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SUMMARY 

I BENEFITS 

This report provides a comprehensive review of the inhalation and dermal toxicity data 
currently available in published literature of the four trihalomethanes (THMs) listed in the 
national regulations for drinking water in England and Wales (DWI, 2000), namely chloroform, 
bromoform, bromodichloromethane and chlorodibromomethane. Studies have been 
summarised and assessed on the basis of their quality. These data have been used to derive 
acceptable levels of exposure that do not pose significant risk to human health following 
exposure via these routes. 

II OBJECTIVES 

The purpose of this report is to review the available toxicity data for the four regulated 
trihalomethanes (THMs; chloroform, bromoform, bromodichloromethane and 
chlorodibromomethane) via the inhalation and dermal routes for the derivation of tolerable 
levels of exposure that do not pose significant risk to human health. These tolerable levels of 
exposure will be subsequently compared with models that estimate exposure to THMs via the 
inhalation and dermal routes to assess the adequacy of the current drinking water standard for 
THMs. 

III REASONS 

THMs are chemicals formed as by-products of disinfection during drinking water treatment 
processes. The 1998 European Union Drinking Water Directive (EC, 1998) specified a 
standard of 100 µg/l for the sum of concentrations of four THMs, namely chloroform, 
bromoform, bromodichloromethane and chlorodibromomethane. This standard has been 
transposed into the national regulations for England and Wales (DWI, 2000). In 2005, the 
World Health Organization (WHO) established Guidelines for Drinking-water Quality (GDWQ) 
for the individual THMs of 300, 100, 60 and 100 µg/l for chloroform, bromoform, 
bromodichloromethane and chlorodibromomethane, respectively (WHO, 2005).  

The WHO guideline value only considers exposure to THMs in water via the oral route. 
However, WHO accepts THMs are volatile chemicals, and therefore, exposure via the 
inhalation and dermal routes may be significant sources of exposure, particularly during 
bathing and showering, as increasing water temperature will increase the rate of volatilisation, 
and ventilation may be poor. WHO suggested that in colder countries with low rates of 
ventilation in houses or where the incidences of showering and bathing are high, this guideline 
value may be lowered (WHO, 2005). 

IV CONCLUSIONS 

A substantial body of data is available on the toxicity of chloroform via the inhalation route. 
Data on the inhalation toxicity of bromoform and bromodichloromethane are very limited and 
no data on the repeat dose inhalation toxicity of chlorodibromomethane were located.  

Data on the toxicity of THMs via the dermal route are limited. No repeat dose dermal toxicity 
data were located for chloroform, bromoform or chlorodibromomethane. Three repeat dose 
studies were located for bromodichloromethane. Levels below which adverse health effects 
would not be anticipated have been derived for each THM via the dermal and inhalation 
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routes. These levels are referred to in this report as tolerable daily doses. Due to the 
limitations in the data, route-to-route extrapolations using oral toxicity data and the application 
of large uncertainty factors to toxicity data have been necessary to derive these tolerable daily 
doses. 

Models have been derived to estimate exposure to individual THMs via the dermal and 
inhalation route. However, it should be noted that the outputs from these models have a high 
degree of uncertainty. The models have not been validated but they are precautionary and so 
probably over-estimate exposure. Each model assumes that all exposure to each THM is from 
a single route (dermal or inhalation) and biological processes such as metabolism are not 
taken into consideration. 

The models developed suggest that for the dermal route, at individual THM concentrations of 
100 µg/l (the standard for total THMs), it is unlikely that an individual will be exposed to a dose 
at which adverse health effects would be anticipated. 

For the inhalation route, at an individual THM concentration of 100 µg/l, the models suggest 
that it is possible to be exposed to inhaled doses of THMs above the relevant tolerable daily 
dose. However, these are considered to be extreme exposure scenarios, in part because 
individual THM concentrations are most unlikely to exceed the standard for the sum of all four 
THMs. In addition there is a high degree of uncertainty in the data. Therefore, while it is not 
possible to exclude the possibility of adverse effects occurring at these high exposures, this 
does not mean that adverse effects will occur. 

Using mean concentration data reported for each of the individual THMs in 2000 has allowed 
the modelling of a more realistic exposure scenario. These data indicate that for most THMs it 
is most unlikely that an individual will be exposed to a dose above the tolerable daily dose. 
The exception to this is bromodichloromethane, and even in this case, multiple exposures 
would be required in the 30-minute bath or 15-minute showers scenarios to exceed the 
tolerable daily dose. Again, it should be emphasised that while it is not possible to exclude the 
possibility of adverse effects occurring in these unusual circumstances, due to the large 
uncertainty with the data, it does not mean that adverse effects will occur. 

V RECOMMENDATIONS 

Due to the uncertainty in the toxicity data and the exposure models, the risk assessments 
presented in this report are highly precautionary. When considering the regulation of THMs it 
is important to consider the combined effect of oral, dermal and inhalation exposure. A crude 
combined risk assessment has been considered in this report. This crude assessment was 
based on the results of the highly precautionary toxicity data and exposure models, and is 
therefore also likely to be highly precautionary. The combined assessment indicates that the 
drinking water standard may not be sufficiently protective for any of the individual THMs. 
Again it should be noted that due to the large uncertainty with the data, it does not mean that 
adverse effects will occur. Given the large uncertainty that currently exists in this risk 
assessment, it is not currently possible to derive a more robust combined risk assessment. 
Further investigation of the toxicity and toxicokinetics of THMs via the dermal and inhalation 
routes would reduce this uncertainty and allow further consideration of the standards for 
THMs by regulatory authorities to be conducted. 
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GLOSSARY 

ALT:   Alanine Aminotransferase 

AST:   Aspartate Aminotransferase 

BrdU:   Bromodexyuridine 

BSO:   Buthionine Sulphoximine 

BUN:   Blood Urea Nitrogen 

CDBM:  Chlorodibromomethane 

CYP:   Cytochrome P450 enzyme system 

DBCM:  Dibromochloromethane 

EROD:  Ethoxyresorufin deethylase 

GDWQ:  Guideline for Drinking-water Quality 

GSH:   Glutathione 

IARC:   International Agency for Research on Cancer 

IPCS:   International Programme on Chemical Safety 

LC50:   Lethal Concentration required to kill 50% of a population 

LD50:   Lethal Dose required to kill 50% of a population 

LI:   Labelling Index 

LOAEC:  Lowest Observed Adverse Effect Concentration 

LOAEL:  Lowest Observed Adverse Effect Level 

LOEC:  Lowest Observed Effect Concentration 

LOEL:   Lowest Observed Effect Level 

MROD:  Methoxyresorufin demethylase 

NOAEC:  No Observed Adverse Effect Concentration 

NOAEL:  No Observed Adverse Effect Level 

NOEC:  No Observed Effect Concentration 

NOEL:  No Observed Effect Level 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

4 

NTP:   National Toxicology Program 

p53:   Protein 53 tumour suppressor 

PCE:   Polychromatic Erythrocytes 

PROD:  Pentaoxyresorufin dealkylase 

THM:   Trihalomethane 

UDS:   Unscheduled DNA synthesis 

WHO:   World Health Organization 

 

Klimisch Codes: 

Reliable without restrictions (1): Studies or data generated according to internationally 
accepted testing guidelines, or test parameters documented are based on a specific testing 
guideline. 

Reliable with restrictions (2): Studies or data that do not totally comply with the specific testing 
guideline, but are sufficient to accept the data as well documented and scientifically 
acceptable. 

Not reliable (3): Studies or data in which there were interferences between the measuring 
system and the test substance or in which organisms/test systems were used which are not 
relevant, or generated according to a method which is not acceptable, the documentation of 
which is not sufficient for assessment and which is not convincing for an expert judgment. 

Not assignable (4): Studies or data that do not give sufficient experimental details and are only 
listed in short abstracts or secondary literature. 
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1. INTRODUCTION 

Trihalomethanes (THMs) are chemicals formed as by-products of disinfection during drinking 
water treatment processes. The 1998 European Union Drinking Water Directive (EC, 1998) 
specified a standard of 100 µg/l for the sum of the concentrations of four THMs, namely 
chloroform, bromoform, bromodichloromethane and chlorodibromomethane. This standard 
has been transposed into the national regulations for England and Wales (DWI, 2000). 

In the first addendum to the third edition of its guidelines, the World Health Organization 
(WHO) established Guidelines for Drinking-water Quality (GDWQ) for the individual THMs. 
The current guideline values are 300, 100, 60 and 100 µg/l for chloroform, bromoform, 
bromodichloromethane and chlorodibromomethane, respectively (WHO, 2005; WHO, 2006). 
The WHO also considered that when deriving drinking water standards for total THM 
exposure, it is appropriate to consider the following fractional approach: 

(Cbromoform/GVbromoform) + (CDBCM/GVDBCM) + (CBDCM/GVBDCM) + (Cchloroform/GVchloroform) <1 

BDCM: Bromodichloromethane 

C: Concentration 

DBCM: Dibromochloromethane 

GV: Guideline value 

The WHO guideline values only considers exposure to THMs in water via the oral route. 
However, THMs are volatile chemicals, and therefore, exposure via the inhalation and dermal 
routes may be significant sources of exposure, particularly during bathing and showering, as 
increasing water temperature will increase the rate of volatilisation, and ventilation may be 
poor. WHO suggested that in colder countries with low rates of ventilation in houses or where 
the incidences of showering and bathing are high, this guideline value may be lowered  
(WHO, 2005). 

The purpose of this report is to review the available toxicity data for the four regulated THMs 
via the inhalation and dermal routes for the derivation of tolerable levels of exposure that do 
not pose significant concern to human health. These tolerable levels of exposure have 
subsequently been compared with data and estimates on the current levels of exposure via 
these routes to assess the adequacy of the current drinking water standard for THMs. 

Data on the physical and chemical properties of the four regulated THMs are provided in 
Table 1.1. 
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Table 1.1  Physical and chemical properties of the four regulated trihalomethanes  
(SRC, 2008) 

Trihalomethane Chemical 
structure 

Water 
solubility 
(mg/l at 
25°C) 

Vapour 
pressure 

(mm Hg at 
25°C) 

Henry’s Law 
constant 

(atm.m³/mole 
at 25°C) 

Reference 

Chloroform 

 

7950 197 0.0367 at 24°C SRC, 2008 

Bromoform 

 

3100 5.4 0.000535 SRC, 2008 

Bromodichloromethane 

 

3030 at 30°C 50 0.00212 SRC, 2008 

Chlorodibromomethane 

 

2700 5.54 0.000783 at 
20°C 

SRC, 2008 
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2. SUMMARY OF THE TOXICITY OF THE REGULATED THMS VIA 
THE ORAL ROUTE 

It is beyond the scope of this report to provide a comprehensive review of the toxicity data of 
THMs via the oral route. However, consideration of oral exposure to THMs is important for the 
purposes of identifying similar and different effects with the oral and dermal routes. Therefore 
a summary of the mechanism of action of the four regulated THMs following oral exposure is 
provided below. 

2.1 Chloroform 

2.1.1 Acute Toxicity 

Chloroform is of low acute oral toxicity; oral LD50s of 450-2000, 36-1366, 820, 500 000 and 
1000 mg/kg bw have been reported in rats, mice, guinea pigs, rabbits and dogs, respectively 
(Chem ID Plus Advanced, 2008; European Chemicals Bureau, 2000). In rats and most strains 
of mice, the liver and kidneys are the target organs of toxicity (WHO, 2005). Symptoms of 
acute toxicity include central nervous system depression and cardiac effects (WHO, 2005). 

2.1.2 Repeat Dose Toxicity/Carcinogenicity 

In sub-chronic repeat dose oral studies, the liver and thyroid have been shown to be the target 
organs of toxicity (WHO, 2005). However, in chronic/carcinogenicity studies, the liver and 
kidneys have been shown to be the target organs, as demonstrated by increases in hepatic 
and renal tumours (WHO, 2005). Interestingly, the occurrence of hepatic tumours in B6C3F1 
mice appears to be dependent upon vehicle administration; tumours were noted when 
chloroform was administered via oral gavage in corn oil, however, these tumours were not 
found with chloroform administration via drinking water (WHO, 2005). Induction of kidney 
tumours was reported to occur in mice at a lower rate than liver tumours (WHO, 2005). The 
tumourigenic response in the kidney is reported to be highly strain-specific within species 
(WHO, 2005). The data suggest that, in both rats and mice, carcinogenicity occurs via a non-
genotoxic mechanism, with tumours occurring secondary to cytotoxicity and cellular 
proliferation. 

In 1999, the International Agency for Research on Cancer (IARC) evaluated chloroform and 
classified it as Group 2B (i.e. possibly carcinogenic to humans) on the basis that there is 
inadequate evidence in humans, but sufficient evidence in animals for its carcinogenicity 
(IARC, 1999a). 

2.1.3 Genotoxicity 

WHO has concluded that it is only slightly mutagenic and unlikely to be genotoxic (WHO, 
2005). In 1995, the Committee on Toxicology (COT), Committee on Mutagenicity (COM) and 
Committee on Carcinogenicity (COC) stated that ‘there was no convincing evidence that 
chloroform was genotoxic in vivo’ (DoH, 1995). 
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In vitro 

Negative results have been reported in in vitro Ames assays conducted in Salmonella 
typhimurium strains TA98, TA100, TA1535, TA1537 and TA1537 and Escherichia coli strains 
WP2p and WP2uvrA, with and without metabolic activation (European Chemicals Bureau, 
2000). Both positive and negative results have been reported in bacterial recombination 
assays conducted with Bacillus subtilis (European Chemicals Bureau, 2000). 

Negative results have been reported in HGPRT assays conducted in V79 cells, with and 
without metabolic activation (European Chemicals Bureau, 2000). Mixed results have been 
reported in cytogenic assays and sister chromatid exchange assays conducted in human 
lymphocytes (European Chemicals Bureau, 2000). 

In vivo 

Positive results have been reported in an in vivo chromosomal aberration assay, but negative 
in micronucleus assays conducted in mice (WHO, 2005). 

2.1.4 WHO Drinking Water Guideline 

In the first addendum to the third edition of its guidelines, the World Health Organization 
(WHO) derived a Guideline for Drinking-water Quality (GDWQ) for chloroform of 300 µg/l, 
based on a Tolerable Daily Intake (TDI) of 0.015 mg/kg bw/day with an allocation of 75% of 
the TDI to drinking water and assuming a 60 kg adult drinking 2 litres of water a day. 
However, it was suggested that in colder countries with low rates of ventilation in houses or 
where the incidences of showering and bathing are high, this guideline value may be lowered 
(WHO, 2005; WHO, 2006). 

2.2 Bromoform 

2.2.1 Acute Toxicity 

Bromoform is of low acute oral toxicity; oral LD50s of 1400-1550 mg/kg bw have been 
reported in the rat when given in an aqueous vehicle, and oral LD50s of 1147-1388 mg/kg bw 
have been reported following administration in corn oil (Chu et al., 1980). Bromoform is 
reported to be the least acutely toxic of the brominated THMs, and it was also found to be the 
least potent THM in general disruption of kidney function following a single dose (IPCS, 2000). 

2.2.2 Repeat Dose Toxicity/Carcinogenicity 

In sub-chronic repeat dose oral studies, the liver appears to be the primary organ for toxicity; 
however the magnitude of the effects on the liver appears to be less than that of the other 
THMs (IPCS, 2000). Some studies have also suggested that renal effects may also occur at 
high doses (IPCS, 2000). In chronic/carcinogenicity studies, the liver and kidneys appear to be 
target organs for toxicity, but in addition, intestinal carcinomas and adenomatous polyps or 
adenocarcinomas of the colon and rectum have been observed in rats. The incidence of these 
tumours was greater in females than males. As these are rare tumours, the National 
Toxicology Program (NTP) concluded that they provide clear evidence for the carcinogenicity 
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of bromoform in female rats and some evidence for the carcinogenicity in male rats (IPCS, 
2000). 

In 1999, IARC evaluated bromoform and classified it as Group 3 (i.e. not classifiable as to its 
carcinogenicity to humans) on the basis that no epidemiological data were available in 
humans and there is limited evidence in experimental animals for the carcinogenicity of 
bromoform (IARC, 1999b). 

2.2.3 Genotoxicity 

WHO has suggested that there is some evidence to suggest bromoform may be weekly 
mutagenic (WHO, 2005). In 1995, the Committee on Toxicology (COT), Committee on 
Mutagenicity (COM) and Committee on Carcinogenicity (COC) concluded that bromoform is 
unlikely to have any significant in vivo genotoxic activity in humans (DoH, 1995). 

In vitro 

Positive results have been reported in in vitro Ames studies conducted in Salmonella 
typhimurium strains TA100 without metabolic activation and TA98 with and without metabolic 
activation (WHO, 2005). Negative or equivocal results have been reported in strains TA1535 
and TA1937 with and without metabolic activation (WHO, 2005). 

Positive results have been reported in sister chromatid exchange and chromosomal aberration 
assays conducted in rat and mouse bone marrow cells (WHO, 2005). Negative results have 
been reported in an unscheduled DNA synthesis (UDS) assay conducted in mouse bone 
marrow and rat liver cells (WHO, 2005). 

In vivo 

Negative results have been reported in an in vivo assay examining DNA strand breaks in the 
kidneys of F344 rats following oral administration of bromoform for 7 days (WHO, 2005). 

2.2.4 WHO Drinking Water Guideline 

In 2005, WHO derived a GDWQ for bromoform of 100 µg/l (rounded), based on a TDI of  
0.0179 mg/kg bw/day with an allocation of 20% of the TDI to drinking water and assuming a 
60 kg adult drinking 2 litres of water a day (WHO, 2005). 

2.3 Bromodichloromethane 

2.3.1 Acute Toxicity 

Bromodichloromethane is of low acute oral toxicity; oral LD50s of 450-916 and  
900-969 mg/kg bw have been reported in male and female rats, respectively (IPCS, 2000). 
The liver and kidneys appear to be the target organs following acute exposure, however, 
effects on the nervous system, such as ataxia, sedation, laboured breathing and anaesthesia 
have been reported at high doses (IPCS, 2000). Bromodichloromethane and chloroform are 
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reported to be equally potent hepatotoxicants, however, bromodichloromethane is reported to 
produce more persistent damage to the liver (IPCS, 2000). 

2.3.2 Repeat Dose Toxicity/Carcinogenicity 

Subchronic studies also indicate that the liver and kidneys are the main targets of toxicity, 
although effects on the thyroid have also been observed. In carcinogenicity studies, 
bromodichloromethane is reported to be more potent than the other THMs following 
administration in drinking water (IPCS, 2000). Following oral administration to rats, treatment-
related tumours were noted in the liver, kidneys and intestines. It has been suggested that the 
metabolism of bromodichloromethane is required for the toxicity and carcinogenicity of 
bromodichloromethane, as the active sites of metabolism are primary target tissues. A 
reduction in the metabolism of bromodichloromethane is associated with a reduction in its 
toxicity (IPCS, 2000). The metabolic products of bromodichloromethane form covalent 
adducts with cellular proteins and lipids to produce dihalocarbonyls or dihalomethyl free 
radicals, which cause cell injury (IPCS, 2000). 

In 1999, IARC evaluated bromodichloromethane and classified it as Group 2B (i.e. possibly 
carcinogenic to humans) on the basis that there is inadequate evidence in humans, but 
sufficient evidence in animals for its carcinogenicity (IARC, 1999c). 

2.3.3 Genotoxicity 

The International Programme on Chemical Safety (IPCS) have concluded that, in comparison 
with other chemicals known to produce mutations via direct interaction with DNA, 
bromodichloromethane is a relatively weak mutagen (IPCS, 2000). In 1995, the Committee on 
Toxicology (COT), Committee on Mutagenicity (COM) and Committee on Carcinogenicity 
(COC) concluded that bromodichloromethane is unlikely to have any significant in vivo 
genotoxic activity in humans (DoH, 1995). 

In vitro 

Mixed results have been reported for in vitro bacterial genotoxicity assays, however, tests 
conducted in closed systems (to prevent volatilisation of bromodichloromethane) have 
generally produced positive results (WHO, 2005). Negative results have been reported in 
bacterial Ames assays with and without metabolic activation (WHO, 2005). 
Bromodichloromethane was reported to produce positive results in chromosomal aberration 
assays with and without metabolic activation (cell types not stated) and sister chromatid 
exchange assays (cell type not stated) (WHO, 2005). 

In vivo 

Negative results have been reported in an in vivo micronucleus assay conducted in mice 
(IPCS, 2000). Negative results have been reported in a DNA strand break assay conducted in 
rats (IPCS, 2000) Positive results have been reported in a bone marrow chromosomal 
aberration assay conducted in rats (IPCS, 2000). 
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2.3.4 WHO Drinking Water Guideline 

In the first addendum to the third edition of its guidelines, WHO derived a guideline value for 
bromodichloromethane of 21 µg/l, based on a linearised multistage model for increases in 
incidence of kidney tumours in male mice. However, the WHO retained a previously derived 
GDWQ of 60 µg/l for two reasons. Firstly, both values were based on the same study, 
however, different models were used to derive the guideline values, and secondly, WHO 
noted that it is difficult to reduce the concentration of bromodichloromethane to below 50 µg/l 
without reducing the effectiveness of disinfection (WHO, 2005). 

2.4 Chlorodibromomethane 

2.4.1 Acute Toxicity 

Chlorodibromomethane is of low acute oral toxicity; oral LD50s of 800, 1200, 1186 and  
848 mg/kg bw have been reported in male mice, female mice, male rats and female rats, 
respectively (IPCS, 2000). High doses of chlorodibromomethane are reported to produce 
anaesthesia (IPCS, 2000). 

2.4.2 Repeat Dose Toxicity/Carcinogenicity 

In subchronic oral studies, the target organs of toxicity appear to be the liver and kidneys, 
although cardiotoxicity has also been noted in rats following oral exposure to 
chlorodibromomethane for four weeks (WHO, 2005). The mode of action of 
chlorodibromomethane is expected to be similar to that of bromodichloromethane (WHO, 
2005). 

In 1999, IARC evaluated chlorodibromomethane and classified it as Group 3 (i.e. not 
classifiable as to its carcinogenicity to humans) on the basis that no epidemiological data were 
available in humans and there is limited evidence in experimental animals for the 
carcinogenicity of chlorodibromomethane (IARC, 1999d). 

2.4.3 Genotoxicity 

In 1995, the Committee on Toxicology (COT), Committee on Mutagenicity (COM) and 
Committee on Carcinogenicity (COC) concluded that chlorodibromomethane is unlikely to 
have any significant in vivo genotoxic activity in humans (DoH, 1995). 

In vitro 

Both positive and negative results have been reported in in vitro Ames studies conducted in 
Salmonella typhimurium strains TA98, TA100, TA1535, TA1537, with and without metabolic 
activation (CCRIS, 2008). WHO state that positive results have largely been reported in 
studies conducted in closed systems (to prevent volatilisation of test substance) (WHO, 2005). 

Negative results have been reported in an in vitro unscheduled DNA synthesis assay 
conducted in rat hepatocytes (CCRIS, 2008). Both positive and negative results have been 
reported in in vitro L5178Y mouse lymphoma assays, with and without metabolic activation, 
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and in chromosomal aberration assays conducted in Chinese hamster lung cells (CCRIS, 
2008). 

In vivo 

Equivocal results have been reported in in vivo studies with chlorodibromomethane. Positive 
results have been reported in sister chromatid exchange and chromosomal aberrations 
assays in mouse bone marrow, however, negative results have been reported in micronuclei 
and UDS assays in the liver of rats (IPCS, 2000). 

2.4.4 WHO Drinking Water Guideline 

In 2005, WHO derived a GDWQ of 100 µg/l (rounded) based on a TDI of 21.4 µg/kg bw/day, 
with an allocation of 20% of the TDI to drinking water and assuming a 60 kg adult drinking 
2 litres of water a day (WHO, 2005). 
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3. REVIEW OF THE CURRENT KNOWLEDGE ON DERMAL 
TOXICITY OF REGULATED THMS 

3.1 Chloroform 

3.1.1 Toxicokinetics 

Absorption and Distribution 

The dermal absorption of chloroform whilst bathing was investigated by Gordon et al (1998). 
Ten subjects (5/sex) bathed in water containing approximately 91 µg chloroform/l for  
20-25 minutes at 30, 35 or 40°C, while breathing pure air through a face mask. Breath 
measurements were taken throughout the exposure period and for 30 minutes following 
exposure. The mean amount of chloroform exhaled was 0.2, 2.3 and 7.0 µg for bath 
temperatures of 30, 35 or 40°C, respectively, demonstrating increasing dermal absorption with 
increasing temperatures. 

Corley et al (2000) used a physiologically based pharmacokinetic PBPK model to simulate the 
exhaled breath data of Gordon et al (1998). A previous PBPK model was used with a simple 
skin compartment added. The rate of change of the amount of chloroform in the skin was 
taken as a function of the rate of penetration through the skin (Fick’s law of diffusion) and the 
rate of delivery and clearance via systemic blood circulation were incorporated. Significant 
increases in exhaled chloroform (and thus bioavailability) were observed as exposure 
temperatures were increased from 30 to 40°C. Skin permeability coefficients (Kp) reflected the 
temperature dependent changes observed. At 35 and 40°C, total amounts of chloroform 
absorbed averaged 41.9 and 43.6 µg for males, respectively and 11.5 and 39.9 µg for 
females, respectively. At 30°C, only 2 of 5 males and 1 of 5 females has detectable 
concentrations of chloroform in their exhaled breath. The predicted relative contribution of 
dermal uptake of chloroform to the total body burden associated with bathing for 30 minutes 
and drinking 2 litres of water (ignoring contributions from inhalation exposures) was predicted 
to range from 1 to 28%, depending on the temperature of the bath. 

The dermal absorption of chloroform was assessed in vivo in human volunteers. Aqueous and 
ethanolic solutions of 14C-radiolabeled chloroform (16 and 81 µg chloroform/cm2, respectively) 
were applied to the forearm of subjects (numbers of volunteers unknown). Absorption of 
chloroform was determined to be 7.8% from the water vehicle and 1.6% from ethanol. The 
dermal absorption of chloroform was also assessed in vitro using fresh excised human skin in 
a flow-through diffusion system. 5.6% of a low dose of chloroform and 7.1% of a high dose of 
chloroform were absorbed (doses not stated) (Dick, 1995). 

