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This document describes the derivation of a probit function for application in a 
quantitative risk analysis (QRA). The probit function has been derived according to 
the methodology described in RIVM report 2015-0102.  
 
This document has been checked for completeness by the Netherlands’ National 
Institute of Public Health and the Environment (RIVM). The contents of this 
document, including the probit function, has been approved by the Dutch Expert 
Panel on Probit Functions on scientific grounds. External parties have had the 
opportunity to comment on the derivation of the proposed probit function. The 
status of this document has now been raised to “interim”, pending a decision on its 
formal implementation.  
 
The decision on actual implementation depends on the results of a further 
consequence analysis.  
 
Detailed information on the procedures for the derivation, evaluation and 
formalization of probit functions is available at 
http://www.rivm.nl/en/Topics/P/Probit_functions 
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Technical support document methyl mercaptan 1 
 2 
1.  Substance identification 3 
CAS-number:   74-93-1 4 
IUPAC name:   methanethiol 5 
Synonyms:   methyl mercaptan, mercaptomethane, thiomethanol 6 
Molecular formula:   CH3-SH 7 
Molecular weight:   48.1 g/mol 8 
Physical state:   gas (at 20°C and 101.3 kPa) 9 
Boiling point:   6°C (at 101.3 kPa) 10 
Vapour pressure:  170 kPa (at 20°C) 11 
Saturated vapor conc: N/A (gas at 20°C) 12 
Conversion factor: 1 mg/m3 = 2.00 ppm (at 20°C and 101.3 kPa) 13 
 1 ppm = 0.50 mg/m3 (at 20°C and 101.3 kPa) 14 
Labelling: H331 15 
 16 
 17 
2.  Mechanism of action and toxicological effects following 18 
acute exposure 19 
Acute effects:  Methyl mercaptan depresses the central nervous system and affects 20 
the respiratory center, similar to hydrogen sulfide, producing death by respiratory 21 
paralysis. Its primary mechanism of action appears to be interference with 22 
cytochrome oxidase. Clinical signs of exposure are eye and mucous membrane 23 
irritation, headache, dizziness, staggering gait, nausea, and vomiting. Paralysis of the 24 
locomotor muscles and pulmonary edema have also been observed.  25 
Long-term effects:  Besides its action as described under acute exposure, 26 
occupational exposure to methyl mercaptan has been shown to interfere with 27 
hematopoiesis, and produces neurological, hepatic and renal damage.  28 
 29 
 30 
3.  Human toxicity data  31 
No informative reports on human toxicity following acute inhalation exposure were 32 
identified in which details about both health effects and the exposure have been 33 
documented in sufficient detail.  34 
 35 
 36 
4.  Animal acute toxicity data 37 
During the literature search the following technical support documents and databases 38 
were consulted: 39 
1. AEGL final TSD (vol 15), ERPG document and reference database for methyl 40 

mercaptan, covering references before and including 1995. 41 
2. An additional search covering publications from 1980 onwards was performed in 42 

HSDB, MEDline/PubMed, Toxcenter, IUCLID, ECHA, RTECS, IRIS and ToxNet with 43 
the following search terms:  44 
• Substance name and synonyms 45 
• CAS number 46 
• lethal* 47 
• mortal* 48 
• fatal* 49 
• LC50, LC 50 
• probit 51 

3. Unpublished data were sought through networks of toxicological scientists. 52 
 53 
Animal lethal toxicity data focused on acute exposure are described in Appendix 1. A 54 
total of 6 studies were identified -with 6 datasets for 2 species- with data on lethality 55 
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following acute inhalation exposure. No datasets were assigned status A for deriving 1 
the human probit function, one dataset was assigned status B and 5 were assessed to 2 
be unfit (status C) for human probit function derivation.  3 
 4 
Sensory irritation 5 
No studies were identified reporting on the sensory irritation of methyl mercaptan.  6 
 7 
 8 
5.  Probit functions from individual studies 9 
All available acute lethality data on methyl mercaptan are displayed in Figure 1.  10 
 11 

