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Technical support document Chlorine 1 
 2 
1.  Substance identification 3 
CAS-number:   7782-50-5 4 
IUPAC name:   Chlorine 5 
Synonyms:   NA 6 
Molecular formula:   Cl2 7 
Molecular weight:   70.9 g/mol 8 
Physical state:   gas (at 20°C and 101.3 kPa) 9 
Boiling point:   -34°C (at 101.3 kPa) 10 
Vapour pressure:  678 kPa (at 20°C) 11 
Saturated vapor conc: Gas (at 20°C) 12 
Conversion factor: 1 mg/m3 = 0.339 ppm (at 20°C and 101.3 kPa) 13 
 1 ppm = 2.949 mg/m3 (at 20°C and 101.3 kPa) 14 
Labelling: Human 331, 319, 335, 315 15 
 16 
 17 
2.  Mechanism of action and toxicological effects following 18 
acute exposure 19 
Acute effects: The main target organs and tissues for inhalation exposure to chlorine 20 
are the eyes and respiratory epithelium, mainly in the middle and lower portions of 21 
the respiratory system. The health endpoints are edema, inflammation and epithelial 22 
damage in the affected portions of the respiratory system. 23 
Symptoms of high exposure are cough, dyspnea, pain and bronchial secretions, and 24 
secondarily cardiac and central nervous symptoms effects because of the hypoxemia. 25 
Lethality results from pulmonary edema and respiratory failure. 26 
Effects of inhalation include initially: irritation of the eyes, nose and throat, followed 27 
by coughing and wheezing, dyspnea, sputum production and chest pain. Larger 28 
exposures may lead to hyperchloremic acidosis; anoxia may lead to cardiac and/or 29 
respiratory arrest and pulmonary edema. Following chemical pneumonitis respiratory 30 
distress and chest pain generally subsides within 72 hours; cough may persist for up 31 
to 14 days, however in one case reduced airway flow and mild hypoxemia persisted 32 
for 14 months. 33 
Long-term effects: Chronic exposure produces essentially the same effects as acute 34 
exposure. Irreversible lung damage, such as RADS has been described in humans and 35 
animals exposed to high concentrations of chlorine.  36 
 37 
 38 
3.  Human toxicity data  39 
No informative reports on human lethality following acute inhalation exposure were 40 
identified in which details about both health effects and the exposure have been 41 
documented in sufficient detail. Several experimental and observational studies have 42 
been conducted on non-lethal effects of chlorine inhalation, summarized below. 43 
Several case reports of industrial accidents confirm that the mechanism of action of 44 
chlorine inhalation in man and animals are essentially identical (Charan 1985,) with 45 
edema, inflammation and epithelial damage in the respiratory system, which may be 46 
prolonged.  47 
Four studies report subjective symptoms in human test subjects following inhalation 48 
exposure to chlorine: Rupp and Henschler (1966), Joosting and Verberk (1974), 49 
Anglen (1981), Rotman (1983), Shusterman (1998). These will not be discussed in 50 
depth, but can be used to identify high exposure levels without severe health effects 51 
or lethality in controlled human studies for comparison with the 0.1% and 1% lethal 52 
levels as predicted by the derived probit function. Slight ocular, nasal and throat 53 
irritation was perceived at exposures around 1.5 mg/m3, the lowest concentration in 54 
many studies. Rupp and Henschler found that irritation started at about 0.15 - 1.5 55 
mg/m3, in a 30-min exposure. Anglen (1981) concluded that a 4-hr exposure to 5.9 56 
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mg/m3 did not produce significant changes in pulmonary function. The highest tested 1 
concentration was 11.8 mg/m3 for 2 hours by Joosting and Verberk (1974); the effect 2 
was classified as a nuisance level of throat and nose irritation and cough. Rotman 3 
(1983) found that a test person whose pre-exposure lung parameters indicated 4 
obstructive airway disease was unable to complete an 8-hour 2.95 mg/m3 exposure 5 
because of shortness of breath and wheezing.  6 
 7 
 8 
4.  Animal acute toxicity data 9 
During the literature search the following technical support documents and databases 10 
were consulted: 11 
1. AEGL final TSD, ERPG document and EU RAR and reference database for chlorine, 12 

covering references before and including 1995. 13 
2. An additional search covering publications from 1980 onwards was performed in 14 

HSDB, MEDline/PubMed, Toxcenter, IUCLID, ECHA, RTECS, IRIS and ToxNet with 15 
the following search terms:  16 
• Substance name and synonyms 17 
• CAS number 18 
• lethal* 19 
• mortal* 20 
• fatal* 21 
• LC50, LC 22 
• probit 23 

3. Unpublished data were sought through networks of toxicological scientists. 24 
 25 
Animal lethal toxicity data focused on acute exposure are described in Appendix 1. A 26 
total of 10 studies were identified -with 12 datasets for 3 species- with data on 27 
lethality following acute inhalation exposure. One dataset was assigned status A for 28 
deriving the human probit function, 3 datasets were assigned status B and 8 were 29 
assessed to be unfit (status C) for human probit function derivation.  30 
 31 
Sensory irritation 32 
A total of 5 studies were identified in which sensory irritation was studied. In these 33 
studies the following RD50 values were observed: 34 
 35 
Table 1 Sensory irritation data for chlorine 36 