The permeability of chloroform through human skin was assessed in vitro by flowing aqueous 
chloroform over 0.2 cm2

 areas of dermatomed human skin samples for 8 hours. Four sets of 
temperature conditions were used; 11, 26, 40 and 50°C. The respective concentrations of 
chloroform tested ranged from 143-275, 143–287, 131-287 and 110-263 µg/l, for these 
temperatures. Mean steady-state permeability coefficients (Kp) of 0.07, 0.14, 0.16 and  
0.19 cm/hour were identified for the 11, 26, 40 and 50˚C assays, respectively (Nakai, 1999). 
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Hairless CD rats were immersed in water (at 36°C) containing 0.44 mg chloroform/ml (i.e. 6% 
of a saturated aqueous solution) for 30 minutes. Chloroform was detected in the animals’ 
blood 4 minutes after exposure, cumulating in a total concentration of 10 mg (Islam, 1996). 

Islam et al (1999) measured the circulating blood levels of chloroform in male hairless 
CD rats. Neat chloroform (15 557 mg) was applied to a 5.46 cm2 area of the dorsal skin of 3 to 
4 rats for 1, 3, or 8 minutes. Blood samples were taken at several time points following 
application of chloroform, up to 360 minutes. The mean levels of absorbed chloroform were 
2.8, 3.5 and 13.3 mg, following 1, 3 or 8 minutes of exposure, respectively. The Cmax values 
for 1, 3 and 8 minutes were 9.8, 8 and 16 µg/ml, respectively. Tmax values for 1, 3 and  
8 minutes were 5, 20 and 23.3 minutes, respectively, indicating that the time to reach 
maximum blood levels increased with increasing exposure duration. The terminal elimination 
rate constant was determined to be 0.009/minute, indicating rapid clearance of absorbed 
chloroform from blood. 

Chloroform is extensively distributed throughout the body, with the liver being the primary 
organ of deposition following oral administration. However, following dermal administration, 
the extrahepatic organs are the primary areas of deposition (no further details available) 
(HSDB, 2000). 

Metabolism 

No data on the metabolism of chloroform via the dermal route were located. However, in the 
excretion study described below, the majority of a dermally applied radiolabelled dose of 
chloroform was excreted as carbon dioxide, indicating that mineralisation to carbon dioxide is 
the major final metabolic fate of chloroform. 

Excretion 

The dermal absorption and elimination of chloroform were assessed in vivo in human 
volunteers. Aqueous and ethanolic solutions of 14C-chloroform (16 and 81 µg chloroform/cm², 
respectively) were applied to the forearm of subjects (numbers unknown). More than 95% of 
radiolabel was excreted via the lungs (88% as carbon dioxide) with maximum pulmonary 
excretion occurring between 15 minutes and 2 hours following administration (Dick, 1995). 

3.1.2 Human Toxicity 

Chloroform is a skin irritant and chronic dermal exposure may result in corrosive effects 
(HSDB, 2000). Klimisch code: 3 (Not Reliable) 

Payanakapo et al. (2008) have performed a cancer risk assessment considering oral and 
dermal exposure to THMs between swimmers and non-swimmers in Nakhon, Pathom 
Municipality, Thailand conducted from April 2005 to March 2006. The concentrations of total 
THMs, chloroform, bromodichloromethane, chlorodibromomethane and bromoform in 60 tap 
water samples were 12.7-41.7, 6.2-29.2, 1.1-11.7, 0.6-3.6 and 0.1-3.4 μg/l, respectively. The 
concentrations of total THMs, chloroform, bromodichloromethane, chlorodibromomethane and 
bromoform in 72 swimming pool water samples were 26.2-65, 9.5-37, 8.9-18, 5.2-22.8 and 
0-6.6 μg/l, respectively. Payanakapo et al. (2008) considered that non-swimmers would be 
exposed to THMs via two routes; orally via drinking water and dermally during bathing and 
showering. Swimmers were considered to be exposed to THMs orally via drinking water and 
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dermally during bathing and showering, but also from oral and dermal absorption during 
swimming. The authors considered inhalation exposure to THMs to be negligible on the basis 
that most buildings in Thailand are well ventilated. 

In considering non-swimmers, cancer risk for the average and maximum concentrations of 
THMs were reported to be 4.56 x10-5 and 9.4 x10-5, respectively. Cancer risk for the average 
and maximum concentrations of chloroform were reported to be 6.33 x10-6 and 1.33 x10-5, 
respectively, and at the average concentration, accounted for 13.61% of the total cancer risk. 
The authors stated that using the US Environmental Protection Agency (EPA) guidance on 
cancer risk assessment, an acceptable risk is 1 x10-4 to 1 x10-6. Therefore the risk of 
developing cancer following exposure to THMs for non-swimmers in Thailand was considered 
to be acceptable. The authors calculated that the risk of cancer from gastrointestinal exposure 
was up to 99.73%, whereas skin exposure was 0.27%. 

In considering swimmers, cancer risk was calculated from swimming only. Using the average 
and maximum concentrations of THMs, cancer risks of 7.53 x10-4 and 1.38 x10-3, respectively, 
were calculated. Using the US EPA guidance, this would be considered to be an unacceptable 
risk of developing cancer. Cancer risk for the average and maximum concentrations of 
chloroform were reported to be 4.34 x10-5 and 7.9 x10-5, respectively, and at the average 
concentration, accounted for 5.77% of the total cancer risk. The risk of developing cancer from 
swimming was reported to be 93.9-94.3% of the total risk (i.e. the sum cancer risk of 
swimming, tap water intake and bathing and showering) of developing cancer. The basis for 
the derivation of some of these cancer risks are not clear from this paper, therefore this 
study has been assigned a Klimisch Code of 3 (Not Reliable). 

3.1.3 Toxicity to Experimental Animals 

Irritation and Sensitisation 

Chloroform was administered to the skin of New Zealand white rabbits in a Draize test. 
Moderate to severe oedema and erythema with superficial peripheral necrosis were observed 
(European Chemicals Bureau, 2000). No further details of this study were available. 
Therefore, this study cannot be considered to be reliable and has been classified as 
Klimisch Code 3 (Unreliable). 

Chloroform was not sensitising in a Magnusson Kligman or local Lymph Node Assay (LLNA) 
assay, however, irritation occurred in both assays (Matsouoka, 2002). It was not possible to 
obtain full study report containing further details; therefore it is not possible to assess 
the reliability of this study. Klimisch code: 4 (Not Assignable). 

Acute Toxicity 

A dermal LD50 of >2000 mg/kg bw has been identified in rabbits, indicating that it is of low 
acute dermal toxicity (ChemID Plus, 2008). No details of this study have been reported. 
Therefore, it is assigned a Klimisch Code of 4 (Not Assignable). 
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Subacute Toxicity 

No data were located on the subacute toxicity of chloroform following exposure via the dermal 
route. 

Subchronic Toxicity 

No data were located on the subchronic toxicity of chloroform following exposure via the 
dermal route. 

Chronic Toxicity 

No data were located on the chronic toxicity or carcinogenicity of chloroform following 
exposure via the dermal route. 

Reproductive and Developmental Toxicity 

No data were located on the reproductive toxicity of chloroform following exposure via the 
dermal route. 

Genotoxicity 

No data were located on the genotoxicity of chloroform following exposure via the dermal 
route. 

3.1.4 Summary 

Chloroform is significantly absorbed by the skin, with absorption increasing with increasing 
exposure time and temperature. A maximum reported dermal absorption factor of 28% can be 
identified from the toxicokinetic studies available. Once absorbed via the dermis, chloroform is 
distributed extensively throughout the body. However, the deposition of chloroform following 
dermal exposure differs to that of the oral route. Chloroform is not found primarily in the liver 
(as following oral absorption), but in the extrahepatic organs. Chloroform is rapidly and almost 
exclusively eliminated via the lungs as carbon dioxide. 

Chloroform is of low acute dermal toxicity. It is irritating to the skin, but is not a sensitiser. No 
data on the genotoxic or long-term effects of chloroform have been located following dermal 
exposure. Therefore it is not possible to determine if the toxicity of chloroform via the dermal 
route is different to toxicity via the oral route. 
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3.2 Bromoform 

3.2.1 Toxicokinetics 

Absorption and Distribution 

No data were located on the absorption and distribution of bromoform following exposure via 
the dermal route. However, it has been reported that lethargy and weight loss was observed in 
rabbits following dermal application of 200 bromoform/kg bw under an occlusive dressing for 
24 hours (Clayton and Clayton, 1994), which may indicate that dermal absorption occurred. 

Metabolism 

No data on the metabolism of bromoform following exposure via the dermal route were 
located. 

Excretion 

No data on the excretion of bromoform following exposure via the dermal route were located. 

3.2.2 Human Toxicity 

Payanakapo et al. (2008) have performed a cancer risk assessment considering oral and 
dermal exposure to THMs between swimmers and non-swimmers (please see Section 3.1.2 
for further details). 

In considering non-swimmers, cancer risk for the average and maximum concentrations of 
bromoform were reported to be 1.05 x10-6 and 2.17 x10-6, respectively, and at the average 
concentration, accounted for 2.25% of the total cancer risk. The authors stated that using the 
US Environmental Protection Agency (EPA) guidance on cancer risk assessment, an 
acceptable risk is 1 x10-4 to 1 x10-6. Therefore the risk of developing cancer following 
exposure to THMs for non-swimmers in Thailand was considered to be acceptable. The 
authors calculated that the risk of cancer from gastrointestinal exposure was up to 99.73%, 
whereas skin exposure was 0.27%. 

In considering swimmers, cancer risk was calculated from swimming only. Cancer risk for the 
average and maximum concentrations of bromoform were reported to be 1.08 x10-5 and  
2.38 x10-5, respectively, and at the average concentration, accounted for 1.44% of the total 
cancer risk. The basis for the derivation of some of these cancer risks are not clear from 
this paper, therefore this study has been assigned a Klimisch Code of 3 (Not Reliable). 
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3.2.3 Toxicity to Experimental Animals 

Irritation and Sensitisation 

Bromoform is moderately irritating to rabbit skin and eyes (Clayton and Clayton 1994). This 
study has been assigned a Klimisch code of 3 (Not Reliable). 

A dose of 200 mg bromoform/kg bw was applied to the unabraded skin of rabbits under an 
occlusive dressing for 24 hours. Lethargy and weight loss were observed (Clayton and 
Clayton 1994). This study has been assigned a Klimisch code of 3 (Not Reliable). 

No data were located on the sensitising properties of bromoform following exposure via the 
dermal route. 

Acute Toxicity 

No data were located on the acute toxicity of bromoform following exposure via the dermal 
route. 

Subacute Toxicity 

No data were located on the subacute toxicity of bromoform following exposure via the dermal 
route. 

Subchronic Toxicity 

No data were located on the subchronic toxicity of bromoform following exposure via the 
dermal route. 

Chronic Toxicity and Carcinogenicity 

No data were located on the chronic toxicity or carcinogenicity of bromoform following 
exposure via the dermal route. 

Reproductive and Developmental Toxicity 

No data were located on the reproductive toxicity of bromoform following exposure via the 
dermal route. 

Genotoxicity 

No data were located on the genotoxicity of bromoform following exposure via the dermal 
route. 
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3.2.4 Summary 

Bromoform is irritating to the skin. Dermal application of bromoform resulted in lethargy and 
weight loss, which may be indicative of systemic effects, or the result of the diminished 
wellbeing of the animals, secondary to irritation. No toxicokinetic data are available for 
bromoform administered via the dermal route. The effects observed in acute studies may be 
systemic effects due to absorption of bromoform, but this cannot be substantiated with the 
current data. 

No data on the acute, sensitising, genotoxic or long-term effects of bromoform have been 
located following dermal exposure. Therefore it is not possible to determine if the toxicity of 
bromoform via the dermal route is different to toxicity via the oral route. 

3.3 Bromodichloromethane 

3.3.1 Toxicokinetics 

Absorption and Distribution 

A forearm of 10 adults (9 males and 1 female) was immersed in a solution of 
bromodichloromethane (at 42°C) for one hour. The target water concentration of 36 μg/l 
resulted in an estimated mean dose of 155 ng/kg bw (using an estimated skin permeability of 
0.18 cm/hour and calculating the surface area exposed using a fraction of 0.055 to account for 
the forearm and hand). Blood samples were obtained prior to and, for 24 hours following 
exposure. Measured blood concentrations (Cmax) ranged from 39-170 ng/l and decreased to 
levels near or below the limit of determination by 24 hours, with a mean half life of 32 minutes.  

An investigation of the kinetics of bromodichloromethane via the oral route was also 
conducted. A mean dose of 146 ng/l was ingested in a single administration of 
3.4 ml water/kg bw by the same 10 adults. Blood samples were obtained prior to, and for 
4 hours, following exposure. Cmax ranged from 0.4-4.1 ng/l, with Tmax ranging from 
5 to 30 minutes, with a mean half life of 47 minutes. 

The blood concentration of bromodichloromethane following dermal administration was 
significantly higher compared with oral administration. This indicates that 
bromodichloromethane is absorbed via the dermal route and bypasses the significant first 
pass metabolism that occurs when administered orally, leading to increased blood levels 
(Leavens et al., 2007). 

Metabolism 

No data were located on the metabolism of bromodichloromethane following exposure via the 
dermal route. 

Excretion 

No data were located on the excretion of bromodichloromethane following exposure via the 
dermal route. 
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3.3.2 Human Toxicity 

A forearm of 10 adults (9 males and 1 female) was immersed in a solution of 
bromodichloromethane (at 42°C) for one hour. Urine samples were obtained prior to and for 
24 hours following exposure. The target water concentration of 36 μg/l resulted in an 
estimated mean dose of 155 ng/kg bw. The urine samples were subsequently evaluated for 
mutagenicity in a Salmonella (Ames) plate incorporation assay, in the absence of metabolic 
activation. Peak post-dose urine mutagenicity levels that were at least twice that of the pre-
dose level occurred in 6 out of 10 subjects (Leavens et al., 2007). This study has been 
assigned a Klimisch Code of 2 (Reliable with Restrictions). 

Payanakapo et al. (2008) have performed a cancer risk assessment considering oral and 
dermal exposure to THMs between swimmers and non-swimmers (please see Section 3.1.2 
for further details). 

In considering non-swimmers, cancer risk for the average and maximum concentrations of 
bromodichloromethane were reported to be 2.92 x10-5 and 5.61 x10-5, respectively, and at the 
average concentration, accounted for 62.87% of the total cancer risk. The authors stated that 
using the US Environmental Protection Agency (EPA) guidance on cancer risk assessment, 
an acceptable risk is 1 x10-4 to 1 x10-6. Therefore the risk of developing cancer following 
exposure to THMs for non-swimmers in Thailand was considered to be acceptable. The 
authors calculated that the risk of cancer from gastrointestinal exposure was up to 99.73%, 
whereas skin exposure was 0.27%. 

In considering swimmers, cancer risk was calculated from swimming only. Cancer risk for the 
average and maximum concentrations of bromodichloromethane were reported to be 3.23 
x10-4 and 4.4 x10-4, respectively, and at the average concentration, accounted for 42.87% of 
the total cancer risk. The basis for the derivation of some of these cancer risks are not 
clear from this paper, therefore this study has been assigned a Klimisch Code of 3 (Not 
Reliable). 

3.3.3 Toxicity to Experimental Animals 

Irritation and Sensitisation 

No data were located on the irritation or sensitisation effects of bromodichloromethane 
following exposure via the dermal route. 

Acute Toxicity 

No data were located on the acute toxicity of bromodichloromethane following exposure via 
the dermal route. 

Subacute Toxicity 

A range-finding study has been completed in FVB/N mice (sex unknown). Mice were 
administered 0, 64, 128 or 256 mg bromodichloromethane/kg bw/day for 2 weeks. Survival 
was not affected and no signs of adverse effects were observed. A NOAEL of  
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256 mg/kg bw/day (the highest dose tested) can be identified from this study (NTP, 2007). 
This study has been classified as Klimisch Code: 2 (Reliable with Restrictions). 

Subchronic Toxicity 

No data were located on the subchronic toxicity of bromodichloromethane following exposure 
via the dermal route. 

Chronic Toxicity and Carcinogenicity 

Groups of Tg.AC hemizygous mice (a transgenic strain of mice that mounts a tumourigenic 
response within 6 months in skin paint assays when dosed topically with nongenotoxic 
carcinogens) (15/sex/dose) were administered 0, 64, 128 or 
256 mg bromodichloromethane/kg bw/day, 5 days/week for 26 weeks (approximately 0, 46, 91 
and 183 mg/kg bw/day, respectively, adjusting to a 7 day/week exposure). Doses were 
administered to the clipped dorsal skin from the mid-back to the interscapular area (no details 
reported as to whether an occlusive dressing was or was not applied). Survival, body and 
organ weights were recorded, clinical chemistry and gross and histopathology were performed 
on animals. Survival was not reduced. The body- and organ weights of treated animals were 
similar to those of controls. There were no increases in the incidence of neoplasms or non-
neoplastic lesions at any dose. A NOAEL of 256 mg/kg bw/day (the highest dose tested; 
approximately 183 mg/kg bw/day, adjusting to a 7 day/week exposure) can be identified from 
this study (NTP, 2007). As no effects were observed in this study, it is not possible to 
determine if any organs are targets for toxicity of bromodichloromethane via the 
dermal route. This study has been assigned a Klimisch Code of 1 (Reliable). 

Groups of Tg.AC hemizygous mice (15/sex/dose) were administered 
0, 64, 128 or 256 mg bromodichloromethane/kg bw/day, 5 days/week for 39 weeks 
(approximately 0, 46, 91 and 183 mg/kg bw/day, respectively, adjusting to a 7 day/week 
exposure). Doses were administered to the clipped dorsal skin from the mid-back to the 
interscapular area (no details reported as to whether an occlusive dressing was or was not 
applied). Survival, body and organ weights were recorded, clinical chemistry and histo- and 
gross pathology were performed on animals. Survival was not reduced. Bodyweights of 
treated animals were similar to that of controls. Absolute heart weight of females in the mid 
and top dose groups and absolute lung weight of females in the top dose group were greater 
than those of controls. No other changes in organ weights of treated animals were observed. 
There were no increases in the incidences of neoplasms or non neoplastic lesions at any dose 
A NOAEL of 64 mg/kg bw/day (approximately 46 mg/kg bw/day, adjusting for a  
7 day/week exposure) can be identified from this study, based upon increased heart weights 
in the mid dose group (NTP, 2007). Based on the results from this study, the heart 
appears to be a target organ of toxicity following dermal administration of 
bromodichloromethane in this strain of mouse. Following oral exposure to 
bromodichloromethane, the liver and kidneys have been reported to be the target 
organs of toxicity. This study has been assigned a Klimisch Code of 1 (Reliable). 

Reproductive and Developmental Toxicity 

No data were located on the reproductive or developmental toxicity of bromodichloromethane 
following exposure via the dermal route. 
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Genotoxicity 

No data were located on the genotoxicity of bromodichloromethane following exposure via the 
dermal route. 

3.3.4 Summary 

Bromodichloromethane is absorbed following dermal administration and is rapidly metabolised 
and/or eliminated. While no quantitative value for dermal absorption can be determined, it is of 
note that in one study, dermal application results in a higher internal dose than that achieved 
via oral exposure. 

No adverse affects were observed in a subacute (2 week) or chronic (26 weeks) studies in 
mice at the highest doses tested. However, increases in heart weights were observed in a  
39 week study in mice, at the mid dose group. NOAELs from these studies have been 
identified and are presented in Table 3.1. The lowest reliable chronic NOEL is emboldened. 

Data on the toxicity of bromodichloromethane following dermal exposure are extremely 
limited, and therefore no firm conclusions on route-specific modes of action can be drawn. 
However, one study in mice has demonstrated an effect on heart weight following dermal 
administration of bromodichloromethane. Data from oral toxicity studies have suggested that 
the liver and kidneys are the target organs of toxicity. This may indicate an exposure-route 
specific effect in this strain of mouse. 

Table 3.1  Summary of NOAELs identified in experimental animals following dermal 
exposure to bromodichloromethane 

Species Study Duration NOAEL  
(mg/kg bw/day) 

Basis of NOAEL Reference Klimisch 
code 

Subacute 
FVB/N mice 2 weeks 256 (highest dose 

tested) 
No adverse effects NTP, 2007 1 

Chronic 
Tg.AC 
hemizygous 
mice 

5 days/week for 
26 weeks 

256 (highest dose 
tested; approximately  
183 mg/kg bw/day, 
adjusting to a 7 
day/week exposure) 

No adverse effects NTP, 2007 1 

Tg.AC 
hemizygous 
mice 

5 days/week for 
39 weeks 

64 (approximately  
46 mg/kg bw/day, 
adjusting to a 7 
day/week exposure) 

Increased heart 
weights 

NTP, 2007 1 

 

Urine from humans dermally exposed to bromodichloromethane increased mutation frequency 
in the Ames assay (without metabolic activation). Although data are limited on the genotoxic 
potential of bromodichloromethane, these data suggest that bromodichloromethane may have 
the potential to induce mutations. 
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3.4 Chlorodibromomethane 

3.4.1 Toxicokinetics 

Absorption and Distribution 

No data were located on the absorption and distribution of chlorodibromomethane following 
exposure via the dermal route. 

Metabolism 

No data were located on the metabolism of chlorodibromomethane following exposure via the 
dermal route. 

Excretion 

No data were located on the excretion of chlorodibromomethane following exposure via the 
dermal route. 

Human Toxicity 

Payanakapo et al. (2008) have performed a cancer risk assessment considering oral and 
dermal exposure to THMs between swimmers and non-swimmers (please see Section 3.1.2 
for further details). 

In considering non-swimmers, cancer risk for the average and maximum concentrations of 
chlorodibromomethane were reported to be 9.89 x10-6 and 2.24 x10-5, respectively, and at the 
average concentration, accounted for 21.27% of the total cancer risk. The authors stated that 
using the US Environmental Protection Agency (EPA) guidance on cancer risk assessment, 
an acceptable risk is 1 x10-4 to 1 x10-6. Therefore the risk of developing cancer following 
exposure to THMs for non-swimmers in Thailand was considered to be acceptable. The 
authors calculated that the risk of cancer from gastrointestinal exposure was up to 99.73%, 
whereas skin exposure was 0.27%. 

In considering swimmers, cancer risk was calculated from swimming only. Cancer risk for the 
average and maximum concentrations of chlorodibromomethane were reported to be  
3.76 x10-4 and 8.38 x10-4, respectively, and at the average concentration, accounted for 
49.93% of the total cancer risk. The basis for the derivation of some of these cancer risks 
are not clear from this paper, therefore this study has been assigned a Klimisch Code 
of 3 (Reliable with Restrictions). 
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3.4.2 Toxicity to Experimental Animals 

Irritation and Sensitisation 

No data were located on the irritation effects of chlorodibromomethane following exposure via 
the dermal route. 

No data were located on the sensitisation effects of chlorodibromomethane following exposure 
via the dermal route. 

Acute Toxicity 

No data were located on the acute toxicity of chlorodibromomethane following exposure via 
the dermal route. 

Subacute Toxicity 

No data were located on the subacute toxicity of chlorodibromomethane following exposure 
via the dermal route. 

Subchronic Toxicity 

No data were located on the subchronic toxicity of chlorodibromomethane following exposure 
via the dermal route. 

Chronic Toxicity and Carcinogenicity 

No data were located on the chronic toxicity or carcinogenicity of chlorodibromomethane 
following exposure via the dermal route. 

Reproductive and Developmental Toxicity 

No data were located on the reproductive toxicity of chlorodibromomethane following 
exposure via the dermal route. 

Genotoxicity 

No data were located on the genotoxicity of chlorodibromomethane following exposure via the 
dermal route. 

3.4.3 Summary 

No data on the toxicokinetics. acute, irritation, sensitising, genotoxic or long-term effects of 
chlorodibromomethane have been located following dermal administration. 
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4. REVIEW OF THE CURRENT KNOWLEDGE ON INHALATION 
TOXICITY OF REGULATED THMS 

4.1 Chloroform 

4.1.1 Toxicokinetics 

Absorption and Distribution 

Absorption of chloroform via inhalation is reported to be dependent on a range of factors 
including the concentration in inhaled air, duration of exposure, the blood-air partition 
coefficient, solubility in tissues and physical activity, which affects ventilation rate and cardiac 
output. Absorption is also influenced by total bodyweight and total fat content, as uptake and 
storage in adipose tissue is reported to increase with increasing bodyweight and fat content 
(ATSDR, 1997). 

Following administration of an unspecified dose of 14C-labelled chloroform to mice via 
inhalation, most of the absorbed radioactivity was found immediately in fat, with the 
concentration of radioactivity in the liver increasing following anaesthesia (Cohen & Hood, 
1969, cited in ATSDR, 1997) 

Following administration of radiolabelled anaesthetic doses of chloroform to male NMRI mice, 
high levels of radioactivity were reported in the fat immediately after exposure and in the liver 
during the post-anaesthetic period (levels not stated). Following 10 minutes exposure, 
tissue:blood ratios were 1.56, 2.10 and 6.7 in the liver 0, 15 and 20 minutes post exposure, 
respectively. Tissue:blood ratios were 6.42, 9.25 and 7.18 in the fat 0, 15 and 20 minutes post 
exposure, respectively. Lesser amounts of radioactivity were also detected in the blood, brain, 
muscle, lungs and kidneys (Cohen & Hood, 1969, cited in ATSDR, 1997 and IPCS, 1994). 

In humans, following administration of anaesthetic doses of chloroform (8000-10 000 ppm; 
approximately 39 200-49 000 mg/m³) to 10 patients, blood chloroform concentrations were 
reported to be 7-16.2 mg/ml (Smith et al., 1973; cited in ATSDR, 1997). 

In a human volunteer study, Xu and Weisel (2005b) examined the uptake of chloroform via 
inhalation from showering. Six subjects (three males and three females) participated in the 
study. The target concentration of chloroform in the water was 15 µg/l, which the authors 
noted was lower than chloroform concentrations in many chlorinated drinking water systems. 
The shower cubicle containing the shower had a volume of 2.92 m³ (length 1.3 m, width  
0.94 m, height 2.39 m), water temperature was 38 ± 1°C and the water stream was adjusted 
to a fine spray to promote volatilisation. Dermal exposure to chloroform was prevented by the 
use of waterproof clothing and shoes. The showers were run for a few minutes prior to 
exposure to allow the temperature of the water to stabilise. Breath samples from volunteers 
were collected after 10, 15, 20 and 25 minutes exposure, with each sampling period lasting  
1 minute. The chloroform air exchange rate was calculated to be 0.15 ± 0.09/minute. The 
authors reported that approximately 40-80% absorption of chloroform occurred (reported to be 
10-15 µg chloroform). However, the authors noted that as subjects were sedentary during the 
experiment, breathing rate would be lower than if they washing in a shower. Therefore, 
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adjusting to a breathing rate of 14 l/minute, Xu and Weisel (2005b) calculated that 
approximately 10-20 µg chloroform would be absorbed following a 10-15 minute shower. 

