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RECOMMENDATION FROM THE  

SCIENTIFIC COMMITTEE ON OCCUPATIONAL 
EXPOSURE LIMITS  

FOR TRIMETHYLAMINE 

 
 

8-hour TWA: 2 ppm (4.9 mg/m3) 

STEL: 

 

5 ppm (12.5 mg/m3) 

 

BLV: None 

 

Additional 
categorisation: 

 

None 

Notation: None 

 

The present Recommendation was accepted for public consultation. 

This evaluation is based on ACGIH 2004, AIHA 2005, BIBRA 1993, Henschler 1983, 
Greim 2004, JCIPC 2002 and the references cited in these reviews. Further, the data 
bases of Toxnet and MEDLINE were evaluated till August 2014. 
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RECOMMENDATION EXECUTIVE SUMMARY 

 
Trimethylamine (TMA) occurs naturally in humans. It is produced endogenously by the 

gut bacteria and may also be ingested with food, especially fish. The critical effects of 

inhalation exposure to TMA are odour annoyance and irritative effects.  

Incompletely reported data have indicated moderate upper respiratory irritation during 

occupational exposure to TMA at 20 ppm (49 mg/m³). No effects were observed in 

unspecified routine medical surveillance in workers exposed to 0.1–8 ppm, most of the 

measurements being below 5 ppm as 8-hour TWAs (AIHA 2005). Van Thriel et al. (2006) 

reported an odour lateralisation threshold of TMA of 612 ppm (median) but stated that 

this might be higher than those observed in longer occupational exposure situations, and 

concluded that the assessment of a recommended OEL based on chemosensory 

thresholds is problematical. They stated that trigeminal nerve-mediated symptoms might 

increase with prolonged exposures duration, but did not examine this.  

Animal data with repeated inhalation exposure over 2 weeks revealed a LOAEC of 

75 ppm based on slight respiratory irritation, hyperaemia, epithelial degeneration and 

squamous metaplasia of the respiratory epithelium in a rat study (Kinney et al 1990). 

After a recovery period of 2 weeks these effects had disappeared, but at 250 and 

750 ppm were irreversible.  

Pathological studies in rats after inhalation exposure by Rotenberg and Mashbits (1967) 

demonstrated bronchopneumonia and haemorrhage in the lung tissues, with destruction 

of the alveolar septa, signs of passive hyperaemia, and isolated haemorrhages in the 

liver, kidneys, and spleen in the 75-mg/m3 (31 ppm) group. Analogous changes, though 

less marked, were also observed in the animals of the 25-mg/m³ (10 ppm) group.  

Owing to insufficient description of the study its outcome can only be used as supportive 

evidence for a marginal effect level for systemic effects at 10 ppm after long-term 

exposure in rats. 

It is also taken into account that the odour threshold is below 1 ppm and TMA has a 

strong, unpleasant odour.  

Genotoxicity and carcinogenicity 

The genotoxicity of TMA was only studied in vitro. Tests in bacteria yielded generally 

negative results. However, chromosomal aberrations have been induced in hamster cells 

in vitro, most likely due to a shift in pH. Adequate in vivo tests for genotoxicity are not 

available. There are no adequate carcinogenicity studies, but the available data do not 

point to a genotoxic potential of TMA. There is concern about the formation of N-nitroso-

dimethylamines in the presence of dietary nitrites, but in view of the normally low nitrite 

concentration in the human stomach, the practical relevance of nitrosation is negligible, if 

occurring at all. However, it is not possible to evaluate the risk of N-nitrosamine 

formation at present. 

 

Reproductive toxicity 

There were no effects in an OECD-422 screening-test on fertility and developmental 

toxicity seen at the highest oral dose (200 mg/kg/day), though skeletal and visceral 

examinations of the offspring were missing (JCIPC 2002). However, a developmental 

study in mice showed no visceral and skeletal defects (Guest and Varma 1993), so both 

studies provide sufficient information on the reproductive toxicity of TMA. The NOAEL in 

the screening-test corresponds to an exposure of 199 ppm (490 mg/m³) TMA in humans, 

using correction for point of departure (7/5), an allometric scaling (UF) of 4 assuming a 

body weight of 70 kg and an inhalation volume of 10 m3 per day. 
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Overall assessment 

The study by Kinney et al. (1990) found a LOAEC in rats of 75 ppm for respiratory 

irritation. Systemic effects are expected to occur only at higher exposures. The limitation 

of this study is the duration of 2 weeks. Assumption of a factor of three for extrapolation 

from the LOAEC to the NOAEC and a factor of 6 for extrapolation from subacute to 

chronic exposure results in a derived value of 4 ppm. In humans a LOAEC of 20 ppm for 

eye, nose and throat irritation was reported, and below 5 ppm no toxic effects were seen 

(AHIA 2005). Furthermore, the sensory irritation (Alarie RD50) mouse bioassay predicted 

that sensory irritation in humans would be negligible at 2 ppm. All results taken together 

and using the preferred value approach, an OEL of 2 ppm (4.9 mg/m³) is recommended 

to avoid airway pathological effects and sensory irritation, which also prevents the 

systemic effects observed at higher concentrations in repeated dose studies in animals.  

To avoid strong odour annoyance and to take into account that the exposure-response 

relationship by sensory irritant is steep in general, a STEL of 5 ppm is recommended.  

