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Summary 

Formaldehyde, oligomeric reaction products with aniline (technical MDA), 2,2'-Dichloro-4,4'-

methylenedianiline (MOCA), 1,2-dichloroethane and bis(2-methoxyethyl)ether (diglyme) have 

been recommended for inclusion in Annex XIV authorisation list. Chemical companies can 

then apply for authorisation of a substance for a specific use, which is then assessed by 

ECHAôs scientific committees which may pass on opinions to the Commission to add their 

decision making. Applications for authorisation are expected in 2015. 

To provide greater consistency amongst applications, Derived No Effect Levels (DNELs) and 

dose response curves for the substances subject to authorisation are determined by the 

ECHA Risk Assessment Committee (RAC) before applications are received. This will also aid 

Industry when preparing applications, and for the RAC when evaluating them. 

To aid this process in assessing the remaining cancer risks and setting relevant DNELs for 

relevant exposure routes, this report reviews the toxicokinetics, bioavailability and 

toxicological information for these chemicals. The report also includes the cancer risk 

estimates for technical MDA, MOCA and 1,2-dichloroethane, and the DNELs for diglyme 

agreed by the RAC, together with the calculations which underlie the derivations. For 

technical MDA and MOCA, concentrations are also suggested to be used in conjunction with 

biomonitoring.  

The assistance and expertise of members of the ECHA RAC is gratefully acknowledged.  
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1. Introduction 

Under REACH, chemicals may be subject to authorisation, whereby the manufacture of 

substances that are deemed to pose a threat of excessive harm are limited to individual 

authorisations for specific uses, whereby the use will not pose a risk due to minimal exposure, 

or the socio-economic benefits of using the substance outweigh the risks and there are no 

suitable alternatives. Substances are subject to authorisation via a specific process. Chemical 

companies can then apply for authorisation of a substance for a specific use, which is then 

assessed by ECHAôs scientific committees which may pass on opinions to the Commission to 

aid their decision making. This process is outlined in Figure 1.1 below. 
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Figure 1.1 Authorisation process 
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The ECHA secretariat have proposed an efficient authorisation process that aims to provide 

greater consistency amongst applications and better use of the legally defined period of 

opinion forming in committees. As part of this process, the Derived No Effect Levels (DNELs) 

and dose response curves for the substances subject to authorisation are to be determined by 

the Risk Assessment Committee (RAC) before applications are received. This will also aid 

Industry when preparing applications, and for the RAC when evaluating them. 

2,2'-Dichloro-4,4'-methylenedianiline (MOCA), formaldehyde, oligomeric reaction products 

with aniline (technical MDA), 1,2-dichloroethane and bis(2-methoxyethyl)ether (diglyme) are 

on the 4th recommendation for inclusion in the Annex XIV authorisation list, and applications 

for authorisation are expected in 2015. 

Table 1.1 outlines the reasons for inclusion. According to ECHAôs proposal above, ECHA and 

its committees, RAC and the Committee for Socio-Economic Analysis (SEAC) require 

information that will enable them to quantitatively assess the remaining risks on relevant 

exposure routes for applications for authorisation addressing MOCA, MDA and 1,2-

dichloroethane and to set DNELs for diglyme on its toxicity for reproduction, by relevant 

exposure routes.  

This report describes how WRc has assisted ECHA RAC by providing toxicological 

information on these chemicals and, after discussions the RAC has agreed risk estimates and 

DNELs. Specifically to: 

¶ Assess the remaining cancer risks related to the use of technical MDA (EC Number: 

500-036-1), MOCA (EC Number: 202-918-9) and 1,2-dichloroethane (EC Number: 203-

458-1). This includes the review of registration dossiers and the relevant scientific 

literature related to the carcinogenicity of MOCA, MDA and 1,2-dichloroethane, and in 

particular previous risk assessments of international or national bodies, seek 

information related to its mechanism of action, and prepare relevant dose response 

relationships or other quantitative risk estimates for the substancesô carcinogenicity. 

¶ Set relevant DNELs or other risk estimates for the toxicity for reproduction from 

diglymeôs use, by relevant exposure routes. This task includes the review of the 

registration dossiers and the relevant scientific literature related to the toxicity for 

reproduction of diglyme, and in particular previous risk assessments of international or 

national bodies, seek information related to its mode of action, and set DNELs (or 

prepare other relevant quantitative estimations) for the relevant exposure routes. 

These cancer risk estimates and DNELs have been assessed by the RAC and the agreed 

values are listed in this report together with the calculations which underlie the derivations.  
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Table 1.1 Reasons for recommendations for inclusion on Annex XIV 

Substance EC Number 
Proposed 

by 
Volume of 
production 

Number of 
sites 

Potential for 
worker 

exposure 

Decision 
number 

Classification 

Technical MDA 202-918-9 ECHA 
Relatively high 

- high 
High High ED/77/2011 Carc 1B 

MOCA 500-036-1 ECHA High High High ED/77/2011 Carc 1B 

1,2-Dichloroethane 203-458-1 ECHA High Medium Significant ED/77/2011 Carc 1B 

Diglyme 203-924-4 ECHA Very high High High ED/77/2011 Repro 1B 

 

Recommendation of the European Chemicals Agency of 17 January 2013 for the inclusion of substances into Annex XIV to REACH (List of substances subject to authorisation). 
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2. General Methodology 

The work programme flow for the carcinogens, formaldehyde, oligomeric reaction products 

with aniline (technical MDA),  2,2'-Dichloro-4,4'-methylenedianiline (MOCA), and  

1,2-dichloroethane is shown in Figure 2.1 and for the reproductive toxin,  

bis(2-methoxyethyl)ether (diglyme) in Figure 2.2.  
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Figure 2.1 Carcinogenicity work flow 

 
 

Literature survey 

Reviews / papers 

Identification of key  
carcinogenicity / 

mutagenicity  
Exposure sources 

Human epidemiology Experimental animal  
studies 

Quantitative risk  
assessment methods 

Dose response 

Quality assessments 

Cancer risk estimates 

Dose response Mode of action 



European Chemicals Agency 
 

Report Reference: UCUC10376.02/16285-0 
June 2015 

© European Chemicals Agency 2015 8 

Figure 2.2 Reproductive toxicity work flow 
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Table 2.1 summarises the nature of the information that has been collated on each of the 

specific substances during the data searching exercise.  

Table 2.1 Information collated on each of the specific substance types 

Type of information Details 

Carcinogenicity Animal and epidemiology studies for MOCA, MDA and EDC 

Reproductive toxicity Animal and epidemiology studies for diglyme 

Toxicokinetics 
Toxicokinetic data for the substances will be sought to 

determine bioavailability 

Toxicological data relevant 

to mechanisms of actions 

For example, specialist studies on mode of action, chronic 

repeat dose studies where relevant 

Any other relevant 

information  
As relevant 

Uncertainties 
Identifying data gaps for key information 

Identifying data which is considered unreliable  

 

For the purposes of this project relevant data sources have been divided into three groups: 

¶ Regulatory sources ï reports prepared by regulatory bodies in Member States, the 

European Union (including the ESIS and REACH Registration databases), government 

agencies in Australia, Canada, Japan, and the United States and international bodies 

such as the International Agency for Research on Cancer (IARC), International 

Standards Organisation (ISO), the Organisation for Economic Cooperation and 

Development (OECD) and the World Health Organization (WHO). 

¶ Public Domain sources ï information identified by literature searching of sources 

such as PubMed, Science Direct and Web of Science using defined search strings for 

each of the substance types). 

¶ Commercial sources - The CSRs from the chemical registrants were also consulted. 

The key experimental animal and epidemiological studies were identified and the study data 

obtained as close to the original primary sources as possible (e.g. for experimental animal 

studies, the original reports from the contract laboratories were obtained if possible).  

Data sources for MDA, a similar substance to technical MDA were also sought, as in some 

instances data are present for both substances within the same review. 



European Chemicals Agency 
 

Report Reference: UCUC10376.02/16285-0 
June 2015 

© European Chemicals Agency 2015 10 

2.1 Quality assessment 

An initial review of the collated information for coverage, reliability and consistency was 

carried out which identified the presence of data gaps and identify areas of uncertainty in the 

available data. 

For each substance there were multiple data sources. Therefore, it was necessary to review 

each dataset for its reliability and to consider how consistent the information is in comparison 

with that from other sources. The experimental animal studies were assessed for quality and 

rated according to Klimisch coding (including accordance to OECD guidelines and GLP). 

Such a quality assessment of the data is vital in ensuring that outputs are robust and to 

provide confidence in any subsequent analysis. The Klimisch Criteria1 has been used to 

assess the reliability of the chemical composition data which will comprise four categories: 

1 - Reliable without restrictions, which relates to data generated in studies where a 

validated and standardised method has been used with no deviation from the defined 

procedure. 

2 - Reliable with restrictions, which relates to data generated in studies where either a 

validated and standardised method with minor observations from the procedure or a non-

standardised method with appropriate quality controls has been used. 

3 - Unreliable which relates to data generated in studies where the method used is not 

considered reliable. 

4 - Not assignable which relates to data generated in studies where there is insufficient 

information on the method used and how it was applied. 

The definitions of each Klimisch code have been broken down into separate criteria. The 

criteria are; guideline compliance (including significant deviations that would need to be 

incorporated into risk/hazard assessment), Good Laboratory Practice (GLP) status, 

acceptability of the study with regards to its scientific quality, documentation of the study and 

detail provided.  

Summaries were be made of each key study together with information on the dose response 

and other details essential for the risk assessment process. All of this information is available 

so that the underlying data behind all stages of the risk assessment is clearly identifiable. 

Klimisch classification is not appropriate for data which may be collated from human clinical 

and/or epidemiological studies based on cancer in humans and so an appropriate measure of 

quality will be developed for human studies based on a qualitative assessment.  

                                                      

1  Klimisch, H-J, Andreae, M. and Tillmann, U. (1997) A systematic approach for evaluating the quality of 

experimental toxicological and ecotoxicological data. Regulatory Toxicology and Pharmacology, 25, 1ï5. 
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Areas of uncertainty were also identified, i.e. the type of data which is required but for which 

there is currently an absence of reliable information or available data that is not considered 

sufficiently reliable to be used as part of regulatory assessments. 

The following were major factors considered in the assessment of epidemiological studies: 

¶ Populations ï ideally two populations should only differ by exposure to the chemical in 

question. However, this is seldom possible and bias may be present in the selection of 

different cases and populations as well as end-point measurement. 

¶ Exposure ï This is important for disease with long-term aetiology such as cancer, and 

information about the level, duration, route and frequency of exposure of one 

population against another must be accurately assessed. The exact exposure regime is 

often not known and surrogate measures such as job description may be used. Any 

use of exposure or biological markers in a study may be useful. 

¶ Confounders ï In long-term studies many other factors may be important such as age 

itself, socioeconomic status, smoking and diet. Multiple exposure to chemicals over a 

long period may also be difficult to control for. 

¶ Effects ï the power of the study must be sufficient to observe an effect, for example, 

the rarity of the tumour type and the latency of the cancer. 

¶ Statistical considerations ï appropriate statistical methods must be applied to ascertain 

whether any particular association observed between exposure and effect could be 

expected by chance. Appropriate statistical correction for confounders and bias is also 

important. 

2.2 Key studies 

The key studies for the carcinogenic studies were appropriate experimental animal or human 

epidemiological studies meeting the criteria in terms of relevance and quality outlined above. 
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2.3 Dose response curves 

2.3.1 Carcinogenicity 

Quantitative Risk Assessment (QRA) 

A number of authoritative bodies (e.g. WHO IPCS, US EPA, German Committee on 

Hazardous Substances2) have suggested methods for cancer risk estimates based on a 

number of risk assessment methodologies. These authoritative bodies and others have also 

prepared relevant dose-response curves for quantitative risk assessment from the key 

experimental animal studies which have been summarised in the literature survey. These 

have been collated and further studies (particularly human studies) have also been assessed 

to ascertain whether there is additional robust data upon which to base quantitative risk 

assessment. The suggested methods are outlined in the next section. 

Experimental animal studies 

Most of these quantitative methods are based on the derivation of benchmark dose response 

curves based on a Point of Departure (PoD) concentration, which is at the lower end of the 

observed results without the requirement for extrapolation to a lower dose. There are a 

number of descriptors available for this PoD to estimate the cancer potency reflected by the 

daily dose (expressed as mg/kg body weight) giving a tumour incidence upon lifetime 

exposure.  

These methods necessarily require a definition of a dose needed to induce tumours and a 

number of approaches have been described. Two examples are: 1) the dose (TD50) required 

in order the remain tumour-less at the end of a standard life span, and 2) the lowest dose able 

to induce a statistically significant increase in tumour incidence of x percent (TDx).  

The method favoured by the ECHA guidance3 and others4 is T25 which is the daily dose (in 

mg/kg body weight) inducing a tumour incidence of 25% upon lifetime exposure. This is based 

on an assumption of a linear dose response at all concentrations (including above the 

experimental doses) excluding the zero dose. The T25 method will be explored for the 

                                                      

2   Committee on Hazardous Substances (Ausschuss fur Gefahrstoffe ï AGS) (2008) Guide for the 

quantification of cancer risk figures after exposure to carcinogenic hazardous substances for 

establishing limit values for the workplace. Germany. 

3  ECHA guidance on information requirements and chemical safety assessment, Chapter R.8: 

Characterisation of dose (concentration)-response for human health. 2012. 

4  SCHER/SCENIHR/SCCP (2009) Risk assessment methodologies and approaches for genotoxic and 

carcinogenic substances. Scientific Committee on Health and Environmental Risks/Scientific 

Committee on Consumer Products/Scientific Committee on Emerging and Newly Identified Health 

Risks. 
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experimental animal data on the three carcinogenic chemicals as it has a number of 

advantages as a primary approach, namely: 

¶ The 25% increase in tumour incidence should be within the range of the experimental 

data.  

¶ Once the significant increase is derived, the computer modelling is not complex for 

estimating values from the dose response curves. 

¶ Use of tumour incidence at lower doses reduces problems of mortality in higher dose 

groups.  

Expert assessment also needed to be applied to the experimental data as there are a number 

of assumptions in this (and any other model system used): 

¶ A linear relationship is assumed. 

¶ The site, species, strain and gender of the tumour activity needs to be considered. For 

example, multiple routes of exposure, multiple tumour sites, tumours present in multiple 

species and strains and in both sexes, as well as latency of lesions, metastases, dose-

related increases, etc. 

¶ Genotoxicity of the chemical is assumed, or, for example, non-genotoxic mechanisms 

such as cell proliferation may not be linear and evidence for the presence of a threshold 

may be supported. 

¶ Mechanism relevant to humans, as certain mechanisms such as liver tumours in rats 

due to peroxisome proliferation and renal tumours due to Ŭ-2µ-globulin neuropathy 

have been shown not to be relevant in humans. 

The T25 or slope (potency) factor (mg/kg body weight/day) can also be expressed as a unit 

risk for oral and inhalation based on estimated risk of standard exposure to a unit amount of 

the chemical. This is often expressed as 1 in 104, 1 in 105 or 1 in 106.  

As well as T25 method, which is mainly used for potency estimation, BMDL10 has also been 

used in the assessment of these chemicals by a number of toxicological bodies. BMDL10 is 

defined as the lower 95% confidence dose of a Benchmark Dose representing a 10% tumour 

response upon lifetime exposure. BMDL10 is used for the assessment of risk posed by food 

ingredients by EFSA. In the case of linear or close to linear dose response relationships, the 

results of the two procedures (T25 and BMDL10) are virtually identical. 