Species/strain RD50 (mg/m3) Exposure 
duration (min) 

Author/year 

Male Swiss-Webster mice 27.4 P 10  Barrow 1977 
Mouse, unspecified 19.8 NS  unspecified ECHA ref 9* 
Mouse unspecified hypochlorite (as 

Cl) 12.1 NS 
unspecified ECHA ref 9* 

P: a plateau was reached, NS: not specified if a plateau in response was reached.  37 
* ECHA classified this reference as 3 (not reliable). 38 
 39 
Pretreatment of F344 rats with chlorine inhalation exposure to 2.9-29.5 mg/m3 for 6 40 
h/d, 5 d/w for 2 weeks raised the RD50 from 74 mg/m3 (pre-treament to 0 mg/m3) to 41 
218-1340 mg/m3 (Barrow 1982). 42 
In addition, tolerance following 1-10 day pretreatment to 7 or 29 mg/m3 chlorine 43 
increased the chlorine RD50 2-20 fold depending on pre-treatment concentration and 44 
duration; 1-10 days pre-treatment to 19 mg/m3 formaldehyde raised the chlorine 45 
RD50 from 32 to 67-190 mg/m3 (Chang 1984). 46 
  47 
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5.  Probit functions from individual studies 1 
All available acute lethality data on chlorine are displayed in Figure 1.  2 
 3 

Figure 1 All available acute lethality data for chlorine. 4 
 5 
 6 
The data that were selected for initial analysis of the animal probit function are 7 
presented in Table 2 and Figure 2. 8 
 9 
Studies A.1, B1.1, B1.2 and B1.3 were selected for derivation of the animal probit 10 
function for chlorine.  11 
 12 
To enable intra-species pooling, LC50-value of study B1.2 was scaled to 30 minutes 13 
using the rat n-value of 1.038 for chlorine with the following formula (section 6): 14 
 15 

𝐿𝐿𝐿𝐿50,𝑐𝑐 =  𝐿𝐿𝐿𝐿50,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 �
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑡𝑡𝑐𝑐

�
(1 𝑛𝑛⁄ )

 
 16 
With LC50,c = scaled LC50 value for common exposure duration tc 17 
 LC50,test = observed LC50 value for tested exposure duration 18 
 tc = common exposure duration for intra-species pooling 19 
 ttest = tested exposure duration 20 
 n = rat n-value of 1.038 21 
 22 
 23 
Probit functions have been calculated, if possible, and reported in Appendix 1 for each 24 
of the reported studies. The results of the calculations are presented in Table 2.  25 
 26 
  27 
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Table 2 Data selected for initial analysis of the animal probit function of chlorine. 1 

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. 

A.1 Rat -26.84 + 2.888×lnC + 
2.781×lnt  2325  

(2135 – 2564) 
1.038 
(0.93-1.14) 

B1.1 Mouse 30-min LC50  1410  
(unable to calculate) N/A 

B1.2 Mouse 10-min LC50 (all data) 1874 
(1677 – 2167) 650 N/A 

B1.3 Mouse 30-min LC50  366  
(316 – 412) N/A 

 2 
The mouse dataset from study B1.1 only has 2 exposure durations, and the data from 3 
study B1.3 for durations other than 30 minutes were considered insufficiently 4 
informative to be used for derivation of a reliable study-specific n-value. In addition, 5 
an n-value from an A-quality rat study was available so a weak n-value from a mouse 6 
study added little information. Therefore, only the 30-min data of these studies have 7 
been used for derivation of the probit. Exposure in study B1.2 was for 10 minutes, but 8 
this exposure duration falls within the range of study A.1 and therefore, the LC50 9 
value was scaled to 30 minutes. The data of study A.1 and the remaining data of 10 
studies B1.1, B1.2 and B1.3 with rats and mice are presented graphically below.  11 
 12 

 13 
Figure 2 Data selected for the initial analysis for the derivation of the animal probit 14 

function of chlorine. 15 
 16 
Based on criteria outlined in the guideline the data from studies A.1, B1.1 (30-min.), 17 
B1.2 (10-min, only data from study EATR 373) and B1.3 (30-min.) were selected for 18 
the final dataset for the derivation of the animal probit function. Table 3 provides an 19 
overview of LC50 values and LC50-time relationships for all studies in the final analysis. 20 
The data that were selected for final analysis of the animal probit function are 21 
presented in Table 3 and Figure 3. 22 
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The final data eligible for calculating the animal probit function contain 4 datasets 1 
from 3 studies and include data from 2 animal species. 2 
 3 
Table 3 Data selected for the derivation of the animal probit function of chlorine. 4 

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. 