Metabolism 

The aerobic metabolism of chloroform is illustrated in Figure 4.1. Chloroform is reported to be 
in part metabolised by cytochrome P450 oxidative dehydrochlorination to phosgene in the liver 
and kidneys (ATSDR, 1997). In aerobic conditions, phosgene may react with glutathione to 
form diglutathionyl dithiocarbonate, which may be further metabolised in the kidneys, or react 
with cellular elements to induce cytotoxicity (ATSDR, 1997). Phosgene may also undergo a 
condensation reaction to form carbon dioxide and hydrochloric acid or condensation to 
cysteine to form 2-oxothiazolidine-4-carboxylic acid (ATSDR, 1997). Phosgene may also react 
with lipids and proteins of the endoplasmic reticulum. The ultimate aerobic metabolite of 
chloroform is reported to be carbon dioxide (ATSDR, 1997). 
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Figure 4.1  Aerobic Metabolism of Chloroform (ATSDR, 1997) 

In anaerobic conditions, chloroform is reported to induce lipid peroxidation and inactivation of 
cytochrome P450 in rat liver microsomes. Binding of chloroform to microsomes is prevented 
by glutathione. It has been suggested that the reaction with glutathione may act as a 
detoxification mechanism. When glutathione becomes depleted, chloroform metabolites react 
with microsomal proteins, causing cell necrosis.  

   Acceptor protein 
 
 

CO 

Cysteine  
condensation 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

29 

Wang et al. (1995) have performed a study on the differences in chloroform metabolism in fed 
and fasted rats via several routes of administration, including inhalation. Rats were exposed to 
concentrations of 0, 50, 100 or 500 ppm (approximately 0, 245, 490 and  
2450 mg/m³, respectively) for 6 hours. A difference in blood chloroform level was only noted 
between fed and fasted rats at the top dose; the blood chloroform concentration was lower in 
fasted rats. Plasma aspartate aminotransferase (AST) levels were significantly increased, 
compared to the controls, in fed rats at the top dose, and in fasted rats at the top two doses. 
Plasma AST levels were also significantly increased in fasted rats at the top two doses when 
compared to fed rats at the same doses. Plasma alanine aminotransferase (ALT) and 
glutathione (GSH) were significantly increased in fasted rats at the top dose compared to the 
control and fed rats at the same dose. The authors suggest that administration of chloroform 
via inhalation at the top dose of 500 ppm (2450 mg/m³) to fasted rats enhances hepatic 
biotransformation and toxicity, as indicated by increased AST and ALT levels in the blood. 

The rate of metabolism is reported to vary between species. Chloroform metabolism is 
reported to be slower in humans than in rodents (Corley et al., 1990, cited in ATSDR, 1997). 
The metabolism of chloroform to carbon dioxide is reported to be more rapid in mice than in 
squirrel monkeys (Brown et al., 1974, cited in ATSDR, 1997). 

Differences in the metabolism of chloroform have been reported in male and female mice. In 
male mice, chloroform accumulated and was metabolised in the renal cortex to a greater 
extent than females, and chloroform concentrations in the liver were greater in females than in 
males. This effect was not observed in other species (Taylor et al., 1974, cited in ATSDR, 
1997). 

Constan et al. (1999) have performed a study assessing the induction of liver, kidney and 
nasal toxicity in male mice by cytochrome P450 2E1 metabolism. B6C3F1, Sv/129 wild type 
(Cyp2e1 +/+) and Sv/129 CYP2E1 knockout (Cyp2e1-/- or Cyp2e1-null) mice were exposed to 
chloroform at a concentration of 90 ppm (approximately 441 mg/m³) for 6 hours/day for  
4 days. Parallel groups (excluding Cyp2e1-null mice) were also administered  
1-aminobenzonitrile (ABT) via an interperitoneal injection of 150 mg/kg bw. ABT is an 
irreversible cytochrome P450 inhibitor. Bromodeoxyuridine (BrdU), a thymidine analogue, was 
administered via a subcutaneously implanted osmotic pump approximately 3.5 days prior to 
necropsy to evaluate regenerative cell proliferation (as measured by the labelling index, LI, the 
percentage of cells in S-phase). B6C3F1 and Sv/129 wild type mice were reported to display 
extensive hepatic and renal necrosis and regenerative cell proliferation. These mice were also 
reported to have minimal signs of toxicity in the nasal turbinates. These effects were not 
present in mice administered ABT or the Cyp2e1 -/- mice, indicating that metabolism by P450 
2E1 is required for chloroform toxicity. 

Excretion 

The excretion of chloroform administered via inhalation has been investigated in rats and 
mice. Forty-eight hours after administration of an unspecified radiolabelled dose, 92-99% of 
the total radioactivity was recovered in mice and 58-98% of the total radioactivity was 
recovered in rats. The percentage recovery was reported to decrease with increasing dose. In 
mice, approximately 80-85% of the total radioactivity was recovered as exhaled carbon 
dioxide, 0.4-8% as exhaled chloroform, 8-11% as urinary metabolites, and 0.6-1.4% as faecal 
metabolites. In rats, 48-85% of the total radioactivity was recovered as exhaled carbon 
dioxide, 2-48% as exhaled chloroform, 8-11% as urinary metabolites, and 0.1-06% as faecal 
metabolites. Increasing exposure concentration by 4-fold increased the amount of exhaled 
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unmetabolised chloroform by 50 and 20 fold in mice and rats, respectively (Corley et al., 1990, 
cited in ATSDR, 1997). 

4.1.2 Human Toxicity 

Data on the toxicity of chloroform to humans have been obtained from clinical reports. These 
data should always be viewed with caution, as pre-existing health conditions may contribute to 
toxicity. In a cohort study of 1502 patients ranging from 1 to 80 years of age, no increase in 
mortality was reported following exposure to chloroform under anaesthesia at concentrations 
of less than 22 500 ppm (approximately 110 000 mg/m³), however, dose-related bradycardia 
(pulse rate decreased to below 60 beats per minute) developed in 8% of cases and cardiac 
arrhythmia developed in 1.3% of cases (ATSDR, 1997). Old clinical case reports have 
suggested that exposure to approximately 40 000 ppm (approximately 196 000 mg/m³) for 
several minutes will result in an overdose (ATSDR, 1997). Due to the limited details and the 
uncertainty of the effects pre-existing conditions may have on chloroform toxicity, this 
study has been assigned a Klimisch Code of 3 (Not Reliable). 

Nausea and vomiting have been reported to frequently occur following inhalation of chloroform 
during anaesthesia at concentrations of 8000-22 500 ppm (approximately  
39 200-110 250 mg/m³) (ATSDR, 1997). These effects have also been reported in workers 
following occupational exposure to chloroform for 6 months at concentrations of 14-400 ppm 
(approximately 67-1960 mg/m³) (ATSDR, 1997). Due to the limited details, this study has 
been assigned a Klimisch Code of 3 (Not Reliable). 

Increased sulphobromophthalein retention, indicating impaired liver function, has been 
reported in some patients following anaesthesia with chloroform at concentrations of  
8000-10 000 ppm (approximately 39 000-49 000 mg/m³) (Smith et al., 1973, cited in ATSDR, 
1997). Workers exposed to concentrations of 14-400 ppm (approximately 67-1960 mg/m³) for 
1-6 months were reported to develop toxic hepatitis, jaundice, vomiting and nausea (ATSDR, 
1997). Due to the limited details and the uncertainty of the effects pre-existing 
conditions may have on chloroform toxicity, this study has been assigned a Klimisch 
Code of 3 (Not Reliable). 

4.1.3 Toxicity to Experimental Animals 

Acute Toxicity 

Chloroform is of low acute inhalation toxicity; a 4-hour inhalation LC50 of 9770 ppm 
(approximately 47 873 mg/m³) has been reported in female rats (ATSDR, 1997) and a 6-hour 
LC50 of 9200 mg/m³ (approximately 1877 ppm) has been reported in rats (WHO, 2004).  
A 6 hour inhalation LC50 of 6200 mg/m³ has been reported in OF1 mice (WHO, 2004). No 
details of the experimental conditions of these studies are reported, therefore they are 
assigned a Klimisch Code of 4 (Not Assignable). 

It has been reported that serum glutamate dehydrogenase and sorbitol dehydrogenase 
activity were increased in rats following a single exposure to a concentration of  
1410 mg chloroform/m³ (approximately 288 ppm) for 4 hours. At concentrations of  
4600-5250 mg/m³ (approximately 938-1071 ppm), serum aspartate aminotransferase activity 
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was also increased, indicating liver damage (Brondeau et al., 1983, cited in IPCS, 1994). Due 
to the limited details, this study has been assigned a Klimisch Code of 3 (Not Reliable). 

Male mice may be more susceptible to acute chloroform toxicity than female mice. In a 
lethality study, groups of 10 female BDF1 mice survived a single 6-hour exposure to 
chloroform at a concentration of 2500 mg/m³. All 10 female mice died following exposure to  
40 000 mg/m³. However, 1 of 10 male mice died following exposure to 59 mg/m³ and 8 of 10 
male mice died following exposure to 120 mg/m³ (Kasai et al., 2002; WHO, 2004). Due to the 
limited details, this study has been assigned a Klimisch Code of 3 (Not Reliable). 

Gearhart et al. (1993) examined the effect of chloroform exposure to the core body 
temperature of B6C3F1 mice. Mice were exposed in a closed, recirculating chamber at a 
concentration range of 100-5500 ppm (approximately 490-26 950 mg/m³). Body temperature 
was significantly decreased at all doses, with the largest decrease (14°C) occurring at the top 
dose. Examination of ethoxycoumarin O-deethylase (ECOD) and P-450 (a diverse group of 
enzymes that metabolise a vast range of compounds) activity in mice exposed to a 
concentration of 4000 ppm (approximately 19 600 mg/m³) revealed no effects. This study 
has been assigned a Klimisch Code of 3 (Not Reliable). 

Subacute Toxicity 

In a 7-day study, female B6C3F1 mice and male F344 rats were exposed to chloroform at 
concentrations of 0, 1, 3, 10, 30, 100 or 300 ppm (approximately 0, 5, 15, 49, 147, 490 and 
1470 mg/m³, respectively) for 6 hours/day, 7 days/week. Measured concentrations were  
0, 1.2, 3, 10, 29.5, 100 and 288 ppm (approximately 0, 6, 15, 49, 145, 490 and 1411 mg/m³) in 
mice and 0, 1.5, 3.1, 10.4, 29.3, 100 and 271 ppm (approximately 0, 7.4, 15, 51, 144, 490 and 
1323 mg/m³) in rats, respectively. Animals were administered bromodeoxyuridine (BrdU), a 
thymidine analogue, via a subcutaneously implanted osmotic pump approximately 3.5 days 
prior to necropsy to evaluate regenerative cell proliferation. Bodyweight gain was significantly 
reduced in mice at the top two doses and in rats at >10 ppm (49 mg/m³). 

In mice, histopathological examinations revealed mild to moderate vacuolar (small cavities in 
the cytoplasm of a cell) changes in centrilobular hepatocytes at 10 and 30 ppm (49 and  
147 mg/m³, respectively), and centrilobular hepatocyte necrosis and severe vacuolar 
degeneration (formation of nonlipid vacuoles in cytoplasm) of the midzonal and periportal 
hepatocytes at the top two doses. Slightly increased hepatocyte labelling index (LI; a measure 
of BrdU incorporation) was noted at 10 and 30 ppm (49 and 147 mg/m³, respectively) and 
significantly increased (more than 30 fold) hepatocyte LI was noted at the top two doses. The 
proximal tubules of the kidneys of mice at the top dose displayed evidence of regenerating 
epithelial cells and LI was increased over 8 fold. 

In rats, histopathological examinations revealed mild centrilobular vacuolation in the liver at 
the top dose. Hepatocyte LI was increased 3 and 7 fold at 100 and 300 ppm (490 and  
1470 mg/m³), respectively. Examinations of the kidneys revealed regenerating epithelium cells 
in the proximal tubules at the top dose. The LI for the tubule cells of the cortex was increased 
at the top three doses. Examinations of the nasal passages revealed respiratory epithelial 
goblet cell hyperplasia and degeneration of the Bowman’s glands (glands that produce mucus 
to moisten the olfactory epithelium) in olfactory mucosa with associated osseous (bone tissue) 
hyperplasia of the endo and ectoturbinates (bony plates on the lateral wall of the nasal cavity) 
at >10 ppm (49 mg/m³). A NOAEC of 3 ppm (approximately 15 mg/m³) was identified based 
on histopathological changes in the hepatocytes of mice and alterations of the nasal passages 
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of rats (Larson et al., 1994; ATSDR, 1997). This study indicates effects on the liver and 
kidneys in both rats and mice, which is consistent with the effects reported following 
oral exposure. However, localised effects in the nasal cavity were also reported in rats, 
which occurred at a concentration lower than effects in the liver and kidneys. This 
study has been assigned a Klimisch code of 2 (Reliable with restrictions). 

In a 7-day study, F-344 rats and B6C3F1 mice were exposed to chloroform at a 
concentrations of 0, 1, 3, 10, 30, 100 or 300 ppm (approximately 0, 5, 15, 49, 147, 490 and 
1470 mg/m³, respectively) for 6 hours/day. Actual concentrations were reported to be 0, 1.5, 
3.1, 10.4, 29.3 and 100 ppm (approximately 0, 7, 15, 51, 144 and 490 mg/m³, respectively) in 
rats and 0, 1.2, 3.0, 10.0, 29.5, 101 and 288 ppm (approximately 0, 6, 15, 49, 145, 495 and 
1411 mg/m³, respectively) in mice. Animals were administered BrdU via a subcutaneously 
implanted osmotic pump approximately 3.5 days prior to necropsy. 

In rats, histopathological examination of the respiratory epithelium revealed an increase in 
size of goblet cells of the nasopharyngeal meatus (upper part of the throat behind the nose). 
The affected epithelium was twice as thick as would normally be expected. The olfactory 
mucosa and bone of the ethmoid turbinates (bony plates with curved margins on the lateral 
wall of the nasal cavity) revealed a complex set of responses. These responses were 
characterised by atrophy of the Bowman’s gland, new bone formation and increased labelling 
index in periosteal (fibrous connective tissue) cells. Site specific loss of mucosubstances and 
loss of immunochemical staining of acini and ducts of Bowman’s glands for P450-2E1 (a 
polymorphic enzyme of the cytochrome P450 system) and pancytokeratin and loss of  
P450-2E1 immunostaining of the olfactory epithelium were noted at >30 ppm (147 mg/m³). 
Distinct differences in turbinate bone width were noted at the top four doses. 

In mice, the only change noted was increased cell proliferation at the >10 ppm (49 mg/m³) 
without osseous (bone) hyperplasia and a slight induction of new bone growth in one female 
at the top dose. A NOAEC of 3 ppm (approximately 15 mg/m³, reported to be 3.1 and 3.0 ppm 
in rats and mice, respectively) was identified based on alterations of the nasal passages and 
increased cell proliferation (Mery et al., 1994). This study reports effects on the upper 
respiratory passages in both rats and mice, with the effects more apparent in rats. This 
study has been assigned a Klimisch Code of 2 (Reliable with restrictions). 

In a 7-day study examining the toxicity of chloroform to the liver, Constan et al. (2002) 
exposed female B6C3F1 mice (5/dose) to chloroform via inhalation at concentrations of 0, 10, 
30 or 90 ppm (approximately 0, 49, 147 and 441 mg/m³, respectively) for 2, 6, 12 or  
18 hours/day. Mice were administered BrdU approximately 3.5 days prior to necropsy to 
evaluate regenerative cell proliferation. The only clinical signs of toxicity were lethargy and 
roughened coat, which were only observed in mice administered 30 ppm (147 mg/m³) for  
12 hours and 90 ppm (441 mg/m³) for 6 hours. No effects on bodyweight were noted. 
Significant increases in liver weights were noted in mice exposed to chloroform at a 
concentration for 6 and 18 hours, 30 ppm (147 mg/m³) for 12 hours and 90 ppm (441 mg/m³) 
for 2 and 6 hours/day. 

Histopathological examinations of the liver revealed mild hepatopathy consisting of 
centrilobular and midzonal hepatocytic vacuolar degeneration with swollen, vacuolated 
hepatocytes, cell necrosis and frequent mitotic figures in all mice exposed to 90 ppm  
(441 mg/m³) for 6 hours/day. 

Minimal hepatocytic degenerative changes were noted in all mice exposed for 30 ppm  
(147 mg/m³) for 12 hours/day. These changes consisted of centrilobular tinctorial alterations 
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(loss of eosinophilia) with midzonal vacuolar changes and occasional mitotic figures in the 
hepatic parenchyma. Very subtle hepatic parenchymal changes (centrilobular loss of 
eosinophilia) were noted in mice exposed to 30 ppm (147 mg/m³) for 6 hours/day. 

Statistically significant increases in hepatocyte labelling indices (measured by incorporation of 
BrdU) were noted in mice administered 30 ppm (147 mg/m³) for 6 and 12 hours/day, and mice 
administered 90 ppm (441 mg/m³) for 2 and 6 hours/day. The increase was 30-fold greater 
than controls in mice administered 90 ppm (441 mg/m³) for 6 hours/day, 15-fold greater in 
mice administered 30 ppm (147 mg/m³) for 12 hours/day, 5-fold greater for mice administered 
90 ppm (441 mg/m³) for 2 hours per day, and 2-fold greater for mice administered 30 ppm 
(147 mg/m³) for 6 hours per day. No significant increases were noted at the other doses. 
Constan et al. (2002) identified a NOAEC of 10 ppm (approximately 49 mg/m³) based on 
hepatocytic degenerative changes and increased hepatic LI. This study only examined 
effects in the liver, which is also a target organ following oral exposure. It is unknown if 
any route-specific effects occurred. This study was conducted under US National 
Research Council (1996) guideline and is well documented. It has therefore been 
assigned a Klimisch Code of 1 (Reliable). 

In a 2-week study, F344/DuCrj rats and Crj:BDF1 mice (10/sex/dose) were exposed to 
chloroform at concentrations of 0, 500, 1000, 2000, 4000 or 8000 ppm (approximately 0, 
2450, 4900, 9800, 19600 and 39200 mg/m³, respectively) for 6 hours/day, 5 days/week. All 
male mice except for one mouse at the low dose and one mouse at 1000 ppm (4900 mg/m³) 
died after the first or second exposure. All female mice at the >2000 ppm (9800 mg/m³) and 
nine mice at 1000 ppm (4900 mg/m³) died. All male and female rats at the >2000 ppm  
(9800 mg/m³) died after the first or second day of exposure. Histopathological examinations of 
mice indicated the cause of death was necrosis of the proximal tubules in males and 
centrilobular necrosis in females. Histopathological examination of rats did not reveal any 
lesions that could be attributable to the observed deaths. However, congestion and 
inflammation of the lungs were noted. In surviving male mice, necrosis and cytoplasmic 
basophilia of the proximal tubules in the kidneys, slight swelling and vacuolic changes of the 
liver, and atrophy and respiratory metaplasia of the olfactory epithelium were noted. In 
surviving female mice, necrosis and vacuolic changes of the central area of the liver and 
degeneration of the olfactory and respiratory epithelia were noted although no kidney lesions 
were seen. In male and female rats at the two lowest doses, vacuolic changes in the proximal 
tubules of the kidneys and the central area of the liver were noted. These rats also displayed 
desquamation (shedding of epithelial cells), atrophy and disarrangement of the olfactory 
epithelium and oedema of the lamina propria (a constituent of the mucosa) of the nasal cavity 
(Kasai et al., 2002) A LOEC of 500 ppm (approximately 2450 mg/m³) was identified. Liver 
and kidney effects were observed in this study. These organs are also target organs 
following oral exposure. In addition, congestion of the lungs, metaplasia of the 
olfactory epithelia and degeneration of the olfactory and respiratory epithelia were 
noted, indicating localised effects following inhalation exposure. This study was 
conducted to OECD guidelines and was fairly well reported. It has therefore been 
assigned a Klimisch code of 2 (Reliable with Restrictions). 

In a 2-week study, BDF1 mice were exposed to chloroform at concentrations of 0, 30 or  
90 ppm (approximately 0, 147 and 441 mg/m³, respectively) for 5 days/week. Mice were 
administered BrdU via a subcutaneously implanted osmotic pump approximately 3.5 days 
prior to necropsy. Degenerative lesions of the kidneys and seven and ten-fold increases in 
renal LI were noted at 30 and 90 ppm (147 and 441 mg/m³), respectively. Liver lesions and 
increased hepatic LI were noted in males at both doses and in females at the top dose 
(Templin et al., 1996). Effects on the liver and kidneys are also observed following oral 
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administration of chloroform. Due to the limited details on this study and lack of 
consideration of other toxicological endpoints, it has been assigned a Klimisch Code of 
4 (Not assignable). 

Plummer et al. (1990) performed a study assessing the differences in toxicity of chloroform via 
either continuous (with the exception of two periods of 1.5 hours/week) or fluctuating 
exposure. Black-hooded Wistar rats (36/group) were exposed to chloroform either at a 
concentration of 245 mg/m³ (approximately 50 ppm) for 24 hours/day, 7 days/week for  
4 weeks, or 1387 mg/m³ (approximately 283 ppm) for 6 hours/day, 5 days/week for 4 weeks. 
Total exposure (concentration x time) was the same for both groups. Hepatic injury was more 
severe in rats that were exposed to chloroform continuously, with microvesicular fatty changes 
being the most common effect. These fatty changes were largely seen in zone 2 (the central 
region of the liver), but often extended into zone 1 (the periportal region). Some rats also 
displayed focal necrosis of the liver. Rats exposed to chloroform in a fluctuating pattern 
displayed minor hepatic injury consisting of scattered hepatocytes containing small fat 
droplets and a few foci of necrosis, largely changes occurred in zone 3 (the region 
surrounding the central vein) (Plummer et al., 1990). This study only examined the effects 
of chloroform inhalation on the liver, which is also a target organ following oral 
exposure to chloroform. It is unknown if any route-specific effects occurred. Although 
well reported, due to the limited number of doses used in this study, it has been 
assigned a Klimisch Code of 3 (Not reliable). 

Subchronic Toxicity 

Several studies were located that investigated the effects of chloroform to rats and mice over 
several time points, up to 13-weeks (a subchronic duration). For ease of reporting, all of these 
studies have been considered to be subchronic. 

Jamison et al. (1996) investigated the ability of chloroform to induce regenerative cell 
proliferation in F344 rats. Male and female rats were exposed to chloroform at concentrations 
of 0, 2, 10, 30, 90 and 300 ppm (approximately 0, 10, 49, 147, 441 and 1470 mg/m³, 
respectively) for 6 hours/day for 4 days or 7 days/week for 3, 6 or 13 weeks or 5 days/week 
for 13 weeks. Rats were administered BrdU via a subcutaneously implanted osmotic pump 
approximately 3.5 days prior to necropsy to evaluate regenerative cell proliferation. 

Decreased bodyweight, hepatic necrosis and inflammation, and increased regenerative 
hepatocyte proliferation was noted at the top dose at all time periods. Interstitial crypt-like 
ducts with periductular fibrosis were also noted at the top dose at all time points. All female 
rats at the top dose exposed to chloroform for 7 days/week for 13 weeks had variably sized, 
firm, pale, slightly raised foci throughout the liver lobes. In males exposed to the same 
concentration for the same duration, livers appeared mildly pale, without grossly visible foci. 
Histopathological examinations revealed minimal hepatocellular vacuolation at 90 ppm  
(441 mg/m³) to severe hepatocyte vacuolation at the top dose. Rats exposed for 6 or  
13 weeks displayed centrilobular necrosis, often accompanied by fibrosis (doses not stated). 
Mild biliary duct hyperplasia was noted in most rats exposed to 300 ppm chloroform  
(1470 mg/m³) for 7 days/week for 13 weeks. All 15 females and 13 of 15 males exposed for  
7 days/week for 13 weeks, and 3 of 8 females and 2 of 8 males exposed for 5 days/week for 
13 weeks developed single or multiple foci of adenofibrosis (fibroid changes in a gland). The 
multiplicity and severity of these lesions were much greater in females than in males. One of 
ten males exposed for 7 days/week for 6 weeks also had multiple foci of intestinal crypt-like 
ducts with periductular fibrosis. Males exposed for 3 weeks or longer also displayed evidence 
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of the early stages of development of these lesions (cuboid epithelial cells surrounding a small 
lumenal opening and surrounded by two or three layers of plump spindloid cells). Statistically 
significant increases in hepatocyte LI was noted at the top dose. This study only examined 
the effects of chloroform inhalation on the liver, which is also a target organ following 
oral exposure to chloroform. It is unknown if any route-specific toxicity occurred. 
Although this study was reported to be conducted to US Federal guidelines, it is not 
clear in the report the doses at which some effects occurred. Due to this lack of detail, 
no NOEC can be identified and this study is therefore considered to be not reliable. 
Therefore a Klimisch Code of 3 (Not reliable) is assigned. 

In another inhalation study (Templin et al., 1996) performed in F344 rats, male and female 
rats were exposed to chloroform at concentrations of 0, 2, 10, 30, 90 and 300 ppm 
(approximately 0, 10, 49, 147, 441 and 1470 mg/m³, respectively) for 6 hours/day for 4 days 
(males only) or 7 days/week for 3, 6 (males only) or 13 weeks or 0, 30 90 or 300 ppm 
(approximately 0, 147, 441 and 1470 mg/m³) for 5 days/week for 13 weeks. Rats were 
administered BrdU via a subcutaneously implanted osmotic pump approximately 3.5 days 
prior to necropsy. 