There is still debate over the use of all these models and whether they accurately simulate the 

cancer process in humans and so expert opinion must also play a role in the risk assessment 

process. For example, the UK Committee on Carcinogenicity (2003)5 indicated that models 

                                                      

5  Guidance on a Strategy for the Risk Assessment of Chemical Carcinogens, Committee on 

Carcinogenicity of Chemicals in Food, Consumer Products and the Environment (2003). 
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may give an impression of precision which cannot be justified by the assumptions and 

approximation upon which they are based.  

Human studies 

All the human studies considered to be acceptable based on the quality criteria have been 

assessed whether they yield positive or negative results, or even suggest protective effects 

against cancer. Conclusions about the overall evidence for carcinogenicity from human 

studies have been made and any uncertainties about any associations (such as potential bias 

and confounders) stated. The quality of the study and the value of the data in the assessment 

of cancer risk to humans have been made by expert judgement based on the strength of 

exposure information (and whether it is the only chemical exposure present), the quality of the 

cancer frequency data and any other potential bias and confounders. 

Where necessary, the assessment of the causality of any experimental animal or human 

studies has made use of the nine Bradford-Hill criteria: 

¶ Consistency of the observed association 

¶ Strength of the observed association 

¶ Specificity of the observed association 

¶ Temporal relationship of the observed association 

¶ Exposure response relationship 

¶ Biological plausibility  

¶ Coherence 

¶ Experimental evidence 

¶ Analogy 

Included in the review of the carcinogenic (and reproductive) assessment of these chemicals 

are a number of other key factors:  

¶ The term ñmode of actionò is defined as a sequence of key events and processes, 

starting with interaction of an agent with a cell, proceeding through operational and 

anatomical changes, and resulting in cancer formation. A ñkey eventò is an empirically 

observable precursor step that is itself a necessary element of the mode of action or is 

a biologically-based marker for such an element. Mode of action is contrasted with 

ñmechanism of actionò, which implies a more detailed understanding and description of 

events, often at the molecular level, than is meant by mode of action.  

¶ The toxicokinetic and bioavailability processes that lead to formation or distribution of 

the active agent to the target tissue are considered in estimating dose but are not part 

of the defined mode of action, but any effects of toxicokinetics have been included in 

the review.  
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Genotoxicity is important in the assessing the mechanism of action of these chemicals. 

Cancer studies over the last 20 years have identified mutational events in genes involved in 

many key stages in the development of cancer, including cell proliferation, the inhibition of 

apoptosis and receptor activation/inactivation. Therefore, evidence of direction reaction with 

DNA is important but there may have also been indirect effects on gene expression and 

epigenetic mechanisms such as methylation. Other modes of action, such as cytotoxicity with 

reparative cell proliferation and immune suppression, may indicate potential non-genotoxic 

modes of action. Any measurement of biomarkers may also yield evidence into modes of 

actions. 

For each of the chemicals the evidence for mechanisms of action were summarised and a 

hypothesis derived. The strengths and weaknesses of such a hypothesis together with its 

relevance to humans will be outlined based on the Bradford-Hill criteria outlined above.  

2.3.2 Reproductive Toxicity 

Derived No Effect Levels (DNELs) 

DNELs will be derived according to the ECHA guidance on information requirements and 

chemical safety assessment, Chapter R.8: Characterisation of dose (concentration)-response 

for human health. 2012. This will be performed using a step-wise approach outlined in Figure 

2.2 previously. 
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3. Technical MDA 

 

 

 

Formaldehyde, oligomeric reaction products with aniline (also known as 

poly[(aminophenyl)methyl]aniline, polymeric MDA, PMDA or technical MDA; CAS RN: 25214-

70-4; EC Number: 500-036-1) is reported to be a mixture, predominantly containing 4,4ô- 

methylenedianiline (MDA), higher oligomers of MDA, and the isomers 2,4ô-MDA and 2,2ô-

MDA. 

PMDA is synthesized by reaction of formaldehyde and aniline in the presence of 

hydrochloricacid. All processes produce polymeric MDA (PMDA), which consists of mixtures 

of isomers and oligomers of MDA. 98% of PMDA is used as a precursor to methylene 

diphenyldiisocyanate (MDI). Other uses of PMDA are: as a hardener for epoxy resins in 

adhesives, in the production of rolls with composite cover, production of chemically resistant 

pipes, production of moulds, in the production of high performance polymers and as a starting 

point for the synthesis of 4,4ô-methylenebis(cyclohexaneamine). 

3.1 Risk assessment of Technical MDA and 4,4ô-MDA data 

Very limited data are available specifically on technical MDA (see Table 3.1). In the REACH 

dossier for technical MDA, pure MDA (see Table 3.2) is frequently used as a read-across 

substance in view of this lack of data (ECHA, 2014). In the Chemical Safety Reports (CSR) 

for this REACH dossier, several justifications are given for this read-across (Air Products 

(Chemicals) PLC, 2010; Air Products (Chemicals) PLC, 2013). The CSR states that since 

4,4ô-MDA is the main constituent of both pure MDA and technical MDA, the toxicological 

properties of the incompletely tested technical MDA can therefore be extrapolated from  

4,4ô-MDA based on a worst case consideration. The report also mentions the fact that studies 

have shown technical MDA to be of lower acute toxicity to experimental animals than  

4,4ô-MDA (data not reported here) and higher oligomers to be better tolerated in a chronic 

subcutaneous study compared to 4,4ô-MDA. Therefore, in light of this, information on pure 

MDA is also included in this review, and the form of MDA used for each study is specified 

where this information is available.  

The main toxicity described for 4,4ô-MDA is hepatotoxicity, carcinogenicity and sensitisation 

and this appears to be due, at least partly to the functional diamine two-ring structure in the 
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4,4ô- position. This function still exists to some extent in the higher oligomers present in 

technical MDA.  

There are two options that can be considered in assessing the risk of technical MDA. 

Firstly, the amount of 4,4ô-MDA in technical MDA (47-<65%; see Table 3.1) could be taken 

into consideration in a quantitative risk assessment of technical MDA. The higher oligomers, 

which form nearly all of the remainder of technical MDA, have a higher molecular weight and 

are likely to be less easily absorbed and taken up by cells. Therefore, they are likely to be less 

toxic than 4,4ô-MDA from their toxicokinetics without taking into consideration toxicodynamic 

effects. There are a little data (outlined above) to show that technical MDA is less toxic than 

4,4ô-MDA. The option of taking only 4,4ô-MDA toxicity into consideration and correcting for its 

presence in technical MDA would have an effect of about 2 or less on the risk estimates. 

The second option is to base the risk estimates of technical MDA entirely on the toxicity of 

4,4ô-MDA. The first option considers that the higher oligomers are not toxic; however, they 

also possess the functional diamine two-ring structure in the 4,4ô- position to some extent and  

are likely to possess similar toxicity. Therefore, consideration of the toxicity of only 4,4ô-MDA 

as in the first option might lead to an underestimate of the toxicity of technical MDA. So, while 

assessment of the toxicity of 4,4ô-MDA might be considered a pragmatic approach to the risk 

assessment of technical MDA as it has been the target of the toxicity studies, it is a 

precautionary approach to consider 4,4ô-MDA as a surrogate, as other components of 

technical MDA are likely to have similar toxicity if less potent.  

A further problem in assessing the toxicity of technical MDA according to the proportion of 

4,4ô-MDA toxicity is that the composition of the 4,4ô-MDA and the higher oligomers varies and 

so any proportionality of toxic response would be difficult to ascertain unless the product was 

more strictly defined. 

In conclusion, the second option using the toxicity of 4,4ô-MDA for estimating the risk of 

technical MDA has been used in this risk assessment as the most precautionary and 

pragmatic approach. 
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Table 3.1 Composition of a typical standard product of technical MDA (OECD, 

2002; ECHA, 2011; ECHA, 2014) 

Constituent % w/w CAS Number EC Number 

4,4'-Methylenedianiline (MDA) 47 - <65 101-77-9 202-974-4 

Higher oligomers of MDA  

(tri- and polynuclear amines) 
~38.4 - <65 - - 

2,4ô-MDA <1.4 - ~10 1208-52-2 214-900-8 

2,2ô-MDA ~0.2 ï 3 6582-52-1 229-512-4 

Water <1 7732-18-5 231-791-2 

Aniline <0.1 62-53-3 200-539-3 

 

Table 3.2 Composition of pure MDA 

Constituent % w/w 

4,4ô-MDA Ó98 

2,4ô-MDA Ò2 

2,2ô-MDA Ò2 

4-Amino-4ô-methylaminodiphenyl methane: trace 

Aniline trace 

 

MDA has previously been assessed by the US Agency for Toxic Substances and Disease 

Registry (ATSDR), the European Union (EU), the International Agency for Research on 

Cancer (IARC), NSF International, the Organisation for Economic Cooperation and 

Development (OECD) and the US National Toxicology Program (NTP). 

3.2 Toxicokinetics 

The predominant routes of human exposure to MDA are likely to be dermal, followed by 

inhalation, during its manufacture and use as an intermediate (ATSDR, 1998; NSF, 2009).  

3.2.1 Absorption 

There is evidence that MDA is absorbed following oral, dermal and inhalation exposure in 

both experimental animals and humans (EU, 2001), where in humans the rate of absorption 

via inhalation may be faster than dermal absorption (ATSDR, 1998). 
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Oral 

No studies were located in which absorption via the oral route was specifically studied or 

quantified in humans or experimental animals. However, the oral bioavailability of MDA is 

expected to be high based on its water solubility and log Kow (NSF, 2009). A water solubility 

of 1.0-1.25 g/l at 20ÁC has been reported for 4,4ô-MDA (NSF, 2009) and water solubilities of 

0.36 g/l (20°C, pH 7.1-7.1, 1 g test substance/1 litre of water) and 1.22 g/l (20°C, pH 7.5-7.6, 

10 g test substance/1 litre of water) have been reported for technical MDA (ECHA, 2011; 

ECHA, 2014). Partition coefficients (log Kow) of 1.59 (temperature not reported) and 2.5 

(23ÁC) have been reported for 4,4ô-MDA and technical MDA, respectively (NSF, 2009; ECHA, 

2011).  

Absorption in humans can also be inferred from the observation of adverse health effects in 

humans following accidental poisoning with MDA in the ñEpping Jaundiceò incident and in the 

many experimental animal studies in which MDA has been administered orally (ATSDR, 

1998). In addition, in one study where rats were administered a single oral dose of MDA, MDA 

metabolites were detected in the urine, providing further evidence of initial absorption (Tanaka 

et al., 1985; ATSDR, 1998).  

In the absence of any specific data on oral absorption, the physicochemical data 

suggest that oral bioavailability is expected to be high and there is evidence that it is 

absorbed in humans. Expert opinion suggests that oral absorption is likely to be higher 

than absorption through the skin for which there is evidence for 50% absorption. This 

being the case, oral absorption of 100% is used in the cancer risk estimates. 

Dermal 

In a patch test on the forearm of five male volunteers, approximately 28% of a dose of MDA in 

isopropanol was absorbed, where the original doses were reported to be 0.75-2.25 µmol and 

application was for 1 hour (Brunmark et al., 1995; ATSDR, 1998; EU, 2001).  

Dermal absorption in humans can also be inferred from studies of workers exposed to MDA 

primarily by the dermal route (although in many case, exposure via inhalation may also 

occur). Adverse health effects have been reported in these exposed workers (ATSDR, 1998), 

and MDA and/or metabolites have been detected in the urine (quantitative data not available) 

(Cocker et al., 1986a, 1994; ATSDR, 1998). 

Application of MDA (17.7-40.6 µg/cm2 in ethanol; form not stated) to unoccluded rat and 

human skin in vitro resulted in 6.1% and 13.0% absorption, respectively, after 72 hours. 

Higher absorption was observed under occluded conditions, with 13.3% and 33% absorption 

reported for rat and human skin, respectively (Hotchkiss et al., 1993; EU, 2001). This study 

suggests that absorption through human skin may be higher than through rat skin. However, 

another in vitro study found no significant difference between absorption through rat and 
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human skin at three different doses (0.01, 0.1 and 1 mg per skin membrane of 0.32 cm2; MDA 

form not stated) (Kenyon et al., 2004). 

Application of MDA (form not stated) to hairless mouse skin (0.9 cm2) in vitro in an aqueous 

solution at a concentration of 1000 µg/cm2 resulted in cumulative absorption of 240 µg. When 

methanol or acetone was used as the solvent, a solution of 600 µg/cm2 resulted in cumulative 

absorptions of 80 and 35 µg, respectively (Hinz et al., 1991; EC, 2000). 

In an in vivo study, topical administration of 14C-MDA (4,4ô-MDA) to male rats, guinea pigs and 

monkeys at doses of 2 or 20 mg/kg bw resulted in dose-dependent absorption in rats and 

guinea pigs, with evidence that the process was saturable (no data available on adsorption in 

monkeys). In both rats and guinea pigs, a lower percentage of the dose was absorbed 

following administration of the high dose. However, in rats the total amount absorbed 

(~0.225 mg/animal) was the same after both doses, but in guinea pigs twice as much material 

was absorbed following the higher dose (El-Hawari et al., 1986; EU, 2001). 

There are a number of studies on dermal absorption giving a range of results. The 

highest absorption observed was just over 50% in rats, which is the value that will be 

used in the risk estimates. 

Inhalation 

No studies were located in which inhalation absorption was specifically studied or quantified in 

humans or experimental animals. However, absorption in humans can be inferred from the 

detection of MDA in the urine of workers exposed to MDA via inhalation (Cocker et al., 1994; 

Schütze et al., 1995; ATSDR, 1998). Similarly, in experimental animals inhalation absorption 

can be inferred from the detection of retinal lesions (attributed to the test compound) in guinea 

pigs following nose-only aerosol exposure to MDA intermittently for 2 weeks (Leong et al., 

1987; ATSDR, 1998). 

In the absence of any specific data on absorption by inhalation, the REACH Guidance 

suggests a default value of 100% and this will be used in the risk estimates. 

3.2.2 Distribution 

Oral 

No studies were located which quantified the distribution of MDA to specific tissues following 

oral exposure in humans or experimental animals. However, the reported cases of liver 

toxicity resulting from accidental poisoning with MDA in the ñEpping Jaundiceò incident imply 

that MDA is distributed to the liver in humans. Based on the locations of adverse effects in 

experimental animal studies, it can be inferred that MDA (or its metabolites) can be distributed 

to the liver, kidneys and thyroid following oral exposure (ATSDR, 1998). 
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Dermal 

In a patch test on the forearm of five male volunteers, plasma MDA concentrations reached a 

peak approximately 3-4 hours after the start of exposure, with a subsequent decline 

(Brunmark et al., 1995; ATSDR, 1998). No quantitative information was located on distribution 

of MDA to specific tissues in humans. However, it is likely to distribute to the liver, based on 

case reports of liver toxicity following dermal exposure of workers (ATSDR, 1998). 

In an in vivo study, following topical administration of 14C-MDA (4,4ô-MDA) at a dose of 

2 mg/kg bw, 2% and 1% of the radioactivity was recovered in the tissues of male rats and 

guinea pigs, respectively, after 96-hour exposure (El-Hawari et al., 1986; EU, 2001). In rats, 

after exposure for 6 and 24 hours, the highest amounts of radioactivity were detected in the 

gastrointestinal tract (3.8% and 3%, respectively) and the liver (2% and 1.2%, respectively). 

