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Part A. 

1 PROPOSAL FOR HARMONISED CLASSIFICATION AND 

LABELLING 

1.1 Substance  

 

Table 1:  Substance identity 

Substance name: N-carboxymethyliminobis(ethylenenitrilo)tetra (acetic 

acid)  

EC number: 200-652-8 

CAS number: 67-43-6 

IUPAC name: 2-[bis[2-(bis(carboxymethyl)amino)ethyl]amino]acetic 

acid 

Annex VI Index number: Na 

Degree of purity: 100% 

Impurities: na 

 

 

1.2  Harmonised classification and labelling proposal 

 

Table 2:  The current Annex VI entry and the proposed harmonised 

classification  

 
CLP Regulation 

Current entry in Annex VI, CLP 

Regulation 

No current Annex VI entry exists 

Current proposal for consideration 

by RAC 

Acute Tox. 4; H332 

Eye Irrit. 2; H319 

STOT RE 2; H373 

Repr. 2; H361d (Oral) 

Resulting harmonised classification 

(future entry in Annex VI, CLP 

Regulation) 

Acute Tox. 4; H332 

Eye Irrit. 2; H319 

STOT RE 2; H373 
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Repr. 2; H361d (Oral) 
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1.3 Proposed harmonised classification and labelling based on CLP Regulation 

Table 3:  Proposed classification according to the CLP Regulation 
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CLP 

Annex I 

ref 

Hazard class Proposed 

classification 

Proposed SCLs  

and/or M-factors 

Current 

classification 1) 

Reason for no 

classification 2) 

2.1. 
Explosives 

   Not sufficient for 

classification 

2.2. 
Flammable gases  

   Not sufficient for 

classification 

2.3.  
Flammable aerosols 

   Not sufficient for 

classification 

2.4.  
Oxidising gases 

   Not sufficient for 

classification 

2.5. 
Gases under pressure 

   Not sufficient for 

classification 

2.6. 
Flammable liquids 

   Not sufficient for 

classification 

2.7.  
Flammable solids  

   Not sufficient for 

classification 

2.8. Self-reactive substances and 

mixtures 

   Not sufficient for 

classification 

2.9. 
Pyrophoric liquids 

   Not sufficient for 

classification 

2.10. 
Pyrophoric solids 

   Not sufficient for 

classification 

2.11. Self-heating substances and 

mixtures 

   Not sufficient for 

classification 

2.12. Substances and mixtures 

which in contact with water 

emit flammable gases 

   Not sufficient for 

classification 

2.13. 
Oxidising liquids 

   Not sufficient for 

classification 

2.14. 
Oxidising solids 

   Not sufficient for 

classification 

2.15.  
Organic peroxides 

   Not sufficient for 

classification 

2.16. Substance and mixtures 

corrosive to metals 

   Not sufficient for 

classification 

3.1. 
Acute toxicity - oral 

   Not sufficient for 

classification 

 
Acute toxicity - dermal 

   Not sufficient for 

classification 

 Acute toxicity - inhalation Category 4  na  

3.2. 
Skin corrosion / irritation 

   Not sufficient for 

classification 
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3.3. Serious eye damage / eye 

irritation 

Category 2  na  

3.4. 
Respiratory sensitisation 

   Not sufficient for 

classification 

3.4. 
Sin sensitization 

   Not sufficient for 

classification 

3.5. 
Germ cell mutagenicity  

   Not sufficient for 

classification 

3.6.  
Carcinogenicity 

   Not sufficient for 

classification 

3.7. 
Reproductive toxicity 

Category 2 

(Oral) 

 na  

3.8. Specific target organ toxicity 

–single exposure 

   Not sufficient for 

classification 

3.9. Specific target organ toxicity 

– repeated exposure 

Category 2  na  

3.10. 
Aspiration hazard 

   Not sufficient for 

classification 

4.1. Hazardous to the aquatic 

environment  

   Not sufficient for 

classification 

5.1. 
Hazardous to the ozone layer 

   Not sufficient for 

classification 

1) Including specific concentration limits (SCLs) and M-factors 

2) Data lacking, inconclusive, or conclusive but not sufficient for classification 

Labelling:  

 

Signal word: Warning 
 

GHS08: health hazard 

GHS07: exclamation mark 

 

     

 

Hazard statements:  

H332 Harmful if inhaled;  

H319: Causes serious eye irritation; 

 

H373: May cause damage to respiratory tract following prolonged or repeated inhalation exposure;  

http://www.reach-compliance.ch/downloads/
http://www.reach-compliance.ch/downloads/si
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H361: Suspected of damaging the unborn child if ingested 

 

Proposed notes assigned to an entry: Not applicable 

 

2 BACKGROUND TO THE CLH PROPOSAL 

2.1 History of the previous classification and labelling 

There is no current classification in Annex VI of Regulation No. 1272/2008 for DTPA acid 

(DTPA-H5). Since 2010, an industry wide self-classification for developmental toxicity 

(Cat. 2), acute inhalation toxicity (Cat. 4), and eye irritation (Cat. 2) has been adopted. 

Following completion of a repeat dose inhalation study in 2014, a proposal for STOT RE 

classification (Cat. 2) has been adopted and is currently being implemented.  

2.2 Short summary of the scientific justification for the CLH proposal  

The substance N-carboxymethyliminobis(ethylenenitrilo)tetra(acetic acid) is a mono 

constituent substance (origin: organic). This document is specific for classification and 

labeling of DTPA-acid (DTPA-H5, Cas No. 67-43-6). Where appropriate, data have also 

been used from pentasodium DTPA (DTPA-Na5; CAS no. 140-01-2) and pentapotassium 

DTPA (DTPA-K5; CAS no. 7216-95-7). Read-across to other uncomplexed or ‘empty’ 

DTPA chelates is considered appropriate given they all contain identical functional groups 

(n=5) that are central to their common mechanism of action. A detailed justification for 

read-across within the aminocarboxylic acid based chelants chemical category is provided 

in Annex 2 and takes into account considerations presented in the recently released Read-

Across Assessment Framework. The ability of chelants to bind metal ions is the mechanism 

by which they produce toxicity and available study data covering a range of endpoints 

indicates a similar behaviour, biologically, for these substances. A proposal for harmonized 

classification and labeling is also addressed for the pentasodium DTPA (DTPA-Na5) and 

pentapotassium DTPA (DTPA-K5) in separate dossiers and as such, certain data may be 

common across the three proposals. A possible harmonized classification for DTPA-acid 

and its salts should however exclude metal salts of DTPA, such as iron DTPA’s, because 

the hazardous properties of the ‘non-chelated’ or ‘empty’ DTPA’s (DTPA-H5, DTPA-K5 

and DTPA-Na5) are clearly different to the metal salts and related to their interaction with 

ions such as Ca and Zn (see pages 35 and 36 of this document and Annex 2). Those 

interactions are demonstrated to have no or far less of an effect when DTPA is already 

complexed with metal ions such as iron and zinc because the affinity for these ions is much 

stronger than for most other ions such as H, Na or K. Therefore, whilst data from metal 

salts may be useful in understanding the mode of action of DTPA, direct read-across 

between ‘non-chelated’ or ‘empty’ DTPA’s and the metal salts of DTPA is considered not 

appropriate.  

Acute toxicity Cat. 4 is proposed based on an estimated 4h-LC50 value for DTPA of 

between 1000 and 5000 mg/m3 based on read across data from Na2H2EDTA. 

Eye irritation Cat. 2 is proposed as DTPA-H5 is an acid, and based on reported reactions 

(extensive conjunctivitis and moderate corneal damage). 
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STOT-RE Cat. 2 is proposed based on histopathological findings observed in an OECD 

413 guideline and GLP compliant repeat dose inhalation study conducted with 

Na2H2EDTA. 

Developmental toxicity Cat. 2, specifically by the oral route, is proposed based on 

developmental effects observed in an OECD 414 guideline and GLP compliant study. The 

effects observed are considered secondary to dietary and systemic zinc depletion as a result 

of the chelating ability of DTPA-H5.  

2.3 Current harmonised classification and labelling  

2.3.1 Current classification and labelling in Annex VI, Table 3.1 in the CLP 

Regulation 

There is no current classification in Annex VI of Regulation No. 1272/2008. 

2.3.2 Current classification and labelling in Annex VI, Table 3.2 in the CLP 

Regulation  

There is no current classification in Annex VI of Regulation No. 1272/2008 

2.4 Current self-classification and labelling  

2.4.1 Current self-classification and labelling based on the CLP Regulation 

criteria 

Acute tox. 4 H332: Harmful if inhaled; Eye irritation 2 H319: Causes serious eye irritation; 

STOT RE 2 H373: May cause damage to respiratory tract following prolonged or repeated 

inhalation exposure; Developmental Toxicant 2, H361: Suspected of damaging the unborn 

child if ingested.  

3 JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNITY 

LEVEL 

DTPA-H5 (CAS No. 67-43-6) is currently marketed throughout the European Community 

and whilst an industry-wide self classification is in place since 2010, a harmonized 

classification is considered relevant for other legislation or processes as DTPA-H5 was 

included in the PACT-RMOA list of substances by the French Member State in November 

2014.  

RAC general comment  

There is no current classification in Annex VI of Regulation (EC) No 1272/2008 for N-

carboxymethyliminobis(ethylenenitrilo)tetra(acetic acid) (DTPA-H5). DTPA-H5 is used in a wide 

number of industries including pulp and paper industries, laundry detergents, cleaners, soaps, 
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and textiles. Read across from other un-complexed or “empty” DTPA chelates is considered 

acceptable for setting the classification of DTPA-H5. 

 

Justification for applying read-across within the aminocarboxylic acid-based chelants   

The acid (H+) or salt (Na+, K+, NH4
+) chelates are considered un-complexed chelates and are 

different from metal chelates, which are bound to a metal ion. The un-complexed chelates are 

called ‘empty’ chelates. The ‘empty’ chelates considered for this read-across analysis are shown 

in the Table below. 

 
Un-complexed chelates considered for the read-across in support of the classification of DTPA-
H5. 

CAS 
number 

EC 
number 

 
Abbreviation 

Molecular 
structure 

60-00-4 200-44-9 EDTA-H4 

 
64-02-8 200-573-9 EDTA-Na4 

 
139-33-3 205-358-3 EDTA-Na2H2 

 
150-38-9 205-758-8 EDTA-Na3H 

 
67-43-6 200-652-8 DTPA-H5 
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140-01-2 205-391-3 DTPA-Na5 

 
7216-95-7 404-290-3 DTPA-K5 

 
 

Members of this aminocarboxylic acid-based chelant category possess similar molecular structures 

that contain common functional groups (Table above). All members have a molecular structure 

with an ethylenediamine or a diethylenetriamine backbone, which has 4 or 5 acetic acid groups 

attached to the nitrogens. Specifically, the diethylenetriamine (DTPA) structures contain five 

acetic acid groups, while the ethylenediamine (EDTA) structures have four acetic acid groups 

(Table above). Therefore all category members have identical functional groups. It is the presence 

of multiple carboxylic acid groups on the amine that provide these chelants with their metal ion 

chelating or sequestering properties. 

 

Because of this metal ion chelating property, metal EDTA and DTPA chelates have also been used 

for comparison with DTPA-H5. Specifically the following metal ions Ca2+, Mg2+, Mn2+, Zn2+, Cu2+, 

and/or Fe3+, and H+, Na+, K+, or NH4
+ have been also considered as counter ions (Table below). 

 
Metal chelates considered in the read-across in 
support of the classification of DTPA-H5. 

CAS number EC number Abbreviation 

62-33-9 200-529-9 EDTA-CaNa2 

14025-15-1 237-864-5 EDTA-CuNa2 

74181-84-3 277-749-7 EDTA-CuK2 

67989-88-2 268-018-3 EDTA-Cu(NH4)2 

15708-41-5 239-802-2 EDTA-FeNa 

54959-35-2 259-411-0 EDTA-FeK 

14402-88-1 238-372-3 EDTA-MgNa2 

15375-84-5 239-407-5 EDTA-MnNa2 

68015-77-0 268-144-9 EDTA-MnK2 

94233-07-5 304-037-6 EDTA-Mn(NH4)2 

14025-21-9 237-865-0 EDTA-ZnNa2 

14689-29-3 238-729-3 EDTA-ZnK2 

67859-51-2 267-400-7 EDTA-Zn(NH4)2 

12389-75-2 235-627-0 DTPA-FeHNa 

19529-38-5 243-136-8 DTPA-FeNa2 

85959-68-8 289-064-0 DTPA-Fe(NH4)2 
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The table below summarises the available information for the hazards considered for classification 

of DTPA-H5.  

 
Toxicity studies considered for setting DTPA-H5 classification. 

Hazard Source substance DS proposal 

Acute inhalation 
toxicity 

EDTA-Na2H2 
DTPA-Na5 

Acute Tox. 4 (H332) 

Eye irritation DTPA-H5 

DTPA-Na5 
DTPA-K5 

Eye Irrit. 2 (H319) 

STOT RE EDTA-Na2H2 
DTPA-Na5 

STOT RE 2 (H373) 

Reproductive toxicity DTPA-Na5 

Zinc and calcium salts of DTPA 
Zn salt of DTPA 

Repr. 2 (H361d oral) 

 

Common mechanism of action for un-complexed and metal chelates 

The capability of chelants to remove or add ions to solution is the mechanism whereby these 

chemicals produce toxicity. Subtle differences in the toxicity of these chemicals are due to 

differences in affinity towards different metals. This determines whether the chelant alters the ion 

balance of the organism either by releasing ions through dissociation from the EDTA or DTPA salts 

or removing such ions through chelation. The table below summarises the affinity of EDTA and 

DTPA backbones to different ions. 

 
Constants of affinity of EDTA and DTPA chelants for 
different ions (Log K values) 

Ion EDTA DTPA 

Mg2+ 8.8 9.3 

Ca2+ 10.7 10.8 

Mn2+ 13.9 15.2 

Fe2+ 14.3 16.2 

Zn2+ 16.5 18.2 

Cu2+ 18.8 21.2 

Fe3+ 25.1 28.0 

 

The highest affinity is for Fe3+, while the lowest is for Mg2+. It is also noted that although the 

order of affinities is the same between EDTA and DTPA, the affinity of DTPA is always higher than 

the affinity of EDTA for a specific ion. This can be explained by considering that the affinities 

increase with the number of functional groups (four for EDTA and five for DTPA; see Table ” Un-

complexed chelates considered for the read-across in support of the classification of DTPA-H5”, 

above). 

 

Thus, it is expected that the main mechanism of toxicity of DTPA-H5 would arise from chelation 

of metals present in the tissues with a specificity based on the data displayed in the table ” 

Constants of affinity of EDTA and DTPA chelants for different ions”, above. 

 

Physico-chemical properties of un-complexed and metal chelates 

The chemicals considered in Table 1 are produced as solid granular materials with molecular 

weights that range between 292 and 584 and possess similar physical/chemical properties. All 

compounds considered in this read-across assessment are very soluble in water and insoluble in 

organic solvents. The relative densities are around 1.3-1.8, and particle size distributions show 
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that they comprise relatively large particles, viz. generally 10-50% are smaller than 100 microns 

(inhalable). 

 

Toxicokinetics 

Aerosolised DTPA and its salts are absorbed from the respiratory tract into the systemic circulation 

but the degree of absorption is dependent on the site of deposition. Dermal application of 

radiolabelled EDTA-CaNa2 to human skin showed that 0.001% was found in the urine and none 

was found in the blood. Studies with EDTA-CaNa2, EDTA-Na2H2 and DTPA and its salts indicate 

that these complexes are poorly absorbed in mammals after oral administration. Most of the EDTA 

and its salts are eliminated from the body, 95% via the kidneys and 5% by the bile, along with 

the chelated metal.  

 

Toxicological properties 

In support of the read across proposal applied here, the acute toxicity, skin and eye irritation and 

skin sensitisation potential of un-complexed and metal chelates are compared and summarised 

in the BD, generally supporting similar toxicities for a range of relevant chelating compounds. 

 

For genotoxicity, overall the findings indicate that EDTA-FeNa, DTPA-FeHNa and EDTA-CuNa2 lack 

significant genotoxic potential under conditions that do not deplete essential trace elements 

required for normal cell function. An oral two-year study with the ‘empty’ chelate EDTA-Na3H in 

mice and rats and an oral 2-year study with the metal chelate EDTA-CaNa2 in rats indicated no 

evidence of carcinogenicity (See BD). 

 

The main target organ in repeated-dose toxicity studies was kidney. At high concentrations, the 

toxicity observed has been mainly attributed to nutrient metal deficiencies, resulting from 

chelation of critical metal species, most notably calcium and zinc, especially by the ‘empty’ 

chelates (See BD). It is concluded that at high testing levels, reproductive toxicity (both fertility 

and developmental) is due to an induced deficiency in zinc. NOAEL/LOAEL intervals for empty and 

metal chelates in medium- and long-term studies and in reproductive and developmental studies 

are comparable and overlapping, which suggests similar potencies towards reproductive and 

repeated toxicity. 

 

Additional key elements 

 

Toxicological properties 

 

The table below summarises the acute toxicity, skin and eye irritation and skin sensitisation 

activities of un-complexed and metal chelates. The administration by oral route of the ‘empty’ 

chelates resulted in the lowest LD50 of 1780 mg/kg bw for EDTA-Na4. All other compounds 

displayed in the table “un-complexed chelates considered for the read-across in support of the 

classification of DTPA-H5” exhibited oral LD50 values higher than 2000 mg/kg bw, consistent with 

records found for metal chelates (except for copper EDTA) (Table below). These data suggest low 

acute oral toxicity of both un-complexed and metal chelates. 

 

The only information available inhalation for inhalation acute toxicity of empty chelates was that 

1000 mg EDTA-Na2H2/m3 caused 30% mortality after 6 hours of inhalation exposure (Table 

below). Acute inhalation exposures to dusts of several of the metal chelates (EDTA-FeNa, EDTA-
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MnNa2, EDTA-CaNa2, EDTA-CuNa2, DTPA-FeHNa and DTPA-CaNa3) were generally without effect 

in rats. 

 

Dermal administration of the ‘empty’ chelate DTPA-K5 resulted in an LD50 value > 2000 mg/kg 

bw (Table below). Studies carried out with EDTA-FeNa and EDTA-Fe(NH4)(NH4)OH also showed 

LD50 values > 2000 mg/kg bw (Table below).   

 

With regard to the ‘empty’ chelates, eye irritation (in vivo), but no skin irritation, was seen with 

EDTA-H4, EDTA-Na4, DTPA-H5, and DTPA-K5 (Table below). Many of the aminocarboxylic acid-

based metal chelants are not irritating to skin and eyes, except for copper EDTA (Table below). 

Skin irritation (in vitro) was observed with EDTA-Cu(NH4)2 and EDTA-CuK2, borderline eye 

irritation (in vitro) was seen with EDTA-CuK2, and eye irritation (in vivo) with EDTA-CuNa2. Thus, 

copper-EDTA showed borderline eye and/or skin irritation.  

 

Skin sensitization studies have been carried out with EDTA-Na2H2, DTPA-H5, DTPA-Na5, and 

DTPA-K5 (Table below). Skin sensitisation studies have also been carried out with the following 

metal chelates: EDTA-FeNa, EDTA-CuNa2, and DTPA-FeHNa. It was concluded that both the 

aminocarboxylic acid-based metal and ‘empty’ chelates are not skin sensitisers. 

 
Acute toxicity, eye and skin irritation and sensitization of un-complexed and metal 
chelates. 

 Oral LD50 
(mg/kg bw) 

Dermal LD50 
(mg/kg bw) 

Inhalation 
LC50 (mg/m3) 

Skin 
irrit. 

Eye 
irrit. 

Skin 
sens. 

EDTA-H4 4500   No Slight  

EDTA-Na4 1780   No Yes  

EDTA-Na2H2 2800  30% mortality 
at 1000 mg/m3 

No No No 

DTPA-H5 >2000   No Yes No 

DTPA-Na5 Ca. 4550   No No No 

DTPA-K5 >5000 >2000  No Yes No 

EDTA-FeNa >2000 >2000 >2750 No No No 

EDTA-FeK >2000   No No  

EDTA-MnNa2 >2000  >5160 No No  

EDTA-MnK2 >2000   No No  

EDTA-Mn(NH4)2 >2000   No No  

EDTA-
Fe(NH4)2OH 

>2000 >2000  No No  

EDTA-CaNa2 Ca. 10000  >1130 No No  

EDTA-CuNa2 890  >5320 No Yes 
(borde
rline) 

No 

EDTA-CuK2 >300 and < 
2000 

  Yes Yes 
(borde

rline) 

 

EDTA-Cu(NH4)2 >300 and < 
2000 

  Yes No  

EDTA-MgNa2 >2000   No No  

EDTA-ZnNa2 >2000   No No  

EDTA-ZnK2 >2000   No No  

EDTA-Zn(NH4)2 >2000   No No  

EDTA-MnK2 >2000   No No  

DTPA-CaNa3   >1150    

DTPA-FeHNa >2000  >5080 No No No 

DTPA-FeNa2 >2000   No No  

DTPA-Fe(NH4)2 >2000   No No  
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In vitro genotoxicity studies performed with EDTA-Na2H2, EDTA-Na3H, DTPA-Na5, and DTPA-K5 

indicate that these materials generally do not induce gene mutations or chromosomal aberrations 

(Table below). In the available in vivo genotoxicity studies with EDTA-Na2H2 there was also no 

evidence of genotoxicity except for signs of aneuploidy (Table below).  

 

Available data from in vitro genotoxicity studies for metal chelates of EDTA-FeNa, EDTA-MnNa2, 

EDTA-CaNa2, EDTA-CuNa2, and DTPA-FeHNa indicate that these materials generally do not 

induce gene mutations or chromosomal aberrations in vitro (Table below). In the available 

genotoxicity studies with the metal chelates there was no evidence of genotoxicity except for 

signs of aneuploidy in in vitro studies with EDTA-FeNa, DTPA-FeHNa, and EDTA-CuNa2. The in 

vitro micronucleus tests with these substances were positive at relatively high levels, inducing 

aneugenic but not clastogenic effects. As such, the relevance to human of mutations produced by 

EDTA-FeNa, DTPA-FeHNa or EDTA-CuNa2 at non-physiological concentrations in an in vitro 

screening system or following in vivo administration using the non-physiological intraperitoneal 

injection route (injection close to the gonads) is not clear. Therefore, overall the findings indicate 

that EDTA-FeNa, DTPA-FeHNa and EDTA-CuNa2 lack significant genotoxic potential under 

conditions that do not deplete essential trace elements required for normal cell function.  

 
In vitro and in vivo genotoxicity data of un-complexed and metal chelates. 

 Ames 
test 

MN / CAT 
in vitro 

MLA 
in vitro 

MN/CAT 
in vivo 

Germ cells 
in vivo 

EDTA-Na2H2   Negative Negative (MN 

mouse) 
 

Negative (MN 
mouse) 

 
Negative (SCE 

mouse) 

 
Negative (Drosophila 

larvae) 

Negative 

(hyperhaploidy
mouse germ 

cells) 
 

Negative (CAT 
mouse germ 

cells) 

 
Positive (MN 
mouse germ 

cells) 
 

Positive 
(aneuploidy 

Drosophila) 

EDTA-Na3H Negative Negative Negative   

DTPA-H5      

DTPA-Na5 Negative     

DTPA-K5 Negative Negative    

EDTA-FeNa Negative Aneugenic but 
no clastogenic 

effects 

Negative   

EDTA-MnNa2 Negative Negative    

EDTA-CaNa2 Negative     

EDTA-CuNa2 Negative Aneugenic but 

no clastogenic 
effects 

   

DTPA-FeHNa Negative Aneugenic but 
no clastogenic 

effects 
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An oral two-year study with the ‘empty’ chelate EDTA-Na3H in mice and rats and an oral 2-year 

study with the metal chelate EDTA-CaNa2 in rats indicated no evidence of carcinogenicity (Table 

below). 

 

The main target organ in repeated-dose toxicity studies was kidney. At high concentrations, the 

toxicity observed has been mainly attributed to nutrient metal deficiencies, resulting from 

chelation of critical metal species, most notably calcium and zinc, especially by the ‘empty’ 

chelates. It is concluded that at high testing levels, reproductive toxicity (both fertility and 

developmental) is due to an induced deficiency in zinc. NOAEL/LOAEL intervals for empty and 

metal chelates in medium- and long-term studies and in reproductive and developmental studies 

are comparable and overlapping (Table below), which suggests similar potencies towards 

reproductive and repeated toxicity.  

 
Repeated dose toxicity, reproduction and developmental toxicity, and neurotoxicity of un-
complexed and metal chelates. 

 Subacute 

toxicity 
(NOAEL in 

mg/kg 
bw/day or 
NOAEC in 
mg/m3) 

Subchronic 

toxicity 
(NOAEL in 

mg/kg 
bw/day or 
NOAEC in 
mg/m3) 

 

Chronic 
Toxicity 
(mg/kg 
bw/day) 

 

Repr. 
toxicity 
(mg/kg 
bw/day) 

 

 
Development 

(mg/kg 
bw/day) 

 

 
Neurotox 
(mg/kg 
bw/day) 

EDTA-H4     NOAEL ≥ 967  
No toxicity 

 

EDTA-Na4     NOAEL ≥ 
1374  
 

No toxicity 

 

EDTA-

Na2H2 

NOAEL: 

1125 mg/kg 
bw/day 
(1-month)  
 

LOAEC: 30 
mg/m3  
(6 h/day, 5 
days) 

NOAEL 

≥500 
mg/kg 
bw/day 
 

LOAEC: 15 
mg/m3, 
 
NOAEC: 3 
mg/m3  
(6 h/day, 5 

d/week) 

 LOAEL ca. 

1000 

NOAEL ≥ 

1243  
 
No toxicity  

 

EDTA-Na3H NOAEL: 453 
mg/kg (7-
week) 

 NOAEL ≥ 
500  
 
Not 
carcinogenic 

 NOAEL ≥ 
1245  
 
No toxicity 

 

DTPA-Na5 NOAEL: 75 
mg/kg  
(4-week) 

   NOAEL: 100 
 
Developmenta
l toxicity at 
400 mg/kg bw 

 

DTPA-K5 NOAEL: 83 
mg/kg  
(28-day) 

     

EDTA-
FeNa* 

 ≥ 84 (61-
day) 

    

EDTA-
MnNa2 

 NOAEL: 500  NOAEL: 
500 

NOAEL: 500 
 

NOAEL 
≥1500 
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Sperm 
effects at 

1500 

Developmenta
l toxicity at 
1500 

EDTA-
CaNa2 

NOAEL ≥ 
3636 mg/kg 
(31-day) 
 
LOAEL: 

2750 mg/kg 
(1-month) 

 NOAEL rat 
≥ 250  
 
Not 
carcinogenic 

 
NOAEL dog 
≥ 338 
12-month 

NOAEL ≥ 
250 
(multigener
ation) 
 

Not 
reprotoxic 

NOAEL ≥ 
1340  
 
No 
developmental 

toxicity 

 

EDTA-
CuNa2 

 NOAEL: ca. 
150 

 NOAEL: 
500 

 

Mortality at 
1500/1050 

NOAEL: 500 
 

Mortality at 

1500/1050 

NOAEL: 
500 

 

Mortality 
at 
1500/105
0 

DTPA-
CaNa3 

NOAEC: 420 
mg/m3 
(2 h/day, 
12 days) 

   NOAEL: 90 
(subcutaneous
) 
 
Developmenta
l toxicity at 
179 mg/kg bw 

 
LOAEL: 700 
(sc) 

 

DTPA-
ZnNa3 

    NOAEL ≥ 565 
(sc) 

 
No 
developmental 
toxicity 
 
LOAEL: 3000 

 

DTPA-
FeHNa 

 NOAEL: 500  NOAEL: 
500 
 
Sperm 
effects at 
1500 

NOAEL ≥ 
1500 
 
No 
developmental 
toxicity 

NOAEL 
≥1500 

 

 

Conclusion 

RAC notes: 

 

 The similar molecular structure of the un-complexed chelates considered in this read-

across analysis and shown in the first Table in this section ”Un-complexed chelates 

considered for the read-across in support of the classification of DTPA-H5”. 

 The common mechanism of action for un-complexed chelates based on altering the 

homeostasis of metal ions in the tissue milieu through chelation. Nevertheless, RAC also 

notes that EDTA salts are expected to be less toxic than DTPA salts due to their lower 

affinity to metal ions. 
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 The lack of significant differences in the physico-chemical properties among un-complexed 

chelates. 

 The similar toxicokinetics among un-complexed chelates. 

 The low acute toxicity by oral and dermal routes of the un-complexed and metal chelates. 

 The lack of skin irritation and sensitisation capability of un-complexed and metal chelates. 

 The lack of genotoxic potential of un-complexed and metal chelates. 

 That the potential local effects should be carefully considered in the read-across analysis 

as it is not possible to determine, based on the available information, which chelates may 

be of similar, higher or lower local toxicity than DTPA acid and DTPA salts. This is because, 

for example, the acidifying properties in aqueous media may be different due to different 

capabilities to release H+ to the media. 

 

Thus, RAC agrees with the DS, in line with Annex XI.1.5 of REACH that data from un-

complexed chelates displayed in the Table ” Un-complexed chelates can be considered 

for the read-across in support of the classification of DTPA-H5”, partially supported by 

data from metal chelates, for the assessment of human health hazards of DTPA-H5. 
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Part B. 

 

SCIENTIFIC EVALUATION OF THE DATA 

 

1 IDENTITY OF THE SUBSTANCE  

1.1 Name and other identifiers of the substance 

 

Table 4:  Substance identity 

EC number: 200-652-8 

EC name: N-carboxymethyl)iminobis 

(ethylenenitrilo)tetra(acetic acid) 

CAS number (EC inventory): 67-43-6 

CAS number: 67-43-6 

CAS name: Glycine, N,N-bis[2-

[bis(carboxymethyl)amino]ethyl]- 

IUPAC name: 2-[bis[2-

(bis(carboxymethyl)amino)ethyl]amino]acetic 

acid  

CLP Annex VI Index number: NA 

Molecular formula: C14H23N3O10 

Molecular weight range: 393.3465 

 

 

Structural formula: 
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1.2 Composition of the substance 

 

Table 5:  Constituents (non-confidential information) 

Constituent Typical 

concentration 

Concentration 

range 

Remarks 

N-carboxymethyl)iminobis 

(ethylenenitrilo)tetra(acetic acid) 

100%  CLH proposal is for 

pure DTPA only. 

Impurity profile from 

each Joint Submitter 

can be found in their 

REACH dossier.  

 

Current Annex VI entry: 

 

Table 6:  Impurities (non-confidential information) 

Impurity Typical concentration Concentration range Remarks 

Impurities  n.a.   

 

 

Current Annex VI entry: 

 

Table 7:  Additives (non-confidential information) 

Additive Function Typical 

concentration 

Concentration range Remarks 

n.a.     

 

Current Annex VI entry: 
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1.2.1 Composition of test material 

1.3 Physico-chemical properties 

Table 8: Summary of physico - chemical properties  
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Property Value Reference  Comment (e.g. measured or 

estimated) 

State of the substance at  

20°C and 101,3 kPa 

Solid    

Melting/freezing point Decomposes without 

melting 

  

Boiling point Decomposes without 

melting 

  

Relative density No data   

Vapour pressure Based on the presence 

of multiple carboxylic 

acid salt functions in 

the molecular 

structure, the neat 

material will exhibit 

negligible vapor 

pressure. Some 

commercial product 

mixtures contain 

water and will exhibit 

a vapor pressure 

corresponding to that 

of water 

  

Surface tension N/A   

Water solubility 0.5 g/100 mL    

Partition coefficient n-

octanol/water 

-4.09  Measured 

Flash point N/A   

Flammability N/A   

Explosive properties N/A   

Self-ignition temperature N/A   

Oxidising properties N/A   

Granulometry 27 -50% considered 

inhalable, ca. 5% 

smaller than 10 

micron (considered 

respirable) 

  

Stability in organic 

solvents and identity of 

relevant degradation 

products 

No data   

Dissociation constant pK1: 1.79; pK2: 2.56; 

pK3: 4.42; pK4: 8.76 

and pK5: 10.42. All 

conducted at 20°C. 

  

Viscosity N/A   
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2 MANUFACTURE AND USES 

2.1 Manufacture 

DTPA-Na5 is synthesised by carboxymethylation of diethylene triamine. From this liquid 

DTPA-H5 is produced by acidification with hydrochloric acid and precipitation from 

aqueous solution.  

2.2 Identified uses 

DTPA is potentially used in a wide number of industries including pulp and paper 

industries (main use), laundry detergents, cleaners, soaps, and textiles. It can also be used 

as a setting retarder in the production of plaster, scale remover for substances such as 

barium sulphate, and as complexing agents of metals used as micronutrients for plants 

(BASF, 2007). Exposures of DTPA to the general public are minimal.  The product is only 

used in trace amounts in final products (< 2% consumer cleaning products and <0.1% in 

personal care products), is poorly absorbed dermally, and does not volatilize. Thus 

consumer exposure, whilst it occurs, would be expected to be very low and significantly 

lower than workers involved in manufacturing and formulating DTPA. 

 

3 CLASSIFICATION FOR PHYSICO-CHEMICAL PROPERTIES 

Not the subject of this classification and labeling proposal. 

3.1.1 Conclusions on classification and labelling 

Not applicable 

 

4 HUMAN HEALTH HAZARD ASSESSMENT 

4.1 Toxicokinetics (absorption, metabolism, distribution and elimination) 

See summary below 

4.1.1 Non-human information 

See summary below 

4.1.2 Human information 

See summary below 

4.1.3 Summary and discussion on toxicokinetics 

Absorption: 
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Oral: 

In studies conducted using rats, dogs and humans, (Dudley et al. 1980a, b; Stevens et al. 

1962, Resnick et al. 1990) the oral absorption of DTPA and DTPA salts appears to be very 

low, with an average intestinal absorption of 3 to 5% across all species. 

Dermal: 

There are no data available on the dermal absorption potential of DTPA, however in a risk 

assessment by the European Chemicals Bureau (2004), a structurally related chelating 

agent, EDTA was reported as having very low dermal penetration potential, with 

approximately 0.001% absorption through the skin. Considering the larger molecular 

weight of DTPA compared to EDTA it is believed that the dermal penetration of DTPA 

will be equally low, i.e. approximately 0.001%. 

Inhalation: 

There have been a number of studies of the effectiveness of administering aerosolized 

DTPA complexes to humans via the inhalation route. The substances investigated were 

various radionuclide complexes of DTPA such as111In-DTPA, 99mTc-DTPA, Pu-DTPA 

and also the zinc and calcium salts of DTPA. These studies demonstrated that DTPA 

complexes are absorbed from the respiratory tract into the systemic circulation. The degree 

of absorption is however dependent on the site of deposition within the respiratory tract. 

Dudley et al. (1980b) demonstrated in dogs that the percentage of applied dose absorbed 

through the respiratory tract increases the further into the respiratory tract the dose is 

deposited. DTPA deposited high up in the respiratory tract was predominantly swallowed, 

with approximately 23% absorption from the nasopharyngeal region compared to 

approximately 90% absorption following instillation into the pulmonary region. A similar 

pattern was observed in rats (Stather et al. 1976, referenced in Dudley at al. 1980b). In 

humans, DTPA absorption following the administration of a nebulized spray containing 

DTPA was estimated to be 20% of the administered dose (Jolly et al. 1972).  In this study 

the aerosol was inhaled through the mouth and mean droplet size was between 0.3 and 2 

micro meters, making it more likely that droplets would travel more deeply into the 

respiratory tract, where absorption is more favorable. 