Other assessments 

The dermal uptake of TMA is apparently low for the hydrochloride and no liquid spill can 

occur as the compound is a gas. A “skin” notation is therefore not necessary. There are 

no data concerning the sensitising properties of TMA. 

Biological monitoring 

As the critical effect of exposure to TMA is local irritation, biological monitoring would not 

provide any useful information related to toxicity. With respect to possible systemic 

effects, there are no appropriate data to derive a biological limit value. 

Sampling, measurement and analysis 

Analytical measurement systems exist to determine the recommended levels of TMA with 

an appropriate level of precision and accuracy.  
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RECOMMENDATION FROM THE  

SCIENTIFIC COMMITTEE ON OCCUPATIONAL 
EXPOSURE LIMITS  

FOR  
179 TRIMETHYLAMINE 

 

 

RECOMMENDATION REPORT 

 

1. CHEMICAL AGENT IDENTIFICATION AND PHYSICO-CHEMICAL PROPERTIES 

 

Trimethylamine (TMA) is a colourless gas with a pungent, fishy, ammoniacal odour. TMA 

is very soluble in water and the log POW is 0.245. The substance has a flash point 

of -65 °C and a density of 0.63 g/cm3 (ACGIH 2004). Tertiary amines introduce steric 

factors, which may hinder the ability of the amine group to donate its lone pair. Thus 

trimethylamine (pKa 9.8) is less basic than diethylamine (pKa 10.64) or methylamine  

(pKa 10.62) (Smith 2010). 

 

 

  

Name: Trimethylamine 

Synonyms: N,N-Dimethylmethanamine 

Molecular formula: C3H9N 

Structural formula: 

 

 

EC No.: 200-875-0 

CAS No.: 75-50-3 

Molecular weight: 59.110 g/mol 

Boiling point: 2.87 C 

Melting point:  -117 °C 

Vapour pressure:  

pKa: 

1610 mm Hg at 25 °C; 214 kPa 

9.8 

Log.Kow 

Density: 

Conversion factors: 

0.16 (based on QSAR) 

0.6709 

1 ppm = 2.42 mg/m3; 

(20 C, 101.3 kPa) 1 mg/L = 414 ppm;  

 

 



 SCOEL/REC/179 Trimethylamine 

 

 
 Page 11 of 30 

 

2. EU HARMONISED CLASSIFICATION AND LABELLING 

Information about the EU harmonised classification and labelling for trimethylamine is 
provided by ECHA (2016), as summarised in Table 1. 

Table 1: Classification according to Regulation (EC) No 1272/2008, Annex VI, Table 3.1 

"List of harmonised classification and labelling of hazardous substances" # 

# 
Explanations: H220 - Extremely flammable gas; H315 - Causes skin irritation; H318 - Causes serious eye 

damage; H332 - Harmful if inhaled; H335 - May cause respiratory irritation; 'Dgr' for 'Danger; Note 5 - The 

concentration limits for gaseous mixtures are expressed as volume per volume percentage; Note U - When put 

on the market gases have to be classified as 'Gases under pressure', in one of the groups compressed gas, 

liquefied gas, refrigerated liquefied gas or dissolved gas. The group depends on the physical state in which the 

gas is packaged and therefore has to be assigned case by case. 

 

3. CHEMICAL AGENT AND SCOPE OF LEGISLATION 

Trimethylamine (TMA) is a hazardous chemical agent in accordance with Article 2 (b) of 

Directive 98/24/EC and falls within the scope of this legislation.  

Trimethylamine (TMA) is not a carcinogen or mutagen for humans in accordance with 

Article 2(a) and (b) of Directive 2004/37/EC and does not fall within the scope of this 

legislation.  

  

Index no. CAS no. EC / List no. EC / List name IUPAC Name 

612-001-00-9 75-50-3 200-875-0 Trimethylamine N,N-dimethylmethanamine 

Classification Labelling 

Specific Concentration Limits, 

M-factors 

Notes 

 Hazard Class & 

Category Codes 

Hazard 

Statement 

Codes* 

Hazard 

Statement 

Codes* 

Pictogra

ms, 

Signal 

Word 

Codes 

Press. Gas   

GHS02 

GHS04 

GHS05 

GHS07 

Dgr** 

Skin Irrit. 2; H315: C ≥ 5% 

Eye Dam. 1; H318: C ≥ 5%  

Eye Irrit. 2; H319: 0,5% ≤ C < 5%  

STOT SE 3; H335: C ≥ 5% 

Note 5  

Note U 

Flam. Gas 1 
H220 H220 

Skin Irrit. 2 
H315 H315 

Eye Dam. 1 
H318 H318 

Acute Tox. 4  H332 
H332 

STOT SE 3 H335 
H335 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:353:0001:1355:en:PDF
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4. EXISTING OCCUPATIONAL EXPOSURE LIMITS  

At EU level, no OEL has been adopted yet for trimethylamine. However, OEL's do exist in 

various EU Member States as well as outside the EU. These OEL's are presented in 

Table 2 as examples and the list should not be considered as exhaustive. 

No BLV (Biological Limit Value) has been adopted yet for trimethylamine either in the EU 

or any EU Member State or in any other country outside the EU. 