A.1 Rat -26.84 + 2.888×lnC + 
2.781×lnt  2325  

(2135 – 2564) 
1.038 
(0.93-1.14) 

B1.1 Mouse 30-min LC50  1410  
(unable to calculate) N/A 

B1.2 Mouse 10-min LC50 (only data 
from EATR 373) 

1945 
(1658 – 2192) 675 N/A 

B1.3 Mouse 30-min LC50  366  
(316 – 412) N/A 

 5 
The data of the selected datasets are presented graphically below. 6 
 7 

 8 
Figure 3 Final data selected for derivation of the animal probit function of chlorine 9 

(identical to figure 2). 10 
 11 
 12 
6.  Derivation of the human probit function 13 
To derive the human probit function the results from studies A.1, B1.1, B1.2 and B1.3 14 
have been used to derive a point of departure as outlined above. For the mouse 15 
studies in B1.1 and B1.3, only the 30-min data were used. These studies met the 16 
quality criteria applied outlined in the guideline. 17 
 18 
First, the n-value was determined to be 1.038 based on rat data from study A.1. The 19 
few datapoints in study B1.3 for exposure durations other than 30 minutes combined 20 
with insufficient spread in response rates were judged to be insufficient to calculate a 21 
reliable n-value for mice.  22 
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Second, for the purpose of intra- and interspecies pooling the LC50-values of all 1 
applicable A- and B-studies were calculated for a common exposure duration of 30 2 
minutes. To enable this intra-species pooling for the mouse, the LC50-value of study 3 
B1.2 was scaled to 30 min using the rat-specific n-value of 1.038 with the following 4 
formula: 5 
 6 

𝐿𝐿𝐿𝐿50,𝑐𝑐 =  𝐿𝐿𝐿𝐿50,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 �
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑡𝑡𝑐𝑐

�
(1 𝑛𝑛⁄ )

 
 7 
With LC50,c = scaled LC50 value for common exposure duration tc 8 
 LC50,test = observed LC50 value for tested exposure duration 9 
 tc = common exposure duration for intra-species pooling 10 
 ttest = tested exposure duration 11 
 n = species specific (for rats) n-value 12 
 13 
Finally, the species-specific geometric mean LC50-values were calculated from all 14 
available (time-scaled) 30-min LC50 values. A rat-specific LC50–value was derived from 15 
the A.1 study. The three B1 studies were combined to derive a mouse-specific LC50–16 
value. The species-specific LC50-value was 2325 mg/m3 for the rat and 704 mg/m3 for 17 
the mouse. Finally, a geometric mean overall LC50-value was calculated. The overall 18 
formula for the geometric mean of time-scaled LC50-values is as follows: 19 
 20 

 𝐿𝐿𝐿𝐿50  =  ����𝐿𝐿𝐿𝐿50,𝑖𝑖

𝑚𝑚

𝑖𝑖=1

�
1/𝑚𝑚𝑡𝑡

𝑗𝑗=1

�

(1/𝑠𝑠)

 

 21 
With 𝐿𝐿𝐿𝐿50������ = geometric mean LC50-value across species 22 
 LC50,i = LC50-value of study i. 23 
 m = number of observations on LC50-values within a species (i=1…m). 24 
 s = number of species for which LC50-values are pooled (j= 1…s). 25 
 26 
The Point of Departure for the human probit function is a 30-minute geometric mean 27 
animal LC50 value of 1279 mg/m3 and the n-value for the rat of 1.038.  28 
 29 
The human equivalent LC50 was calculated by applying the following assessment 30 
factors: 31 
 32 
Table 4 Rationale for the applied assessment factors. 33 

Assessment factor for: Factor Rationale 

Animal to human 
extrapolation: 

3  No reason to deviate from the default value. 
The animal LD50 value is well below the LC50 
value. 

Nominal concentration 1 N/A, gas exposure. 
Adequacy of 
database: 

1 Reasonably complete database, no rationale 
for such an AF. 

 34 
The estimated human equivalent 30-minute LC50 value is 1279 / 3 = 426 mg/m3.  35 
 36 
The experimentally determined n-value was 1.038 (rat data from study A.1). 37 
Assuming a regression coefficient (b×n) of 2 for the slope of the curve, the b-value 38 
can be calculated as 2 / n =  1.927.  39 
 40 
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The human probit function is then calculated on the human equivalent 30-min LC50 1 
using the above parameters to solve the following equation to obtain the a-value (the 2 
intercept):     5 = a + 1.927 × ln (4261.038× 30) resulting in the a-value of –13.664. 3 
 4 