After 96 hours, 0.5% of the radioactivity was detected in each tissue, respectively. Overall (on 

a per gram basis), the tissues with the highest reported radioactivity were the liver, adrenals 

and kidneys. Preferential accumulation of MDA or its metabolites was not observed in any 

organ other than the liver (El-Hawari et al., 1986; ATSDR, 1998). In guinea pigs, the highest 

amounts of radioactivity were again detected in the gastrointestinal tract (1.5% and 2.8%, 

respectively) and the liver (0.4% and 0.5%, respectively), with 0.5% of the radioactivity 

detected in each tissue, respectively, after 96 hours. Overall, the organs with the highest 

reported radioactivity were the adrenal glands, and preferential accumulation of MDA or its 

metabolites was not observed in any organ (El-Hawari et al., 1986; ATSDR, 1998). 

Inhalation 

No studies were located which quantified the distribution of MDA to specific tissues following 

inhalation exposure in humans or experimental animals. However, the detection of retinal 

lesions in guinea pigs following nose-only aerosol exposure to MDA intermittently for 2 weeks 

(Leong et al., 1987) implies that MDA or its metabolites can be distributed to the eye following 

inhalation exposure (ATSDR, 1998). 

Other Routes 

In an in vivo study, 14C-MDA was administered to four male rats and two rabbits (one ñslow 

acetylatorò and one ñfast acetylatorò) as a single intraperitoneal dose of 30 or 50 mg/kg bw, 

respectively. It was reported that the residual radioactivity localised in the liver, kidney, spleen 

and thyroid after both 24 and 96 hours (Morgott, 1984; EU, 2001). 

In another in vivo study, 14C-MDA (4,4ô-MDA) was administered to rats and guinea pigs as a 

single intraperitoneal dose of 2 mg/kg bw and sacrifices were conducted at 6, 24 and 96 

hours after dosing. In rats, the liver had the highest concentration at all times points (on a per 

gram basis), followed by the lungs (6 and 24 hours) or the spleen (96 hours), and preferential 

accumulation of MDA or its metabolites was not observed in any organ other than the liver. In 

guinea pigs, the liver had the highest concentration of radioactivity when measured as a 

percentage of the applied dose, but on a per gram basis the highest concentrations were 
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detected in the spleen, followed by the liver, with suggestion of preferential absorption (El-

Hawari et al., 1986; ATSDR, 1998). 

3.2.3 Metabolism 

Although the pathways are not fully understood, the metabolism of MDA is reported to consist 

of N-acetylation as well as oxidation and conjugation to glucuronides and sulphates. 

N-acetylated metabolites have been detected in the urine of both occupationally exposed 

workers and experimental animals, and it is generally thought that N-acetylation of MDA 

represents a detoxification pathway. It is also assumed that MDA also undergoes 

N-hydroxylation, followed by further oxidation and conjugation, where it is considered that the 

N-hydroxylation reaction can potentially lead to the formation of toxic intermediates (EU, 

2001; ATSDR, 1998; Chen et al., 2008). There is currently less evidence for this 

N-hydroxylation pathway, because of the difficulty of detecting the initial N-hydroxylamine 

compounds due to their instability in aqueous solutions. However, data from an in vitro study 

(Kajbaf et al., 1992) and from more recent in vivo studies (Chen et al., 2008) increasingly 

indicate its likely importance in the metabolism of MDA, in addition to assumptions made from 

knowledge of the metabolism of structurally similar compounds. A simplified scheme of the 

proposed metabolic pathways of importance for MDA is shown in Figure 3.1 (ATSDR, 1998). 

Figure 3.1 Metabolism of MDA 
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Oral 

No studies were located which investigated the metabolism of MDA in humans following oral 

exposure.  

In an in vivo study, Sprague-Dawley rats were administered MDA in gum arabic as a single 

dose of 50 mg/kg bw via oral gavage. N-acetyl-MDA was reported to be the major metabolite, 

although minor amounts of N,N-diacetyl-MDA and free MDA were also detected in the urine 

(no further information available) (Tanaka et al., 1985; ATSDR, 1998; EU, 2001).  

In another in vivo study, 16 male and 18 female Sprague-Dawley rats were administered 

14C-MDA via oral gavage at doses of 0, 25 or 50 mg/kg bw and the biliary metabolites were 

profiled. Several metabolites were detected, where nine of these were characterised using a 

range of analytical techniques. These nine metabolites included N-acetyl-MDA, various 

glutathione conjugates and a glycine conjugate. The most ñprominentò metabolite excreted in 

the bile (the largest peak on the HPLC profile), assigned as ñM2ò, was identified as a nitroso-

glutathione metabolite. The authors mentioned that in several similar metabolic pathways, the 

first step is metabolism to a nitroso intermediate, followed by addition of a glutathione to form 

a glutathione conjugated N-hydroxylamine, which is then rapidly reduced to a glutathione-

conjugated imine due to the instability of the hydroxylamine in aqueous solutions. They 

therefore suggest that the metabolite ñM2ò may have been derived from an initial 

N-hydroxylamine. Another metabolite was assigned as ñM7ò and identified as a glycine 

conjugate. This was proposed to represent a bioactivation pathway, since amino acid 

conjugates of other N-hydroxylamines have been shown to induce DNA adduct formation. 

Overall, the data indicated that MDA is transformed via phase I and II metabolism, including 

hydroxylation, oxidation, acetylation, glucuronidation and glutathione conjugation, and a 

metabolic reaction scheme was proposed as shown in Figure 3.2 (Chen et al., 2008). 
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Figure 3.2 Proposed metabolism of MDA (DAPM) based on analytical profiling 

 

In addition, this same study (Chen et al., 2008) investigated sex differences in the metabolism 

of MDA, since previous studies by the authors had indicated increased sensitivity to liver 

toxicity in females compared to males (thresholds of 25 and 50 mg/kg bw in females and 

males, respectively). The number of metabolites did not vary between sexes; however, 

differences were observed in the concentrations excreted. Overall, females were reported to 

excrete significantly less of the conjugated metabolites than males; higher concentrations of 

acetylated and glucuronyl metabolites were detected in the bile of males compared to 

females. The authors suggested that therefore the sex differences in sensitivity may be due to 

deficiencies in conjugation pathways in females, since the levels of several glutathione-S-

transferase enzymes are reported to be 2-3 fold higher in males compared to females. They 
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concluded that conjugation pathways, including acetylation, glucuronidation and glutathione 

conjugation may therefore be important detoxification pathways in MDA metabolism (Chen et 

al., 2008). 

In an in vivo study, female F344 rats (ñfast acetylatorò), WKY rats (ñslow acetylatorò) or 

F344/WKY hybrid rats were administered 4,4ô-MDA in corn oil via oral gavage as a single 

dose of 37.5 mg/kg bw. These rat strains have different genetic polymorphisms in the gene 

that codes for N-acetyltransferase 2 (NAT2), an enzyme that catalyses the N-acetylation of 

aromatic amines. N-acetylation of MDA to N-acetyl-MDA was reported to be significantly 

(2-3 fold) higher in rapid acetylators (F344 rats) compared to slow acetylators (WKY rats). 

Liver damage, as evidenced by increased plasma alanine aminotransferase (ALT) levels, bile 

duct necrosis, inflammation, haemorrhage and portal expansion, was reported to be more 

severe in fast acetylators (F344 rats) compared to slow acetylators (WKY rats) (Zhang et al., 

2006; AGS, 2010). 

Dermal 

N-acetyl-MDA has been identified in the urine of workers occupationally exposed to MDA, 

where the most probably route of exposure was reported to be dermal (quantitative 

information not reported) (Cocker et al., 1986a). N,N-diacetyl-MDA has also been detected in 

the urine of occupationally exposed workers, but at lower concentrations than for N-acetyl-

MDA. In this study, 116 post-shift urine samples from 63 exposed workers were analysed, 

and the relative concentrations (arithmetic means) of MDA and its metabolites detected were: 

total MDA > N-acetyl-MDA (>50% of total MDA) > MDA (<15%) > N,Nô-diacetyl-MDA (<3%). 

However, it was reported that the individual N-acetyl-MDA / total MDA ratios varied widely 

(Robert et al., 1995).  

No studies were located which investigated the metabolism of MDA in experimental animals 

following dermal exposure. 

Inhalation 

MDA and its metabolite, N-acetyl-MDA were detected in the urine of workers occupationally 

exposed to low levels of MDA (where the route was assumed to be inhalation) at 

concentrations of 0.013-2.76 nmol/l and 0.045-23.4 nmol/l, respectively. Out of 33 workers 

included in the study, only four were found not to have N-acetyl-MDA in their urine (Schütze et 

al., 1995; ATSDR, 1998).  

No studies were located which investigated the metabolism of MDA in experimental animals 

following inhalation exposure. 
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Other Routes 

In an in vivo study, 14C-MDA was administered to four male rats and two rabbits (one ñslow 

acetylatorò and one ñfast acetylatorò) as a single intraperitoneal dose of 30 or 50 mg/kg bw, 

respectively. In the rats, more than 17 metabolites were identified in the urine, where these 

primarily consisted of acetylated compounds (N-acetyl-MDA, N,N-diacetyl-MDA, N,N-diacetyl-

3-hydroxy-MDA, N-acetyl-4,4ô-diaminobenzophenone and N,N-diacetyl-4,4ô-diamino-

benzhydrol). Of the initial dose, 69.6% of the radioactivity was detected in the urine (60.4% as 

free MDA, 3.8% as N-glucuronides, 1.7% as O-glucuronides, 1.2% as O-sulphates and 2.5% 

as acid labile). In the ñslow acetylatorò rabbit, 84.9% of the radioactivity was detected in the 

urine (69.8% as free MDA, 13.9% as N-glucuronides, 0.2% as O-glucuronides, 0.1% as 

O-sulphates and 0.9% as acid labile) and in the ñfast acetylatorò 81.1% of the radioactivity 

was detected in the urine (50.1% as free MDA, 25.8% as N-glucuronides, 2.4% as 

O-glucuronides, 0.3% as O-sulphates and 2.5% as acid labile). The metabolites N-acetyl-

MDA and N,N-diacetyl-4,4ô-diaminobenzhydrol were detected in the urine of the ñfast 

acetylatorò, and a metabolite tentatively identified as N-acetyl-4-amino-4ô-

hydroxydiphenylmethane was identified in both rabbits (Morgott, 1984; EU, 2001; EC, 2000). 

In an in vitro study in rabbit liver microsomes, the three metabolites detected were azo-MDA, 

azoxy-MDA and nitroso-MDA, where the authors suggested that the latter could have formed 

due to a non-enzymatic reaction (Kajbaf et al., 1992; ATSDR, 1998; EU, 2001). 

N-hydroxylamine was not detected in this study. However, it is considered likely that the three 

metabolites detected were formed due to further oxidation of the hydroxylamine compound, 

which is therefore assumed to have been present initially (ATSDR, 1998; EU, 2001).   

3.2.4 Excretion 

Limited data are available on the excretion of MDA following certain routes of exposure. 

However, the data available indicate that urine is most likely to be the primary route of 

excretion in rats and monkeys, whereas excretion via faeces is also important in guinea pigs.  

MDA has been detected in the urine of workers occupationally exposed to MDA via the 

dermal and inhalation routes. It was reported 4,4ô-MDA was detected in 14.9% (>200 µg/l) 

and 0.09% (>20 µg/l) of urine samples from 27 workers producing 4,4ô-MDA in the years 1970 

and 1980, respectively (route of exposure not stated) (Vaudaine et al., 1982; IARC, 1986). In 

humans, excretion of MDA and its metabolites is reported to occur faster when exposure is 

via the inhalation route compared to the dermal route (quantitative information not available) 

(Cocker et al., 1994; EU, 2001). 

Oral 

No studies were located which investigated the excretion of MDA in humans following oral 

exposure.  
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In an in vivo study, free MDA and MDA metabolites were detected in the urine of Sprague-

Dawley rats who were administered MDA (form not stated) in gum arabic as a single dose of 

50 mg/kg bw via oral gavage (quantitative information not available) (Tanaka et al., 1985; 

ATSDR, 1998; EU, 2001). 

Dermal 

In several studies, 4,4ô-MDA has been detected in the urine of workers exposed to MDA 

where the most probably route of exposure was reported to be dermal (Robert et al., 1995; 

Cocker et al., 1986a; Dalene et al., 1995; Brunmark et al., 1995). In one of these studies, over 

300 samples were analysed and in those where 4,4ô-MDA was detected, concentrations 

ranged from 6-175 nmol/mmol creatinine (average 26 nmol/mmol creatinine) (Cocker et al., 

1986a).  

In another study, the excretion of 4,4ô-MDA was investigated in seven male workers from a 

site where MDA was used as a curing agent for an epoxy resin and exposure was considered 

to be predominantly via the dermal route. The excretion rate in urine was reported to range 

between 0 and 90 µmol/hour, where the excretion rate was lower at the weekend than during 

the weekday (study was conducted over four workdays and one weekend). The cumulative 

excretion was reported as 0.04 to 1.2 µmol/day and 0.005-0.51 µmol/day during workdays 

and the weekend, respectively (Dalene et al., 1995; ATSDR, 1998). 

In a patch test on the forearm of five male volunteers, MDA was applied for a period of 1 hour 

at doses of 0.75-2.25 µmol. Excretion in urine was reported to represent 16% of the dose 

absorbed, where excretion peaked at 6-11 hours following exposure and was almost 

complete within 24 hours. Half-lives of 9.2-19 hours and 4.6-11 hours were reported for 

plasma and urine concentrations, respectively. It was reported that urinary excretion was 

proportional to the dose and that slow acetylation seemed to be associated with a short 

elimination half-life in the urine (Brunmark et al., 1995; ATSDR, 1998; EU, 2001). MDA 

excretion is reported to be slower in workers with higher exposures, with reported half-lives of 

48 hours (Smith et al., 1990; EU, 2001). In this study, dermal absorption was suggested to be 

the rate limiting step (EU, 2001).  

In an in vivo study, 14C-MDA (4,4ô-MDA) was topically administered to male rats, guinea pigs 

and monkeys at a dose of 2 mg/kg bw. In rats, radioactivity detected in the urine and faeces, 

respectively, was reported to be 2.5% and 0.04% after 6 hours, 20% and 2.3% after 24 hours, 

and 43% and 10% after 96 hours, indicating that the main route of excretion in rats is via the 

urine. Similarly, the main route of excretion in monkeys appeared to be the urine, with 18.8% 

and 1.9% of the radioactivity detected in the urine and faeces, respectively, following a 24-

hour exposure and subsequent measurement of cumulative excretion over a 168-hour period. 

In contrast, both urine and faeces were indicated as important routes of excretion following 

dermal exposure in guinea pigs, with radioactivity detected in the urine and faeces, 

respectively, reported to be 0.35% and 0.1% after 6 hours, 7.8% and 5.7% after 24 hours, and 

10.5% and 17.6% after 96 hours (El-Hawari et al., 1986; EU, 2001; ATSDR, 1998). 



European Chemicals Agency 
 

Report Reference: UCUC10376.02/16285-0 
June 2015 

© European Chemicals Agency 2015 28 

Inhalation 

MDA was detected in the urine of 33 workers occupationally exposed to low levels of MDA 

(mostly below the detection limit of 20 µg 4,4ô-MDA/m3; exposure was assumed to be via 

inhalation) at concentrations of 0.013-2.76 nmol/l (Schütze et al., 1995; ATSDR, 1998). In 

another study, MDA was detected at a concentration of c100 nmol/mmol creatinine in the 

urine of workers exposed through inhalation of solid material of contaminated dust (Cocker et 

al., 1994; ATSDR, 1998). 