 

Table 2: An overview of existing OELs for trimethylamine in EU MS's and elsewhere: 

EU TWA * 
(8 hrs) 

STEL # 
(15 min) 

References 

 ppm mg/m³ ppm mg/m³  

Belgium 5 12 15 37 BE KB  (2014) 

Denmark 5 12 10 24 DK BEK (2011) 

Germany 2 4.9 4  9.8  DE DFG (2012) 

Finland 5 12 15  37  FI MSAH (2012 

France   10 25 FR INRF (2012) 

Hungary   12.3   36.9 HU MHSFA (2000) 

Ireland 5    IE HSA (2011) 

Spain 5 12 15 37 ES INSHT (2011) 

United Kingdom& [10] [25] [15] [37] GB HSE (2002) 

Non-EU      

Australia 10 24 15 36 AU SWA (2011) 

Canada (Ontario) 5   15  CA OML (2013) 

Canada (Québec) 5 12 15 36 CA IRSST (2010) 

New Zealand 10 24 15 36 NZ HS (2013) 

Singapore 5 12 15 36 IFA (2015) 

South Korea 5 13.2 15 36 IFA (2015) 

Switzerland  2 4.9 4 9.8 CH SUVA (2016) 

USA (NIOSH) 10 24 15 36 US NIOSH (2016) 

USA (ACGIH)  5  15 USA ACGIH (2012) 

* Occupational Exposure Limit (e.g. MAK, TRK, TLV, PEL, REL) 

#  Short Term OEL (e.g. STEL) 

& The UK Advisory Committee on Toxic Substances has expressed concern that, for the OELs shown in 

parentheses, health may not be adequately protected because of doubts that the limit was soundly-

based. These OELs were included in the published UK 2002 list and its 2003 supplement, but are 

omitted from the published 2005 list.  

http://www.dguv.de/webcode/e786788
http://www.dguv.de/webcode/e786803
http://www.dguv.de/webcode/e786805
http://www.dguv.de/webcode/e786817
http://www.dguv.de/webcode/e786827
http://www.dguv.de/webcode/e786784
http://www.dguv.de/webcode/e786790
http://www.dguv.de/webcode/e786809
http://www.dguv.de/webcode/e786813
http://www.dguv.de/webcode/e786815
http://www.dguv.de/webcode/e786819
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5. OCCURRENCE, USE AND OCCUPATIONAL EXPOSURE 

5.1. Occurrence and use 

Trimethylamine occurs as a natural microbial degradation product of nitrogenous 

macromolecules such as choline and betaine in plant and animal tissues, and is formed 

by bacterial reduction of trimethylamine N-oxide, a common excretion product of aquatic 

organisms (Clayton et al. 1994; Graedel 1978; O'Neil 2006; ACGIH 2004). 

Release to the environment of this substance is likely to occur from its production, use as 

an intermediate, formulation in materials, in processing aids, and in the production of 

articles and for thermoplastics (ECHA Website, 2016).  

Trimethylamine is degraded atmospherically by reaction with photochemically-produced 

hydroxyl radicals. In soil, adsorption of trimethylamine is favoured over volatilization as, 

because of the high pKa, cationic trimethylamine is the predominant form over the 

neutral volatile form (TOXNET HSDB).  

Degradation products formed under aerobic conditions include dimethylamine, 

formaldehyde, formate, and carbon dioxide, while products formed under anaerobic 

conditions include dimethylamine, ammonium cation, and methane (TOXNET HSDB). 

 

5.2. Production and use 

Methylamines are produced by the exothermic reaction of methanol with ammonia over 

amorphous silica - alumina catalyst at 390 - 430 °C. All three possible methylamines are 

produced. The reaction proceeds to thermodynamic equilibrium, whose position is 

governed by the temperature and the nitrogen:carbon ratio. The crude reaction mixture 

consists essentially of excess ammonia, mono-, di-, and trimethylamines, reaction water 

and unconverted methanol. Purification is generally effected in a train of four to five 

distillation columns or through azeotropic or extractive distillation. Another method for 

the preparation of trimethylamine involves the use of paraformaldehyde and ammonium 

chloride by the reaction of formaldehyde and formic acid with ammonia (TOXNET HSDB). 

Trimethylamine is manufactured and/or imported in the European Economic Area in 10 - 

100 tonnes per year (ECHA Brief Profile) but this seems a gross underestimate when 

compared to historical data from US and the European Economic Area (EEA) unless there 

has been a dramatic shift in trade volume to non-EEA countries. Based on the production 

of vitamin B4 that starts from trimethylamine and which happens mostly in North 

America and Europa, in 2004, the total annual trade volume of trimethylamine in the EEA 

was estimated to be about 40000 tonnes (EC 2004). 

The production volumes in the US varied between 22500 - 45400 tonnes in 2002 

(TOXNET HSDB).  

Trimethylamine is a good nucleophile and a nitrogenous base (pKa 9.4) that can be 

readily protonated to give trimethylammonium cation, this reaction being the basis of 

most of its applications. 

It is used in organic synthesis, especially of choline salts (e.g. choline chloride: vitamin 

B4), as a warning agent for natural gas and photochemicals, in the manufacture of 

cationic starches, intense sweeteners and strongly basic anion exchange resins, in the 

production of disinfectants, flotation agents, insect attractants and in manufacturing 

quaternary ammonium compounds (i.e. tetramethylammonium hydroxide) and plastics 

(TOXNET HSDB, EC 2004). 

http://en.wikipedia.org/wiki/Ion_exchange_resin
http://en.wikipedia.org/wiki/Tetramethylammonium_hydroxide
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It is also used as an acid scavenger for nylon and benzyl ester production, as a corrosion 

inhibitor and as a synthetic (fish and seafood) flavour ingredient (TOXNET HSDB). 