Pr = -13.7 + 1.93 × ln (C 1.04 × t) with C in mg/m3 and t in min. 5 
 6 
The derived human probit function has a scientifically sound basis. The probit function 7 
is based on 4 studies in the rat and mouse with A and B1 quality (with a total of 1140 8 
animals), with exposure durations ranging from 5-360 minutes and concentrations 9 
ranging from 65-16800 mg/m3. 10 
 11 
The calculated human 60 min LC0.1 (Pr = 1.91) calculated with this probit equation is 12 
47 mg/m3 and the calculated human 60 min LC1 (Pr = 2.67) is 68 mg/m3.  13 
 14 
Table 5 LC-vales calculated with the derived probit function compared with existing 15 

acute inhalation exposure guidelines. 16 

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

0.1% lethality, this probit 91 47 

1% lethality, this probit 132 68 

AEGL-31  (2004, final) 83 59 

ERPG-31  (2017)  59 

LBW  (2015) 110 59 
 17 
Compared with equivalent (inter)national guideline levels as presented in the table 18 
above, the lethal levels derived with this probit function are approximately identical.  19 
 20 

21 

                                           
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:  A.1 3 
 4 
Zwart and Woutersen:  1988 5 
Substance:   Chlorine 6 
Species, strain, sex:   Rat, SPF-treated Wister derived (BOR:WISW) 7 
Number/sex/conc. group: 5 / sex / concentration 8 
Age and weight:  Males 164 g, females 130 g (about 6 weeks) 9 
Observation period:  14 days 10 
 11 
Evaluation of study quality 12 
Criteria Comment 
Study carried out according to GLP GLP statement provided.  
Study carried out according to OECD 
403 guideline(s) 

No statement of compliance with OECD 
guideline 403 provided, but conditions 
appear to be in accordance.  

Stability of test compound in test 
atmosphere 

Stable.   

Use of vehicle (other than air) None, only air 
Whole body / nose-only (incl. 
head/nose-only) exposure 

Whole-body exposure with individual 
housing in a horizontal glass cylinder 
(l×d=0.9×0.15 m) for 5 male and 5 
female animals. 

Type of restrainer N/A 
Pressure distribution Not specified. 
Homogeneity of test atmosphere in 
breathing zone of animals 

Not specified, but due to high airflow 
probably without issues.  

Number of air changes per hour Airflow of 40 l/min through the 15.9 l 
glass chamber, i.e.151 air changes/h. 

Equilibration time (t95) t95 =20 sec (according to authors), 1.2 
min as calculated with DoseResp. 

Start of exposure relative to 
equilibration 

Probably at the start of concentration 
build-up 

Actual concentration measurement  Chlorine concentrations were 
determined at the inlet and outlet of 
the cylinder holding the animals with a 
chlorine specific detector. Because of 
the detector’s measurement range, a 
stream of 0.5 l/min test atmosphere 
was diluted with 100 l/min of air. 

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

N/A 

  
Assessment of Reliability A 

Well conducted study, tight exposure 
control. 

 13 
In rats, only 1 animal out of 56 died in the second week of observation. 14 
  15 
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Results 1 

Species Concentration (mg/m3) Exposure 
duration (min) Lethality 

 Measured Adjusted  Fatal Exposed 
 1654  5 0 10 
 2201  5 0 10 
 2399  5 0 10 
 3485  5 0 10 
 4798  5 0 10 
 8241  5 0 10 
 16801  5 7 10 
 1680  10 0 10 
 2186  10 0 10 
 2363  10 0 10 
 3485  10 0 10 
 4798  10 1 10 
 6519  10 6 10 
 1586  30 0 10 
 1665  30 3 10 
 1757  30 5 10 
 1870  30 6 10 
 935  60 0 10 
 1325  60 4 10 
 1473  60 6 10 
 1651  60 8 10 
 1725  60 10 10 
 2 
Probit function 3 
The probit function and associated LC-values have been calculated using the 4 
DoseResp program (Wil ten Berge, 2016) as 5 
Pr = a + b×lnC + c×lnt  6 
with C for concentration in mg/m3 and t for time in minutes.  7 
 8 
Probit function Species a b c n-value 
Sexes combined Rat -26.84 2.888 2.781 1.038  (0.93 - 1.14) 
 9 
Lethality was only reported for the sexes combined. Therefore, the existence of sex 10 
differences could not be determined. 11 
 12 
Duration 
(min.) 

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

10 6697 (5936 – 7823) 
30 2325 (2135 – 2564) 
60 1193 (1055 – 1346) 

 13 
A graphical overview of the data is presented below. Each concentration-time 14 
combination (with 5 male and 5 female animals) represents one point in the plot. 15 
 16 
 17 
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Study ID:  B1.1 1 
 2 
Zwart and Woutersen:  1988 3 
Substance:   Chlorine 4 
Species, strain, sex:   Mouse (Swiss, Charles River CD-1 strain) 5 
Number/sex/conc. group: 5 / sex / concentration 6 
Age and weight:  Males 31.2 g, females 25.3 g (about 6 weeks) 7 
Observation period:  14 days 8 
 9 
Evaluation of study quality 10 
Criteria Comment 
Study carried out according to GLP GLP statement provided.  
Study carried out according to OECD 
403 guideline(s) 

No statement of compliance with OECD 
guideline 403 provided, but conditions 
appear to be in accordance.  

Stability of test compound in test 
atmosphere 

Stable.   