Figure 1 All available acute lethality data for methyl mercaptan. 12 
 13 
The data that were selected for initial analysis of the animal probit function are 14 
presented in Table 1 and figure 1. 15 
The single B1 study was selected to derive the animal probit function for methyl 16 
mercaptan. This study did not enable to produce a concentration-time-lethality 17 
relationship for the tested animal species (rat).  18 
 19 
A probit function has been calculated and reported in Appendix 1 for the reported 20 
study. The results of the calculations are presented in Table 1.  21 
 22 
Table 1 Data selected for initial analysis of the animal probit function of methyl 23 

mercaptan. 24 

Study 
ID 

Species Probit (C in mg/m3, t in min) LC50 at tested 
exposure duration 
(mg/m3) 95% C.I.  

LC50, 30 minutes 
(mg/m3) 95% C.I. 

n-value  
95% C.I. 

B1.1 Rat 240-min LC50 1312 3711 N/A 
 25 



20180504 methyl mercaptan-INTERIM 

 Page 4 of 10 
 

The data of the single study B1.1 with rats are presented graphically below. 1 
 2 

Figure 2 Data selected for the initial analysis for the derivation of the animal probit 3 
function of methyl mercaptan. 4 

 5 
Based on the limited availability of data the data from the only available study B1.1 6 
were selected for the final dataset for the derivation of the animal probit function. The 7 
data that were selected for final analysis of the animal probit function are presented 8 
in Table 2 and Figure 3. 9 
 10 
The final data eligible for calculating the animal probit function contains one dataset 11 
from one study and includes data from one animal species. 12 
 13 
Table 2 Data selected for the derivation of the animal probit function of methyl 14 

mercaptan. 15 

Study 
ID 

Species Probit (C in mg/m3, t in min) LC50 at tested 
exposure duration 
(mg/m3) 95% C.I.  

LC50, 30 minutes 
(mg/m3) 95% C.I. 
(underline italic 
for scaled values)  

n-value  
95% C.I. 

B1.1 Rat 240-min LC50 1312 3711 N/A 
 16 
 17 
The data of the selected dataset are presented graphically below. 18 
 19 
 20 
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Figure 3 Final data selected for derivation of the animal probit function of methyl 1 
mercaptan (identical to figure 2). 2 

 3 
 4 
6.  Derivation of the human probit function 5 
To derive the human probit function the results from study B1.1 have been used to 6 
derive a point of departure as outlined above. These were the only data available for 7 
the purpose. 8 
 9 
Since no substance-specific value of n could be derived from the data, the default 10 
n-value of 2 was used.  11 
 12 
The probit function was based on the only available 240-minute LC50 value of 13 
1312 mg/m3.  14 
 15 
The Point of Departure for the human probit function is a 240-minute rat LC50 value of 16 
1312 mg/m3 and the default n-value of 2.  17 
 18 
The human equivalent LC50 was calculated by applying the following assessment 19 
factors: 20 
 21 
  22 
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Table 3 Rationale for the applied assessment factors. 1 

Assessment factor for: Factor Rationale 

Animal to human 
extrapolation: 

3 No reason to deviate from the default value. 

Nominal concentration 1 Nominal concentrations for a gas; appears to 
be metered accurately. 

Adequacy of 
database: 

2 Only 1 B-study available with missing 
information about the study conduct and 1 
exposure duration. Uncertain extrapolation 
necessary from a 240-minute time point.  