Based on the available data it thus appears that absorption of aerosolized DTPA depends 

predominantly on the penetration of the droplets into the respiratory tract. The deeper the 

DTPA is deposited, the more likely it is that it will be absorbed. Considering the study by 

Jolly et al (1972) where a nebulizer was used to produce very small droplet sizes, it seems 

that a somewhat worst case estimate for absorption following exposure to an aerosol is 

approximately 20%.   

Exposure to DTPA is also possible via inhalation of the powdered form of the chelating 

agent. Therefore, considering the potential for absorption via the lung following exposure 

to inhaled powder, the potential for absorption will depend on the proportion of the inhaled 

powder that reaches the deeper lung, since much of the material that impacts higher up in 

the respiratory tract will be carried up into the mouth via the mucocilliary transport. Taking 

this into account, the ICRP (1994) reported that particles above 10μm are only partially 

inhaled. Some of the particles are sufficiently large not to be drawn in with an inspired 

breath (40%). Of the 60% inhaled, 50% are deposited in the extrathoracic air ways and 

only 10% enter the lung and result in a true inhalation dose. Therefore only 10% of the 

powder particles less than 10μm in diameter are available for absorption via the lungs, the 
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remaining powder is either not inhaled or deposited higher up in the respiratory tract and 

eventually swallowed. 

Distribution / Excretion: 

Following exposure, the portion of the dose that is absorbed and thus available systemically 

is excreted via the urine very quickly. Intravenous administration of DTPA to man (Stevens 

et al. 1962) resulted in almost complete excretion via the urine within 24 hours, with a half-

life of approximately 2 to 4 hours. DTPA does not appear to become sequestered by any 

particular tissues, and in pregnant rats DTPA does not appear to pass into the fetal 

circulation (Zylicz et al. 1975). Thus DTPA does not give rise to any concerns regarding 

bioaccumulation. 

Following an oral dose, the unabsorbed material remains in the gastrointestinal tract and is 

excreted via the faeces. There appears to be little or no excretion of absorbed DTPA via 

the faeces (Stevens et al 1962). 

Effect of DTPA on excretion of metals 

There are many studies where the effects of administering DTPA to animals and man on 

the excretion of essential metals such as calcium, zinc, iron, manganese, magnesium etc. 

have been studied. Systemic administration of DTPA (intravenous, intraperitoneal, 

subcutaneous) causes an increase in urinary excretion of zinc, calcium and to a lesser extent 

iron and manganese. The reason for the increase in the urinary excretion of certain metals 

following systemic exposure to DTPA is due to its formation of complexes with ‘free’ 

metals in the blood and lymph. These complexes are then excreted via the urine, carrying 

the metals out of the body. 

DTPA has a high affinity for zinc and as such, zinc is one of the metals most affected by 

administration of DTPA. The increased excretion of zinc following prolonged 

administration of DTPA to humans has manifested as a zinc deficiency, treatable with 

supplementation of zinc sulfate, or administration of the zinc complex of DTPA. 

The removal of metals from the body by DTPA is dependent on a number of factors:  

1. The dosing regime. Due to the short half- life of DTPA in the body, a single dose 

is less effective at removing endogenous metals than multiple doses or a continuous 

transfusion. 

2. The availability of unbound or ‘free’ metals in the circulation. Due to the limited 

availability of ‘free’ zinc in the body, the dose of DTPA administered is not directly 

proportional to the amount of zinc excreted (Havlicek et al. 1967). Small doses will 

bind more zinc per mole of chelant compared to larger doses. 

3. The presence of other metals in the circulation. DTPA has a strong affinity for zinc 

however it also binds manganese, calcium, iron, sodium, potassium. The presence 

of higher concentrations of these will therefore affect how much zinc is bound by 

DTPA 

4. The metal complex administered. Zinc complexes of DTPA are more stable and so 

less likely to cause an increase in excretion of metals. Sodium, Potassium and 

calcium salts do dissociate more easily and so the chelating agent is released and 

capable of chelating other metals, increasing their excretion/preventing their 

absorption 
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4.2 Acute toxicity 

Table 9:  Summary table of relevant acute toxicity studies 

Method Results Remarks Reference 

rat (male only, Wistar) 

 

inhalation: nose only, dust aerosol 

 

30; 300 and 1,000 mg/m3  

 

10/group: 30 or 300 mg/m3  

20/group: control or 1000mg/m3  

 

Exposure: 6 hours per day for 5 

days 

OECD Guideline 412 (Repeated  

dose inhalation toxicity 28/14 

Day) 

 

Purity 91.7% 

 

Animals receiving 1000mg/m3 

were exposed for 1 day only. 

Exposure resulted in lethality of 

6/20 male animals. Histological 

examination of the lung revealed 

congestion, oedema, multifocal 

heamorrhages and inflammatory 

infiltration. 

Well conducted 

study in accordance 

with GLP 

Test material (CAS 

number): Na2H2 

EDTA, 139-33-3 

(read-across) 

BASF SE (2010) 

rat (strain not given) 

 

inhalation: vapour 

 

12/sex/dose  

 

Exposure: 8 hours per day for 5 

days 

 

Concentration not given 

 

Non-guideline 

 

Purity 40 % 

 

No mortalities observed Test material (CAS 

number): 

Pentasodium DTPA, 

140-01-2  

(read across) 

Non-guideline  

Non-GLP  

BASF SE (1968) 

4.2.1 Non-human information 

4.2.1.1 Acute toxicity: oral 

Not the subject of this CLH proposal.  

4.2.1.2 Acute toxicity: inhalation 

See summary below 
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4.2.1.3 Acute toxicity: dermal 

Not the subject of this CLH proposal.  

4.2.1.4 Acute toxicity: other routes 

Not the subject of this CLH proposal.  

4.2.2 Human information 

Not applicable 

4.2.3 Summary and discussion of acute toxicity 

DTPA acid, potassium and sodium salts are not volatile. Therefore the potential for acute 

exposure to vapors of these substances is remote. In a study performed using pentasodium 

DTPA (BASF SE 1968), rats exposed for 8 hours to the vapor generated at room 

temperature did not suffer any adverse effects. Acute inhalation exposure to the solid form 

of these materials is self-limiting due to the particle sizes of the powders (90% >60 

micrometers diameter) which will significantly limit the amount inhaled and delivered to 

the respiratory tract. Also, workers handling the powdered form are required to wear 

protection (face masks) and this will further limit the possibility for an acute exposure. If 

such an exposure were to occur it is not expected that it would be more potent than an oral 

exposure with respect to systemic toxicity. A structurally-related compound, EDTA-

Na2H2 showed limited inhalation toxicity (i.e. a 6-h LC50 value of 1000 mg/m3, 

corresponding to an estimated 4-h LC50 value between 1000 and 5000 mg/m3) (BASF SE 

2010).  

The following information is taken into account for any hazard / risk assessment: 

Inhalation: 1 acute inhalation study using a structurally related compound pentasodium 

DTPA, 1 using a structurally related compound disodium EDTA. 

4.2.4 Comparison with criteria 

DTPA-H5 is considered to meet the requirements for classification for acute toxicity as 

described in REGULATION (EC) No 1272/2008.  

4.2.5 Conclusions on classification and labelling 

The proposed classification for DTPA is Acute Tox 4, H332 Harmful if inhaled. 

 

4.3 Specific target organ toxicity – single exposure (STOT SE) 

Not the subject of this CLH proposal. 
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RAC evaluation of acute toxicity 

Summary of the Dossier Submitter’s proposal 

Only the acute inhalation toxicity was considered for classification by the DS. The 

DS proposed classification as acute toxicity category 4; H332 (harmful if inhaled) 

on the basis of a well conducted study performed in accordance with GLP showing 

that 6 hours of exposure to 1000 mg EDTA-Na2H2/m3 induced lethality in 6 of the 

20 exposed animals. 

Comments received during public consultation 

Two MSCA supported the DS’s proposal of classification, although one of them 

highlighted some lack if justification for supporting such proposal. 

Assessment and comparison with the classification criteria 

The table below summarises the acute inhalation toxicity studies. 

 
Summary of acute inhalation toxicity studies for classification of DTPA-H5. 
Method Results Remarks Reference 

Rat (male only, Wistar) 
 
Nose only 

 
Dust aerosol 
 

30, 300 and 1,000 
mg/m3  
 
10/group: 30 or 300 
mg/m3  

 
20/group: control or 

1000mg/m3  
(exposed for 1 day 
only) 
 
Exposure: 6 hours per 
day during 5 days 

 

OECD TG 412 
(Repeated dose 
inhalation toxicity 
28/14 day) 

Animals receiving 1000 
mg/m3 were exposed 
for 1 day only. 

 
Exposure resulted in 
lethality of 6/20 male 

animals exposed to 
1000 mg/m3 
 
Histological 
examination of the lung 
revealed congestion, 
oedema, multifocal 

haemorrhages and 
inflammatory infiltration 

Study in 
accordance with 
GLP 

 
Test material: 
EDTA-Na2H2 

 
Purity 91.7% 

BASF SE, 2010 

Rat (strain not given) 
 
Vapour 
 
12/sex/dose  
 
Exposure: 8 hours per 

day for 5 days 

No mortalities observed Test material: 
DTPA-Na5 
 
Non-guideline  
 
Non-GLP  
 

 

BASF SE, 1968 
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Concentration not 
given 

 

Comparison with the criteria 

In a study performed using DTPA-Na5, rats exposed for 8 h to the vapour generated 

at room temperature did not suffer any adverse effects. However, RAC notes that 

the concentration details were not provided and therefore this study cannot be 

considered for classification purposes. 

 

A structurally-related compound, EDTA-Na2H2, caused 30% lethality after 6 h 

exposure to 1000 mg/m3. The Guidance on Information Requirements and Chemical 

Safety Assessment (section R.7.4.4.1) establishes that a modification of the Haber’s 

rule should be used for extrapolating the acute inhalation toxicity results obtained 

for exposure times different from the 4 h used in the standard acute toxicity studies. 

Specifically, the extrapolation should be performed using the following formula:   

 

Cn.t = k 

 

where a default value of n=3 should be considered for extrapolation to shorter 

periods of exposure (in this case from 6 to 4 hours). Therefore: 

(1 mg/L)3 x 6 = C3 x 4 

and thus the extrapolation to 4 h of exposure of the data displayed in the table above 

yield an LD30 of 1.14 mg EDTA-Na2H2/L. RAC notes that it is unlikely that the LC50 

for this substance would be higher than 5 mg/L, the threshold value for classification 

of dusts and mists and therefore RAC supports the DS’s proposal for classification of 

DTPA-H5 for acute inhalation toxicity category 4 (H332: Harmful if inhaled). 

 

 

 

4.3.1 Summary and discussion of Specific target organ toxicity – single exposure  

Not the subject of this CLH proposal. 

4.3.2 Comparison with criteria 

Not applicable 

4.3.3 Conclusions on classification and labelling 

Not applicable 
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4.4 Irritation 

4.4.1 Skin irritation 

Not the subject of this CLH proposal. 

4.4.1.1 Non-human information 

4.4.1.2 Human information 

4.4.1.3 Summary and discussion of skin irritation 

4.4.1.4 Comparison with criteria 

4.4.1.5 Conclusions on classification and labelling 

No classification 

4.4.2 Eye irritation 

4.4.2.1 Non-human information 

The results of experimental studies on eye irritation are summarised in the following 

Table: 

Table 10: Overview of experimental studies on eye irritation 

 

Method Results Remarks Reference 

rabbit (New Zealand 

White) 

OECD Guideline 405 

(Acute Eye Irritation / 

Corrosion) 

not irritating 

Cornea score: 

0 of max. 4 (mean) (Time point: 

24/48/72 hours) (not applicable as no 

effects were present) 

Iris score: 

0 of max. 2 (mean) (Time point: 

24/48/72 hours) (not applicable as no 

effects were present) 

Conjunctivae score: 

0.67 of max. 3 (mean) (Time point: 

24/48/72 hours) (fully reversible 

within: 3 days) 

Chemosis score: 

2 (reliable with 

restrictions) 

key study 

read-across from 

supporting substance 

(structural analogue 

or surrogate) 

Test material (CAS 

number): 7216-95-7 

(See endpoint 

summary for 

justification of 

read-across) 

Liggett, M.P. & 

Parcell, B.I. 

(1984b) 
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0.33 of max. 4 (mean) (Time point: 

24/48/72 hours) (fully reversible 

within: 3 days) 

rabbit (Vienna White) 

OECD Guideline 405 

(Acute Eye Irritation / 

Corrosion) 

not irritating 

Overall irritation score: 6 of max. 8 

(mean) (Time point: 24 h) (fully 

reversible within: 8 days) 

Overall irritation score: 4 of max. 6 

(mean) (Time point: 48 h) (fully 

reversible within: 8 days) 

Overall irritation score: 3 of max. 5 

(mean) (Time point: 72 h) (fully 

reversible within: 8 days) 

2 (reliable with 

restrictions) 

key study 

read-across from 

supporting substance 

(structural analogue 

or surrogate) 

Test material (CAS 

number): 140-01-2 

(See endpoint 

summary for 

justification of 

read-across) 

BASF SE (1982b) 

rabbit 

Single administration to 

both eyes, one 

subsequently washed. 

Monitored for at least 1 

week 

irritating 4 (not assignable) 

supporting study 

experimental result 

Test material (EC 

name): N-

carboxymethylimin

obis(ethylenenitrilo)

tetra(acetic acid) 

The Dow 

Chemical 

Company (1958a) 

rabbit (New Zealand 

White) 

OECD Guideline 405 

(Acute Eye Irritation / 

Corrosion) 

EU Method B.5 (Acute 

Toxicity: Eye Irritation / 

Corrosion) 

Category 2A (irritating to eyes) 

Cornea score: 

1 of max. 4 (mean) (Time point: 

24/48/72 hours) (fully reversible 

within: 7 days (2 animals), 14 days (1 

animal)) 

Iris score: 

0 of max. 2 (mean) (Time point: 

24/48/72 h) (not applicable as no 

effects were present) 

Conjunctivae score: 

1.33 of max. 3 (mean) (Time point: 

24/48/72 hours) (fully reversible 

within: 7 days (2 animals), within 14 

days (1 animal)) 

Chemosis score: 

1.33 of max. 4 (mean) (Time point: 

24/48/72 hours) (fully reversible 

2 (reliable with 

restrictions) 

supporting study 

read-across from 

supporting substance 

(structural analogue 

or surrogate) 

Test material (CAS 

number): 7216-95-7 

(See endpoint 

summary for 

justification of 

read-across) 

Liggett, M.P. & 

Smith, P.A. 

(1987b) 
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within: 7 days (2 animals), 14 days (1 

animal)) 

rabbit (New Zealand 

White) 

equivalent or similar to 

OECD Guideline 405 

(Acute Eye Irritation / 

Corrosion) 

not irritating 

Cornea score: 

0 of max. 0 (mean) (Time point: 

24/48/72 hours) (reversibility not 

applicable) 

Iris score: 

0 of max. 0 (mean) (Time point: 

24/48/72 hours) (reverisbility not 

applicable) 

Conjunctivae score: 

0.28 of max. 1 (mean) (Time point: 

24/48/72 hours) (fully reversible 

within: 2 days) 

Chemosis score: 

0.06 of max. 1 (mean) (Time point: 

24/48/72 hours) (fully reversible 

within: 2 days) 

2 (reliable with 

restrictions) 

supporting study 

read-across from 

supporting substance 

(structural analogue 

or surrogate) 

Test material 

(IUPAC name): 

pentasodium 

2,2',2'',2''',2''''-

(ethane-1,2-

diylnitrilo)pentaace

tate (See endpoint 

summary for 

justification of 

read-across) 

Sterner, W. & 

Chibanguza, G. 

(1983b) 

rabbit 

The study was in 

accordance of internal 

procedures 

not irritating 4 (not assignable) 

supporting study 

read-across from 

supporting substance 

(structural analogue 

or surrogate) 

Test material 

(IUPAC name): 

pentasodium 

2,2',2'',2''',2''''-

(ethane-1,2-

diylnitrilo)pentaace

tate (See endpoint 

summary for 

justification of 

read-across) 

The Dow 

Chemical 

Company (1957c) 

rabbit 

The study was in 

accordance of internal 

procedures 

highly irritating 4 (not assignable) 

supporting study 

read-across from 

supporting substance 

(structural analogue 

or surrogate) 

Test material 

(IUPAC name): 

The Dow 

Chemical 

Company (1957d) 



ANNEX 1 - BACKGROUND DOCUMENT TO RAC OPINION ON N-

CARBOXYMETHYLIMINOBIS(ETHYLENENITRILO)TETRA(ACETIC ACID) 

 

35 

pentasodium 

2,2',2'',2''',2''''-

(ethane-1,2-

diylnitrilo)pentaace

tate (See endpoint 

summary for 

justification of 

read-across) 

rabbit 

The study was in 

accordance of internal 

procedures 

moderately irritating 2 (reliable with 

restrictions) 

supporting study 

read-across from 

supporting substance 

(structural analogue 

or surrogate) 

Test material 

(IUPAC name): 

pentasodium 

2,2',2'',2''',2''''-

(ethane-1,2-

diylnitrilo)pentaace

tate (See endpoint 

summary for 

justification of 

read-across) 

The Dow 

Chemical 

Company (1958d) 

rabbit 

The study was in 

accordance of internal 

procedures 

slightly irritating 4 (not assignable) 

supporting study 

read-across from 

supporting substance 

(structural analogue 

or surrogate) 

Test material 

(IUPAC name): 

pentasodium 

2,2',2'',2''',2''''-

(ethane-1,2-

diylnitrilo)pentaace

tate (See endpoint 

summary for 

justification of 

read-across) 

The Dow 

Chemical 

Company (1961b) 

rabbit (New Zealand 

White) 

The study was in 

accordance of internal 

procedures 

highly irritating 2 (reliable with 

restrictions) 

supporting study 

read-across from 

supporting substance 

(structural analogue 

or surrogate) 

The Dow 

Chemical 

Company (1982) 
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Test material 

(IUPAC name): 

pentasodium 

2,2',2'',2''',2''''-

(ethane-1,2-

diylnitrilo)pentaace

tate (See endpoint 

summary for 

justification of 

read-across) 

rabbit (Vienna White) 

BASF-internal standard 

not irritating 

Overall irritation score: 0 (mean) (Time 

point: 8 days) 

2 (reliable with 

restrictions) 

supporting study 

read-across from 

supporting substance 

(structural analogue 

or surrogate) 

Test material (CAS 

number): 140-01-2 

(See endpoint 

summary for 

justification of 

read-across) 

BASF SE (1968c) 

 

4.4.2.2 Human information 

4.4.2.3 Summary and discussion of eye irritation 

DTPA acid appears to be irritating in a minimally reported study. There was no 

assessment of the irritancy according to the Draize criteria, and the assessment of 

irritancy was therefore entirely qualitative. Considering that this substance is an acid, and 

considering the reported reactions (extensive conjunctivitis, and moderate corneal 

damage) it is considered that this substance would likely be considered as an irritant to 

the eyes if a new guideline study were performed. 

Studies performed using the sodium salt (DTPA-Na5) generally indicate a lack of irritancy 

to eyes whereas a study using the potassium salt (DTPA-K5) showed slight eye irritation 

while a 40% solution of the potassium salt did not. These salts are placed on the market as 

solutions of approximately 40% chelating agent in water. Some of these solutions contain 

residual hydroxide left over by the manufacturing process. This residual hydroxide can 

significantly increase the irritation potential. However if one considers the DTPA salts on 

their own, then the data indicate that there is a lack of eye irritation potential according to 

current guidelines with regard to the sodium salt (DTPA-Na5) and only slight irritation in 

case of the potassium salt (DTPA-K5).  
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4.4.2.4 Comparison with criteria 

DTPA-H5 is considered to meet the requirements for classification for eye irritation as 

described in the Guidance on the Application of the CLP criteria, Version 4.0 (2013). 

4.4.2.5 Conclusions on classification and labelling 

DTPA-H5 should be classified for eye irritation GHS Cat.2 as described in the Guidance 

on the Application of CLP criteria Version 4.0 (2013). 

RAC evaluation of serious eye damage/irritation 

Summary of the Dossier Submitter’s proposal 

The DS proposed classification of DTPA-H5 as an eye irritant category 2 (H319: 

Causes serious eye irritation). DS argued its proposal on the consideration that 

DTPA-H5 is an acid, and considering the reported reactions (extensive conjunctivitis, 

and moderate corneal damage) it is considered that this substance would likely be 

regarded as an irritant to the eyes if a new guideline study were performed. 

 

Comments received during public consultation 

Two MSCAs supported the DS’s proposal of classification, although one of 

them highlighted some lack of justification for supporting such proposal. 

Assessment and comparison with the classification criteria 

The table below summarises the available eye damage/irritation studies in support 

of the classification of DTPA-H5. 

 

Summary of animal study on serious eye damage/irritation for classification of 

DTPA-H5. 

Method Results Remarks Reference 

Rabbit (New Zealand 
White) 
 

OECD TG 405 

Not irritating 
 
Mean cornea score: 0 (24/48/72 

hours) 
 
Mean iris score: 0 (24/48/72 

hours) 
 
Mean conjunctivae score: 0.67 
(24/48/72 hours). Fully 
reversible effects within 3 days. 
 
Mean chemosis score: 0.33 

(24/48/72 hours). Fully 
reversible effects within 3 days. 

Reliability: 2 
 
Test material 

DTPA-K5 

Liggett & 
Parcell, 1984b 
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Rabbit (Vienna 
White) 
 
OECD TG 405 

Not irritating 
 
Mean irritation score 24 hours: 6 
of maximum of 8. 
 
Mean irritation score 48 hours: 4 
of maximum of 6. 

 
Mean irritation score 72 hours: 3 
of maximum of 5. 
 
In all cases the effects were fully 
reversible within 8 days 

Reliability: 2 
 
Test material: 
DTPA-Na5 

BASF SE, 1982b 

Rabbit 
 
Single administration 

to both eyes, one 
subsequently 

washed.  
 
Monitored for at least 
1 week 

Irritating Reliability: 4 
 
Test material: 

DTPA-H5. 

The Dow 
Chemical 
Company, 

1958a 

Rabbit (New Zealand 
White) 
 
OECD TG 405  
 
EU Method B.5 

Category 2A (irritating to eyes) 
 
Mean cornea score: 1 (24/48/72 
hours). Effects fully reversible 
within 7 days in 2 animals and in 
14 days in 1 animal. 
 

Mean iris score: 0 (24/48/72 h) 
 
Mean conjunctivae score: 1.33 

(24/48/72 hours). Effects fully 
reversible within 7 days in 2 
animals and within 14 days in 1 
animal. 

 
Mean chemosis score: 1.33 
(24/48/72 hours). Effects fully 
reversible within: 7 days in 2 
animals and within 14 days in 1 
animal. 

Reliability: 2 
 
Test material: 
DTPA-K5 

Liggett & Smith, 
1987b 

Rabbit (New Zealand 
White) 
 
Equivalent or similar 
to OECD TG 405 

Not irritating 
 
Mean cornea score: 0 (24/48/72 
hours) 
 

Mean iris score: 0 (24/48/72 

hours)  
 
Mean conjunctivae score: 0.28 
(24/48/72 hours). Fully 
reversible effects within 2 days. 
 

Mean chemosis score: 0.06 
(24/48/72 hours). Fully 
reversible effects within 2 days. 

Reliability: 2 
 
Test material: 
DTPA-Na5 

Sterner & 
Chibanguza, 
1983b 

Rabbit 

 

Not irritating Reliability: 4 

 

The Dow 

Chemical 
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The study was in 
accordance of 
internal procedures 

Test material: 
DTPA-Na5 

Company, 
1957c 

Rabbit 
 

The study was in 
accordance of 
internal procedures 

Highly irritating Reliability: 4 
 

Test material: 
DTPA-Na5 

The Dow 
Chemical 

Company, 
1957d 

Rabbit 

 
The study was in 
accordance of 
internal procedures 

Moderately irritating Reliability: 2  

 
Test material: 
DTPA-Na5 

The Dow 

Chemical 
Company, 
1958d 

Rabbit 
 

The study was in 
accordance of 
internal procedures 

Slightly irritating Reliability: 4 
 

 
Test material 
DTPA-Na5 

The Dow 
Chemical 

Company, 
1961b 

Rabbit 
 
New Zealand White 
 
The study was in 
accordance of 
internal procedures 

Highly irritating Reliability: 2  
 
Test material: 
DTPA-Na5 

The Dow 
Chemical 
Company, 1982 

Rabbit (Vienna 
White) 
 
BASF-internal 

standard 

Not irritating 
 
Mean irritation score: 0 (8 days) 

Reliability: 2  
 
Test material: 
DTPA-Na5 

BASF SE, 1968c 

 

Comparison with the criteria 

In summary, all the available information shows: 

 

 One unreliable study (Klimisch score of 4) showing that DTPA-H5 might be 

an eye irritant. 

 Several unreliable studies (Klimisch score of 4) showing a variety of effects 

of DTPA-Na5 ranging from no eye irritating capability to slight eye irritating  

and to highly eye irritating. 

 One reliable study (Klimisch score of 2) showing absence of eye irritating 

capability of DTPA-K5. 

 Three reliable studies (Klimisch score of 2) showing absence of eye irritating 

capability of  DTPA-Na5. 

 One reliable study (Klimisch score of 2) performed in accordance with 

‘internal procedures’ and with very poor reporting showing moderate eye 

irritating capability of DTPA-Na5. 

 One reliable study (Klimisch score of 2) performed in accordance with 

‘internal procedures’ and with very poor reporting showing highly eye 

irritating capability of DTPA-Na5. 

 One reliable study (Klimisch score of 2) showing that DTPA-K5 is able to 

induce a reversible mean corneal opacity score of 1 following grading at 24, 

48 and 72 hours after installation of the test material. 
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RAC notes that only one study with DTPA-K5 yielded a (borderline) corneal opacity 

score warranting classification according to the CLP Regulation, although other very 

poorly reported studies also suggest eye irritating capability of DTPA-Na5. RAC also 

notes that the effects with DTPA-K5 were fully reversible within 7-14 days and that 

there was no information about the reversibility of the effects induced by DTPA-Na5. 

According to the Guidance on the Application of the CLP Criteria “positive data are a 

trigger for appropriate classification, but that negative data are not conclusive for a 

non-classification” and that “normally positive results that are adequate for 

classification should not be overruled by negative findings”. Thus, RAC concurs with 

the DS and proposes classification of DTPA-H5 for eye irritation category 2 

(H319: Causes serious eye irritation). 

 

 

 

4.4.3 Respiratory tract irritation 

Not the subject of this CLH proposal.  

4.4.3.1 Non-human information 

4.4.3.2 Human information 

4.4.3.3 Summary and discussion of respiratory tract irritation 

4.4.3.4 Comparison with criteria 

4.4.3.5 Conclusions on classification and labelling 

No classification. 

 

4.5 Corrosivity 

Not the subject of this CLH proposal.  
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4.5.1 Non-human information 

4.5.2 Human information 

4.5.3 Summary and discussion of corrosivity 

4.5.4 Comparison with criteria 

4.5.5 Conclusions on classification and labelling 

No classification. 

 

4.6 Sensitisation 

Not the subject of this CLH proposal.  

4.6.1 Skin sensitisation 

4.6.1.1 Non-human information 

4.6.1.2 Human information 

4.6.1.3 Summary and discussion of skin sensitisation 

4.6.1.4 Comparison with criteria 

4.6.1.5 Conclusions on classification and labelling 

No classification. 

4.6.2 Respiratory sensitisation 

Not the subject of this CLH proposal.  
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4.6.2.1 Non-human information 

4.6.2.2 Human information 

4.6.2.3 Summary and discussion of respiratory sensitisation 

4.6.2.4 Comparison with criteria 

4.6.2.5 Conclusions on classification and labelling 

No classification. 

 

4.7 Repeated dose toxicity 

Table 11:  Summary table of relevant repeated dose toxicity studies 

Method Results Remarks Reference 

rat (Sprague-Dawley) 

 

5/sex/group 

 

oral: gavage 

 

0, 83, 333, 1330 mg/kg bw/day 

 

Exposure: daily, 28 days 

 

OECD Guideline 407 (Repeated 

dose oral toxicity 28 Day) 

 

Purity 43.7% 

 

1330 mg/kg bw/day: 4/5 males 

found dead at the end of the 

study 

1/5 females euthanized due to 

poor condition 

Clinical signs included 

piloerection, hunched posture, 

abnormal gait, ptosis, decreased 

respiratory rate and diarrhea,  

significant bodyweight losses 

and reduced food consumption, 

changes in clinical chemistry 

parameters in both sexes, 

reduced absolute liver weight, 

watery contents in caecum of 

3/4 surviving females, 

contracted spleen in 4 males and 

1 female of rats that did not 

survive until end of study. 

 

333 mg/kg bw/day: Clinical 

signs of hunched posture and 

abnormal gait in 1/5 males. 

Reduced bw gain and food 

intake in males. Slight changes 

in clinical chemistry and 

reduced liver weight in males 

only. 

 

83 mg/kg bw/day: ): no 

substance related changes 

observed 

 

Pallor seen in all dose groups 

but was considered related to 

blood sampling. 

2 (reliable with 

restriction) 

supporting study 

experimental result 

Test material (CAS 

number): 

Pentapotassium 

DTPA, 7216-95-7 

(read-across) 

Elliot et. al. 

(1987) 
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NOAEL 83 mg/kg bw/day 

(nominal) 

 

 

rat (Wistar) 

 

5/sex/group 

 

oral: drinking water 

 

600, 3000 or 12000 ppm  

 

Exposure: Daily, 28 Days 

 

OECD Guideline 407 (Repeated 

dose oral toxicity 28 Day) 

 

Purity 43.7% 

12000ppm: (1775 mg/kg 

bw/day): discoloration of faeces, 

decreased food consumption and 

bodyweight, increased ALT in 

males only, increase in specific 

gravity, renal epithelial cells and 

casts and dark yellow coloured 

urine in males only, decrease in 

urine volume in both sexes, 

decrease ALP in females and 

transitional cell hyperplasia in 

the urinary bladder of 4 males 

and 2 females. 

 

3000ppm (420 mg/kg bw/day): 

significantly decreased 

bodyweight change in males in 

last test week (approx. 10% 

lower than controls), increase in 

ALT in males and decrease in 

ALP in females 

 

600ppm (75 mg/kg bw/day): no 

substance related changes 

observed 

 

NOAEL = 75/mg/kg bw/day 

 

1 (reliable without 

restriction) 

supporting study 

experimental result 

Test material 

Pentasodium DTPA 

(CAS number): 140-

01-2 (read across) 

BASF (2002) 

rat (male only, Wistar) 

 

inhalation: nose only, dust aerosol 

 

30; 300 and 1,000 mg/m3  

 

10/group: 30 or 300 mg/m3 

20/group: control or 1000 mg/m3 

 

Exposure:6 hours per day for 5 

days 

 

OECD Guideline 412 (Repeated 

dose inhalation toxicity 28/14 

Day) 

 

Purity 91.7% 

1000 mg/m3: Mortality of 6/20 

animals following single 

exposure. Multifocal 

haemorrhage and inflammatory 

cell infiltrates in lungs. 

 

300 mg/m3: Clinical signs of 

accelerated and noisy 

respiration, piloerection and 

reduced fur care. Decreased 

bodyweight gain, reduced food 

consumption on Day 1. 

Increased lung weight. In the 

larynx, laryngeal, epithelial 

necrosis, multifocal in various 

levels. Inflammatory cell 

infiltrates and laryngeal 

squamous metaplasia, multifocal 

in various levels. In the lungs 

regeneratie hyperplasia  of 

bronchiolar epithelium and 

mucous cell hyperplasia of large 

bronchi. Interstitial infiltration 

of eosinophylic granulocytic 

cells. 

 

1 (reliable without 

restriction) 

supporting study 

experimental result 

Test material Na2H2 

EDTA, (CAS 

number): 139-33-3 

(read-across) 

BASF SE (2010) 
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30 mg/m3: Increased lung 

weight. In the larynx laryngeal, 

epithelial necrosis, multifocal at 

the base of the epiglottis. 

Inflammatory cell infiltrates at 

the base of the epiglottis. In the 

lungs, regenerative hyperplasia 

of the bronchiolar epithelium 

and mucous cell hyperplasia of 

large bronchi Interstitial 

infiltration of eosinophylic 

granulocytic cells. 

 

No histopathological findings in 

recovery animals therefore all 

lesions in low/mid dose groups 

considered reversible. 

 

LOAEC   30 mg/m3  

  

rat (Wistar) 

 

10/sex/group 

 

inhalation: nose only, dust 

 

0.5; 3.0 and 15 mg/m3  

 

Exposure: 6 hours/day, 5  

days/week for 13 weeks, total 65 

exposures 

 

OECD Guideline 413 Subchronic 

inhalation toxicity study 90 Day) 

 

Purity 88.1g/100g 

15 mg/m3: Increased absolute 

and relative lung weights. Focal 

hyperplasia of the laryngeal 

epithelium at the base of the 

epiglottis in one female. Slight 

granulocytic infiltrates at the 

base of the epiglottis of the 

larynx in two females.  

 

3.0 mg/m3: Increased absolute 

lung weights in females only. 

No difference in relative lung 

weight. 

No other compound related 

effects observed. 

 

0.5 mg/m3: no substance related 

changes observed. 

 

NOAEC 3 mg/m3  

 

1 (reliable without 

restriction) 

key study 

experimental result 

Test material (CAS 

number): Na2H2 

EDTA,139-33-3 

(read-across) 

BASF (2014) 

4.7.1 Non-human information 

4.7.1.1 Repeated dose toxicity: oral 

There are two standard guideline repeated dose toxicity studies available for DTPA (Elliot 

et al., 1987; BASF SE, 2002). The studies were conducted using either the potassium or 

sodium salt. Overall, the two studies are consistent in the adverse effects identified, 

particularly with respect to the apparent target organs and the no effect levels. The only 

significant difference between the two studies is the mortality encountered in the study 

using gavage administration (Elliot et al., 1987). This increased mortality in the males (4/5) 

and females (1/5) was probably due to a bolus dose effect rather than a greater toxicity of 

the potassium salt since the sodium DTPA was administered via the drinking water rather 

than gavage. With the exception of the high dose group mortality, and the decreased body 

weight and food consumption in the high and mid dose groups, the other adverse effects 
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identified were relatively minimal (changes in clinical chemistry parameters and some 

alterations in urine parameters (high dose only)). The liver appears to have been a target 

organ for toxicity, but these effects may have been due to the decreased bodyweight and 

stress rather than direct compound related toxicity. 

The relatively minimal systemic toxicity observed is also consistent with the low degree of 

absorption following oral administration and its subsequent rapid excretion (half-life of 

approx. 2 hours). DTPA is chemically stable and not reactive or metabolized, thus its 

toxicity is generally associated with the ability to chelate essential metals. DTPA is known 

to be capable of producing deficiencies in zinc when administered systemically or orally. 

