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The technology concerning chelating agents and micronutrient chelates has been  
significantly misunderstood by NOSB in their response to a previous petition. 
 
Major points:- 
• The botanical objective is delivery of micronutrients to plants; 
• Micronutrients have both an unchelated and a chelated form;  
• Unchelated micronutrients are suitable in soils up to soil pH ~ 6.0 - 6.2 ; beyond this  

range they are ineffective due to precipitation (‘locking up’) of the required nutrient; 
• Chelated micronutrients, on the other hand, are effective in soils as high as pH 8.5. 
• The unchelated form is already approved on the National List; what is sought is approval 

for use of the formulating compound to transform the synthetic unchelated micronutrient 
to the synthetic chelated micronutrient; 

• Chelating agents are salts of acids; 
• The ground-truth of the whole situation is demonstrated with new information, namely  

the results from a field trial on wheat in a high pH soil in Australia; chelated micronutri-
ents create a statistically significant increase in yield over unchelated micronutrients. 
The reason for this is summarised as “nutrient availability”:- 

- An increase in soil pH by one pH unit lowers the availability of micronutrients by a 
factor of 100 (down to 1% of the  original); even an increase as little as 0.5 pH units 
lowers  the  availability by a factor of 10 (down to 10% of the original); it is for these 
reasons that micronutrient chelates are necessary in high pH soils. 

 
Technical Review:- 
Use of a chelating agent to form a chelate involves three separate substance categories:- 
 
acid   ===>  salt  ===>  chelate.  
 
Detail on this simplified flow scheme is presented to demonstrate the origins of the NOSB 
misunderstandings:- 
1. A suitable organic-chemistry acid  (in this case ‘citric acid’) is neutralised by an alkali 

to form a chelating-agent-salt; when NOSB and NOP omit all reference to the use of 
an alkali, they are in significant error; 

2. NOSB and NOP believe that an unneutralised acid can act in the same way as the salt 
of that acid; this is a false belief. 

3. NOSB declined all opportunities to obtain a Technical Review on chelates and chelat-
ing agents from an external source. As a result, NOSB was restricted to using only the 
existing NOP documentation which, at that time, was itself deficient;  

4. NOP Guidance document 5034-1 omits all reference to ‘chelate’, ‘alkali’ and ‘soil pH’; 
in this situation, no guidance on the requisite technology is available to persons inex-
perienced with organic-chemistry; no amount of goodwill can overcome the absence 
of good information;  

5. These facts help to explain the errors and faulty reasoning produced by NOSB in Sep-
tember 2016 on petitioned ‘chelating agents’ ammonium citrate and ammonium 
glycinate. 

6. Meaningful communication was prevented by NOSB’s adherence to erroneous docu-
ments; the 2 parties ‘spoke past each other’; there was mutual incomprehensibility; 

7. NOSB believed they were correct - but in following the lead from incomplete docu-
ments, they followed an incorrect path; NOSB went out on a limb - but they didn’t 
realise it. 

 
 
Throughout this document we identify omissions and errors in NOP’s guidance docu-
ments, problems with chemical concepts, incorrect chemical classifications, internal incon-
sistencies and self-contradictory arguments:- 
 
 
Extensive corrective actions are necessary and include :- 



  3 

 
• recognition of the difference between a chelate and a chelating agent; 
• recognition that a chelating agent cannot be an acid and that it must be a salt; 
• recognition that creation of a chelated micronutrient involves the joining of an already 

approved substance on the National List (an unchelated micronutrient) with a chelating-
agent-salt to form a double salt; it is the double salt which is termed the chelate; 

• recognition of the need for neutralisation of an acid with a base to form the chelating-
agent-salt; 

• explicit approval of specific acids and bases (‘alkalis’) for the neutralisation reaction; 
• recognition that the species and strength of acid and base are needed for accurate and 

reproducible neutralisation; hence the suitability for use of ’nature identical’ acids and 
bases; use of these substances, in the circumstances of necessity,  creates no chal-
lenge to organic-certification principles; 

• Recognition of the special case of high pH soil; in this environmental circumstance, 
NOSB needs to assess both: 

-  the effect of a substance on the environment, and 
- the effect of the environment on the substance; (in the petition the substance is a 

chelate resulting from combination of the petitioned chelating-agent-salt with an 
already approved un-chelated micronutrient). 