 2 
The estimated human equivalent 240-minute LC50 value is 1312 / 6 = 219 mg/m3.  3 
 4 
No reliable experimentally determined n-value was available, so the default n-value of 5 
2.0 was used. Assuming a regression coefficient (b×n) of 2 for the slope of the curve, 6 
the b-value can be calculated as 2 / n =  1.0.  7 
 8 
The human probit function is then calculated on the human equivalent 240 min LC50 9 
using the above parameters to solve the following equation to obtain the a-value (the 10 
intercept):     5 = a + 1 × ln (2192× 240) resulting in the a-value of -11.256. 11 
 12 

Pr =  -11.3 + 1 × ln (C 2 × t) with C in mg/m3 and t in min. 13 
 14 
The derived human probit function has a scientifically weak basis. The probit function 15 
is based on 1 study in the rat with B quality, with 80 animals and an exposure 16 
duration of 240 minutes and responses ranging from 0%-100%.  17 
 18 
The calculated human 60 min LC0.1 (Pr = 1.91) calculated with this probit equation is 19 
95 mg/m3 and the calculated human 60 min LC1 (Pr = 2.67) is 139 mg/m3.  20 
 21 
Table 4 LC-values calculated with the derived probit function compared with 22 

existing acute inhalation exposure guidelines. 23 

Estimated level 30 min (mg/m3) 60 min (mg/m3) 

0.1% lethality, this probit 135 95 

1% lethality, this probit 197 139 

AEGL-31  (23013, final) 172 136 

ERPG-38  (1999)  200 

LBW  (2015) 170 140 
 24 
Compared with equivalent (inter)national guideline levels as presented in the table 25 
above, the lethal levels derived with this probit function are similar. Other guideline 26 
values were based on the same study, sometimes citing one or more of the C-studies 27 
as supporting evidence. 28 
 29 

30 

                                           
1 AEGL and ERPG values were converted from ppm to mg/m3 with the conversion factor calculated in section 1. Therefore, the AEGL 
and ERPG values in mg/m3 can deviate slightly from those reported in the AEGL and ERPG TSDs. 
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Appendix 1 Animal experimental research 1 
 2 
Study ID:  B1.1  3 
 4 
Author, year:  Tansy 1981 5 
Substance:   Methyl mercaptan 6 
Species, strain, sex:   male and female Sprague-Dawley rats 7 
Number/sex/conc. group: 5 / sex / concentration 8 
Age and weight:  adult animals, 90-100 grams on day of receipt 9 
Observation period:  14 days 10 
 11 
Evaluation of study quality 12 
Criteria Comment 
Study carried out according to GLP GLP did not exist at the time.  
Study carried out according to OECD 
403 guideline(s) 

OECD guideline 403 did not exist at the 
time.  

Stability of test compound in test 
atmosphere 

Not explicitly described, but -based on 
the chemical’s physical-chemical 
properties- probably stable. 

Use of VEHICLE (other than air) Air. 
Whole body / nose-only (incl. 
head/nose-only) exposure 

Whole body. 

Type of restrainer Whole body exposure with 10 animals / 
conc. in the exposure chamber 

Pressure distribution Slightly negative, not further specified 
Homogeneity of test atmosphere in 
breathing zone of animals 

Methyl mercaptan gas was fed into the 
inlet air stream through a 2-stage 
corrosion-resistant regulator which was 
maintained at 15 psi delivery pressure 
to the metering flow meter, mixed with 
the main stream of air and drawn 
through the exposure chamber. 

Number of air changes per hour No details about the air flow rate into 
the exposure chamber (75ℓ). 

Equilibration time (t95) No information on t95 nor information 
to calculate a t95.  

Start of exposure relative to 
equilibration 

Judging from the design of the 
inhalation chamber: prior to initiation of 
the exposure, but probably also during 
the decrease of concentration back to 
zero. 

Actual concentration measurement  Not specified. Metered by mixing a flow 
of methyl mercaptan and air. 

Particle size distribution measurement 
in breathing zone of the animals in case 
of aerosol exposure 

Not applicable. 

  
Assessment of Reliability B1 

Only 1 exposure duration, probably 
nominal concentrations, details about 
conduct of the study missing. 

