bait evenly on the soil surface of potted
plants being damaged by slugs. Bait can also be
scattered around pots on greenhouse benches,

Grass Grows for Seed Production,
Whent

20-40 Ibs per

alre

Scatter bait with a granular spreader in areas

&

where slugs or snails are observed.

STORAGE AND DISPOSAL:

Do not contaminate water, food or feed by storage and disposal.
Pesticide Storage: Store in original, closed container, in a cool dry place.

sunlight.

Pesticide Disposal: Wastes resulting from use of this product may be disposed of on site or at an
approved waste disposal facility.

Container Disposal: Completely empty package into application equipment. Then dispose of
empty package in trash, in a sanitary landfill or by incineration, or, if allowed by State and local
authorities, by burning. If burned, stay out of smoke.

Do not store in direct

Manufactured by:
Woodstream Corporation

69 North Locust Street

Lititz PA 17543
800-800-1819 For Information
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Siup & Snail Killer - MASTER 1L.ABEL

EPA Reg No. (Pending
Labei version {33 dated Mar
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(OPTIONAL MARKETING CLAIMS)

»  For control of snails and slugs.

¢ Protects plants from snails & slugs.

s Patent No. PCT/AUS7/G0033

+ Patented technology.

#  Patented snail & slug killer.

s 1 Ibtreats up to 2000 square feet.

e Remains effective after rain or watering

Tective under wet & dry conditions

¢ Convenient. Easy-to-Use. Requires no mixing, spraying or special applicators,

»  For use around vegetables, fruit trees, citrus, berries, ornamentals, lawns, and n greenhouses.
e Highly attractive

e Killer [Kills]

s Kills Snails & Slugs

e Stops snails & slugs from feeding

¢ Lures shugs & snails from plants and hiding places

¢ Protects plants from snail & slug damage

s Docs not contain metaldehyde which is toxic to dogs and wild animals

s Metaldehyde-free
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Shug & Saail Kijler - MASTER LABEL
EPA Reg. Mo, (Pending as 42697-AR}
Label version (3} dated March 13, 2006
Page 7 of 14

Sublabel B: Turf & Ornamentals

{Alternate Brand Names: To be identified]

E\Eoim 10 *e\';ewc:r'

Dﬁ?-’:’ilgﬂﬁ.&,b uU]T;ﬂ]C.]Hb (O TEVi \\t‘.T“ (u’dr’?f ized ffr“u’f

(FRONT PANEL)

SLUG & SNAIL KILLER

ACTIVE INGREDIENT:

Sodium Ferric Hydroxy EDTA.L. 5 87%
OTHER INGREDIENTS:......... 4.13%
Total: ... I i)().DG Yo

KEEP OUT OF REACH OF CHILDREN
CAUTION

NET WEIGHT: XX LBS

EPA Reg. No. (Pending as 42697-AR)  EPA Est. No. #####- XX-###

FIRST AID

I In Eyes: Hold eye open and rinse slowly and gently with water for 15-20 minutes.
Remove conlact lenses, if present, after the first 5 minutes, then continue
rinsing eye. Call a poison control center or doctor for treatment advice.
Have the product container or label with vou when calling a poison control center or doctor,
or going for treatment. Contact the nearest poison control center or 1-800-858-7378 for
emergency medial treatment advice.

PRECAUTIONARY STATEMENTS:
Hazards to Humans and Domestic Animals. CAUTION: Causes moderate eve irritation. Avoid
contact with eves or clothing. Wash thoroughly with soap and water after handling.
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Slug & Snail Killer - MASTER LABEL age 8 of 14
EPA Reg. No. (Pending as 42697-AR)
Lahel version {3) dated March 13, 2006

Page § of 14

(BACK PANEL)

Personal Protective Equipment (PPE) Requirements: Applicators and other handlers must wear:

'1.

long-sleeved shirt and long pants, waterproof gloves, and shoes plus socks. Follow manufacturer’s
instructions for cleaning/maintaining PPE. Keep and wash PPE separately from other laundry.