• Accepting, for the purposes of OFPA:- 
- that the petitioned chelating-agent-salt “ammonium citrate” is intentionally joined to 

an unchelated micronutrient to form a chelated micronutrient;  
- that a chelate formed, as described, from the petitioned formulating compound will 

be intentionally added to high pH soil;  
- that this sequence of steps satisfies the classification “used in production”. 

 
 
Actions in the past to add unchelated micronutrients to the National List achieved scala-
bility for organic-certified crop production. 
The proposed addition to the National List of chelating-agent-salts will permit chelated 
micronutrients to be formed for addition to soil; use of chelated micronutrients achieves 
universality of organic-certified crop production, most notably in high pH soil. 
 
Chelating agents and chelates enrich the National List; organic-certified crop-producers 
will be empowered, not diminished, by having approved access to chelates for copper, 
iron, manganese and zinc. 
 
The previous “Petitioned Material Proposals” from NOSB about our petition should be 
taken down from the web. 
 
Documents forming part of this petition. 
 
1. Attachment 1 herewith and its 2 Addenda;  Attachment 1 is an appeal document dated 

June 8, 2017; the  2 Addenda are dated June 17, 2017. These have been received 
already by NOP. 

2. NOP website for Petitioned Substances; refer ammonium citrate and ammonium 
glycinate petitions and addenda. 

 
A completed petition is forwarded herewith addressing all the clauses of NOP 3011:- 
 
Item A.1: Which section of the National List? 
Addition to clause 205.601. 
 
Item A.2: OFPA category. 
The category recommended by NOP is “Production aids”. 
Note: 
There are 10 categories offered by OFPA under clause 6517 . c . 1 . B . (i). 
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None of these are entirely satisfactory for chelating agents or for chelates. 
It would be of advantage for OFPA to create an additional category for “micronutrients”, 
“chelating agents” and “chelated micronutrients”. 
 
Item A.3: Inert ingredients:    
- does not apply to this situation. 
 
Item B.1: Substance Name:  
Ammonium citrate. 
Function:  
Ammonium citrate is a ligand or ‘joining material’ in the formation of a technically defined 
substance called a “chelate”.  
A ligand, as suggested by its name, is a substance with ligature or joining properties. 
Source of material:  
Ammonium citrate is available on the open market as a solid; in addition, it can be manu-
factured as a liquid from suitable raw materials. 
 
CAS Number: 3012 - 65 - 5 
PubChem CID : 18954 
Molecular weight : 226. 
 
Technical review of Item B.1:- 
We have decided to add a Technical Review at selected sites in this petition in order to 
assist NOSB from making the same scientific errors in this review as were documented in 
their previous review. 
 
Synonym for ammonium citrate: ammonium salt of citric acid 
It is immediately clear from the synonym that the petition is dealing with a salt. 
The definition of a salt is that it is the substance produced by neutralisation of an acid (in 
this case citric acid) with an alkali (in this case ammonium hydroxide).  
 
For accurate neutralisation, the ‘degree of acidity’ as measured by the amount of hydrogen 
ion -[H]+  needs to be exactly balanced with the ‘degree of alkalinity’ as measured by the 
amount of  hydroxyl ion  -[OH]-. 
 
Accurate neutralisation reactions require that the strength of a specific acid and the 
strength of a specific alkali be accurately known.  
• ‘Nature identical’ acids and alkalis satisfy this requirement; 
• ’natural’ acids and alkalis do not. 
 
The petitioned substance, termed a “ligand”  or joining substance or chelating agent, is 
intentionally reacted in dilute solution with a metal salt to form a ‘chelate’; the choice is 
from the 4 metal salts already approved in clause 205.601, namely salts of copper, iron, 
manganese and zinc; these salts are classified as “unchelated micronutrients”. Once 
combined with a ligand or chelating agent, the unchelated micronutrients become chelated 
micronutrients. 
It was not appreciated by NOSB or NOP [or OMRI] that chelating agents and chelates are 
in different, non-overlapping chemical classifications. 
 