Use of vehicle (other than air) None, only air 
Whole body / nose-only (incl. 
head/nose-only) exposure 

Whole-body exposure with individual 
housing in a horizontal glass cylinder 
(l×d=0.9×0.15 m) for 5 male and 5 
female animals. 

Type of restrainer N/A 
Pressure distribution Not specified. 
Homogeneity of test atmosphere in 
breathing zone of animals 

Not specified, but due to high airflow 
probably without issues.  

Number of air changes per hour Airflow of 40 l/min through the 15.9 l 
glass chamber, i.e.151 air changes/h. 

Equilibration time (t95) t95 =20 sec (according to authors), 1.2 
min as calculated with DoseResp 

Start of exposure relative to 
equilibration 

Probably at the start of concentration 
build-up 

Actual concentration measurement  Chlorine concentrations were 
determined at the inlet and outlet of 
the cylinder holding the animals with a 
chlorine specific detector. Because of 
the detector’s measurement range, a 
stream of 0.5 l/min test atmosphere 
was diluted with 100 l/min of air. 

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

N/A 

  
Assessment of Reliability B1 

Well conducted study, tight exposure 
control, but with only 2 exposure 
durations. 

 11 
In mice, 17 animals out of 59 died in the second week of observation. This was 12 
attributed to possible secondary infection (71% in week 1, 29% in week 2). 13 
 14 
  15 
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Results 1 

Species Concentration (mg/m3) Exposure 
duration (min) Lethality 

 Measured Adjusted  Fatal Exposed 
 1680  10 0 10 
 2186  10 0 10 
 2363  10 3 10 
 3485  10 4 10 
 3826  10 10 10 
 4798  10 10 10 
 1328  30 4 10 
 1586  30 7 10 
 1665  30 6 10 
 1757  30 9 10 
 1870  30 7 10 
 2 
Probit function 3 
The probit function and associated LC-values have been calculated using the 4 
DoseResp program (Wil ten Berge, 2016) as 5 
Pr = a + b×lnC + c×lnt  6 
with C for concentration in mg/m3 and t for time in minutes. Since the dataset 7 
contained data for only 2 exposure durations, the probit calculations were performed 8 
with the 30-min data only; the C×t calculation was only performed for illustrative 9 
purposes. 10 
 11 
 12 
Probit function Species a b c n-value 
All data Mouse -33.74 4.051 2.724 1.485  (1.192 - 1.778) 
30-min data only Mouse -16.49 2.964 N/A N/A 
 13 
Lethality was only reported for the sexes combined. Therefore, the existence of sex 14 
differences could not be determined. 15 
 16 
 17 
Duration 
(min.) 

LC50 (mg/m3) 95%-C.I.  
All data 

LC50 (mg/m3) 95%-C.I.  
30-min data only 

10 3064 (2719 – 3436) N/A 
30 1462 (1297 – 1604) 1410 (unable to calculate) 
60 917 (743 – 1082) N/A 

 18 
A graphical overview of the data is presented below. Each concentration-time 19 
combination (with 5 male and 5 female animals) represents one point in the plot. For 20 
the probit calculations this study will be considered as a 30-minute LC50 study. 21 
 22 
 23 
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Study ID:  B1.2 1 
 2 
Silver & McGrath:  1942 (reports EATR 351 and EATR 373) 3 
Substance:   Chlorine 4 
Species, strain, sex:   mouse, 10 lots from possibly different suppliers  5 
Number/sex/conc. group: 10 animals / concentration 6 
Age and weight:  18-23 grams 7 
Observation period:  at least 10 days 8 
 9 
Evaluation of study quality 10 
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 

Probably stable  

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

Whole-body 

Type of restrainer N/A 
Pressure distribution No information 
Homogeneity of test atmosphere in 
breathing zone of animals 

Chlorine gas (99.7% pure) was 
metered into an airstream. Adequacy of 
mixing in the chamber unclear. 

Number of air changes per hour Flow of 250 l/min though a 386 l 
chamber, which produces 38.8 air 
changes/hour 

Equilibration time (t95) t99 according to authors 7.1 min. 
Start of exposure relative to 
equilibration 

10 min into equilibration time (i.e. 
about 3 min after equilibration) 

Actual concentration measurement  A 10-liter sample was drawn from an 
orifice in the center of the chamber’s 
bottom plate. The sampling started 1.5 
min before introduction of the animals 
into the chamber and lasted 10 min (at 
1 l/min).  

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

If appropriate 

  
Assessment of Reliability B1 

Reasonably well conducted study after 
exclusion of uncertain data, with only 1 
exposure duration. 