User Safety Recommendations: Users should wash hands before eating, drinking, chewing
gum, using tobacco or using the toilet. Remove PPE immediately after handling this product,
Wash the outside of gloves before removing. As soon as possible, wash thon mlghiy and change
into clean clothing,

Environmental Hazards: For terrestrial uses: Do not apply directly to water, or to areas where
surface water 18 present or to intertidal arcas below the mean high water mark. Do not contarninate
water when disposing of equipment washwaters or rinsate.

GENERAL INFORMATION: Siug & Snail Killer is attractive and deadly 1o slugs and snails.
Shugs and snails quickly find and ingest the bait. This product has a non-toxic mode of action and
can be used in areas where wildlife protection is a concern. The active ingredient in this product
inhibits the transport of oxygen in slugs and snails. When snails & slugs ingest the bait, they stop
feeding and crawl back to their shelter where they eventually die. Paralyzed or dead snails will
rarely be seen in the open. This product will not degrade under damp & humid conditions when
snails and slugs are most active. It remains effective under varying weather and environmental
CXITemes.

DIRECTIONS FOR USE: It is a violation of Federal law to use this product in a manner
inconsistent with its labeling. For any requirements specific to vour State or Tribe, consult the State
or Tribal agency responsible for pesticide regulation. Do not apply this product in a way that will
contact workers or other persons, either directly or through drift. Only protecied handlers may be in
the area during apphication.

AGRICULTURAL USE REQUIREMENTS:

Use this product only in accordance with its labeling and with the Worker Protection Standard,
40 CFR Part 170. This standard contains requirements for the protection of agricultural workers
on farms, forests, nurseries and greenhouses, and handlers of agricuitural pesticides. It contains
requirements for training, decontamination, notification, and emergency assistance. It also
contains specific instructions and exceptions pertaining to the statements on this label about
personal protective equipment (PPE), and restricted entry intervals (RED). The requirements in
this box only apply to uses of this product that are covered by the Worker Protection Standard.

There is a restricted entry interval of zero (0) hours for this product.

NON-AGRICULTURAL USE REQUIREMENTS

The requirements in this box apply to uses of this product that are net within the scope of the
Worker Protection Standard for agricultural pesticides (40 CFR Part 170). The WPS applies
when this product is used to produce agricnltural plants on farms, forests, nurseries or




Slug & Snail Killer — MASTER LABEL
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- greenhouses.

- Keep unprotected persons out of treated areas until dusts have settled.

WHEN TO APPLY: Early momi

na

2=

or evening is the best time to apply this bait since slugs and

snails travel and feed in the night or early morning. Reapply as the bait is consumed or at 14 day
intervals. In areas of severe infestation, apply bait more heavily.

WHERE TO APPLY: All hikely are:

as of infestation should be treated, especially around the

perimeter of lawns, landscaped areas and nursery fields because slugs and snails travel into plant
areas from daytime refuge. Apply bail around the base of plantings that show visible damage. Slugs
and snails favor damp places around and within plants, and in weeds or ditches around field mar oins,

AMOUNT TO APPLY: (TSP=Teaspoon)
Spot Treatment- 1 TSP per square yard.
Broadcast Treatment- 2 to 3 cups per 1000 square feet. 1 1b. per 2000 square feet.

HOW TO APPLY: Slug & Snail Killer should be applied evenly to the soil around or near plants

and areas to be protected. Do not place bait in heaps.
morning, late evening, or after rainfall.

Apply while the ground is moist, in early

The soil should be moist, but with little or no standing water.

Apply using conventional ground spreader application equipment, or using a handheld spreader or
rotary type spreader, or by dispensing directly from container to smaller areas as spot treatment.
Carefully read and follow the instructions for the type of spreader you use.

APPLICATION RATES

Use

Ratse

Directions

Outdeor Ornamentais

1 ih. per 2000
square feet

Use a teaspoon to evenly scatter bait in a 6-inch
wide circular band around the base of the
plants to be protected. Do not allow bait to
form heaps.

Indoor Coniainer- Greenhouses

Y2 TSP per 9
inch pot

Scatter bait evenly on the soil surface of potted
plants being damaged by slugs. Bait can also
be scattered around pots on greenhouse
benches.