No studies were located which investigated the excretion of MDA in experimental animals 

following inhalation exposure. 

Other Routes 

In an in vivo study, 14C-MDA was administered to four male rats and two rabbits (one ñslow 

acetylatorò and one ñfast acetylatorò) as a single intraperitoneal dose of 30 or 50 mg/kg bw, 

respectively. This study was reviewed by the EU in their risk assessment report (EU, 2001). 

The original study report is unavailable and therefore the apparent reporting inconsistencies 

cannot be investigated further. In one section of the EU report, the radioactivity detected in 

the urine (as a percentage of the total) was reported to be 69.6%, 84.9% and 81.1% in the 

rats, ñslow acetylatorò and ñfast acetylatorò, respectively, indicating that urine is an important 

route of excretion in all species. However, in another section of the report, it is stated that in 

rats the radioactivity detected in the faeces and urine represented 55.8% and 35.0% of the 

total, respectively, indicating that faeces was the main route of excretion following 

intraperitoneal administration. In this second section, it was reported that both rabbit 

phenotypes excreted approximately 80% of the radioactivity in the urine, but that total 

recovery of radioactivity was about 10% less in the rats and slow acetylator compared to the 

fast acetylator, where the difference was attributed to greater faecal excretion by the fast 

acetylator rabbit (Morgott, 1984; EU, 2001). 

In an in vivo study, 14C-MDA (4,4ô-MDA) was administered to rats, guinea pigs and monkeys 

as a single intravenous dose of 2 mg/kg bw. In rats, radioactivity detected in the urine and 

faeces, respectively, was reported to be 55% and 0.3% after 6 hours, 67.4% and 21.8% after 

24 hours, and 67% and 31% after 96 hours, indicating that the main route of excretion in rats 

is via the urine. Similarly, the main route of excretion appeared to be urine in monkeys, with 

79% and 6.5% of the radioactivity detected in the urine and faeces, respectively, within the 

first 48 hours. In contrast, the faeces were indicated as the primary route of excretion in 

guinea pigs, with 34% and 51% of the radioactivity detected in the urine and faeces, 

respectively, after 48 hours (El-Hawari et al., 1986; EU, 2001; ATSDR, 1998). 

3.2.5 Summary 

It is considered that the primary route of human exposure to MDA is dermal, followed by 

inhalation, during its manufacture and use as an intermediate in occupational settings.  



European Chemicals Agency 
 

Report Reference: UCUC10376.02/16285-0 
June 2015 

© European Chemicals Agency 2015 29 

There is evidence that MDA is absorbed following dermal, inhalation and oral exposure in 

both experimental animals and humans, where in humans the rate of absorption via inhalation 

may be faster than dermal absorption. Data from in vitro studies are inconsistent on whether 

or not dermal absorption is higher in humans than in rats, and in experimental animals, 

dermal absorption has been reported to be a dose-dependent and saturable process.  

Limited data are available on the distribution of MDA. However, studies using radiolabelled 

MDA in experimental animals have identified the liver, adrenal glands and kidneys as 

potential distribution sites following dermal exposure, and the liver, kidneys, spleen and 

thyroid following intraperitoneal exposure. However, there was no evidence of preferential 

accumulation of MDA or its metabolites in any organ other than the liver.  

Although the pathways are not fully understood, the metabolism of MDA is reported to consist 

of N-acetylation as well as oxidation and conjugation to glucuronides and sulphates. N-

acetylated metabolites, such as N-acetyl-MDA and N,N-diacetyl-MDA, have been detected in 

the urine of both occupationally exposed workers and experimental animals, and it is 

generally thought that N-acetylation of MDA represents a detoxification pathway. It is also 

thought that MDA also undergoes N-hydroxylation, followed by further oxidation and 

conjugation, where it is considered that the N-hydroxylation reaction can potentially lead to 

the formation of toxic intermediates.  

Limited data are available on the excretion of MDA following certain routes of exposure; 

however, the available studies have shown MDA to be rapidly excreted following exposure of 

humans or experimental animals. Studies in occupationally exposed workers indicate that 

MDA excretion is dose- and route-dependent, being slower following exposure to higher 

concentrations and faster when exposure is via the inhalation route compared to the dermal 

route. Excretion of MDA appears to also be dependent on acetylator phenotype, where this 

has been suggested to account for the wide variation in excretion in humans. Studies in 

experimental animals indicate that the primary route of excretion may differ between species, 

where it is most likely that urine is the primary route of excretion in rats and monkeys, 

whereas excretion via faeces is also important in guinea pigs. 

3.2.6 Bioavailability 

There is evidence that MDA is absorbed following oral, dermal and inhalation exposure in 

both experimental animals and humans, and that there is no preferential accumulation of 

MDA or its metabolites in any organ, other than the liver in certain cases. In experimental 

animals, dermal absorption has been reported to be a dose-dependent and saturable 

process. In humans, it has been reported that the rate of absorption via inhalation may be 

faster than dermal absorption (quantitative information not available). Similarly, MDA 

excretion is reported to be dose- and route-dependent in humans, being slower following 

exposure to higher concentrations and faster when exposure is via the inhalation route 

compared to the dermal route. However, no quantitative data are available on absorption via 
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the oral route in humans or experimental animals, and therefore no conclusions can be made 

regarding the relative absorption via this route compared to different routes of exposure.  

The majority of the data on the toxicokinetics of MDA in humans comes from studies in 

occupationally exposed workers, with only limited quantitative data reported. Therefore, it is 

difficult to differentiate between the toxicokinetics in animals and humans. The results from in 

vitro studies using human and rat skin are inconsistent, with one study suggesting that dermal 

absorption is 2-2.5 times higher in humans compared to rats and another study suggesting 

that there is no significant difference. Studies in experimental animals indicate that the 

primary route of excretion may differ between species, where it is most likely that urine is the 

primary route of excretion in rats and monkeys, whereas excretion via faeces is also important 

in guinea pigs. In humans, MDA has been detected in the urine of occupationally exposed 

workers, but no data are available on the relative contributions of the different routes of 

excretion. However, a large variation in MDA excretion has been reported in human studies, 

where this has been attributed to differences in acetylator phenotype, where slow acetylation 

has been associated with a short elimination half-life in the urine and with decreased liver 

toxicity compared to fast acetylation. One oral study in experimental animals suggested that 

females may be more susceptible to liver toxicity due to deficiencies in the metabolism of 

MDA. However, no information is available on whether there is a sex difference in MDA 

toxicokinetics in humans. Therefore, in the absence of robust data indicating otherwise, 

bioavailability for humans via the oral, dermal and inhalation routes of absorption is assumed 

to be the same as for animals. The variation in MDA toxicokinetics between human individuals 

should be accounted for by the assessment factors applied in the final assessment. 

3.3 Genotoxicity 

The information available indicates that all genotoxicity studies have been conducted with 

either pure MDA or MDA dihydrochloride, rather than with the technical product 

(OECD, 2002). However, since the various forms of MDA are structurally similar, the 

genotoxicity profiles are also likely to be similar. 

Mixed results have been reported from both in vitro and in vivo genotoxicity studies with MDA 

(Table 3.3 and Table 3.4). ATSDR concluded that the data show that, with few exceptions, 

MDA is genotoxic with metabolic activation. They also reported that the results from the in 

vivo DNA binding study suggested that MDA was a genotoxic compound. They attributed 

these genotoxic properties to the formation of a reactive metabolite formed by N-hydroxylation 

(ATSDR, 1998). The EU and OECD reported that high doses of MDA led to slight increases in 

micronuclei and DNA fragmentation in vivo, with weak or negative effects observed in other 

assays. However, due to insufficient evidence, they classified MDA as a category 3 mutagen 

(substance which causes concern for man owing to possible mutagenic effects; under the 

Dangerous Substances Directive) rather than a category 2 mutagen (substances which 

should be regarded as if they are mutagenic to man; under the Dangerous Substances 

Directive) (EU, 2001). 
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Table 3.3 Results of in vitro genotoxicity studies with MDA 

Test 
Metabolic 

Activation 
Assay details Result Ref. 

Prokaryotic organisms: 

Bacterial mutation test in Salmonella 

typhimurium strains TA98 and TA100 
without not reported negative 

Zeiger 

et al., 

1988; 

cited in 

EU, 2001 
Bacterial mutation test in Salmonella 

typhimurium strains TA98 and TA100 
with 

3-333 µg/plate, or 

Ó30 µg/plate 
positive a 

Bacterial mutation test in Salmonella 

typhimurium strains TA1535 and 

TA1537 

with and 

without 
0-150 µg/plate negative 

Darby 

et al., 

1978; 

cited in 

EC, 2000 

Bacterial mutation test in Salmonella 

typhimurium strains TA1538 

with and 

without 
not reported equivocal 

Darby 

et al., 

1978; 

cited in 

EC, 2000 

Bacterial mutation test in Salmonella 

typhimurium strains TA98, TA100, 

TA1537 and TA1538 

without 3.5-3000 µg/plate negative 
BASF AG, 

1977; 

cited in 

EC, 2000 

and 

ECHA, 

2014 

Bacterial mutation test in Salmonella 

typhimurium strains TA98, TA100, 

TA1537 and TA1538 

with 3.5-3000 µg/plate 

negative 

(TA1537), 

positive  

(all other 

strains) 

Eukaryotic organisms: 

Fungi: 

Yeast gene mutation assay in 

Saccharomyces cerevisiae D4 

with and 

without 
1000 µg/plate negative 

Brusick, 

1975; 

cited in 

EC, 2000 

Mammalian: 

Chromosome aberration assay in 

Chinese Hamster Ovary (CHO) cells 
without 

up to 800 µg/ml,  

2-hour exposure 

weak 

positive b 

Gulati 

et al., 

1989; 

cited in 

EU, 2001 

and 

ECHA, 

2014 

Chromosome aberration assay in 

CHO cells 
with 

500-1000 µg/ml,  

2-hour exposure 
positive 
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Test 
Metabolic 

Activation 
Assay details Result Ref. 

Mouse lymphoma assay without not reported 
weak 

positive c 

McGregor 

et al., 

1988; 

cited in 

EU, 2001 

and 

ECHA, 

2014 

Sister chromatid exchange assay 
with and 

without 

160-1600 µg/ml 

(with),  

16-160 µg/ml 

(without) 

weak 

positive 

Gulati 

et al., 

1989; 

cited in 

EU, 2001 

Unscheduled DNA synthesis in 

primary rat hepatocytes 
not reported various equivocal d 

Mori et al., 

1988; 

Shaddock 

et al., 

1989; 

cited in 

EU, 2001 

DNA damage and repair in Chinese 

hamster V79 cells 
with 

0.1-3 mM 

(approximately 

19.8-594 µg/ml) 

positive e 

Swenberg, 

1981; 

cited in 

EC, 2000 

and IARC, 

1986 

DNA fragmentation in rat and human 

hepatocytes and thyreocytes (Comet 

assay) 

not reported 

10-180 µM 

(approximately 

1.98-35.7 µg/ml),  

4 and 20 hours 

positive 

Martelli 

et al., 

2002 

DNA fragmentation and micronucleus 

formation in primary cultures of rat 

and human kidney cells 

not reported 
0.056, 0.1 or 

0.18 mM 
negative 

Robbiano 

et al., 

1999 

DNA fragmentation in human kidney 

and urinary bladder cells (Comet 

assay) 

not reported 

10-180 µM 

(approximately 

1.98-35.7 µg/ml),  

4 and 20 hours 

negative 

Martelli 

et al., 

2002 

DNA adducts in human skin not reported 0.1 mg positive 

Kenyon 

et al., 

2004 

Chromosome aberrations and sister 

chromatid exchanges in human 

leucocytes 

with and 

without 
not reported negative 

Ho et al., 

1979; Ho 

et al., 
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Test 
Metabolic 

Activation 
Assay details Result Ref. 

1984; 

cited in 

EC, 2000 

Chromosome aberrations in human 

lymphocytes 
not reported not reported negative 

Nunziata, 

1985; 

cited in 

EC, 2000 

a:  Dose dependent. 

b:  Negative at concentrations up to 600 µg/ml; positive in one experiment at 800 µg/ml. No information available on 

cytotoxicity, so it may be that the clastogenic effects observed here are limited to high doses with cytotoxic 

effects.  

c:  Weak positive responses observed only in two out of three experiments at the top doses of 500 or 700 µg/ml. 

d:  Different responses were reported in three experiments: negative (up to 100 µg/ml; Sprague-Dawley rats), dose-

dependent positive (1-100 µmol, approximately 0.198-19.8 µg/ml; 1000 µmol/l reported to be cytotoxic; male 

ACI/N rats) and weak positive (25-100 µg/ml). 

e:  DNA damage reported at the doses of 1 and 3 mM, where the dose of 3 mM was cytotoxic. 

 

Table 3.4 Results of in vivo genotoxicity studies with MDA 

Test 
Route of 

administration 
Dose (mg/kg bw) Result Ref. 

Micronucleus test in bone marrow 

of male B6C3F1 mice 

intraperitoneal 

(IP) 

9.3, 18.5 or 37; 3 

daily doses 

weak 

positive a 

Shelby 

et al., 1993; 

cited in EU, 

2001 

Micronucleus test in peripheral 

blood of CD-1 mice 
IP various 

weak 

positive b 

Morita 

et al., 1997; 

cited in EU, 

2001 

Micronucleus formation and DNA 

damage in the kidneys of male 

Sprague-Dawley albino rats 

(3/dosing regimen)  

oral 

Single dose of 

415 mg/kg bw or 

three doses of 

277 mg/kg bw/day 

(MDA >97% pure) 

negative 
Robbiano 

et al., 1999 

Unscheduled DNA synthesis in the 

liver of male Fischer-344 rats 
oral 20, 80 or 350 negative 

Mirsalis 

et al., 1989; 

cited in EU, 

2001 and 

IARC, 1986 

Unscheduled DNA synthesis in 

liver of B6C3F1 mice 
oral 

50, 200, 500 or 

1000 
negative 

Mirsalis 

et al., 1989; 

cited in EU, 

2001 and 
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Test 
Route of 

administration 
Dose (mg/kg bw) Result Ref. 

IARC, 1986 

DNA strand breaks in liver of 

Sprague-Dawley rats 
IP 74, single dose positive 

Parodi 

et al., 1981; 

cited in EU, 

2001 

DNA binding assay in male Wistar 

rats (liver) 
IP 

5.6 or 

116.5 µmol/kg bw 

(reported to be 

1.1 and 23.1) 

low 

binding 

capacity 

Schütze 

et al., 1996; 

cited in EU, 

2001 

Sister chromatid exchanges in 

bone marrow of male Swiss mice 
IP 9 or 18 

weak 

positive c 

Parodi 

et al., 1983; 

cited in EU, 

2001 

Sister chromatid exchanges in 

bone marrow of Balb/c mice 
not reported 1-35 positive 

Gorecka-

Turska 

et al., 1986; 

cited in EC, 

2000 

a:  Not dose-dependent. 

b:  Three experiment: 1) doses of 28-112 mg/kg bw, single treatment, weak but dose-dependent increase; 2) 28-

140 mg/kg bw, single treatment, marginal increase; 3) 22.8-90 mg/kg bw, two daily doses, negative.  

c:  Low reliability due to methodology insufficiencies such as the small number of animals included in the study.  