 11 
The results from several test runs were discarded because loss of material had 12 
occurred due to reaction with the metal of the exposure chamber and uncertain 13 
quality of the test animals. Only data generated in runs with a treated exposure 14 
chamber and from animals ordered according to specific were used for analysis. For 15 
the sake of clarity and transparency, the run numbers as provided in the study 16 
reports are presented in the table. 17 
 18 
 19 
  20 
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Results 1 

Species Concentration (mg/m3) Exposure 
duration (min) Lethality 

 Analytical Run #  Fatal 
overall 

Fatal  
week 2 Exposed 

Mouse 1000 EATR 351-34 10 4 3 20 
 1100 EATR 373-02 10 2 1 20 
 1240 EATR 351-35 10 13 4 40 
 1350 EATR 351-40 10 11 10 20 
 1470 EATR 351-36 10 14 10 40 
 1570 EATR 351-45 10 2 2 20 
 1590 EATR 373-12 10 9 3 20 
 1590 EATR 373-15 10 5 3 20 
 1620 EATR 351-37 10 16 9 40 
 1630 EATR 351-41 10 11 6 20 
 1690 EATR 373-03 10 1 0 20 
 1730 EATR 351-42 10 11 1 20 
 1730 EATR 351-46 10 5 4 20 
 1820 EATR 351-47 10 6 3 20 
 1830 EATR 351-38 10 15 5 40 
 1830 EATR 373-11 10 8 0 20 
 1850 EATR 373-14 10 9 2 20 
 1870 EATR 351-39 10 18 4 20 
 1890 EATR 351-43 10 14 2 20 
 2000 EATR 373-01 10 3 0 20 
 2020 EATR 351-44 10 10 2 20 
 2030 EATR 351-48 10 7 2 20 
 2050 EATR 373-13 10 12 1 20 
 2060 EATR 373-10 10 11 0 20 
 2110 EATR 351-49 10 7 3 20 
 2160 EATR 373-09 10 14 0 20 
 2300 EATR 373-05 10 15 1 20 
 2360 EATR 373-08 10 20 0 20 
 2440 EATR 373-04 10 8 0 20 
 2520 EATR 373-06 10 20 0 20 
 2680 EATR 373-07 10 20 0 20 
 2 
Each run is identified by report (EATR 351 or EATR 373) and run number in the 3 
respective report. The animals used in EATR 373 were all male, while animals used in 4 
EATR 351 were mixed sex. 5 
 6 
Judging from the table above, study EATR 351 does not seem to produce a 7 
continuous response and many cases of 2nd week lethality seemed to occur. Therefore 8 
and additional analysis was performed to assess the quality of the remaining data 9 
from both studies.  10 
 11 



20180315-chlorine-INTERIM 

 Page 17 of 28 
 

  1 
 2 
 3 

 4 
 5 
The remaining runs 34-49 of study EATR 351 showed no continuous concentration-6 
response relation, and a relatively high proportion of lethality was observed in the 7 
second week (42.7% of all mortality in runs 34-49 occurs in week 2). This added to 8 
the concerns about the quality of the animals and their handling. Therefore, the probit 9 
panel decided to discard the data from these runs, and therefore all data from study 10 
EATR altogether.  11 
 12 
The data from study EATR 373 did show a credible dose-response relationship (even 13 
though not completely continuous - possibly related to the very close concentration 14 
spacing) and limited lethality in the second week (7% of all mortality occurs in week 15 
2). As a consequence, the probit panel chose to only use the data from study EATR 16 
373 for derivation of the probit relation. 17 
  18 
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Probit function 1 
The probit function and associated LC-values have been calculated using the 2 
DoseResp program (Wil ten Berge, 2016) as 3 
Pr = a + b×lnC  4 
with C for concentration in mg/m3.  5 
 6 
Probit function Species a b c 
 Mouse -20.7 3.39  
 7 
The LC50-value is as follows: 8 
 9 
 10 
Duration 
(min.) 

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

10 1945 (1658 – 2192) 
 11 
 12 

13 
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 Study ID:  B1.3 1 
 2 
Schlagbauer and Henschler  1967 3 
Substance:   Chlorine 4 
Species, strain, sex:   Female NMRI mice 5 
Number/sex/conc. group: 10 / concentration 6 
Age and weight:  18-23 gram 7 
Observation period:  10 days 8 
 9 
Evaluation of study quality 10 
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 

No issues reported or expected. 

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

Whole body, individually housed during 
exposure in a 200-liter chamber. 
Animals were introduced quickly 
through a lock, without appreciable 
change of chamber concentration. 

Type of restrainer N/A 
Pressure distribution No information provided 
Homogeneity of test atmosphere in 
breathing zone of animals 

The air inside the chamber was 
continuously mixed with a ‘powerful 
ventilator’.  

Number of air changes per hour 12-15 Air Changes / Hour 
Equilibration time (t95) No information provided 
Start of exposure relative to 
equilibration 

The concentration in chamber had 
reached equilibrium before start of the 
exposure.  

Actual concentration measurement  Potassium Iodide method. Sampling 
location uncertain. 

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

N/A. 

  
Assessment of Reliability B1 

Old study with a few weaknesses and 
uncertainty about some study details, 
but with concentration-time-response 
data. Rationale for disregarding the 
concentration-time-response data 
presented below. 