The effects in the two repeated dose studies in the high dose groups are consistent with the 

development of a nutritional deficiency, such as a zinc deficiency. The reduction in food 

intake and associated bodyweight decrease are known to be associated with deficiencies of 

zinc, as the animals reduce their food intake in an effort to trigger catabolism of their tissues 

to release more zinc. If these studies had continued for a longer period then it is highly 

likely that more obvious changes in pathology consistent with a zinc deficiency would 

appear. 

Further support for the toxicity of DTPA being linked to its ability to remove essential 

metals such as zinc comes from toxicity studies conducted using the zinc salt of DTPA. In 

a number of comparative studies (predominantly studying developmental toxicity), the zinc 

salt of DTPA has been significantly less toxic compared to the calcium salt of DTPA. 

Due to the nature of DTPA toxicity, it is unlikely that a longer study would identify 

additional adverse effects or a significantly lower no effect level. There is a finite amount 

of essential metals in the diet and body. DTPA can only bind to metals during the brief 

period when it comes into contact (either in the gut or the blood). If a dose of DTPA is 

insufficient to significantly impact an animal’s intake of essential metals then increasing 

the number of days of exposure will not have a more severe effect, i.e. there will be a 

threshold. Thus, rather than leading to a significantly lower no effect level, a longer term 

study would probably just lead to a greater degree of zinc deficiency thus it would show an 

increased severity of the effects observed in the shorter study. 

There are no long term guideline studies for DTPA, however there is a longer term study 

available for another salt of DTPA (Planas-Bohne, 1976). In this study Calcium DTPA 

(approximately 44 mg/DTPA/kg bw) was administered via intraperitoneal injection twice 

per week to rats for 44 weeks. There were no observed effects on any of the parameters 

examined (including body weight, clinical signs, pathology, urinalysis, clinical chemistry 

and hematology). However, by administering DTPA only 2 times per week, there was a 

recovery period between the doses where the rats would have been able to replace essential 

nutrients like zinc. Therefore, whilst this study does not indicate any adverse effects 

following long term exposure to DTPA, if the dose had been administered daily there 

would probably have been toxicity since it would be equivalent to a daily oral dose of 

between approximately 400 and 800 mg/kg bw oral dose (assuming 5-10% absorption in 

the gut). This study does however illustrate that the toxicity of DTPA is reversible, since 

there was apparently sufficient time within this study design for the animals to recoup lost 

essential elements. 
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4.7.1.2 Repeated dose toxicity: inhalation 

To date, two guideline studies have been performed to evaluate the potential toxicity of 

chelating agents following repeated inhalation exposure. A 5-day inhalation study with a 

structurally related compound Na2H2EDTA showed histopathological changes in the 

respiratory tract at a concentration of 30 mg/m3 (BASF SE, 2010). After a recovery period 

of 14 days, all changes had disappeared. A 90-day inhalation study with the same substance 

was carried out according to OECD 413 and EC No 440/2008 (BASF SE 2014). Wistar 

rats, 10 per sex per test group, were exposed (head-nose only), to dust aerosol for 6 hours 

per day, on 5 consecutive days per week for 13 weeks (65 exposures). The target 

concentrations were 0.5, 3 and 15 mg/m3. A concurrent control group was exposed to air. 

On each exposure day a clinical examination was performed before, during and after 

exposure. Detailed clinical observation was performed at the beginning, midterm and end 

of the study. Ophthalmology was performed before the beginning of the exposure in all test 

groups and at the end of the end of the exposure in the control and high concentration group 

animals. Body weights and food consumption of the animals were determined weekly. At 

the end of the exposure period, functional observation battery and motor activity tests were 

performed. On the day after the last exposure, blood was sampled and examined for a range 

of hematology and clinical chemical parameters as indicated in the guideline. After blood 

sampling the animals were sacrificed and subject to necropsy (including macroscopic 

examination of the major internal organs and collection of organ weight data). Selected 

tissues were processed histopathologically and were evaluated by light microscopy 

according to the OECD guideline. 

When compared with the control group, the following treatment-related adverse findings 

were noted in Wistar rats after 90 days of inhalation: 

High concentration (15 mg/m³) 

· Focal hyperplasia of the laryngeal epithelium at the base of the epiglottis in one female 

animal 

· Slight granulocytic infiltrates at the base of the epiglottis of the larynx in two female 

animals 

 

Mid (3 mg/m³) and low concentration (0.5 mg/m³) 

No adverse findings. 

4.7.1.3 Repeated dose toxicity: dermal 

There are no data on repeated dose dermal exposure. However, due to the very low dermal 

absorption potential of DTPA-H5 (predicted <0.001%) it is unlikely any effects would be 

observed that would result in classification for STOT RE via the dermal route. 

4.7.1.4 Repeated dose toxicity: other routes 

No data available 
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4.7.1.5 Human information 

No data available 

4.7.1.6 Other relevant information 

No data 

4.7.1.7 Summary and discussion of repeated dose toxicity 

See below. 

 

4.8 Specific target organ toxicity (CLP Regulation) – repeated exposure 

(STOT RE) 

4.8.1 Summary and discussion of repeated dose toxicity findings relevant for 

classification as STOT RE according to CLP Regulation 

Inhalation exposure of rats to Na2H2EDTA for 90 days (65 exposures) did not lead to any 

substance related clinical signs of toxicity. Nor were there any effects in clinical chemistry 

and hematology. Histological examination revealed some effects in larynx at the highest 

tested concentration of 15 mg/m³. No signs of systemic toxicity were observed up to a 

concentration of 15 mg/m³. Signs of local toxicity were observed only at the high 

concentration of 15 mg/m³. Under the current test conditions, the No Observed Adverse 

Effect Concentration (NOAEC) for local effects was 3 mg/m3, the NO(A)EC for systemic 

effects was 15 mg/m³. 

Inhalation exposure of rats to Na2H2EDTA for 6 hours per day, 5 consecutive days causes 

concentration dependent lesions in the larynx and lungs that were fully reversible within 

14 days. Due to histopathological changes in the low-concentration group a no observed 

effect level could not be determined. 

The following information is taken into account for any hazard / risk assessment: 

One 28-day oral gavage study in rats using pentapotassium DTPA, one 28-day oral, 

drinking water study using pentasodium DTPA, one 90-day and one 5-day inhalation study 

using disodium EDTA. Additional information comes from published literature on other 

salts of DTPA such as zinc and calcium. 

4.8.2 Comparison with criteria of repeated dose toxicity findings relevant for 

classification as STOT RE  

Classification for repeated dose toxicity is proposed as the CLP criteria for classification 

for target organ toxicity are considered met. According to REGULATION (EC) No 

1272/2008, substances that, on the basis of evidence from studies in experimental animals 

can be presumed to have the potential to be harmful to human health following repeated 

exposure should be classified as STOT RE. 
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4.8.3 Conclusions on classification and labelling of repeated dose toxicity findings 

relevant for classification as STOT RE  

According to regulation (EC) 1272/2008 substances are classified in Category 1 for target 

organ toxicity when; 

“Substances that have produced significant toxicity in humans or that, on the basis of 

evidence from studies in experimental animals, can be presumed to have the potential to 

produce significant toxicity in humans following repeated exposure.“ 

 

Further it goes on to say; 

„Substances are classified in Category 1 for target organ toxicity (repeat exposure) on the 

basis of: 

— reliable and good quality evidence from human cases or epidemiological studies; or 

— observations from appropriate studies in experimental animals in which significant 

and/or severe toxic effects, of relevance to human health, were produced at generally 

low exposure concentrations.“ 

 

Given the available evidence for DTPA-H5 and the cut-off values provided in the 

regulation, assignment in Category 1 would not be considered appropriate. 

 

For assignment in Category 2 the regulation goes on to state; 

 

„Substances that, on the basis of evidence from studies in experimental animals can be 

presumed to have the potential to be harmful to human health following repeated exposure. 

Substances are classified in category 2 for target organ toxicity (repeat exposure) on the 

basis of observations from appropriate studies in experimental animals in which significant 

toxic effects, of relevance to human health, were produced at generally moderate exposure 

concentrations.“ 

 

For DTPA-H5, given the cut-off values provided, and the available evidence from a 

structurally related substance, with only slight histopathological effects at the larynx at a 

concentration of 15 mg/m3, it would be appropriate to apply STOT RE Category 2, H373, 

specifically for the inhalation route. 

RAC evaluation of specific target organ toxicity – repeated 
exposure (STOT RE) 

Summary of the Dossier Submitter’s proposal 

The DS proposed classification of DTPA-H5 as STOT RE category 2 (H373: May cause 

damage to organs) on the basis of slight histopathological effects in the larynx of 

rats exposed to 15 mg/m3 via the inhalation route during 13 weeks (6 hours/day, 5 

days/week). 
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Comments received during public consultation 

Two MSCAs disagreed with the DS’s proposal and supported no classification of 

DTPA-H5 for STOT RE on the basis of lack of severity and the reversibility of the 

effects and that these effects appeared always above the cut-off points established 

in the Regulation for warranting classification. The DS responded that the effects 

were consistent with chelation of calcium and possibly zinc ions in the cell junctions 

and membranes that would cause cellular detachment and death as a consequence 

of inflammation, necrosis and infiltration of inflammatory cells. Despite the effects 

having been reported as minor and reversible, it is highly likely that higher 

concentrations would cause more severe effects. 

Assessment and comparison with the classification criteria 

The main relevant findings in the oral and inhalation repeated toxicity studies with 

un-complexed chelates are summarised in Tables 10 and 11. 

 
Summary table of the animal repeated toxicity studies by oral route with un-complexed 
chelates. 

Method Results Remarks Reference 

Rat (Sprague-
Dawley) 
 
5/sex/group 
 

Oral: gavage 
 
0, 83, 333, 1330 

mg/kg bw/day 
 
Exposure: daily, 
28 days 

 
OECD TG 407 
 

 

1330 mg/kg bw/day: 4/5 males 
found dead at the end of the 
study; 1/5 females euthanized due 
to poor condition. Clinical signs: 
piloerection, hunched posture, 

abnormal gait, ptosis, decreased 
respiratory rate and diarrhoea. 
Significant bodyweight losses and 

reduced food consumption, 
changes in clinical chemistry 
parameters in both sexes, reduced 
absolute liver weight, watery 

contents in caecum of 3/4 
surviving females, contracted 
spleen in 4 males and 1 female of 
rats that did not survive until end 
of study. 
 

333 mg/kg bw/day: Clinical signs: 
hunched posture and abnormal 
gait in 1/5 males. Reduced bw 
gain and food intake in males. 
Slight changes in clinical chemistry 
and reduced liver weight in males 

only. 

 
83 mg/kg bw/day: no substance 
related changes observed 
 
Pallor seen in all dose groups but 
was considered related to blood 
sampling. 

 
NOAEL: 83 mg/kg bw/day 
LOAEL: 333 mg/kg bw/day  
 

Reliability: 
2 
 
Test 
material: 

DTPA-K5. 

Elliot et al., 1987 
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Rat (Wistar) 
 
5/sex/group 

 
Oral: drinking 
water 
 
600, 3000 or 
12000 ppm  
 

Exposure: Daily, 
28 days 
 
OECD TG 407 
 

 

12000 ppm: (1775 mg/kg 
bw/day): discoloration of faeces, 
decreased food consumption and 

bodyweight, increased ALT in 
males only, increase in specific 
gravity, renal epithelial cells and 
casts and dark yellow coloured 
urine in males only, decrease in 
urine volume in both sexes, 
decrease ALP in females and 

transitional cell hyperplasia in the 
urinary bladder of 4 males and 2 
females. 
 
3000 ppm (420 mg/kg bw/day): 
significantly decreased bodyweight 

change in males in last test week 

(approx. 10% lower than controls), 
increase in ALT in males and 
decrease in ALP in females 
 
600 ppm (75 mg/kg bw/day): no 
substance related changes 

observed 
 
NOAEL = 75/mg/kg bw/day 
LOAEL = 420 mg/kg bw/day 

Reliability: 
1 
 

Test 
material: 
DTPA-Na5 

BASF, 2002 

 
Summary table of the animal repeated toxicity studies by inhalation route with un-
complexed chelates. 

Method Results Remarks Reference 

Rat (male only, 

Wistar) 
 
Inhalation: nose 
only, dust aerosol 
 
30; 300 and 1,000 

mg/m3  
 
10/group: 30 or 
300 mg/m3 
 
20/group: control 
or 1000 mg/m3 

 
Exposure: 6 hours 
per day for 5 days 
 

OECD TG 412 
 
Purity 91.7% 

1000 mg/m3: Mortality of 6/20 

animals following single exposure. 
Multifocal haemorrhage and 
inflammatory cell infiltrates in 
lungs. 
 
300 mg/m3: Clinical signs: 

accelerated and noisy respiration, 
piloerection and reduced fur care. 
Decreased bodyweight gain, 
reduced food consumption on day 
1. Increased lung weight. In the 
larynx, laryngeal, epithelial 
necrosis, multifocal in various 

levels. Inflammatory cell infiltrates 
and laryngeal squamous 
metaplasia, multifocal in various 
levels. In the lungs regenerative 

hyperplasia of bronchiolar 
epithelium and mucous cell 
hyperplasia of large bronchi. 

Interstitial infiltration of 
eosinophilic granulocytic cells. 
 
30 mg/m3: Increased lung weight. 
In the larynx laryngeal, epithelial 
necrosis, multifocal at the base of 

the epiglottis. Inflammatory cell 
infiltrates at the base of the 
epiglottis. In the lungs, 

Reliability 1 

 
Test material: 
EDTA-Na2H2 

BASF SE, 2010 
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regenerative hyperplasia of the 
bronchiolar epithelium and mucous 
cell hyperplasia of large bronchi. 

Interstitial infiltration of 
eosinophilic granulocytic cells. 
 
No histopathological findings in 
recovery animals therefore all 
lesions in low/mid dose groups 
considered reversible. 

 
LOAEC  = 30 mg/m3   

Rat (Wistar) 
 
10/sex/group 
 

Inhalation: nose 
only, dust 
 
0.5, 3.0 and 15 
mg/m3  
 

Exposure: 6 
hours/day, 5  
days/week for 13 
weeks, total 65 
exposures 
 
OECD TG 413 

 
Purity: 88.1% 

15 mg/m3: Increased absolute and 
relative lung weights. Focal 
hyperplasia of the laryngeal 
epithelium at the base of the 

epiglottis in one female. Slight 
granulocytic infiltrates at the base 
of the epiglottis of the larynx in two 
females.  
 
3.0 mg/m3: Increased absolute 

lung weights in females only. No 
difference in relative lung weight. 
No other compound related effects 
observed. 
 
0.5 mg/m3: no substance related 
changes observed. 

 
NOAEC = 3 mg/m3  
LOAEC = 15 mg/m3  

Reliability: 1 
 
Test material: 
EDTA-Na2H2 

BASF, 2014 

 

Comparison with the criteria 

The two available oral repeated toxicity studies with pentapotassium and 

pentasodium DTPA salts yielded LOAELs of 333 and 420 mg/kg bw/day, respectively 

after 28 daily exposures (Table “Summary table of the animal repeated toxicity 

studies by oral route with un-complexed chelates” above). The reported effects at 

these two LOAELs were slight reductions of bodyweight (around 10%), un-quantified 

reductions in liver weight, un-quantified changes in clinical chemistry and clinical 

signs in 1 of 20 exposed animals. According to the CLP Regulation, a substance 

should be classified as STOT RE 2 if can be presumed to have the potential to be 

harmful to human health following repeated exposure at concentrations below 100 

mg/kg bw/day in the case of 90 days of exposure (300 mg/kg bw/day after 

correction with Haber’s rule for 28 days of exposure). RAC notes that none of the 

effects reported after oral exposure at the reported LOAELs have the potential to 

cause serious damage to human health and in addition all appeared at 

concentrations above the guidance value in the CLP Regulation. RAC also considers 

that the effects, reported after oral exposure in studies and employed for justifying 

the read-across, do not support the classification for STOT RE (Table ”Repeated dose 

toxicity, reproduction and developmental toxicity, and neurotoxicity of un-

complexed and metal chelates” in the Section “RAC general comment”, above). 
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The 13-week repeated dose toxicity study by the inhalation route reported increases 

in the absolute and relative lung weights. The incidence of this effect was not 

quantified and therefore RAC cannot consider it as significant for supporting STOT 

RE classification. However, this same study also reported focal hyperplasia of the 

laryngeal epithelium and slight granulocytic infiltrates at the base of the epiglottis in 

one and two females, respectively. These effects are considered by RAC potentially 

significant for supporting a STOT RE classification. 

 

The 5-day repeated dose toxicity study by the inhalation route reported transient 

clinical signs and reductions in food consumption that were reversible and therefore 

not supportive of classification but also other adverse effects in lung (increases in 

weight, regenerative hyperplasia and interstitial infiltration of eosinophilic 

granulocytic cells) and larynx (epithelial multifocal necrosis). These effects in the 

lung and larynx were described in the CLH dossier as reversible. However, RAC 

considers that reversibility of  at least necrosis is questionable and therefore 

considers these effects as relevant for classification as STOT RE. 

 

RAC notes the following points: 

 

 The local effects in the respiratory tract (impairments) after inhalation 

exposure appeared at concentrations relevant for classification. 

 

 The classification proposal is based on weight of evidence rather than on 

considerations strictly relying on guidance values established in the CLP 

Regulation. 

 

 The read-across of data from EDTA salts is justified because damage to the 

respiratory tract  arises from a common mechanism of action based on the 

chelation of divalent ions in the cell junctions and membranes of respiratory 

tract that would cause cellular detachment and death as a consequence of 

inflammation, infiltration and necrosis. 

 

 The local effects in the larynx and intestinal tract were not reported in the 

repeated dose oral toxicity studies. 

 

 The severity and incidences of the effects reported in both repeated toxicity 

studies by inhalation were relatively low (Table ” Summary table of the animal 

repeated toxicity studies by inhalation route with un-complexed chelates”, 

above). However, both studies were performed with EDTA salts and according 

to the proposed mechanism of toxicity, a higher toxic potency is expected for 

DTPA salts. 

 

 The percentage of inhalable material in both repeated toxicity studies 

displayed in the table “Summary table of the animal repeated toxicity studies 

by inhalation route with un-complexed chelates” (above) might be different; 

which adds uncertainty.. 
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Taking into consideration all the factors stated above, RAC supports the DS’s 

proposal for classification of DTPA-H5 as STOT RE category 2, inhalation.  

 

The DS proposed classification specifically by the inhalation route. Taking into 

consideration that the basis of the classification is the adverse effects on the 

respiratory tract, which could not be reproduced in the repeated dose toxicity studies 

conducted by the oral route and the extremely low bioavailability of these substance 

by the dermal route (dermal absorption of EDTA was reported to be 0.001%), RAC 

supports the DS’s proposal for classifying DTPA-H5 exclusively by the inhalation 

route. 

 

Overall, RAC agrees to classify DTPA-H5 as STOT RE 2 (H373: May cause damage 

to organs through prolonged or repeated exposure via inhalation). 

 

 

 

4.9 Germ cell mutagenicity (Mutagenicity) 

Not the subject of this CLH proposal.  

4.9.1 Non-human information 

4.9.1.1 In vitro data 

4.9.1.2 In vivo data 

4.9.2 Human information 

No data available. 

4.9.3 Other relevant information 

No data available. 

4.9.4 Summary and discussion of mutagenicity 

4.9.5 Comparison with criteria 

4.9.6 Conclusions on classification and labelling 

No classification 
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4.10 Carcinogenicity 

Not the subject of this CLH proposal.  

4.10.1 Non-human information 

4.10.1.1 Carcinogenicity: oral 

4.10.1.2 Carcinogenicity: inhalation 

4.10.1.3 Carcinogenicity: dermal 

4.10.2 Human information 

4.10.3 Other relevant information 

4.10.4 Summary and discussion of carcinogenicity 

4.10.5 Comparison with criteria 

4.10.6 Conclusions on classification and labelling 

No classification 

 

4.11 Toxicity for reproduction 

Table 12:  Summary table of relevant reproductive and developmental toxicity 

studies 

Method Results Remarks Reference 

rat (Wistar) 

 

22 pregnant females/group 

oral: gavage 

 

100; 400 and 1,000 mg/kg body 

weight 

 

Vehicle: water 

 

Exposure: day 6 through day 15 

post coitum (daily) 

 

OECD Guideline 414 (Prenatal 

Developmental Toxicity Study) 

 

Purity 43.7% 

1000 mg/kg bw/day: reduced 

bodyweight and food 

consumption, dark yellow 

discolouration of the faeces in 

all females. Statistically 

significant lower mean gravid 

uterus weights, statistically 

significant reduction in live 

fetuses/litter (11.9 vs 14.3 in 

control group), slight increase in 

number of resorptions and non- 

significant increase in post-

implantation loss value/ approx. 

8% lower mean fetal 

bodyweights. Statistically 

significant increase in 

malformation rate (15.4% 

affected fetus/litter  vs 3.5% 

affected fetus/litter in controls), 

1 (reliable without 

restriction) 

key study 

experimental result 

Test material 

Pentasodium DTPA, 

CAS number: 140-

01-2 (read across)  

BASF SE (1994) 
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predominantly caused by 

increase in skeletal 

malformations and variations 

(78.4% affected fetuses/litter vs 

49.6% affected fetuses/litter in 

controls), and retardations (78% 

affected fetuses/litter vs 47.4% 

affected fetuses/litter in 

controls).  

 

400 mg/kg bw/day: Sttisticlly 

significant increase in rate of 

fetuses with skeletal retardations 

(63.8% affected fetuses/litter vs 

47.4% affected fetuses/litter in 

controls). 

 

100mg/kg bw/day: no substance 

related effects on dams, 

gestational parameters or 

fetuses. 

 

NOAEL (maternal toxicity): 400 

mg/kg bw/day (nominal) 

NOAEL (teratogenicity): 100 

mg/kg bw/day (nominal) 

rat (Wistar) 

No. of animals not specified 

Subcutaneous 

 

0 µmol/kg body weight (nominal 

conc. (negative control and another 

group administered with 0.60 ml 

of isotonic saline)) 

 

30 µmol/kg body weight (nominal 

conc. (equivalent to 1 human dose 

(30 µmol/kg body weight))) 

180 µmol/kg body weight 

(nominal conc. (equivalent to 6 

human dose)) 

 

360 µmol/kg body weight 

(nominal conc. (equivalent to 12 

human dose)) 

 

720 and 1080 µmol/kg body 

weight (nominal conc. (equivalent 

to 24 and 36 human dose)) 

 

Vehicle: isotonic saline solution, 

pH adjusted to 7.2 

 

Exposure: days 9-13 of gestation 

(daily from days 9-13 of gestation) 

equivalent or similar to EPA OPP 

83-3 (Prenatal Developmental 

Toxicity Study) 

 

NOEL (maternal toxicity): 1080 

µmol/kg body weight (no 

overall effects) 

NOEL (teratogenicity): 180 

µmol/kg body weight ((for Ca-

DTPA only), overall effects) 

NOEL (teratogenicity): 1080 

µmol/kg body weight ((for Zn-

DTPA only), overall effects) 

 

A decrease in the survival rates 

was observed in only the groups 

injected daily with 1080 

µmol/kg body weight (36 human 

dose) of Ca-DTPA. 

Abnormalities such as 

exencephaly, microphthalmia, 

anophthalmia and fused ribs 

were observed in groups 

injected daily with 360, 720 and 

1080 µmol/kg body weight (12, 

24 and 36 human dose). 

2 (reliable with 

restrictions) 

supporting study 

experimental result 

Test material 

(common name): 

zinc and Calcium 

salts of DTPA (CAS 

number not given) 

(read across) 

Fukuda et al. 

(1982) 
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Purity: not specified 

mouse (C57BL/Do) 

No. of animals not specified 

subcutaneous 

11520 µmole Zn-DTPA/kg/day 

(nominal conc. (vehicle - saline)) 

 

5760 µmole Zn-DTPA/kg/day 

(nominal conc. (vehicle - saline)) 

 

1440 µmole Ca-DTPA/kg/day 

(nominal conc. (vehicle - distilled 

water)) 

 

Vehicle: saline solution, pH 7.0-

7.2 

 

Exposure: days 2-6 or 7-11 of 

gestation (daily either from days 2-

6 or 7-11 of gestation) 

equivalent or similar to EPA OPP 

83-3 (Prenatal Developmental 

Toxicity Study) 

Purity: not specified 

Day 2-6  

11520 µmole Zn-DTPA/kg/day: 

6-fold greater percentage of 

abortions and 2-fold increase in 

percentage of resorbed fetuses 

vs controls.  

5760 µmole Zn-DTPA/kg/day: 

similar to controls in terms of 

embryo and fetal loss. 

Hypersaline injected animals 

also had 6 fold increase in 

percentage of abortions but 

neither of the 2 animals carrying 

to term had uterine resorption 

sites. 

 

 

Day 7-11 

11520 µmole Zn-DTPA/kg/day: 

3-fold greater percentage of 

abortions compared to controls 

and all 25 fetuses (5 litters) were 

resorbed. 

5760 µmole Zn-DTPA/kg/day: 

similar to controls. 

Hypersaline injected animals 

had twice the percentage of 

abortions and twice the 

percentage of resorbed fetuses 

compared to controls. 

1440 µmole Ca-DTPA/kg/day: 4 

times the percentage of aborted 

litters and 3 times the percentage 

of resorption sites vs controls. 

 

Days 5-12 

5760 µmole Zn-DTPA/kg/day: 

nine females given 8 daily 

injections. 5 non-pregnant at 

autopsy, 3 checked early in 

gestation had evidence of 

abortion. 1 gave birth early and 

ate her pups. 

 

None of the fetuses exhibited 

gross deformities, externally or 

skeletally except 1 fetus from a 

dam given 1440 µmole Ca-

DTPA/kg/day which had 

exencephaly. 

  

2 (reliable with 

restrictions) 

supporting study 

experimental result 

Test material 

(Common name): 

Zinc DTPA (CAS 

Number not given) 

(read across) 

Brummett et al. 

(1977) 
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4.11.1 Effects on fertility 

4.11.1.1 Non-human information 

No data available. 

In a developmental toxicity study DTPA caused developmental toxicity via an induced zinc 

deficiency. Such a mode of action is also known to produce effects on male fertility 

(testicular toxicity) but only in the presence of other signs of systemic toxicity related to a 

zinc deficiency. A multigeneration study performed using DTPA in the diet would likely 

result in a zinc deficiency in the animals due to chelation of the dietary zinc by DTPA. As 

such, this type of study would only demonstrate the toxicity associated with a zinc 

deficiency rather than that of DTPA. Therefore, for the purposes of REACH registration a 

reproductive toxicity study was considered unjustified since it would not produce data that 

cannot already be predicted. 

4.11.1.2 Human information 

No data available 

4.11.2 Developmental toxicity 

The results of experimental studies are summarised in Table 12. 

4.11.2.1 Non-human information 

See extensive discussion below 

4.11.2.2 Human information 

See extensive discussion below 

4.11.3 Other relevant information 

See extensive discussion below 

4.11.4 Summary and discussion of reproductive toxicity 

Effects on fertility 

DTPA is a chelating agent with a high affinity for metals such as Zinc, Manganese and 

Calcium (please refer to the section on toxicokinetics). Zinc is one of the most abundant 

metals in the human body (2-4g) and is present as a cofactor for a large number of enzymes 

(between 100 and 300), covering almost all classes of enzyme. As such, deficiencies in 

zinc can produce a wide array of symptoms including both reproductive and developmental 

toxicity. If a dietary multi generation reproductive toxicity study were to be performed with 

DTPA in the absence of any supplementation of essential minerals such as zinc, then it is 

highly likely that the DTPA would complex with enough of the zinc in the diet leading to 

an insufficient zinc intake in the animals. This would lead to evidence of male reproductive 

toxicity (specifically degeneration of the testicular tissue and reduced fertility), 
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developmental toxicity such as terata of the skeletal and viscera and many of the symptoms 

of zinc deficiency such as alopecia, diarrhea, eye and skin lesions etc. Such a study would 

therefore not provide evidence of the reproductive or developmental toxicity of DTPA but 

rather the toxicity associated with a deficiency in zinc.  

In the 2 available 28 -day studies where DTPA salts were dosed via gavage or the drinking 

water (Elliot, 1987; BASF, 2002) there were some clinical signs of a perturbation in 

nutrition in the high doses (diarrhea, decreased food consumption, decrease in 

bodyweight), and in the gavage fed animals there were deaths in the high dose group males. 

It is very likely that the deaths were associated with diarrhoea caused by chelation of metals 

such as zinc and calcium in the intestinal tract leading to decreased absorption of food and 

water loss. In these studies there was no evidence of testicular toxicity in any of the treated 

groups, indicating that the dosing regime was insufficient to produce sufficient zinc 

deficiency to lead to testicular toxicity. It is possible that a more prolonged dosing regimen 

could have produced a more extensive deficiency in zinc, however studies conducted with 

a similar chelating agent, EDTA (ethylene diamine tetraacetic acid) also failed to produce 

any evidence of testicular degeneration following dosing via gavage or drinking water 

(Wynn et al., 1970, US Dept. of Health, Education & Welfare, 1977; Kawamata et al., 

1980).  

DTPA is poorly absorbed both orally and via dermal application and is unlikely to be 

absorbed significantly via inhalation due to its high particle size (>10 microns diameter) 

when in powdered form and low volatility when in solution. It is not metabolised and is 

excreted with a very short half-life (2 hours) in humans and rats. With the exception of 

being able to complex metal ions, chelating agents are of low chemical reactivity as 

evidenced by their lack of genotoxicity and skin sensitising potential. As such, it is unlikely 

that the chelating agent itself is a proximate toxicant, but rather that its ability to bind metal 

ions is responsible for observed toxicity (as indicated above). Therefore if a study were 

conducted where metal ions (for example zinc) were supplemented sufficiently it is 

unlikely that any systemic toxicity, including developmental or reproductive effects would 

be observed. This is supported by developmental toxicity studies conducted using the zinc 

salt of DTPA where no developmental (or systemic) toxicity was observed in mice injected 

intraperitoneally at doses in excess of 1000 mg/kg bw/day (Brummett et al., 1977), in 

contrast to the calcium salt of DTPA where the same doses caused significant increases in 

developmental and systemic toxicity in mice. Additional support comes from studies (and 

treatments) conducted in humans and animals where the zinc salt of DTPA was 

administered with no evidence of systemic toxicity at therapeutic doses (Kalkwarf et al., 

1983; Sato, 1993).  

In conclusion, it is plausible that a standard dietary multigeneration study conducted with 

DTPA would identify evidence of reproductive and developmental toxicity. However such 

toxicity would be due to an induced deficiency in zinc and any reproductive or 

developmental effects would be observed only in the presence of, and secondary to parental 

toxicity. Reproductive toxicity effects secondary to a zinc deficiency should not be 

considered relevant for classification if it can be demonstrated that occupational or 

consumer exposure to DTPA would not result in a deficit in an individual’s zinc status.  

As part of a classification and labelling justification prepared for developmental toxicity it 

has been demonstrated that exposure to DTPA through worker and consumer uses would 
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be insufficient to produce a deficiency in zinc in the workforce or consumer population 

(See Annex I). Since reproductive toxicity would require a zinc deficiency to be induced 

as a first step in the toxicity, it is very unlikely that this would occur. 

Developmental toxicity 

In a standard OECD Guideline teratogenicity study DTPA administration caused 

developmental toxicity (BASF, 1994). In this study the dams in the high dose group 

exhibited reduced food consumption between GD 6-10, reduced bodyweight at GD17 and 

GD20, and reduced bodyweight gain during GD6-8 and GD15-17 (p< 0.05). Overall, 

bodyweight gain during and after cessation of treatment was lower in this group than in 

controls. Faeces were discoloured (dark yellow) in this group during treatment, but reverted 

to normal during the post-treatment phase. There were no differences between the other 

treatment groups and the control group. Gravid uterus weights in the dams of the high dose 

group were lower than control, as were the live litter sizes and bodyweights of both male 

and female fetuses. There was also an 11.5% reduction in adjusted bodyweight gain of the 

dams, although this was not statistically significant. There were no differences between the 

other treatment groups and the control group. There were no treatment-related findings 

observed following external or visceral examination of the fetuses. There were, however, 

significant increases in select malformations and variations of the skeleton in the high-dose 

group, and select retardations in both the high- and mid-dose groups, compared to control 

incidences. 

Skeletal malformations were manifested as missing thoracic and lumbar vertebrae and 

bipartite sternebrae. Variations noted were shortened or absent 13th rib and rudimentary 

cervical ribs. The only retardations found were incomplete ossification of the skull and 

sternebrae. Whilst these findings are a clear indication that DTPA is capable of producing 

terata at high oral doses, the relevance of this effect to man is questionable. It is considered 

probable that the developmental toxicity is occurring secondary to a maternal zinc 

deficiency, i.e. maternal toxicity. In order to reproduce this toxicity in a pregnant human, 

DTPA would have to be administered in such a way that the zinc status would be negatively 

impacted throughout pregnancy. This would require significant oral doses of DTPA (See 

Annex 1). The support for the hypothesis that DTPA produces a zinc deficiency comes 

from an understanding of three key issues:  

1. Does DTPA induce Zn deficiency in the maternal organism? 

2. Is Zn deficiency per se a trigger for embryo-/fetotoxicity? 

3. What is the relevance of this mechanism for the effects observed with DTPA in the 

teratogenicity study? 

Does DTPA induce Zn deficiency in the maternal organism? 

In the OECD guideline teratogenicity study on DTPA (BASF, 1994) there was no 

assessment of zinc status in either the maternal or fetal organisms. Therefore from the 

results of this study alone it is not possible to conclusively state that the zinc status was 

affected by DTPA administration. However by considering the physical properties of 

DTPA and the results of other studies conducted with it or structurally similar chemicals 

there is enough evidence available to support the conclusion that DTPA administration is 

capable of altering zinc status. Therefore it is plausible that this occurred in the 

teratogenicity study in question. 
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  DTPA and Zinc 

DTPA is a chelating compound used both industrially and pharmacologically to bind 

metals. DTPA predominantly binds divalent metals including zinc, iron, manganese, 

calcium, and monovalent ions metals such as sodium and potassium. Of these it binds most 

strongly to zinc (binding affinity Log K 18.3) compared to calcium (Log K 10.7) or 

potassium and sodium (Log K 0.9). Therefore in biological matrices where zinc is present, 

DTPA will have a strong tendency to dissociate from metals such as calcium, sodium or 

potassium in favour of binding zinc. Also, compared to other chelating agents such as 

PDTA (propylene-diamino-tetraacetic acid) and EDTA (ethylene-diamino-tetraacetic 

acid), DTPA has a greater affinity for zinc. Therefore one might expect any biological 

activity relating to the chelation of zinc to be more pronounced with DTPA than other 

chelating agents, although bioavailability will also play a significant role. 

It should also be recognized that the capacity of DTPA to bind zinc in the gut and in the 

systemic circulation will still be affected by the presence of other metals and the availability 

of zinc to bind (See Annex 1).  