Outdoor Container-Grown Nursery
Plants

I TSP per

coniainer

Scatter bait evenly on the soil surface of
containers or scatter evenly around the soil near
containess.

Turf, golf courses, sod farms

i Ib, per 2000
square feet

Scatter bait with a granular spreader in areas
where shugs or snails are observed.

Manufactured by
Woodstream Corporation
69 North Locust Street

Lititz PA 17543 200.800-1819 For Information
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Shug & Snail Killer - MASTER LABEL Page 100f 14

EPA Reg No. (Pending as 42697-AR;
Lahel version (3} dated March 13, 2006
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(OPTIONAL MARKETING CLAIMS)

For control of spai
s Protects plants from snails & slugs.

e Patent No. PCT/AUG7/00033

s Patented technology.

s Patented snail & slug killer,

e 1 1btreats up to 2000 square feet.

» Remains effective after rain or watering

e Lifective under wet & dry conditions

s  Convenient. Fasy-to-Use. Requires no mixing, spraying or special applicators,

is and slugs.

¢ Foruse around ormnamentals, lawns, and landscaped areas.

s Mighly attractive

s Killer [Kills]

o Kills Snails & Siugs

s Stops snails & slugs from feeding

s Lures slugs & snails from plants and hiding places

» Protects plants from snail & siug damage

» Does not contain metaldehyde which is toxic to dogs and wild animals
»  Meialdehyde-free
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Shig & Smail Killer - MASTER LABEL
EPA Reg. No. (Pending as 42657-AR)
Label version {3) dated March 13, 2006
Page 11 of 14

Sublabel C: Home & Garden

[Alternate Brand Names: To be identified]

Notes to reviewer;

Designates optional wording- [text in brackets]
Designates comments to reviewer- ([falicized texi)

(FRONT PANEL}

SLUG & SNAIL KILLER

ACTIVE INGREDIENT:

Sodium Ferric Hydroxy EDTA... 5.
OTHER INGREDIENTS: ... 94,
Totals oo 160.60%

37%
3%

KEEP OUT OF REACH OF CHILDREN
CAUTION (See back [side] [other] panel for additional precautions & first aid.)

EPA Reg. No. (Pending as 42697-AR)

EPA Est. No. #t##f-XX-#44

NET CONTENTS: XX LBS

(Package filled by weight and not to capacity)
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Slug & Spail Killer - MASTER LABEL
EPA Rep. No. {Pending as 42697-AR}
Eabel version (3) dated March 13, 2006
Page 12 of 14

(BACK PANEL)

PRECAUTIONARY STATEMENTS:

Hazards to Humans and Domestic Animals. CAUTION: Causes moderate eye irritation. Avoid
contact with eves or clothing, Wash thoroughly with soap and water afler halﬂdﬂ[ g and before
eating. drinking, chewing gum, or using tobacco.

FIRST AlD

If In Eyes: Hold eye open and rinse slowly and gently with water for 15-20 minutes.
Remove contact lenses, if present, after the {irst 5 minutes, then continue
rinsing eve. Call a poison control center or doctor for treatment advice.
Have the product container or label with you when calling a poison control center or doctor,
or going for treatment. Contact the nearest poison controf center or 1-800-858-7378 for

- emergency medial treatment advice,

Environmental Hazards: Do not contaminate water when disposing of equipment washwaters or
rinsate.

Carefully read and understand this pesticide label before use!

GENERAL INFORMATION: Slug & Snail Killer is attractive and deadly to slugs and snails.
Slugs and snails quickly find and ingest the bait. This product has a non-toxic mode of action and
can be used in areas where pet and wildlife protection is a concern. The active ingredient in this
product inhibits the transport of oxygen in slugs and snails. When snails & slugs ingest the bait, they
stop feeding and crawl back to their shelter where they eventually die. Paralyzed or dead snails will
rarely be seen in the open. This product will not degrade under damp & humid conditions when
snails and slugs are most active. It remains effective under varying weather and environmental
extremes. Slug & Snail Killer can be used effectively around seedlings, potted plants, vegetables,
perennials and annuals. 1 1b will treat approximately 2000 square feet.