Slight hair loss, discharge from the eyes and angiogenital staining were noted at the higher 
doses (specific doses not stated). Bodyweight was significantly decreased in males at the top 
two doses and in females at the top dose throughout the study. Transient decreases in 
bodyweight were also noted at all other doses. Increased relative liver weight was noted in 
males at the top dose following 6 and 13 week exposure and increased relative kidney weight 
was noted in males at the top two doses following 3, 6 and 13 weeks exposure. In females, 
increased relative liver and kidney weights were noted at the top two doses following 
exposure for 3 and 13 weeks. 

Extensive histopathological examinations were performed. The main results of those 
examinations are presented in Table 4.1. These results indicate the main effects of chloroform 
exposure were enlargement of cells, vacuolation (formation of spaces or cavities within cells) 
and cell degeneration. Histopathological examinations of the nasal passages of females were 
reported to be similar to those described in males; however, no specific details were reported. 

In males, kidney LI was significantly increased was increased at 30 ppm (147 mg/m³) and 
above following exposure for 7 days/week for 3, 6 and 13 weeks, and at 90 and 300 ppm  
(441 and 1470 mg/m³, respectively) following exposure for 5 days/week for 13 weeks. In the 
liver, significantly increased hepatic LI was noted at the top dose following exposure at all time 
points. In the nasal passages, a dose-dependent increase in LI in the proximal portion of the 
dorsal scroll of the first endoturbinate was noted at all time points at 10 ppm (49 mg/m³) and 
above. The increase in LI was highest in rats exposed for 4 days. 

In females, kidney LI was significantly increased at 30 ppm (147 mg/m³) and above following 
exposure for 3 and 13 weeks. Hepatic LI was increased at the top dose following exposure for 
3 and 13 weeks. 

The authors identified a renal NOAEC of 10 ppm (approximately 49 mg/m³), based on the 
microscopic alterations at higher doses (Templin et al., 1996b). It could be argued that a nasal 
NOEC of 2 ppm (approximately 10 mg/m³) can be identified, based on increased LI in 
proximal portion of the dorsal scroll of the first endoturbinate. However, as this effect was mild 
at the low doses and was transient (no effects on the nasal passages were reported beyond 
6 weeks), the significance of this effect is uncertain. Effects on the liver, kidneys and nasal 
passages were reported in this study. The liver and kidneys are also affected following 
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oral exposure to chloroform. The effects on the nasal passages indicate an 
administration route specific effect, which occurred at a lower dose than the effects on 
the liver and kidneys. However, it should be noted that this effect was mild and 
transient. This study was conducted according under US National Institute of Health 
(1985) guidelines and is well documented. It has therefore been assigned a Klimisch 
code of 1 (Reliable). 
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Table 4.1  Results of Histopathological Examinations Performed by Templin et al (1996b) 

Sex Exposure duration Organ Concentration Effect 
Males 4 days Kidneys 300 ppm (1470 mg/m³) Vacuolation of the proximal convoluted tubule (PCT) epithelium 
  Nasal passages >10 ppm (>49 mg/m³) Oedema, loss of deep Bowman’s glands, periosteal 

hypercellularity and new bone growth in the proximal portions of 
the ethmoturbinates. These lesions were minimal at the low dose 
and moderate to severe at the top dose. 

Males 3 weeks Kidneys >30 ppm (>147 mg/m³) 
 
>90 ppm (>441 mg/m³) 
 
300 ppm (1470 mg/m³) 

Relative reduction in hyaline droplets 
 
Scattered areas of vacuolation within the PCT epithelium 
 
Basophilic appearance of the PCT 

  Liver 300 ppm (1470 mg/m³) Scattered individual hepatocyte degeneration, mitotic figures and 
mid-zonal vacuolation 

  Nasal passages >10 ppm (>49 mg/m³) 
 
 
 
300 ppm (1470 mg/m³) 

Concentration dependent loss of the deep Bowman’s glands and 
mild to moderate oedema. Turbinates differentiating into mature 
bone 
 
Mineralisation of the basal lamina 

Females 3 weeks Kidneys 300 ppm (1470 mg/m³) Scattered regeneration of the PCT epithelium 
  Liver >90 ppm (>441 mg/m³) 

 
300 ppm (1470 mg/m³) 

Mild mid-zonal vacuolation 
 
Centrilobular hepatocyte degeneration 

Males 6 weeks Kidneys >30 ppm (>147 mg/m³) Vacuolation of the PCT epithelium and reduced hyaline droplets 
  Liver 300 ppm (>1470 mg/m³) Scattered individual hepatocyte degeneration, mitotic figures and 

mid-zonal vacuolation 
  Nasal passages >2 ppm (>10 mg/m³) Atrophy of the erthmoid turbinates. This effect was minimal at the 

low dose and increased in severity with concentration. The spaces 
normally occupied by nerves, glands and other tissues were 
reduced in size or displaced by oedema 

Males 5 days/week for 13 
weeks 

Kidneys >90 ppm (>441 mg/m³) 
 
300 ppm (1470 mg/m³) 

Fewer hyaline droplets 
 
Scattered vacuolation and nuclear pyknosis (contraction to a deep 
staining irregular mass) of the PCT epithelial cells 

  Liver >90 ppm (>441 mg/m³) Scattered vacuolated hepatocytes and foci of single or multiple 
hepatocyte necrosis 

Females 5 days/week for 13 
weeks 
 

Liver 300 ppm (1470 mg/m³) Enlarged nuclei in the mid-zonal hepatocytes and centrilobular to 
midzonal hepatocyte degeneration with single cell necrosis 
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Sex Exposure duration Organ Concentration Effect 
Males 7 days/week for 13 

weeks 
Kidneys >30 ppm (>147 mg/m³) 

 
>90 ppm (>441 mg/m³) 
 
 
300 ppm (1470 mg/m³) 

Reduced frequency of hyaline droplets 
 
Microscopic alterations of the kidneys and scattered vaculoation of 
the PCT 
 
Individual tubule cell necrosis and enlarged epithelial cell nuclei 

  Liver >90 ppm (>441 mg/m³) 
 
 
300 ppm (1470 mg/m³) 

Scattered vacuolated hepatocytes and single to multiple 
hepatocyte necrosis 
 
Scattered individual hepatocyte degeneration, mitotic figures and 
mid-zonal vacuolation, mitotic figures and mild diffuse hepatocyte 
vacuolation 

Females 7 days/week for 13 
weeks 

Kidneys >30 ppm (>147 mg/m³) 
 
300 ppm (1470 mg/m³) 

Vacuolation of PCT epithelia 
 
Scattered PCT with anisokaryosis and megalokaryosis 

  Liver >90 ppm (>441 mg/m³) 
 
300 ppm (1470 mg/m³) 

Mild mid-zonal vacuolation 
 
Centrilobular hepatocyte degeneration 

 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

39 

In a 13-week study, F334/DuCrj rats (10/sex/dose) were exposed to chloroform at 
concentrations of 0, 25, 50, 100, 200 or 400 ppm (approximately 0, 123, 245, 490, 980 and 
1960 mg/m³) for 6 hours/day, 5 days/week. All rats survived until the end of the study, and no 
clinical signs of toxicity or gross pathology were noted. Bodyweight gain was significantly 
decreased at 50 ppm (245 mg/m³) and above. In males, relative liver and kidney weights were 
significantly increased at 50 ppm (245 mg/m³) and above. No effects on absolute weights 
were noted. In females, relative liver weight was increased at 100 ppm (490 mg/m³) and 
above, absolute liver weight was increased at 200 ppm (980 mg/m³) and above, relative 
kidney weight was increased at 50 ppm (245 mg/m³) and above, and absolute kidney weight 
was increased at 100 ppm (490 mg/m³) and above. Histopathological examinations revealed 
increased incidences of vacuolic changes in the proximal tubules of females at the top two 
doses and in males at the top dose. In females, loss of hepatocyte cells was noted in females 
at >100 ppm (approximately 490 mg/m³), and the deposition of ceroid (lipid pigment 
symptomatic of membrane damage) in the liver was noted in females at the top two doses. In 
males, loss of hepatocytes was noted at the top two doses and deposition of ceroid was noted 
at the top dose. Significantly increased incidences of mineralisation and atrophy of the 
olfactory epithelium were noted in both sexes at all doses. Incidences of necrosis of the 
olfactory epithelium were significantly increased in males at the top two doses and in females 
at the top dose. Clinical chemistry and urinalysis revealed significant increases in alkaline 
phosphatase (ALP), leucine aminopeptidase and γ- guanosine 5'-triphosphate levels in female 
rats at the top two doses and in males at the top dose. Urinary glucose was observed in both 
sexes at the top dose. Serum glucose levels were significantly decreased in males at 50 ppm 
(245 mg/m³) and above, and in females at the top two doses. Occult blood was noted in males 
at 50 ppm (245 mg/m³) and above, and in females at the top two doses. Urinary protein was 
noted in males at the top dose. 

The authors identified hepatics NOAECs of 100 and 50 ppm (approximately 490 and  
245 mg/m³) for males and females, respectively, renal NOAECs of 25 and 100 ppm 
(approximately 123 mg/m³ and 490 mg/m³) for males and females, respectively, and a nasal 
LOAEC of 25 ppm (approximately 123 mg/m³) for both sexes (Kasai et al., 2002). In this study 
effects occurred in the liver, kidneys and nasal epithelium. The effects in the nasal 
epithelium indicate an exposure route-specific effect, and occurred at a lower dose 
than the effects in the liver and kidneys. This study has been assigned a Klimisch Code 
of 2 (Reliable with restrictions). 

Larson et al. (1996) investigated the ability of chloroform to produce toxicity and regenerative 
cell proliferation in the liver, kidneys and nasal passages of B6C3F1 mice. Mice were exposed 
to chloroform at concentrations of 0, 0.3, 2, 10, 30 or 90 ppm (approximately 0, 1.5, 10, 49, 
147 and 441 mg/m³, respectively) for 6 hours/day for 4 days or 7 days/week for 3, 6 or  
13 weeks. Additional groups of mice were exposed to 0, 10 or 90 ppm (approximately 0, 49 
and 441 mg/m³, respectively) for 5 days/week for 13 weeks. Mice were administered BrdU via 
a subcutaneously implanted osmotic pump approximately 3.5 days prior to necropsy to 
evaluate regenerative cell proliferation. 

No clinical signs of toxicity or effects on bodyweight gain were noted in females at any 
concentration or exposure duration. Slight transient weight loss was noted in some males after 
2 weeks and rough coats and hair loss were noted in some males at the latter time points. 
However, these effects were not dose-related and involved very few animals. Relative liver 
weight was significantly increased in females at the top dose at all time points and in males at 
the top dose after 13 weeks. No differences in relative kidney weights were noted in either 
sex. 
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Extensive histopathological examinations were performed, with the main results being 
presented in Table 4.2. These results indicate the main effects of chloroform exposure were 
enlargement of cells and vacuolation (formation of spaces or cavities within cells) in the livers 
of both sexes and the kidneys in males. No histopathological changes were noted in the 
kidneys of female mice at any dose. The occurrence of these changes in the kidneys of males 
at all time points, but not in females, support the suggestion by Taylor et al. (1974) that there 
may be differences in metabolism of chloroform between the sexes in mice. Transient mild 
changes of the nasal tissue were noted in all females exposed to chloroform for 4 days. 
However, these effects were not significantly different from the controls and were not apparent 
in mice exposed for longer durations. 

The hepatic LI was significantly increased in females at the top dose at all time points and at  
30 ppm (147 mg/m³) following exposure for 3 and 6 weeks. Hepatic LI was significantly higher 
in female mice exposed for 7 days/week than mice exposed for 5/days week. No differences 
in kidney LI were noted at any dose. 

In males, significant increases in hepatocyte LI were noted at the top dose at all time points. 
Hepatic LI was significantly higher in male mice exposed for 7 days/week than mice exposed 
for 5/days week. A statistically significant increase in kidney epithelial cell LI was noted at the 
top three doses. 

The authors identified NOAECs of 10 and 30 ppm (approximately 49 and 147 mg/m³, 
respectively) in females and males, respectively, based on increased hepatic LI. Although 
the authors were examining the effects of chloroform exposure on the liver, kidneys 
and nasal passages, only significant effects were noted on the liver and kidneys. This 
study was conducted under US National Institute of Health (1985) guidelines and is well 
documented. It has therefore been assigned a Klimisch code of 1 (Reliable). 
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Table 4.2  Results of Histopathological Examinations Performed by Larson et al (1996) 

Sex Exposure duration Organ Concentration Effect 
Males 4 days Kidneys 90 ppm (441 mg/m³) Alterations in the epithelial cells of the proximal convoluted tubules 

of the cortex 
Females 4 days Liver All doses Dose-dependent mild diffuse uniform lipid vacuolation of 

hepatocytes 
Males 3 weeks Liver >30 ppm (>147 mg/m³) Mild alterations (variation in nuclear size and vacuolation) 
  Kidneys >30 ppm (>147 mg/m³) Alterations in the epithelial cells of the proximal convoluted tubules 

of the cortex 
Females 3 weeks Liver >30 ppm (>147 mg/m³) Vacuolation and swelling of hepatocytes 
Males 6 weeks Liver >30 ppm (>147 mg/m³) Mild to moderate centrilobular swelling 
  Kidneys >30 ppm (>147 mg/m³) Alterations in the epithelial cells of the proximal convoluted tubules 

of the cortex 
Females 6 weeks Liver >30 ppm (>147 mg/m³) 

 
90 ppm (441 mg/m³) 

Mild degenerative changes 
 
Karyomegaly (abnormally enlarged nuclei) 

Males 5 days/week for 13 
weeks 

Liver >30 ppm (>147 mg/m³) Swollen centrilobular hepatocytes with pale eosinophilic cytoplasm 

  Kidneys >10 (>49 mg/m³) 
 
90 ppm (441 mg/m³) 

Enlarged nuclei of the proximal convoluted tubules 
 
Alterations in the epithelial cells of the proximal convoluted tubules 
of the cortex 

Females 5 days/week for 13 
weeks 

Liver 90 ppm (441 mg/m³) Mild hepatocyte vacuolation and increased incidences of scattered 
enlarged nuclei 

Males 7 days/week for 13 
weeks 

Liver >30 ppm (>147 mg/m³) Swollen centrilobular hepatocytes with pale eosinophilic cytoplasm 

  Kidneys >10 (>49 mg/m³) 
 
>30 ppm (>147 mg/m³) 

Enlarged nuclei of the proximal convoluted tubules 
 
Alterations in the epithelial cells of the proximal convoluted tubules 
of the cortex 

Females 7 days/week for 13 
weeks 

Liver >30 ppm (>147 mg/m³) 
 
90 ppm (441 mg/m³) 

Mild centrilobular swelling and vacuolation of hepatocytes 
 
Moderate centrilobular swelling and vacuolation of hepatocytes 
and karyomegaly 
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In a 13-week study, Crj:BDF1 mice (10/sex/dose) were exposed to chloroform at 
concentrations of 0, 12, 25, 50, 100 and 200 ppm (approximately 0, 59, 123, 245, 490 and 
980 mg/m³) for 6 hours/day, 5 days/week. No deaths occurred among female mice. All male 
mice with the exception of 8 mice at the low dose, one mouse at 25 ppm (approximately  
123 mg/m³) and two mice at 100 ppm (approximately 490 mg/m³) died. No clinical signs of 
toxicity or gross pathology were noted. A statistically significant decrease in bodyweight was 
noted in males at the low dose. Absolute and relative liver and kidney weights were increased 
in females at the top dose. No effects on organ weights were noted in males.  

Histopathological examinations revealed necrosis of the proximal tubules of the kidneys of 
males at all doses. Cytoplasmic basophilia was noted in all surviving males, but was not found 
in males that died before the end of the study. Incidences of cytoplasmic basophilia were only 
noted in females exposed to 100 ppm chloroform (490 mg/m³). Necrosis of the liver was noted 
in females at the top dose and cell atypia were noted in females at the top two doses. Swelling 
of the liver was noted in males at the top dose. Statistically significant increases in incidences 
of thickening of the bone in the nasal septum and eosinophillic changes in the olfactory 
respiratory epithelia and respiratory epithelia were noted in females at all doses. Thickening of 
the bone marrow was also noted in males at the low dose, however, the other nasal lesions 
occurred rarely in male mice. Clinical chemistry revealed no significant changes in 
biochemical parameters in the blood at the low dose, however urine protein was increased 
(details not reported on surviving males at other doses). Significant increases in serum 
aspartate aminotransferase (AST), alanine aminotransferase (ALT) and ALP were noted in 
females at the top dose. No urinary biochemical effects were noted in females. 

The authors identified hepatics NOAECs of 100 and 50 ppm (approximately 490 and  
245 mg/m³) for males and females, respectively, a renal LOAEC of 12 ppm (approximately  
59 mg/m³) for males, a renal NOAEC of 25 ppm (approximately 123 mg/m³) for females, and a 
nasal LOAEC of 12 ppm (approximately 59 mg/m³) for both sexes (Kasai et al., 2002). Effects 
on the liver, kidneys and nasal passages were reported in this study. The liver and 
kidneys are also affected following oral exposure to chloroform. The effects on the 
nasal passages indicate an administration route specific effect, which occurred at the 
same dose as renal effects in males, and at a lower dose than renal effects in females. 
This study has been assigned a Klimisch Code of 2 (Reliable with restrictions). 

Templin et al., (1998) performed a study in BDF1 mice exposed to chloroform at 
concentrations of 0, 5, 30 or 90 ppm (approximately 0, 25, 147 and 441 mg/m³, respectively) 
for 6 hours/day, 5 days/week for 3 weeks (both sexes), 7 weeks (males only) or 13 weeks 
(both sexes). To avoid lethality, male mice were administered the mid and top doses at 
increasing concentrations. Male mice at the mid-dose were exposed to chloroform at a 
concentration of 5 ppm (approximately 25 mg/m³) for 2 weeks, 10 ppm (approximately  
49 mg/m³) for 2 weeks and 30 ppm (approximately 147 mg/m³) for the remainder of the study. 
Male mice at the top dose were exposed to chloroform at a concentration of 5 ppm 
(approximately 25 mg/m³) for 2 weeks, 10 ppm (approximately 49 mg/m³) for 2 weeks and  
30 ppm (approximately 147 mg/m³) for two weeks and 90 ppm (approximately 441 mg/m³) for 
the remainder of the study. No step up procedure was necessary for female mice. BrdU was 
administered via a subcutaneously implanted osmotic pump approximately 3.5 days prior to 
necropsy. 

No clinical signs of toxicity were noted at any dose. Concentration and duration related 
decreases in bodyweight were noted in males. No effects on bodyweight were noted in 
females. Relative liver weight was significantly increased in females at the top dose exposed 
for 3 and 13 weeks and males at the mid- and top doses exposed for 7 weeks. No effects 
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were noted on relative kidney weight. Dose-related incidences of basophilic cytoplasm and 
variable sized heterochromatic (differing in colouration) nuclei were noted in males at 7 and  
13 weeks. Dose-related increases in LI were noted in males administered the mid- and top 
doses for 7 and 13 weeks. No increase in LI was noted in females at any dose or duration. 
Centrilobular swelling of the liver was noted in 40 and 80% males at the mid dose following 
exposure for 7 and 13 weeks, respectively, and centrilobular to midzonal vacuolation and 
degeneration were observed in all male mice at the top dose following exposure for 7 and 13 
weeks. A significant increase in hepatic LI was noted in males at the top dose following 
exposure for 7 weeks, however, this effect was not present following exposure for 13 weeks. 
Centrilobular swelling was observed in 25% of females at the mid-dose following exposure for 
13 weeks, and centrilobular to midzonal vacuolation and degeneration were observed in 80% 
of females at the top dose. Significant increases in hepatic LI were noted in females at the top 
dose following exposure for 3 and 13 weeks. A NOAEC of 5 ppm (approximately 25 mg/m³) 
was identified. This study has been assigned a Klimisch Code of 2 (Reliable with 
restrictions). 

Chronic Toxicity and Carcinogenicity 

Torkelson et al. (1976) have observed interstitial pneumonitis in male rats and rabbits 
exposed to chloroform at a concentration of 85 ppm and in female rabbits at a concentration 
of 25 ppm (approximately 123 mg/m³) for 6 months. Torkelson et al. (1976) also reported that 
intermittent exposure of 25 ppm chloroform (approximately 123 mg/m³) or greater to rats 
produced increased kidney weight in both sexes and cloudy swelling in males (cited in 
ATSDR, 1997). Although effects on the lungs (interstitial pneumonitis) have been 
reported, which may indicate an exposure route specific effect; it is unclear from the 
details available in this report if this effect is treatment-related. Limited details of this 
study were located in secondary sources (ATSDR, 1997), and a copy of the original 
report could not be obtained. Therefore, this study is assigned a Klimisch Code of 4 
(not assignable). 

In a 2-year study, F344 rats were exposed to chloroform at concentrations of 0, 10, 30 or  
90 ppm (approximately 0, 49, 147 and 441 mg/m³, respectively) and BDF1 mice were 
exposed to chloroform at concentrations of 0, 5, 30 or 90 ppm (approximately 0, 25, 147 and 
441 mg/m³, respectively) for 6 hours/day, 5 days/week. To avoid lethality, mice at the mid and 
top doses were exposed to 5 and 10 ppm (approximately 25 and 49 mg/m³, respectively) for  
2 weeks and then 30 ppm (approximately 147 mg/m³) for 100 weeks (mid dose), or 1, 20 and 
30 ppm (approximately 0, 5, 98 and 147 mg/m³) for 2 weeks and then 90 ppm (approximately 
441 mg/m³) for 98 weeks (top dose). Necrosis and metaplasia of the olfactory epithelium and 
hyperplasia of the goblet cell epithelium were noted in male and female rats (doses not 
stated). Ossification of the nasal turbinate was noted in rats at the low dose, and ossification 
of the nasal septum was noted in mice at the low dose. Statistically significant increases in 
incidences of renal cell adenoma and renal cell carcinoma were noted in male mice at the mid 
and top doses. No statistically significant changes in tumour incidences were noted in female 
mice or rats (Nagano et al., 1998, cited in EPA, 2001a). This study indicates exposure 
route-specific effects occurred in the nasal passages. However, limited details of this 
study were published by Nagano et al. (1998) and details reported by the US 
Environmental Protection Agency (EPA, 2001a) on this study are not available in the 
published paper, therefore this study cannot be considered to be classified as to its 
reliability. Klimisch Code: 4 (Not assignable). 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

44 

In a 2-year study, F344/DuCrj rats (50/sex/dose) were exposed to chloroform at 
concentrations of 0, 10, 30 or 90 ppm (approximately 0, 49, 147 and 441 mg/m³) for  
6 hours/day, 5 days/week. No effects on survival were noted among female rats, however, 
mortality was significantly increased in male control rats. Growth rate was significantly 
reduced in both sexes at the top dose. No clinical signs of toxicity were noted and food 
consumption was not affected by treatment. Absolute and relative kidney weights were 
significantly increased in females at the top dose. 

No treatment-related macroscopic lesions were noted in either sex at any dose. No 
statistically significant increase in kidney tumours were noted at any dose, however, a single 
case of renal cell adenoma (a rare tumour in this species of rat) was noted at the top dose. 
Dose-related increases in the occurrence of nuclear enlargement of the proximal tubule and 
dilation of the tubular lumen were noted in both sexes at the mid- and top doses. The severity 
of chronic progressive nephropathy was decreased with increasing concentration. 
Hepatocellular carcinomas were noted in females, however, incidences were not dose related. 
Incidences of vacuolated cell foci were significantly increased in females at the top dose. 
Incidences of nasal lesions, including thickening of the bone and atrophy and respiratory 
metaplasia of the olfactory epithelium were noted at all doses in both sexes. Lower incidences 
of pituitary gland adenoma were noted in females, and myocardial fibrosis were noted in 
males at the top dose. 

Total cholesterol levels were significantly decreased in males at the top dose. Significantly 
decreased serum triglyceride, phospholipid and creatinine levels were noted in males at the 
mid- and top doses. Serum blood urea nitrogen (BUN) was significantly decrease, and 
aspartate aminotransferase (AST), alanine aminotransferase (ALT) and γ-ALT levels were 
significantly increased in males at all doses. Significantly increased γ-ALT and significantly 
decreased triglyceride levels were noted in females at the top dose. No haematological effects 
were observed at any dose. The increases in AST, ALT and γ-ALT may be indicative of liver 
cell necrosis and regeneration. However, although the reported increases were statistically 
significant, they were only slightly increased, and other than vacuolated cell foci in females at 
the top dose, no histopathological lesions of the liver were noted. The authors therefore 
discounted these effects in the identification of a LOAEC and identified a NOAEC of 10 ppm 
(approximately 49 mg/m³) based on effects in the kidney (Yamamoto et al., 2002). However, 
due to the high mortality in control males, this study cannot be considered to be reliable. In 
this study, effects were noted on the liver and kidneys, which is consistent with 
exposure to chloroform via the oral route. However, effects were also noted on the 
nasal passages, indicating localised effects due to the route of chloroform 
administration. This study has been assigned a Klimisch Code of 3 (Not reliable) due to 
the high mortality in the controls. 

In a carcinogenesis study, F344 rats (50/sex/dose) and BDF1 mice (50/sex/dose) were 
exposed to chloroform for 2 years. Rats were exposed to concentrations of 0, 10, 30 or  
90 ppm (approximately 0, 49, 147 and 441 mg/m³, respectively) for 6 hours/day, 5 days/week. 
Mice were exposed to 0, 5, 30 or 90 ppm (approximately 0, 25, 147 and 441 mg/m³, 
respectively) for 6 hours/day, 5 days/week. To avoid acute mortality, mice at the mid- and top 
doses were initially exposed to lower doses for 2-6 weeks (doses not reported). The time-
weighted average concentrations for mice at the mid and top dose were 29.1 and 85.7 ppm 
(approximately 143 and 420 mg/m³), respectively. Statistically significant increases in 
incidences of renal cell adenoma and renal cell carcinoma were noted in male mice at the 
mid- and top doses. Incidences of renal carcinomas were significantly increased in males at 
the top dose (species not stated, however, this is presumed to be male rats as incidences in 
male mice are reported above). No statistically significant incidences of tumours were 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

45 

reported in female mice at any dose. No details on incidences of tumours in female rats were 
reported (Matsushuma, 1994, cited in EPA, 2001b). This study only examined the effects 
of chloroform inhalation on renal cells, which is also a target organ following oral 
exposure to chloroform. It is unknown if any route-specific toxicity occurred. Details of 
this study were only located in secondary sources (EPA, 2001b). Therefore, this study 
has been assigned a Klimisch Code of 4 (Not assignable). 