DTPA and Zinc excretion 

Having established that DTPA has a high affinity for zinc, the effect of DTPA 

administration to experimental animals and humans on zinc status can be considered. There 

are numerous studies examining the effects of administration of the calcium salt of DTPA 

(CaDTPA) to animals on the excretion of zinc (urinary and fecal). (Cantilena and Klassen, 

1982; Cohen and Guilmette, 1976; Domingoet al., 1988, Planas-Bohneet al., 1975 and 

1976; Tandonet al., 1984). In these studies the routes of administration were either; 

intraperitoneal, intravenous or subcutaneous. The dosing regimes used in these studies 

include; single doses, multiple doses in one day, multiple daily doses, and continuous 

infusion. The results of all of these studies have shown that administration of CaDTPA 

resulted in an increased excretion of zinc relative to control regardless of the route of 

administration. Similar work conducted using the zinc salt of DTPA has demonstrated that 

administration of this compound did not cause an increase in the excretion of zinc (after 

taking into account the zinc that is part of the test substance). This work has also identified 

that the calcium form of DTPA is far more toxic than the zinc form. The investigators 

commenting that the chelation of endogenous metals such as zinc and perhaps manganese 

and subsequent increased excretion is responsible for the toxicity (Planas-Bone et al., 

1976). 

Further evidence of the potential of DTPA to cause an increase in zinc excretion comes 

from work in mice and rats to identify an effective antidote for acute zinc intoxication 

(Llobet et al., 1988; Domingo et al., 1988). This work compared a number of chelating 

agents including DTPA and EDTA. In both studies mice (or rats) were administered lethal 

doses of zinc via intraperitoneal injection and then administered doses of chelating agents 

either immediately or 10 minutes later via intraperitoneal injection. The antidotal 

effectiveness was assessed by comparing the degree of zinc induced mortality. Llobet et 

al. (1988) also assessed the excretion of zinc in the feces and urine. In both studies the 

calcium salt of DTPA was most protective against acute zinc toxicity. It also caused an 

increase in zinc excretion in the urine and feces. 

 DTPA and Zinc deficiency 

Data in humans show that intravenous administration of DTPA (the calcium salt) is capable 
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of causing an increase in the excretion of zinc, in some cases leading to a deficiency. In 

one case study, (Proksch and Koumllmel, 1985), a patient treated for manganese poisoning 

with CaEDTA and CaDTPA exhibited zinc deficiency syndrome with acrodermatitis 

enteropathica-like skin changes. This resolved following oral administration of zinc 

aspartate. In a second study (Kalkwarf et al., 1983) levels of trace metals were assessed in 

the urine samples of a worker contaminated in the 1976 Americium incident. This worker 

had been treated over the course of 3 years with different forms of DTPA (CaNaDTPA or 

ZnNaDTPA) in an effort to reduce the radio nuclide contamination. Analysis of the workers 

urine identified that of all the trace metals assessed, zinc was the only one excreted at much 

higher levels than ‘normal’ and the peaks in zinc excretion appeared to correspond to 

treatments with CaNaDTPA. The treatment schedule also included intermittent zinc 

supplementation. It was noted that this supplementation or administration of ZnNaDTPA 

compensated for the loss of zinc caused by CaNaDTPA. 

  

With the exception of the more recent toxicity studies conducted with sodium or potassium 

DTPA, all previous experimental investigations of DTPA (calcium or zinc salts) have been 

conducted using non-oral routes of administration. Therefore there is very little information 

on the effect of oral administration of DTPA (gavage or dietary) on the general health 

(including zinc status) of animals and man. However in a 28 day study in rats (Elliot et 

al.,1987),  gavage administration of the potassium salt of DTPA at doses up to 1330 mg/kg 

bw/day resulted in clear signs of toxicity including an increase in mortality (at the highest 

does). In the mid and low dose animals (83 and 333 mg/kg) there were no mortalities and 

with the exception of a reduced feed consumption in some mid dose males, there were no 

clinical signs observed. In the highest dose group, there were several mortalities in both 

sexes (4/5 male, 1/5 female). Prior to death, the male animals displayed hunched posture, 

abnormal gait, diarrhea, piloerection, yellow-brown staining of fur and decreased 

respiration rate. High dose animals also consumed less food and watery contents in the 

caecum were noted in 3/4 high dose females at necropsy. These effects are consistent with 

those observed following a similar treatment regime with EDTA and other structurally 

similar chelating compounds. Owing to the low oral absorption of DTPA, it is probably 

exerting its effects, such as binding dietary zinc, in the gut, thus causing an absorption-

mediated deficiency of zinc, rather than a deficiency due to increased urinary elimination. 

Whilst these data do not show that oral dosing of DTPA is capable of causing a zinc 

deficiency, it does demonstrate the consistency in toxicity with other chelating compounds 

such as EDTA which are generally believed to cause a zinc deficiency (Swenerton and 

Hurley, 1971; EDTA RAR, 2004) leading to developmental toxicity, albeit at much higher 

doses (>1000mg/kg). 

In summary, the available data demonstrate that 

 DTPA is capable of forming stronger complexes with the essential element zinc 

than other metals such as calcium, sodium and potassium. 

 DTPA administered to both animals and man is capable of increasing zinc excretion 

and in some cases inducing a deficiency. 

 Administration of the zinc salt of DTPA does not cause increased zinc excretion 

and is less toxic than other forms of DTPA. 

 Oral administration of potassium DTPA produces effects consistent with those seen 
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with other structurally related chelating agents; i.e. in vivo DTPA appears to act in 

a similar manner to those chelating agents. 

 

Is Zn deficiency per se a trigger for embryo-/fetotoxicity? 

The following text is an extract from Rogers et al. (1985) that gives a good summary of the 

spectrum of effects of zinc deficiency on the developing fetus. 

“The production of congenital malformations in a mammal by maternal Zn deficiency was 

first reported in 1966 by Hurley and Swenerton in the Sprague-Dawley rat (Hurley and 

Swenerton, 1966). Since this initial report, there has been considerable work on the 

teratogenic effects of Zn deficiency and the mechanisms involved. Virtually every 

developing organ system has been shown to be adversely affected by maternal Zn 

deficiency; the types of defects produced by Zn deficiency are many, and they occur with 

high frequencies. Fetuses of Zn-deficient rats have been reported to have brain defects, eye 

defects, cleft palates, and skeletal defects, as well as gross malformations of the 

cardiovascular, respiratory, and urogenital systems (Hurley and Swenerton, 1966; Hurley, 

1969; Mills et al., 1969; Hurley and Shrader, 1972; Warkany and Petering, 1972; Apgar, 

1972). In addition to these structural defects, the biochemical development of the lung 

(Vojnick and Hurley, 1977) and pancreas (Robinson and Hurley, 1981a, b) is also adversely 

affected by gestational Zn deficiency in the rat.” 

Subsequently it is very well understood that a nutritional deficiency in zinc in the maternal 

organism can produce very severe consequences in the developing fetus. However an 

important consideration is that the extent, duration and timing of zinc deficiency during 

pregnancy will affect the severity and localization of the effects on the developing fetus 

(Hurley et al., 1971; Record et al., 1985; Hickory et al., 1979). This is important because 

less extensive effects are associated with a mild or fluctuating zinc deficiency during 

pregnancy, and the timing during pregnancy will determine the organ systems/skeletal 

structures affected (Hurley et al., 1971; Record et al., 1985; Hickory et al., 1979). The 

effects of short term/transitory zinc deficiency highlight the fact that in rats the maternal 

organism does not seem to be capable of compensating for a sudden drop in zinc intake by 

mobilizing zinc stores (Hurley et al., 1971); in fact it seems that during periods of zinc 

deficiency the maternal liver sequesters zinc via induction of the zinc-binding protein, 

matallothionein, thus restricting the supply of zinc to the embryo/fetus (Rogers et al., 

1985). King (2000) notes that in humans and animals, transfer of sufficient zinc to the fetus 

is dependent on maintenance of normal maternal serum zinc concentrations, therefore 

interfering with the maternal zinc status is the first step in producing a zinc deficiency in 

the developing fetus. Importantly, teratogenic effects have resulted from a decrease in the 

transfer of zinc to the embryo, even in the absence of detectable decreases in absolute zinc 

levels (Daston et al., 1991; Keen et al., 2003; Leazer et al., 1992; Tauberneck et al., 1994). 

Thus it appears possible to induce teratogenicity in the absence of overt visible maternal 

toxicity. 

In the studies mentioned above examining zinc deficient diets and developmental toxicity 

it is often reported that maternal feed consumption and bodyweight gain were reduced 

compared to control animals. However where a pair fed control group was also included, 

the restriction in food intake was shown to cause some decrease in maternal bodyweight 

gain but it did not result in any developmental toxicity (Rogers et al., 1985). These findings 

implicate zinc deficiency, not reduced feed consumption as the causative agent responsible 
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for developmental toxicity. 

In summary, there is a significant body of literature on the effects on the developing fetus 

of deficiencies in nutrients such as zinc. From this database it is very clear that zinc plays 

such an important role in so many of the processes involved in the growth and development 

of the fetus that a deficiency in this nutrient has serious consequences. Subsequently any 

substance capable of negatively affecting the zinc status of the maternal organism is likely 

to have adverse effects on the developing fetus resulting in varying degrees of 

malformations. These malformations will also depend on the duration and severity of the 

deficiency. 

What is the relevance of this mechanism (zinc deficiency) for the effects observed with 

DTPA in the teratogenicity study? 

DTPA and evidence of zinc deficiency mediated teratogenicity 

Fisher et al. (1975) administered ZnDTPA (6 mice at 360 micromol/kg bw and 6 mice at 

2900 micromol/kg bw), CaDTPA (6 mice at 360 micromol/kg bw and 12 mice at 2900 

micromol/kg bw) or saline solution (12 mice) to female mice (strain C57BL/Do) via daily 

subcutaneous injections. These doses are equivalent to 199 or 1600 mg ZnDTPA /kg bw 

and 179 or 1441 mg CaDTPA/kg bw. The dosing period started 4 days after the mating 

period began and continued throughout pregnancy until the pups reached an age of 13 days. 

In the group of mice dosed with 2900 micromol/kg bw CaDTPA there were no viable 

offspring observed. Only one stillborn pup was observed but it appeared grossly normal. 

In the 360 micromol/kg bw CaDTPA group there were no adverse effects on reproduction 

or developmental parameters. Both dose levels of ZnDTPA were reported to be 

‘completely harmless’ to the mothers and the pups. 

Fisher et al. (1976) administered a range of doses of CaDTPA to pregnant mice (strain - 

C57BL/Do) via daily subcutaneous injections for different 4 day periods during pregnancy. 

The mice were separated into 3 groups and were dosed on either days 2-6, 7-11 or 12-16 

during pregnancy. The mice received injections of 0, 720, or 1440 micromoles/kg bw (days 

2-6 or 7-11) or doses of 0, 720, 1440, or 2880 micromoles/kg bw (days 12-16). These doses 

are equivalent to 0, 357, 715 and 1430 mg CaDTPA/kg bw. The dams were sacrificed on 

day 18 of gestation and the fetuses examined for morphologic alterations. CaDTPA (357 

or 715 mg/kg bw) dosed either from day 2 to 6 or from day 7 to 11 of gestation resulted in 

an increase in resorptions compared to control. Neither of these doses caused an increase 

in resorptions (relative to control) when dosed from day 12 to 16 whereas 1430 mg/kg bw 

did. Dosing with 715 mg/kg bw produced malformations in fetuses in all dosing period 

groups. The types of malformation and number of fetuses affected varied however with the 

dosing schedule. The malformations observed were typical of those associated with zinc 

deficiency (exencephaly with ablepharia, exencephaly, spina bifida aperta, cleft palate). 

Polydactyly was also observed when 715 and 1430 mg/kg bw were administered from days 

12 to 16. The authors noted that this may not be a true effect of CaDTPA as the strain of 

mouse used has a background incidence of 1.5% for this malformation. However this type 

of malformation is still consistent with zinc deficiency and so should not be ruled out 

altogether. Dosing with 357 mg/kg bw only produced malformations when dosed from 

days 2 to 6 and these malformations were consistent with those observed with 715 mg/kg 

bw dosed for the same period. 

Brummett and Mays (1977) investigated the teratogenicity of the zinc salt of DTPA in the 
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mouse using a similar protocol to that used by Fisher et al., (1976). Pregnant mice were 

subcutaneously dosed with ZnDTPA daily either from days 2-6 or 7-11 during gestation. 

The strain of mice (C57BL/Do) was the same as that used by Fisher et al (1975 and 1976). 

The doses of ZnDTPA used were either 0, 5720 or 11520 micromoles/kg bw; these doses 

are equivalent to 0, 3163 and 6371 mg/kg bw. Due to the hypertonic nature of the test 

material an additional group of mice were treated with a solution of sodium chloride (1380 

micromole NaCl/ml) at the same ion concentration, osmolality, pH and volume as the high 

dose ZnDTPA treatment. A CaDTPA dose group (1440 micromole/kg bw = 715 mg/kg 

bw) dosed daily on days 7-11 was also included in this study. The pregnant mice were 

euthanized on day 18 of gestation and the fetuses removed and examined for gross 

malformations, visceral malformations and skeletal malformations. Dosing with ZnDTPA 

in this study did not result in any malformations of the fetuses although 6371 mg/kg (days 

2-6 and 7-11) and 3163 mg/kg (days 7-11) caused an increase in embryo toxicity relative 

to controls (aborted litters or resorptions). However administration of the hypertonic saline 

solution also caused an increase in aborted litters and resorbed fetuses relative to control. 

The only malformed fetus observed was in the CaDTPA group which had exencephaly. 

Considering the previous studies on CaDTPA it seems likely that had it been dosed in this 

study from days 2-6 then the malformations observed would have been far more extensive. 

This seems to suggest that it could take a few days for DTPA to induce a zinc deficiency 

and that it might last for a few days after dosing has ceased since organogenesis peaks in 

the mouse between days 7 and 11 of gestation, thus the sensitivity to zinc induced 

malformations should be greatest during this time period. 

In a follow up study to that reported by Brummett and Mays (1977), Calder et al. (1978) 

dosed mice daily via subcutaneous injection 4 days after mating began until birth or until 

29 injections had been administered. Two forms of ZnDTPA were used in this study, one 

commercial batch with no NaCl present and another made in the lab containing NaCl. No 

gross malformations were reported in this study although it appears only an external exam 

was performed. The authors report that 6371 mg/kg bw ZnDTPA (commercial grade) was 

not toxic to either dams or pups although it did produce a statistically significant drop in 

pup weight. Doses of 1560 or 3163 mg/kg bw ZnDTPA (commercial or lab grade) did not 

significantly alter any of the parameters examined (pup weight, pups/litter, abortion rate) 

relative to control. The study also followed the progress of the dams and the pups for their 

remaining lifespan to understand whether there were delayed effects on fertility or viability. 

At the time of this study report there was no evidence of any impairment in the fertility of 

the mature pups or the viability of their offspring however no additional details are given. 

The above studies appear to demonstrate that CaDTPA is capable of causing fetotoxicity 

and malformations consistent with zinc deficiency and that the frequency and type of these 

malformations is dependent on the dosage and dosing period during pregnancy. 

Conversely, ZnDTPA dosed at significantly higher dose levels for equivalent dosing 

periods does not appear to cause malformations. It does however result in increased 

fetotoxicity albeit at extremely high dose levels. The explanation given by the investigators 

as to why there is a difference in teratogenicity between the calcium and zinc salts of DTPA 

is that the toxicity is due to the chelation of essential metals such as zinc and manganese 

(consider the data on increased excretion of zinc following DTPA administration) and that 

the zinc salt of DTPA cannot chelate any additional zinc. CaDTPA on the other hand will 

release the calcium and bind zinc in the body increasing its excretion and producing a zinc 

deficient state. 



ANNEX 1 - BACKGROUND DOCUMENT TO RAC OPINION ON N-

CARBOXYMETHYLIMINOBIS(ETHYLENENITRILO)TETRA(ACETIC ACID) 

 

65 

The support for the mechanism of maternal zinc deficiency being responsible for 

teratogenicity of chemicals capable of depleting zinc comes from work where a zinc 

depleting agent was dosed in conjunction with a zinc supplemented diet. Doses that 

previously caused teratogenicity were found to be non teratogenic in the presence of 

sufficient zinc (Swenerton and Hurley, 1971). Considering this work, it is plausible that if 

the diet used in the BASF study using sodium DTPA (BASF, 1994) had been supplemented 

with zinc as done by Swenerton and Hurley (1971) then the developmental toxicity would 

have been prevented. This would also be consistent with the difference in the toxicity of 

calcium DTPA compared with zinc DTPA. 

Whilst the data above demonstrate that DTPA is capable of producing malformations when 

not dosed as the zinc salt, there has been some question about the types of malformations 

observed in the developmental toxicity study conducted on sodium DTPA (BASF 1994). 

In that study sodium DTPA was dosed daily to pregnant rats via gavage at doses of 100, 

400 and 1000 mg/kg bw, gestation days 6 to 15. The effects observed in the fetuses in this 

study were not as severe as those observed with subcutaneous dosing of CaDTPA, or a 

complete zinc deficiency. It has also been noted that missing vertebrae is not a 

malformation commonly associated with zinc deficiency and therefore perhaps there is 

another mechanism of action. However missing vertebrae resulting from a zinc deficiency 

has been reported in the past (Swenerton and Hurley, 1966) as have delays in ossification, 

missing ossification centers, bipartite sternebrae and many other skeletal deformities 

(Rogers et al., 1985; Stevens et al., 1962; Hurley et al., 1971; Jankowski et al., 1995; 

Record et al., 1985, 1986; Ferreira et al., 1989). As mentioned previously, zinc deficiency 

potentially can affect a broad range of developmental processes, with the specific 

malformations manifested being mainly a function of exposure timing, duration and dose. 

Assuming that a functional zinc deficiency requires at least few days of dosing, the zinc 

deficiency likely occurred during a stage of embryogenesis when axial skeleton patterning 

(i.e., the vertebrae and its derivatives) is being established. Thus, a causal association 

between DTPA-induced zinc deficiency and missing vertebrae is entirely plausible. 

Perhaps when considering the less severe effects observed in the BASF study it should be 

acknowledged that the route of administration can affect the degree and frequency of 

malformations observed. Chelating agents dosed in the diet rather than via gavage will have 

a larger window of opportunity to interact with essential metals in the gut and subsequently 

preventing their absorption by forming a complex that is less able to be absorbed in the gut 

and increasing excretion. Therefore dietary dosing will probably be more effective at 

producing a zinc deficiency than gavage dosing. Thus perhaps the use of gavage dosing in 

the BASF study was in part responsible for the less severe malformations observed. 

In summary, 

 The zinc salt of DTPA is significantly less teratogenic/fetotoxic than the calcium 

salt. This is most likely due to the induction of a maternal zinc deficiency by 

CaDTPA resulting from an increase in zinc excretion. 

 It is apparent therefore that the salt form of DTPA which is dosed to pregnant 

animals is directly related to the teratogenicity potential and this in turn is related 

to the potential for chelation of zinc. Thus salt forms of DTPA that can chelate zinc 

will be potentially teratogenic i. e. those salts where the DTPA-metal complex has 

a lower dissociation constant than ZnDTPA. 

 The concept of a mode of action involving zinc deficiency is further supported by 
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the data on other chemicals that can deplete zinc, where zinc supplementation 

negated the teratogenicity of a dose known to be teratogenic. 

 The dosing route plays a very important role in the elicitation of a teratogenic 

response, dietary dosing being more effective than gavage dosing and 

subcutaneous/intravenous or intraperitoneal dosing being more effective than oral 

dosing. 

 The duration of dosing and timing during pregnancy are also important factors 

influencing the type, severity and frequency of malformations. 

Conclusions 

The difference in the teratogenicity of the calcium and zinc salts of DTPA indicates that 

DTPA itself is unlikely to be having a direct teratogenic effect on the developing fetus. If 

DTPA were directly teratogenic then the salt form should not significantly influence the 

teratogenicity particularly following intravenous or subcutaneous dosing. 

DTPA has a strong affinity for zinc when compared to other metals such as sodium, 

potassium and calcium. It is also not absorbed well from the intestinal tract following oral 

dosing in humans and thus absorption in rats is also likely to be poor. Therefore it is 

plausible that oral dosing of pregnant rats with DTPA will lead to zinc being bound in the 

gut and excreted in the faeces. Absorbed DTPA will either be bound already to zinc or will 

bind endogenous zinc (or other metals) in the body before being excreted. 

The potential increase in zinc excretion associated with oral dosing with DTPA may then 

cause a reduction in the zinc available to the mother and the developing fetuses. 

Considering that pregnant rats receiving sub optimal levels of zinc do not appear to be able 

to mobilize tissue stores of zinc to ensure adequate supply to the fetus (conversely the effect 

is perhaps further exacerbated by increased sequestration due to increased maternal 

metallothionein production), the decrease in zinc intake/increased zinc excretion will result 

in an insufficient supply of zinc to the fetus. An insufficient zinc supply on the developing 

fetus produces malformations and increased fetotoxicity. 

The timing of this drop in zinc availability during pregnancy will determine the degree of 

teratogenicity. Due to the relatively limited spectrum of effects observed in the BASF study 

it is probable that the gavage dosing of DTPA did not cause a complete deficiency in zinc 

throughout pregnancy but instead zinc levels fluctuated, deficient levels coinciding with 

certain stages in fetal development such as skeletal development and bone ossification. 

In conclusion there are adequate data to support the hypothesis that the teratogenicity 

resulting from gavage dosing of rats with DTPA is a result of an induced deficiency of zinc 

in the mother which subsequently impacts the fetus. 

The following information is taken into account for any hazard / risk assessment: 

OECD 414 pre-natal developmental toxicity study in rats using Pentasodium DTPA 

4.11.5 Comparison with criteria 

DTPA-H5 does not meet the requirements for classification for reproductive toxicity as 

described in REGULATION (EC) No 1272/2008. 

Developmental toxicity classification: 
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The chelating agent DTPA appears to be developmentally toxic following high oral doses 

in rats. DTPA complexes with essential metals such as zinc in the gut, preventing these 

from becoming bio-available. At high doses this deprivation of essential nutrients leads to 

toxic effects such as developmental toxicity due to the importance of zinc in the healthy 

development of a growing fetus. As a result of this it is considered appropriate to classify 

DTPA for developmental toxicity. In determining the appropriate classification an 

assessment of the relevance of the hazard to humans has been made. This assessment takes 

two parts; 1) estimation of exposures to the workforce (the group with the highest exposure 

levels) and 2) an assessment of how these exposures may affect the zinc status of the 

workforce, specifically a pregnant worker. 

Taking conservative assumptions into account, the estimated worker exposures to DTPA 

are low. Due to the much lower levels of DTPA in formulated products that may be 

available to the consumer, consumer exposure levels would be significantly lower than 

worker exposure levels. The effect of estimated worker exposures to DTPA under normal 

working conditions or following an accidental acute exposure would not be considered to 

be detrimental to a workers (including pregnant women) zinc status. Thus it is highly 

unlikely that a consumer’s zinc status would also be negatively affected, considering the 

significantly lower level of exposure likely in the general population. Thus exposure to 

DTPA would not result in the development of a zinc deficiency.  

 

According to REGULATION (EC) No 1272/2008,  

 

“Substances are classified in Category 1 for reproductive toxicity when they are known to 

have produced an adverse effect on sexual function and fertility, or on development in 

humans or when there is evidence from animal studies, possibly supplemented with other 

information, to provide a strong presumption that the substance has the capacity to 

interfere with reproduction in humans. The classification of a substance is further 

distinguished on the basis of whether the evidence for classification is primarily from 

human data (Category 1A) or from animal data (Category 1B)” 

 

There is no human data to show evidence of developmental toxicity and therefore 

classification in category 1A is considered not appropriate. 

 

Further the regulation goes on to say; 

 

„The classification of a substance in Category 1B is largely based on data from animal 

studies. Such data shall provide clear evidence of an adverse effect on sexual function and 

fertility or on development in the absence of other toxic effects, or if occurring together 

with other toxic effects the adverse effect on reproduction is considered not to be a 

secondary non-specific consequence of other toxic effects. However, when there is 

mechanistic information that raises doubt about the relevance of the effect for humans, 

classification in Category 2 may be more appropriate“ 

 

Within the framework of a weight of evidence approach it is demonstrated in a 

comprehensive effects and exposure assessment that the occurrence of developmental 

toxicity is secondary to primary maternal zinc deficiency. Furthermore in humans it would 

require unrealistic exposure situations and thus is extremely unlikely, therefore 

Classification of DTPA in Category 1B according to the regulation (EC) No 1272/2008 is 



ANNEX 1 - BACKGROUND DOCUMENT TO RAC OPINION ON N-

CARBOXYMETHYLIMINOBIS(ETHYLENENITRILO)TETRA(ACETIC ACID) 

 

68 

considered not appropriate. 

In addition the regulation goes on to say; 

“Substances are classified in Category 2 for reproductive toxicity when there is some 

evidence from humans or experimental animals, possibly supplemented with other 

information, of an adverse effect on sexual function and fertility, or on development, and 

where the evidence is not sufficiently convincing to place the substance in Category 1. If 

deficiencies in the study make the quality of evidence less convincing, Category 2 could be 

the more appropriate classification.  

Such effects shall have been observed in the absence of other toxic effects, or if occurring 

together with other toxic effects the adverse effect on reproduction is considered not to be 

a secondary non-specific consequence of the other toxic effects.”  

Given the primary toxicity of DTPA administration is reduced uptake of dietary zinc and 

depletion of existing maternal zinc stores, classification of DTPA may be considered 

inappropriate as the effects observed can be considered as secondary toxicities. However, 

classification under the heading of developmental toxicity is primarily intended to provide 

a hazard warning for pregnant women and in the context of the information provided it 

would seem appropriate to assign Category 2 classification to DTPA with a generic 

concentration limit (GCL) ≥3%. It is also proposed that the route relevant to this 

classification be specified as ‘Oral’. This is supported by the very minimal absorption 

following dermal exposure and the limited possibility for sufficient inhalation exposure to 

generate this toxic effect. 

In view of the fact that dermal exposure will not result in significant uptake and in view of 

the relatively large particle size of the DTPA powder which will - in case of inhalation 

exposure – mainly result in upper respiratory tract deposition with subsequent oral 

ingestion, oral exposure is the only route that may result in significant effects. The 

developmental effects observed are based on the chelating properties of DTPA which in 

case of high doses may result in insufficient amounts of essential metal ions (such as Zinc) 

available for the fetus. Thus because the oral route is the only route that can result in 

developmental effects it is conclusively proven that no other routes of exposure can cause 

the hazard.  

4.11.6 Conclusions on classification and labelling 

Classification as Category 2. GCL ≥3%. Oral route only 

 

RAC evaluation of reproductive toxicity  

Summary of the Dossier Submitter’s proposal 

The DS proposed classification of DTPA-H5 as toxic to reproduction category 2 

(H361d: Suspected of damaging fertility or the unborn child) by the oral route. This 

proposal was based on the hypothesis that the teratogenicity caused by DTPA-Na5 



ANNEX 1 - BACKGROUND DOCUMENT TO RAC OPINION ON N-

CARBOXYMETHYLIMINOBIS(ETHYLENENITRILO)TETRA(ACETIC ACID) 

 

69 

in a prenatal developmental toxicity study in rats (statistically significant increases 

in foetuses with malformations, retardations and skeletal variations, together with 

statistically significant reductions in the mean number of live foetuses/litter) 

appeared concurrently with maternal toxicity and as a result of an induced deficiency 

of zinc in the dams which subsequently impacted the foetus. 

 

The DS proposed no classification of DTPA-H5 for sexual function and fertility. No 

multi-generation reproductive toxicity studies were available. However, the DS 

postulated that specific degeneration of the testicular tissue and reduced fertility 

would have been expected due to parental zinc deficiency induced by chelation of 

this metal after DTPA-H5 exposure. 

Comments received during public consultation 

Two MSCAs supported the DS proposal for classification of DTPA-H5 as Repr. Cat. 

2; H361d by oral route and one MSCA also supported no classification for fertility. 

 

Three MSCAs disagreed with the DS’s proposal and supported a classification of 

toxicity to reproduction in category 1B, arguing that the skeletal malformations are 

of high concern and that the maternal toxicity effects do not seem to be sufficient 

to explain the foetal toxicity. The DS added more information for: i) a better 

clarification of the maternal toxicity; and, ii) a further assessment of teratogenicity 

(number of foetuses affected and historical control data for each of the 

impairments). 

 

One MSCA also questioned restricting the classification to the oral route since there 

are no data to conclusively exclude a reproductive toxicity potential of DTPA-H5 via 

the inhalation route. The DS replied that DTPA-H5 has a large particle size (far in 

excess of 10 microns in diameter) when in powder form, and is not volatile when in 

solution and therefore significant exposure and subsequent absorption via inhalation 

is not foreseen. 

Assessment and comparison with the classification criteria 

Sexual function and fertility 

 

No multi-generation reproductive toxicity studies were available. 

 

Development 

 

Study 1 (key study): Developmental toxicity study in the rat (BASF SE, 1994) 

 

The prenatal toxicity study was conducted under GLP principles. The test substance, 

DTPA-Na5 as administered to Wistar rats daily in water (by gavage) from day 6 to 

15 post coitum at doses of 100, 400 and 1000 mg/kg bw/day. The number of 

pregnant females per dose group was 22. The study was considered to be of 

reliability 1 (Klimisch score).  

 

The doses of 100 and 400 mg DTPA-Na5/kg bw/day caused no significant alterations 

in body weight, body weight gain or food consumption (Table ”Maternal findings in 
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the developmental toxicity study with DTPA-Na5”, below). However, 1000 mg/kg 

bw/day caused statistically significant decreases in bodyweight gain (21% in the 

period between gestation days 6 and 15 and 16% over the 20 days of gestation) 

and overall bodyweights (approximately 7% by day 20 of gestation) as a result of 

reduced food consumption (approximately 10% between gestation days 6 and 10). 

Another effect was the dark yellow discolouration of the faeces found in all females. 

There were no substance-induced abnormal clinical findings in any dam exposed to 

100 or 400 mg/kg bw/day. 

 

Only at the limit dose (1000 mg DTPA-Na5/kg bw/day) a reduction of 21% the uterus 

weight was observed, although without any statistically significant effect on the 

corrected bodyweight gain (terminal body weight on day 20 before section minus 

weight of the uterus minus body weight on day 6) (Table ” Maternal necropsy 

findings in the developmental toxicity study with DTPA-Na5”, below). The uterus 

weights of the animals treated with the lowest and medium dose were not altered 

(Table ” Maternal necropsy findings in the developmental toxicity study with DTPA-

Na5”, below).  

 
Table 12: Maternal findings in the developmental toxicity study with DTPA-Na5 (BASF 
SE, 1994). Fd-Food consumption (g), BW-Body weight (g), BWG-Body weight gain (g), GD-

Gestation days. Bold indicates statistically significant differences regarding the control group. 

 
 
Findings 

 
 

Control 

DTPA-Na5 100 
mg/kg bw/day 

DTPA-Na5 400 
mg/kg bw/day 

DTPA-Na5 
1000 mg/kg 

bw/day 

Fd GD6-8 26.1±2.04 25.3±2.18 26.4±1.91 22.7±2.06 

Fd GD8-10 26.0±1.94 25.7±2.46 26.1±1.85 23.4±2.75 

BW GD17 352.6±21.32 349.5±25.55 350.5±27.63 332.8±18.25 

BW GD20 405.6±26.64 404.6±28.35 402.8±37.95 378.7±26.93 

BWG GD6-8 7.9±4.05 6.7±2.81 7.0±2.90 3.6±5.33 

BWG GD15-17 22.4±4.11 22.0±5.06 20.5±6.54 17.5±5.11 

BWG GD6-15 43.7±8.01 44.5±6.25 43.6±8.75 34.6±10.23 

BWG GD15-20 75.4±9.88 77.1±12.04 72.8±17.61 63.5±13.57 

BWG GD0-20 148.0±16.88 150.3±19.09 141.4±26.70 125.2±19.41 

 
Maternal necropsy findings in the developmental toxicity study with DTPA-Na5 (BASF 
SE, 1994). Bold indicates statistically significant differences regarding the control group. 

 
 

Findings 

 
 

Control 

DTPA-Na5 
100 mg/kg 

bw/day 

DTPA-Na5 
400 mg/kg 

bw/day 

DTPA-Na5 
1000 mg/kg 

bw/day 

Uterus weight (g) 80.8±10.75 80.1±13.95 76.9±22.87 64.2±20.01 

Carcass weight (g) 324.8±19.20 324.6±24.55 325.9±23.11 314.5±13.83 

Adjusted weight gain (g) 38.3±6.49 41.4±9.95 39.6±10.00 33.9±9.67 

 

No treatment-related alterations were found during/ after the necropsies of any 

animal. 

 

There were no substance-related differences between the groups in the conception 

rate (it varied between 92% in control group and 88% in all substance treated 

groups), in the mean number of corpora lutea and in implantation sites or post-

implantation losses.  

 

The highest exposure (1000 mg DTPA-Na5/kg bw/day) caused a statistically significant reduction in the 

number of live foetuses/dam (11.9±3.78 in exposed animals versus 14.3±1.96 in controls) and in the 
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foetal weight (3.4±0.29 in exposed animals versus 3.7±0.21 in control animals) (Table ”Litter findings in 

the developmental toxicity study with DTPA-Na5”, below). The number of live foetuses/dam in the 

1000 mg/kg bw/day group was still within the historical control range (11.1-14.9 live foetuses/dam).  

The reduction of foetal body weight was similar in males and females. None of these 

parameters were significantly altered in the groups exposed to 100 and 400 mg/kg 

bw/day (Table ”Litter findings in the developmental toxicity study with DTPA-Na5”, 

below). 

 
Table 14: Litter findings in the developmental toxicity study with DTPA-Na5 (BASF 
SE, (1994)). Bold indicates statistically significant differences relative to the control group. 

 
 

Findings 

 
 

Control 

DTPA-Na5 100 
mg/kg bw/day 

DTPA-Na5 400 
mg/kg bw/day 

DTPA-Na5 
1000 mg/kg 

bw/day 

Live foetuses (no.) 14.3±1.96 14.0±2.54 13.5±4.19 11.9±3.78 

Foetal wt (all) (g) 3.7±0.21 3.7±0.23 3.7±0.26 3.4±0.29 

Foetal wt (♂) (g) 3.8±0.21 3.8±0.25 3.8±0.24 3.5±0.30 

Foetal wt (♀) (g) 3.6±0.22 3.7±0.25 3.6±0.29 3.4±0.28 

 

External examinations of the foetuses 

 

The external examination of the foetuses revealed three malformations in total. One 

cleft palate and one unilateral microphthalmia were recorded in different foetus of 

the group exposed to the low dose, while a unilateral anophthalmia was reported in 

one foetus exposed to 1000 mg/kg bw/day. One, three and four cases of placentae 

fused with ribs were reported in groups of foetuses exposed to 0, 400 and 1000 

mg/kg bw/day, respectively. The external examination of the foetuses revealed no 

variations in any group. 

 

Soft tissue examinations of the foetuses 

 

The examination of the organs of the foetuses revealed two different malformations 

(dilatation of both ventricles and hyperplasia of the spleen) in one foetus exposed 

to 100 mg/kg bw/day and four different malformations (agenesis of kidney and 

ureters, hypoplasia of uterine horn and abnormal position of ovaries) in one foetus 

exposed to 1000 mg/kg bw/day. At the same time, variations (dilated renal pelvis 

and/or hydroureter) were detected in all groups without statistically significant 

differences among groups. 