In summary: 
• NOSB currently requires the use of ‘natural acids’; these, being heterogeneous as to 

species and variable  as to degree of acidity,  are not suited to the neutralisation task; 
nature identical acids and nature identical bases are so suited. 

• NOSB omitted all reference to an alkali and thus excluded all reference to “salt”; 
NOSB claimed that acids on their own, namely fulvic acid and humic acid, were currently 
in use by organic growers to fulfil the same function as the ammonium citrate salt in this 
petition; this belief is untenable. 
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• NOP failed to distinguish the difference between a chelating agent and a chelate. 
• It is stressed in this appeal that it is the chelate which is added to soil to solve micronu-

trient deficiencies and not the chelating agent on its own.  
• Two of NOSB’s 4  alleged chelating agents - fulvic acid and humic acid - are not chelat-

ing agents at all; it was an anomaly to include these substances when evaluating che-
lating agents. 

- One of the  two remaining substances - lignosulfonate - does not form a chelate. 
- The last of the four accepted NOSB substances - citrate - is technically exactly the 

same as the petitioned chelating agent; was it wise to deny the petitioned sub-
stance for acceptance? 

- this petition requests, via 2 separate petitions, addition of ammonium glycinate as 
well as addition of ammonium citrate to the National List; both of these are synthetic 
substances formed by combining naturally occurring plant chemicals. 

- It is not clear why it was necessary for NOSB to suggest that two more chelating 
agent over and above the four alleged chelating agents are “not necessary for or-
ganic production”.  

 
 
 
Item B.2:  Petitioner and manufacturer information. 
 
Petitioner:  
Robert G. Phillip.  
BE,MEngSc,BEc. Chemical Engineer. Marketing Manager Alpha Chelates. 
 
Manufacturer:  
Alpha Chemicals Pty Ltd, 18 Inman Road, CROMER. NSW 2099. Australia. Phone  + 61 
2 9982 4622. 
 
 
Item B.3 : Intended and current use: 
The intended and current use of ammonium citrate is as a “ligand” in the manufacture of 
a “chelate”. 
 
Technical review of Item B.3:- 
A ligand, when joined to an ionic salt of a micronutrient, produces a substance agreed to 
be called a “chelate”; the limitation to the use of the term chelate is that the ligand must 
form at least 2 bonds to the central metal ion. 
 
Chelates are important for agriculture because they are successful in delivering  micronu-
trients in high pH soil; in these soils, simple metal salts, such as are already approved on 
the National List, are completely ineffective. 
• Chelates provide protection against precipitation in high pH soil of the electrically 

charged micronutrient-ion, e.g. Zn++;  this is due to the extremely stable chemical bond-
ing between ligand and metal salt, and this in turn limits the amount of zinc ion  appear-
ing as  a charged ion in solution. 

• The point is that precipitation of unchelated micronutrients in alkaline soils “locks-up” 
the micronutrient thereby removing it from soil solution from which plants derive nutri-
ents essential for  healthy growth. 

 
 
 
Summary: 
Chelates are not yet included in the National List or in Guidance document 5034-1; inclu-
sion of chelates in these documents is  part of the requisite corrective action. 
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The petitioned substance is combined with an un-chelated micronutrient-salt of copper, 
iron, manganese or zinc in a factory; these salts are already approved in clause 205.601. 
The resulting ‘double salt’ is termed a “chelate”;  it is these that are added to high pH soils 
deficient in micronutrients. 
 
 
 
 
Item B.4:  Intended activities and application rate. 
The application rate of chelating agents quantitatively follows the application rate of micro-
nutrients and chelates to soil. For example:- 
 
• Micronutrients of copper, iron, manganese and zinc are taken up by plants at a rate of 

100 - 200 grams per hectare.  
• The application rate of micronutrient chelates is of the order of two to three kilograms 

per hectare, assuming a metal content in chelates of 5% -10%. 
• This means that chelating agents are applied at  only a fraction of this rate, indicatively 

1-2 kilograms per hectare;  
• there is some variation between plant species but the point is made that application 

rates of chelating agents and chelates are very low. 
 