In a 2-year study, Crj:BDF1 mice (50/sex/dose) were exposed to chloroform at concentrations 
of 0, 5, 30 or 90 ppm (approximately 0, 25, 147 and 441 mg/m³) for 6 hours/day, 5 days/week. 
To avoid mortality in the mid and top doses due to acute poisoning, mice at these doses were 
exposed to increasing concentrations of chloroform in a stepwise manner. At the mid-dose, 
mice were exposed to 5 ppm chloroform (approximately 25 mg/m³) for 2 weeks, 10 ppm 
(approximately 49 mg/m³) and 30 ppm (approximately 147 mg/m³) for 100 weeks. At the top 
dose, mice were administered 5 ppm (approximately 25 mg/m³) for 2 weeks, 10 ppm 
(approximately 49 mg/m³) for 2 weeks, 30 ppm (approximately 147 mg/m³) for 2 weeks and  
90 ppm (approximately 411 mg/m³) for 98 weeks. 

No treatment-related effects on mortality occurred at any dose. Bodyweight was significantly 
decreased in males at all doses for the duration of the study. Bodyweight was initially 
significantly decreased in females at all doses, however, bodyweight at the low dose returned 
to control levels after 52 weeks and bodyweight at the mid dose returned to control levels after 
94 weeks. No clinical signs of toxicity were noted and no effects on food consumption 
occurred at any dose. 

Macroscopic examinations revealed increased incidence of renal nodules in males at the mid- 
and top doses and absolute kidney weight was increased in males at the top dose. Incidences 
of renal cell carcinomas increased in males in a dose-related trend and combined incidences 
of renal cell carcinomas and adenomas were statistically significant at the mid- and top doses. 
No kidney tumours occurred in females at any dose. Increased incidences of cytoplasmic 
basophilia were noted in males at the mid- and top doses and in females at the top dose. 
Nuclear enlargement and atypical tubule hyperplasia were noted in males at the mid- and top 
doses. Incidences of hepatocellular adenomas were not statistically significant at any dose, 
however, incidences of hepatocellular adenomas and carcinomas displayed a significant 
positive trend. Statistically significant increases in incidences of fatty change were noted in 
both sexes, and total cell foci of the liver in females at the top dose. Thickening of the nasal 
cavity bone was noted in both sexes at the low dose. Atrophy and respiratory metaplasia were 
noted in females at all doses, and in male at the top dose. Slight, but statistically significantly 
increased serum alkaline phosphatase (ALP) levels were noted in males at all doses and BUN 
was increased in males at the mid- and top doses. Increased AST and ALT was noted in both 
sexes, total protein was increased in males, and triglyceride and BUN levels were increased in 
females at the top dose. No significant changes in haematological parameters were noted in 
either sex at any dose. 

The authors identified a NOAEC of 5 ppm (approximately 25 mg/m³) based on renal 
endpoints. The authors considered that a LOAEC of 5 ppm (approximately 25 mg/m³) could 
be identified based on alterations in clinical chemistry, however, despite these effects being 
statistically significant, the dose-response relationship was ambiguous (Yamamoto et al., 
2002). This study indicates exposure route-specific effects occurred in the nasal 
passages. This study is assigned a Klimisch Code of 2 (Reliable with restrictions). 
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Reproductive and Developmental Toxicity 

In a combined reproductive and developmental study, Sprague-Dawley rats were exposed to 
chloroform at concentrations of 0, 147, 490 or 1370 mg/m³ (reported to be 0, 30, 100 and 
300 ppm, respectively) for 7 hours per day on days 6-15 of gestation. Maternal toxicity, 
consisting of anorexia and unspecified changes in absolute and/or relative liver weight was 
noted at the top two doses. A slight reduction in maternal bodyweight gain was noted at the 
low dose. At the top dose, decreased conception rates and increased incidences of foetal 
resorption were noted. Retarded foetal development was noted at all doses. The numbers of 
foetuses at the top dose were too low to perform meaningful statistical analysis. However, 
examination of foetuses at the mid dose revealed significant increases in incidence of acaudia 
(lack of tail) or short tails, imperforate anus (congenital obstruction of the anal opening), 
subcutaneous oedema (accumulation of excessive fluid), missing ribs and delayed ossification 
of sternebrae. A maternal NOEC and a foetal LOEC of 147 mg/m³ (reported to be 30 ppm) 
were identified (Schwetz et al., 1974, cited in Health Council of the Netherlands, 2000). 
Although this study is well recorded, it is an old study and has therefore has been 
assigned a Klimisch Code of 2 (Reliable with Restrictions). 

In a developmental study, rats were exposed to chloroform at a concentration of  
20 100 mg/m³ (approximately 482 ppm) during days 7-14 of gestation (duration of each 
exposure not stated). Animals were sacrificed on day 20 of gestation. The authors of this 
study did not report any possible maternal effects. Increased foetal mortality and decreased 
weight gain occurred, however, no teratogenic effects were noted (Dilley et al., 1977, cited in 
Health Council of the Netherlands, 2000). Due to the lack of reported details, it is not 
possible to assess this study. Therefore, it has been assigned a Klimisch Code of 4 
(Not assignable). 

In another developmental study, mice were exposed to chloroform at concentrations of 0 or 
147 mg/m³ (approximately 0 and 30 ppm, respectively) from days 1-8, 6-16 or 8-16 of 
gestation. A slight decrease in bodyweight gain was noted in dams administered chloroform 
on days 6-16 of gestation and a significant decrease in bodyweight gain was noted in dams 
administered chloroform on days 1-8 and 8-16 of gestation. A significant increase in the mean 
number of resorptions per litter was noted in mice exposed to chloroform on days 1-8 of 
gestation. Mean foetal bodyweight and crown-rump length were significantly decreased in 
offspring of mice exposed to chloroform on days 1-8 and 8-16 of gestation. Significantly 
increased incidences of cleft palette occurred in litters of mice exposed on days 8-16 of 
gestation. Delayed ossification of the skull bones was noted in all groups, and delayed 
ossification of the sternebrae occurred in litters of dams exposed to chloroform on days 1-8 
and 8-16 of gestation (Murray et al., 1979, cited in Health Council of the Netherlands, 2000). 
This study has been assigned a Klimisch Code of 3 (Not reliable). 

In a developmental study, Wistar rats were exposed to chloroform at concentrations of 0, 30, 
100 or 300 ppm (reported to be 0, 147, 490 and 1470 mg/m³, respectively) for 7 hours per day 
on days 7-16 of gestation. Resorptions were observed in 0, 2, 3 and 8 dams at the control, 
low, mid and high doses, respectively. Foetal weight was decreased at all doses. Maternal 
bodyweight was decreased at the mid and top doses. A maternal NOEC and foetal LOEC of 
30 ppm (reported to be 147 mg/m³) were identified (Baeder & Hofmann, 1988, cited in Health 
Council of the Netherlands, 2000). This study has been assigned a Klimisch Code of 4 (Not 
assignable). 

In a supplementary study to the one described above, Baeder and Hofmann (1991) exposed 
Wistar rats to chloroform at concentrations of 0, 3, 10 or 30 ppm (reported to be 0, 14.7, 49 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

47 

and 147 mg/m³, respectively) for 7 hours per day on gestation days 7-16. Resorption was 
limited to one dam at the top dose. Food consumption was slightly reduced at the top dose. 
The percentage of small foetuses was significantly increased at the mid and top doses. A 
maternal NOEC of 10 ppm (reported to be 49 mg/m³) and a foetal NOEC of 3 ppm (reported 
to be 14.7 mg/m³) were identified (Baeder & Hofmann, 1991, cited in Health Council of the 
Netherlands, 2000). This study has been assigned a Klimisch Code of 4 (Not 
assignable). 

Male (C57B1 x 3H)F1 mice were exposed to chloroform at concentrations of 0, 0.04 or 0.08% 
(approximately 0, 400 and 800 ppm; 0, 1960 and 3920 mg/m³, respectively) for 4 hours/day 
for five consecutive days. A statistically significant increase in the percentage of abnormal 
spermatozoa was noted at both doses (Land et al., 1981). Only an abstract for this study 
could be located. Due to the limited details provided in this abstract, it has been 
assigned a Klimisch Code of 4 (Not assignable). 

Genotoxicity 

Butterworth et al. (1998) performed an in vivo study investigating gene mutations in female 
B6C3F1 lacl mice (a transgenic strain of mice). Mice were exposed to chloroform at 
concentrations of 0, 10, 30 or 90 ppm (approximately 0, 49, 147 and 441 mg/m³, respectively) 
for 6 hours/day, 7 days/week and lacl mutation frequency were determined after 10, 30, 90 
and 180 days. No increase in lacl mutant frequency was observed at any concentration for 
any duration. 

4.1.4 Summary 

Chloroform is absorbed via inhalation and partitions into tissue with high lipid content. In 
humans, approximately 10-20 µg chloroform were calculated to be absorbed following a 10-15 
minute shower. Chloroform is metabolised by cytochrome P450 to phosgene. Phosgene may 
be conjugated with glutathione, undergo condensation to carbon dioxide and hydrochloric acid 
or react with cellular material. The metabolism of chloroform is increased in fasted rats, but 
only at high concentrations, and metabolism is slower in humans than in rodents. 

Data on the toxicity of chloroform to humans via the inhalation route are restricted to its former 
use as an anaesthetic, and should be treated with caution, as patients requiring aesthetic may 
have pre-existing conditions which contribute to toxicity. 

In experimental animals, chloroform is of low acute inhalation toxicity. There is some evidence 
to suggest male mice may be more susceptible to acute chloroform toxicity than female mice. 

Extensive data were located on the repeat dose toxicity of chloroform via inhalation. As with 
oral exposure, the liver, renal tissues appear to be the main targets of systemic toxicity. 
However, in addition, following exposure via the inhalation route, localised effects occur on the 
nasal passages. Experiments involving in vivo BrdU labelling suggest that following exposure 
to chloroform, the primary effect is the induction of regenerative cell proliferation, possibly as a 
response to initial cytotoxicity. 

The liver, kidney and nasal passages are the main sites of tumour formation; however, data 
suggest that chloroform is not genotoxic. The formation of these tumours appears to be a 
secondary effect of the regenerative cell proliferation. 
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Limited reproductive and developmental studies consistently indicate that high concentrations 
of chloroform may decrease foetal bodyweight, and some studies have also indicated possible 
teratogenic effects, but only at high doses. 

A summary of the NOAECs identified in experimental animals following inhalation exposure 
are presented in Table 4.3. The lowest reliable subacute, subchronic, chronic and 
developmental NOAECs/LOAECs are in bold. 
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Table 4.3  Summary of NOECs Identified in Experimental Animals Following Inhalation Exposure to Chloroform 

Species Study duration NOEC Basis of NOEC Reference Klimisch 
Code 

Subacute 
Male F344 rats and female 
B6C3F1 mice 

7 days 3 ppm (approximately  
15 mg/m³) 

Alterations of the nasal passages (rats), 
histopathological changes of the 
hepatocytes (mice) 

Larson et al. 
(1994) 

2 

F344 rats and B6C3F1 mice 7 days 3 ppm (approximately  
15 mg/m³) 

Alterations of the nasal passages and 
increased cell proliferation 

Mery et al. (1994) 2 

Female B6C3F1 mice 7 days 10 ppm (approximately 49 mg/m³) Hepatocytic degenerative changes and 
increased hepatic LI 

Constan et al. 
(2002) 

1 

F334/DuCrj rats and 
Crj:BDF1 mice 

2 weeks LOEC 500 ppm (approximately  
2450 mg/m³) 

Alterations in the kidneys, liver and 
olfactory and respiratory epithelium 

Kasai et al. (2002) 2 

BDF1 mice 2 weeks None identified - Templin et al. 
(1996) 

4 

Black-hooded Wistar rats 4 weeks None identified - Plummer et al. 
(1990) 

3 

Subchronic 
F344 rats Up to 13 weeks None identified - Jamison et al. 

(1996) 
3 

F344 rats Up to 13 weeks 10 ppm (approximately  
49 mg/m³) 

Alterations of kidneys Templin et al. 
(1996b) 

1 

Male F344/DuCrj rats 13 weeks Hepatic NOEC 100 ppm (approximately  
490 mg/m³) 

Loss of hepatocytes Kasai et al. (2002) 2 

Female F344/DuCrj rats 13 weeks Hepatic NOEC 50 ppm (approximately  
245 mg/m³) 

Loss of hepatocytes Kasai et al. (2002) 2 

Male F344/DuCrj rats 13 weeks Renal NOEC 25 ppm (approximately  
123 mg/m³) 

Alterations in urinalysis Kasai et al. (2002) 2 

Female F344/DuCrj rats 13 weeks Renal NOEC 100 ppm (approximately  
490 mg/m³) 

Alterations in urinalysis Kasai et al. (2002) 2 

F344/DuCrj rats 13 weeks Nasal LOEC 25 ppm (approximately  
123 mg/m³) 

Mineralisation and atrophy of the olfactory 
epithelium 

Kasai et al. (2002) 2 

Male B6C3F1 mice Up to 13 weeks Hepatic NOEC 10 ppm (approximately  
49 mg/m³) 

Increased hepatic LI Larson et al. 
(1996) 

1 

Female B6C3F1 mice Up to 13 weeks Hepatic NOEC 30 ppm (approximately  
147 mg/m³) 

Increased hepatic LI Larson et al. 
(1996) 

1 

BDF1 mice Up to 13 
weeks 

5 ppm (approximately  
25 mg/m³) 

Centrilobular swelling of the liver Templin et al. 
(1998) 

2 
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Male Crj:BDF1 mice 13 weeks Hepatic NOEC 100 ppm (approximately  
490 mg/m³) 

Hepatic swelling Kasai et al. (2002) 2 

Female Crj:BDF1 mice 13 weeks Hepatic NOEC 50 ppm (approximately  
245 mg/m³) 

Cell atypia Kasai et al. (2002) 2 

Male Crj:BDF1 mice 13 weeks Renal LOEC 12 ppm (approximately  
59 mg/m³) 

Necrosis of the proximal tubules Kasai et al. (2002) 2 

Female Crj:BDF1 mice 13 weeks Renal NOEC 25 ppm (approximately  
123 mg/m³) 

Incidence of cytoplasmic basophilia Kasai et al. (2002) 2 

Crj:BDF1 mice 13 weeks Nasal LOEC 12 ppm (approximately  
59 mg/m³) 

Necrosis of the proximal tubules Kasai et al. (2002) 2 

Chronic 
Rats and rabbits 6 months None identified - Torkelson et al. 

(1976) 
4 

F344 rats 2 years None identified - Nagano et al. 
(1998) 

4 

F344/DuCrj rats 2 years 10 ppm (approximately 49 mg/m³) Kidney effects Yamamoto et al. 
(2002) 

3 

F344 rats 2 years None identified - Matasushuma 
(1994) 

4 

Crj:BDF1 mice 2 years NOAEC 5 ppm (approximately 25 
mg/m³) 

Kidney effects Yamamoto et al. 
(2002) 

2 

Developmental 
Sprague-Dawley rats Developmental 

study 
Maternal NOEC 147 mg/m³ (30 ppm) Anorexia and liver weight changes Schwetz et al. 

(1974), cited in 
Health Council of 
the Netherlands 
(2000) 

2 

Sprague-Dawley rats Developmental 
study 

Foetal LOEC 147 mg/m³ (30 ppm) Retarded foetal development Schwetz et al. 
(1974), cited in 
Health Council of 
the Netherlands 
(2000) 

2 

Wistar rats Developmental 
study 

Maternal NOEC 30 ppm (reported to be 
147 mg/m³) 

Decreased bodyweight Baeder & Hofmann 
(1988), cited in 
Health Council of 
the Netherlands 
(2000) 

4 

Wistar rats Developmental 
study 

Foetal LOEC 30 ppm (reported to be  
147 mg/m³) 

Decreased bodyweight Baeder & Hofmann 
(1988), cited in 
Health Council of 
the Netherlands 
(2000) 

4 
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Wistar rats Developmental 
study 

Maternal NOEC 10 ppm (reported to be 
49 mg/m³) 

Reduced food consumption Baeder & Hofmann 
(1991), cited in 
Health Council of 
the Netherlands 
(2000) 

4 

Wistar rats Developmental 
study 

Foetal NOEC 3 ppm (reported to be  
14.7 mg/m³) 

Percentage of small foetuses Baeder & Hofmann 
(1991), cited in 
Health Council of 
the Netherlands 
(2000) 

4 
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4.2 Bromoform 

4.2.1 Toxicokinetics 

Absorption and Distribution 

Data on the toxicokinetics of bromoform administered via the inhalation route are extremely 
limited. Bromoform is expected to be well absorbed across the lungs (ATSDR, 2005). 

No studies were located on the distribution of bromoform in the body following inhalation 
exposure; however, reported effects on the liver, kidneys and central nervous system 
following inhalation exposure would indicate that bromoform is distributed to these organs. 

Partition co-efficients have been determined for bromoform in silico in human blood, urine, 
water and milk (Batterman et al., 2002). The blood:air, milk:air, urine:air, saline:air and 
water:air coefficients determined in humans were 102.3, 291.5, 20.74, 24.95 and 24.71, 
respectively. While these partition coefficients may not be truly reflective of the distribution of 
bromoform in humans following inhalation exposure, they do indicate a tendency for 
bromoform to partition into blood and tissues with high lipid content. 

Metabolism 

Bromoform is oxidised by the cytochrome P450 system to produce trihalomethanol (species 
not stated), which decomposes to a dihalocarbonyl (species not stated). This dihalocarbonyl is 
reported to be highly reactive, and may therefore react with cellular nucleophiles to produce 
covalent adducts, react with glutathione to produce carbon monoxide and oxidised 
glutathione, or may undergo hydrolysis to carbon dioxide. Formation of carbon dioxide is 
reported to be the main pathway of metabolism (ATSDR, 2005). Bromoform may also undergo 
anaerobic metabolism by cytochrome P450 to generate reactive free radicals, which can react 
with polyunsaturated fatty acids in cellular phospholipids, leading to autocatalytic peroxidation 
(ATSDR, 2005). 

Excretion 

No data were located on the excretion of bromoform following inhalation exposure. 

4.2.2 Human Toxicity 

Bromoform vapours are reported to be irritating to the nose and throat of humans 
(concentration not stated) (Von Oettingen, 1955, cited in CCOHS, 2005). Klimisch Code: 4 
(Not Assignable) 
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4.2.3 Toxicity to Experimental Animals 

Acute Toxicity 

Inhalation of 29 000 ppm bromoform (approximately 300 496 mg/m³) is reported to produce 
profound depression of the central nervous system of dogs. Administration of bromoform at 
concentrations of 56 000-84 000 ppm (approximately 580 268-870 402 mg/m³) to dogs for one 
hour is reported to cause death (Merzbach, 1928, cited in ATSDR, 2005). No details of the 
experimental conditions of this study are reported, therefore they are assigned a 
Klimisch Code of 4 (Not Assignable). 

An inhalation LC50 of 12 000 mg/m³ has been reported in an unspecified mammalian species, 
suggesting bromoform is of low acute inhalation toxicity (EPA, 1989). Klimisch Code of 4 
(Not Assignable). 

Subacute Toxicity 

Data on the repeated exposure of experimental animals to bromoform via the inhalation route 
are extremely limited. Only summaries for two old Russian studies were located, which were 
cited in other literature. These summaries do not include sufficient details on dose and 
exposure regimes or examination protocols to be considered reliable. 

Administration of 240 ppm bromoform (approximately 2487 mg/m³) to rats for 10 days was 
reported to produce dystrophic and vascular changes to the liver and kidneys, altered hepatic 
metabolism and altered renal filtration (no further details available) (Dykan, 1964, cited in 
ATSDR, 2005). This study has been assigned a Klimisch Code of 4 (Not assignable). 

Subchronic Toxicity 

In a 2-month study, rats exposed to bromoform at a concentration of 25 ppm (approximately 
259 mg/m³) for 4 hours/day were reported as having effects on liver glycogenesis and 
prothrombin synthesis, proteinuria and decreased creatinine clearance in the kidneys (no 
further details available). Exposure to 4.8 ppm (approximately 24 mg/m³) was reported to have 
no adverse effects (Dykan, 1962, cited in EPA, 1987 and ATSDR, 2005). This concentration 
can be considered to be a NOEC. This study has been assigned a Klimisch Code of 4 
(Not assignable). 

Chronic Toxicity and Carcinogenicity 

No data on the chronic toxicity or carcinogenicity of bromoform via the inhalation route were 
located. 

Reproductive and Developmental Toxicity 

No data on the reproductive and developmental toxicity of bromoform via the inhalation route 
were located. 
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Genotoxicity 

No data on the genotoxicity of bromoform via the inhalation route were located. 

4.2.4 Summary 

Bromoform is anticipated to be readily absorbed via inhalation and it is expected to partition 
into blood and tissues with high lipid content. Under aerobic conditions, bromoform is 
metabolised to carbon dioxide, and under anaerobic conditions is expected to form reactive 
free radicals. Data on the toxicity of bromoform via inhalation are extremely limited, but it can 
be considered to be of low acute inhalation toxicity. The available data on repeat dose studies 
are of poor quality, but indicate the liver and kidneys are the target organs of toxicity. No data 
on the genotoxicity or reproductive and developmental toxicity of bromoform via the inhalation 
route were located.  

There are insufficient data to adequately compare toxicity of bromoform via the oral and 
inhalation routes of exposure. However, the two Russian studies indicate that inhalation 
exposure produces effects on the liver and kidneys. Oral exposure to bromoform also induces 
renal and hepatic effects. The vapours of bromoform are reported to be irritating to the 
respiratory tract in man, indicating that bromoform also induces a localised effect following 
inhalation exposure. 

A summary of the NOECs identified in experimental animals following inhalation exposure are 
presented in Table 4.4. The lowest NOEC is emboldened. 

Table 4.4  Summary of NOECs Identified in Experimental Animals Following 
Inhalation Exposure to Bromoform 

Species Study 
duration 

NOEC Basis of NOEC Reference Klimisch 
Code 

Subacute 
Rats 10 days None identified - Dykan (1964) 4 
Subchronic 
Rats 2-months 4.8 ppm 

(approximately 
24 mg/m³) 

Alterations in clinical 
chemistry 

Dykan (1962) 4 

 

4.3 Bromodichloromethane 

4.3.1 Toxicokinetics 

Absorption and Distribution 

Bromodichloromethane is reported to be readily absorbed via the inhalation route (EPA, 
1980). It is expected to be widely distributed to tissues with high lipid content (EPA, 1980). 

Partition co-efficients have been determined for bromodichloromethane in silico in human 
blood, urine, water and milk (Batterman et al., 2002). The blood:air, milk:air, urine:air, 
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saline:air and water:air coefficients determined in humans were 26.6, 33.5, 6.44, 6.23 and 
7.43, respectively. While these partition coefficients may not be truly reflective of the 
distribution of bromodichloromethane in humans following inhalation exposure, they do 
indicate a tendency for bromodichloromethane to partition into blood. 

Metabolism 

In humans, CYP2E1, CYP1A2 and CYP3A4 are reported to be the principal metabolising 
enzymes of bromodichloromethane, while in rats they are CYP2E1, CYP2B1/2 and CYP1A2. 
(Allis & Zhao, 2002). 

Allis et al. (2001) have suggested that several cytochrome P450 isoenzymes may be involved 
in the metabolism of bromodichloromethane. Exposure of male F344 rats to 
bromodichloromethane at a concentration of 100-3200 ppm (approximately  
672-21 494 mg/m³) for 4 hours produced dose-related increases in hepatic microsomal 
methoxyresorufin demethylase (MROD; indicative of CYP1A1 and CYP1A2 induction), 
ethoxyresorufin deethylase (EROD; indicative of CYP1A1 induction) and pentoxyresorufin 
dealkylase (PROD; indicative of CYP2B induction). Western blots displayed similar  
dose-related increases in CYP1A2 and CYP2B1. 

Zhao and Allis (2002) have determined that CYP2E1 has the lowest Km (Michaelis-Menten 
constant; a measure of the affinity of a substrate for enzyme and the rate at which the 
substrate bound to the enzyme is converted to product) and the highest catalytic activity for 
bromodichloromethane. 

The cytochrome P450 system oxidises bromodichloromethane to a highly reactive carbonyl 
intermediate. This intermediate is further detoxified into carbon dioxide by hydrolysis or 
reduced to carbon monoxide by glutathione conjugation (Health Council of the Netherlands, 
2007). Bromodichloromethane may also undergo reductive metabolism by the P450 system to 
produce free radical intermediates, or may be catalysed by glutathione-S-transferase 
catalysed conjugation with glutathione (Health Council of the Netherlands, 2007). 
Pretreatment of Fischer 344 rats with buthionine sulphoximine (BSO; a glutathione synthesis 
inhibitor) prior to exposure with bromodichloromethane was reported to increase serum 
indicators of hepatotoxicity and serum and urinary indicators of nephrotoxicity compared to 
rats solely administered bromodichloromethane (Gao et al., 1996). 

Excretion 

Yoshida et al. (1999) have performed a study assessing the elimination rate of several volatile 
chemicals, including bromodichloromethane, in male Sprague Dawley rats. Rats were 
exposed to bromodichloromethane in a closed chamber system maintained at 21°C with a 
total gas volume of 15.4 litres continuously for 1-6 hours at concentrations of 5.5, 22, 88, 177 
or 353 nmol (approximately 2, 9, 35, 70 and 140 ng/m³, respectively). Using a 
pharmacokinetic model, Yoshida et al. (1999) calculated metabolic elimination rates following 
exposure to 0.001, 0.1 and 10 ppm (approximately 0.009, 0.9 and 85 mg/m³, respectively) of 
0.000072, 0.0072 and 0.72 µmol/hour/kg bw (approximately 4.4 x10-7, 4.4 x10-5 and  
4.4 x10-3 µg/h/kg bw, respectively). 
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4.3.2 Human Toxicity 

No data on the toxicity of bromodichloromethane to humans following exposure via inhalation 
were located. 

4.3.3 Toxicity to Experimental Animals 

Acute Toxicity 

No data on the acute toxicity of bromodichloromethane to experimental animals via the 
inhalation route were located. 

Subacute Toxicity 

Two subacute and one subchronic inhalation study was located conducted in wild type (p53+/+) 
and transgenic (p53+/-) mice. The p53 gene encodes a tumour suppressor protein (its activity 
inhibits the formation of tumours). Therefore, these transgenic mice are useful in pre-
screening assays for carcinogenicity, as they are likely to develop tumours more rapidly, and 
at lower doses than wild type mice. 