 

Skeletal examinations 

 

The dose of 1000 mg/kg bw/day caused statistically significant increases in the total 

malformations relative to the controls (Table ”Skeletal examinations in the 

developmental toxicity study with DTPA-Na5”, below). The main reported 

malformations were thoracic vertebra absent, lumbar vertebra absent, sternebra 

bipartite and ossification centres dislocated. In all cases, the incidences were also 

higher than those recorded in the historical control data (both in terms of foetus and 

number of litters affected). The incidences of malformations reported in the groups 

exposed to both 100 and 400 mg/kg bw/day were not higher than the equivalent 

findings reported for the control and were always within the historical control data 

(Table ”Skeletal examinations in the developmental toxicity study with DTPA-Na5”, 

below). 

 

A number of variations (mainly related to ribs) appeared statistically significantly 

more frequently at the highest dose level than in the concurrent controls or in the 
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historical control data (Table ”Skeletal examinations in the developmental toxicity 

study with DTPA-Na5”, below). However, the incidence of variations observed in 

foetuses exposed to 100 and 400 mg/kg bw/day were not significantly different from 

the incidences found in the historical and concurrent controls (Table ”Skeletal 

examinations in the developmental toxicity study with DTPA-Na5”, below). 

 

In all groups, signs of skeletal retardations such as incomplete or missing ossification 

of skull, vertebral column and sternebra were observed. These retardations followed 

a dose-response relationship with statistically significant differences with the 

concurrent control for foetuses exposed to 400 and 1000 mg/kg bw/day (Table 

”Skeletal examinations in the developmental toxicity study with DTPA-Na5”, below). 

For these two groups of foetuses, the reported incidences for these malformations 

were found to also be above the historical control data.  

 
Table 15: Skeletal examinations in the developmental toxicity study with DTPA-
Na5 (BASF SE, 1994). In all cases it is shown in brackets the percentage with respect to 
the total. Bold indicates statistically significant differences relative to the control group.  

 

Findings 

  

Control 

DTPA-
Na5 100 
mg/kg 
bw/day 

400 
mg/kg 
bw/day 

1000 
mg/kg 
bw/day 

Historical 
control 

data 

Total Foetuses 171 160 152 135 5776 

 Litters 23 22 22 22 819 

Malformations 

Total 

affected 

Foetuses 12 (7.0) 3 (1.8) 8 (5.3) 38 (28) 243 (4.2) 

Litters 7 (30) 3 (14) 8(36) 16(73) 
191 

(23.3) 

Thoracic 

vertebra 
absent 

Foetuses 0 (0) 0 (0) 0 (0) 15 (11) 

5 (0.09) 

Range = 
0-1.2% 

Litters 0 (0) 0 (0) 0 (0) 6 (27) 

5 (0.6) 

Range = 
0-9.1% 

Lumbar 
vertebra 

absent 

Foetuses 0 (0) 0 (0) 0 (0) 9 (6.7) 

2 (0.03) 

Range = 

0-0.6% 

Litters 0 (0) 0 (0) 0 (0) 5 (23) 

2 (0.2) 

Range = 
0-4% 

Sternebra 
bipartite, 
ossification 
centres 

dislocated 

Foetuses 1 (0.5) 0 (0) 2 (1.3) 7 (5.2) 

37 (0.6) 

Range = 
0-1.8% 

Litters 1 (4) 0 (0) 2 (8) 6 (27) 37 (4.5) 
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Range = 
0-13.6% 

Variations 

Total 

affected 

Foetuses 85  (50) 79 (49) 71 (47) 105 (78) 2434 (42) 

Litters 22 (95) 21 (95) 21 (95) 21 (95) 763 (93) 

Shortened 

13th rib  

Foetuses 23 (14) 19 (12) 20 (13) 65 (48) 

470 (8) 

Range = 
3-14% 

Litters 11 (50) 10 (48) 10 (48) 18 (86) 
286 (35) 
Range = 
14-57% 

Rudimentary 
cervical 
rib(s) 

Foetuses 5 (3) 5 (3) 3 (2) 28 (21) 
152 (2.6) 
Range = 

0-7% 

Litters 2 (9) 5 (24) 3 (14) 11 (52) 
119 (15) 
Range = 

0-33% 

Absent 13th 
rib 

Foetuses 0 (0) 0 (0) 0 (0) 30 (22) 
4 (0.1) 

Range = 
0-0.7% 

Litters 0 (0) 0 (0) 0 (0) 12 (57) 
4 (0.5) 

Range = 
0-5% 

Retardations 

Total 
affected 

Foetuses 80 (47) 77 (48) 97 (64) 105 (78) 2608 (45) 

Litters 22 (96) 22 (100) 20 (91) 21 (95) 732 (89) 

Skull 
incompletely 
ossified 

Foetuses 2 (1) 2 (1) 8 (5) 12 (9) 
15 (0.3) 
Range = 
0-1.3% 

Litters 1 (4) 2 (10) 6 (30) 7 (32) 

14 (2) 

Range = 
0-8% 

Sternebra 

not ossified 

Foetuses 9 (5) 11 (7) 26 (17) 69 (51) 
443 (8) 
Range = 

2-16% 

Litters 8 (35) 7 (32) 11 (50) 18 (82) 
295 (36) 
Range = 
11-58% 

 

In conclusion, the maternal NOAEL for the developmental toxicity study in rat with 

DTPA-Na5 was set at 400 mg/kg bw/day; while the developmental NOAEL in the 

same study was 100 mg/kg bw/day. 
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Study 2 (supportive study): Prenatal developmental toxicity study with zinc and 

calcium DTPA salts in rats (Fukuda and Iida, 1983) 

 

In this study, Fukuda and Iida (1983) used Wistar rats to clarify the safety of DTPA-

Na3Ca and DTPA-Na3Zn as drugs for removing radionuclides. They injected 

(subcutaneously) daily on days 9-13 of gestation up to 536 and 600 mg/kg bw/day 

(equimolar doses) of DTPA-Na3Ca or DTPZ-Na3Zn, respectively. The number of 

injected pregnant females is unknown. 

 

There were no clinical or pathological alterations in any dam injected with DTPA. 

However, DTPA-Na3Ca reduced the foetus survival rate from 90.3% found in the 

controls to 68%, while DTPA-Na3Zn caused no significant effects on this parameter. 

No cases of exencephaly, microphthalmia or anophthalmia were reported in controls 

or DTPA-Na3Zn exposed foetuses, but the incidences of these malformations in 

DTPA-Na3Ca-treated foetuses were 18 and 4%, respectively. Three percent of cases 

of exencephaly were also found in foetuses exposed to 357 mg DTP-Na3Ca/kg 

bw/day. The incidence of malformed foetuses and foetuses with first and second 

fused rib were 24% and 19%, respectively in foetuses exposed to DTPA-Na3Ca, 

while the incidences (for both malformations) in control and DTPA-Na3Zn-exposed 

foetuses were 12% and 13%, respectively.  

 

In conclusion, the results of this paper suggest that calcium DTPA salts might be 

more potent teratogens than zinc DTPA salts. 

 

Study 3 (supportive study): Prenatal developmental toxicity study with zinc and 

calcium DTPA salts in mice (Brummett and Mays, 1977) 

 

In a studyby Brummett and Mays, 1977, pregnant C57BL/Do mice were 

subcutaneously dosed with DTPA-Na3Zn daily either from gestation days 2-6 or 7-

11. The doses of DTPA-Na3Zn used were either 0, 5720 or 11520 µmol/kg bw; these 

doses are equivalent to 0, 3163 and 6371 mg/kg bw/day, respectively. Due to the 

hypertonic nature of the test material an additional group of mice were treated with 

a solution of sodium chloride (1380 µmol NaCl/mL) at the same ion concentration, 

osmolality, pH and volume as the high dose DTPA-Na3Zn treatment. A DTPA-Na3Ca 

group (1440 µmol/kg bw/day = 715 mg/kg bw/day) dosed daily on days 7-11 was 

also included in this study. The pregnant mice were euthanized on day 18 of 

gestation and the foetuses removed and examined for gross malformations, visceral 

malformations and skeletal malformations.  

 

Animals injected on days 2-6 with 5760 µmol DTPA-ZnNa3/kg bw/day were similar 

to controls in terms of embryo and foetal losses. However, those animals receiving 

11,520 µmol DTPA-Na3Zn/kg bw/day had a 6-fold greater percentage of abortions 

(67% versus 11%) and more than twice the percentage of resorbed foetuses (25% 

versus 9%) than did the controls. The hypersaline injected animals also had a 6-fold 

greater percentage of abortions than controls, although no resorptions were found. 

 

Animals injected on days 7-11 with 5760 µmol DTPA-ZnNa3/kg bw/day were not 

greatly different form the controls. However, with the 11.520 µmol DTPA-ZnNa3/kg 
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bw/day dosage, the percentage of aborted litters was almost three times that of the 

controls (29% versus 11%) additionally to resorptions 

 

The group receiving 1440 µmol DTPA-CaNa3/kg bw/day had nearly 4 times the 

percentage of aborted litters and 3 times the percentage of resorption sites than did 

the control animals. 

 

In conclusion, this paper suggests that DTPA-Na3Zn is less teratogenic than DTPA-

Na3Ca. 

 

Other supportive teratogenicity studies with DTPA salts 

 

Fisher et al. (1975) administered DTPA-Na3Zn (6 mice at 360 µmol/kg bw/day and 

6 mice at 2900 µmol/kg bw/day), DTPA-Na3Ca (6 mice at 360 µmol/kg bw/day and 

12 mice at 2900 µmol/kg bw/day) or saline solution (12 mice) to female mice (strain 

C57BL/Do) via daily subcutaneous injections. These doses are equivalent to 199 or 

1600 mg DTPA-Na3Zn/kg bw/day and 179 or 1441 mg DTPA-Na3Ca/kg bw/day. The 

dosing period started 4 days after the mating period began and continued 

throughout pregnancy until the pups reached an age of 13 days. In the group of 

mice dosed with 2900 µmol DTPA-Na3Ca/kg bw/day there were no viable offspring 

observed. Only one stillborn pup was observed but it appeared based on macroscopic 

inspection normal. In the 360 µmol DTPA-Na3Ca/kg bw/day group there were no 

adverse effects on reproduction or developmental parameters. Both dose levels of 

DTPA-Na3Zn were reported to be ‘completely harmless’ to the mothers and the pups. 

 

Fisher et al. (1976) administered a range of doses of DTPA-Na3Ca to pregnant mice 

(strain - C57BL/Do) via daily subcutaneous injections for different 4 day periods 

during pregnancy. The mice were separated into 3 groups and were dosed either on 

days 2-6, 7-11 or 12-16 during pregnancy. The mice received injections of 0, 720, 

or 1440 µmol/kg bw/day (days 2-6 or 7-11) or doses of 0, 720, 1440, or 2880 

µmol/kg bw/day (days 12-16). These doses are equivalent to 0, 357, 715 and 1430 

mg DTPA-Na3Ca/kg bw/day. The dams were sacrificed on day 18 of gestation and 

the foetuses examined for morphologic alterations. DTPA-Na3Ca (357 or 715 mg/kg 

bw/day) dosed either from day 2 to 6 or from day 7 to 11 of gestation resulted in 

an increase in resorptions compared to control. Neither of these doses caused an 

increase in resorptions (relative to controls) when dosed from day 12 to 16 whereas 

1430 mg/kg bw/day did. Dosing with 715 mg/kg bw/day produced malformations in 

foetuses in all dosing period groups. The types of malformation and number of 

foetuses affected varied, however, with the dosing schedule. The malformations 

observed were exencephaly with ablepharia, exencephaly, spina bifida aperta and 

cleft palate. Dosing with 357 mg/kg bw/day only produced malformations when 

dosed from days 2 to 6 and these malformations were consistent with those 

observed with 715 mg/kg bw/day dosed for the same period. 

 

Mechanism of action for DTPA compounds-induced teratogenicity 

 

DTPA-Na5 is a chelating compound that predominantly binds divalent metals 

including zinc, iron, manganese, calcium, and monovalent ions metals such as 

sodium and potassium. Of these, DTPA binds most strongly to zinc (Log binding 
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affinity = 18.3) compared to calcium (Log binding affinity = 10.7) or potassium and 

sodium (Log binding affinity = 0.9 for both) (Table 4). Therefore in biological 

matrices where zinc is present, DTPA-Na5 will have a strong tendency to release Na 

ions in favour of binding zinc, calcium and other cations, although the differences of 

affinity might be of several orders of magnitude according to binding constants 

displayed in Table ”Constants of affinity of EDTA and DTPA chelants for different 

ions” under “RAC general comments”, above. 

 

According to the DS there has been considerable work on the teratogenic effects of 

Zn deficiency.  

One study (Kechrid et al, 2006) reports that when pregnant Wistar rats were fed 

with diets containing adequate (54 mg/kg bw/day) or low (1 mg/kg bw/day) zinc 

quantities for 18 days the normal foetuses born from 10 pregnant females was 

reduced from 73 to 58, while the resorbed and malformed foetuses increased from 

2 and 0 to 15 and 38, respectively. 

 

The types of effects produced by Zn deficiency are many, e.g. brain defects, eye 

defects, cleft palates and skeletal defects, as well as gross malformations of the 

cardiovascular, respiratory and urogenital systems. It is also an important 

consideration that the extent, duration and timing of zinc deficiency during 

pregnancy will affect the severity and location of the effects on the developing 

foetus.  

 

It seems that during periods of zinc deficiency the maternal liver sequesters zinc via 

induction of zinc-binding proteins as metallothionines, which restrict the supply of 

zinc to the embryo/foetus. It is noted by King (2000) that in humans and animals, 

transfer of sufficient zinc to the foetus is dependent on maintenance of normal 

maternal serum zinc concentrations and therefore the interference with maternal 

zinc status (as was presumably caused by DTPA-Na5 exposure) is the first step in 

producing zinc deficiency in the developing foetus.   

 

Also supporting the hypothesis of teratogenicity induced by zinc deficiency is the fact 

that the ip administration of 1 g/kg bw of urethane to pregnant Sprague-Dawley rats 

on gestation day 11 caused a 14-fold induction of metallothionein concentrations, 

an increment in the hepatic zinc concentration, a decrease of approximately 30% of 

plasma zinc concentration, a reduction of at least 50% in the distribution of zinc to 

the embryonic tissues, a 18% decrease in foetal weight and a significant delay in 

skeletal ossification (Daston et al., 1991). Thus, it supports the hypothesis that a 

decrease in plasma zinc concentration in pregnant female might be responsible for 

developmental toxicity.   

 

Additional support for the mechanism of maternal zinc deficiency comes from studies 

where the zinc depleting agent was dosed in conjunction with a zinc supplemented 

diet. Indeed, doses that previously caused teratogenicity were found to be non-

teratogenic in the presence of sufficient zinc (Swenerton and Hurley, 1971).  

 

The above studies appear to demonstrate that DTPA-Ca salts are capable of causing 

foetotoxicity and malformations consistent with zinc deficiency; while DTPA-Zn 
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dosed at significantly higher dose levels for equivalent dosing periods does not 

appear to cause malformations. A possible explanation for this phenomenon is that 

the toxicity is due to chelation of essential metals such as zinc and that the zinc salt 

of DTPA cannot chelate any additional zinc; while DTPA-Ca on the other hand will 

release calcium and bind the zinc in the body thus producing a zinc deficient state.  

 

In summary, there are adequate data to support the hypothesis that the 

teratogenicity resulting from dosing of rats with DTPA salts is a result of an induced 

deficiency of zinc and presumably also other divalent cations in the mother which 

subsequently impacts the foetus. 

 

Comparison with the criteria 

Sexual function and fertility 

RAC notes that, according to the DS, 2 available 28-days studies where DTPA salts 

were dosed showed clinical signs of a perturbation in nutrition (diarrhoea, decreased 

food consumption, decrease in bodyweight) without evidence of testicular toxicity. 

Therefore, in the absence of any standard multi-generation reproductive 

toxicity studies, RAC considers that classification of DTPA-H5 for sexual 

function and fertility is not possible due to lack of data. 

 

Development 

Human data are not present in the CLH report and therefore the classification as 

toxic to reproduction category 1A is not appropriate. 

 

RAC notes that the available information clearly shows that DTPA salts are able to 

induce developmental toxicity: 

 

 The malformation rate was notably increased (4 times) due to a high 

frequency of malformations of the vertebral column and sternebra together 

with statistically significant higher rates of retardations (1.7 times) and 

variations (1.5 times) in animals at a dose level of 1000 mg DTPA-Na5/kg 

bw/day (Table ”Skeletal examinations in the developmental toxicity study 

with DTPA-Na5”, above). 

 

 Pregnant females exposed to 1000 mg DTPA-Na5/kg bw/day experienced a 

significant reduction (17%) of the mean number of live foetuses/litter and in 

foetal weight (8%) (Table 14). 

 

RAC does not consider this developmental toxicity as secondary to maternal toxicity 

since the effects seen in pregnant females exposed to 1000 mg DTPA-Na5 were a 

reduction of 16% in body weight gain during the 20 days of gestation and an overall 

bodyweight reduction of 7%. In addition, statistically significant increases in number 

of retardations in ossification at 400 mg/kg bw/day without maternal effects were 

also reported. These statistically significant alterations appeared at a dose less than 

half of that causing severe effects such as malformations, which indicates  a potential 

dose-response relationship supporting the developmental toxicity of this substance 
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might be masked by the significant difference in the dose levels from 400 to 1000 

mg/kg bw/day.  

 

RAC also notes that the developmental toxicity of DTPA-Na5 salt is also supported 

by the following: 

 

 The incidences of exencephaly, microphthalmia, anophthalmia, total 

malformed foetuses and foetuses with first and second fused ribs were 

increased in female pregnant rats subcutaneously exposed to 536 mg DTPA-

Na3Ca/kg bw/day.  

 

 A higher number of abortions and resorptions found in pregnant female mice 

subcutaneously exposed to 715 mg DTPA-Na3Ca/kg bw/day. 

 

 A plausible mechanism of action potentially relevant for humans based on 

the chelation of zinc by DTPA compounds that would notably reduce the 

concentrations of zinc available to embryo and/or foetus. Also the chelation 

of other ions with affinities by DTPA comparable to Zn, as Cu2+ or Fe2+, might 

be causing the reported teratogenicity.  

 

RAC therefore proposes to classify DTPA-H5 as toxic to reproduction category 

1B (H360D: May damage the unborn child), in contrast with the DS proposal to 

classify the substance in Cat. 2. 

 

 

The DS also proposed to state the route of exposure (oral) in the classification. This 

was because the relatively large particle size of the DTPA powder results in very 

limited absorption via the dermal route, and in its deposition in upper respiratory 

tract with subsequent oral ingestion.  

 

RAC notes that according to the information contained in the CLH dossier, there have 

been a number of studies showing different degrees of bioavailability to humans of 

aerosolized DTPA complexes. Indeed, it is estimated as a worst case that a 20% of 

a dose may be dermally absorbed after administration of nebulized sprays. Other 

considerations also included in the CLH dossier reported that 10% of particles of less 

than 10 µm in diameter might be absorbed via the lungs. Thus, it is not conclusively 

proven that no other routes of exposure can cause the hazard. Therefore, RAC 

proposes not to state route of exposure together with the classification of DTPA-H5 

for reproductive toxicity. 

 

 

 

4.12 Other effects 

Not the subject of this CLH proposal. 
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4.12.1 Non-human information 

4.12.1.1 Neurotoxicity 

Not the subject of this CLH proposal 

4.12.1.2 Immunotoxicity 

Not the subject of this CLH proposal 

4.12.1.3 Specific investigations: other studies 

4.12.1.4 Human information 

4.12.2 Summary and discussion 

4.12.3 Comparison with criteria 

4.12.4 Conclusions on classification and labelling 

 

 

5 ENVIRONMENTAL HAZARD ASSESSMENT 

Not the subject of this CLH proposal. 
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ANNEX 1 

DTPA (Diethylenetriaminepentaacetic Acid) Exposure and Developmental Toxicity 

Hazard Assessment 

The following information is provided in the context of weight of evidence assessment to 

ascertain whether, following use of pentasodium DTPA, the reprodevelopmental effects 

observed in animal studies could manifest themselves under real-life situations. The 

scenarios described represent worst-case exposure and should be considered as supporting 

evidence for correct interpretation of the most appropriate developmental classification for 

DTPA in line with  Section 1.1.1.5 of Annex I of regulation (EC) No 1272/2008., which 

states;‘ For the purpose of classification for health hazards (part 3) route of exposure, mechanistic 

information and metabolism studies are pertinent to determining the relevance of an effect in 

humans. When such information, as far as there is reassurance about the robustness and quality of 

the data, raises doubt about relevance in humans, a lower classification may be warranted.’ 

Summary 

The chelating agent Diethylenetriaminepentaacetic acid (DTPA) has been discovered to 

induce developmental toxicity when administered at high doses to pregnant rats.  

DTPA complexes with essential metals such as zinc in the gut, preventing these from 

becoming bio-available.  

At high doses this deprivation of essential nutrients leads to toxic effects such as 

developmental toxicity due to the importance of zinc in the healthy development of a 

growing fetus. As a result of this it is considered appropriate to classify DTPA for 

developmental toxicity. In determining the appropriate classification an assessment of the 

relevance of the hazard to humans has been made. This assessment takes two parts; 1) 

estimation of exposures to the workforce (the group with the highest exposure levels) and 

2) an assessment of how these exposures may affect the zinc status of the workforce, 

specifically a pregnant worker. 

Taking conservative assumptions into account, the estimated worker exposures to DTPA 

are low. Due to the much lower levels of DTPA in formulated products that may be 

available to the consumer, consumer exposure levels would be significantly lower than 

worker exposure levels.  

The effect of estimated worker exposures to DTPA under normal working conditions or 

following an accidental acute exposure would not be considered to be detrimental to a 

workers (including pregnant women) zinc status. Thus it is highly unlikely that a 

consumer’s zinc status would also be negatively affected, considering the significantly 

lower level of exposure likely in the general population. Thus exposure to DTPA would not 

result in the development of a zinc deficiency. 

According to the text of the Classification, Labelling and Packaging directive, where data 

from animals provide clear evidence that a substance is capable of producing reproductive 

or developmental toxicity, this substance can be classified as category 1B. However, within 

the framework of a weight of evidence approach it is demonstrated in a comprehensive 

exposure assessment that the occurrence of developmental toxicity in humans would 

require unrealistic exposure situations and thus is extremely unlikely  therefore 

Classification of DTPA in Category 2 according to the regulation (EC) 1272/2008 is 

considered to be appropriate.  
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1. Introduction and Approach 

Diethylenetriaminepentaacetic Acid (DTPA) is a chelating agent used in a number of 

industries. In a study of the compound (BASF 1994) high doses of DTPA were shown to 

cause developmental toxicity in the rat. This report presents an assessment of the risk of 

developmental toxicity from current uses of DTPA in support of an appropriate hazard 

classification.  

DTPA is used in a wide number of industries including pulp and paper industries (main 

use), laundry detergents, cleaners, soaps, and textiles. It is also used as a setting retarder in 

the production of plaster, scale remover for substances such as barium sulphate, and as 

complexing agents of metals used as micronutrients for plants (BASF, 2007). Exposures 

of DTPA to the general public are minimal.  The product is only used in trace amounts in 

final products (< 2% consumer cleaning products and <0.1% in personal care products), is 

poorly absorbed dermally, and does not volatilize. Thus consumer exposure, whilst it 

occurs, would be expected to be very low and significantly lower than workers involved in 

manufacturing and formulating DTPA. For this reason this assessment focuses on workers 

and the potential for exposures to DTPA. The exposure assessments for the three potential 

routes of exposure, (i.e. oral, dermal and inhalation), have been developed using 

conservative exposure assumptions reflecting the limited data available on work exposures.  

As the induction of zinc deficiency, caused by the chelating properties of DTPA, is 

considered to be the mode of action responsible for the developmental toxicity this 

assessment determines: 

 potential occupational exposure to DTPA during manufacturing and formulating  

 if the occupational exposure to DTPA has the potential to cause zinc deficiency 

adequate to produce adverse health effects in workers and, in particular, pregnant 

women 

 

2. Exposure Assessment 

As the availability of DTPA exposure data in the workplace is limited, the exposure 

assessment has used exposure models to estimate work place exposures. In addition as 

patterns of exposure to EDTA and DTPA are very similar, the exposure scenarios used in 

the EDTA EU Risk Assessment have been applied to assess exposure to DTPA (European 

Chemicals Bureau 2004).  

Oral exposures in the workplace  

It is generally assumed that oral exposure to industrial chemicals in the workplace can be 

discounted (Technical Guidance Document) and DTPA is no exception, making it unlikely 

that any oral exposure will occur during manufacturing or formulation processes. However, 

for the purpose of this evaluation the possibility of some small contamination of food 

occurring within the workplace is considered as part of the exposure assessment. In the 

absence of data on the potential oral intake of dusty chemicals in the workplace, an 

exposure level of 25 mg/day is assumed. This assumption is based on a US EPA estimate 

that the daily adult unintentional soil intake would fall within the range of 0 to 50 mg/day 
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(US EPA 1997). For the purpose of this assessment the midpoint of this range was used. 

For a 70 kg worker this corresponds to an oral dose of 0.35 mg/kg bw/day.  

It should be understood that an estimated exposure of up to 25 mg/day is still likely to be 

a gross overestimate of actual worker exposure through the dietary route.  

Absorption following oral exposure is approximately 5% (Stevens et al. 1962, Bondesson 

et al., 2007) therefore the actual systemic dose to DTPA following oral exposure in the 

workplace is 1.25mg/day.  

In summary assuming oral ingestion of 25 mg DTPA: 

Amount remaining in the Gastrointestinal Tract (GIT) is 23.75 mg/day 

Systemic exposure is 1.25 mg/day. 

Dermal exposures in the workplace 

Data on dermal absorption of DTPA are not available. However, data on similar chelating 

agents suggest that the rate of absorption will be low. Dermal penetration data for EDTA 

has been reported by the European Chemicals Bureau, (2004) as 0.001% absorption. 

Unpublished data from BASF (2007) reported 0.1% dermal absorption for Nitrilotriacetic 

acid (NTA). As DTPA has a higher molecular weight than EDTA but a similar log Kow it 

is proposed that dermal penetration of DTPA will be equivalent to or less than that of 

EDTA, i.e. approximately 0.001%.  

Given this very low dermal penetration, systemic exposure via dermal exposure to DTPA 

is not considered to significantly add to a combined workplace exposure estimate. However 

to ensure dermal exposures are in fact insignificant a worst case estimate for dermal 

exposure of DTPA has been developed based on the assessment of EDTA by the EU 

(European Chemicals Bureau, 2004). In the dermal exposure estimate for EDTA 5 

mg/cm2/day dermal exposure and an exposed area of 840 cm2 was considered appropriate. 

Using these values, the theoretical worst case dermal exposure for DTPA is 4,200 

mg/person/day.  

Taking into account the dermal absorption, the systemic dose for a 70 kg person would be  

= 4,200 mg/day x 0.001% / 70 kg  

= 0.0006 mg/kg bw /day  

Inhalation exposures in the workplace 

DTPA is sold either as a liquid or a solid (a crystalline solid powder). The manufacture and 

major industrial use of liquid forms of DTPA are not anticipated to form aerosols. The 

main use for DTPA is in the paper and pulp industry and for this use it is supplied as a 

liquid. Due to the enclosed nature of the production process, the low volatility of liquid 

DTPA and the use of suitable personal protective equipment by the work force (goggles, 

gloves and respiratory protection) the potential for exposure to liquid DTPA during 

production and use in the paper and pulp industry is considered to be minimal. A similar 

conclusion was reached in the EDTA EU Risk Assessment report (European Chemicals 

Bureau 2004). 
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There are some applications (agricultural spraying) where aerosols of DTPA-containing 

solutions might be formed, however the concentration of DTPA in these solutions are 

typically very low (< 1%). In addition, due to the hazards posed by other components of 

the solutions (pesticides and fertilizers) it is well accepted that workers applying these 

products wear goggles, gloves and respiratory protection (European Chemicals Bureau, 

2004). Thus exposures to aerosols containing DTPA are not expected to be significant.   

Inhalation of DTPA powder in the air is likely to be the most significant source of 

inhalation exposure in the workforce. Although DTPA powder is manufactured in an 

enclosed process there is potential for inhalation exposure when the powder is transferred 

into containers for transport and when the powder is transferred from transport containers 

into formulating vessels. The manufacture and use of DTPA is very similar to EDTA and 

the EDTA EU Risk Assessment report (European Chemicals Bureau, 2004) also identified 

the potential for exposure to the powdered form of that chelating agent. 

The data in Table 1 presents data on particle size distribution from three DTPA powder 

producers (Akzo Nobel, personal communication 2008, DOW, personal communication 

2008, Dabeer, personal communication 2008). Of these three manufacturers, Akzo is the 

only company that manufactures DTPA Acid powder in the EU. Dow manufactures in the 

US and Latin America, whilst Dabeer no longer produces the DTPA acid powder. 

Therefore this data on particle size is considered to be representative of the DTPA powder 

in use globally. 

Table 1. Particle Size Distribution in DTPA Powder  

AkzoNobel Data Dow Data Dabeer Data BASF Data 

Size 

(μm) 

Percentage by weight 

Size 

(μm) 

Average 

Percentage 

(by weight) 

Size 

(μm) 

Average 

percentage 

(by weight) 

Size 

(μm) 

Average 

percentage 

(by 

weight) 

Maximum 

Percentage 

Minimum 

Percentage 

355 
25 10 

>355 10.0 > 800 1.5 < 1589 100.0 

250 
30 10 

250 - 

355 

13.5 800-200 5.5 < 1002 99.3 

180 
20 5 

180 - 

250 

15.0 200-150 17.3 < 502 94.6 

125 
15 10 

125 -

180 

10.0 150-100 52.0 < 200 76.6 

90 
20 5 

90 - 

125 

6.5 100-71 23.7 < 100 51.5 

63 
20 5 

53 - 90 17.2 71-63 0.2 < 50 30.9 

< 63 
25 5 

< 53 29.0 63-40 0.0 < 20 12.7 

< 10 
4 0 

    < 10 5.3 

 
  

    < 4 1.3 

 
  

    < 2 0.1 

 

These data suggest that the powder is dominated by particles greater than 63 μm with 

majority of particles being >10 μm. A report by ICRP (1994) concluded particles above 10 

μm are only partially inhaled. Some of the particles are sufficiently large not to be drawn 
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in with an inspired breath (40%).  Of the 60% inhaled 50% are deposited in the 

extrathoracic airways. Only 10% enter the lung and result in a true inhalation dose. 

Using the ICRP report (1994) as a guide this analysis assumes 90% of the inspired particles 

will be deposited in the extrathoracic airways and eventually swallowed. The remaining 

10% are assumed to be deposited in the lung and completely absorbed.  

During manufacturing DTPA dust levels are kept under control using local exhaust 

ventilation and workers handling the packing of DTPA are also required to wear gloves, 

goggles and respiratory protection (Dow MSDS: Versenex* DTPA acid Chelating Agent, 

BASF MSDS: Trilon C and Trilon CS). Whilst the actual concentrations of DTPA in the 

air are not monitored as a standard, the total dust concentration in the air is kept below 2 

mg total dust per m3 air (personal communication AkzoNobel). The DNEL LT local effects 

for DTPA has been set at 1.5 mg/m3 (respirable particles). In analogy with the dust limits 

(viz. 10 mg/m3 for inhalable dust and 3 mg/m3 for respirable dust), a DNEL LT for 

inhalable particles could be set at 5 mg/m3. Therefore, while dust samples will contain a 

variety of particles, for this assessment a conservative assumption is that the dust is 

inhalable DTPA and that inhalation exposure of 2  mg/m3 represents the situation in the 

EU and globally. 

To estimate exposure during formulating DTPA, (e.g. pouring DTPA powder into mixing 

vessels or other processing machinery), the same assumptions used in the EDTA EU Risk 

assessment (European chemicals Bureau, 2004) have been applied, i.e. a 1 hour daily 

exposure to an airborne DTPA powder concentration of approximately 5 mg/m3 in the 

absence of ventilation. This leads to an average 8 hour TWA exposure of 0.6 mg/m3. 

Although gloves, goggles and respiratory equipment are required when handling DTPA for 

the purposes of this exposure assessment it is conservatively assumed respiratory 

protection is not worn.  

Inhalation exposure to DTPA during manufacture assumes an air concentration of 2 mg/m3 

and inhalation of 10 m3 air over an 8 hour work period giving a Total Exposure to DTPA 

of 20 mg/day. Of the 20 mg approximately 90% is swallowed (giving an oral dose 18 

mg/day of which 5% will be absorbed into the systemic circulation) while 10% enters the 

deep lung and is assumed to be 100% absorbed.  Thus systemic exposure is a combination 

of 0.9 mg from the GIT (i.e. 5% of the ingested dose) and 2 mg from the lung. 

Thus: 

Amount of DTPA entering systemic circulation is 2.9 mg/day 

Amount of DTPA remaining in GIT is 17.1 mg/day. 

To estimate inhalation exposure when formulating DTPA it is assumed the air 

concentration over the course of the day is 0.6 mg/m3. Considering the inhalation of 10 m3 

over the course of the working day, the total exposure would be 6 mg/day. Of the 6 mg 

approximately 90% is swallowed (giving an oral dose 5.4 mg/day of which 5% will be 

absorbed into the systemic circulation) while 10% enters the deep lung and is assumed to 

be 100% absorbed. Thus systemic exposure is a combination of 0.27 mg from the GIT (i.e. 

5% of the ingested dose of 5.4 mg) and 0.6 mg from the lung. 

Thus: 

Amount of DTPA entering systemic circulation is 0.87 mg/day 
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Amount of DTPA remaining in GIT is 5.13 mg/day 

Estimated Combined Inhalation and Oral exposure During Manufacture of DTPA  

Total dose remaining in the GIT = direct oral exposure + indirect following inhalation 

exposure 

    = 23.75 mg + 17.1 mg  

= approximately 41 mg/day 

= 0.58 mg/kg bw/day (assuming 70 kg bodyweight) 

Total systemic exposure =(Total oral exposure*absorption) + (inhalation 

exposure*absorption) 

    = 1.25 mg + 2.9 mg 

    = 4.15 mg/day 

    = 0.03 mg/kg bw/day 

As the exposure to DTPA during manufacturing are higher than during formulating these 

values have been used in the health assessment described below. Also as dermal exposures 

are trivial these have been excluded from the assessment. 

 

4. Industrial exposures to DTPA: Health Evaluation  

As indicated previously, the actual hazard associated with DTPA is its ability to bind metals 

such as zinc reducing bio-availability. Therefore in order to fully evaluate the risk 

associated with DTPA exposure to workers it is necessary to understand how exposures to 

DTPA in the workplace could affect zinc status in workers. This Health Evaluation 

examines: 

 the average dietary zinc intake by workers  

 impact of occupational exposure to DTPA on zinc status and  

 if the resulting reduction in the bio-availability of dietary zinc is likely to be 

associated with an adverse health outcome 

 

Human Zinc intake 

The average zinc content of a healthy adult is between 1.5 and 2 g (Bedawal et al., 1991). 