Trimethylamine is also used in the synthesis of plant growth regulators and herbicides, 

dye levelling agents and a number of basic dyes (ACGIH 2004).  

5.3. Occupational Exposure 

According to an estimate by NIOSH and based on a statistical approach, in the US, 5261 

workers were potentially exposed to trimethylamine (TOXNET HSDB). 

The exposure of workers to trimethylamine was measured by a manufacturer and found 

at concentrations of 0.1 to 8 ppm (8-hour average value below 5 ppm). Routine medical 

examinations did not reveal any toxic effects. At concentrations in the air of above 20 

ppm, trimethylamine has irritative effects on mucous membranes and eyes. Even low 

concentrations are a nuisance because of their unpleasant fishy odour (DFG 1983). 

 Routes of exposure and uptake 5.4.

Following its boiling point and vapour pressure, occupational exposure to trimethylamine 

may occur through inhalation and via dermal contact (TOXNET HSDB). 

Monitoring data indicate that the general population may be exposed to trimethylamine 

via inhalation of tobacco smoke, and ingestion of trimethylamine-containing foods 

(TOXNET HSDB). 

  

http://en.wikipedia.org/wiki/Plant_growth_regulator
http://en.wikipedia.org/wiki/Dye
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6. MONITORING EXPOSURE 

 External exposure 6.1.

Trimethylamine can be monitored in the air of the workplace by applying the partially 

evaluated OSHA method PV2060 (OSHA 1993; NIOSH 2011): trimethylamine is sampled 

from workplace air by adsorption onto a solid sorbent, followed by solvent extraction, 

and separation/determination by GC-FID. Details of the method are shown in Table 3. 

Table 3: Sampling and analytical method for monitoring airborne trimethylamine. 

Method Sorbent  Desorption 
solution 

Analysis Desorption 
efficiency 
(%)  

LOD/LOQ Air 
volume/ 
sampling 
rate 

Ref. 

OSHA 
Method 
PV2060 

10% 
phosphoric acid 
coated XAD-7 
tube 

Methanol: 
deionized 
water (1:1) 

GC-FID 98.9 LOD=0.05 
mg/m3 
LOQ=0.2 
mg/m3 

10 L at 0.1 
L/min 
(Maximum 
20 L at a 0.2 
L/min)   

OSHA 
1993 

BGIA-
Method 

7853 

Activated 
carbontubes 

ORBO 77, 
sulfuric acid 

Deionized 
water 

Ion-
chromatography 

97.0 LOD=0.05 
mg/m3 

LOQ=0.2 
mg/m3 

40 L at 0.3 
L/min 

BGIA 
7853 

 

 Internal exposure/biomonitoring of exposure  6.2.

BLVs have not been developed or implemented yet, nor are biomonitoring methods 

available at present for trimethylamine. 

 

7. HEALTH EFFECTS 

 Toxicokinetics (absporption, distribution, metabolism, excretion) 7.1.

7.1.1. Human data 

TMA occurs naturally in human body fluids. It can be produced in the body during the 

metabolism of e.g. choline or L-carnitine by the gut flora and can also be ingested with 
food (especially by consumption of fish) (Bain et al. 2005, Greim 2004).  

After external exposure, the absorption of TMA by the oral route is almost complete, 
based on the amount of the compound excreted in the urine of volunteers (Al-Waiz et al. 
1987, Lundh et al. 1995). The major route of metabolism is N-oxidation to TMA oxide. At 
higher doses, low amounts of TMA may be demethylated to dimethylamine (DMA) (Greim 
2004). After single oral doses of up to 970 mg/kg bw of TMA hydrochloride (600 mg/kg 
bw of TMA) to humans, the compound was almost quantitatively excreted in the urine 
(Al-Waiz et al. 1987). TMA is readily absorbed from the gastrointestinal tract and 
excreted in urine within 24 hours (TMA 86%). The main metabolic pathway is N-
oxygenation by a flavin-containing mono-oxygenase and excretion as trimethylamine-N-
oxide (TMAO; Lundh et al., 1995). Moreover, some evidence suggests formation of 
endogenous TMA. 

Passage across human skin has been investigated employing excised skin circles in an in 
vitro diffusion cell apparatus (applied concentrations corresponding to 0.1, 1 and 10 mg 
per 0.32 cm2 free base, applied as the hydrochloride). The in vitro penetration rate of 
TMA in excised human skin was 0.98, 9.21 and 92.7 µg/cm2/hour, respectively. Within 
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24 hours, 5 % of all applied doses penetrated the skin. Small but detectable amounts of 
TMA oxide were formed during the percutaneous passage (Kenyon et al. 2004). 