In a 7-day study, male C57BL/6 and FVB/N wild type (p53+/+) and p53+/- mice 
(6/dose/genotype) were exposed to bromodichloromethane via inhalation. Wild type and p53+/- 
C57BL/6 and p53+/- FVB/N mice were exposed to 0, 1, 10, 30, 100 or 150 ppm (approximately 
0, 7, 67, 202, 672 and 1008 mg/m³, respectively) for 6 hours/day, 7 days/week. p53+/+ FVB/N 
mice were exposed to 0, 0.3, 1, 3, 10 or 30 ppm (approximately 0, 2, 7, 20, 67 and 202 mg/m³, 
respectively). Mice were administered BrdU, via an implanted osmotic pump, approximately 
3.5 days prior to necropsy to evaluate regenerative cell proliferation. Mortality was noted from 
30 ppm (202 mg/m³) and above, except in p53+/+ FVB/N mice. Mice that survived following 
exposure to 100 and 150 ppm (678 and 1008 mg/m³, respectively) were lethargic and 
displayed laboured breathing. Reddened skin and mild eye irritation were noted at 30 ppm 
(202 mg/m³) and above. Increased relative kidney weights were noted in all strains exposed to 
30 ppm (202 mg/m³) and above, and in p53+/- mice at 10 ppm (67 mg/m³). Increased relative 
liver weight was noted in FVB/N mice at 10 ppm (67 mg/m³) and above. Pale cortices were 
noted in the kidneys of all strains at 10 ppm (67 mg/m³) or greater. Histopathological 
examinations revealed severe renal damage consisting of nephrosis, tubular degeneration 
and regeneration. The severity of this damage was greater in p53+/- mice than in the wild 
types, and more severe in FVB/N mice than C57BL/6 mice. Kidney LI was significantly 
increased in all strains at 10 ppm (67 mg/m³) and above. Examinations of the liver revealed 
centrilobular degeneration and necrosis in mice that died before the end of the study, and 
centrilobular foci of hydropic degeneration in mice that survived until the end of the study, at 
30 ppm (202 mg/m³) and above. Regenerative proliferation was less severe in the liver than in 
the kidneys; LI was only slightly increased wild type mice, moderately increased in p53+/- 
FVB/N mice and greatly increased in p53+/- C57BL/6 mice at 10 ppm (67 mg/m³) and above. 
No treatment-related effects were noted on bladder tissue. A NOEC of 3 ppm (approximately 
20 mg/m³) was identified (Torti et al., 2001). In this study, effects were noted on the liver 
and kidneys, which is consistent with exposure to bromodichloromethane via the oral 
route. However, irritation of the eyes and skin, and laboured breathing were also noted, 
which may indicate an exposure route-specific effect. This study has been assigned a 
Klimisch Code of 2 (Reliable with restrictions). 
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In a 3-week study, C57BL/6 and FVB/N wild type (p53+/+) and p53+/- mice (6/dose/genotype) 
were exposed to bromodichloromethane via inhalation at doses of 0, 0.3, 1, 3, 10 or 30 ppm 
(approximately 0, 2, 7, 20, 67 and 202 mg/m³, respectively) for 6 hours/day, 7 days/week. 
Mice were administered BrdU, via an implanted osmotic pump, approximately 3.5 days prior to 
necropsy to evaluate regenerative cell proliferation. Mortality was noted in wild-type and p53+/- 
FVB/N mice and p53+/- C57BL/6 mice at the top dose. No deaths occurred among the wild-
type C57BL/6 mice. No significant differences were noted in body weight or kidney weight in 
any genotype at any dose. Liver weight was slightly increased at the top dose in all 
genotypes. This increase was statistically significant in p53+/- C57BL/6 and wild-type FVB/N 
mice. Minimal to mild degeneration and regeneration of the kidney tubules were noted at the 
top two doses of all genotypes. These changes were not as severe as those seen in the  
1-week study described above. Kidney LI was slightly, but significantly increased at the top 
dose. No evidence of liver or bladder toxicity or regenerative cell proliferation was noted. A 
NOEC of 3 ppm (approximately 20 mg/m³) was identified (Torti et al., 2001). Effects were 
noted in this study on the kidneys, which are also target organs following exposure to 
bromodichloromethane via the oral route. This study has been assigned a Klimisch 
Code of 2 (Reliable with restrictions). 

Subchronic Toxicity 

In a 13-week study, C57BL/6 and FVB/N wild type (p53+/+) and p53+/- mice (6/dose/genotype) 
were exposed to bromodichloromethane via inhalation at doses of 0, 0.5, 3, 10 or 15 ppm 
(approximately 0, 3, 20, 67 and 101 mg/m³, respectively) for 6 hours/day, 7 days/week. Mice 
were administered BrdU, via an implanted osmotic pump, approximately 3.5 days prior to 
necropsy to evaluate regenerative cell proliferation. No mortality occurred, and no effects on 
bodyweight, kidney or liver weight were noted. Minimal cortical scarring and occasional 
regeneration of the kidney tubules were noted in p53+/- C57BL/6 mice (doses not stated). Mild 
renal cortical tubular karyocytomegaly was noted in p53+/- FVB/N mice (doses not stated). No 
increase in LI was noted in the kidneys, liver or bladder (Torti et al., 2001). As the doses at 
which effects occurred are unstated, no NOEC can be identified. This study only examined 
the effects of bromodichloromethane inhalation on the liver and kidneys, which are 
also target organs following oral exposure to bromodichloromethane. It is unknown if 
any route-specific toxicity occurred. This study has been assigned a Klimisch Code of 
3 (Not reliable). 

Chronic Toxicity and Carcinogenicity 

No data on the chronic toxicity and carcinogenicity of bromodichloromethane following 
exposure via inhalation were located. 

Reproductive and Developmental Toxicity 

No data on the reproductive and developmental toxicity of bromodichloromethane following 
exposure via inhalation were located. 

Genotoxicity 

Toti et al. (2002) have performed in vivo bone marrow and blood micronucleus assays on 
male C57BL/6 and FVB/N wild type (p53+/+) and p53+/- mice following 1, 3 and 13 week 
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inhalation exposure as part of an inhalation repeat dose study (see above). In the 1-week 
study, Wild type and p53+/- C57BL/6 and p53+/- FVB/N mice were exposed to 0, 1, 10, 30, 100 
or 150 ppm (approximately 0, 7, 67, 202, 672 and 1008 mg/m³, respectively) for 6 hours/day, 
7 days/week. p53+/+ FVB/N mice were exposed to 0, 0.3, 1, 3, 10 or 30 ppm (approximately 0, 
2, 7, 20, 67 and 202 mg/m³, respectively). In the 3-week study, mice were exposed to 
bromodichloromethane via inhalation at doses of 0, 0.3, 1, 3, 10 or 30 ppm (approximately 0, 
2, 7, 20, 67 and 202 mg/m³, respectively) for 6 hours/day, 7 days/week. In the 13-week study, 
mice were exposed to bromodichloromethane via inhalation at doses of 0, 0.5, 3, 10 or  
15 ppm (approximately 0, 3, 20, 67 and 101 mg/m³, respectively) for 6 hours/day,  
7 days/week. Significantly increased incidences of polychromatic erythrocytes (PCE) 
containing micronuclei were only noted in wild-type FVB/N mice exposed to 100 ppm 
(approximately 202 mg/m³) for 1 week. No effects were noted following 3 weeks exposure. 
Following 13-weeks exposure, statistically significant increases in the percentage of peripheral 
blood normochromatic (NCE) cells were noted in p53+/- C57BL/6 and FVB/N mice. These data 
indicate weak induction of micronuclei by bromodichloromethane at high atmospheric 
concentrations with extended periods of exposure. 

4.3.4 Summary 

Bromodichloromethane is readily absorbed via inhalation and is expected to partition into 
blood. A range of cytochrome P450 isoenzymes have been identified that are involved in the 
metabolism of bromodichloromethane. In rats, the principal metabolising enzymes are 
CYP2E1, CYP2B1/2 and CYP1A2, while in humans, the principal metabolising enzymes are 
CYP2E1, CYP1A2 and CYP3A4. Bromodichloromethane is metabolised to carbon dioxide. A 
single inhalation genotoxicity study was located which indicated weak induction of micronuclei 
occur in mice, but only at high concentrations following an extended period of exposure.  
Sub-chronic repeat dose studies were located in the literature. These studies indicate the liver 
and kidneys are the target organs of toxicity, with bromodichloromethane inducing 
regenerative proliferation. No data on the reproductive and developmental toxicity of 
bromodichloromethane following exposure via inhalation were located. 

The limited toxicity data available for bromodichloromethane following exposure via the 
inhalation route make a comparison with the oral route of exposure difficult. Inhalation studies 
indicate that the liver and kidneys are the target organs of systemic toxicity. However, 
following oral exposure, carcinomas of the intestinal tract have also been reported. No 
evidence of this effect has been observed in the inhalation studies. However, these studies 
are of a subchronic duration, and therefore may be of insufficient duration to identify 
carcinogenic endpoints. 

A summary of the NOECs identified in experimental animals following inhalation exposure are 
presented in Table 4.5. The lowest reliable subacute NOEC is in bold. 
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Table 4.5 Summary of NOECs Identified in Experimental Animals Following 
Inhalation Exposure to Bromodichloromethane 

Species Study duration NOEC Basis of NOEC Reference Klimisch 
Code 

Subacute 
C57BL/6 and FVB/N 
mice 

1 week 3 ppm 
(approximately 
20 mg/m³) 

Increased kidney LI Torti et al. (2001) 2 

C57BL/6 and 
FVB/N mice 

3 weeks 3 ppm 
(approximately 
20 mg/m³) 

Minimal to mild 
degeneration and 
regeneration of 
kidney tubules 

Torti et al. 
(2001) 

2 

Subchronic 
C57BL/6 and FVB/N 
mice 

13 weeks None identified - Torti et al. (2001) 3 

 

4.4 Chlorodibromomethane 

4.4.1 Toxicokinetics 

Absorption and Distribution 

Chlorodibromomethane is expected to be well absorbed across the lungs (ATSDR, 2005). In 
humans sitting near a swimming pool with a chlorodibromomethane concentration of 0.8 µg/l 
for 1 hour, the mean alveolar concentration was 0.8 µg/m³ (ATSDR, 2005). 

Partition coefficients have been determined for chlorodibromomethane in silico in human 
blood, urine, water, air and milk (Batterman et al., 2002). The blood:air, milk:air, urine:air, 
saline:air and water:air coefficients determined in humans were 49.2, 89.3, 11.2, 11.26 and 
11.83, respectively. While these partition coefficients may not be truly reflective of the 
distribution of chlorodibromomethane in humans following inhalation exposure, they do 
indicate a tendency for chlorodibromomethane to partition into tissues with high lipid content. 

Metabolism 

Chlorodibromomethane is oxidised by cytochrome P450 mixed function oxidase system to 
yield trihalomethanol, which decomposes to yield dihalocarbonyl and hydrogen and halide 
ions. The dihalocarbonyl may therefore react with cellular nucleophiles to produce covalent 
adducts, react with glutathione to produce carbon monoxide and oxidised glutathione, or may 
undergo hydrolysis to carbon dioxide. Formation of carbon dioxide is reported to be the main 
pathway of metabolism (ATSDR, 2005). Under anoxic conditions, chlorodibromomethane may 
produce reactive trihalomethyl free radicals, which can react with polyunsaturated fatty acids 
in cellular phospholipids, leading to autocatalytic peroxidation (ATSDR, 2005). 
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Excretion 

Yoshida et al. (1999) have performed a study assessing the elimination rate of several volatile 
chemicals, including chlorodibromomethane, in male Sprague Dawley rats. Rats were 
exposed to chlorodibromomethane in a closed chamber system maintained at 21°C with a 
total gas volume of 15.4 litres continuously for 1-6 hours at concentrations of 3.4, 14, 55, 109 
or 219 nmol (approximately 1, 4, 17, 34 and 65 ng/m³, respectively). Using a pharmacokinetic 
model, Yoshida et al. (1999) calculated metabolic elimination rates following exposure to 
0.001, 0.1 and 10 ppm (approximately 0.009, 0.9 and 85 mg/m³, respectively) of 0.00011, 
0.011 and 1.1 µmol/hour/kg bw (approximately 5.3 x10-7, 5.3 x10-5 and  
5.3 x10-3 µg/hour/kg bw, respectively). 

4.4.2 Human Toxicity 

No data on the toxicity of chlorodibromomethane to humans via the inhalation route were 
located. 

4.4.3 Toxicity to Experimental Animals 

Acute Toxicity 

No data on the acute toxicity of chlorodibromomethane to experimental animals via the 
inhalation route were located. 

Subacute Toxicity 

No data on the subacute toxicity of chlorodibromomethane via the inhalation route were 
located. 

Subchronic Toxicity 

No data on the subchronic toxicity of chlorodibromomethane via the inhalation route were 
located. 

Chronic Toxicity and Carcinogenicity 

No data on the chronic toxicity and carcinogenicity of chlorodibromomethane via the inhalation 
route were located. 

Reproductive and Developmental Toxicity 

No data on the reproductive and developmental toxicity of chlorodibromomethane via the 
inhalation route were located. 
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Genotoxicity 

No data on the genotoxicity of chlorodibromomethane via the inhalation route were located. 

4.4.4 Summary 

Chlorodibromomethane is anticipated to be well absorbed via inhalation and is expected to 
partition into tissues with high lipid content. Chlorodibromomethane is largely metabolised to 
carbon dioxide under aerobic conditions, however, under anoxic conditions, reactive free 
radicals are formed. No data were located on the acute, repeat dose or reproductive or 
developmental toxicity via the inhalation route. Therefore it is not possible to determine if the 
toxicity of chlorodibromomethane via the inhalation route is different to toxicity via the oral 
route. 
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5. OCCUPATIONAL EXPOSURE STANDARDS 

Occupational exposure standards have been located for several countries. These standards 
are presented in Table 5.1. Additional notations for these standards are discussed in Sections 
5.1 to 5.4. 

5.1 Chloroform 

5.1.1 United Kingdom 

The UK Health and Safety Executive (HSE) have established an 8-hour Time Weighted 
Average (TWA) Workplace Exposure Limit (WEL) for chloroform of 2 ppm (10 mg/m³). This 
TWA was based on a NOEC of 25 ppm identified, based on liver and kidney lesions in a  
6-month study conducted in rats, rabbits and guinea pigs, with a 4 hour/day exposure regime. 
No further details of this study are available. This NOEC was adjusted to 10 ppm for a full-shift 
exposure, and a margin for extrapolating from animals to man of 5 was applied to derive this 
WEL (HSE, 2002). It should be noted that WELs are derived based on an 80 kg adult, and 
therefore are not directly comparable to exposure in the home, where children and adults that 
weigh less than 80 kg may be exposed. 

This WEL includes a skin notation, which is assigned to substances for which there are 
concerns that dermal absorption will lead to systemic toxicity (HSE, 2007). No short-term 
exposure limits have been set by the HSE for chloroform. 

The following Risk Phrases are assigned to chloroform (HSE, 2007): 

R22 – Harmful if swallowed 

R38 – Irritating to the skin 

R40 – Limited evidence of a carcinogenic effect 

R48/20/22 – harmful: danger of serious damage to health by prolonged exposure through 
inhalation and if swallowed 

5.1.2 Germany 

The German Deutsche Forschungsgemeinschaft (DFG) have established an 8-hour TWA 
Maximum Concentration Value in the Workplace (MAK) for chloroform of 0.5 ppm (2.5 mg/m³). 
The DFG has noted that there is a danger of cutaneous absorption of chloroform (ACGIH, 
2008). No details on the basis of the DFG MAK derivation were located. 

The DFG have also concluded that chloroform should be classified excursion factor category 
II, meaning that an excursion factor of 2 is applied. This peak concentration has a maximum 
duration of 15 minutes, with a maximum number of 4 peaks per shift, with a 1 hour interval 
between peaks (ACGIH, 2008). 
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The DFG have classified chloroform as belonging to carcinogenicity category MAK-4, i.e. 
substances with carcinogenic potential for which genotoxicity plays no, or at most, a minor 
role. No significant contribution to human cancer risk is expected, providing the MAK value is 
observed (ACGIH, 2008). 

5.1.3 USA 

Several organisations in the USA have derived standards for chloroform. No details on the 
derivation of these exposure standards were located. 

The American Conference of Governmental Industrial Hygienists (ACGIH) has established an 
8-hour TWA Threshold Limit Value (TLV) of 10 ppm (49 mg/m³) (ACGIH, 2008). The ACGIH 
also considers chloroform to belong to carcinogenicity category TLV-A3, i.e. a confirmed 
animal carcinogen with unknown relevance to humans (ACGIH, 2008). 

The Occupational Safety and Health Administration (OSHA) has derived a Short-Term 
Exposure Limit (STEL) Permissible Exposure Limit (PEL) of 50 ppm (240 mg/m³). This value 
is a ceiling limit, meaning exposure should not be exceeded during any part of the working 
exposure (ACGIH, 2008). 

The National Institute for Occupational Safety & Health (NIOSH) has established a STEL 
Recommended Exposure Limit (REL) of 2 ppm (9.78 mg/m³) for a 60-minute exposure period 
(ACGIH, 2008). NIOSH has also classified chloroform as NIOSH-Ca, i.e. a potential 
occupational carcinogen with no further categorisation (ACGIH, 2008). 

5.1.4 Canada 

The Canadian Ministry of Labor (MoL) has established a Time-Weighted Average Exposure 
Value (TWAEV) Occupational Exposure Limit (OEL) for chloroform of 10 ppm (49 mg/m³) 
(MoL, 2008). No details on the derivation of this standard was located. 

5.2 Bromoform 

5.2.1 United Kingdom 

The UK HSE has not currently set any WELs for bromoform. 

5.2.2 Germany 

The DFG has not currently set and MAKs for bromoform. 

5.2.3 USA 

Several organisations in the USA have derived occupational standards for bromoform. No 
details on the derivation of these standards were located. 
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The ACGIH has established an 8-hour TWA TLV of 0.5 ppm (5.2 mg/m³) (ACGIH, 2008). The 
ACGIH also listed a Notice of Intended Change (NIC) for bromoform for the inclusion of a skin 
notation (ACGIH, 2008). The ACGIH also considers bromoform to belong to carcinogenicity 
category TLV-A3, i.e. a confirmed animal carcinogen with unknown relevance to humans 
(ACGIH, 2008). 

The OSHA has derived TWA PEL of 0.5 ppm (5 mg/m³) for bromoform. OSHA has also noted 
that there is a danger of cutaneous absorption (ACGIH, 2008). 

The NIOSH has established TWA REL of 0.5 ppm (5 mg/m³) for bromoform (ACGIH, 2008). 
NIOSH has also noted that there is a danger of cutaneous absorption (ACGIH, 2008). 

5.2.4 Canada 

The Canadian MoL has established a TWAEV OEL for bromoform of 0.5 ppm (5 mg/m³). The 
MoL has also considered that direct or airborne contact with the agents may result in 
significant absorption of the agent through the skin, mucous membranes or eyes (MoL, 2008). 
No details on the derivation of this standard was located. 

5.3 Bromodichloromethane 

5.3.1 United Kingdom 

The UK HSE has not currently set any WELs for bromodichloromethane. 

5.3.2 Germany 

The DFG has not currently set and MAKs for bromodichloromethane. However, the DFG has 
noted that that there is a danger of cutaneous absorption of chloroform (ACGIH, 2008). 

The DFG has classified bromodichloromethane as belonging to MAK germ cell mutagens 
category 3B, i.e. substances that are suspected of being germ cell mutagens because of their 
genotoxic effects in mammalian somatic cells in vivo, or in exceptional cases, where there no 
in vivo data, has been shown to be clearly genotoxic in vitro and is structurally similar to 
known in vivo mutagens (ACGIH, 2008). 

The DFG has also classified bromodichloromethane as belonging to carcinogenicity category 
MAK-2, i.e. substances that are considered carcinogenic in man because sufficient or limited 
evidence of carcinogenicity in experimental animals has been substantiated with evidence 
from epidemiological studies that indicate they can make a significant contribution to cancer 
risk (ACGIH, 2008). 

5.3.3 USA 

The US ACGIH, OSHA and NIOSH have not currently derived any occupational exposure 
standards for bromodichloromethane. 
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5.3.4 Canada 

The Canadian MoL has not currently derived any OELs for bromodichloromethane. 

5.4 Chlorodibromomethane 

5.4.1 United Kingdom 

The UK HSE has not currently set any WELs for chlorodibromomethane. 

5.4.2 Germany 

The DFG has not currently set and MAKs for chlorodibromomethane. 

5.4.3 USA 

The US ACGIH, OSHA, NIOSH and AIHA have not currently derived any occupational 
exposure standards for chlorodibromomethane. 

5.4.4 Canada 

The Canadian MoL has not currently derived any OELs for chlorodibromomethane. 
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Table 5.1  Occupational Exposure Standards 

Trihalomethane Country 
UK HSE WEL Germany DFG MAK USA Canada MoL OEL 

ACGIH TLV OSHA PEL NIOSH REL 
STEL  
(15-

minute) 

TWA 
(8-hour) 

Peak TWA  
(8-hour) 

STEL  
(15-

minute) 

TWA  
(8-hour) 

STEL 
(15-minute) 

TWA 
(8-hour) 

STEL 
(60-minute) 

TWA 
(10-hour) 

STEV 
(15-

minute) 

TWAEV  
(1 work 
day or 
work 
week) 

Chloroform - 2 ppm 
(10 mg/m³) 

- 0.5 ppm 
(2.5 mg/m³) 

- 10 ppm  
(49 mg/m³) 

50 ppm  
(240 mg/m³) 

- 2 ppm  
(9.78 mg/m³) 

- - 10 ppm 
(49 mg/m³) 

Bromoform - - - - - 0.5 ppm  
(5.2 mg/m³) 

- 0.5 ppm 
(5 mg/m³) 

- 0.5 ppm 
(5 mg/m³) 

- 0.5  
(5 mg/m³) 

Bromodichloromethane - - - - - - - - - - - - 
Chlorodibromomethane - - - - - - - - - - - - 
 
ACGIH: American Conference of Governmental Industrial Hygienists 
DFG: Deutsche Forschungsgemeinschaft 
HSE: Health & Safety Executive 
MAK: Maximum concentration values in the workplace 
MoL: Ministry of Labor 
NIOSH: National Institute for Occupational Safety & Health 
OEL: Occupational Exposure Limit 
OSHA: Occupational Safety & Health Administration 
PEL: Permissible Exposure Limit 
REL: Recommended Exposure Limits 
STEL: Short Term Exposure Limit (15 minutes) 
TLV: Threshold Limit Value 
TWA: Time Weighted Average (8 hours) 
TWAEV : Time Weighted Average Exposure Value (1 work day or work week) 
USA: United States of America 
WEL: Workplace Exposure Limit 
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6. TOLERABLE LEVELS OF EXPOSURE 

A tiered approach has been adopted for the derivation of tolerable concentrations/tolerable 
doses. 

1. Where robust chronic data are available for an individual trihalomethane (THM), that data 
should be used as the basis for the derivation of a tolerable level of exposure, with 
application of an appropriate uncertainty factor (typically 100 to account for inter- and 
intra-species variation). 

2. If robust data are available, but the data are subchronic, that data should be used as the 
basis for the derivation of a tolerable level of exposure, with application of an additional 
uncertainty factor to extrapolate from a subchronic to chronic level. The additional 
uncertainty factor applied will typically be 10, however, expert judgement may be applied 
and a lower uncertainty factor may be used if this value is deemed too precautionary. 

3. If no robust data are available for a THM via the specific route, a route-to-route 
extrapolation can be applied in the derivation of a tolerable concentration/tolerable dose. 
It should be noted that caution is needed in the application of a route-to-route 
extrapolation, particularly with oral-to-inhalation extrapolations, as there is the potential to 
underestimate toxicity, as compounds that may be poorly absorbed via the oral route may 
be well absorbed via the pulmonary route. Orally absorbed compounds will undergo first-
pass metabolism, whereas compounds absorbed via the inhalation route are not subject 
to first pass metabolism. In addition, localised effects that may occur at the point of 
contact may not occur following oral exposure. 

6.1 Tolerable Daily Concentration via Inhalation 

6.1.1 Chloroform 

A substantial body of data on the inhalation toxicity of chloroform is available. Several 
NOAECs were identified that can be considered suitable for the derivation of a tolerable 
concentration, ranging from 3 ppm (approximately 15 mg/m³) to 100 ppm (approximately  
490 mg/m³). When deriving tolerable levels of exposure that are protective over a lifetime, the 
use of chronic data is preferable, to account for any potential effects that may not be apparent 
following short-term exposure. The lowest chronic NOAEC of 5 ppm (approximately 25 mg/m³) 
identified has been assigned a Klimisch Code of 2 (Reliable with restrictions) and is therefore 
suitable for the purposes of deriving a tolerable level of exposure for chloroform. 

The chronic NOAEC was derived from a study conducted in mice exposed to chloroform for  
6 hours/day for 5 days/week for 2-years. Adjusting to a continuous exposure (i.e. exposure for 
24-hours/day), a continuous NOAEC (cNOAEC) of 4.5 mg/m³ is derived. Following application 
of an uncertainty factor of 100 (to account for inter- and intra-species variation) to the 
cNOAEC, a tolerable daily concentration of 0.045 mg/m³ (45 µg/m³) is derived for 
lifetime exposure. 

It should be noted that the use of an adjusted cNOAEC is likely to increase the conservatism 
of the tolerable daily concentration, as an individual does not spend 100% of their time in the 
bath or shower. 
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The use of an uncertainty factor of 100 is consistent with World Health Organization (WHO) 
approach on the derivation of drinking water guidelines for lifetime exposure and the UK 
regulatory approach (IGHRC, 2003).  

Assuming an adult breathing rate of 20 m³ air per day, this would equate to a tolerable daily 
inhaled dose of 0.9 mg/day (900 µg/day), which would be protective for lifetime 
exposure following exposure to chloroform solely via the inhalation route. 

A breathing rate of 20 m³ air per day is the respiration volume typically used for inhalation risk 
assessment. However, respiration rate is variable throughout the day and increases when you 
are more active, which is likely to occur during showering. Therefore, without knowing the 
typical respiration rates during bathing and showering, there is an additional degree of 
uncertainty in the exposure assessment. 