Past surveys have shown that pregnant women consume an average of 10 mg Zn/d 

(Swanson and King, 1983) although other data from the UK indicate that the zinc intake of 

women in general (not specific to pregnant women) is approximately 7 mg per day (NDNS, 

2002). In 27 reported studies, dietary zinc intakes of non-vegetarians ranged from 5.7 to 22 

mg/d; the intakes of vegetarians ranged from 5 to 12.6 mg/d with a mean of approximately 

8 mg/d (King, 2000). The reason for the lower intake in vegetarians is the absence from 

the diet of meat, which is a significant source of zinc.  

Overall it appears that an average zinc intake for a female vegetarian would be between 5 

and 8 mg/day.  
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In general, approximately 25% of the dietary intake of zinc appears to be absorbed, 

although there are a number of factors that can influence this (King, 2000). For example, 

absorption is reduced by the presence in the diet of excess calcium, fibre or phytate, 

smoking and alcohol abuse (King, 2000). It is also apparent that zinc absorption from the 

gut is increased in individuals consuming less zinc in the diet or when the person has lower 

zinc status (Cousins, 1986). Excretion of zinc is also decreased in individuals with a lower 

intake of zinc (King, 2000). A zinc intake of between 2.7 and 5 mg/day from sources other 

than animal protein (for example a vegetarian diet, or diet high in cereals) is considered 

insufficient to maintain zinc homeostasis (Prasad, 1985a, b). Presumably this daily zinc 

intake from a diet containing animal protein would also be considered low but due to the 

greater bio-availability of the zinc in this type of diet it would still suffice for maintenance 

of zinc homeostasis. It should be noted that many estimations of what would be a sufficient 

intake to maintain zinc homeostasis are based on studies to assess the amount of zinc intake 

necessary to exactly match the amount of zinc excreted (Hambridge, 2003). However, as 

indicated above, zinc absorption and excretion are not constant, and vary with an 

individual’s zinc status, therefore assessments of zinc requirement are not necessarily 

absolute and thus the estimate given above of an ‘insufficient’ zinc intake is a range and 

not a single limit. 

It has been identified that during pregnancy the requirement for zinc increases above that 

required in a non-pregnant state (King, 2000). Since the zinc intake of women during 

pregnancy does not appear to increase significantly any additional requirement for zinc 

probably comes from adjustments in maternal zinc homeostasis, i.e. a decrease in the 

amount of zinc excreted, a mobilisation of maternal zinc stores, and/or an increase in the 

amount of zinc taken up from the diet. The latter of these mechanisms is likely the most 

significant (King, 2000). Thus, while the increased requirement for zinc during pregnancy 

might make such a group  more susceptible to substances altering the availability of zinc, 

this group is also in an adaptive state, and likely better able to respond to an unexpected 

decrease in zinc availability.  

There might be a concern that the vegetarian (and vegan) population having a diet high in 

fibre but low in animal protein may represent a susceptible population for zinc depletion. 

However a balanced vegetarian (or vegan) diet should provide sufficient nutrition during 

pregnancy, albeit with lower levels of some minerals such as zinc.  

At present there is no advice (in Europe and the US) to pregnant women proposing the 

level of zinc in the diet should be monitored or supplemented, rather advice focuses on the 

importance of a well balanced diet in general, with specific advice on folic acid, vitamin 

B12 and iron. In populations where zinc deficiency is more prevalent (due to poor nutrition 

as a result of poverty, or eating habits that include consumption of significant amounts of 

clay and cereals) trials to assess the benefits of supplementing the diet with zinc (Shah et 

al., 2006) have been inconclusive and in general there appears to be little or no benefit to 

zinc supplementation during pregnancy in zinc deficient populations.  

With respect to the workforce, it is generally accepted the worker population is ‘healthier’ 

than the general population, for instance, in epidemiological studies the ‘healthy worker 

effect’ often has to be taken into account as a confounder when comparing workers to the 

general population. It thus seems defensible to assume that the average worker (pregnant 

or not), is healthy with a balanced diet containing zinc in the mid range of 5 – 8 mg/day, 

i.e. approximately 6.5 mg zinc/day. While this health assessment includes pregnant 

women, in reality the number of women working with DTPA is low and the number of 
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pregnant women even lower. As such considering the effect of an industrial exposure to 

DTPA on pregnant women is a fairly conservative approach. 

Estimation of Effect of DTPA Exposure on Zinc Status 

In a review by Domingo (1998), the developmental toxicity of DTPA was demonstrated to 

be linked to its ability to bind essential metals such as zinc and so the toxic effects observed 

are due to an induced deficiency in essential metals such as zinc rather than the DTPA 

itself. If exposure to DTPA does not negatively impact an individual’s zinc status then it 

will not cause developmental toxicity. In order to determine how DTPA would affect an 

individual’s zinc status it is therefore necessary to consider how much zinc is expected to 

bind to a given dose of DTPA. The assumption being that zinc bound to DTPA is no longer 

bio-available and the more that becomes bound to DTPA the more severe the effect on the 

individuals zinc status.  

The zinc-DTPA complex consists of 1 mole of DTPA and 1 mole of zinc. This is equivalent 

to 6 mg of DTPA and 1 mg zinc. A worst case estimate of the amount of zinc that a dose 

of DTPA could bind would therefore assume that for every 6 mg of DTPA dosed, 1 mg of 

zinc will be chelated. There are however many factors in a biological system influencing 

the amount of zinc-DTPA complex formed. For example DTPA complexes with other 

metal ions and the amount of each complex is affected by the presence of other metals, the 

pH and the concentration of DTPA (increasing the concentration will increase the 

probability that each metal complex will be formed). In the gut, DTPA will therefore bind 

to whatever metal ions are present and favoured by the pH conditions; if there is very little 

zinc in the gut or there are other metals present to which it also binds then the DTPA will 

be less likely to bind zinc. To illustrate this, consider a balanced female diet, containing 

around 2600 mg potassium, 750 mg of calcium, 230 mg magnesium, 10 mg iron, 1 mg 

copper and 7 mg zinc (NDNS, 2002), whilst only iron and copper have a greater affinity 

for DTPA than zinc, the significantly larger amounts of calcium, magnesium and potassium 

available will mean that DTPA is far more likely to interact with these elements than zinc. 

Any DTPA that becomes systemically available will face a similar situation, but will also 

have to compete with the various metal transport proteins in the body, such as 

metallothionein. Therefore it seems unrealistic to assume that 1 mole of DTPA will bind 1 

mole of zinc. 

Support for this argument comes from two pieces of information. The first is from the 

BASF developmental toxicity study (BASF 1994) in which, gavage doses of 100, 400 and 

1000 mg/kg bw/day DTPA resulted in no, mild and moderate developmental toxicity 

respectively. These doses are equivalent to approximately 30, 130 and 330 mg DTPA/day 

(assuming average bodyweight of 300g during dosing period). Assuming 1 mole of DTPA 

will bind 1 mole of zinc, then 30, 130 and 330 mg/day DTPA should be capable of binding 

approximately 5, 22 and 55 mg/zinc per day. Under such circumstances all three doses 

would be capable of binding the 1.5 mg/day zinc in the diet (based on 60 mg zinc /kg diet, 

average food consumption of 25 g diet/day) and thereby produce evidence of a zinc 

deficiency. The fact only the top dose has any significant effect on the daily zinc intake 

indicates significantly more than 1 mole of DTPA is necessary to prevent the uptake or 

utilisation of 1 mole of zinc. 

The second piece of information comes from data of an individual treated with DTPA 

following an exposure to the isotope 241Americanum (Kalkwarf et al., 1983). It was 

discovered through the analysis of the urinary excretion of essential metals, that following 
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an intravenous injection of 1g of the calcium salt of DTPA, zinc excretion in the urine was 

significantly increased compared to normal, with approximately 18 mg of zinc excreted in 

the urine (other metals were not significantly affected). The number of moles of zinc 

excreted per mole of DTPA was calculated to be approximately 0.13, i.e. 7 moles (42mg) 

of DTPA bind approximately 1 mole (1 mg) of zinc. 

Exposure to DTPA can affect zinc status in two ways: 

1. Chelating zinc in the GIT thereby reducing the availability of zinc for absorption.  

2. Systemic DTPA can bind zinc already absorbed into the circulatory system, 

carrying it out of the body in the urine.  

Both considerations are described below.   

Effect of DTPA in the GIT (combined oral and inhalation exposure) on Zinc 

Status 

As calculated above the total amount (combination of oral and inhalation exposure) of 

DTPA present in the GIT of a worker is 41 mg/day or 0.58 mg/kg bw/day. Based on a ratio 

of 7 moles (42 mg) of DTPA being required to bind 1 mole zinc, the maximum amount of 

zinc which could be bound to DTPA present in the GIT is, at most, 1 mg of the 6.5 mg of 

zinc present in the diet.   

Effect of Systemic Exposure to DTPA (combined oral and inhalation) on Zinc 

Status 

The total estimated worker systemic exposure following a combination of oral and 

inhalation exposure is 4.15 mg/day or 0.03 mg/kg bw/day. Based on a ratio of 7 moles of 

DTPA dosed to 1 mole of urinary zinc excretion, it can be estimated that a systemic intake 

of 4.15 mg of DTPA would cause a urinary excretion of approximately 0.1 mg zinc. 

Health Evaluation 

The calculations described above indicate that occupational exposure to DTPA during 

manufacturing process can lead to reductions in the bioavailability of zinc both by reducing 

amount of dietary zinc available for absorption from the GIT and by binding zinc already 

absorbed in the systemic circulation. As described earlier there is on average 6.5 mg of zinc 

present in the diet of which approximately 25% is absorbed from the GIT into body. Of the 

6.5 mg of zinc in the diet the worst case scenario is that 1 mg might bind to DTPA in the 

GIT. This however leaves 5.5 mg available for absorption and as only 25% is usually 

absorbed there is still an excess of zinc. Also at this time it is perhaps worth remembering 

the estimated exposures to DTPA are grossly exaggerated using a combination of both oral 

and inhalation exposures even though any oral exposure is most unlikely to occur during 

manufacturing or formulating the chemical. In reality it is unlikely that exposure to DTPA 

has any impact on the uptake of zinc from the GIT. Additionally, the ability of DTPA in 

the gut to bind to zinc is dependent on timing of DTPA exposure and food intake. Since 

DTPA exposure is likely to be a low level throughout the day with occasional peaks, there 

will be limited times where the DTPA can interact with dietary zinc; consider the greater 

toxicity of the similar chelating agent EDTA when dosed via the diet, versus dosing via 

gavage (Kimmel, 1977). 

To examine the possible effect of DTPA on systemic zinc it is assumed dietary intake is 

6.5 mg of zinc and absorption from the GIT is 25% giving a systemic level of about 1.63 
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mg zinc per day. A loss of 0.1 mg zinc in the urine would effectively reduce the net intake 

of zinc to approximately 1.53 mg/day. This is equivalent to a person reducing their average 

zinc intake from 6.5 mg/day to approximately 6.12 mg/day, which is still a sufficient 

dietary intake. 

In considering the small effect of DTPA on zinc status and the fact that such small changes 

can be compensated quite readily by adjustments in zinc uptake and/or excretion it is seems 

unlikely that even using grossly exaggerated estimation of DTPA exposure will have any 

health impact for pregnant and non-pregnant workers alike.  

Acute exposure situation 

It is possible that a worker could get a large, one time, and accidental exposure to DTPA 

following an accident in the workplace. In order to assess the risk associated with such an 

exposure, consider the following scenarios;  

1) Cleaning of a powder spillage by an external enterprise/contractor, exposure 8h to 

50 mg/m³, respiratory protection not worn (Schneider et al., 2007), i.e. 10 m3 air 

inhaled over 8 hours, resulting in 500 mg/worker/d inhaled. Of this 90% is 

swallowed, of which 5% is absorbed, i.e. 22.5 mg. The remaining 50 mg reach the 

deep lung, of which 100% is absorbed. This leads to a total systemic exposure of 

72.5 mg.  

2) A worker not wearing respiratory protection is exposed orally to a DTPA mixture 

following a spillage (splash) (Schneider et al., 2007). This leads to an exposure of 

approximately 2 g of mixture (a higher exposure level is unlikely since the worker 

would be aware of the exposure and spit the liquid out). The most concentrated 

DTPA formulation on the market in the EU and US is a 40% aqueous solution. The 

worker would therefore be exposed to 0.8 g of DTPA, of which 5% would be 

absorbed through the gut. Thus systemic exposure would be approximately 40 mg 

DTPA.  

 

Considering the approximate ratio of 7 moles DTPA to 1 mole of zinc, these 2 exposure 

scenarios could lead to loss of zinc from the body of up to 2 mg. Considering the total body 

zinc store is between 1500 and 2000 mg, and the daily intake of zinc from the diet should 

supply between 1.5 and 2 mg zinc per day, this loss of approximately 2 mg should not have 

a significant impact on the zinc status of a worker and would be easily recoverable within 

1 to 2 days. Thus, even a large accidental exposure such as those described above is 

unlikely to have an effect on zinc status. 

Conclusion 

In conclusion, based on the ability of the body to compensate for changes in zinc status and 

the minimal amount of zinc that could be affected by DTPA, it is unlikely that exposure to 

DTPA in the workplace will adversely affect an individual’s zinc status. Therefore, since 

there is clear mechanistic information that raises strong doubt about the occurrence of the 

developmental toxicity in humans, classification in Category 2 (according to regulation 

(EC) 1272/2008) is considered appropriate. 

Classification proposal: 

According to the Classification, Labelling and Packaging Directive: 
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Category 2 developmental toxicant 
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ANNEX 2 

Justification in support of read across within the Aminocarboxylic acid-based 

chelants chemical category   

 

According to REACH Practical guide 6: How to report read-across and categories, 

REACH TGD, Chapter R.6: QSARs and grouping of chemicals, and Read-Across 

Assessment Framework (RAAF) 

 

INTRODUCTION 

Within REACH, the obligation to conduct tests with vertebrate animals should be 

considered as a last resort, only after exhausting all potential sources of information on the 

physical and (eco)toxicological properties of chemicals (EU 2006). Article 13 of REACH 

requires that use must be made whenever possible by alternatives to vertebrate animal tests, 

through the use of alternative methods as in vitro methods, (Q)SARs or from structurally 

related substances via grouping or read-across. 

Annex XI of REACH offers the option to evaluate specific endpoints by read-across. 

According to Chapter R.6 (QSARs and grouping of chemicals) of REACH technical 

guidance documents (TGD), read-across can be applied for “substances whose physico-

chemical, toxicological and ecotoxicological properties are likely to be similar or follow a 

regular pattern as a result of structural similarity”. Application of the read-across concept 

requires that physico-chemical properties, human health effects and environmental effects 

or environmental fate may be predicted from data from one or more reference substances 

to make a prediction of the endpoint for the target chemical. This avoids the need to test 

every substance for every single endpoint. In this report a justification for read across 

within the aminocarboxylic acid-based metal chelants group is presented according to the 

requirements stipulated in Chapter R.6 (QSARs and grouping of chemicals) of the REACH 

TGD.  

The Read-Across Assessment Framework (RAAF; ECHA, 2015) document has been 

prepared to facilitate improvements in the use of read-across aimed at fulfilling the 

requirements of the REACH regulation. 

Any read-across approach must be based on structural similarity between the source 

substance(s) (reference substances for which tests have been conducted) and target 

substance(s) (other substances that have not been tested). However, structural similarity 

alone is not sufficient to justify the possibility to predict properties of the target 

substance(s) by read–across and a read-across hypothesis needs to be provided. In the 

current document structural similarities based on structural formula are indicated in 

Appendix A1; the read-across hypothesis is indicated in Section 2.      

READ ACROSS JUSTIFICATION 

Aminocarboxylic acid-based chelants chemical category  
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The acid (H+) or salt (Na+, K+, NH4
+) chelates are considered uncomplexed chelates and 

are different from metal chelates as they are bound to a metal ion. The uncomplexed 

chelates are called ‘empty’ chelates. When no hydrogens have been substituted (EDTA 

acid), the chelant exists as an inner salt or zwitterion.  

The following molecular structural formulas are applicable to this category:  

EDTA: (HOOCCH2)2NCH2CH2N(CH2COOH)2,  

DTPA: (HOOCCH2)2NCH2CH2 N(CH2COOH)CH2CH2N(CH2COOH)2 

The ‘empty’ chelates used in this category are the following: 

CAS no EC no Abbreviation 

60-00-4 200-44-9 EDTA-H4 

64-02-8 200-573-9 EDTA-Na4 

139-33-3 205-358-3 EDTA-Na2H2 

150-38-9 205-758-8 EDTA-Na3H 

   

67-43-6 200-652-8 DTPA-H5 

140-01-2 205-391-3 DTPA-Na5 

7216-95-7 404-290-3 DTPA-K5 

 

Members of the aminocarboxylic acid-based chelant category possess similar molecular 

structures that contain common functional groups (see Appendix A). All members have a 

molecular structure with an ethylenediamine or a diethylenetriamine backbone, which has 

4 or 5 acetic acid groups attached to the nitrogens. The diethylenetriamine structures 

contain five acetic acid groups (DTPA); the ethylenediamine structure has four acetic acid 

groups (EDTA).   

Therefore all category members have identical functional groups. It is the presence of 

multiple carboxylic acid groups on the amine that provides chelants with their unique metal 

ion chelating or sequestering properties. This common property is the important feature to 

consider in assessing the aquatic and mammalian toxicity of chelants and in justifying their 

consideration as a category. 

Because of this unique metal ion chelating property, metal EDTA and DTPA chelates have 

also been used for comparison consisting of the following metal ions Ca2+, Mg2+, Mn2+, 

Zn2+, Cu2+, and/or Fe3+, and H+, Na+, K+, or NH4
+ as counter ion (see further for the 

hypothesis):  

CAS no EC no Abbreviation 

62-33-9 200-529-9 EDTA-CaNa2 
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14025-15-1 237-864-5 EDTA-CuNa2 

74181-84-3 277-749-7 EDTA-CuK2 

67989-88-2 268-018-3 EDTA-Cu(NH4)2 

15708-41-5 239-802-2 EDTA-FeNa 

54959-35-2 259-411-0 EDTA-FeK 

14402-88-1 238-372-3 EDTA-MgNa2 

15375-84-5 239-407-5 EDTA-MnNa2 

68015-77-0 268-144-9 EDTA-MnK2 

94233-07-5 304-037-6 EDTA-Mn(NH4)2 

14025-21-9 237-865-0 EDTA-ZnNa2 

14689-29-3 238-729-3 EDTA-ZnK2 

67859-51-2 267-400-7 EDTA-Zn(NH4)2 

   

12389-75-2 235-627-0 DTPA-FeHNa 

19529-38-5 243-136-8 DTPA-FeNa2 

85959-68-8 289-064-0 DTPA-Fe(NH4)2 

 

A common mechanism of action for the chelant category based on structural and chemical 

similarity is the fundamental basis for a category approach for these closely related 

chemicals. The ability of chelants to remove and add ions to solution is the mechanism 

whereby these chemicals produce toxicity. Environmental fate and ecological and 

mammalian toxicity profiles are consistent within the category. Category members have 

demonstrated high stability to hydrolysis. Category members emitted to waterways will 

remain dissolved in this environmental compartment. If emitted to soil or sediment, 

category members will exhibit high water solubility and soil mobility. This behavior is 

based on the presence of multiple carboxylate anion groups in the molecular structure, and 

is supported by the demonstrated high water solubility and negligible vapor pressure of 

category members.  

With regard to environmental biodegradation, several of the members of the category have 

been tested in actual laboratory studies with similar and predictable results from standard 

laboratory tests, in general being found not to be readily biodegradable. However, results 

of recent studies indicate that EDTA, EDTA-CaNa2 and EDTA-Na2H2 can biodegrade 

under certain conditions. 

The substantial body of evidence that chelants are not directly toxic to aquatic and 

mammalian organisms but exert their influence by affecting mineral balance, together with 

the fact that the backbone structures of the chelants in the category have similar affinities 
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for metals supports the inclusion of these chelants in a category. Subtle differences in 

toxicity due to the presence of calcium, magnesium, manganese, ferric (or ferrous) iron, 

copper or zinc can be explained by their affinity towards these metals and their ability to 

supply metals to organisms.  

 

According to the chemical equilibrium and kinetic properties of metal-ligand complexes, a 

certain portion of a free metal ion is always present in solution. This is particularly 

important for aquatic systems. Uncomplexed chelants like EDTA and DTPA would be 

expected to add H+ ions to media (which would lead to decreased pH), and would chelate 

metals present in their milieu based on affinity (see Table below). The highest affinity of 

EDTA and DTPA is for Fe3+, the lowest affinity for Mg2+. The order of affinity is the same 

for EDTA and DTPA, with DTPA showing higher values because DTPA has five acetic 

groups for binding whereas EDTA has only four. Note that this table has a logarithmic 

scale, indicating e.g. that DTPA has a 10-times higher affinity for Fe2+ than for Mn2+. 

The Fe3+ and Cu2+-containing chelants would not be expected to significantly affect 

mineral balance at low concentrations because the affinity for ferric ion or copper is 

stronger than for most other ions. Also, the EDTA-Zn(NH4)2 and EDTA-ZnNa2 

compounds would be expected to have less of an effect than EDTA-(NH4)2 or EDTA-H4 

on zinc balance. The magnesium and calcium-containing chelants would be expected to be 

of intermediate toxicity (between EDTA-H4 and EDTA-Fe or EDTA- Zn-containing 

chelants), since they would not affect pH as much as the acids and would provide essential 

ions that are not toxic in amounts that would be supplied by the chelants, but also would 

chelate essential ions such as Zn2+ and Fe2+ or Fe3+. Data show that the toxic profile of 

metal chelants in this category generally follows this pattern, and can be predicted by the 

type of ion that the chelant is complexed with and its affinity for the particular ion. 

 
Stability constants (Log K values) 

Metal ion EDTA DTPA 

Mg 2+ 8.8 9.3 

Ca 2+ 10.7 10.8 

Mn 2+ 13.9 15.2 

Fe 2+ 14.3 16.2 

Zn 2+ 16.5 18.2 

Cu 2+ 18.8 21.2 

Fe 3+ 25.1 28.0 
Values are based on Martell AE, Smith RM, NIST Critically selected stability constants of metal complexes (NIST 
standard reference database 46, Version 7.0, 2003)  

Based on RAAF (ECHA, 2015), regarding possible scenarios, scenario 4 applies to 

compare EDTA with DTPA. These are structurally related substances because they have a 

similar backbone and their structures differ only in the number of functional groups (viz. 4 

acetic acid groups attached to the nitrogens for EDTA and five of such groups for DTPA). 

Both substances are hardly absorbed and are not further (bio)transformed. Data (see Table 

above) indicate that their potency towards binding metals increases with the number of 

functional groups (4 for EDTA and 5 for DTPA). The information on other properties 

reported in the data matrix (binding of Zn so that insufficient Zn is bioavailable) presents 

an overall consistent quantitative pattern throughout the category. In the repeated dose 

toxicity studies, similar effects were observed but at higher doses of DTPA due to the 

presence of more functional groups.   
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Also based on RAAF (ECHA, 2015), when comparing the various empty and metal 

EDTA’s and DTPA’s, scenario 6 is applicable, i.e. exposure to different substances causes 

qualitatively and quantitatively similar effects via a common mechanism. The metal 

EDTA’s and DTPA’s are structurally similar substances containing a similar backbone; the 

structures differ in the ion(s) bound (e.g. H+, Na+, K+, NH4
+, Ca2+, Mg2+, Mn2+, Zn2+, Cu2+, 

and/or Fe3+), meaning that the amount of Zn bound will depend on both the structure, viz. 

DTPA has a higher affinity for Zn than EDTA; but also the counter ion(s) present, viz. 

EDTA-FeNa and DTPA-FeNaH will not easily exchange with Zn (and thus bind Zn instead 

of Fe) because of their much higher affinity for Fe3+ than for Zn2+. In contrast, EDTA-

CaNa2 or DTPA-CaNa3 would easily exchange their Ca for Zn so that insufficient zinc 

will be bioavailable. In this respect, at high levels (at levels inducing Zn deficiency) EDTA-

H4 and DTPA-H5 are more hazardous than EDTA-Fe or DTPA-Fe (see also next sections).        

   

Using the category approach, read across has been performed from the appropriate tested 

members to those without available data. The toxicity of the counter-ion is considered for 

read-across but may not be the deciding factor in read-across.  In general, with the 

exception of copper, a conservative approach is used whereby read-across will be from the 

most toxic substance to that without data.  

Two ‘empty’ chelates have previously been assessed in the OECD HPV program (SIAM 

18): EDTA-H4 (CAS No. 60-00-4) and EDTA-Na4 (CAS No. 64-02-8). The data can be 

viewed at http://www.oecd.org/env/hazard/data/. Data for counter ions can be viewed in 

the OECD HPV assessments for several calcium salts, zinc salts and iron salts, and the 

ammonia category found at: http://www.oecd.org/env/hazard/data/ 

LIST OF ENDPOINTS COVERED 

For all human health endpoints the relevant information obtained on the ‘empty’ chelates 

EDTA-H4, EDTA-Na4, EDTA-Na2H2, EDTA-Na3H, DTPA-H5, DTPA-Na5, or DTPA-

K5 will be used for read-across.  

 

Use is also made – where appropriate – of relevant information obtained on the metal 

chelates EDTA-FeNa, EDTA-MnNa2, EDTA-CaNa2, EDTA-CuNa2, DTPA-CaNa3, and 

DTPA-FeNaH.  

PHYSICO-CHEMICAL PROPERTIES (APPENDIX B) 

The members of this category are (or can be produced) as solid granular materials in the 

pure or neat state with molecular weights that range from about 300 to 500 and possess 

similar physical/chemical properties.  

The metal ammonium chelates (EDTA-Zn(NH4)2, EDTA-Cu(NH4)2, EDTA-Mn(NH4)2, 

and DTPA-Fe(NH4)2) and the metal potassium chelate (EDTA-MnK2) are generally 

produced or sold as aqueous solutions (see below). 

As metal-organic salts, or inner salts, all category members decompose before melting 

upon sufficient heating (generally at temperatures >150-300°C). Therefore true melting 

points are not applicable. Chelants that are metal salts do not exist as discrete neutral 

molecules, and therefore cannot volatilize, exert appreciable vapour pressure, or boil. 

http://www.oecd.org/env/hazard/data/
http://www.oecd.org/env/hazard/data/
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Therefore, vapour pressure and boiling point data are not applicable for such chelants and 

are generally not determined. Henry’s law constants are also expected to be negligible. 

Chelants that exist as neutral molecules (not metal salts) can exert vapour pressure, but in 

this case the vapour pressure is exceedingly low. All category members are soluble in 

water, most of these are very soluble (>10 g/L). They are all insoluble in organic solvents, 

therefore also possessing negative partition coefficients (log Kow). 

The relative densities are generally around 1.5-1.8, and particle size distributions show 

large values, viz. generally 30-50% is smaller than 100 microns (inhalable), but only up to 

5% is smaller than 5 microns (respirable).   

Self-ignition temperatures are generally between 200-400°C or even higher than 400°C. 

The metal chelants are not flammable, and they do not have explosive or oxidizing 

properties.  

The chelates in aqueous solutions (metal ammonium and potassium chelates), generally 

freeze at ca. -20°C and their boiling point is between 100 and 110°C. The density is around 

1.2-1.3 g/cm3. Their vapour pressure is close to that of water at 20°C (2.3 kPa). The 

viscosity is between ca. 5-15 mPa.s for the metal ammonium chelates solutions whereas 

that for water is 0.894 mPa.s (at 25°C).   

TOXICOLOGICAL PROPERTIES (APPENDIX C) 

Toxicokinetics, Metabolism and Distribution  

Oral 

Studies with the ‘empty’ chelate EDTA-Na2H2 and EDTA-CaNa2 indicate that these 

complexes are poorly absorbed in mammals after oral administration (Foreman and 

Trujillo, 1954; Foreman et al., 1953; Yang and Chan, 1964). For each of these materials, 

approximately 1-5% and 90-99 % of the administered dose was detected in urine and feces, 

respectively, within 24-48 hours. Experiments with EDTA-CaNa2 in rats and man showed 

that at the low pH of the stomach, calcium dissociates from EDTA, leading to precipitation 

of EDTA in the stomach and re-dissolution at pH levels encountered in the small intestine 

(Foreman et al., 1953; Foreman and Trujillo, 1954). Because ions complexed to EDTA 

dissociate from EDTA in the GI tract, and EDTA is poorly absorbed, mammalian toxicity 

data for all EDTA-containing chelants in the category are expected to be similar, with 

subtle differences arising from the ability of the complexes to dissociate under pH’s 

encountered in the GI tract. Therefore, the toxicity of these molecules would be dictated 

by the indirect ability of the molecules to sequester and or supply cations rather than direct 

toxicity of the molecules EDTA and DTPA. 

With regard to EDTA-FeNa, the iron remains complexed with the EDTA under the acidic 

conditions in the stomach. The strength of the complex is reduced as the pH rises in the 

upper small intestine, allowing release of some of the iron for absorption (Heimbach et al., 

2000). Once ingested, the absorption of iron is regulated through the same physiological 

mechanisms as for other forms of dietary iron (Heimbach et al., 2000) and would include 

uptake of uncomplexed iron from the lumen of the gut as needed by the body, and 

transported to the blood and plasma coupled to transferrin. Following oral treatment of rats 

with either iron EDTA or iron DTPA, a slightly higher amount of iron was excreted in the 

urine following treatment with iron EDTA (9.9%) when compared to iron DTPA (6.2%; 
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Rubin and Princiotto, 1960). Zinc absorption was significantly increased and retention and 

elimination enhanced in rats fed a zinc deficient diet fortified with EDTA-FeNa compared 

with the same diet without EDTA-FeNa (Hurrell et al., 1993). Enhanced zinc absorption 

was found from low bioavailability diets supplemented with EDTA-FeNa (Davidsson et 

al., 1994). In this same study, there was no effect on calcium absorption and no effect on 

retention of zinc or calcium. In another study, manganese absorption and urinary excretion 

were unchanged in adults receiving a diet fortified with either EDTA-FeNa or ferric 

sulphate (Davidsson et al., 1998). 

In studies with rats, dogs and humans, the oral absorption of DTPA and DTPA salts is low 

with an average intestinal absorption across species of 3 to 5% (Dudley et al., 1980ab; 

Resnick et al., 1990; Stevens et al., 1962). Following exposures, the absorbed dose is 

rapidly excreted via the urine. The excretion of DTPA, however, is almost exclusively via 

the feces. The passage of the DTPA through the gut varies between individuals; however, 

there is almost complete excretion of the chelant within 5 days of administration (Stevens 

et al., 1962). DTPA is not taken up or concentrated in any particular tissue, and in pregnant 

rats did not pass into fetal circulation (Zylicz et al., 1975). 

The available evidence indicates that the limited amount of absorbed EDTA- and DTPA-

complexes are not or are scarcely metabolized and are excreted as chelated complexes via 

the urine following glomerular filtration and tubular secretion.  

Inhalation 

Aerosolised DTPA complexes of DTPA including 111In-DTPA, 99mTc-DTPA, Pu-DTPA, 

and also the zinc and calcium salts of DTPA, have been administered to either dogs or rats 

via the inhalation route (Ballou, 1978; Dudley et al., 1980ab; Dahlback, 1990). These 

studies demonstrated that DTPA complexes are absorbed from the respiratory tract into the 

systemic circulation but that the degree of absorption is dependent on the site of deposition 

and the way of breathing (nose or mouth). In dogs, the percentage of applied dose absorbed 

increases the further in the respiratory tract that the dose is deposited (Dudley et al., 1980b). 

DTPA deposited high up in the respiratory tract was predominantly swallowed, with 

approximately 23% absorption from the nasopharyngeal region compared to approximately 

90% absorption following instillation into the pulmonary region. A similar pattern was 

observed in rats (Stather et al. 1976, referenced in Dudley et al. 1980b). In humans, DTPA 

absorption following the inhalation of a nebulised spray containing DTPA (mean droplet 

size 0.3-2.0 µm) was estimated to be 20% of the administered dose (Jolly et al., 1972). 

Similar absorption patterns are expected for EDTA.   

Dermal 

After application of 14C-labelled EDTA-CaNa2 to the skin of healthy young adult men, no 

radioactivity was detected in the blood, and that found in urine accounted for a maximum 

of only 0.001% of the administered dose (Foreman and Trujillo, 1954). There are no data 

available on the dermal absorption potential of DTPA but dermal absorption potential is 

not considered to differ from EDTA. 

Other Routes of Exposure 

Following parenteral administration of 14C-labelled EDTA-CaNa2 in rats, 95 to 98% was 

eliminated in urine unchanged within six hours. Peak plasma levels were found 50 minutes 

after administration with <0.1% of the material oxidized to 14CO2 and with no amount of 
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the substance retained in any organ (Foreman et al., 1953). Almost all radioactivity was 

excreted within 12 to 16 hours. 

In man, i.v. administration of DTPA-Na5 resulted in almost complete excretion within 24 

hours with a half-life of 2 to 4 hours with little or no excretion via the feces (Stevens et al., 

1962). 

Systemic administration of DTPA (intravenous, intraperitoneal, subcutaneous) caused an 

increased urinary excretion of zinc, calcium and to a lesser extent iron and manganese. The 

increased urinary excretion of certain endogenous metals following systemic exposure to 

DTPA is due to its formation of complexes with ‘free’ metals in the blood and lymph. 

These complexes are then excreted via the urine (Bohne et al., 1976; Cantilena and 

Klassen, 1982; Cohen and Guilmette, 1976; Domingo et al., 1988; Havlicek, 1967; Tandon, 

1982). Zinc is one of the metals most affected by administration of DTPA with zinc 

deficiency manifested following prolonged administration of DTPA. 

Overall 

Toxicokinetic data with category members are available. By the inhalation route, 

aerosolized DTPA and its salts are absorbed from the respiratory tract into systemic 

circulation but the degree of absorption is dependent on the site of deposition, i.e. 

deposition in the upper respiratory tract will finally result in oral ingestion and absorption 

via the oral route is expected to be low. Dermal application of radiolabeled EDTA-CaNa2 

to human skin showed that 0.001% was found in the urine and none was found in the blood. 

Studies with EDTA-CaNa2, EDTA-Na2H2 and DTPA and its salts indicate that these 

complexes are poorly absorbed in mammals after oral administration. EDTA and its salts 

are eliminated from the body, 95% via the kidneys and 5% by the bile, along with the 

metals and free ionic calcium which was bound in transit through the circulatory system. 

In whatever salt EDTA is administered, it is likely to chelate metal ions in vivo. This also 

applies to DTPA. 

 

Acute Toxicity   

Studies are available on many empty and metal chelates for acute toxicity via the oral route, 

and for several substances on the inhalation and dermal routes of exposure. 

Oral exposure 

Administration of the ‘empty’ chelate EDTA-Na4 resulted in an LD50 value of 1750 mg/kg 

bw.    

In rats, except for copper EDTA (viz. EDTA-CuNa2: LD50 890 mg/kg bw, and EDTA-

CuK2 and EDTA-Cu(NH4)2: LD50 between 300 and 2000 mg/kg bw for both substances), 

oral LD50 values of all other metal chelates tested were > 2000 mg/kg bw indicating low 

acute oral toxicity. At higher doses approaching the LD50 values, clinical signs consisting 

of dyspnea, diarrhea and spastic gait were observed. 