7.1.2. Animal data  

The toxicokinetics of TMA in animals are similar to those in humans. The substance is 

efficiently absorbed after oral exposure and metabolised to TMA oxide and traces of DMA. 
TMA is cleared from the blood more rapidly than TMA oxide (Nnane and Damani 2001). 
After a single oral administration of TMA (15 mg/kg bw TMA hydrochloride) to various 
strains of rats, 80–86 % was excreted in urine and 4–6 % in faeces within 24 hours. The 
urine contained about 50 % unchanged compound, 45 % TMA oxide (N-oxidation) and 3 
% DMA. Faeces contained mostly unchanged TMA and only traces of TMA oxide (Al-Waiz 
and Mitchell 1991). 

The in vitro penetration rate of TMA in excised rat skin (applied concentrations 
corresponding to 0.1, 1 and 10 mg per 0.32 cm2 of free base, applied as the 
hydrochloride) was 3.4, 58.3 and 265.0 µg/cm2/hour, respectively. Within 24 hours, 21 
% of the applied dose penetrated the skin at all doses. Small amounts of TMA oxide were 
formed during the percutaneous passage (Kenyon et al. 2004). 

 

7.1.3. In vitro data 

 

7.1.4. Toxicokinetic modelling 

 

7.1.5. Biological monitoring  

Among the general population (n = 9–12), the mean TMA background concentrations in 
gastric juice, saliva, blood and urine have been found to be 118  µg/l, 183  µg/l, 745 µg/l 
and 715 µg/l, respectively (Zeisel et al. 1988). People with hyperthyroidism have 
restricted TMA oxidation capacity, so their TMA concentration in blood and urine is higher 
than in healthy subjects. Patients with uraemia have elevated TMA levels in blood (2–18 
mg/l) and in urine. Elevated urine levels (and excretion of TMA via respiration and sweat) 
have also been found in subjects with trimethylaminuria, a condition caused by reduced 
capacity for oxidation of TMA to TMA oxide due to an autosomal recessive defect in the 
flavin-containing monooxygenase form 3 (FMO3) or secondary mechanisms (Bain et al. 
2005, Cashman et al. 2003). No adequate data on correlations between external 
exposure and internal burden were available. 

 

 

 Acute toxicity 7.2.

7.2.1. Human data 

The majority of human data cited in summaries are older case reports which revealed no 
toxic effects following single or repeated oral doses of up to 2.3 g TMA hydrochloride (ca. 
20 mg/kg bw of TMA) administered to volunteers or patients. At higher doses, subjects 
complained of a fish-like odour of the breath, sweat and urine (ACGIH 2004, BIBRA 
1993). One study reported the occurrence of gastric pain, vomiting, diarrhoea and 
excitation after oral administration of 300–600 mg TMA (Lewin 1929), but this is in 
conflict with the results of other case studies. Another study documented the occurrence 
of nausea in a volunteer after ingestion of 15 mg/kg bw (NOAEL 2.5 mg/kg bw) (Calvert 
1973). 
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7.2.2. Animal data 

The 4-hour LC50 for rats was determined to be more than 5900 mg/m³ (>2400 ml/m³;) 
and 3500 ml/m3, respectively (Kinney et al.1990), and for mice 10 300 mg/m3 (4 187 
ppm) after 4 hour exposure (Koch et al, 1980). Oral LD50 values were in the range of 
397–820 mg/kg for rats (JCIPC 2002, ECHA Registration Dossier 2014). In mice, the oral 
LD50 was 1 039 mg/kg bw, given as 1 680 mg/kg bw TMA hydrochloride. The dermal 
LD50 in rats of a 45 % solution of TMA was > 5 000 mg/kg bw (AIHA 2005). Toxic 
symptoms at high concentrations were laboured breathing, inactivity, convulsions, 
irritation of mucous membranes, nasal and oral discharge, lack of auditory response and 
central nervous excitability (BIBRA 1993, Henschler 1983).  

Oral application of 1 000 mg/kg bw produced vomiting and diarrhoea in dogs. The same 
dose caused vomiting, paralysis and death in pigs. Loss of appetite, anorexia, salivation, 
hypothermia and accelerated heart rate were reported in dogs exposed to single oral 
doses of 100 or 200 mg/kg bw of TMA (BIBRA 1993). 

The effects of single and repeated exposures to TMA were investigated in rats (Kinney et 
al. 1990) (see also Section 7.3.2). In the acute exposure study, male Crl:CD(SD)BR-rats 
were exposed for single 4-hour periods to 2 000 or 3 500 ppm TMA. The rats were 
observed daily for 14 days, at which time the surviving rats were sacrificed (without 
pathologic examination). Three of six rats died following exposure to 3 500 ppm while no 
deaths occurred following exposure to 2 000 ppm. All groups exhibited red nasal 
discharge and irritation of the nasal cavity and turbinates. 

7.2.3. In vitro data 

 

 Specific Target Organ Toxicity/Repeated Exposure 7.3.

7.3.1. Human data 

Inhalation exposure of workers, usually exposed below 5 ppm (8-hour TWAs, range 0.1–
8 ppm; 0.25–19.7 mg/m3) produced no toxic effects observable by routine medical 
examinations (See also Section 7.4.1). No additional details were provided (AIHA 2005). 
High TMA concentrations of 940 ppm and more than 2 000 ppm (together with DMA) 
have been measured in former times during the unloading of fishing boats. The 
fishermen frequently complained about discomfort of the eyes, eczema and nervous 
disorders. Eye contact to liquid or gases from putrefying fish produced irritation, 
reddening and greyish corneal opacity. The occurrence of nervous disorders in this 
context is attributed not only to TMA but also to concurrent exposure to other toxic 
substances (Greim 2004). Nonetheless, cases of diseases, which result in elevated TMA 
levels in blood (uraemia, hyperthyroidism), are known to be associated with neurotoxic 
symptoms (Henschler 1983). 