It should be noted that these values are likely to be highly precautionary, as it is derived to be 
protective over a lifetime. 

6.1.2 Bromoform 

Data on the inhalation toxicity of bromoform are extremely limited. A NOEC of 4.8 ppm  
(24 mg/m³) has been identified for bromoform, however, this NOEC is from a subchronic 
study, which cannot be considered robust (Klimisch Code 4). 

Therefore, a route-to-route extrapolation using an oral NOAEL can be applied. However, as 
stated above, an oral-to-inhalation must be applied with caution as this extrapolation is likely 
to significantly underestimate toxicity, as pulmonary absorption may be considerably higher 
than oral absorption (IGHRC, 2006). 

The World Health Organization (WHO) used an oral NOAEL of 25 mg/kg bw/day  
(17.9 mg/kg bw/day, adjusting to a 7 day/week exposure) identified in 90-day study conducted 
in rats as the basis of their Guideline for Drinking-water Quality (GDWQ). WHO applied an 
uncertainty factor of 1000 (100 to account for inter- and intra-species variation and 10 to 
extrapolate from a subchronic to chronic level) to the NOAEL of 17.9 mg/kg bw/day to derive a 
Tolerable Daily Intake (TDI) of 0.0179 mg/kg bw/day (17.9 µg/kg bw/day). The GDWQ was 
derived by assuming a 60 kg adult drinking 2 litres of water per day, with an allocation of 20% 
of the TDI to water (WHO, 2005). 

Bromoform is reported to be 60-90% absorbed via the oral route (ATSDR, 1995). No data 
were located absorption via the inhalation route therefore 100% absorption is assumed, in 
accordance with the IGHRC guidance on route-to-route extrapolation (IGHRC, 2006). 

Therefore, taking an average oral absorption (75%), in accordance with the IGHRC guidance, 
an adjustment factor of 75/100 can be applied to the WHO TDI of 17.9 µg/kg bw/day to derive 
an adjusted TDI of 13.4 µg/kg bw/day. 

Assuming an adult bodyweight of 60 kg this would equate to a tolerable inhaled dose of  
0.8 mg/day (800 µg/day), which would be protective for lifetime exposure. 

Assuming a breathing rate of 20 m³/day, a tolerable daily concentration of 0.04 mg/m³  
(40 µg/m³) is derived for lifetime exposure to bromoform, assuming no exposure via 
other routes. 
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6.1.3 Bromodichloromethane 

Two NOAECs have been identified for bromodichloromethane (both NOAECs of 3 ppm;  
20 mg/m³). These NOAECs are from studies that are considered to be robust (Klimisch 
Code 2), however, they are both of subchronic duration. Therefore an additional uncertainty 
factor of 10 is required in the derivation of a tolerable daily concentration. 

These NOAECs of 3 ppm (20 mg/m³) have been identified in mice following exposure to 
bromodichloromethane for 6 hours/day, 7 days/week. Adjusting to a continuous exposure 
regime, a cNOAEC of 5 mg/m³ is derived. Following application of an uncertainty factor of 
1000 (100 to account for inter- and intra-species variation, and 10 to account for the use of a 
subchronic study), a tolerable daily concentration of 0.005 mg/m³ (5 µg/m³) is derived for 
lifetime exposure. 

Assuming a breathing rate of 20 m³ air per day, this would equate to a tolerable daily inhaled 
dose of 0.1 mg/day (100 µg/day), which would be protective for lifetime exposure to 
bromodichloromethane assuming no exposure via other routes. 

6.1.4 Chlorodibromomethane 

No data were located on the toxicity of chlorodibromomethane via the inhalation route. 
Therefore, a route-to-route extrapolation using an oral NOAEL can be applied. However, as 
stated above, an oral-to-inhalation extrapolation is likely to significantly underestimate toxicity, 
and must be considered with caution. 

The World Health Organization (WHO) used a NOAEL of 30 mg/kg bw/day  
(21.4 mg/kg bw/day, adjusting to a 7 day/week exposure) identified in 90-day study conducted 
in rats as the basis of their Guideline for Drinking-water Quality. WHO applied an uncertainty 
factor of 1000 (100 to account for inter- and intra-species variation and 10 to extrapolate from 
a subchronic to chronic level) to the NOAEL of 21.4 mg/kg bw/day to derive a Tolerable Daily 
Intake (TDI) of 0.0214 mg/kg bw/day (21.4 µg/kg bw/day). The GDWQ was derived by 
assuming a 60 kg adult drinking 2 litres of water per day, with an allocation of 20% of the TDI 
to water (WHO, 2005). 

Chlorodibromomethane is reported to be 60-90% absorbed via the oral route (ATSDR, 1995). 
No data were located absorption via the inhalation route therefore 100% absorption is 
assumed, in accordance with the IGHRC guidance on route-to-route extrapolation (IGHRC, 
2006). 

Therefore, taking an average oral absorption (75%), in accordance with the IGHRC guidance, 
an adjustment factor of 75/100 can be applied to the WHO TDI of 21.4 µg/kg bw/day to derive 
an adjusted TDI of 16 µg/kg bw/day. 

Assuming an adult bodyweight of 60 kg this would equate to a tolerable daily inhaled dose 
of 0.96 mg/day (960 µg/day), which would be protective for lifetime exposure assuming 
no exposure via other routes. 

Assuming a breathing rate of 20 m³/day, a tolerable daily concentration of 0.048 mg/m³  
(48 µg/m³) is derived for lifetime exposure. 
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Table 6.1  Tolerable Concentrations via the Inhalation Route 

Trihalomethane Basis of Derivation Tolerable Concentration 
(µg/m³) 

Tolerable Daily 
Inhaled Dose 
(µg/day)1 

Chloroform Robust chronic toxicity data 45 900 
Bromoform Oral-to-inhalation extrapolation 40 800 
Bromodichloromethane Robust subchronic data 5 100 
Chlorodibromomethane Oral-to-inhalation extrapolation 48 960 
 
1. Calculated based on an adult breathing rate of 20 m³ air/day. 

6.2 Tolerable Daily Dose via the Dermal Route 

6.2.1 Chloroform 

No repeat-dose studies were located on the toxicity of chloroform via the dermal route. 
Therefore, a route-to-route extrapolation using an oral NOAEL can be applied.  

In considering their Guideline for Drinking-water Quality (GDWQ), the World Health 
Organization (WHO) adopted a Tolerable Daily Intake (TDI) of 0.015 mg/kg bw/day identified 
by the International Programme on Chemical Safety (IPCS), based on a concentration of  
12 mg/l, which was identified as the 95% lower confidence limit for the 5% incidence of 
hepatic cysts (WHO, 2005). 

Chloroform is reported to be well absorbed orally by the WHO, however, no numerical value is 
reported. Studies conducted by Dick (1995) indicate that chloroform absorption via the skin in 
vivo is poor (7.8% of an applied dose when applied in an aquenous solution, 1.6% absorption 
in ethanol). Therefore, in accordance with the IGHRC guidance (IGHRC, 2006), an adjustment 
factor of 50/10 can be applied to the TDI to derive a tolerable daily dose of 0.075 mg/kg 
bw/day (75 µg/kg bw/day) for lifetime exposure. 

Assuming an adult bodyweight of 60 kg, this would equate to a tolerable daily dose of 
4.5 mg/day (4500 µg/day), which would be protective for lifetime exposure to 
chloroform assuming no exposure via other routes. 

6.2.2 Bromoform 

No repeat-dose studies were located on the toxicity of bromoform via the dermal route. 
Therefore, a route-to-route extrapolation using an oral NOAEL can be applied. 

The World Health Organization (WHO) used a NOAEL of 25 mg/kg bw/day  
(17.9 mg/kg bw/day, adjusting to a 7 day/week exposure) identified in 90-day study conducted 
in rats as the basis of their Guideline for Drinking-water Quality (WHO, 2005). 

Bromoform is reported to be 60-90% absorbed via the oral route (ATSDR, 1995). No data 
were located absorption via the dermal route therefore 100% absorption is assumed, in 
accordance with the IGHRC guidance on route-to-route extrapolation. However, it should be 
noted that 100% absorption via the skin is likely to be very precautionary, as in reality very few 
chemicals will cross the skin to such a high extent (IGHRC, 2006). 
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Therefore, taking an average oral absorption (75%), in accordance with the IGHRC guidance, 
an adjustment factor of 75/100 can be applied to the WHO TDI of 17.9 µg/kg bw/day to derive 
a tolerable daily dose of 0.0134 mg/kg bw/day (13.4 µg/kg bw/day) for lifetime exposure. 

Assuming an adult bodyweight of 60 kg, this would equate to a tolerable daily dose of  
0.804 mg/day (804 µg/day), which would be protective for lifetime exposure to 
bromoform assuming no exposure via other routes. 

6.2.3 Bromodichloromethane 

Two NOAELs have been identified for bromodichloromethane, both of which were identified in 
subchronic dermal studies that are considered to be robust (Klimisch Code 1). 

The lowest of these NOAELs (64 mg/kg bw/day) was identified in a 39 week study in mice 
administered bromodichloromethane 5 days/week. Adjusting to a 7 day/week exposure, a 
NOAEL of 46 mg/kg bw/day is identified. 

Using the NOAEL of 46 mg/kg bw/day and following application of an uncertainty factor of 
1000 (100 to account for inter- and intra-species variation, and 10 to extrapolate from a 
subchronic to chronic level and the limited dataset), a tolerable daily dose of 0.046 mg/kg 
bw/day (46 µg/kg bw/day) is derived for lifetime exposure. 

Assuming an adult bodyweight of 60 kg, this would equate to a tolerable daily dose of  
2.76 mg/day (2760 µg/day), which would be protective for lifetime exposure assuming 
no exposure via other routes. 

6.2.4 Chlorodibromomethane 

No repeat-dose studies were located on the toxicity of chlorodibromomethane via the dermal 
route. Therefore, a route-to-route extrapolation using an oral NOAEL can be applied. 

The World Health Organization (WHO) used a NOAEL of 30 mg/kg bw/day  
(21.4 mg/kg bw/day, adjusting to a 7 day/week exposure) identified in 90-day study conducted 
in rats as the basis of their Guideline for Drinking-water Quality (WHO, 2005). 

Chlorodibromomethane is reported to be 60-90% absorbed via the oral route (ATSDR, 1995). 
No data were located absorption via the dermal route therefore 100% absorption is assumed, 
in accordance with the IGHRC guidance on route-to-route extrapolation. However, it should be 
noted that 100% absorption via the skin is likely to be very precautionary, as in reality very few 
chemicals will cross the skin to such a high extent (IGHRC, 2006). 

Therefore, taking an average oral absorption (75%), in accordance with the IGHRC guidance, 
an adjustment factor of 75/10 can be applied to the WHO TDI of 21.4 µg/kg bw/day to derive a 
tolerable daily dose of 0.0161 mg/kg bw/day (16.1 µg/kg bw/day) for lifetime exposure.  

Assuming an adult bodyweight of 60 kg, this would equate to a tolerable daily dose of  
0.966 mg/day (966 µg/day), which would be protective for lifetime exposure assuming 
no exposure via other routes. 
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Table 6.2  Tolerable Doses via the Dermal Route 

Trihalomethane Basis of Derivation Tolerable Dose  
(µg/kg bw/day) 

Tolerable Daily 
Dose (µg/day)1 

Chloroform Oral-to-dermal extrapolation 75 4500 
Bromoform Oral-to-dermal extrapolation 13.4 804 
Bromodichloromethane Robust subchronic data 46 2760 
Chlorodibromomethane Oral-to-dermal extrapolation 16.1 966 
 
1. Calculated based on an adult bodyweight of 60 kg. 
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EXPOSURE DATA REVIEW 
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7. INTRODUCTION 

Trihalomethanes (THMs) are volatile organic chemicals that may be formed in drinking water 
as a consequence of disinfection processes. As they are volatile, absorption into the body via 
the dermal and inhalation routes, particularly during bathing and showering, may provide a 
significant source of exposure. This review examines the data currently available on exposure 
via these routes for the four THMs currently regulated by the English and Welsh Drinking 
Water Inspectorate (DWI); chloroform, bromoform, bromodichloromethane and 
chlorodibromomethane. 

Dermal and inhalation exposure to THMs have been considered both as isolated routes and in 
combination. Therefore, for each of the four THMs, dermal and inhalation exposure has been 
considered both in isolation, and in combination (multi-pathway exposure). 

The main potential sources of exposure via the inhalation and dermal route are bathing, 
showering and swimming. Therefore, each section of this review considers exposure via each 
of these routes. 

Exposure via the oral route has not been considered, unless it has been directly compared 
with inhalation and dermal exposure in the reported literature. 

Models have been derived to estimate absorbed doses of each individual THM at specified 
water concentrations and temperatures. These models have then been compared with the 
tolerable daily absorbed doses derived in Chapter 6 using current drinking water standards 
and World Health Organization (WHO) Guidelines for Drinking-water Quality to assess 
whether these values derived to be protective following exposure via the oral route are also 
protective via the inhalation and dermal routes. The models have also been compared with 
average UK concentrations of individual THMs. Where possible, the outputs of these models 
have been compared with data from the exposure review to provide validation of the results. It 
should be noted that although exposure to THMs via swimming has been reviewed, it is not 
considered in the model estimates. 

 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

78 

 

 

 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

79 

8. MULTI-ROUTE EXPOSURE 

8.1 Chloroform 

8.1.1 Showering 

Jo et al. (1990) have conducted a study examining chloroform exposure during showering 
exclusively via the dermal and inhalation routes. Three experiments were performed; 
chloroform exposure during normal showering, chloroform exposure during inhalation-only 
showering, and assessment of shower air chloroform concentrations with and without a 
person present. 

In the first experiment, six subjects (5 male and 1 female) took a total of 13 showers. Breath 
samples were collected from each volunteer before and after showering, and water samples 
were collected from a tap in the bathroom after each shower. The dimensions of the shower 
were 82.6 cm (width) x 86.4 cm (length) x 233.7 cm (height). Tap water temperature was set 
to 40 ± 2°C, the tap flow-rate was adjusted to 8.7 ± 1.1 l/minute and all experiments were 
started 2 minutes after the shower was turned on to allow the water temperature to stabilise. 
Showers were conducted for 10 minutes, and a commercially available water saving shower-
head with a maximum rate of 3 gallons/minute was used. An in-shower ventilation system was 
not used, and a plastic shower curtain minimised air exchange between the shower and the 
rest of the bathroom. Experiments conducted on the same day used different subjects and 
were separated by at least six hours between each shower. The manner in which subjects 
took showers was not controlled. Ivory soap, shampoo and conditioner were provided. Breath 
sampling was conducted five minutes after exposure to allow subjects time to dry themselves 
and put clothing on. 

The concentration of chloroform in the water ranged from 5.3-36 µg/l and breath 
concentrations increased with increasing chloroform exposure. Prior to exposure, breath 
chloroform concentrations were below the limit of detection (0.86 µg/m³). The mean and 
standard deviation of the breath concentrations after showering were 13 and 3.9 µg/m³, 
respectively, and minimum and maximum concentrations were 6 and 21 µg/m³, respectively. 
The full set of results is presented in Table 8.1.  
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Table 8.1  Concentrations of chloroform in tap water and breath following a 10-
minute shower (Jo et al., 1990) 

Water Concentration (µg/l) Breath Concentration 
(µg/m³) 

5.3 6.0 
13 9.2 
18 11 
19 10 
21 13 
22 12 
23 13 
24 16 
25 15 
25 11 
29 14 
36 21 
36 19 
 

In the second experiment, Jo et al. (1990) conducted an experiment with six subjects (4 males 
and 2 females) under the same conditions. However, in this study, volunteers wore rubber 
clothes and boots during the experiment to avoid dermal contact with the water. Breath 
samples were taken from subjects both prior to and after showering. 

Chloroform concentrations in the water ranged from 10-37 µg/l and breath concentrations 
increased with increasing water concentrations. Chloroform was not detected in the breath of 
any of the subjects prior to exposure. The mean and standard deviation of breath 
concentrations after exposure were 7.1 and 2.5 µg/m³, respectively. Minimum and maximum 
concentrations were 2.4 and 10 µg/m³, respectively. The full set of results is presented in 
Table 8.2. 

Table 8.2  Concentrations of chloroform in tap water and breath following a 10-
minute inhalation-only shower (Jo et al., 1990) 

Water Concentration (µg/l) Breath Concentration 
(µg/m³) 

10 2.4 
12 3.2 
18 6.6 
18 6.6 
18 6.5 
21 4.1 
26 8.1 
27 9.2 
29 9.3 
31 7.7 
32 9.5 
35 8.9 
37 10 
 

Jo et al. (1990) compared the results of the first and second experiment. The breath 
concentrations following a normal shower or an inhalation-only shower were found to be 
highly statistically significantly different (p=0.0001) in an F-test. The authors reported that the 
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least mean square (LMS) for breath concentrations after a normal shower (the sum of dermal 
and inhalation exposure) was 13 µg/m³, and the LMS for an inhalation-only exposure shower 
was 6.8 µg/m³. Therefore, in the normal shower, approximately 6.2 µg chloroform/m³ breath 
can be considered to be due to dermal exposure. Jo et al. (1990) calculated that the ratio of 
body burden increase from dermal exposure to that from inhalation exposure is approximately 
0.95. Therefore, inhalation and dermal exposure were considered to contribute equally to the 
internal chloroform dose, as measured by exhaled breath concentrations. 

In the third experiment, thirteen air samples were taken from the shower without a showering 
individual and six air samples were taken with a showering individual. Chloroform 
concentrations in the water ranged from 12.9-40 µg/l. Chloroform was not detected in the air 
prior to the shower being turned on. The mean and standard deviation of chloroform 
concentrations in the air without a showering individual were 157 and 75.5 µg/m³, 
respectively. The mean and standard deviation of chloroform concentrations in the air with an 
individual in the shower were 186 and 76 µg/m³, respectively. Statistical analysis using an F-
test indicated no statistically significant difference between the results. Therefore, the activity 
of an individual showering does not affect the concentration of chloroform in the air (Jo et al., 
1990). 

As part of a study assessing water use and exposure to disinfection by-products in women of 
reproductive age, Lynberg et al. (2001) examined blood THM levels following showering in 
women from Corpus Christi, Texas and Cobb County, Georgia, USA. These two areas were 
selected because concentrations of THM in the water supply were relatively high compared to 
the rest of the USA, there were high intra-system differences in THM levels and one system 
(Cobb County) largely contained chlorinated disinfection by-products, while the second 
system (Corpus Christi) largely contained brominated disinfection by-products. Twenty-five 
participants were selected from each site. Participants were selected on the basis that they 
had given birth within the previous 18 months to healthy infants and still lived within range of 
the selected drinking water treatment works. Those that did not speak English, did not live 
within the defined area or did not have an individual meter were excluded from the study. 

Morning visits were arranged to each subject prior to the subjects showering. These visits 
were arranged to take place as early in the morning as possible, to obtain blood samples 
before water use was initiated, to provide a ‘base-line’ level. Two 10 ml blood samples were 
collected; one immediately before showering and one immediately following showering. While 
the participants were showering, duplicate water samples were collected from the kitchen 
sink. Taps were set to the coldest position and water was allowed to run for 5 minutes before 
samples were collected. Water temperature was not measured. Chloroform concentrations in 
the drinking water at the water treatment plant, in the distribution system and in subject’s 
homes are presented in Table 8.3.  
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Table 8.3  Concentration of chloroform in drinking water at the water treatment 
plant, distribution system and home (Lynberg et al., 2001) 

Location Median concentration (µg/l) Interquartile range (µg/l) 
Cobb County, Georgia 
Water treatment plant 49.5 72.1,96.7 
Distribution system 79 57.2, 88.5 
Home 84.8 42.1, 52.1 
Corpus Christi, Texas 
Water treatment plant 6.1 5.4, 10.8 
Distribution system 4.6 4.2, 6.5 
Home 8.2 4.2, 8.0 
 

Blood chloroform levels prior to, and following showering are presented in Table 8.4. 

Table 8.4  Median blood chloroform levels in participants prior to, and following 
showering (Lynberg et al., 2001) 

Location Median concentration (µg/l) Interquartile range (µg/l) 
Cobb County, Georgia 
Before showering 70 52, 103 
After showering 280 205, 435 
Change 189 133, 373 
Corpus Christi, Texas 
Before showering 25 17, 42 
After showering 57 39, 67 
Change 25 13, 39 
 

It should be noted that the report does not include data on the duration subjects spent in the 
shower, the temperature of the shower water or the flow rate of the water. Volunteers also 
kept 1.5 day water use diaries to monitor water consumption, however, these results are 
entirely descriptive, as the authors did not attempt to quantify water use in terms of THM 
exposure. 

Wiesel et al. (1999) have performed a similar study with 49 female volunteers in New Jersey, 
USA. Subjects received their water from a range of different drinking water supplies, and 
therefore, the concentrations of THMs varied widely. Subjects were provided with Teldar bags 
for the collection of breath samples following showering and urine sample collection bags. 
They were also provided with instructions on how to collect a post-shower breath sample and 
a first morning urine sample. Subjects were asked to record the collection time of the post-
shower breath sample, shower duration, shower water temperature (hot, warm or cold), time 
of the urine collection and time of the previous urination. On collection of the sample bags, a 
background breath sample, urine sample, 15-minute air sample and cold tap water sample 
were taken. Data were collected on the 7th February 1995 and 6th February 1996. 

THM concentrations in water samples displayed a bimodal distribution, with approximately 
equal number of samples containing total THM concentrations above and below 10 µg/l. The 
minimum, mean and maximum chloroform concentrations in water were 0.04, 31 and 200 µg/l, 
respectively. Only 9 of the 49 breath samples collected were above the limit of detection of  
1 µg/m³ for chloroform, six of which were collected from subjects with high chloroform levels in 
their water. The concentration of chloroform in five of these samples ranged from 1-3 µg/m³. 
The sixth breath sample contained a chloroform concentration of 12 µg/m³, which was 
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associated with the home with the highest chloroform concentration in water (200 µg/l). The 
median concentration of chloroform in the 15-minute air samples was 0.4 µg/m³, and the 
concentration range was <0.1-25 µg/m³. 

There was some confusion with subjects in this study as to the nature of an ‘immediate’ breath 
sample following showering, with the time taken between the end of showering and the 
collection of the sample varied from immediately after showering to greater than 20 minutes 
later. Weisel et al. (1999) therefore categorised post-shower breath samples into three 
groups, immediately (less than 5 minutes after showering), 5-20 minutes (after drying off and 
before leaving the bathroom) and greater than 20 minutes (after leaving the bathroom). The 
results of this study are presented in Table 8.5. 

Table 8.5  Post-showering chloroform breath concentrations (Weisel et al., 1999) 

Time after 
showering 
(minutes) 

Water 
concentration1 

Number of 
subjects 

Mean breath 
concentration 
(µg/m³) 

Median breath 
concentration 
(µg/m³) 

<5 Low 6 4.0 1.3 
High 7 54 59 

5-20 Low 7 1.5 1.5 
High 7 134 20 

>20 Low 4 1 ND 
High 2 20 - 

 
ND: Not detected 
1. Concentrations were reported to be ‘high’ or ‘low’. Precise concentrations were not stated. 

Weisel et al. (1999) examined the correlation between breath concentrations and water 
concentration, and between breath concentrations and exposure concentrations. They found 
that the correlation coefficients were almost identical; suggesting that water concentration was 
a more important determination of breath concentration than variations in the duration of 
showering. 

8.1.2 Bathing 

No data were located on chloroform exposure during bathing via either the dermal or 
inhalation routes. 

8.1.3 Swimming 

Lévesque et al. (1994) have examined the exposure to chloroform via the dermal and 
inhalation route during swimming. Eleven males, all members of a scuba diving association, 
took part in this study. An indoor swimming pool (25 m x 10 m x 2.5 m) was used. The 
atmosphere of the pool was kept under a negative pressure and the ventilation rate was kept 
constant throughout the study. Subjects took part in 55 minute exercise sessions on seven 
different days. Each session consisted of three 15 minute periods of swimming separated by 
two 5 minute rests. The intensity of physical activity was approximately 45% of maximum 
capacity for 6 sessions and 65% for one session. For one session, the inhalation route was 
isolated by used of scuba tanks filled with chloroform-free air that was used for breathing. The 
chloroform concentration in the swimming pool was confirmed prior to the initiation of the 
study and was adjusted to the required concentration. Each day, once the swimmers had 
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completed their exercise, the amount of chloroform in the water was increased, so that in the 
following session, swimmers would have a higher exposure level. Three alveolar breath 
samples were collected during each exposure, one before exercise, one after 35 minutes and 
one at the end of the 55 minute session. Concentrations of chloroform in the water and 
ambient air were measured every 10 minutes during swimming time. 

The mean alveolar breath chloroform concentration prior to exercise was 52.6 ppb 
(approximately 260 µg/m³), with a concentration range of 0-200 ppb (approximately  
0-992 µg/m³). These high baseline concentrations were accounted for by a slight air 
contamination of the locker room. The increased breath concentrations over the baseline 
levels for 35 and 55 minutes are presented in Table 8.6. 

Table 8.6  Increase in chloroform breath concentrations following 35 and 55 minutes 
exercise (Lévesque et al., 1994) 

Day No. of 
swimmers 

Chloroform 
concentration in 

water 

Chloroform 
concentration in air 

Increase in 
chloroform breath 
concentration after 

35 minutes 

Increase in 
chloroform breath 
concentration after 

55 minutes 

Mean 
(µg/l) 

Standard 
deviation 

(µg/l) 

Mean 
(ppb 

(µg/m³)) 

Standard 
deviation 

(ppb 
(µg/m³)) 

Mean 
(ppb 

(µg/m³)) 

Standard 
deviation 

(ppb 
(µg/m³)) 

Mean 
(ppb 

(µg/m³)) 

Standard 
deviation 

(ppb 
(µg/m³)) 

1 9 158.6 7.5 507.0 
(2515) 

45.8 
(227) 

100.0 
(496) 

23.8 
(118) 

103.9 
(515) 

23.8 
(118) 

2 a 9 229.3 6.7 - b - 179.4 
(890) 

105.9 
(525) 

185.6 
(921) 

57.1 
(283) 

3 11 200.0 10.7 1490.0 
(7390) 

438.7 
(2176) 

242.3 
(1202) 

87.9 
(436) 

230.9 
(1145) 

57.2 
(284) 

4 10 307.1 16.0 1120.0 
(5555) 

157.1 
(779) 

283.0 
(1404) 

116.4 
(577) 

276.5 
(1371) 

101.6 
(504) 

5 11 552.8 34.5 1469.0 
(7286) 

- c 950.0 
(4712) 

303.2 
(1504) 

1093.6 
(5424) 

221.8 
(1100) 

6 d 9 567.5 5.0 1296.0 
(6428) 

36.5 
(181) 

195.6 
(970) 

53.6 
(266) 

208.9 
(1036) 

158.5 
(786) 

7 10 538.3 21.4 1630.0 
(8085) 

196.4 
(965) 

745.0 
(3695) 

289.1 
(1434) 

874.0 
(4335) 

234.1 
(1161) 

 
a. Intensity of physical activity at 65% of maximum capacity. 
b. No data recorded. 
c. Only one result recorded. 
d. Scuba tanks were used to eliminate inhalation as a route of exposure. 