Inhalation exposure 

With regard to the ‘empty’ chelates, a single 6-h inhalation exposure of male rats to a 

respirable dust aerosol of 1 mg/L EDTA-Na2H2 resulted in 30% mortality (BASF, 2010). 

It is assumed that this effect is due to chelation of calcium in the lungs. Based on these 



ANNEX 1 - BACKGROUND DOCUMENT TO RAC OPINION ON N-

CARBOXYMETHYLIMINOBIS(ETHYLENENITRILO)TETRA(ACETIC ACID) 

 

107 

results it was concluded that inhalation exposure to an ‘empty’ but relatively strong 

chelating agent like EDTA-Na2H2 (log K value for Ca = 10.7) induced more severe effects 

when compared to inhalation exposure to a metal-chelate. As such all ‘empty’ strong 

chelates like EDTA-H4, EDTA-Na4, and DTPA-H5, DTPA-Na5 and DTPA-K5 (log K 

value for Ca = 10.8) are also considered to be harmful by inhalation, and need to be 

classified in GHS Cat. 4 (i.e. 4-h LC50 between 1 and 5 mg/L).   

 

Acute inhalation exposures to dusts of several of the metal chelates (EDTA-FeNa, EDTA-

MnNa2, EDTA-CaNa2, EDTA-CuNa2, DTPA-FeHNa and DTPA-CaNa3) were generally 

without effect in rats (Appendix C), indicating a much lower affinity to bind (additional) 

Ca than for the empty chelates.  

Dermal exposure 

A limited number of acute dermal toxicity studies was carried out as dermal absorption of 

empty and metal chelates is considered to be poor. Dermal administration of the ‘empty’ 

chelate DTPA-K5 resulted in an LD50 value > 2000 mg/kg bw.    

Studies carried out with EDTA-FeNa and EDTA-Fe(NH4)(NH4)OH also showed LD50 

values >2000 mg/kg bw (Appendix C).   

 

Skin and eye irritation  

With regard to the ‘empty’ chelates, eye irritation (in vivo), but no skin irritation, was seen 

with EDTA-H4, EDTA-Na4, DTPA-H5, and DTPA-K5. The irritancy potential is related 

to the pH of the individual acid or salt. Thus, more acidic members of the category such as 

monosodium EDTA or EDTA acid, and the more basic members such as tetra sodium salt 

of EDTA, have inherently greater irritancy potential.  

Many of the aminocarboxylic acid-based metal chelants are not irritating to skin and eyes, 

except for copper EDTA. Skin irritation (in vitro) was observed with EDTA-Cu(NH4)2 

and EDTA-CuK2, borderline eye irritation (in vitro) was seen with EDTA-CuK2, and eye 

irritation (in vivo) with EDTA-CuNa2. Thus copper-EDTA (viz. EDTA-CuNa2, EDTA-

CuK2 and EDTA-Cu(NH4)2)  showed borderline eye and/or skin irritation. Thus the 

classification of the metal chelates (except copper) should be 'not irritating to the skin or 

eyes'. 

  

Skin sensitization 

With regard to the empty chelates, skin sensitization studies have been carried out with 

EDTA-Na2H2, DTPA-H5, DTPA-Na5, and DTPA-K5 (Appendix C).  

Skin sensitization studies have also been carried out with the following metal chelates: 

EDTA-FeNa, EDTA-CuNa2, and DTPA-FeHNa (Appendix C).  

It was concluded that both the aminocarboxylic acid-based metal and ‘empty’ chelates are 

not skin sensitisers based on these studies in mice and guinea pigs.  
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Repeated-dose Toxicity 

Oral exposure 

Reliable data are available for oral repeated-dose studies with the ‘empty’ chelates EDTA-

Na2H2, EDTA-Na3H, DTPA-K5, and DTPA-Na5, and with the metal chelates EDTA-

Ca2Na2, EDTA-FeNa, EDTA-MnNa2, EDTA-CuNa2, and DTPA-FeNaH (Appendix C). 

Although the target organ was considered to be the kidney at high concentrations, the 

toxicity observed has been mainly attributed to nutrient metal deficiencies, resulting from 

chelation of critical metal species, most notably calcium and zinc, especially by the ‘empty’ 

chelates. Under physiologically relevant conditions, the salts of various category members 

will ionize based on the dissociation constants of the parent chelate and thus all salts of a 

particular parent, such as EDTA or DTPA, are assumed to chelate metal ions in vivo based 

on the inherent chelating strength of the parent chelate molecule. As in the case of zinc, 

deficiency is presumed to exhibit a threshold effect, and both dose and duration of exposure 

become important factors in the overall toxicity observed with longer-term administration.  

With regard to the ‘empty’ EDTA chelates, a NOAEL of 1125 mg/kg bw EDTA-Na2H2 

was observed in an oral 1-month study (Kawamata, 1980). In a 13-week repeated-dose 

toxicity study, rats (both sexes) fed EDTA-Na2H2 (0, 1, 5, or 10%) showed mortality at 

the highest dose. In addition, there was decreased food consumption (emaciation at 10%) 

and diarrhea at doses of 5% (ca. 2500 mg/kg bw/day) and above. The NOAEL was 1% (ca. 

500 mg/kg bw/day; Wynn, 1970). A 7-wk oral study with EDTA-Na3H showed a NOAEL 

of 453 mg/kg bw (NTIS, 1977). In a 2- year dietary study in rats and mice (both sexes) also 

with EDTA-Na3H (0, 3750 or 7500 ppm) a NOAEL of 7500 ppm (ca. 500 mg/kg bw/day 

in rats and ca. 938 mg/kg bw/day in mice; highest dose tested) was determined (NTIS, 

1977). Overall, also NOAELs were generally around 500 mg/kg bw.  

With regard to the ‘empty’ DTPA chelates, a 28-day repeated-dose oral gavage study with 

DTPA-K5 was carried out in rats at 0, 83, 333 or 1330 mg/kg bw/day. Mortality was 

observed at 1330 mg/kg bw/day. Other effects reported included increased serum 

potassium levels, decreased body weights, clinical signs and diarrhea. Less severe effects 

were observed at 333 mg/kg bw/day. The NOAEL was 83 mg/kg bw/day (Elliott, 1987). 

In a 28-day drinking water study, rats received 0, 600, 3000 or 12,000 ppm DTPA-Na5. 

Body weight reductions and histopathological changes of the urinary tract were observed 

at 12,000 ppm and 3000 ppm. The NOAEL was 600 ppm (ca. 75 mg/kg bw/day; BASF, 

2002). Overall, the NOAELs for the ‘empty’ DTPA chelates were close to 100 mg/kg bw. 

With regard to EDTA and its metal salts, in a 2-year dietary study, rats fed EDTA-CaNa2 

at 0, 50, 125 or 250 mg/kg bw/day showed no effect on behaviour, appearance, growth, 

longevity or hematology up to one year. After 1 year, there was a downward trend in 

hematology parameters. There were no gross pathologic findings, changes in organ weights 

or treatment-related lesions in any organ that was examined. The NOAEL was 250 mg/kg-

bw/day (highest dose tested; Oser, 1963). The same authors also reported a one-year dietary 

study in dogs resulting in a NOAEL of 338 mg/kg bw (highest dose tested; Oser, 1963). In 

a 31-day dietary study, female rats fed EDTA-CaNa2 (0, 0.3, 1.0, 3.0 or 5.0%) showed 

only a slightly decreased body weight gain at 5.0% (approximately 3636 mg/kg bw/day) 

which was therefore considered to be a NOAEL (Dow, 1955). Another 1-month study with 

this substance showed a LOAEL of 2750 mg/kg bw/day (Kawamata, 1980). In 31- and 61-

day studies, male rats fed EDTA-FeNa up to 84 mg/kg bw/day had decreased plasma 
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sodium and calcium concentrations but did not exhibit any organ toxicity. The NOAEL 

was considered to be 84 mg/kg bw/day (highest dose tested). Iron accumulated in the liver, 

spleen and kidneys in a dose-related manner but this did not result in excess iron in other 

tissue or in iron toxicity (Appel, 2001). In a 39-day study, rats received EDTA-FeNa at a 

level of 1200 mg Fe per kg diet. Taking into account a consumption of ca. 25 g per day, 

and a mean weight of ca. 250 g during the study, rats received 30 mg Fe per day or 120 mg 

Fe per kg bw per day. This corresponds to 367/56 x 120 = 800 mg EDTA-FeNa per kg 

bw/day. At this level no changes in growth rate were seen (Yeung, 2005). In a 3-month 

oral gavage study in rats with EDTA-MnNa2 at levels of 150, 500 and 1500 mg/kg bw, the 

NOAEL was 500 mg/kg bw because of decreased BW, increased water consumption, 

increased kidney weight and renal histopathology at 1500 mg/kg bw (Wolterbeek, 2010). 

A similar study with EDTA-CuNa2 in rats at the same dose levels showed significant 

mortality at 1500 mg/kg bw and although the dose level was reduced to 1050 mg’kg bw 

after about one week mortality still occurred. At the next lower level of 500 mg/kg bw, 

kidney, liver, and spleen effects were observed. A NOAEL slightly below 150 mg/kg bw 

was established due to limited liver and kidney effects at this level (Lina, 2013). Overall, 

NOAELs were around 500 mg/kg bw or higher except for EDTA-CuNa2 that showed a 

NOAEL close to 150 mg/kg bw. 

With regard to DTPA and its metal salts, in a 3-month oral gavage study in rats with DTPA-

FeNaH at levels of 150, 500 and 1500 mg/kg bw, the NOAEL was 500 mg/kg bw because 

of soft faeces, decreased body weight gain, prolonged prothrombin time, increased 

haemoglobin concentration, decreased ALAT activity and chloride concentration, 

decreased ALP activity and increased relative weights of kidneys and liver at 1500 mg/kg 

bw (Wolterbeek, 2011). Thus the NOAEL for the metal DTPA chelate was 500 mg/kg bw 

as for most EDTA compounds.   

 

Inhalation exposure 

Inhalation of the ‘empty’ chelate EDTA-Na2H2 in male rats exposed to 30, 300 or 1000 

mg/m3 6 hours/day for up to 5 days produced adverse effects at all concentration levels in 

lungs and larynx. Mortality was observed at 1000 mg/m3 following a single 6-h exposure. 

The histopathological effects observed in animals exposed at 30 and 300 mg/m3 for 5 days 

were fully reversed after a 14-day recovery period (BASF, 2010). In a following 90-day 

inhalation toxicity study according to OECD guideline 413 (BASF, 2014), rats were 

exposed to 0.5, 3 or 15 mg/m3 during 6 hours/day, 5 days/week. A mild inflammation in 

the respiratory tract was observed in females exposed to 15 mg/m3, which was considered 

a LOAEC. No adverse effects were observed at 0.5 and 3 mg/m3. It is assumed that the 

local effects observed are due to chelating properties of the material impacted at typical 

critical sites. Calcium and possibly zinc may have been leached from intercellular junctions 

and other membranes or connective tissue with the sequel of a precipitated cell shedding, 

subsequent replacing activities, and metaplasia. Based on a comparison of the effects 

observed in the 5-day and 90-day inhalation studies, the local effect is assumed to be mainly 

concentration-related, hence the impact of exposure time should be low at subcritical 

concentrations. Although the number of exposure days was a factor 13 higher than in the 

5-day range-finder study, the local effects at 15 mg/m3 in the 90-day inhalation study were 

mild compared to the 5-day range-finder study in which more severe effects were observed 

at 30 mg/m3. Based on these results it was concluded that repeated inhalation exposure to 



ANNEX 1 - BACKGROUND DOCUMENT TO RAC OPINION ON N-

CARBOXYMETHYLIMINOBIS(ETHYLENENITRILO)TETRA(ACETIC ACID) 

 

110 

an ‘empty’ chelate like EDTA-Na2H2 resulted in more severe effects when compared to 

inhalation of a metal-chelate, as was also the case in the acute inhalation toxicity studies.  

Repeated inhalation toxicity studies with metal chelates are limited. A 12-day inhalation 

toxicity study with DTPA-CaNa3 at levels of 0, 420, 880 and 1300 mg/m3 (2 h/day) and 

1180 mg/m3 (4 h/day) showed focal and reversible pulmonary histiocytosis in the rat. At 

the level of 420 mg/m3, the incidence and severity of the histiocytosis was comparable to 

that in the chamber- and aerosol control group; this level, therefore, was considered a 

NOAEC (Smith, 1980).  

It should also be noted that in the studies indicated above, rats were exposed to aerosols 

consisting of respirable particles (i.e. MMAD <<10 microns), whereas humans will not be 

exposed to such small particles in significant amounts in view of the large particle size of 

the powders manufactured (only up to 5% < 10 microns diameter). In addition, when in 

solution, exposure will also be limited because of the low vapour pressure except when 

nebulized. However, also in the latter case, it is not expected that excessive amounts of 

small droplets (< 10 microns) will be generated. As such most particles/droplets will end 

up in the upper respiratory tract and will mainly be cleared to the gut via the mucociliary 

escalator, and finally poorly absorbed as absorption from the gut is low (up to 5% for 

EDTA).  

 

Genetic Toxicity 

With regard to the ‘empty’ chelates, available data from in vitro genotoxicity studies 

[EDTA-Na2H2, EDTA-Na3H, DTPA-Na5, and DTPA-K5; Appendix C] indicate that 

these materials generally do not induce gene mutations or chromosomal aberrations. In the 

available in vivo genotoxicity studies with EDTA-Na2H2 there was also no evidence of 

genotoxicity except for signs of aneuploidy (Zordan, 1990; Russo, 1992).  

 

Available data from in vitro genotoxicity studies for metal chelates [EDTA-FeNa, EDTA-

MnNa2, EDTA-CaNa2, EDTA-CuNa2, and DTPA-FeHNa; Appendix C] indicate that 

these materials generally do not induce gene mutations or chromosomal aberrations in 

vitro. Although there have been some positive findings reported in vitro for some category 

members, these positive effects have been generally attributed to the threshold mechanisms 

of pH changes and the chelation of critical nutrient metals such as zinc rather than direct 

DNA reactivity. In the available genotoxicity studies with the metal chelates there was no 

evidence of genotoxicity except for signs of aneuploidy in in vitro studies with EDTA-

FeNa (de Vogel, 2010), DTPA-FeHNa  (Usta, 2013b), and EDTA-CuNa2 (Usta, 2013a). 

In the in vitro micronucleus tests with these substances with a treatment period of 20 h 

(continuous treatment without S9 -mix), the substances were positive at relatively high 

levels, inducing aneugenic but no clastogenic effects. This long treatment period together 

with the high concentrations of chelant may have resulted in exchange and substantial 

binding of essential elements such as zinc. Heimbach (2000) concluded that the lack of 

effects by the Zn-EDTA salt in contrast to effects induced by Ca-, Na- and Mn-salts of 

EDTA, provided evidence that zinc is required for the initiation or continuation of DNA 

synthesis and maintaining cell function. As such, the significance of mutations produced 

by EDTA-FeNa, DTPA-FeHNa or EDTA-CuNa2 at non-physiological concentrations in 

an in vitro screening system or following in vivo administration using the non-physiological 

ip injection route (injection close to the gonads) is difficult to extrapolate for relevance to 
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humans. Therefore, the overall findings indicate that EDTA-FeNa, DTPA-FeHNa and 

EDTA-CuNa2 lack significant genotoxic potential under conditions that do not deplete 

essential trace elements required for normal cell function.  

 

It is understood that EDTA and DTPA are capable of binding zinc, and under some 

circumstances in vitro or in vivo, this chelation of zinc can limit its availability to dividing 

cells where it is used as a co-factor for enzymes involved in DNA synthesis. 

Based on the assumption of a threshold mode-of action for aneugens, it was concluded that 

EDTA and DTPA and their (metal) salts are not mutagenic for humans and do not present 

a genotoxic hazard. 

 
 

Carcinogenicity 

An oral two-year study with the ‘empty’ chelate EDTA-Na3H in mice and rats (NTIS, 

1977) and an oral 2-year study with the metal chelate EDTA-CaNa2 in rats (Oser, 1963) 

indicated no evidence of carcinogenicity. The amino carboxylic acid-based (metal) 

chelants (EDTA, DTPA, and HEDTA) category members are not expected to be 

carcinogens based on the absence of any pre-neoplastic or neoplastic lesions in the repeated 

dose toxicity studies carried out with several (metal) chelants of these groups.  

 

Toxicity to Reproduction (Fertility and Developmental Toxicity) 
 

Fertility 

A chronic study with the ‘empty’ chelate EDTA-Na3H that included histological 

examination of gonadal tissues for evidence of adverse effects showed no adverse effects 

on reproductive organs (NTIS, 1977).  

Reproductive toxicity studies for metal chelates are available in which the potential for 

reproductive effects from exposure to EDTA-CaNa2, EDTA-MnNa2, EDTA-CuNa2, and 

DTPA-FeHNa has been examined (Appendix C). In a non-guideline chronic study, no 

adverse clinical, histological, hematological or reproductive effects were found over 4 

generations in rats fed a diet of 0, 50, 125 or 250 mg/kg bw/day of EDTA-CaNa2. The 

NOAEL for reproductive toxicity was 250 mg/kg bw/day (highest dose tested; Oser, 1963). 

The three other metal chelating agents, EDTA-MnNa2, EDTA-CuNa2 and DTPA-FeNaH 

were recently tested using an extended OECD 422 protocol, i.e. the pre-mating period, 

which should be at least 2 weeks, was extended to 10 weeks and sperm analyses were 

included. At 1500 mg EDTA-MnNa2/kg bw decreased sperm motility was observed 

(Wolterbeek, 2010), whereas at 1500 mg DTPA-FeHNa male fertility effects consisted of 

decreased relative weight of epididymides, a decrease in sperm motility and epididymal 

sperm reserve (Wolterbeek, 2011). Although these effects on male fertility were seen at the 

highest dose tested (1500 mg/kg bw), it did not result in effects on reproduction as there 

were no changes in reproductive performance in animals of these groups. No reproduction 

effects occurred at the level of 500 mg/kg bw which was considered a NOAEL for fertility 

for both EDTA-MnNa2 and DTPA-FeHNa. Reproduction effects were also absent at levels 

of 150 and 500 mg EDTA-CuNa2/kg bw; at the next higher level of 1500/1050 mg/kg bw 

significant mortality occurred before mating took place (Lina, 2013). 
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EDTA and DTPA are chelating agents with a high affinity for metals such as zinc, 

manganese and calcium. Zinc is one of the most abundant metals in the human body (2-4 

g) and is present as a cofactor for a large number of enzymes (between 100 and 300), 

covering almost all classes of enzyme. As such deficiencies in zinc can produce a wide 

array of symptoms including reproductive toxicity.  

As can be seen from the stability constants in Section 2, the chelating agents EDTA and 

DTPA have the highest preference for Fe3+, followed by Cu2+, Zn2+, Fe2+ and then 

Mn2+. The gut enterocytes have the ability to convert Fe3+ to Fe2+ prior to absorption, so 

the Fe3+ is released, then converted to Fe2+ for which DTPA has a lower affinity so it 

preferentially binds other ions for which it has a higher affinity, such as zinc. Thus, the 

release of the Fe3+ leaves the DTPA open to bind zinc either in the gut or subsequent to 

absorption (the absorption of DTPA is estimated to be ca. 5%, as with EDTA). This zinc 

chelation at a high level of 1500 mg/kg bw may then cause the effects on male reproductive 

organs. The lower affinity of EDTA for Mn2+ when compared to Zn2+ may also explain 

the male reproductive effect observed at 1500 mg EDTA-MnNa2/kg bw. For EDTA-

CuNa2 no effects on male fertility were observed at 500 mg/kg bw; however, as indicated, 

effects on male fertility could not be examined at the higher level tested because of 

premature mortality. With regard to EDTA-CaNa2, the highest dose tested was only 250 

mg/kg bw.   

If dietary multi generation reproductive toxicity studies were to be performed with other 

members of these metal chelating agents group (and especially in case of the ‘empty’ 

chelates) in the absence of any supplementation of essential minerals such as zinc, then it 

is highly likely that the chelating agents, if administered at high levels, would complex 

with enough of the zinc in the diet leading to an insufficient zinc intake in the animals. This 

would lead to evidence of male reproductive toxicity (specifically degeneration of the 

testicular tissue and possible reduced fertility), developmental toxicity such as terata of the 

skeletal and viscera (see further) and many of the symptoms of zinc deficiency such as 

alopecia, diarrhea, eye and skin lesions etc.. Such studies would therefore not provide 

evidence of the reproductive toxicity of the chelating agents but rather the toxicity 

associated with a deficiency in zinc. 

In the two available 28-day studies where two ‘empty’ DTPA chelates (DTPA-K5 and 

DTPA-Na5) were dosed via gavage or the drinking water, there were some clinical signs 

of a perturbation in nutrition at the high doses (diarrhea, decreased food consumption, 

decrease in bodyweight), and in the gavage fed animals there were deaths in the high dose 

group males (Elliott, 1987; BASF 2002). It is very likely that the deaths were associated 

with diarrhea caused by chelation of metals such as zinc and calcium in the intestinal tract 

leading to decreased absorption of food and water loss. In these studies, although of short 

duration, there was no evidence of testicular toxicity in any of the treated groups, indicating 

that the dosing regimen was insufficient to produce sufficient zinc deficiency to lead to 

testicular toxicity. It is possible that a more prolonged dosing regimen could have produced 

a more extensive deficiency in zinc.  

Overall, it is concluded that at high testing levels, reproductive toxicity is due to an induced 

deficiency in zinc and any reproductive effect would be observed only in the presence of, 

and secondary to parental toxicity. Reproductive toxicity effects secondary to a zinc 

deficiency should not be considered relevant for classification if it can be demonstrated 
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that occupational or consumer exposure to these chelating agents would not result in a 

deficit in an individual’s zinc status. As part of a classification and labeling justification 

prepared for developmental toxicity it has been demonstrated that exposure to these 

chelating agents through worker and consumer uses would be insufficient to produce a 

deficiency in zinc in the workforce or consumer population. Since reproductive toxicity 

would require zinc deficiency to be induced as a first step in the toxicity it is very unlikely 

that this would occur.  
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Developmental Toxicity 

With regard to the ‘empty’ chelates developmental toxicity data are available for EDTA-

H4, EDTA-Na2H2, EDTA-Na3H, EDTA-Na4, and DTPA-Na5 (Appendix C). Data from 

these multigeneration and prenatal developmental toxicity studies also suggest that 

developmental effects are observed in the presence of maternal toxicity and are related to 

reduced plasma zinc concentrations. These effects are independent of whether the acid or 

sodium salts are applied. Studies on developmental toxicity showed a specific fetotoxic 

and teratogenic potential of EDTA-Na2H2; a LOAEL of ca. 1000 mg/kg bw/day was 

determined. When females were fed the 2% EDTA-Na2H2 (ca. 1000 mg/kg bw/day) diet 

throughout pregnancy, reproduction was impaired only slightly. All rats had living young 

at term and litter size was normal, although the young were slightly smaller than controls. 

However, 7% of the fullterm young were malformed, while none of the control fetuses 

showed gross congenital malformations. When females were fed the 3% EDTA-Na2H2 

diet (ca. 1500 mg/kg bw) throughout pregnancy, reproduction was so severely disturbed 

that none of the mated females had grossly visible implantation sites at term. When the 3% 

EDTA-Na2H2 diet was fed from days 6 to 14 of gestation or from day 6 of gestation to 

term, almost all of the mated females had implantation sites, but nearly half of these sites 

had dead or resorbed fetuses. Females fed the 3% EDTA-Na2H2 diet from days 6 to 21 

had less than half the normal number of young per litter, and full-term young had a mean 

body weight of only 1.8 g as compared with 5.3 g in controls; furthermore, 100% of the 

young were grossly malformed. In contrast, females given 1000 ppm of dietary zinc along 

with the same 3% EDTA-Na2H2 for the same period of time during gestation had 

essentially normal reproduction and none of the young were malformed (Swenerton, 1971). 

The pattern of malformations comprised cleft palate, severe brain deformities, eye defects, 

micro- or agnathia, syndactyly, clubbed legs and tail anomalies. These effects were 

exhibited in studies using maternally toxic dose levels. The mechanism resulting in 

developmental effects is found to occur via zinc depletion resulting in zinc deficit (Hurley, 

1971).  

In a non-guideline prenatal developmental toxicity study, rats were administered EDTA-

H4 (967 mg/kg bw), EDTA-Na2H2 (1243 mg/kg bw), EDTA-Na3H (1245 mg/kg bw), or 

EDTA-Na4 (1374 mg/kg bw) by oral gavage on gestation days 7-14. Clinical effects 

included diarrhea and a reduction of body weight gain during the treatment period in dams. 

There was no effect of treatment on litter size, post-implantation loss, sex ratio, fetal body 

weight, or mortality. There was no effect of treatment on the incidence of fetal 

abnormalities; the NOAEL for developmental toxicity, therefore, were the doses tested 

(Schardein, 1981).  

In a prenatal developmental toxicity study, rats were administered via oral gavage 0, 100, 

400 or 1000 mg/kg bw/day DTPA-Na5. At 400 mg/kg bw/day there was a statistically 

significant increase in the total number of fetuses with skeletal variations and retardations 

in fetuses (shortened or absent 13th rib, rudimentary cervical ribs, delays in ossification). 

At 1000 mg/kg bw/day, in addition to effects observed in the mid dose, there was a 

reduction in litter size and an increase in the number of skeletal malformations (missing 

thoracic and lumbar vertebrae and bipartite sternebrae) but no visceral or external 

malformations were present. This dose also produced a reduction in maternal body weight 

gain (adjusted). The NOAEL for maternal toxicity was 400 mg/kg bw/day and for 

developmental toxicity 100 mg/kg bw/day (BASF, 1994).  
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Developmental toxicity data are available for the metal chelates EDTA-CaNa2, EDTA-

MnNa2, EDTA-CuNa2, DTPA-FeHNa, DTPA-CaNa3 and DTPA-ZnNa3 (Appendix C).  

In a non-guideline prenatal developmental toxicity study, rats were administered EDTA-

CaNa2 (1340 mg/kg bw) by oral gavage on gestation days 7-14. Clinical effects included 

diarrhea and a reduction of body weight gain during the treatment period in dams. There 

was no effect of treatment on litter size, post-implantation loss, sex ratio, fetal body weight, 

or mortality. There was no effect of treatment on the incidence of fetal abnormalities; the 

NOAEL for developmental toxicity, therefore, was the dose tested (Schardein, 1981).  

Three other (metal) chelating agents, EDTA-MnNa2, EDTA-CuNa2 and DTPA-FeNaH 

were recently tested using an extended OECD 422 protocol, i.e. the pre-mating period, 

which should be at least 2 weeks, was extended to 10 weeks, then animals were mated, and 

pups were necropsied on day 4 after birth. At 1500 mg EDTA-MnNa2/kg bw there was a 

decreased number of females with live born pups, a decreased number of (live) pups, and 

increased postimplantation loss (Wolterbeek, 2010), whereas at 1500 mg DTPA-

FeHNa/kg bw no developmental toxicity was observed (Wolterbeek, 2011). The NOAEL 

for developmental toxicity was 500 mg/kg bw for EDTA-MnNa2 and 1500 mg/kg bw for 

DTPA-FeHNa. Developmental effects were also absent at a level of 500 mg EDTA-

CuNa2/kg bw; at the next higher level of 1500/1050 mg/kg bw significant mortality 

occurred before mating took place (Lina, 2013). 

As already discussed, EDTA and DTPA are chelating agents with a high affinity for metals 

such as zinc. Deficiencies in zinc can produce a wide array of symptoms including both 

reproductive and developmental toxicity. Like with reproduction toxicity, if developmental 

toxicity studies were to be performed with chelating agents from this category in the 

absence of any supplementation of essential minerals such as zinc, then it is highly likely 

that the chelating agents would complex with enough of the zinc in the diet leading to an 

insufficient zinc intake in the animals. This would lead to evidence of developmental 

toxicity such as terata of the skeletal and viscera and many of the symptoms of zinc 

deficiency such as alopecia, diarrhea, eye and skin lesions etc.. Such studies would 

therefore not provide evidence of the reproductive or developmental toxicity of the 

chelating agents but rather the toxicity associated with a deficiency in zinc.  

EDTA and DTPA are poorly absorbed both orally and via dermal application and are 

unlikely to be absorbed significantly via inhalation due to their large particle size (up to 

5% < 10 micron diameter) when in powdered form and low volatility when in solution. 

Such compounds are not metabolised and are excreted with a short half life in humans and 

rats. With the exception of being able to complex metal ions, chelating agents are of low 

chemical reactivity as evidenced by their lack of genotoxicity (clastogenicity) and skin 

sensitising potential. As such, it is unlikely that the chelating agent itself is a proximate 

toxicant, but rather that its ability to bind metal ions is responsible for the observed toxicity 

(as indicated above). Therefore if one were to conduct a study where metal ions (for 

example zinc) were supplemented sufficiently it is unlikely that any systemic toxicity, 

including developmental or reproductive effects would be observed. This is supported by 

developmental toxicity studies conducted using the zinc salt of DTPA where no 

developmental (or systemic) toxicity was observed in rats injected subcutaneously at doses 

up to 565 mg/kg bw/day (Fukuda, 1983; highest dose tested) or in mice treated in the same 

way (Brummett, 1977). In the latter study in mice, a level of 3000 mg/kg bw/day showed 

developmental effects only when injected during days 5 -12 of gestation but not when 
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injected on days 2 -6 or on days 7 -11. This was compared to the calcium salt of DTPA 

where DTPA-CaNa3 caused significant increases in developmental toxicity at 179 mg/kg 

bw in rats (but not at 90 mg/kg bw; Fukuda, 1983) and at 700 mg/kg bw in mice (only dose 

level tested; Brummett, 1977). As such DTPA-CaNa3 showed developmental toxicity at 

lower levels when compared to DTPA-ZnNa3 which supports the notion that - because the 

affinity of DTPA is much higher for Fe than for Zn, and much higher for Zn than for Ca - 

that DTPA-FeHNa is much less developmentally toxic than DTPA-CaNa3 due to less 

binding of Zn.  

Additional support comes from studies (and treatments) conducted in humans and mice 

where the zinc salt of DTPA was dosed with no evidence of systemic toxicity at therapeutic 

doses (Kalkwarf et al 1983; Sato 1997).  

Overall, members of the aminocarboxylic acid-based (metal) chelants category would be 

expected to exhibit developmental effects only in the presence of a zinc deficiency which 

is, however, not expected under normal nutritional conditions.  