The most sensitive endpoint associated with some structurally related tertiary ethyl 
amines is visual disturbance, including blurred vision after exposures to TEA and N,N-
dimethylethylamine, but this has not been looked for in the studies of TMA exposure 
(Greim 2004). This effect has not been reported for TMA.  
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7.3.2. Animal data 

7.3.2.1. Inhalation 

Groups of Sprague-Dawley rats (10/sex) exposed whole-body for 4 hours to 2 440 ppm 

TMA (2 570 ppm nominal) had irregular respiration and nasal discharge during and one 

day after treatment (BASF AG 1979). None died during the 14-day study. No effects were 

seen on animal body weight, measured on study days 0, 7 and 14, and necropsy of all 

animals revealed no toxic effects. Further study details were not available. These study 

results were inconsistent with the body of the TMA data, i.e. much lower toxicity was 

seen at the given test concentration than in other studies. 

Rotenberg and Mashbits (1967) studied TMA inhalation exposure in a 7-month chronic 

experiment. Two groups of animals (12 male white rats/group) were exposed 

5 hours/day to TMA at 10.4 ppm (25.0 mg/m3) or 31.0 ppm (75.0 mg/m3). Male rats 

from a third group were used as control. During exposure, air samples were taken 3–4 

times a day and TMA levels determined. Excitation and aggressiveness were manifested 

for 3–4 weeks after the beginning of the experiment. During the first exposure month, 

diarrhoea was observed the first 2–3 hours of each exposure. Lymphocyte counts 

decreased and the number of neutrophils increased in rats from the 31-ppm group 

beginning from the 4th exposure month onwards. No statistically significant differences 

between experimental and control groups were revealed when the following data were 

analysed: body weight, oxygen consumption, emission of carbon dioxide, protein 

fractions in the blood, antitoxic function of the liver (Quick’s – Pytel’s Test), and the 

threshold for nervous and muscular excitability. Patho-morphological studies showed that 

animals from the 31-ppm group exhibited bronchopneumonia and haemorrhage in the 

pulmonary tissue with destruction of interalveolar septa, and isolated haemorrhage in the 

liver, kidneys and spleen. Analogous, though less marked, changes were also observed in 

the animals of the 25-mg/m³ (10 ppm) group. Further details of the study are not 

available. 

The effects of single (Section 7.2.2) and repeated exposures to TMA were investigated in 

rats (Kinney et al. 1990). In the repeated exposure studies, male Crl:CD(SD)BR rats 

were exposed to 75, 250 or 750 ppm TMA for 6 hours per day, 5 days per week for 2 

weeks and were sacrificed after exposure or after a 14-day recovery period. 

Determinations were made regarding body weight, clinical pathology (urine and blood 

samples), and histopathology. Rats exposed to 750 ppm exhibited significantly reduced 

body weights; significantly increased blood erythrocytes and neutrophils; significantly 

reduced lymphocyte, leukocyte, and platelet numbers; significantly increased serum urea 

nitrogen, protein and creatinine; distended alveoli; inflamed or necrotic tracheae; and 

reduced auditory response. The nasal irritation was characterised by oedema, and focal 

degeneration/regeneration in the olfactory and respiratory epithelium was related to 

exposure concentration; this was not reversible within the 14-day recovery period 

allowed. Irritation was also found in other sections of the respiratory tract of rats 

exposed to 750 ppm since the trachea was inflamed and necrotic, and mild 

emphysematous changes were noted in the lung immediately after ten exposures. These 

findings in the trachea and the lungs were not seen after 14 days of recovery with no 

additional exposures. At 250 ppm, erythrocyte counts were significantly increased, 

returning to normal in the recovery period. The other haematological and serum 

parameters were similar to those in the control group. The irritancy at 75 and 250 ppm 

was less marked and was restricted to the nasal mucosa. Degenerative changes in the 

nasal olfactory and respiratory mucosa were reversible at 75 ppm by the end of the 2-

week recovery period, but not at 250 or 750 ppm. A no-observed-effect level for TMA 

under these test conditions was not determined, although the nasal effects seen at 

75 ppm were minimal and not seen after a recovery period of 14 days with no additional 

exposures.  

A limited reported study (Trubko and Tepliakova 1981, cited in ACGIH 2004, Henschler 

1983) found effects after inhalation exposure of rats to 10 or 31 ppm TMA (25 or 

75 mg/m3, 5 hours/day, 7 months). During the first months of exposure, the animals 
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were aggressive and had diarrhoea.   At the end of the study, they showed damage to 

lungs, liver, kidneys and spleens. (ACGIH 2004, Henschler 1983). 