 

The weight of evidence in the genotoxicity studies suggests that it should be considered as a 

genotoxic chemical. 

3.4 Carcinogenicity  

3.4.1 Human Epidemiological Studies 

Information on individual studies is located in Appendix A1. The CSRs did not review 

epidemiological studies on MDA. The extended follow-up to the Epping Jaundice outbreak, 

which was due to the ingestion of contaminated bread, found no association between 

ingestion of MDA and mortality. There was also no evidence of an association with overall risk 

or bladder cancer in power generator workers potentially exposed to MDA (there was one 

bladder cancer in an unexposed subcohort). Of ten MDA-exposed workers who had 

developed jaundice, one developed bladder cancer. In two studies on workers occupationally 

exposed to epoxy resins, there was an excess of bladder cancers. Although there were a 

number of confounders and multiple chemicals present in these studies, MDA was implicated 

mainly due to structural similarity to other aromatic amines which cause bladder cancer 

(Cragle et al., 1992). 
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Reviews of these studies indicate that they are not suitable for quantitative risk assessment 

due to a lack of detailed exposure dose and time, and the potential for multiple chemical 

exposure. However, there is a some suggestion of an association with cancer, particularly 

bladder, and this, together with the experimental animal data, would suggest that a non-

threshold approach to risk assessment might be the most precautionary. Bladder cancers 

were not observed in MDA-treated animals except for a low incidence in female rats. 

However, different sites of tumours are often seen in animals and humans treated with the 

same chemicals, although obviously at very different doses.  

3.4.2 Experimental Animal Studies 

Initiation-Promotion Studies  

Information on individual studies is located in Appendix A2.1. 

Chronic Studies 

Detailed information on individual studies is located in Appendices A2.2 and A2.3. Below in 

Table 3.5 is a summary of all the available chronic studies of MDA. 

Table 3.5 Overview of the subchronic and chronic studies of MDA 

Reference 

Study (species, strain, 

sex, number of 

animals, duration and 

route of exposure) 

Dose Findings 

Subchronic 

Griswold et al., 
1968 

¶ Sprague Dawley 
rats F 

¶ 20 in MDA 
treatment group, 
40 positive 
controls, 140 
negative controls 

¶ administration 
every three days 
for 30 days and 
9 months 
observation 

¶ oral exposure via 
gavage 

¶ total MDA dose of 
300 mg/rat (no 
further details 
available); MDA 
dihydrochloride 

¶ positive controls:  

¶ mammary lesions 
observed in all groups 
(5/132 in negative 
controls, 29/29 in positive 
controls, 1/14 in MDA 
treated group) 

Schoental 
1968 

¶ rats (strain not 
specified) M/F 

¶ 8/sex/group 

¶ <8 months and 
observation until 
death 

¶ four or five doses of 
20 mg/rat over the 
study period 

¶ 4,4ô-MDA (purity 
unspecified) 

¶ one hepatoma and a 
haemangioma-like tumour 
of the kidney (one M, after 
18 months) 

¶ an adenocarcinoma of the 
uterus (one F, after 
24 months) 
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Reference 

Study (species, strain, 

sex, number of 

animals, duration and 

route of exposure) 

Dose Findings 

¶ oral administration 
via gavage 

¶ varying degrees of liver 
fibrosis and inflammation 
(most animals; no further 
details available) 

Chronic 

NTP 1983 ¶ F344/N rats M/F 

¶ 50/sex/dose 

¶ 2-year exposure 

¶ oral exposure via 
drinking water 

¶ 0, 150 or 300 mg/l  

M: 0, 9 and 
16 mg/kg bw/day 

F: 0, 10 and 
19 mg/kg bw/day 

¶ MDA 
dihydrochloride 
(purity 98.6%) 

¶ significant increase in 
incidence of thyroid 
follicular cell carcinoma 
(high dose, M) and thyroid 
follicular cell adenomas 
(high dose, F) 

¶ significant increase in 
incidence of neoplastic 
nodules of the liver in both 
dose groups of M 

¶ low incidences of 
neoplastic lesions in other 
organ systems  

o bile duct, one high 
dose M;  

o urinary bladder, both 
doses F; 

o ovary, both doses F 

NTP 1983 ¶ B6C3F1 mice M/F 

¶ 50/sex/dose 

¶ 2-year exposure 

¶ oral exposure via 
drinking water 

¶ 0, 150 or 300 mg/l  

M: 0, 25 and 
57 mg/kg bw/day 

F: 0, 19 and 
43 mg/kg bw/day 

¶ MDA 
dihydrochloride 
(purity 98.6%) 

¶ increase in incidence of 
thyroid follicular cell 
adenoma in M & F (only 
significant at the high 
dose) 

¶ significant increase in 
combined incidence of 
thyroid follicular cell 
adenoma and carcinoma 
(high dose, F) 

¶ increase in incidence of 
hepatocellular carcinoma 
(significant in both dose 
groups of M and high dose 
F) 

¶ increase in incidence of 
hepatocellular adenomas 
(only high dose, F) 

¶ M: significant positive 
trend in adrenal 
phaeochromocytomas 

¶ F: significant positive trend 
in malignant lymphomas 
(significant at both doses) 
and alveolar/bronchiolar 
adenomas (significant only 
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Reference 

Study (species, strain, 

sex, number of 

animals, duration and 

route of exposure) 

Dose Findings 

at high dose) 

Deichmann 
et al., 1978 

¶ Beagle dogs F 

¶ 5 dogs 
administered 
ñhighly purifiedò 
4,4ô-MDA and 
4 dogs 
administered 
ñcrudeò 4,4ô-MDA 

¶ treatment three 
times per week for 
4.5-7 years 

¶ oral exposure; test 
substance 
dissolved in corn 
oil and placed in 
gelatinous 
capsules 

¶ Total doses 
equivalent to: 

o 5.0-6.26 g/kg 
bw  (ñpureò 
4,4ô-MDA)  

o 4.0-6.25 g/kg 
bw (ñcrudeò 
4,4ô-MDA; 
containing 50% 
4,4ô-MDA, 50% 
higher 
molecular 
weight 
analogues) 

¶ no urinary or liver tumours 
observed 

¶ one tumour of the uterine 
horn and one in the spleen 
(not examined 
microscopically) 

¶ changes observed in the 
liver, kidneys and spleen 

Steinhoff and 
Grundmann, 
1970 

¶ Wistar rats M/F 

¶ 25/sex/dose 

¶ treatment every 
1-3 weeks for 
various durations 
(705 days for 4,4ô-
MDA) and 
observation for 
total animal 
lifespan 

¶ subcutaneous 
injection 

¶ 30-50 mg/kg bw 
(total administered 
dose 
1410 mg/kg bw) 

¶ 4,4ô-MDA (purity 
unspecified) 

¶ additional groups 
were treated with 
2,4ô-MDA, 
3,4-amine, 8-amine 
or the vehicles 
saline or groundnut 
oil:ethyl alcohol (9:1) 

¶ 25/50 animals in the MDA 
treatment group 
developed malignant 
tumours (total malignant 
tumours: 33, total benign 
tumours: 29) compared to 
13/50 control animals 
(total malignant tumours: 
16, total benign 
tumours: 15) 

¶ equivalent numbers in the 
other treatment groups: 

o 15/50 animals 
(2,4ô-MDA) 

o 27/50 (3,4-amine; 
benign tumours: 16) 

o 12/50 (8-amine; 
benign tumours: 18) 

Holland et al., 

1978 
¶ C3Hf/Bd mice M/F 

¶ no information on 
number of animals 

¶ treatment three 
times per week for 
24 months 

¶ dermal exposure; 
application to 
clipped skin 

¶ 0, 5.3, 10.7 or 
21.3 mg/kg bw/day 

¶ 4,4ô-MDA (in 
ethanol) 

¶ Benzo[a]pyrene 
used as a positive 
control 

¶ no tumours observed at 
the site of application 

¶ dose-dependent increase 
in incidence of hepatic 
tumours in F (no 
information on statistical 
significance) 

 

Several studies have shown the occurrence of bladder cancer in workers occupationally 

exposed to MDA (no information available on the form of MDA). This is consistent with the 
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reported occurrence of low incidences of urinary bladder tumours in female rats in the 2-year 

carcinogenicity study, where these tumours were considered to possibly be related to MDA 

exposure since they are very rare in untreated animals. However, there are several difficulties 

in interpreting the results of these human studies, due to the limited quality of the data and 

potential confounding factors (such as exposure to other chemicals), and in their risk 

assessment report the EU stated that no clear conclusion could be drawn regarding 

carcinogenicity in humans (EU, 2001). 

In 1986, the International Agency for Research on Cancer (IARC) classified MDA as Group 

2B (possibly carcinogenic to humans) (IARC, 1986). This classification is on the basis that 

chronic studies in rats and mice showed MDA treatment via the oral route to be associated 

with thyroid and liver tumours, but there is a lack of clear evidence of carcinogenicity in 

humans. It should be noted that no studies were located that specifically use technical MDA. 

The studies in experimental animals that are considered to be the most robust are those 

conducted by the US National Toxicology Program (NTP) using MDA dihydrochloride. 

Epidemiology studies in humans do not state to which form of MDA the study participants 

were exposed. The Annex XV Dossier for technical MDA states that the structurally similar 

compound, 4,4ô-diaminodiphenylmethane (4,4ô-MDA) has been identified as carcinogenic: 

Carc. 1B (H 350:ñMay cause cancer.ò). The dossier states that 4,4ô-MDA is a major 

constituent of the UVCB substance formaldehyde, oligomeric reaction products with aniline 

(technical MDA) and therefore the classification for 4,4ô-MDA applies also for this UVCB 

substance. In addition, the REACH registration dossier for technical MDA presents the 

chronic NTP study using MDA dihydrochloride for use as read across. Therefore, it seems 

reasonable to include data from these studies using other forms of MDA in this section. 

The most critical studies for quantitative risk assessment are the oral, long-term, 2-year 

drinking water studies conducted on F344 rats and B6C3F1 mice as part of the NTP 

programme. MDA treatment led to both thyroid and liver tumours in these studies. However, 

the liver tumours are more likely to be caused by a genotoxic mechanism than the thyroid 

tumours, for which there are potentially plausible non-genotoxic mechanisms based on 

hormonal disruption due to liver damage. Therefore, authoritative evaluations of MDA have 

concentrated on the frequency of liver tumours detected in these studies with the combined 

neoplastic nodules and carcinoma in male rats being the most common endpoint for risk 

assessment. The frequency of these hepatic nodules and carcinoma in MDA-treated male 

rats are the target genotoxicity for this review. 

From the NTP long-term study on F344 rats administered MDA dihydrochloride in drinking 

water (NTP, 1983), the drinking water concentrations of 0, 150 and 300 mg/l, have been 

converted to total dose per body weight. The incidence of total liver tumours is outlined in 

Table 3.6. Of the total liver tumours, 12/50 are hepatic nodules and 1/50 hepatocellular 

carcinoma. 
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Table 3.6 Tumour incidence for total liver tumours in MDA hydrochloride-treated 

F344 rats (NTP, 1983) 

Doses (mg/l) 0 150 300 

Ingested Dose  

(mg/kg bw/day) 
0 9 16 

Total Tumours/animals 1/50 13/50 25/50 

Incidence 0.02 0.26 0.50 

 

3.5 Evaluations 

Table 3.7 summarises the expert carcinogenic assessments of MDA including any derived 

threshold doses. 

Table 3.7 Overview of the carcinogenic assessments of MDA 

Expert 

evaluation 
Primary mechanism 

Threshold/non-

threshold 

approach 

Studies Threshold dose 

IARC (1986) not addressed not addressed 

no data on humans 
were available 

sufficient evidence in 
experimental animals of 
carcinogenicity ï the 
main target tissues were 
liver and thyroid 

sufficient evidence in 
short-term tests for 
genetic activity 

not addressed 

ATSDR 
(1998) 

non-genotoxic 
mechanism deemed 
likely for both liver 
and thyroid 
carcinogenicity 

not addressed 

Oral: NTP chronic 
drinking water studies in 
F344 rats and B6C3F1 
mice. Lamb et al (1986); 

NTP (1983) 

¶ Increased 
incidence of 
neoplastic nodules 
in the liver (M rats) 

¶ Malignant 
lymphoma and 
adenoma / 
carcinoma of the 
liver (F mice) 
 

Dermal: 104-week study 
in C3Hf/Bd mice. 
Holland et al (1987) 

¶ Increased 

CELs = 

9 mg/kg bw  
(oral; M rats) 

19 mg/kg bw (oral; F 
mice) 

5.3 mg/kg bw (dermal; F 
mice) 
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Expert 

evaluation 
Primary mechanism 

Threshold/non-

threshold 

approach 

Studies Threshold dose 

incidence of hepatic 
tumours 

Dybling 
et al., (1997) 

not addressed not addressed 
NTP chronic drinking 
water studies in F344 
rats and B6C3F1 mice 

T25 = 8.4 mg/kg bw/day 

value derived for MDA 
dihydrochloride (EU, 
2001) 

EU (2001) 

OECD 
(2002) 

genotoxic mechanism 
assumed 

non-threshold 
assumed 

linear dose 
response cannot be 
excluded 

NTP chronic drinking 
water studies in F344 
rats and B6C3F1 mice 

T25MDA = 

6.2 mg/kg bw/day 
(based on T25 derived 
for MDA dihydrochloride 
by Dybling et al.) 