 
 
Item B.5: Manufacturing process. 
An acid-base neutralisation reaction is set up in a factory where exact, pre-calculated 
quantities of citric acid  and ammonium hydroxide  are introduced to a reaction vessel for 
neutralisation; the quantities used per batch vary depending on the regional market size, 
but an indicative reaction volume per batch lies between 50 - 200 litres; the point is made 
that reaction volumes per batch are generally low due to usage rates in the field being low. 
Naturally, if market conditions permit or if there is continuing high demand,  reaction vol-
umes can be of the order of 1,000 litres per batch. 
The raw materials citric acid and ammonium hydroxide are chosen because the salt re-
sulting from their neutralisation has the specific property of being able to act as a ‘ligand’ 
with the next raw material introduced to the reaction vessel namely the un-chelated mi-
cronutrient salt from clause 205.601. The product subsequently formed in the vessel, un-
der dilute reaction conditions varying from factory to factory, is the chelated micronutri-
ent which is the substance added to soil to solve micronutrient deficiencies in high pH soil. 
It is clear from this brief description that the former Crops Subcommittee of NOSB was in 
error in its use of substances claimed to be chelating agents; the Crops Subcommittee 
could not solve any micronutrient deficiency in any soil at any pH when it added the alleged 
ligand directly to soil. 
 
 
 
Item B.6:  
Ancillary substances - does not apply to this situation. 
 
 
 
Item B.7: Previous reviews. 
 
Previous reviews of the petitioned chelating agent are characterised by extensive docu-
mentation from the petitioner :- 
1. Petitioner’s document titled “Attachment 1”; this forms part of this petition; it is dated 

June 8, 2017 and has already been received and reviewed by NOP;  it contains new 
information on chelating agents and chelates. Attachment 1 includes Addendum 1 and 
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Addendum 2 both dated June 17, 2017. Addendum 1 gives “new information" on fam-
ilies of chelating agents and it analyses the minutes of meetings of the former Crops 
Subcommittee in the period between May 4, 2017 and September 6, 2017. Addendum 
2 contains 24 pages drawing together ‘new information’ including a pdf document con-
taining the results of field trials on wheat grown in high pH soil in Australia. 

2. Original petition dated December 2015 with 2 Addenda;  these documents can be 
viewed on the NOP website under Petitioned Substances. 

3. ’Petitioned Materials Proposal’ by CS: September 6, 2016, available on the NOP web-
site. 

4. ‘Formal Recommendation from NOSB to NOP’’; November 18, 2016, available on the 
NOP website. 

 
 
Brief summary of the technical arguments involved: 
NOSB introduced significant  error in claiming that four presently allowed substances per-
form the same technical function as the petitioned chelating agent:- 
• “Fulvic acid and humic acid;” these are acids; they therefore cannot be chelating agents 

which are salts. The National List categorises fulvic acid and humic acid as ‘soil amend-
ments’, soil amendments are added directly to soil; they are not reacted with a micro-
nutrient salt in a factory; the acids contain no micronutrients; they therefore cannot cor-
rect any micronutrient deficiency at any soil pH ; they cannot validly be used as a reason 
to disallow the successful chelating agents in our original petition. 

• “Lignosulfonate”; this is a salt; in the National List it is classified under ‘soil amend-
ments’; it is thus added directly to soil; no mentioned is made of it being joined to a 
micronutrient and then used to solve a micronutrient deficiency. If a lignosulfonate is in 
fact reacted with a micronutrient in an offsite-factory, there is no scientific evidence that 
the resulting “addition compound” performs any better in high pH soil than the simple 
sulphate salts themselves; lignosulfonate does not form a chelate and it cannot be val-
idly used by NOSB to disallow the successful chelating agents in our original petition. 