7.3.2.2. Oral exposure 

In a brief summary (details not provided) (JCIPC 2002), an unpublished rat screening 

test on reproductive/developmental toxicity (according to OECD guideline 422) is 
described. Rats (13 of each sex) were orally exposed to 8, 40 or 200 mg/kg bw/day for 
42 days (males) or from 14 days before mating to day 4 of lactation (females). There 
were no effects in the F0 generation after oral exposure to doses up to 40 mg/kg bw/day 
for 42 days. Doses of 200 mg/kg bw/day caused clinical signs of toxicity (stridor, 
temporary salivation), increased mortality (two males and one female died in the 200-
mg/kg bw group), decreased body weights and decreased food consumption. Pathological 
examination, reported with no further details described, revealed inflammation, 
ulceration and hyperplasia of the gastrointestinal tract. No other organs were affected. 
The no observed adverse effect level (NOAEL) for systemic toxicity of TMA was 
considered to be 40 mg/kg bw/day in males and females.  

Amoore et al. (1978) exposed rats to TMA in the diet at doses of about 250, 480 and 
1000 mg/kg bw/day for up to 84 days. After 84 days of exposure to 1000 mg/kg bw/day, 
there were gross and microscopic changes in seminal vesicles and prostate. Fourteen 
days of exposure to 480 mg/kg bw/day caused reduced growth. No effects on 
haematology, urinalysis and no histological alterations were found in rats given about 
250 mg/kg bw/ day TMA by feed for up to 84 days. Incomplete data reporting makes this 
study unsuitable for risk assessment (Greim 2004). 

7.3.2.3. Dermal exposure 

No studies of repeated dermal exposure were available. 

7.3.3. In vitro data 

 

 Irritancy and corrosivity 7.4.

 

7.4.1. Human data 

Reported odour thresholds of TMA are in a broad range of 0.00011–0.87 ppm (0.00026–
2.1 mg/m3). Amoore and Hautala (1983) reported a geometric mean of existing odour 
thresholds (omitting extreme values) of 0.00044 ppm (0.0011 mg/m3) with a wide 
standard deviation. None of the values was considered acceptable by AIHA (2005) due to 
unclear experimental protocols.  

Odour and nasal lateralisation thresholds of several substances including TMA were 
determined by van Thriel et al. (2006) using single sniff exposures of varying 
concentrations. Series of twenty 280 ml glass bottles were filled with the chemicals by 
different, ascending dilution steps. By sniffing the headspaces from two bottles 
simultaneously, subjects were confronted with different concentrations of the respective 
chemicals. The sequence of the presentation of the substances was randomised across 
the subjects and the odour threshold was always measured before the lateralisation 
threshold in a separate run. Data were derived from 144 non-smoking subjects (male 
and female). The experiment demonstrated a median odour threshold of 0.26 ppm 
(0.16 ppm for males, 0.36 ppm, for females, p = 0.03), with a 25th percentile of 
0.04 ppm. The median lateralisation threshold was 612 ppm and the 25th percentile 
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284 ppm. All sniffing bottle concentrations were verified by different analytical 
techniques.  

TMA is irritating to the human respiratory tract, skin and eyes. AIHA (2005) reported that 
TMA concentrations in the range 0.1–8 ppm were measured in industrial rooms during 8-
hour workdays, with most 8-hour TWAs < 5 ppm. “Routine medical and biological 
monitoring” (not described) revealed no toxic effects in these workers. In this limited 
report, it was not stated whether any irritation occurred at 0.1–8 ppm, but “moderate” 
upper respiratory irritation occurred at ≥ 20 ppm (exposure time not specified). No 
additional details were provided.  

A concentrated solution produced severe burning and reddening of the human skin. 
Petechial haemorrhages under the skin developed even when this solution was washed 
off within minutes after application. The exposed area remained tender for 1–2 hours, 
and slight desquamation occurred (ACGIH 2004, BIBRA 1993). 

Two daily occlusive exposures (30 min each) on 4 consecutive days to 1.5 % TMA did not 
irritate the skin of 20 volunteers (Fluhr et al. 2005). 

A probably minimal exposure of the human eye to TMA during an accident caused corneal 
epithelial sloughing. Healing followed within 4–5 days (ACGIH 2001, BIBRA 1993). 

 

7.4.2. Animal data 

7.4.2.1. Skin 

TMA as a 45 % solution caused severe burns to rabbit skin (BASF 1979). 

 

7.4.2.2. Eyes 

The application of 1 % TMA (one drop every 2 hours, 4 times) to the rabbit eye produced 

severe conjunctivitis, keratitis and corneal opacity. One drop of 5 % TMA caused 
haemorrhagic conjunctivitis and oedema of the cornea with opacity of the parenchyma 
(Friemann et al. 1959). 

 

7.4.2.3 Respiratory tract 

The RD50 (concentration that reduce the respiratory rate by 50 %) values derived from 

animal bioassays may be used for scaling the irritating properties of airborne chemicals 

with sensory irritation as the critical effect. The bioassay is termed the Alarie test. Shaper 

et al. (1993) found a strong correlation (R² = 0.78) between the TLV and RD50 for 89 

chemicals and the relationship writes: TLV~0.03 x RD50. Gagnaire et al. (1989) exposed 

male Swiss-OF1 mice to a series of aliphatic amines and reported similar RD50 values for 

TMA and DMA (61 and 70 ppm, respectively), whereas the RD50 of triethylamine (TEA), 

DEA, methylamine and ethylamine were higher (156, 202, 141 and 151 ppm, 

respectively). It also has to be taken into account that sensory irritation, in general, has 

a steep concentration-response relationship (Nielsen et al. 2007). 