WORKERS: 

inhalation: 

modified T25 human, 

inhalation, workplace time 

schedule = 12 mg/m3 

 

dermal: 

modified T25 human, 

dermal, workplace time schedule 

= >250 mg/person/day 

CONSUMERS: 

Exposure is not 
expected 

Norway FSA 
(2006) 

genotoxic mechanism 
assumed, in the 
absence of evidence 
for chronic tissue-
damaging (liver) and 
tissue-stimulating 
(thyroid) mechanisms 
of carcinogenicity 

non-threshold 

linear approach 

Weisburger et al (1984); 
Lamb et al (1986), NTP 

(1983) 

most sensitive endpoint 
in chronic NTP drinking 
water studies: 

¶ Neoplastic hepatic 
nodules in male 
F344 rats 

BMDL10 = 

2.33 mg/kg bw/day 
(4,4ô-MDA 
dihydrochloride);  

reported to be 
1.7 mg/kg bw/day 
(4,4ô-MDA base) 

T25 = 

8.33 mg/kg bw/day 
(4,4ô-MDA 
dihydrochloride);  

reported to be 
6.1 mg/kg bw/day 
(4,4ô-MDA base) 

hT25 = 

1.7 mg/kg bw/day  
(linear extrapolation 
based on T25) 

hT100 = 

6.8 mg/kg bw/day 

human cancer risk = 
(based on hT100) 
2.3 x10-3 
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Expert 

evaluation 
Primary mechanism 

Threshold/non-

threshold 

approach 

Studies Threshold dose 

NSF (2009) 

may have both 
genotoxic and non-
genotoxic modes of 
action, though the 
relative importance of 
the modes in vivo has 
not been elucidated  

Thyroid: multiple 
models used  

¶ non-threshold, 
low-dose 
linearity 
(genotoxic 
mechanism) 

¶ non-linear 
(non-genotoxic 
mechanism) 

Liver: non-
threshold, linear 

NTP chronic drinking 
water studies in F344 
rats and B6C3F1 mice 
NTP (1983) 

¶ combined incidence 
of hepatocellular 
adenomas and 
carcinomas in 
female mice 
selected as the 
critical endpoint 

RSD = 

0.000024 mg/kg bw/day 
(derived for a cancer 
risk level of 10-5) 

Based on a BMDL10 = 

0.67 mg/kg bw/day  

AGS (2010)  

cited in 
ECHA 
(2011) 

mechanism not clear; 
genotoxic or non-
genotoxic mechanism 
could be assumed. 

genotoxic mode of 
action assumed, in 
order  to be 
conservative  

non-threshold 

linear approach 

Weisburger et al (1984); 
Lamb et al (1986) 

most sensitive endpoint 
in chronic NTP drinking 
water studies: 

¶ neoplastic nodes / 
carcinomas in the 
liver of male F344 
rats  

hT25 (point of 

departure) = 45.7 mg/m3 

Acceptance risk 
(4:10 000; inhalation) = 
73 µg/m3 

Acceptance risk after 
2013 at the latest 2018 
(4:100 000; inhalation) = 
7.3 µg/m3 

Modified acceptance 
risk (dermal) = 
10 µg/kg bw/day 

Air Products 
(Chemicals) 
PLC (2010); 

Air Products 
(Chemicals) 
PLC (2013) 

genotoxic and/or 
secondary 
mechanisms (e.g. 
thyroid stimulation 
following 
glucuronidation in the 
liver) can be 
postulated;  

genotoxic mechanism 
assumed in order to 
be conservative 

linear approach 

NTP chronic drinking 
water studies in F344 
rats and B6C3F1 mice  

Weisburger et al (1984); 
Lamb et al (1986), NTP, 
1983 

¶ carcinogenic for 
both species, 
producing liver and 
thyroid tumours 

¶ most critical 
endpoint identified 
as neoplastic liver 
nodules in male 
rats 

¶ LOAEL of 
9 mg/kg bw/day 
used for DMEL 
calculation  

Long-term exposure ï 
systemic effects 

dermal: 

T25oral, rat = 

9.375 mg/kg bw 

T25dermal, rat = 

18.75 mg/kg bw 
(assuming 100% oral 
bioavailability and 50% 
dermal bioavailability) 

AF = 12 500 

Correction factor = 2.8 
(to account for 
differences in worker 
and experimental 
exposure conditions) 

DMEL = 4.2 µg/kg bw 

inhalation: 

T25inhalation, human = 

16.5 mg/m3 

AF = 3125 

Correction factor = 2.8 
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Expert 

evaluation 
Primary mechanism 

Threshold/non-

threshold 

approach 

Studies Threshold dose 

(to account for 
differences in worker 
and experimental 
exposure conditions) 

DMEL = 14.8 µg/m3 

BMDL10: Lower confidence limit on the benchmark dose associated with a 10% response. 

CEL:        Cancer Effect Level ï the lowest dose that produces significant increases in the incidence of cancer (or tumours)   

between the exposed population and the control. 

DMEL:     Derived Minimum Effect Level. 

F:             Female. 

hT25:       Equivalent dose corresponding to a 25% tumour incidence in humans (calculated from the T25). 

M:            Male. 

RSD:       Risk specific dose. 

T25:         Dose corresponding to a 25% tumour incidence. 

 

3.6 Mechanism of Action 

In chronic studies, the liver and thyroid appear to be the main target organs, with tumours 

observed in both rats and mice orally administered MDA (as its dihydrochloride) in drinking 

water. The mechanism for tumour formation is not completely understood but there are 

currently several proposed hypotheses.  

Firstly, a genotoxic mechanism has been postulated for liver carcinogenicity, where a reactive 

metabolic intermediate of MDA binds to cell macromolecules, including DNA. The metabolism 

of MDA is reported to consist of both N-acetylation and N-hydroxylation. There is a large body 

of evidence for the N-acetylation of MDA, including the detection of N-acetylated metabolites 

in the urine of both experimental animals and occupationally exposed workers. N-acetylation 

is generally thought to represent a detoxification pathway, since the metabolites N-acetyl-

MDA and N,Nô-diacetyl-MDA are reported to be non-mutagenic (Cocker et al., 1986b; Tanaka 

et al., 1985). It is also thought that MDA also undergoes N-hydroxylation, where it is 

considered that the N-hydroxylation reaction can potentially lead to the formation of toxic 

intermediates (EU, 2001; ATSDR, 1998; Chen et al., 2008). In particular, many of the toxic 

properties of MDA have been attributed to N-hydroxy-MDA, which is reported to occur due to 

the enzymatic oxidation of MDA. There is currently less evidence for the N-hydroxylation of 

MDA than for its acetylation, because of the difficulty of detecting the initial N-hydroxylamine 

compounds due to their instability in aqueous solutions. However, data from an in vitro study 

(Kajbaf et al., 1992) and from more recent in vivo studies (Chen et al., 2008) increasingly 

indicate the likely importance of this route in the metabolism of MDA, in addition to 

assumptions made from knowledge of the metabolism of structurally similar compounds. In 

support of this mechanism, the results from genotoxicity studies with MDA indicate a 

genotoxic potential, particularly at high doses and with metabolic activation, and DNA- and 

haemoglobin-adducts have also been detected in both experimental animals and humans 
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(EU, 2001). This genotoxic mechanism, involving DNA binding, is frequently assumed to have 

no threshold for tumour formation, although other processes involved, such as the formation 

of the intermediate, may have a threshold. The authors of an MDA risk assessment 

conducted in 2005 assumed a threshold for tumour formation, suggesting that the toxicity 

observed at high doses of MDA in experimental animal studies and in incidents of acute 

human poisoning may not be relevant for low dose exposure. This was on the basis that the 

process of metabolic activation, which is thought to be required for MDA toxicity, is in 

competition with detoxification processes which may become saturated at high doses 

(Lewandowski et al., 2005). 

Additional evidence for the involvement of metabolic activation in the mechanism of MDA 

toxicity is provided by reports that the toxicity of MDA may be dependent on acetylator 

phenotype. Genetic polymorphisms have been identified, in both experimental animals and 

humans, in the gene that codes for N-acetyltransferase 2 (NAT2), an enzyme that catalyses 

the N-acetylation of aromatic amines. In an in vivo study in which strains of rat with fast and 

slow acetylator phenotypes were orally administered MDA, liver damage was reported to be 

more severe in fast acetylators compared to slow acetylators (Zhang et al., 2006; AGS, 2010). 

Although intuitively a fast acetylator would be associated with an increased detoxification 

capacity, for diamines (such as MDA) N-acetylation has been suggested to actually enhance 

oxidation of the second amine group, leading to the formation of the toxic metabolites and 

increasing the risk of toxicity in those with NAT2 fast acetylator phenotypes (Zhang et al., 

2006; AGS, 2010). For other diamines, such as benzidine, the NAT2 slow acetylator 

phenotype has been associated with having a protective effect on bladder cancer in humans 

(Carreón et al., 2006). 

A non-genotoxic mechanism has also been proposed, where tumour formation is due to 

chronic tissue damage (liver) or tissue stimulation (thyroid). Mixed results have been reported 

from both in vitro and in vivo genotoxicity studies with MDA (section 3.3), and an in vivo DNA 

binding study, where MDA was administered to male Wistar rats via the intraperitoneal route, 

demonstrated only weak binding capacity in the liver (Schütze et al., 1996). Tumour initiation 

in the thyroid has been hypothesised to partially result from hyper-secretion of thyroid 

stimulating hormone (TSH). In a tumour promotion study, a slight, but not significant, 

decrease was observed in serum concentrations of thyroxine (T4) and triiodothyronine (T3) in 

animals treated with MDA (Hiasa et al., 1984). A decrease in T4 and T3 is thought to possibly 

trigger secretion of TSH, which can then induce thyroid hyperplasia (ATSDR, 1998). In this 

study, MDA treatment promoted the development of thyroid tumours, and the authors thought 

that the hypersecretion of TSH may have contributed to tumour formation in the initiated cells 

(ATSDR, 1998). The formation of goitres with MDA treatment has also been suggested to 

support a non-genotoxic mechanism (Lamb et al., 1986; ATSDR, 1998). 

The formation of thyroid and liver tumours in two species (rats and mice), and in both males 

and females of each species in the chronic oral studies, could be interpreted as being more 

indicative of genotoxic action than a non-genotoxic mechanism, although it is not conclusive. 

Many risk assessments of MDA have been conducted (section 3.5), and the majority of these 
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have assumed a genotoxic mechanism, taking a precautionary approach in light of the results 

from genotoxicity studies. The ATSDR, however, concluded that a non-genotoxic mechanism, 

due to chronic tissue damage (liver) or tissue stimulation (thyroid) is most likely (ATSDR, 

1998). In their risk assessment, NSF initially evaluated multiple models where these were 

based on a genotoxic mechanism for liver tumour formation, and both genotoxic and non-

genotoxic mechanisms for thyroid tumour formation. They subsequently selected the model 

for formation of liver tumours in female mice (genotoxic mechanism) as the most sensitive 

system and endpoint (NSF, 2009). 

3.7 Carcinogenicity risk assessment 

3.7.1 Critical studies 

The most critical studies for quantitative risk assessment are the oral, long-term, 2-year 

drinking water studies conducted on F-344 rats and B6C3F1 mice as part of the NTP 

programme. MDA treatment led to both thyroid and liver tumours in these studies. However, 

the liver tumours are more likely to be caused by a genotoxic mechanism than the thyroid 

tumours for which there are plausible non-genotoxic mechanisms based on hormonal 

disruption due to liver damage. Therefore, authoritative evaluations of MDA have 

concentrated on the frequency of liver tumours detected in these studies with the combined 

neoplastic nodules and carcinoma in male rats being the most common endpoint for risk 

assessment. The frequency of these hepatic nodules and carcinoma in MDA-treated male 

rats are the target genotoxicity for this review.  

3.7.2 Dose Response 

The aim of this project is to identify information that can be used to quantify risk for relevant 

exposure routes. The review of the genotoxicity and carcinogenicity data leads to the 

conclusion that there is a potential for a genotoxic mode of action with metabolic activation 

and that exposure to technical MDA can give rise to tumours in experimental animals, and 

can presume to have carcinogenic potential in humans. Therefore the quantitative risks for 

technical MDA are based on a carcinogenic potential. 

Review of the epidemiological studies on human occupational exposure to technical and other 

forms of MDA do not reveal any data that would be useful in identifying any quantitative risk 

for humans. Therefore the dose response curves are based on relevant, robust studies in 

experimental animals. There are very limited data on technical MDA but there are a number of 

toxicological studies on MDA and its salts and it is considered that this information is relevant 

to the risk assessment of technical MDA. 

The value commonly used globally including Europe as a Point of Departure (PoD) for risk 

assessment is T25 which is the daily dose (in mg/kg body weight) inducing a tumour 

incidence of 25% upon lifetime exposure. This is based on an assumption of a linear dose 

response at all concentrations (including above the experimental doses) excluding the zero 
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dose. The derivation of a T25 for MDA (and relevant to technical MDA) will be the PoD for this 

risk assessment. 

3.7.3 Derivation of T25 

Oral  

A T25 value for MDA has been derived by a number of authoritative bodies (see Table 3.6, 

3.7) using information from the NTP long-term study on F344 rats administered MDA 

dihydrochloride in drinking water (NTP, 1983). Taking: 

¶ lowest dose with a significant increased frequency (C) of 9 mg MDA base/kg bw/day 

¶ incidence at C, 13 tumours in 50 animals, 0.26 

¶ control incidence, 1 tumour in 50 animals, 0.02 

T25 is derived using the following calculation: 

C x (Reference incidence 0.25)/(incidence at C ï control incidence) x (1-control incidence)/1 

This value is also corrected for a study duration of 103 weeks rather than the standard 104 

weeks. 

T25 ( Oral, Rat) = 9 x 0.25/(0.26 ï0.02) x (1 ï0.02)/1 x 103/104  

= 9.01 mg/kg bw/d ay  

This calculation results in T25(Oral, Rat) of 9.01 mg/kg bw/day and this value is used as the 

PoD for the derivation of route-specific risk estimates for workers and the general population. 

A number of other T25s have been derived giving slightly lower values (see Table 3.7) and 

mostly based on the value derived by Dybing et al. (1997) as an example in the original paper 

on T25, with some adjustment for the use of MDA dihydrochloride or MDA base. The origin of 

the data used in Dybing et al. (1997) for MDA was not attributed and is unclear. 

An oral risk estimate is not set for workers as it is generally taken that this route of exposure is 

not relevant in the controlled occupational environment. 

The following risk estimates have been derived using the following absorption: 100% 

for inhalation, 100% for oral absorption and 50% for dermal absorption based on 

published studies.  
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Workers  

Workers inhalation risk estimate 

Using the PoD as the T25(Oral, Rat) was corrected for inhalation exposure assuming 100% 

absorption and correcting for: 

¶ rat oral intake (mg/kg bw/day) to rat inhalation (0.8 l/min/8h); 0.38 m3/kg bw/8 h 

¶ oral absorption rat/inhalation humans (100/100)  

¶ activity driven difference for workers (standard respiratory volume for humans, 

6.7/respiratory volume for workers, 10),  

The T25 value for human inhalation is as follows: 

T25 (Inhalation, Human) = 9.01 x 1/0.38 x 100/100 x 6.7/10  

= 15.9 mg/m 3  
Correcting for workersô exposure: 

¶ workersô exposure is 5 day/week, 48 weeks/year, 40 years in an average lifespan of 75 

years 

¶ Correction factor for workersô exposure of 7/5 x 52/48 x 75/40 = 2.8 

T25 (Inhalation, W orkers ) = 15.9 x 2.8 = 44.5 mg/m 3  

 

Workers dermal risk estimate 

Taking the T25(oral, rat) and correcting for: 

¶ dermal exposure of 50% and oral absorption of 100% 

¶ allometric scaling of 4 from rats to humans 

The T25 ( Dermal, Human) = 9.01/(50/100)/4 = 4.5 mg/kg bw/day  

Correcting for workersô exposure as above  

Therefore T25 (Dermal, W orker) = 2.25 x 2.8 = 12.6 mg/kg bw/day  
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General population 

Oral and inhalation risk estimate have been calculated for the general population. 

General population Inhalation risk estimate 

T25(Oral Rat) corrected for general population exposure according to the ECHA Chapter R8 

guidance: 

¶ allometric scaling for rats to humans, 4 

¶ human weight, 70 kg 

¶ human general population breathing, 20 m3 per person 

¶ 100% oral absorption to 100% absorption by inhalation. 

T25 ( I nhalation, Gen. pop.)  = 9.01/4 x 70/20 x 100/100 = 7.9 mg/m 3  

General population oral risk estimate 

T25(Oral, Rat) corrected to T25(Oral, Human) by allometric scaling from rats to humans, 4 

T25 ( Oral, Gen. pop.) = 9.01/4 = 2.25 mg/kg bw/day  

The cancer risk estimates are summarised in Table 3.8. 

Table 3.8 Cancer risk estimates for Technical MDA 

Route of 

exposure 
Population T25 Descriptor Cancer risk for 1 unit amount 

Oral 
General 

population 

T25(Oral, Gen. pop.) 

2.25 mg/kg bw/day 
1.1 x 10-4 per µg/kg bw/day  

Inhalation 

Workers 
T25(Inhalation, Worker)                    

44.5 mg/m3 
5.6 x 10-6 per µg/m3        

General 

population 

T25(Inhalation, Gen. pop.)                               