• “citrate”; the term indicates that this is a salt ; but it is missing a reference to the alkali; 
options for the alkali are sodium, potassium, calcium or ammonium; our petition contains 
exactly the same chemical moiety “citrate” and it does define the alkali source, namely 
ammonium hydroxide. NOSB comes to an illogical and self-contradictory conclusion 
when it decides that its undefined citrate is acceptable but that the defined petitioned 
citrate is not. 

 
 
 
 
Item 8 : Regulatory Authority. 
EPA information has not been found on ammonium citrate. 
 
 
Item 9: Chemical Abstract Service (CAS) Number and Product Labels. 
CAS Number:  3012- 65 - 5 
PubChem CID : 18954 
Molecular weight : 226. 
 
No label is available for the liquid chelating agent substance ammonium citrate as there is 
not trade in it, as far as we know. The ammonium citrate we form and use does not exist 
at any time, in our case, except inside a reaction vessel in a factory. 
Our proposed use of the liquid chelating agent is as a consumable intermediate substance 
in a role as a formulating agent. The process of formation of a micronutrient chelate occurs 
by combining the chelating agent with an already approved unchelated micronutrient salt; 
the resulting micronutrient chelate is applied to soil by organic-certified crop producers to 
solve micronutrient deficiencies in high pH soil. 
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Item B.10: Physical and Chemical Properties; 
 
Chemical interaction with other substances:  
Chemical interactions of ammonium citrate are intentionally controlled within a reaction 
vessel inside a factory. The ammonium citrate itself  is formed in a neutral pH solution at 
a specifically selected dilute concentration suited to chelation reactions. Ammonium citrate 
does not exit the reaction vessel in which it is formed except after it has been chemically 
bonded to a micronutrient at which stage it is termed a ‘micronutrient chelate’. In the event 
of a spillage from the reaction vessel, the chemical interactions would be unknowable as 
it does depend on other substances encountered nearby. In general,  ammonium citrate 
is not highly reactive;  quantities of spillage and concentrations in the spillage would be 
low in view of its manufacturing parameters; as ammonium citrate is completely water 
soluble, any chemical interactions can quickly be halted. 
 
Toxicity and environmental persistence:  
Ammonium citrate itself has a toxicity of minimal concern; this is indicated by the fact that  
it has not been studied by the National Toxicity Program (NTP). Ammonium citrate is not 
intended to exist outside the reaction vessel in which it is formed further removing any 
element of concern about its individual toxicity. The environmental persistence of ammo-
nium citrate has not been observed as there is no justifiable reason to add it to soil;  it is 
added to soil only after it has been combined with a micronutrient salt. 
 
Environmental impacts from its use and/or manufacture. 
Ammonium citrate is not added to soil as a pure chemical; it therefore has no environmen-
tal impact by itself. The environmental impact of ammonium citrate after it is joined to a 
micronutrient metal is positive, even essential, when planning  the correction of micronu-
trient deficiencies in high pH soil. There is no environmental impact from its manufacture 
as ammonium citrate is not deliberately released into the environment. In the unlikely oc-
currence of spillage, during manufacture for example, we note that manufacturing volumes 
are low (normally less than 200 litres),  that the concentration of ammonium citrate is low 
(less than 15% - 20% by weight)  and that it is inherently composed of chemicals naturally 
formed in the environment namely, ammonium hydroxide and  citric acid.  Breakdown 
products in the environment are therefore of minimal concern. 
 
 
 
Effects on human health. 
In the unlikely event of spillage on skin, we note that ammonium citrate, as well as its 
reaction products such as micronutrient chelates, are completely water soluble and can 
simply be washed off with water. During contact time on the skin, there is minimal concern 
that damage to the skin will occur.The key point about ammonium citrate and its products 
is that it is not toxic to humans. We can conceive of no situation where humans would 
ingest the substance, because it is contained within a reaction vessel. With regards to 
human safety in general, we note that workers in industry are just as keen as all other 
workers to arrive home safely. Employers provide training courses for the specific materi-
als being handled; they develop safe handling methods, safe working conditions and pub-
lish safety procedures; they  encourage safety consciousness. When evaluating safety 
issues at NOSB regarding the petitioned substances, it should be remembered that we 
are dealing with experienced, properly trained and properly supervised workers and that 
substances should not be evaluated in isolation from the motivated  humans handling 
them. 
 