Kinney et al. (1990) reported irritation of the respiratory tract of rats (hyperaemia, 

epithelial degeneration and squamous metaplasia), following repeated exposure by 

inhalation to concentrations of 75 ppm (185 mg/m3) (see also Section 7.3.2). 
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7.4.3. In vitro data 

There are no in vitro data on irritancy and corrosivity. 

 Sensitisation 7.5.

7.5.1. Human data 

There are no data on sensitisation in humans. 

7.5.2. Animal data 

Sensitisation tests in animals are not available. 

7.5.3. In vitro data 

There are no in vitro data on sensitisation. 

 

 Genotoxicity 7.6.

7.6.1. Human data  

Human data on genotoxic effects are not available. 

7.6.2. Animal data 

Animal data on genotoxic effects are lacking. 

7.6.3. In vitro 

TMA was not mutagenic when tested in Salmonella typhimurium (TA97, TA98, TA100, 

TA1535 and TA1537) with or without metabolic activation (AIHA 2005). Another study 

confirmed these negative results in various strains of Salmonella and also in Escherichia 

coli WP2 (JCIPC 2002). However, chromosomal aberrations were induced in Chinese 

hamster lung cells in vitro with or without metabolic activation (JCIPC 2002). The 

effective concentrations ( 296 µg/ml without and  473 µg/ml with metabolic activation) 

caused a shift of the pH of the culture medium to values > 8, so that the increase in 

chromosomal aberrations might have been evoked by this change in pH (Greim 2004).  

 

 Carcinogenicity 7.7.

7.7.1. Human data 

Human data on the carcinogenic effects of TMA are not available, although there is some 

concern about the formation of carcinogenic nitrosamines resulting from a reaction of 

TMA, TMA oxide or DMA with nitrite (Bain et al. 2005, Greim 2004). In vitro and in vivo 

studies showed the conversion of DMA to N-nitrosodimethylamine in gastric juice in the 

presence of nitrite (Choi et al. 2002, Zeisel et al. 1988). However, the endogenous 

demethylation of TMA to DMA, which is the relevant substance for the formation of 

nitrosoamines is quite small. Nevertheless, owing to the influence of varying exposures 

to nitrite and other factors in food (e.g. vegetables, fruits or green tea) (Choi et al. 

2002), a possible risk of this effect cannot be evaluated at present.  
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7.7.2. Animal data 

No data on carcinogenic effects in animals are available. 

 

7.8. Reproductive toxicity 

7.8.1. Human data 

No human data on reproductive or developmental effects are available. 

7.8.2. Animal data 

7.7.2.1. Fertility 

No effects on reproduction in rats were found after oral exposure to doses up to 

200 mg/kg bw/day in an unpublished screening test on reproductive/developmental 

toxicity (according to OECD guideline 422) (JCIPC 2002) (see Section 7.3.2).  

After oral exposure of rats to about 1 000 mg/kg bw/day of TMA by feed for 84 days, 

gross and microscopic changes in seminal vesicles and prostate were evident, but not at 

lower doses of 480 mg/kg bw/day for 14 days or 250 mg/kg bw/day for 84 days (Amoore 

et al. 1978).  

 

7.7.2.2. Developmental toxicity 

No developmental effects were found in the offspring of rats exposed orally to doses up 

to 200 mg/kg bw/day in an unpublished screening test on reproductive/developmental 

toxicity (according to OECD guideline 422) (JCIPC 2002) (see Section 7.3.2).  

TMA was administered intraperitoneally at doses of 0, 60, 150, 300 and 450 mg/kg 

bw/day to mice on days 6–15 of gestation. No signs of toxicity were seen in the mice 

given TMA at doses up to 150 mg/kg bw/day. At 300 mg/kg bw/day, there was a 

decrease in foetal body weight and postnatal body weight gain was reduced. At 

450 mg/kg bw/day, the body weight of dams and the litter size were reduced. Postnatal 

reductions of brain DNA and protein content as well as decreased serum testosterone 

levels were evident in the offspring of the high dose group (Guest and Varma 1993). 

In another mouse study by the same authors (Guest and Varma 1993), TMA was 

administered intraperitoneally at 0, 15, 60, 150 and 300 mg/kg b.w./day to pregnant 

animals on days 1-17 of gestation; the group sizes comprised 4-11 dams. The dams and 

foetuses were examined on day 18 of gestation. There was no decrease in body weight of 

the dams at 300 mg/kg b.w./day, but 5 dams died. The foetal body weight decreased at 

≥150 mg/kg b.w./day and a decrease in foetal survival was observed at 300 mg/kg 

b.w./day. However, no visceral or skeletal anomalies were observed.  

 

7.7.2.3. Inhalation 

No data on reproductive toxicity by inhalation studies are available. 

7.7.2.4. Oral 

See 7.7.2.1 and 7.7.2.2 

7.7.2.5. Dermal 
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7.7.2.6. Other routes 

 

7.8.3. In vitro data 

There are no further in vitro data available. 

7.9. Mode of action and adverse outcome pathway considerations 

Trimethylamine stimulates the sensory trigeminal nerve endings, causing facial and eye 

irritation, and also causes respiratory tract epithelial damage from a direct toxic effect. 

 

7.10. Lack of specific scientific information 

 

8. GROUPS AT EXTRA RISK 

 

No group at extra risk has been identified. 
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