 

Neurotoxicity 

Behavioural and functional testing of neurotoxic effects was carried out in rats in extended 

oral OECD 422 studies (ca. 3-month duration) with the metal chelates EDTA-MnNa2, 

EDTA-CuNa2, and DTPA-FeHNa (Appendix C). None of these substances showed 

neurotoxic effects at levels up to 1500 mg/kg bw/day. Overall, members of the 

aminocarboxylic acid-based metal chelants category would not be expected to exhibit 

neurotoxic effects.  
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MOLECULAR STRUCTURE (APPENDIX A) 

Appendix A1. Details ‘empty’ chelates (category members)  

EDTA-H4 

Chemical name Ethylenediaminetetraacetic acid 

IUPAC name 2,2',2'',2'''-(ethane-1,2-diyldinitrilo)tetraacetic acid 

EC number 200-449-4 

CAS Number 60-00-4 

Molecular structure 

 

Molecular formula C10 H16 N2 O8 

Molecular weight 292.2 

 

EDTA-Na4 

Chemical name Ethylenediaminetetraacetic acid, tetrasodium salt 

IUPAC name Tetrasodium 2,2',2'',2'''-(ethane-1,2-diyldinitrilo)tetraacetate 

EC number 200-573-9 

CAS number 64-02-8 (anhydrous); 13235-36-4 (tetrahydrate) 

Molecular structure 

 

Molecular formula C10 H12 N2 O8.Na4 

Molecular weight 380.2 (anhydrous) 452.2 (tetra hydrate) 
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EDTA-Na2H2 

Chemical name Disodium dihydrogen ethylenediaminetetraacetate 

IUPAC name Disodium dihydrogen 2,2',2'',2'''-(ethane-1,2-diyldinitrilo)tetraacetate 

EC number 205-358-3 

CAS Number 139-33-3 (anhydrous); 6381-92-6 (dihydrate) 

Molecular structure 

 

Molecular formula C10 H14 N2 O8.Na2 

Molecular weight 336.2 (anhydrous); 372.2 (dihydrate) 
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EDTA-Na3H 

Chemical name Trisodium hydrogen ethylenediaminetetraacetate 

IUPAC name Trisodium hydrogen 2,2',2'',2'''-(ethane-1,2-diyldinitrilo)tetraacetate 

EC number 205-758-8 

CAS Number 150-38-9 

Molecular structure 

 

Molecular formula C10 H13 N2 O8.Na3 

Molecular weight 358.2 

 

DTPA-H5 

Chemical name Diethylenetriaminepentaacetic acid  

IUPAC name 2-[bis[2-(bis(carboxymethyl)amino)ethyl]amino]acetic acid 

EC number 200-652-8 

CAS Number 67-43-6 

Molecular structure 

 

Molecular formula C14 H23 N3 O10 

Molecular weight 393.3 
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DTPA-Na5 

Chemical name Diethylenetriaminepentaacetic acid, pentasodium salt  

IUPAC name Pentasodium 2,2',2'',2''',2''''-(ethane-1,2-diylnitrilo)pentaacetate 

EC number 205-391-3 

CAS Number 140-01-2 

Molecular structure 

 

Molecular formula C14 H18 N3 O10 .Na5 

Molecular weight 503.3 

 

DTPA-K5 

Chemical name Diethylenetriaminepentaacetic acid, pentapotassium salt 

IUPAC name Pentapotassium 2-[2-[2-(bis(carboxylatomethyl)amino)ethyl-

(carboxylatomethyl)amino]ethyl-(carboxylatomethyl)amino]acetate 

EC number 404-290-3 

CAS Number 7216-95-7 

Molecular structure 

 

Molecular formula C14 H18 N3 O10 .K5 

Molecular weight 583.8 
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Appendix A2. Details metal chelates (for comparison) 

EDTA-CaNa2 

Chemical name Ethylenediaminetetraacetic acid, calcium disodium complex 

IUPAC name Calcium disodium 2-({2-[bis(carboxylatomethyl)amino]ethyl} 
(carboxylatomethyl) amino)acetate 

EC number 200-529-9 

CAS Number 62-33-9 (anhydrous); 23411-34-9 (dihydrate 

Molecular structure 

 

Molecular formula C10 H12 N2 O8 Ca.Na2 

Molecular weight 374.3 (anhydrous); 413.3 (dihydrate) 

 

EDTA-CuNa2 

Chemical name Ethylenediaminetetraacetic acid, copper disodium complex 

IUPAC name Copper(2+) ion disodium 2-({2-[bis(carboxylatomethyl)amino]ethyl} 
(carboxylatomethyl)amino)acetate 

EC number 237-864-5 

CAS Number 14025-15-1 

Molecular structure 

 

Molecular formula C10 H12 N2 O8 Cu.Na2 

Molecular weight 397.3 
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EDTA-CuK2 

Chemical name Ethylenediaminetetraacetic acid, copper dipotassium complex 

IUPAC name Copper(2+) ion dipotassium 2-({2-[bis(carboxylatomethyl) amino] 
ethyl} (carboxylatomethyl)amino)acetate 

EC number 277-749-7 

CAS Number 74181-84-3 

Molecular structure 

 

Molecular formula C10 H12 N2 O8 Cu.2K 

Molecular weight 430.0 

 

EDTA-Cu(NH4)2 

Chemical name Ethylenediaminetetraacetic acid, copper diammonium complex 

IUPAC name Copper(2+) ion diammonium 2-({2-[bis(carboxyatomethyl)amino] 
ethyl}(carboxylatomethyl)amino)acetate 

EC number 268-018-3 

CAS Number 67989-88-2 

Molecular structure 

 

Molecular formula C10 H12 N2 O8 Cu.(NH4)2 

Molecular weight 387.8 
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EDTA-FeNa 

Chemical name Ethylenediaminetetraacetic acid, ferric-sodium complex 

IUPAC name Sodium; 2-[2-(bis(carboxylatomethyl)amino)ethyl-

(carboxylatomethyl)amino]acetate; iron(+3) cation 

EC number 239-802-2 

CAS Number 15708-41-5 (anhydrous); 18154-32-0 (trihydrate) 

Molecular structure 

 

Molecular formula C10 H12 N2 O8 Fe.Na 

Molecular weight 367.1 (anhydrous) 421.1 (trihydrate) 

 

EDTA-FeK 

Chemical name Ethylenediaminetetraacetic acid, ferric-potassium complex 

IUPAC name Potassium; 2-[2-(bis(carboxylatomethyl)amino)ethyl-

(carboxylatomethyl)amino]acetate; iron(+3) cation 

EC number 259-411-0 

CAS Number 277-749-7 

Molecular structure 

 

Molecular formula C10 H12 N2 O8 Fe.K 

Molecular weight 383.2 
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EDTA-Fe(NH4)2OH 

Chemical name Ethylenediaminetetraacetic acid, ferric-diammonium complex 

IUPAC name Ferrate(2-), [[N,N'-1,2-ethanediylbis[N-[(carboxy-kO)methyl] glycinato-

kN,kO]](4-)]hydroxy-, ammonium (1:2), (PB-7-11'-121'3'3) 

EC number 270-232-7 

CAS Number 68413-60-5 

Molecular structure 

 

 Molecular formula C10 H21 N4 O9 Fe 

Molecular weight 397.2 

 

EDTA-MgNa2 

Chemical name Ethylenediaminetetraacetic acid, magnesium disodium complex 

IUPAC name Magnesium(2+) ion disodium 2-({2-

[bis(carboxylatomethyl)amino]ethyl}(carboxylatomethyl)amino)acetate 

EC number 238-372-3 

CAS Number 14402-88-1 

Molecular structure 

 

Molecular formula C10 H12 N2 O8 Mg.Na2 

Molecular weight 358.5 
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EDTA-MnNa2 

Chemical name Ethylenediamine-tetraacetic acid, manganese-disodium complex 

IUPAC name Manganese(2+) ion disodium 2-({2-bis(carboxylatomethyl)amino] 
ethyl} (carboxylatomethyl)amino)acetate 

EC number 239-407-5 

CAS Number 15375-84-5 

Molecular structure 

 

Molecular formula C10 H12 N2 O8 Mn.Na2 

Molecular weight 389.1 

 

EDTA-MnK2 

Chemical name Ethylenediaminetetraacetic acid, manganese dipotassium complex 

IUPAC name Manganese(2+) ion dipotassium 2-({2-[bis(carboxylatomethyl) 

amino]ethyl}(carboxylatomethyl)amino)acetate 

EC number 268-144-9 

CAS Number 68015-77-0 

Molecular structure 

 

Molecular formula C10 H12 N2 O8 Mn.K2 

Molecular weight 421.4 
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EDTA-Mn(NH4)2 

Chemical name Ethylenediaminetetraacetic acid, manganese diammonium complex 

IUPAC name Manganese(2+) ion diammonium 2-({2-[bis(carboxylatomethyl) 

amino]ethyl}(carboxylatomethyl)amino)acetate 

EC number 304-037-6 

CAS Number 94233-07-5 

Molecular structure 

 

Molecular formula C10 H12 N2 O8 Mn.2H4N  

Molecular weight 379.2 

 

EDTA-ZnNa2 

Chemical name Ethylenediaminetetraacetic acid, zinc-disodium complex 

IUPAC name Zinc (2+) ion disodium 2-({-

[bis(carboxylatomethyl)amino]ethyl}carboxylatomethyl)amino)acetate 

EC number 237-865-0 

CAS Number 14025-21-9 

Molecular structure 

 

Molecular formula C10H12N2O8Zn.2Na 

Molecular weight 399.6 
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EDTA-ZnK2 

Chemical name Ethylenediaminetetraacetic acid, zinc-dipotassium complex 

IUPAC name Zinc (2+) ion dipotassium 2-({-[bis(carboxylatomethyl)amino]ethyl} 

carboxylatomethyl)amino)acetate 

EC number 238-729-3 

CAS Number 14689-29-3 

Molecular structure 

 

Molecular formula C10H12N2O8Zn.2K 

Molecular weight 431.8 

 

EDTA-Zn(NH4)2 

Chemical name Ethylenediaminetetraacetic acid, zinc-diammonium complex 

IUPAC name Zinc(2+) ion diammonium 2-({2-
[bis(carboxylatomethyl)amino]ethyl} 
(carboxylatomethyl)amino)acetate 

EC number 267-400-7 

CAS Number 67859-51-2 

Molecular structure 

 

Molecular formula C10 12 N2 O8 Zn.(NH4)2 

Molecular weight 389.7 
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DTPA-FeHNa 

Chemical name «Chemical_name» 

IUPAC name Iron(3+) ion sodium 5-[bis(carboxylatomethyl)amino]-3-
{[bis(carboxylatomethyl)amino]methoxy}pentanoate 

EC number 235-627-0 

CAS Number 12389-75-2 

Molecular structure 

 

Molecular formula C14 H18 N3 O10 Fe .H.Na 

Molecular weight 468.2 

 

DTPA-FeNa2 

Chemical name «Chemical_name» 

IUPAC name Iron(2+)ion disodium 5-[bis(carboxylatomethyl)amino]-3-
{[bis(carboxylato methyl)amino]methoxy}pentanoate 

EC number 243-136-8 

CAS Number 19529-38-5 

Molecular structure 

 

 

Molecular formula C14 H18 N3 O10 Fe.Na2 

Molecular weight 490.2 
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DTPA-Fe(NH4)2 

Chemical name Diethylenetriaminepentaacetic acid, ferric-ammonium complex 

IUPAC name Iron(3+) ion diammonium 5-[bis(carboxylatomethyl)amino]-3-
{[bis(carboxylatomethyl)amino]methoxy}pentanoate 

EC number 289-064-0 

CAS Number 85959-68-8 

Molecular structure 

 

Molecular formula C14 H18 N3 O10 Fe.(NH4)2 

Molecular weight 480.2 
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Appendix B1. Data matrix for phys-chem endpoints ‘empty’ chelates (category members) 

 

 Appearance Melting point (ºC) Boiling point (ºC) Relative density Particle size  

<100 micron 

(%)  

Particle size    

<10 micron 

(%)  

Vapour pressure 

(Pa) 

EDTA-H4 

CAS: 60-00-4 

Solid Decomposes at 220 Decomposes before 

boiling 

1.46 (g/cm3) 40 2.5 Low 

EDTA-Na4 

CAS: 64-02-8 

Powder Decomposes at 150 Decomposes before 

boiling 

1.67 (g/cm3) 51 1.7 Low 

EDTA-Na2H2 

CAS: 139-33-3 

Crystalline solid Decomposes at 252 Decomposes before 

boiling 

1.767 (g/cm3) 29 1.2 Low 

DTPA-H5 

CAS: 67-43-6 

Powder Decomposes at 206 Decomposes before 

boiling 

1.5 44/50 (v/v) 4/5 (v/v) Low 

DTPA-Na5 

CAS: 140-01-2 

Powder Decomposes at 150 Decomposes before 

boiling 

1.67 (g/cm3) 40 (v/v) 4 (v/v) Low 

DTPA-K5 

CAS: 7216-95-7 

Powder Decomposes at 158 Decomposes before 

boiling 

1.6422 Only sold as liquid Only sold as liquid Low 

HEDTA-Na3 

CAS: 139-89-9 

Powder 288 Decomposes before 

boiling 

1.285 g/cm3 10% < 105 um - Low 

DTPA-Na5 

CAS: 140-01-2 

Aqueous solution -22 (freezing) 105.6 1.31 Not applicable Not applicable 1600  

DTPA-K5 Aqueous solution -22 (freezing) 100-110 - Not applicable Not applicable 1600 (read across 

with DTPA-Na5) 
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CAS: 7216-95-7 
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Appendix B2. Data matrix for phys-chem endpoints metal chelates (for comparison)  

 

 Appearance Melting point (ºC) Boiling point (ºC) Relative density Particle size  

<100 micron 

(%)  

Particle size    

<10 micron 

(%)  

Vapour pressure 

(Pa) 

EDTA-FeNa 

CAS: 15708-41-5 

Crystalline solid Decomposes at 211 Decomposes before 

boiling 

1.781 38/87 (v/v) 10% < 31 um 

10% < 3.2 um 

Low 

EDTA-FeK 

CAS: 54959-35-2 

Powder Decomposes at 192 Decomposes before 

boiling 

1.621 39.4 (v/v) 2.0 Low 

EDTA-MnNa2 

CAS: 15375-84-5 

Powder Decomposes at 252 Decomposes before 

boiling 

1.403 52/56 (v/v) 10% < 23/24 um Low 

EDTA-CaNa2 

CAS: 62-33-9 

Microgranules Decomposes at 295 Decomposes before 

boiling 

1.647 57.8 / 62.6 (v/v) 3.0 / 3.4 (v/v) Low 

EDTA-CuNa2 

CAS: 14025-15-1 

Solid Decomposes at 219 Decomposes before 

boiling 

1.727 49.2 (v/v) 2.9 (v/v) Low 

EDTA-CuK2 

CAS: 74181-84-3 

Microgranules Decomposes at 200 Decomposes before 

boiling 

1.791 36.7 (v/v) 1.9 (v/v) Low 

EDTA-MgNa2 

CAS: 14402-88-1 

Solid Decomposes at 240 Decomposes before 

boiling 

1.587 46.5 (v/v) 2.5 (v/v) Low 

EDTA-ZnNa2 

CAS: 14025-21-9 

Microgranules Decomposes at 263 Decomposes before 

boiling 

1.720 32.7 (v/v) 1.5 (v/v) Low 

EDTA-ZnK2 Microgranules Decomposes at 245 Decomposes before 

boiling 

1.786 36.7 (v/v) 1.9 (v/v) Low 
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CAS: 14689-29-3 

EDTA-MnK2 

CAS: 68015-77-0 

Solid Decomposes at 252 Decomposes before 

boiling 

1.34 (g/cm3) 

(liquid) 

Only sold as liquid Only sold as liquid Low 

DTPA-FeHNa 

CAS: 12389-75-2 

Crystals Decomposes at 180 Decomposes before 

boiling 

1.697 35.2 (v/v) 3.4 (v/v) Low 

DTPA-FeNa2 

CAS: 19529-38-5 

Microgranules Decomposes at 159  Decomposes before 

boiling 

1.599 34.7 (v/v) 1.1 (v/v) Low 

HEDTA-Fe(III)Na 

CAS: 51181-50-1 

Microgranules Decomposes at 203 Decomposes before 

boiling 

1.362 37.8 (v/v) 1.6 (v/v) Low 

EDTA-

Fe(NH4)2OH 

CAS: 68413-60-5 

 

Aqueous solution 

-20 – 0 (freezing) 100-110 1.326 (g/cm3) Not applicable Not applicable 6400 (read across 

with ferric 

ammonium; 25ºC) 

EDTA-Cu(NH4)2 

CAS: 67989-88-2 

Aqueous solution -20 – 0 (freezing) 100-110 1.330 (g/cm3) Not applicable Not applicable 2030  

EDTA-Zn(NH4)2 

CAS: 67859-51-2 

Aqueous solution -20 – 0 (freezing) 100-110 1.320 (g/cm3) Not applicable Not applicable 5100 (read across 

with DTPA-

Fe(NH4)2 

EDTA-Mn(NH4)2 

CAS: 94233-07-5 

 

Aqueous solution -20 – 0 (freezing) 100-110 1.206 (g/cm3) Not applicable Not applicable 2030 (read across 

with EDTA-

Cu(NH4)2 

DTPA-Fe(NH4)2 

CAS: 85959-68-8 

Aqueous solution -20 – 0 (freezing) 100-110 1.280 (g/cm3) Not applicable Not applicable 5100 
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Appendix B1 (cont.). Data matrix for phys-chem endpoints ‘empty’ chelates (category members)  

 

 Log Kow Water solubility Surface tension Flash-point Self-ignition 

temperature  (ºC) 

Flammability Explosive 

properties 

EDTA-H4 

CAS: 60-00-4 

-3.86 400 mg/L Not applicable Not applicable >400 No No 

EDTA-Na4 

CAS: 64-02-8 

- 500 g/L Not applicable  Not applicable  >200 No No 

EDTA-Na2H2 

CAS: 139-33-3 

-4.3 108 g/L Not applicable  Not applicable  >400 No No 

DTPA-H5 

CAS: 67-43-6 

-4.91 3.5 g/L Not applicable  Not applicable  392 No No 

DTPA-Na5 

CAS: 140-01-2 

<-2 At least 65% w/w Not applicable  Not applicable  386 No No 

DTPA-K5 

CAS: 7216-95-7 

-2.46 1140 g/L Not applicable Not applicable 306 No No 

DTPA-Na5 

CAS: 140-01-2 

<-2 At least 65% w/w 76.7 No flash detected See at solid No No 

DTPA-K5 

CAS: 7216-95-7 

-2.46 1140 g/L 76.6 Not measured, 

aqueous solution 

See at solid No No 
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Appendix B2 (cont.). Data matrix for phys-chem endpoints metal chelates (for comparison) 

 

 Log Kow Water solubility Surface tension Flash-point Self-ignition 

temperature  (ºC) 

Flammability Explosive 

properties 

EDTA-FeNa 

CAS: 15708-41-5 

-8.841 72 g/L Not applicable  Not applicable  207 No No 

EDTA-FeK 

CAS: 54959-35-2 

-8.91 310 g/L Not applicable Not applicable 200 No No 

EDTA-MnNa2 

CAS: 15375-84-5 

-8.12 412 g/L Not applicable  Not applicable  264 No No 

EDTA-CaNa2 

CAS: 62-33-9 

-10.42 At least 28% w/w Not applicable  Not applicable  - No No 

EDTA-CuNa2 

CAS: 14025-15-1 

-10.4 680 g/L Not applicable  Not applicable  280 No No 

EDTA-CuK2 

CAS: 74181-84-3 

-8.91 736 g/L Not applicable  Not applicable  >400 No No 

EDTA-MgNa2 

CAS: 14402-88-1 

-10.42 At least 370 g/L Not applicable  Not applicable  311 No No 

EDTA-ZnNa2 

CAS: 14025-21-9 

-10.32 At least 543 g/L Not applicable  Not applicable  315 No No 

EDTA-ZnK2 

CAS: 14689-29-3 

-8.82 746 g/L Not applicable  Not applicable  277 No No 
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EDTA-MnK2 

CAS: 68015-77-0 

-8.12 At least 48% w/w Not applicable  Not applicable  Not applicable (only 

sold as liquid)  

No No 

DTPA-FeHNa 

CAS: 12389-75-2 

-11.9 At least 11.3% w/w Not applicable  Not applicable  332 No No 

DTPA-FeNa2 

CAS: 19529-38-5 

-11.9 At least 27% w/w Not applicable  Not applicable  327 No No 

EDTA-

Fe(NH4)2OH 

CAS: 68413-60-5 

-4.57 540 g/L Not measured 

(no hydrophobic tail) 

Not measured, 

aqueous solution 

Not applicable No No 

EDTA-Cu(NH4)2 

CAS: 67989-88-2 

-11.91 At least 55% w/w Not measured 

(no hydrophobic tail) 

Not measured, 

aqueous solution 

Not applicable No No 

EDTA-Mn(NH4)2 

CAS: 94233-07-5 

-5.55 713 g/L Not measured 

(no hydrophobic tail) 

Not measured, 

aqueous solution 

Not applicable No No 

EDTA-Zn(NH4)2 

CAS: 67859-51-2 

-7.5963 At least 54% w/w Not measured 

(no hydrophobic tail) 

Not measured, 

aqueous solution 

Not applicable No No 

DTPA-Fe(NH4)2 

CAS: 85959-68-8 

-13.88 At least 53% w/w Not measured 

(no hydrophobic tail) 

Not measured, 

aqueous solution 

Not applicable No No 
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Appendix B1 (cont.). Data matrix for phys-chem endpoints ‘empty’ chelates (category members) 

 

 Oxidising 

properties 

Self-reactivity Self- heating Viscosity 

(mPa.s) 

EDTA-H4 

CAS: 60-00-4 

No No No Not applicable 

EDTA-Na4 

CAS: 64-02-8 

No No No Not applicable  

EDTA-Na2H2 

CAS: 139-33-3 

No No No Not applicable  

DTPA-H5 

CAS: 67-43-6 

No No No Not applicable  

DTPA-Na5 

CAS: 140-01-2 

No No No Not applicable  

DTPA-K5 

CAS: 7216-95-7 

No No No Not applicable  

DTPA-Na5 

CAS: 140-01-2 

No No No 32.4  

DTPA-K5 

CAS: 7216-95-7 

No No No Ca. 32.4  
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Appendix B2 (cont.). Data matrix for phys-chem endpoints metal chelates (for comparison) 

 

 Oxidising 

properties 

Self-reactivity Self- heating Viscosity 

(mPa.s) 

EDTA-FeNa 

CAS: 15708-41-5 

No No No Not applicable  

EDTA-FeK 

CAS: 54959-35-2 

No No No Not applicable 

EDTA-MnNa2 

CAS: 15375-84-5 

No No No Not applicable  

EDTA-CaNa2 

CAS: 62-33-9 

No No No Not applicable  

EDTA-CuNa2 

CAS: 14025-15-1 

No No No Not applicable  

EDTA-CuK2 

CAS: 74181-84-3 

No No No Not applicable  

EDTA-MgNa2 

CAS: 14402-88-1 

No No No Not applicable  

EDTA-ZnNa2 

CAS: 14025-21-9 

No No No Not applicable  

EDTA-ZnK2 

CAS: 14689-29-3 

No No No Not applicable  
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EDTA-MnK2 

CAS: 68015-77-0 

No No No Not applicable  

DTPA-FeHNa 

CAS: 12389-75-2 

No No No Not applicable  

DTPA-FeNa2 

CAS: 19529-38-5 

No No No Not applicable  

EDTA-Fe(NH4)2OH 

CAS: 68413-60-5 

No No No 12.2 

EDTA-Cu(NH4)2 

CAS: 67989-88-2 

No No No 11.8 

EDTA-Mn(NH4)2 

CAS: 94233-07-5 

No No No 4.6 

EDTA-Zn(NH4)2 

CAS: 67859-51-2 

No No No 14.2 

DTPA-Fe(NH4)2 

CAS: 85959-68-8 

No No No 11.8 
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Appendix C1. Data matrix for toxicity endpoints for ‘empty’ chelates (category members) - Acute toxicity data, eye irritation, and skin irritation and sensitization 

 

 Acute oral 

LD50 (mg/kg bw) 

Acute dermal  

LD50 (mg/kg bw) 

Acute inhalation 

4-h LC50 (mg/m3) 

Skin irritation Eye irritation Skin sensitisation  

EDTA-H4 

CAS: 60-00-4 

4500  

(BASF, 1973) 

  No  

(BASF, 1973) 

Slight  

(BASF, 1973) 

 

EDTA-Na4 

CAS: 64-02-8 

1780 

(BASF, 1983) 

  No 

(BASF, 1982) 

Yes 

(BASF, 1978) 

 

EDTA-Na2H2 

CAS: 139-33-3 

2800 

(BASF, 1973) 

 30% mortality at 

1000 mg/m3 (6-h) 

(BASF, 2010) 

No 

(BASF, 1973) 

No 

(BASF, 1973) 

No  

(CIT, 2000) 

DTPA-H5 

CAS: 67-43-6 

>2000 

(Dow, 1958) 

  No 

(Dow, 1958) 

Irritating  

(Dow, 1958) 

No 

(Dow, 2002) 

DTPA-Na5 

CAS: 140-01-2 

Ca. 4550 

(BASF, 1968) 

  No 

(Sterner, 1983a) 

No 

(Sterner, 1983b) 

No 

(BASF, 1993) 

DTPA-K5 

CAS: 7216-95-7 

>5000 

(Kynoch, 1984) 

>2000 

(Gardner, 1987) 

 No 

(Liggett, 1987a) 

Irritating  

(Liggett, 1987b) 

No 

(Kynoch, 1987) 
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Appendix C2. Data matrix for toxicity endpoints for metal chelates (for comparison) - Acute toxicity data, eye irritation, and skin irritation and sensitization 

 

 Acute oral 

LD50 (mg/kg bw) 

Acute dermal  

LD50 (mg/kg bw) 

Acute inhalation 

4-h LC50 (mg/m3) 

Skin irritation Eye irritation Skin sensitisation  

EDTA-FeNa 

CAS: 15708-41-5 

>2000 

(Haferkorn, 2007) 

>2000  

(Haferkorn, 2007b) 

>2750 

(Haferkorn, 2008) 

No 

(Leuschner, 2007a) 

No 

(Leuschner, 2007b) 

No 

(Haferkorn, 2007c) 

EDTA-FeK 

CAS: 54959-35-2 

>2000 

(Latour, 2014a) 

  No 

(Verbaan, 2014a) 

No 

(Verspeek, 2014a) 

 

EDTA-MnNa2 

CAS: 15375-84-5 

>2000 

(Beerens, 2010a) 

 >5160 

(Muijser, 2010) 

No 

(Verbaan, 2010a) 

No 

(Verspeek, 2010a) 

 

EDTA-MnK2 

CAS: 68015-77-0 

>2000 

(Otterdijk, 2013d) 

  No 

(Verbaan, 2013f) 

No 

(Verspeek, 2012e) 

 

EDTA-Mn(NH4)2 

CAS: 94233-07-5 

>2000 

(Latour, 2014b) 

  No 

(Verbaan, 2014b) 

No 

(Verspeek, 2014b) 

 

EDTA-Fe(NH4)2OH 

CAS: 68413-60-5 

>2000 

(Beerens, 2010b) 

>2000 

(Beerens, 2010c) 

 No 

(Verbaan, 2010b) 

No 

(Verspeek, 2010b) 

 

EDTA-CaNa2 

CAS: 62-33-9 

Ca. 10000 

(Dow, 1957) 

 >1130  

(7-h, nominal) 

(Dow, 1976) 

No 

(Dow, 1978) 

No 

(Dow, 1956) 

 

EDTA-CuNa2 

CAS: 14025-15-1 

890 

(BASF, 1985) 

 >5320 

(Jonker, 2012a) 

No 

(BASF, 1975) 

Yes (borderline) 

(BASF, 1985) 

No 

(Otterdijk, 2013i) 
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EDTA-CuK2 

CAS: 74181-84-3 

>300 and < 2000 

(Latour, 2014c) 

  Yes 

(Verbaan, 2014c) 

Yes (borderline) 

(Verspeek, 2014c) 

 

EDTA-Cu(NH4)2 

CAS: 67989-88-2 

>300 and < 2000 

(Otterdijk, 2013a) 

  Yes 

(Verbaan, 2013ab) 

No 

(Verspeek, 2012a) 

 

EDTA-MgNa2 

CAS: 14402-88-1 

>2000 

(Otterdijk, 2013b) 

  No 

(Verbaan, 2013c) 

No 

(Verspeek, 2012b) 

 

EDTA-ZnNa2 

CAS: 14025-21-9 

>2000 

(Stitzinger, 2010) 

  No 

(Verbaan, 2013d) 

No 

(Verspeek, 2012c) 

 

EDTA-ZnK2 

CAS: 14689-29-3 

>2000 

(Latour, 2014d) 

  No 

(Verbaan, 2014d) 

No 

(Verspeek, 2014d) 

 

EDTA-Zn(NH4)2 

CAS: 67859-51-2 

>2000 

(Otterdijk, 2013c) 

  No 

(Verbaan, 2013e) 

No 

(Verspeek, 2012d) 

 

EDTA-MnK2 

CAS: 68015-77-0 

>2000 

(Otterdijk, 2013d) 

  No 

(Verbaan, 2013f) 

No 

(Verspeek, 2012e) 

 

DTPA-CaNa3 

CAS: 12111-24-9 

  >1150  

(2-h) 

(Smith, 1980) 

   

DTPA-FeHNa 

CAS: 12389-75-2 

>2000 

(Otterdijk, 2013e) 

 >5080 

(Jonker, 2012b) 

No 

(Verbaan, 2013g) 

No 

(Verspeek, 2012f) 

No 

(Otterdijk, 2013j) 

DTPA-FeNa2 

CAS: 19529-38-5 

>2000 

(Otterdijk, 2013f) 

  No 

(Verbaan, 2013h) 

No 

(Verspeek, 2012g) 

 

DTPA-Fe(NH4)2 >2000   No No  
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CAS: 85959-68-8 (Otterdijk, 2013g) (Verbaan, 2013i) (Verspeek, 2012h) 

 

 

 

Appendix C1 (cont.). Data matrix for toxicity endpoints ‘empty’ chelates (category members) - In vitro and in vivo genotoxicity data  

 Ames test MN / CAT in vitro MLA in vitro MN/CAT in vivo Genotoxicity in germ cells in vivo 

EDTA-H4 

CAS: 60-00-4 

     

EDTA-Na4 

CAS: 64-02-8 

     

EDTA-Na2H2 

CAS: 139-33-3 

  Negative  

(Whittaker, 2001) 

Negative (MN; mouse) 

(BASF, 2000) 

Negative (MN; mouse) 

(Russo, 1992) 

Negative (SCE; mouse) 

(Zordan, 1990) 

Negative (Drosophila larvae) 

(Zordan, 1990) 

Negative (hyperhaploidy; mouse germ 

cells) (Zordan, 1990) 

Negative (CAT, mouse germ cells) 

(Russo, 1992) 

Positive (MN; mouse germ cells) 

(Russo, 1992) 

Positive (aneuploidy; Drosophila) 

(Zordan, 1990) 

EDTA-Na3H 

CAS: 150-38-9 

Negative  

(Dunkel, 1985) 

Negative 

(NTP, 1984) 

Negative  

(NTP, 1984) 

  

DTPA-H5 

CAS: 67-43-6 
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DTPA-Na5 

CAS: 140-01-2 

Negative 

(BASF, 1989) 

    

DTPA-K5 

CAS: 7216-95-7 

Negative 

(May, 1990) 

Negative 

(Allen, 1987) 

   

* The overall findings indicate that EDTA-metal complexes lack significant genotoxic potential under conditions that do not deplete essential trace elements 
required for normal cell function."  
 

 

Appendix C2 (cont.). Data matrix for toxicity endpoints metal chelates (for comparison) - In vitro and in vivo genotoxicity data  

 

 Ames test MN / CAT in vitro MLA in vitro MN/CAT in vivo Genotoxicity in germ cells in vivo 

EDTA-FeNa 

CAS: 15708-41-5 

Negative 

(Dunkel, 1999) 

Aneugenic but no clastogenic effects  

(de Vogel, 2010a)  

Negative  

(Dunkel, 1999) 

  

EDTA-FeK 

CAS: 54959-35-2 

     

EDTA-Fe(NH4)2OH 

CAS: 68413-60-5 

     

EDTA-MnNa2 

 

Negative 

(vd Wijngaard, 2009) 

Negative 

(de Vogel, 2010b) 

   

EDTA-MnK2 

CAS: 68015-77-0 

     

EDTA-Mn(NH4)2 

CAS: 94233-07-5 
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EDTA-CaNa2 

CAS: 62-33-9 

Negative 

(Fujita, 1988) 

    

EDTA-CuNa2 

CAS: 14025-15-1 

Negative 

(BASF, 1992) 

Aneugenic but no clastogenic effects  

(Usta, 2013a) 

   

EDTA-CuK2 

CAS: 74181-84-3 

     

EDTA-Cu(NH4)2 

CAS: 67989-88-2 

     

EDTA-MgNa2 

CAS: 14402-88-1 

     

EDTA-ZnNa2 

CAS: 14025-21-9 

     

EDTA-ZnK2 

CAS: 14689-29-3 

     

EDTA-Zn(NH4)2 

CAS: 67859-51-2 

     

DTPA-CaN3 

CAS: 12111-24-9 

     

DTPA-FeHNa 

CAS: 12389-75-2 

Negative 

(Verspeek, 2013c) 

Aneugenic but no clastogenic effects  

(Usta, 2013b) 

   

DTPA-FeNa2 

CAS: 19529-38-5 
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DTPA-Fe(NH4)2 

CAS: 85959-68-8 

     

* The overall findings indicate that EDTA-metal complexes lack significant genotoxic potential under conditions that do not deplete essential trace elements 
required for normal cell function."  
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Appendix C1 (cont.). Data matrix for toxicity endpoints ‘empty’ chelates (category members) - Repeated dose toxicity, reproduction and developmental toxicity, and 

neurotoxicity 

 

 Repeated study 

(subacute)  

(mg/kg bw/day or 

mg/m3) 

Repeated study 

(subchronic) 

(mg/kg bw/day or 

mg/m3) 

Repeated study 

(chronic) 

(mg/kg bw/day) 

Repro toxicity 

(mg/kg bw/day) 

Developmental toxicity 

(mg/kg bw/day) 

Neurotoxicity 

(mg/kg bw/day) 

EDTA-H4 

CAS: 60-00-4 

    NOAEL ≥ 967  

No developmental tox  

(Schardein, 1981) 

 

EDTA-Na4 

CAS: 64-02-8 

    NOAEL ≥ 1374  

No developmental tox  

(Schardein, 1981) 

 

EDTA-Na2H2 

CAS: 139-33-3 

NOAEL: 1125 mg/kg  

(1-month)  

(Kawamata, 1980) 

LOAEC: 30 mg/m3  

(6 h/day, 5 days) 

(BASF, 2010) 

NOAEL ≥500 mg/kg  

(Wynn, 1970) 

LOAEC: 15 mg/m3, 

NOAEC: 3 mg/m3  

(6 h/day, 5 d/wk) 

(BASF, 2014) 

 LOAEL ca. 1000 

(Swenerton, 1971) 

NOAEL ≥ 1243  

No developmental tox  

(Schardein, 1981) 

LOAEL ca. 1000 

(Swenerton, 1971) 

 

EDTA-Na3H 

CAS: 150-38-9 

 

NOAEL: 453 mg/kg 

(7-wk) 

(NTIS, 1977) 

 NOAEL ≥ 500  

Not carcinogenic 

(NTIS, 1977) 

 NOAEL ≥ 1245  

No developmental tox  

(Schardein, 1981) 

 

DTPA-H5       
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CAS: 67-43-6 

DTPA-Na5 

CAS: 140-01-2 

NOAEL: 75 mg/kg  

(4-week) 

(BASF, 2002) 

   NOAEL: 100 

Developmental tox at 400 

mg/kg bw 

(BASF, 1994) 

 

DTPA-K5 

CAS: 7216-95-7 

NOAEL: 83 mg/kg  

(28-day) 

(Elliott, 1987) 

     

 

 

Appendix C2 (cont.). Data matrix for toxicity endpoints metal chelates (for comparison) - Repeated dose toxicity, reproduction and developmental toxicity, and 

neurotoxicity 

 

 Repeated study 

(subacute)  

(mg/kg bw/day or 

mg/m3) 

Repeated study 

(subchronic) 

(mg/kg bw/day or 

mg/m3) 

Repeated study 

(chronic) 

(mg/kg bw/day) 

Repro toxicity 

(mg/kg bw/day) 

Developmental toxicity 

(mg/kg bw/day) 

Neurotoxicity 

(mg/kg bw/day) 

EDTA-FeNa* 

CAS: 15708-41-5  

 

 ≥ 84 (61-day) 

(Appel, 2001) 

    

EDTA-FeK 

CAS: 54959-35-2 

      

EDTA-Fe(NH4)2OH       
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CAS: 68413-60-5 

EDTA-MnNa2 

 

 NOAEL: 500 

(Wolterbeek, 2010) 

 NOAEL: 500 

Sperm effects at 1500 

(Wolterbeek, 2010) 

NOAEL: 500 

Developmental tox at 

1500 

(Wolterbeek, 2010) 

NOAEL ≥1500 

(Wolterbeek, 2010) 

EDTA-MnK2 

CAS: 68015-77-0 

      

EDTA-Mn(NH4)2 

CAS: 94233-07-5 

      

EDTA-CaNa2 

CAS: 62-33-9 

NOAEL ≥ 3636 mg/kg 

(31-day) 

(Dow, 1955) 

LOAEL: 2750 mg/kg 

(1-month) 

(Kawamata, 1980) 

 NOAEL rat ≥ 250  

Not carcinogenic 

(Oser, 1963) 

NOAEL dog ≥ 338 

12-month 

(Oser, 1963) 

NOAEL ≥ 250 

(multigeneration) 

Not reprotoxic 

(Oser, 1963) 

NOAEL ≥ 1340  

No developmental tox  

(Schardein, 1981) 

 

EDTA-CuNa2 

CAS: 14025-15-1 

 NOAEL: ca. 150 

(Lina, 2013) 

 NOAEL: 500 

Mortality at 1500/1050 

(Lina, 2013) 

NOAEL: 500 

Mortality at 1500/1050 

(Lina, 2013) 

NOAEL: 500 

Mortality at 1500/1050 

(Lina, 2013) 

EDTA-CuK2 

CAS: 74181-84-3 

      

EDTA-Cu(NH4)2 

CAS: 67989-88-2 

      

EDTA-MgNa2       
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CAS: 14402-88-1 

EDTA-ZnNa2 

CAS: 14025-21-9 

      

EDTA-ZnK2 

CAS: 14689-29-3 

      

EDTA-Zn(NH4)2 

CAS: 67859-51-2 

      

DTPA-CaNa3 

CAS: 12111-24-9 

 

NOAEC: 420 mg/m3 

(2 h/day, 12 days) 

(Smith, 1980) 

   NOAEL: 90 (sc) 

Developmental tox at 179 

mg/kg bw 

(Fukuda, 1983) 

LOAEL: 700 (sc) 

(Brummet, 1977) 

 

DTPA-ZnNa3 

CAS: 11082-38-5 

    NOAEL ≥ 565 (sc) 

No developmental tox 

(Fukuda, 1983) 

LOAEL: 3000 

Brummet, 1977) 

 

DTPA-FeHNa 

CAS: 12389-75-2 

 NOAEL: 500 

(Wolterbeek, 2011) 

 NOAEL: 500 

Sperm effects at 1500 

(Wolterbeek, 2011) 

NOAEL ≥ 1500 

No developmental tox 

(Wolterbeek, 2011) 

NOAEL ≥1500 

(Wolterbeek, 2011) 

DTPA-FeNa2 

CAS: 19529-38-5 
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DTPA-Fe(NH4)2 

CAS: 85959-68-8 
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