7.9 mg/m3] 
3.2 x 10-5 per µg/m3 

Dermal Workers 
T25(Dermal, Worker)                               

12.6 mg/kg bw/day 
1.9 x 10-5per µg/kg bw/day  
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Assuming linearity of response the cancer risk for lifetime exposure to each unit amount of 

technical MDA will increase in proportion, e.g. for workersô exposure by inhalation. 

1 µg/m 3  5.6 x 10 -6 

2 µg/m 3  1.1 x 10 -5 

5 µg/m 3  2.8 x 10 -5 

10 µg/m 3  5.6 x 10 -5 

 

3.8 Biomonitoring 

The basic principle of this risk assessment is to compare the cancer risk estimate for an 

internal/systemic dose of the chemical in humans. Often this human exposure is, in itself, an 

estimate derived from secondary measurements such as air concentrations. A better practice 

where possible is to measure systemic dose by means of biomonitoring (e.g. via total MDA 

concentration in urine). This systemic dose can then be compared with the corresponding 

cancer risk estimate. 

Because of the low vapour pressure and good skin absorption, biomonitoring of MDA is the 

best way to assess the occupational exposure to MDA. Since the finalization of SCOEL 

recommendation on MDA one new paper on occupational MDA exposure has been published 

(Weiss et al., 2011). It clearly demonstrates the importance of skin exposure in fiber 

reinforced laminate technology industry and concludes that the exposure assessment of MDA 

should be carried out by biological monitoring rather than ambient air monitoring. Urine 

samples midweek or at the end of the week were recommended based on the observed delay 

in the excretion of MDA after dermal absorption (Weiss et al., 2011).  

MDA is analyzed as described in SCOEL (2012) as a sum of free and conjugated  

4,4ô-diaminodiphenylmethane in urine. When exposure to MDA is through inhalation (as solid 

material or contaminated dust), peak MDA excretion in urine can be seen in post-shift urine 

samples whereas in the case of dermal exposure the peak excretion is delayed (Cocker et al., 

1994, Brunmark et al., 1995a, Weiss et al., 2011). Therefore, the urine samples for MDA 

monitoring are recommended to be taken both as post-shift samples (especially when 

inhalation exposure is dominant) or next morning pre-shift samples (when there is likely to be 

significant dermal exposure).  

Because of the importance of the skin absorption, correlations between air levels and urinary 

MDA levels have been generally poor, as stated in the SCOEL documentation. However, it 

has been shown that after a single experimental one hour dermal exposure, urinary excretion 

of MDA fits well to the first order one compartment model (Brunmark et al., 1995a). According 

to Brunmark et al. (1995a), although there was significant variation in excretion kinetics 



European Chemicals Agency 
 

Report Reference: UCUC10376.02/16285-0 
June 2015 

© European Chemicals Agency 2015 49 

between individuals (2-26%, partly explained by individual acetylation status), the median 

excreted MDA in urine during 48 h was 16% of the absorbed dose (Brunmark et al., 1995a)6. 

The major part (~80-90%, estimated on the basis of figure 3, in Brunmark et al., 1995a) of the 

urinary MDA was eliminated within 24 h. Terminal half-time (T1/2) in urine varied between 4.6-

11 h.  

The absorbed dose per day can be estimated from the urinary concentration of the chemical, 

if the proportion excreted in the urine is known (e.g. Angerer et al., 2011) 

Ὀ
 

   (Formula 1) 

where D = absorbed dose (mg/kg body weight) per day, Css = average concentration in the 

urine, V24 =24-hour volume of urine excreted, Fue = proportion of dose excreted in urine, BW 

= body weight kg.  

However, in practice, V24 and Css are not available when total 24-h urine is not collected. For 

V24, a default value of 1.7 litres can be used. The relationship between the MDA level in a 

single sample collected at a specified time (either post-shift or next morning pre-shift sample) 

and daily average level can be made assuming first-order elimination kinetics. According to 

this, the level of MDA after exposure is decreasing following the formula 

ὅὸ ὅὴ Ὡ  

where Ct = concentration at time point t after the peak concentration; Cp = peak 

concentration, and Kelim  = elimination rate constant, = ln2/T1/2.  

There are some uncertainties related to these calculations: 

1. the half-time of MDA which seems to vary between individuals (partly because of the 

acetylation status)  

2. time of the appearance of the peak concentration (Cmax) after dermal exposure.  

After inhalation exposure peak concentration appears rapidly, but after dermal exposure it 

may appear significantly later. In practice, at workplaces, the exposure is usually mixed (i.e. 

includes both dermal and inhalation exposure).  

                                                      

6  The fate of the remaining 84% of the absorbed dose was unspecified. Urinary excretion is the main 

route in monkeys and rats, while faeces are the principal route of excretion in guinea pigs. 
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In the estimations below the following, rather conservative, assumptions have been made 

based on the experimental work of Brunmark et al. (1995a) and supported by the findings of 

Weiss (2011) and Cocker (1994): 

¶ Cmax is delayed 6 h because of the slow dermal component 

¶ T1/2 is 11 h, the longest value measured 

¶ Fue is 16% 

Applying these to first order elimination kinetics model it is estimated that in the steady state, 

the average Css concentration is ~70% of the urinary MDA concentration in post-shift sample 

and ~150% of urinary MDA concentration in next morning pre-shift sample. 

Thus, if the level of urinary MDA concentration is 1 µg/l (the typical detection limit for MDA; 

SCOEL, 2012) in a post-shift specimen at the end of the working week, this corresponds to an 

internal dose of 0.11 µg/kg bw in post-shift sample  

Using formula 1 from above: D (Daily dose) = 0.7 x 1 µg/l x 1.7 l/(70 kg x 0.16) 

= 0.11 µg/kg bw 

Similarly, in next morning pre-shift sample, 0.22 µg/kg bw.  

If an air concentration of 1 µg/m3 (corresponding to an absorbed dose of 0.14 µg/kg bw, 

and 100% absorption via inhalation (10 m3/work shift) is assumed) corresponds to a 

cancer risk of 5.6 x 10-6 (derived from the risk estimates above), then, assuming 

linearity of cancer risk with absorbed dose, the urinary level of: 

¶ 1 µg/l in post-shift sample corresponds to a cancer risk of 0.44 x 10-5 

¶ 1 µg/l in next morning pre-shift sample corresponds to a cancer risk of 0.9 x 10-5 

¶ 10 µg/l in post-shift sample corresponds to a cancer risk of 0.44 x 10-4 

¶ 10 µg/l in next morning pre-shift sample corresponds cancer risk of 0.9 x 10-4 
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4. MOCA 

2,2ô-Dichloro-4,4ô-methylenedianiline (MOCA) CAS RN: 101-14-4; EC Number: 202-918-9) 

 

MOCA is used primarily to procuce polyurethane articles. Polyurethanes are produced by the 

reaction of a liquid isocyanate with a blend of liquid polyols, catalysts and other additives. 

MOCAis used as an additive in the polyol blend with the purpose to give the resulting polymer 

specific properties. Depending on the function MOCA has within the polymer, four uses can 

be differentiated: curing agent, cross-linker, chain extender and pre-polymer. The only further 

registered use is as laboratory chemical. 

4.1 Toxicokinetics 

The most probable route of occupational exposure is dermal from contact with contaminated 

surfaces, followed by inhalation and oral pathways (Cocker et al., 1990; Ichikawa et al., 1990). 

4.1.1 Absorption 

Oral 

No studies were located on the absorption of MOCA in humans following oral exposure.  

The results from rats administered a single oral dose of radiolabelled MOCA via oral gavage 

suggest that MOCA is partially absorbed following oral exposure. 16.5% MOCA was excreted 

in urine within 72 hours, 13.7% was retained in the tissue, while approximately 60% remained 

unabsorbed in faeces (Groth et al., 1984). 

Dermal 

Occupational workers can be exposed to MOCA during its manufacturing process, which can 

either exist as a liquid emulsion, solid pellets with dust, or as solid pellets without dust (IARC, 

2012). NIOSH 1986 reported the concentrations of MOCA in the urine of exposed workers 

over a period of 22 months and identified the levels of MOCA from 5.3 to 43.8 ɛg/l. A detailed 

review of the data identified that the highest MOCA concentrations in urine detected were in 

workers in direct daily contact with MOCA i.e. mixers and moulders. 
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One study indirectly evaluated the absorption of MOCA in five male factory workers over a 

5-day period. MOCA air concentrations were monitored for each worker over 6-7 hours every 

other day and urinary MOCA concentrations were obtained over the 5 days. MOCA air 

concentrations ranged from 0.0002 to 0.0089 mg/m3. The concentration of MOCA detected in 

urine was greater than the reported air concentrations, identifying that another potential route 

of MOCA exposure is dermal (Ichikawa et al., 1990). 

The differences in absorption rates of radiolabelled MOCA (14C-MOCA) in Beagle dogs 

following either dermal or intravenous exposures were reported for 24 hours following MOCA 

administration. Only 2.4% MOCA was reported to be absorbed via dermal administration 

(Manis et al., 1984). Groth et al. (1984) reported 11.5-21.9% of MOCA absorption in 

Sprague-Dawley rats following 72 hours of dermal application to the skin.  

The absorption and penetration of radiolabelled MOCA through 7 x 7 mm area of fresh human 

neonatal foreskin organ cultures was reported over a four-hour period. One hour following 

dermal application, 46% of the radiolabelled MOCA was reported on the skin, 0.5% was 

detected on the underlying membrane, while the remaining 53.5% radiolabelled MOCA was 

unabsorbed. Four hours after the initial radiolabelled MOCA, 61% was detected in the skin, 

26% was detected on the underlying membrane and 12% remained unabsorbed. The authors 

suggested that MOCA was readily absorbed without being metabolised (Chin et al., 1983). 

Inhalation 

No additional studies were located on the direct measurement of MOCA absorption in 

humans or experimental animals via inhalation exposure. 

Summary 

Therefore for the cancer risk estimations, the following absorption values were used: 

Oral absorption ï no human data and partially absorbed in rats; therefore, an oral 

absorption of 50% is assumed and when extrapolating from oral to  inhalation toxicity a 

correcting factor of 2 is used according to the REACH Guidance. 

Dermal absorption ï There are no in vivo dermal absorption data in humans, in one 

study in rats dermal absorption of 11.5-21.9% is observed and human tissue culture 

study suggests even higher absorption; 50% default value for dermal absorption is 

used according to the REACH Guidance. 

Inhalation absorption - No studies located ï 100% default value according to the 

REACH Guidance. 
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4.1.2 Distribution 

Oral 

No studies were located on the distribution of MOCA in humans following oral exposure.  

In an oral study, male Sprague-Dawley rats were administered a single dose of 28 µmol/kg of 

radiolabelled 14C-MOCA. The highest concentration of radiolabelled MOCA was in the liver 

after 24 hours of oral exposure. MOCA was reported as being distributed in the kidney, lung, 

spleen, bladder, testes, brain and lymphocytes in decreasing concentrations (Cheever et al., 

1991). Similar results were reported in female Wistar rats. The distribution of radiolabelled 

MOCA 24 hours following oral administration (oral gavage) in the female rats was the liver, 

intestine, lung, kidney, blood, stomach, spleen and uterus in decreasing the concentrations 

(Sabbioni and Neumann, 1990). Cheever et al., 1991 reported that following 28 consecutive 

oral doses of 14C-MOCA, the liver was the main tissue in which MOCA and its metabolites 

accumulated and the concentration of MOCA was 100-fold greater from the initial oral dose. 

Another study identified the liver as the main target organ in female rats following oral 

administration of 10 mg/kg 14C-MOCA; however, the study was limited due to its use of only 

two female rats (Farmer et al., 1981). 

An additional oral study in rats reported 64-87% removal of radiolabelled MOCA in urine or 

faeces, 48 hours after exposure. The study identifies that MOCA is rapidly metabolised and 

excreted within the first 24 hours of oral administration (Morton et al., 1988).  

Dermal 

The data suggest that MOCA is rapidly removed from the human body following dermal 

exposure. Nine hours after an occupational worker was exposed to 11.34 l of molten MOCA in 

an accidental spill, 1.7 mg/l of MOCA was detected in the urine of the exposed worker. The 

authors reported that MOCA was distributed via the circulatory system to the kidneys 

following dermal exposure (Osorio et al., 1990).  

In another study, Beagle dogs were dermally administered 0.4 mg/cm2 of radiolabelled 

MOCA. Control dogs were intravenously injected with radiolabelled MOCA to achieve 100% 

absorption to compare the distribution of MOCA following dermal exposure. No radioactivity 

was detected in blood or plasma 24 hours following MOCA administration. The results from 

the study identified that the circulatory system distributes MOCA to the liver, kidneys, fat, and 

lungs (Manis et al., 1984). 

Inhalation 

No additional studies were located on the distribution of MOCA in humans or experimental 

animals via inhalation exposure. 
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4.1.3 Metabolism 

Oral 

No studies were located on the metabolism of MOCA in humans following oral exposure.  

Several metabolism pathways have been reported in experimental animals following oral 

exposure to MOCA, these include N-acetylation, N-hydroxylation, N-oxidation and ring 

hydroxylation (Cheever et al., 1991). N-acetylation is an important human metabolic pathway 

for other aromatic amines; however, data suggest that N-acetylation of MOCA is not a major 

pathway, due to only the minor detection of acetyl-MOCA-type metabolites (IARC, 2010). 

Figure 4.1 (ATSDR, 1994) identifies the main metabolic pathways of MOCA in humans and 

experimental animals following oral exposure.  

Figure 4.1 Metabolism of MOCA 

 

Microsomal P450 enzymes are reported to be involved in the N-hydroxylation and N-oxidation 

of MOCA. CYP3A4 and CYP2A6 are identified as major and minor enzymes, respectively in 

the N-oxidation of MOCA (Yun et al., 1992). Human liver microsomes and purified rat liver 

cytochrome P450 monooxygenases were incubated with 14C-MOCA in separate in vitro 

studies confirming the activation of MOCA by liver microsomal P450 enzymes (Butler et al., 

1989).  
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Under acidic conditions, (pH 5 or lower (Kadlubar et al., 1977)) MOCA is activated via 

N-hydroxylation metabolic pathway in the liver and transported to the bladder (Swaminathan 

et al., 1996), which is reported to be the initial pathway to MOCA reacting with DNA to form 

MOCA-DNA adducts and consequently resulting in carcinogenicity (IARC, 2012). The two 

main hydroxylation metabolisms of MOCA in experimental animals include N-hydroxylation in 

guinea pigs and O-hydroxylation in dogs, while hydroxylation of MOCA in rats is a minor 

metabolic pathway (Chen et al., 1989). Morton et al., 1988 reported a higher rate of 

hydroxylation metabolic pathways in rat microsomal enzymes when compared with human 

microsomes. 

Under less acidic conditions the N-hydroxylation of MOCA is followed by conjugation with 

either acetate (King, 1974; Shinohara et al., 1986), sulphate (King, 1974) or glucuronate 

(Kadlubar et al., 1977). The glucuronate-MOCA conjugates are reported to be relatively stable 

and are eliminated in the urine of experimental animals (Kadlubar et al., 1977). 