 11 
The last mortality occurred on day 4 after exposure. 12 
 13 
Histopathological examination revealed severe tracheal damage including 14 
desquamation and (to a lesser extent) bronchi and bronchioles; lethal inhalations also 15 
produced alveolar edema. 16 
 17 
The setup of the exposure system and analytical methods are incompletely described 18 
in the paper; the authors referred to earlier papers which again referred to earlier 19 
papers for details. Details were derived (pieced together) from Henschler and Laux 20 
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(1960), Henschler, Amend and Jüttner (1960), Henschler, Hahn and Assmann (1964), 1 
Rupp and Henschler (1966) and Henschler (1999, letter to NAC AEGL).  2 
 3 
 4 
Results 5 

Species Concentration (mg/m3) Exposure 
duration (min) Lethality 

 Measured Adjusted  Fatal Exposed 
Mouse 163  30 0 10 
 182  30 1 10 
 325  30 3 10 
 368  30 3 10 
 390  30 6 10 
 422  30 6 10 
 472  30 8 10 
 527  30 10 10 
 29  180 8 10 
 29  360 9 10 
 65  180 10 10 
 6 
Probit function 7 
The probit function and associated LC-values have been calculated using the 8 
DoseResp program (Wil ten Berge, 2016) as 9 
Pr = a + b×lnC + c×lnt  10 
with C for concentration in mg/m3 and t for time in minutes. Because most of the data 11 
were from the 30-min exposures, the probit functions and LC50-values were calculated 12 
with all available data and with the 30-min data only. 13 
 14 
Probit function Species a b c n-value 
All data Mouse -18.6 2.17 3.18 0.682  (0.50 – 0.86) 
30-min data only Mouse -16.9 2.89 N/A N/A 
 15 
The LC50-values were as follows: 16 
 17 
Duration 
(min.) 

LC50 (mg/m3) 95%-C.I. 
Female, all data 

LC50 (mg/m3) 95%-C.I.  
Female, only 30 min data 

10 1799 (894 – 6202) N/A 
30 359 (225 – 539) 366 (316 – 412) 
60 130 (61- 178) N/A 

 18 
The authors determined a 30-min LC50 value of 127 ppm (375 mg/m3).  19 
 20 
This study tested only 3 datapoints with an exposure duration other than 30 minutes, 21 
and in all three cases with a very high response rate. Therefore, these data were 22 
considered insufficiently informative to be used for derivation of a reliable study-23 
specific n-value, and for scaling mouse data from other exposure durations to the 24 
target 30-min exposure duration. For the development of a human probit function, 25 
only the 30-min data from this study will be used. 26 
 27 
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Study ID:  C.1 1 
 2 
Bitron & Aharonson  1978 3 
Substance:   Chlorine 4 
Species, strain, sex:   Mouse, male albino from local stock 5 
Number/sex/conc. group: 5 / sex / concentration 6 
Age and weight:  21 +/- 1 gram (age about 1 month) 7 
Observation period:  30 days 8 
 9 
Evaluation of study quality 10 
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 

No issues reported 

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

Nose-only 

Type of restrainer A rather tight-fitting cylindrical glass 
cover, with the animal’s nose turned 
towards the entrance of the air stream. 
Judging from a schematic drawing 
possibly completely closed, with 
animals’ tails in the tube. 

Pressure distribution Each of the exposure tubes was 
individually fed with a gas stream from 
a manifold. A 10 mmHg negative 
pressure was maintained in the test 
tubes. 

Homogeneity of test atmosphere in 
breathing zone of animals 

Cl2 was fed from a pressure vessel 
prediluted 10-100 times with dry air. 

Number of air changes per hour 1 l/min/animal 
Equilibration time (t95) Not specified and unable to calculate, 

but most likely short (15 sec if a tube 
volume of 50 ml is assumed) 

Start of exposure relative to 
equilibration 

Not specified, but probably at start of 
concentration build-up  

Actual concentration measurement  Downstream of each exposure tube, 
with KI method.  

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

N/A 

  
Assessment of Reliability C 

Study does not provide raw data to 
calculate LC50 values but only a graph, 
and there may be issues with 
hyperthermia due to the closed glass 
restrainers. 

 11 
The glass tubes, possibly completely closed, may have contributed to hyperthermia in 12 
the animals. It is unclear if and how this was balanced by hypothermia due to 13 
respiratory rate depression and to what extent the tube design may have affected the 14 
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outcome. This study was also characterized as C study because the authors appeared 1 
to have problems taking out animals simultaneously. 2 
 3 
Results 4 
This study was designed to expose animals to 2 concentrations (501 and 855 mg/m3, 5 
170 and 290 ppm respectively) for a range of exposure durations. The study did not 6 
provide the raw data other than on a log(time)-probability plot which is impossible to 7 
interpret quantitatively. Therefore, only the LT50 values as derived by the authors will 8 
be presented. The graph from the publication is presented below. 9 

 10 
Probit function 11 
Not calculated. 12 
 13 
The Lt50 values as presented by the authors are: 14 
Concentration 
(mg/m3) 

Lt50 (min.) 95%-C.I.  
Male 

501 55 
855 11 

 15 
 16 
 17 

18 
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Study ID:  C.2 1 
 2 
McEwen and Vernot  1972) 3 
Substance:   Chlorine 4 
Species, strain, sex:   Rat 5 
Number/sex/conc. group: 10 / concentration 6 
Age and weight:  unspecified 7 
Observation period:  14 days 8 
 9 
Evaluation of study quality 10 
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 specified, but probably stable  

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

Whole-body. 