 13 
All fatalities occurred within 24 hours after exposure. All results were presented as 14 
combined mortality in both sexes; no sex-specific mortality was reported.  15 
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Results 1 
 2 
Species Concentration (mg/m3) Exposure 

duration (min) 
Lethality 

 Metered Adjusted  Exposed Fatal 
Rat 0  240 10 0 
 800  240 10 0 
 1200  240 10 2 
 1300  240 10 5 
 1360  240 10 4 
 1380  240 10 4 
 1400  240 20 20 
 1600  240 10 10 
 3 
Probit function 4 
The probit function and associated LC-values have been calculated using the 5 
DoseResp program (Wil ten Berge, 2016) as 6 
Pr = a + b×lnC  7 
with C for concentration in mg/m3.  8 
 9 
Probit function Species a b n-value 

Sexes combined Rat -7.72 11.4 N/A 
 10 
No sex-specific mortality was reported. 11 
 12 
Duration 
(min.) 

LC50 (mg/m3) 95%-C.I.  
Combined sexes 

240 1312  (78.3 - 1428) 
 13 
No C × t probit function could be calculated from these data alone. 14 
 15 
 16 

17 
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Study ID:  C studies 1 
 2 
Groups of six male WBS/W rats were exposed to nominal concentrations of 2000, 3 
2800, 4000, or 5600 mg/m3 methyl mercaptan for up to 1 hour and observed for up 4 
to 7 days (Latven, 1977). Two rats were placed in each of a series of 20-liter 5 
exposure chambers. A small volume of air was withdrawn from each chamber and 6 
replaced with the required volume of a concentrated gas mixture. Exposure appears 7 
to be in a static environment. A 1-hr LC50 value of 3360 mg/m3 (95% c.i. 2856 - 3960 8 
mg/m3) was calculated.  9 
 10 
Ljunggren and Nordberg (1943) exposed 1 female rat to each of the analytically 11 
determined concentrations of 1000, 1400, 3000 and 20000 mg/m3 for 30 minutes in a 12 
static environment and observed the animals for 24 hours before necropsy. The rat 13 
exposed to 20,000 mg/m3 died after 14 minutes exposure; all other animals survived 14 
until terminal sacrifice. 15 
 16 
A DuPont (1992) study reports exposure of 2 rats / concentration (nominal) between 17 
500 and 4000 mg/m3. All animals survived a 4-hour exposure to 500 or 1000 mg/m3. 18 
Exposure to 1500 and 2000 mg/m3 for 3-3.5 hours and to 4000 mg/m3 for 20 19 
minutes killed both rats.  20 
 21 
Horiguchi (1960) exposed 5-10 mice 4 hours to probably nominal concentrations of 22 
methyl mercaptan between 2400 and 4400 mg/m3 and observed the animals for 24 23 
hours. The animals were placed in the chamber before initiation of the exposure. For 24 
concentrations with partial lethality, animals died up to the moment of sacrifice. 25 
Therefore, this study does not allow to calculate a reliable LC50 value; the authors did 26 
report an LC50 value of 3286 mg/m3. 27 
 28 
As part of a bone marrow erythrocyte micronucleus assay conducted by nose-only 29 
exposure, 15 Swiss-Webster mice/sex/group were exposed to methyl mercaptan at 0, 30 
228, 516, or 1024 mg/m3 for 6 hours (SRI 1996). The mice were sacrificed 48, 96, or 31 
72 hours after exposure. All mice appeared normal during the 228 mg/m3 exposure. 32 
At 516 mg/m3, shallow breathing and hypoactivity were observed in all mice during 33 
the fourth and fifth hour of exposure, but all mice appeared normal by day 2. At 1024 34 
mg/m3 shallow breathing was observed in all mice at the third and fourth hour of 35 
exposure and hypoactivity during the fifth hour. Three female and two male mice 36 
from the 1024 mg/m3 exposure group were found dead on day 2; however all 37 
surviving mice appeared normal by day 2. 38 
 39 

40 
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