Dermal 

Cocker et al. (1988) collected urine samples from occupational workers dermally exposed to 

MOCA, to identify potential MOCA metabolites. 10 of the 23 urine samples contained small 

amounts of N-acetyl MOCA. Ducos et al. (1985) also identified N-acetyl MOCA as a 

metabolite but present in less than 10% of sampled urine. Further evaluation of urine, 

identified MOCA glucuronide as another potential MOCA metabolite (Cocker et al., 1990). 

Dermally administered radiolabelled MOCA was reported to quickly metabolise in Beagle 

dogs (Manis et al., 1984) and rats (Groth et al., 1984) and only small amounts of 

unmetabolised MOCA were present in the urine samples. 1.3% of the dermal MOCA dose 

was present in the urine of the Beagle dogs 24 hours after administration. 0.005% of the 

detected radiolabelled MOCA dose was unmetabolised (Manis et al., 1984). 72 hours 

following dermal administration of radiolabelled MOCA to rats, Groth et al. 1984 reported that 

2.54% of the dermal application to rats was detected in urine and of that 0.008% was 

unmetabolised MOCA.  

Inhalation 

In an occupational worker exposed to molten MOCA in an accidental spill, 35% of the MOCA 

metabolites excreted in urine were conjugates (Osorio et al., 1990). No additional information 

on the specific conjugates was provided. 

No studies were located on the metabolism of MOCA in experimental animals via inhalation 

exposure. 
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4.1.4 Excretion 

Oral 

No additional studies were located on the excretion of MOCA in humans following oral 

exposure.  

48 hours following a single oral dose of 10 mg/kg of 14C-MOCA administered to female 

LAC:Porton rats, 60% of the radioactivity was excreted in faeces and the liver retained the 

most radioactivity at 2% (Farmer et al., 1981). Ducos and Gaudin (1983) reported a maximum 

excretion of MOCA 24 hours after male Sprague-Dawley rats were exposed to a single oral 

dose of 50 mg/kg/day. Biological half-lives of MOCA in rat liver and blood were 4.4 and 

16.7 days, respectively, after a single oral dose of 75 mg/kg of 14C-MOCA in rats (Cheever et 

al., 1988). 

An additional oral study in rats reported 64-87% removal of radiolabelled MOCA in urine or 

faeces, 48 hours after exposure. The study identifies that MOCA is rapidly metabolised and 

excreted within the first 24 hours of oral administration (Morton et al., 1988).  

Dermal 

Nine hours following an accidental spill, exposing an occupational worker to 11.34 l of molten 

MOCA, 1.7 mg/l of MOCA was detected in the urine. A biological half-life of MOCA was 

estimated at 23 hours, after evaluating urine samples of the worker two weeks following the 

incident (Osorio et al., 1990). From the evaluation of urine samples, 94% of the initial MOCA 

dose was calculated to be excreted within 4 days (Osorio et al., 1990). 

Hosein and Van Roosmalen (1978) reported an accidental spill of hot, liquid MOCA which 

sprayed on an occupational workerôs face and entered the workerôs mouth. 18 hours following 

the incident a maximum of 3.6 mg/l MOCA concentration was detected in the workerôs urine. 

Three weeks post-MOCA exposure, only a trace amount of MOCA was detected in urine. 

Groth et al. (1984) reported that 72 hours following a single dermal dose of 2.5 mg MOCA or 

14C-MOCA administered to male Sprague-Dawley rats, 2.54% of the initial MOCA dose was 

excreted as 14C. 

Inhalation 

Urine samples of 34 occupational workers exposed to MOCA in the air at approximately 

<3 ɛg/m3 were analysed. Concentrations of MOCA in workers involved in mixing had the 

highest level detected in urine. MOCA concentrations >5 ɛg/l were detected in all 10 mixers 

and half of the mixers had levels of MOCA >50 ɛg/l in their urine. Urine samples of moulders 

(intermediate MOCA exposure) reported concentrations of <5 to 50 ɛg/l of MOCA. No MOCA 

was detected in urine in the low exposure group, trimmers and supervisors (NIOSH, 1986). 

One study reported little difference between pre- and post-shift (48 hours after exposure) 
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urine concentrations in five male workers who were exposed to MOCA for between 3 and 27 

years (Ichikawa et al., 1990).  

A study over a period of 5 years was conducted involving 12 to 15 occupational workers in the 

manufacture of polyurethane elastomers, which uses MOCA in the process. During July to 

September 1978, the average level of MOCA in urine was 50 µmol/mol creatinine and by 

February 1980 the level had decreased to 5 nmol MOCA/mmol creatinine. The authors 

reported a reduction in MOCA exposure in workers due to an improvement in the ventilation 

system, the use of protective and dry cleaning of clothing and an improvement in hygiene in 

the factory (Thomas and Wilson, 1984).  

An occupational study of 122 workers in 19 different works (1 MOCA manufacturer and 18 

factory users) was conducted to identify the levels of MOCA in urine at the end of a shift. The 

highest levels were detected in urine of 12 workers who manufactured MOCA. The highest 

concentration reported was 600 ɛg/l (450 ɛg/g relative to creatinine), which decreased to an 

average of 62 ɛg/g of creatinine following modifications to the manufacturing process to 

reduce the workersô exposure to MOCA. The levels of MOCA in the urine samples varied 

between the remaining plants. Ducos and Gaudin (1983) concluded that the level of MOCA in 

urine depended on several factors, which included the frequency of MOCA use, the quantity 

of MOCA, the form of MOCA (i.e. granules, solid or solution), the methods of manufacturing 

and general work practices. The authors also reported that the predominant metabolite was 

N-acetyl MOCA at low concentration and in one worker, N,Nô-diacetyl MOCA was also 

identified (Ducos and Gaudin, 1983). 

No additional studies were located on the excretion of MOCA in experimental animals 

following inhalation exposure.  

4.1.5 Summary 

Data from occupational studies have identified that the most likely routes of exposure to 

MOCA are from contact with contaminated surfaces i.e. dermal, followed by inhalation and 

oral pathways. The results from studies suggest that MOCA is rapidly absorbed and excreted 

following acute dermal/inhalation exposure (48 hours) to low concentrations of MOCA. 

Studies have reported a slower excretion of higher concentrations of MOCA. No human 

absorption data were available following the oral exposure of MOCA. The liver was 

determined in experimental animals as the main target tissue following acute exposure. 

Radiolabelled MOCA in experimental animals also identified the kidneys, lungs, spleen, 

bladder, brain and lymphocytes as other potential sites of distribution. A similar distribution 

following oral and dermal exposure to MOCA was reported in rats and dogs, respectively. The 

metabolism of MOCA includes several different pathways including N-hydroxylation and 

N-oxidation to generate chemicals with the potential to form MOCA-DNA adducts. 
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4.1.6 Bioavailability 

Urine samples from workers following dermal and inhalation exposure suggest that MOCA is 

rapidly absorbed and excreted (ATSDR, 1994). 

4.2 Genotoxicity 

IARC (2010, 2012) reported strong evidence of the carcinogenicity of MOCA via a genotoxic 

mechanism of action. The data suggest that the genotoxic mechanism includes metabolic 

activation of MOCA to form adducts with DNA, resulting in the induction of mutagenic and 

clastogenic effects in humans.  

Table 4.1 and Table 4.2 summarise the available in vitro and in vivo genotoxic data for 

MOCA. The data suggest that MOCA is mutagenic in several strains of Salmonella 

typhimurium tested with metabolic activation in the Ames assay. The genotoxic assays 

conducted in several strains of Saccharomyces cerevisiae indicate that MOCA is not 

genotoxic in these test systems. MOCA induced chromosomal aberrations (including single 

DNA strand breaks) either with or without metabolic activation and unscheduled DNA 

synthesis without activation. The mouse lymphoma assay identified both positive and 

negative results with and without metabolic activation, respectively. The available in vivo data 

strongly suggest that MOCA is genotoxic in experimental animals following dermal, inhalation 

and oral exposure. MOCA induced DNA adduct formation in two species of rat following oral, 

dermal and intraperitoneal injection and mutations in the sex-linked recessive lethal assay 

conducted in Drosophila melanogaster. MOCA also induced micronuclei in B6C3F1 mice via 

intraperitoneal injection; however, it did not induce micronuclei via the same exposure route in 

CD-1 mice. 

The weight of evidence from the genotoxicity data, particularly the in vivo studies, 

indicates that it should be considered a genotoxic agent. 

Table 4.1 In Vitro Genotoxicity of MOCA 

Species 

(test system) 
End-point 

Results 

Reference 
With activation 

Without 

activation 

Prokaryotic organisms: 

Salmonella 

typhimurium TA98, 

TA100 and TA1538 

(histidine reversion) 

gene mutation positive negative 

Cocker et al., 1985; 

Dunkel et al., 1984; 

Brooks and Dean, 

1981; Simmon and 

Shepherd, 1981 

Salmonella 

typhimurium 

TA1535, TA1537 

gene mutation positive no data 

Cocker et al., 1985; 

Skopek et al., 1981; 

Trueman, 1981 
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Species 

(test system) 
End-point 

Results 

Reference 
With activation 

Without 

activation 

and TM677 

Salmonella 

typhimurium 

TA1535 and 

TA1537 

gene mutation negative negative 

Chemtura Belgium 

N.V., 2014; 

Limburge Urethane 

Casting N.V., 2010 

Salmonella 

typhimurium mix of 

TA7001-TA7006 

gene mutation positive no data 

Chemtura Belgium 

N.V., 2014; 

Limburge Urethane 

Casting N.V., 2010 

Escherichia coli 

WP2 uvrA, WP85 

(tryptophan 

reversion) 

gene mutation positive negative 

Gatehouse, 1981; 

Venitt and Crofton 

Sleigh, 1981 

Escherichia coli 

WP2 uvrA 
gene mutation negative negative 

Chemtura Belgium 

N.V., 2014; 

Limburge Urethane 

Casting N.V., 2010 

Escherichia coli 

58-161 envA 

(lambda lysogen) 

phage lambda 

induction (SOS 

induction) 

positive no data Thomson, 1981 

Escherichia coli 

P3478, W3110, 

WP67 and CM871 

differential killing negative positive 

Rosenkranz et al., 

1981; Tweats, 

1981;  

Escherichia coli 

JC2921, JC5519 
differential killing positive no data 

Ichinotsubo et al., 

1981 

Bacillus subtilis rec- differential killing positive positive Kada, 1981 

Eukaryotic organisms: 

Fungi: 

Saccharomyces 

cerevisiae 

XV185-14C 

(auxotroph 

reversion) 

gene mutation negative negative 
Mehta and Von 

Borstel, 1981 

Saccharomyces 

cerevisiae XII 

mitotic 

recombination 
negative negative 

Kassinova et al., 

1981 

Saccharomyces 

cerevisiae D4 

mitotic gene 

conversion 
negative negative 

Jagannath et al., 

1981 

Saccharomyces 

cerevisiae JD1 

mitotic gene 

conversion 
positive positive 

Sharp and Parry, 

1981 

Saccharomyces mitotic positive positive Parry and Sharp, 
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Species 

(test system) 
End-point 

Results 

Reference 
With activation 

Without 

activation 

cerevisiae D6 aneuploidy 1981 

Mammalian: 

Chinese hamster 

ovary cells 

chromosomal 

aberrations 
negative negative 

Galloway et al., 

1985 

Mammalian cultured 

lung-derived 

fibroblasts (species 

not reported) 

chromosomal 

aberrations 
positive no data 

Chemtura Belgium 

N.V., 2014; 

Limburge Urethane 

Casting N.V., 2010 

Chinese hamster 

ovary cells 

sister chromatid 

exchange 
inconclusive inconclusive 

Galloway et al., 

1985 

Chinese hamster 

ovary cells 

sister chromatid 

exchange 
negative negative 

Perry and 

Thomson, 1981 

HeLa cells 
unscheduled 

DNA synthesis 
positive negative 

Martin and 

McDermid, 1981 

Rat primary 

hepatocytes 

unscheduled 

DNA synthesis 
no data positive 

McQueen et al., 

1981 

Mouse primary 

hepatocytes 

unscheduled 

DNA synthesis 
no data positive 

McQueen et al., 

1981 

Hamster primary 

hepatocytes 

unscheduled 

DNA synthesis 
no data positive 

McQueen et al., 

1981 

Rabbit primary 

hepatocytes 

unscheduled 

DNA synthesis 
no data positive 

McQueen and 

Williams, 1987 

Primary hamster 

embryo cells 

single strand 

DNA breaks 
no data positive Casto, 1983 

Human male 

embryonic lung 

cells 

single strand 

DNA breaks 
no data positive Casto, 1983 

Mouse lymphoma 

cells (L5178Y 

TK +/-) 

forward gene 

mutation 
positive negative 

Caspary et al., 

1988; Myhr and 

Caspary, 1988 

RLV-infected rat 

embryo (2FR450) 

transformation 

(attachment 

independence) 

no data positive Traul et al., 1981 

Balb/3T3 mouse 

cells 

transformation 

(attachment 

independence) 

no data positive Dunkel et al., 1981 

Baby hamster 

kidney cells 

(BHK21 C13) 

transformation 

(attachment 

independence) 

positive positive 
Daniel and Dehnel, 

1981 
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Species 

(test system) 
End-point 

Results 

Reference 
With activation 

Without 

activation 

Baby hamster 

kidney cells 

(BHK21) 

transformation 

(attachment 

independence) 

positive no data Styles, 1981 

C3H2K cells/MLV 
viral integration 

enhancement 
no data negative 

Yoshikura and 

Matsushima, 1981 

Human bladder 

explant culture 

DNA adduct 

formation 
no data positive Stoner et al., 1988 

Dog bladder explant 

culture 

DNA adduct 

formation 
no data positive Stoner et al., 1988 
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Table 4.2 In Vivo Genotoxicity of MOCA 

Species 

(test system) 
End-point Results Reference 

Mouse CD1 

(intraperitoneal) 
micronucleus formation negative 

Tsuchimoto and Matter, 

1981 

Mouse B6C3F1 

(intraperitoneal) 
micronucleus formation positive Salamone et al., 1981 

Drosophila 

melanogaster (oral, 

dermal) 

wing spot test positive 
Kugler-Stegmeier et al., 

1989 

Drosophila 

melanogaster (oral, 

dermal) 

sex-linked recessive 

lethal mutation 
positive Vogel et al., 1981  

Drosophila 

melanogaster 

(inhalation, 

occupational) 

sex-linked recessive 

lethal mutation 
positive Dormer et al., 1983 

Rat (Sprague-Dawley; 

oral) 
DNA adduct formation positive 

Cheever et al., 1990; 

Kugler-Stegmeier et al., 

1989 

Rat (Sprague-Dawley; 

dermal) 
DNA adduct formation positive Cheever et al., 1990 

Rat (Wistar-derived 

strain; intraperitoneal) 
DNA adduct formation positive Silk et al., 1989 

 

4.3 Carcinogenicity 

Under Annex VI, part 3 of Regulation (EC) No 1272/2008 MOCA is classified as a carcinogen 

1B, H350 chemical, which suggests that MOCA ñmay cause cancerò (EC, 2011). 

4.3.1 Human Epidemiological Studies 

Information on individual studies is located in Appendix B1. Four epidemiological studies were 

located and these mainly concentrated on the possible increased incidence of bladder cancer 

(Ward et al., 1990; Chen et al., 2005; Mason et al., 1990; Dost et al., 2009). This was based 

on the known properties of other similar amine compounds such as benzidine and 

naphthylamine. There were US, Taiwan and UK studies following workers exposed to MOCA 

and monitoring urine samples. There were low levels of bladder cancers and abnormalities in 




































































































































































































































































