DIRECTIONS FOR USE: It is a violation of Federal law to use this product in a manner
inconsistent with its labeling.

WHEN TO APPLY: Evening is the best time to apply this bait since slugs and snails travel and
feed in the night or early morning. Reapply as the bait is consumed or at 14 day intervals. In areas
of severe infestation, apply bait more heavily.

WHERE TO APPLY: On Lawns, Perimeter of Home, Around Ornamental Plants {flowers, shrubs
& trees) and in Home Gardens. All likely areas of infestation should be treated, especially around
the perimeter of garden plots because slugs and snails travel into plant areas from daytime hiding
places. Apply bait around the base of plantings that show visible damage. Do not place bait in
heaps. Immediately clean up any spilled bait. Slugs and snails favor damp places around vegetable
plants such as beans, tomatoes, lettuce, cabbage, celery and squash. Slugs and snails often seek
shelter inside large leafy plantings like hostas & dahlias. Other favorite areas are flower gardens,
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Slug & Seail Killer - MASTER LABEL
EPA Rep. No. {(Pending as 42697-AR)
Label version {3} dated March 13, 2006
Page 13 of 14

. dichondra lawns, citrus groves, ivy patches, and other ground cover where
by day.

rock gardens. hedg
they obtain shelter

AMOUNT TO APPLY: (FSP=Teaspoon)
Spot Treatment- | TSP per square vard.
Broadeast Treatment- 2 to 3 cups per 1000 square feet. 1 1b. per 2000 square feet.

HOWTO APPLY:

Do not use kitchen utensils for measuring!

Keep measuring utensiis with pest control products out of reach of children. Slug & Snail Killer
should be applied evenly to the soil around or near plants and areas to be protected. Apply in early
morning or late evening when soil is moist. If the ground is dry, wet it before applying the bait. The
soil should be moist, but with Hitle or no standing water. Avoid creating piles of the bait. For
broadcast application, standard broadcast spreaders may be used. For row application, standard
granular spreaders may be used. Product may be dispensed directly from container to smaller areas
as spot treatment or can be applied using a handheld spreader. Carefully read and follow the
mstructions for the type of spreader you use.

STORAGE AND DISPOSAL:

Storage: Store in a cool dry place, out of reach of children and domestic animals. Store in original
container only.

H Empty: Do not reuse this container, place in trash or offer for recycling if available.

If Partly Filled: Call your local solid waste agency or 1-800-CLEANUP for disposal instructions.
Never place unused product down any indoor or outdoor drain.

Manufactured by:
Woodstream Corporation

69 North Locust Street

Lititz PA 17543
800-800-1819 For Information
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Slug & Snail Killer - MASTER LABEL
LPA Reg, No. QPLH@ ng as 42097-AR)
o1 version {3) dated March 13, 2006
Page 14 0f 14

{OPTIONAL MARKETING CLAIMS)

s Protects plants from snails & slugs.

s May be used in areas where there are dogs, cats. & birds.

s Garden Friendly- Breaks down into nutnients for plants and soils.

s For use by people who care about thelir pets, native birds, fauna & earthworms.
¢ Patent No. PCT/AUST/00033

s Patented technology.

e Patented snail & slug kille

= 1 lbtreats up to 2000 square 1"111:::{,

¢ Remains effective after rain or watering

e ffective under wet & dry c‘r’mdifmm

+ Convenient. E“‘a%’»m?L?%n Lequires no mixing, spraying or special apphicators.
» (Can be used in vegelable gardens.

o For use around gardens, Howers, shrubs, trees, and lawns.

s Can be used around domestic animals [pets] and wildlife

s Highly attractive

» Killer [Kills]

» Kills Snails & Shags

# For home and garden use

s Stops snails & slugs from feeding

s Lures slugs & snails from plants and hiding plac

¢ Protects plants from snail & slug damage

s Does not contain metaldehyde which is toxic to dogs and wild animals
»  Metaldehyde-free
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