 
Effect on soil organisms, crops or livestock. 
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We can conceive of no situation where ammonium citrate, on its own, would be knowingly 
applied to either soil or crops or livestock. Once ammonium citrate is combined with a 
micronutrient metal salt the effects on soil organisms and crops can be said to be highly 
beneficial. We do not know the effect on livestock of ammonium citrate or of chelates 
based on ammonium citrate; farmers would usually segregate fertilisers and keep them in 
safe storage indicating that it would be very rare to have ammonium citrate or chelates 
based on ammonium citrate being ingested by animals in the field. We note that veterinary 
use of chelates for animals  - and humans - does occur; this is especially the case for zinc 
and iron where chelates  of these metals are used to correct deficiencies. We feel that, if 
chelate ingestion by humans is considered safe then there should be minimal concern 
about using chelates to correct deficiencies in soil used to produce organic-certified crops. 
 
 
B.11: Safety Information from National Institute of Environmental Health Science. 
An email from NIEHS dated 12 December 2015 states : 
“Please be advised that the National Toxicology Program (NTP) has not studied ammo-
nium citrate”. 
It is safe to assume from this email that ammonium citrate, on its own, as well as ammo-
nium citrate joined to an approved micronutrient salt in the formation of a chelate, is of 
minimal concern in terms of safety. 
 
 
 
B.12: Research Information; 
 
Technical Review: 
 
The definition of a chelating agent is that it must be capable of forming at least 2 bonds to 
the central metal ion of a metal salt. The required 2 bonds are capable of being formed by 
polycarboxylic acid salts and by amino acid salts:- 
 
• polycarboxylic acids eg citric acid and tartaric acid; the two requisite bonds are possible 

when two neutral carboxylic radicals —-[COOH]o  are altered to the negatively charged 
—[COO]- by a neutralisation reaction with an alkali;  removal of the     proton -[H]+. 
produces the negatively charged carboxylate ion and it is this negative ion which is 
ready to react with the positively charged metal ion in the micronutrient salt. 

 
• amino acids e.g. glycine; with amino acids  one bond is formed via the anionic oxygen 

ion in the negatively charged carboxylate group (as with citric acid) and the other bond 
comes via the non-ionic Nitrogen via unshared electron pairs in the —[NH2]  group. 

 
• It is clear that the neutral —[COOH]0 carboxyl radical of an organic-chemistry acid such 

as citric acid or glycine cannot act as a ligand (ie form a bond) with the central metal 
ion; an acid cannot act as a chelating agent; a chelating agent must have the charged   
—[COO]-  ion and this requires the use of an alkali. 

 
 
 
B.13: Petition Justification Statement. 
 
Attachment 1 provides extensive discussion on Petition Justification. In addition:- 
 
The synthetic substance is necessary for production of an organic product because 
an unchelated micronutrient is not effective in high pH soils whereas a chelated micronu-
trient is effective under those conditions. 
NOSB claims that 4 separate substances are currently used as chelating agents. It is im-
portant to realise that  NOSB are in error  :- 
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- when they claim that fulvic acid and humic acid are chelating agents; acids cannot act 
as chelating agents; fulvic acid and humic acid are applied directly to soil as ‘plant boost-
ers’; it is anomalous to even  include them in any consideration of this petition. 

- when they claim that  lignosulfonate, currently in use as a soil amendment, is capable 
of forming a chelate; any ‘absorption compound’ formed by combing the large molecule 
lignosulfonate with a simple metal salt will produce no better performance in high pH 
soil than the simple metal salt itself; what is needed is the protection provided by the 
strong bonds of a chelate and not the weak ionic binds provided by the large lignosul-
fonate molecule. 

- when they rule that an un-specified ‘citrate’ is acceptable for organic production but that 
the petitioned ‘ammonium citrate’ is not acceptable; this is self-contradictory. 

 
The original petition and Attachment 1 provide further discussion on Petition Justification. 
 
s 
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