Type of restrainer N/A (whole-body) 
Pressure distribution No information provided. 
Homogeneity of test atmosphere in 
breathing zone of animals 

No information provided. 

Number of air changes per hour No information provided. 
Equilibration time (t95) No information provided. 
Start of exposure relative to 
equilibration 

No information provided. 

Actual concentration measurement  Ion specific electrode technique (not 
further specified). 

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

 

  
Assessment of Reliability C 

Many details of study conduct missing 
 11 
The authors refer to Back 1972 for further study details, which are however not 12 
provided. Unsure if animals were individually housed during exposure or as a group; 13 
in the latter case the animals have probably huddled together and avoided part of the 14 
exposure.  15 
  16 
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Results 1 

Species Concentration (mg/m3) Exposure 
duration (min) Lethality 

 Measured Adjusted  dead tested 
Rat 628  60 1 10 
 997  60 8 10 
 1259  60 10 10 
      
Mouse 360  60 3 10 
 469  60 8 10 
 569  60 10 10 
For both species a group without exposure (and lethality) was also included in the 2 
study. 3 
 4 
 5 
Probit function 6 
The probit function and associated LC-values have been calculated using the 7 
DoseResp program (Wil ten Berge, 2016) as 8 
Pr = a + b×lnC  9 
with C for concentration in mg/m3.  10 
 11 
Probit function Species a b 
Sex unspecified Rat -28.6 5.01 
Sex unspecified Mouse -30.4 5.92 
 12 
 13 

Species 
60-min LC50 (mg/m3) 
95%-C.I.  
Sex unspecified 

Rat 821 (687 – 945) 
Mouse 397 (335 – 441) 

 14 
 15 
The authors reported LC50 values of 850 mg/m3 for rats and 317 mg/m3 for mice.  16 
 17 

18 
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Study ID:  other C studies 1 
 2 
A multitude of studies on the respiratory effects and treatment of exposed animals is 3 
available for chlorine inhalation exposure. Most of these studies were not designed to 4 
test the concentration-(time-)lethality relationship of chlorine inhalation.  5 
 6 
Barrow et al (1979) exposed Fisher rats (10/sex/concentration) by inhalation to 7 
analytically determined mean chlorine concentrations of 2.9, 8.8 and 26.5 mg/m3 for 8 
6 h/day, 5 d/w for 6 weeks. All rats survived except 3 females in the highest dose 9 
group (exposure related) and 1 male in the control group (infection related). Post 10 
mortem examination revealed widespread evidence of inflammation throughout the 11 
respiratory tract with hypertrophy and hyperplasia of epithelial cells of the respiratory 12 
bronchioles, alveolar ducts and alveoli in animals of both sexes exposed to 26.5 13 
mg/m3. In addition, liver effects and changes in clinical chemistry were observed in 14 
the 8.8 and 26.5 mg/m3 groups.  15 
 16 
Fisher-344 rats (10/sex/group) were exposed for 6 h/d, 5 d/w for 6 weeks to 2.9, 8.8 17 
or 26 mg/m3 chlorine. Adverse changes were reported in clinical chemical parameters 18 
and histopathological (inflammatory) changes in the respiratory system at all 19 
concentrations, the liver at the highest 2 concentrations and the kidneys at the 20 
highest concentration only. Also, 3/10 females in the 26 mg/m3 group died prior to 21 
the last exposure day (Barrow 1978). 22 
 23 
Hoyle et al (2010) exposed 8-week old FVB/N mice to various constant C×t 24 
combinations: 8/8 animals died after 800 ppm for 7.5 min, 6/41 died after 400 ppm 25 
for 15 min, 39/39 died after 200 ppm for 30 min and 40/40 died after 100 ppm for 60 26 
min. The maximal observation period was 6 hours. Most parameters (lung function, 27 
lavage etc) indicated that lung injury was most pronounced in the 15-min group. The 28 
authors concluded that the effects of chlorine inhalation immediately following 29 
exposure do not only depend on total dose (n not equal to 1). 30 
 31 
Underhill (1920) exposed 9-23 dogs per concentration level for 30 minutes. It was 32 
unclear if exposures were whole-body or head/nose-only, concentrations were 33 
presented as ranges rather than average analytical concentrations and the 34 
observation period ended at 3 days. In some publications, this study is listed with a 35 
30-min LC50 value of 1917 mg/m3 (650 ppm). 36 
 37 
Weedon et al (1940) exposed rats and mice until death; none of the animals survived 38 
the exposure or a subsequent observation period. This study is referenced in many 39 
reviews, but not suitable for the purpose of probit derivation.  40 

41 
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