It is interesting to note from these results that increasing chloroform concentration by 1.4-fold 
for the experiment on day 2 led to approximately a 1.8-fold increase in breath concentrations, 
however, the increase of 3.4-fold in water concentration between days 1 and 7 led to a  
7.5-fold increase in breath concentration after 35 minutes on day 7, and a 8.4-fold increase 
after 55 minutes on day 7. The increased physical activity on day 3 resulted in increased 
chloroform breath concentrations of 35% and 24% after 35 and 55 minutes, respectively, 
compared to day 2. The results from day 6, when scuba equipment was used to prevent 
inhalation of chloroform, indicates that the inhalation route accounted for approximately 76% 
of exposure after 35 minutes and 78% exposure after 55 minutes. 
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Lindstrom et al. (1997) have performed a study examining exposure to chloroform during 
swimming by measurement of alveolar breath samples. Two subjects (one male, one female) 
were subject to a two hour training session. Both of these volunteers were considered to be 
elite college athletes and typically swam three times per week for two hours during each 
training session. The training session for this study consisted of five 100 yard intervals at a 
rate of 2 minutes/100 yards followed by twenty-two 300 yard intervals at a rate of  
5 minutes/300 yards. Air samples were collected in the middle of the pool, approximately 
30 cm above the surface of the water at 2, 60 and 120 minutes exposure time. Two pre-
exposure breath samples were taken at 10 and 9 minutes before the workout began. The 
male subject provided exposure breath samples at 2, 4, 6, 8, 10, 15, 30, 45, 60, 90 and 
120 minutes during the exposure period. Due to the limited number of sample canisters, the 
female subject only provided samples at 65 and 120 minutes during the exposure period. Two 
water samples were also collected (time of collection not stated). Post-exposure breath 
samples were collected 2, 4, 8, 10, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150 and 180 minutes 
after the exercise session. The first post-exposure breath sample was collected in an outdoor 
car park, while the remaining samples were collected indoors. Air samples were collected at 
1 minute post-exposure in the car park and at 90 and 180 minutes at the indoor site to confirm 
background concentrations. 

The water chloroform concentrations from the two samples were 68 and 73 µg/l. The air 
samples collected from above the pool were 145, 145 and 148 µg/m³ for 2, 60 and 
120 minutes exposure time. Pre-exposure chloroform breath concentrations for both subjects 
were similar and ranged between 3.07 and 3.46 µg/m³. These concentrations are higher than 
levels reported in other studies, and may be reflect a long-term residual chloroform body 
burden. At 2-minutes, the male subject’s chloroform breath concentration was 71.2 µg/m³. 
After 8 minutes, this had increased to 160 µg/m³ and continued to increase, reaching a peak 
of 371 µg/m³ after 90 minutes. The concentration fell at 120 minutes to 257 µg/m³, despite the 
fact that the exercise had continued beyond 90 minutes. The authors attributed this decrease 
to a reduction in effort during the later stages of the workout. The two samples collected from 
the female subject suggested that her uptake of chloroform was slower than the male subject, 
but was within the same order of magnitude at the end of the exposure period. Lindstrom et al. 
(1997) reported that the elimination of chloroform followed a tri-exponential (sum of three 
exponentials) profile. Using the post-exposure breath samples, the authors calculated half-
lives for each compartment in a three compartment model of 1.36, 25.7 and 173 minutes in 
males, and 0.95, 16.9 and 138 minutes in females, respectively. Using a steady state 
breath/environmental equilibrium ratio of 0.33, Lindstrom et al. (1997) calculated that for the 
final breath concentrations, the inhalation route contributed approximately  
48 µg chloroform/m³ breath, and assuming a linear relationship, the dermal route provided 
216 and 255 µg chloroform/m³ breath in the male and female, respectively. Therefore, the 
dermal route was estimated to account for approximately 80% of exposure. 

Fantuzzi et al. (2001) have performed a study assessing occupational exposure to THMs at 5 
indoor swimming pools in Modena, Italy. Thirty-two subjects (16 men and 16 women) were 
selected for this study, nineteen subjects were swimming trainers, spending their time at work 
at the edge of the pool, nine worked in the reception area and four were technicians that 
mainly worked in the engine room. Twenty volunteers from the Department of Hygiene served 
as a control group. Samples were collected from subjects by alveolar breath sampling. The 
authors reported that exposure to THMs via drinking water should not occur, as Modena is 
supplied by water treated with chlorine dioxide, and is free from THMs. Water samples were 
collected at a depth of 20 cm near the edge of the pool. Ambient air sampling was performed 
for 2 hours by the pool side, reception and engine room. Alveolar samples were collected from 
subjects at the end of their work shift. Sampling largely took place in the infirmary. 
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Swimming pool temperature ranged from 27-29°C, with a mean temperature of 28 ± 0.7°C, pH 
ranged from 7.5-7.5, free chlorine concentration was 0.43-1.47 mg/l and combined chlorine 
concentration was 0.1-0.26 mg/l. The relative humidity was >70% and air temperature ranged 
from 22-26°C, with a mean temperature of 24.8 ± 1.7°C. Concentrations of chloroform in the 
water, air and alveolar breath samples are presented in Table 8.7. 

Table 8.7  Chloroform concentrations in water, air and alveolar breath samples 
(Fantuzzi et al., 2001) 

Location Mean concentration and standard deviation 
Water 33.2 ± 24.6 µg/l 
Poolside air 46.1 ± 18.6 µg/m³ 
Reception air 21.8 ± 19.3 µg/m³ 
Engine room air 21.7 ± 22.7 µg/m³ 
Alveolar breath samples 18.7 ± 15.6 µg/m³ 
 

Of the control subjects, chloroform was detected in the alveolar breath of 40% of subjects 
(8 subjects). The mean chloroform breath concentration was 7.0 ± 5.1 µg/m³. 

Chloroform levels for the different occupationally exposed groups were not reported; however, 
total THM levels were reported. These data are presented in Table 8.8. 

Table 8.8  Trihalomethane concentrations in water, air and alveolar breath samples 
(Fantuzzi et al., 2001) 

Location Mean concentration and standard deviation 
Water 39.8 ± 21.7 µg/l 
Poolside air 58.0 ± 22.1 µg/m³ 
Reception air 26.1 ± 24.3 µg/m³ 
Engine room air 25.6 ± 24.5 µg/m³ 
Alveolar breath samples 
(all subjects) 

20.9 ± 15.6 µg/m³ 

Alveolar breath samples 
(swim trainers) 

25.1 ± 16.5 µg/m³ 

Alveolar breath samples 
(reception workers) 

14.9 ± 14.9 µg/m³ 

Alveolar breath samples 
(engineers) 

14.7 ± 2.8 µg/m³ 

 

THM breath concentrations were statistically significantly higher in swim trainers compared to 
the other groups. There were no statistically significant differences in exposure levels between 
men and women. 

Caro and Gallego (2008) have recently published a similar study examining exposure to 
THMs to both occupationally exposed workers at a swimming pool and swimmers by analysis 
of alveolar air and urine THM levels. This study was conducted at an indoor public swimming 
pool between January and June 2007. The pool was 25 metres wide, 11 metres long and  
2 metres deep. It was located inside a building that was 32 metres long, 23 metres wide and  
6 metres high. The pool was supplied with chlorinated public water (THM concentration of  
10-20 µg/l) and chlorine was added to the pool as a disinfectant. The free chlorine 
concentration of the pool was 600-1200 µg/l during the study and bromide concentration was 
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<100 µg/l. The water temperature of the pool was maintained at 26-28°C. Fifteen subjects 
(9 males, 6 females) were assessed for occupational exposure to THMs and 12 swimmers 
(4 males, 8 females) were assessed for their exposure to THMs. Swimming pool employees 
worked between 2-4 hours per shift during a 6 day working week. Pool monitors and 
guardians worked by the edge of the pool, administration staff worked in the reception area, 
and a maintenance technician worked all around the facility. During the study, none of the 
employees had physical contact with the pool water. Swimmers attended the pool two days 
per week and spent 1 hour in the water. None of the subjects used the swimming pool 
showers during the study, and were provided with bottled water for drinking. 

Urine samples were provided by workers at the beginning, middle and end of their work shifts 
at 2 hour intervals. Urine samples were collected from swimmers 15 minutes before and after 
they swam. Swimmers were allowed to dry themselves fully before providing a post-swim 
urine sample to prevent contamination of the sample with pool water. Ambient air samples 
were collected at a height of 50 cm at the edge of the pool (approximately where the pool 
monitors and guardians spent their work shift). Alveolar air samples were collected from 
employees at the beginning, middle and end of their work shifts at 2 hour intervals. Alveolar 
air samples were collected from swimmers five minutes before and after they swam. Mean 
alveolar and urine chloroform concentrations for the study participants are presented in Table 
8.9. 

Table 8.9  Mean chloroform concentrations in the alveolar air and urine of subjects 
exposed occupationally and during swimming (Caro & Gallego, 2008) 

Subject Water 
concentration 
(µg/l) 

Ambient air 
concentration 
(µg/m³) 

Alveolar air concentration 
(µg/m³) 

Urine concentration (ng/l) 

Pre-
exposure 

1 hour 
swimming 
or 2 hours 
work shift 

4 
hours 
work 
shift 

Pre-
exposure 

1 hour 
swimming 
or 2 hours 
work shift 

4 
hours 
work 
shift 

Monitors 127 242 4 34 54 477 913 1267 
Guardians 122 220 4 30 51 474 887 1230 
Technician 130 254 4 6 - 434 543 - 
Receptionists 102 143 5 7 10 471 534 573 
Swimmers 120 217 4 81 - 473 1454 - 

 

Aggazzotti et al. (1995) have examined the exposure to chloroform during swimming by 
examination of chloroform blood and alveolar air levels. Chloroform concentrations were 
measure in water and ambient air samples from twelve indoor swimming pools. During each 
session, three samples of water were collected at a depth of 20 cm at the edge of the pool. 
During the first session, ambient air samples were collected every 15 minutes at various 
heights above the water. Chloroform levels were only subject to slight variation at differing 
heights, therefore, for subsequent sampling, ambient air samples were taken at 150 cm above 
the water surface to avoid contamination of the sample by splashing. Plasma chloroform 
levels were obtained for 127 volunteers (81 males and 46 females) that had regularly attended 
three swimming pools in Modena, Italy, over a period of 6 months (November 1987 to April 
1988). These subjects were classified into three groups; competitive swimmers (n=102, in 
daily training for competition), non-competitive swimmers (n=16, attended swimming courses 
twice per week); and visitors (n=9, who were present, but did not swim). A control group of 40 
volunteers with no occupational or environmental exposure to chloroform were also used. 
Alveolar chloroform levels were measured in 163 subjects (96 males and 65 females). These 
volunteers were divided into two groups; swimmers and non-swimming visitors. A sample of 
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alveolar air was taken from each subject prior to entering the building and after the swimming 
session. Exposure to chloroform from drinking water was excluded as a drinking water was 
treated with chlorine dioxide and was reported to be free from chloroform. Seventy-seven 
volunteers served as a control. 

Chloroform concentrations in the water, ambient air and plasma of 127 volunteers are 
presented in Table 8.10. None of the control subjects had detectable levels of chloroform in 
their plasma (limit of detection not stated). 

Table 8.10  Chloroform concentrations in water, ambient air and plasma following 
swimming (Aggazzotti et al., 1995) 

Sample Geometric mean Arithmetic mean Median Range 
Water (µg/l) 30.90 32.67 30.50 17-47 
Air (µg/m³) 178.65 213.61 172.0 66-650 
Plasma (µg/l) 0.82 1.06 0.90 0.1-3.0 
 

Chloroform concentrations in the water, ambient air and alveolar air of 163 volunteers are 
presented in Table 8.11. Of the 77 control subjects, 53% had trace levels of chloroform in their 
alveolar breath (mean concentration 9 µg/m³). 

Table 8.11  Chloroform concentrations in water, ambient air and alveolar air following 
swimming (Aggazzotti et al., 1995) 

Sample Geometric mean Arithmetic mean Median Range 
Water (µg/l) - 35.97 29.95 19-94 
Air (µg/m³) - 140.33 129.85 49-280 
Alveolar air 
(µg/m³) 

78.05 94.09 83 14-312 

 

In a second paper (Aggazzotti et al., 1993), the results of the alveolar chloroform breath 
concentration survey was divided into their separate sampling sessions. These results were 
presented in nmol/m³, however, for the ease of comparison with other studies, the have been 
adjusted to µg/m³. These results are presented in Table 8.12. 
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Table 8.12  Chloroform concentrations in water, ambient air and alveolar air following 
swimming in each sampling session (Aggazzotti et al., 1993) 

Sampling 
session 

Number 
of 

subjects 

Mean chloroform 
concentration in water 

Mean and range of chloroform 
concentrations in ambient air 

Mean and range of 
chloroform concentrations 

in alveolar air 
nmol/l µg/l nmol/m³ µg/m³ nmol/m³ µg/m³ 

1 11 369 44 410 (342-469) 49 (41-56) 227 (117-
310) 

27 (14-37) 

2 19 176 21 1449 (1147-1977) 173 (137-236) 890 (369-
1625) 

106 (44-194) 

3 20 251 30 2345 (1675-2764) 280 (200-330) 1600 (871-
2614) 

191 (104-312) 

4 26 276 33 896 (553-1164) 107 (66-139) 1008 (184-
1826) 

120 (22-218) 

5 22 159 19 1156 (1005-1274) 138 (120-152) 689 (235-
1089) 

82 (28-130) 

6 25 209 25 1089 (871-1256) 130 (104-150) 595 (268-
905) 

71 (32-108) 

7 19 787 94 1357 (1206-1617) 162 (144-193) 734 (360-
1014) 

88 (43-121) 

8 21 276 33 519 (318-653) 62 (38-78) 328 (193-
477) 

39 (23-57) 

 

In addition to these studies, Aggazzotti et al. (1995) examined the kinetics of chloroform 
elimination in exhaled breath in a single male competitive swimmer over four 45 minute 
training sessions. Levels of chloroform in the swimming pool ranged between 106 and  
144 µg/l, and ambient air concentrations ranged between 92 and 208 µg/m³. The mean 
ambient air concentration was 139 ± 24.6 µg/m³. Prior to exposure, chloroform was not 
detectable in the subject’s breath. The results of the four sampling sessions are presented in 
Table 8.13. 

Table 8.13  Chloroform concentrations in alveolar air following four 45 minute 
swimming sessions (Aggazzotti et al., 1995) 

Time after 
exposure (minutes) 

Chloroform concentration in alveolar air (µg/m³) 
Session I Session II Session III Session IV 

0 82 48 48 38 
15 39 27 22 21 
45 21 12 10 10 
75 14 12 8 4 
105 13 6 5 0 
135 10 - 0 0 
165 7 - 4 - 
195 7 0 0 0 
600 0 3 0 0 
 

8.1.4 Other water uses and comparative water-use studies 

In a study for which only limited details were reported, Weisel and Jo (1996) compared the 
amount of chloroform in expired air via the oral, dermal and inhalation routes. Twenty-five 
experiments were performed with 11 subjects (6 males and 5 females); eight 10-minute 
dermal-only showers, four 60-minute dermal-only baths, nine 10-minute inhalation-only 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

90 

showers and 4 experiments involving the ingestion of 0.5 litres of water. Subjects wore 
waterproof clothing during the inhalation experiments to prevent dermal exposure and inhaled 
purified air during the dermal exposure studies. Water temperature for the dermal and 
inhalation experiments was 40°C ± 2°C. Following ingestion of water, none of the subjects 
had detectable levels of chloroform on their breath. The amount of chloroform in expired air 
per µg/l water was calculated to be 0.02-0.05 µg per µg/l for the inhalation-only shower,  
0.02-0.13 µg per µg/l for the dermal-only shower and 0.33-0.56 µg per µg/l for the dermal-only 
bath. The greater amounts for the bathing study were attributed to the longer exposure time 
and larger body surface in constant contact with the water. 

Gordon et al. (2006) have recently conducted a study on the changes in THM breath levels as 
a result of a range of house-hold activities. Two single private homes, one in North Carolina, 
the other in Texas, USA, were used during this study. These two sites were selected because 
it was believed that they would offer differing profiles of THMs in the water supply, with the 
supply in Texas containing higher levels of brominated THMs due to the high bromide 
concentrations in raw water sources. However, relatively low concentrations of bromoform, 
bromodichloromethane and chlorodibromomethane were found in the Texas supply, possibly 
due to heavy rainfall the week before the study. Seven subjects were used in this study, three 
males and one female in North Carolina, and one male and two females in Texas. Each 
subject slept in the house the night before exposure activities began, and was assigned 
several common water-use activities over two days that were approximately 1 week apart. 
Each activity was separated by at least one hour (3 hours for bathing and showering). Blood 
and tap water samples were collected prior to any activity and at fixed times during activities. 
Indoor air samples were collected at the start of each day and prior to, and during, each 
activity. Breath samples were collected 5 minutes after each activity. Two subjects took part in 
more intensive activity than the other volunteers and were subject to additional breath, air and 
water sampling. The water-use activities are summarised in Table 8.14. 

Table 8.14  Summary of water-use activities (Gordon et al., 2006) 

Day Activity 
1 Baseline measurement prior to water use 

Drinking a hot beverage (0.25 l) 
Hot water showera 

Drinking a cold water tap drink 
Automatic clothes washingb 

Hand washing 
Automatic dishwashing 
Open and remove dishes from the dishwasher at the end of a cycle 

2 Baseline measurement prior to water use 
Drink a cold water-based (fruit juice) beverage (0.25 l) 
Hot water bath 
Automatic clothes washing with bleach added during cycleb 

Hand washing of dishes 
Subjects stayed in a room adjoining study bathroom during shower 
(secondary shower exposure)c 

Subjects stayed in a room adjoining study bathroom after shower 
(post-secondary shower exposure)c 

 
a. Five subjects followed a standard shower protocol, while two subjects followed an intensive shower 

protocol 
b. Subjects were not present in the room whilst the washing machine was operating 
c. Bathroom door was opened at the end of the shower 
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Chloroform water concentrations in North Carolina were 126.2 ± 14.4 and 90.4 ± 6.4 µg/l on 
days 1 and 2, respectively, and in Texas were 28.5 ± 4.1 and 22.2 ± 2.5 µg/l on days 1 and 2, 
respectively. Compared with pre-exposure levels, the greatest increase in indoor 
concentrations of chloroform were for the showering and secondary shower exposure 
activities (>40 fold increase), bathing (>10 fold increase) and post-secondary shower and 
machine washing of clothes activities (>5 fold increase). The exhaled breath chloroform levels 
were approximately an order of magnitude lower than the indoor air concentrations for the 
corresponding activities. The greatest increase in breath concentrations over baseline were 
for showering (5 fold increase) and bathing (6 fold increase). Data on the mean concentration 
of chloroform in air and in breath, normalised to water concentration, are presented in Table 
8.15. 

Table 8.15  Normalised mean concentration of chloroform in air and in exhaled breath 
following the showering and bathing activities (Gordon et al., 2006) 

Activity Air (µg per µg/l water) Breath (µg per µg/l water) 
Showering 2.28 ± 0.02 0.19 ± 0.02 
Bathing 0.68 ± 0.12 0.25 ± 0.04 
 

The normalised mean air concentrations for showering were much higher than the mean air 
concentrations for bathing, however, breath concentrations for the two activities were very 
similar, which may suggest that dermal route may be a more important path for uptake than 
the inhalation route. 

A second paper (Nuckols et al., 2005) reported median blood chloroform concentrations prior 
to and five minutes after the various water use activities at the two sites. These data are 
presented in Table 8.16. 

Table 8.16  Median blood concentrations following various water uses (Nuckols et al., 
2005) 

Activity Blood concentration (ng/l) 
North Carolina Texas 

Pre-exposure Post-exposure Pre-exposure Post-exposure 
Drinking a hot 
beverage 

40 (34-44) 31 (30-36) 19 (8-22) 13 (9-16) 

Shower 26 (23-83) 290 (262-374) 13 (11-13) 63 (56-66) 
Lunch with water 51 (38-99) 45 (43-54) 37 (18-44) 41 (33-41) 
Clothes washer I 32 (30-44) 52 (51-166) 27 (19-43) 35 (19-45) 
Hand washing 36 (27-48) 48 (34-51) 23 (17-33) 19 (11-43) 
Automatic 
dishwasher 

32 (22-36) 38 (30-43) 17 (14-43) 29 (17-39) 

Drinking a cold 
beverage 

30 (24-95) 40 (29-56) 21 (20-50) 24 (16-85) 

Bath 37 (27-40) 161 (125-188) 12 (6-22) 54 (48-156) 
Clothes washer II 33 (22-44) 52 (38-61) 22 (13-39) 17 (-)a 
Hand dish washing 43 (39-48) 73 (41-285) 33 (9-41) 42 (25-97) 
Indirect shower 
exposure 

35 (28-43) 50 (45-59) 52 (15-52) 19 (12-61) 

 
a. Result from a single subject 
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Nuckols et al. (2005) also reported the median and range of concentrations for chloroform 
breath levels following the differing activities. These data are presented in Table 8.17.   

Table 8.17  Median chloroform breath concentrations following the various water use 
activities (Nuckols et al., 2005) 

Activity Breath concentration (µg/m³) 
North Carolina Texas 

Baseline day I 5 (2-6) 1 (1-2) 
Drinking a hot beverage 4 (2-5) 2 (0.8-5) 
Shower 24 (16-51) 6 (5-6) 
Clothes washer 11 (3-17) 1 (0.7-2) 
Hand washing 6 (3-11) 1 (0.9-1) 
Automatic dishwasher 4 (2-4) 3 (3-4) 
Baseline day II 5 (2-12) 1 (<LOD-2) 
Bath 15 (11-22) 7 (4-9) 
Clothes washer II 12 (6-13) 2 (2-3.5) 
Hand dish washing 14 (5-18) 2 (3-4) 
Indirect shower exposure 5 (2-8) 2 (1-2) 
 
LOD: Limit of detection (0.5 µg/m³) 

In another paper on this study, Ashley et al. (2005) reported the blood chloroform levels of 
each individual in the study five minutes after the shower on the first study day and the bath 
on the second study day. These results are presented in Table 8.18. 

Table 8.18  Blood chloroform levels five minutes after showering and bathing (Ashley 
et al., 2005) 

Location Subject Activity Blood chloroform concentration (ng/l) 
North Carolina 1 Showering 304 

Bathing 169 
2 Showering 262 

Bathing 125 
3 Showering 276 

Bathing 152 
4 Showering 374 

Bathing 188 
Texas 5 Showering 65.9 

Bathing 53.9 
6 Showering 62.9 

Bathing 48.1 
7 Showering 55.8 

Bathing 156 
 

Jo et al. (2005) have performed a study comparing exposure to chloroform from ingestion, 
bathing and showering with two different municipal water supplies, one treated with chlorine, 
the other treated with ozone-chlorine, over two different seasons (summer and winter). Twenty 
apartments were selected for this study. All of these apartments were sized between 85 and 
120 m². The residents of these apartments mostly took showers or baths during the morning 
or evening. Indoor air samples were collected in the centre of the living room at a height of 
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1.5 metres between 8 pm and 8 am. Outdoor air samples were collected from apartment 
balconies. Cold tap water samples were collected prior to and immediately after air sampling, 
and a record of the amount of water consumed over the night period was kept. 

Winter water chloroform concentrations were significantly lower in the ozone-chlorine treated 
tap water samples than in the chlorine treated tap water samples. The median chloroform 
concentration in ozone-chlorine treated tap water during the winter was 16.8 µg/l, while the 
median chloroform concentration in the chlorine treated tap water was 22.1 µg/l. It is 
interesting to note that BOD in raw water entering the ozone-chlorine treatment works was 
greater than in the raw water entering the chlorine treatment works, while residual chlorine 
concentrations were similar at both plants. THM formation is enhanced by high BOD 
concentrations, therefore higher chloroform levels may have been expected in the ozone-
chlorine treated tap water. The concentrations of chloroform in the tap water during the 
summer were not significantly different between sites, with concentrations of 27.5 and  
26.9 µg/l reported in the ozone-chlorine treated and chlorine treated tap water, respectively. 

During the summer, the indoor air concentrations were not significantly different between 
households supplied with ozone-chlorine and chlorine treated water. Median concentrations of 
0.61 and 0.57 µg/m³ were reported for ozone-chlorine treated and chlorine treated 
households, respectively. In the winter, the indoor air chloroform concentrations of households 
supplied with chlorine treated water was 1.5 times greater than the ozone-chlorine treated 
households. Median concentrations of 0.29 and 0.43 µg/m³ were reported for households 
supplied with chlorine-ozone treated water and households supplied with chlorine treated 
water, respectively. Similar amounts of water were consumed between households at night, 
suggesting this difference was not due to differences in water usage. Outdoor air chloroform 
concentrations were not significantly different between the two households, however, outdoor 
air concentrations were significantly lower than indoor air concentrations. 

Jo et al. (2005) estimated exposure to THMs from water ingestion, and showering. For oral 
exposure, the authors assumed an absorption efficiency of 100% and a daily water intake of  
1 litre per day. For showering, Jo et al. (2005) calculated the absorption efficiency based on a 
breathing rate of 0.07 m³/minute, a 30% dead-space in whole breathing air and a shower 
duration of 10 minutes. Dermal absorption from the shower was assumed to be equal to 
inhalation absorption. Chloroform exposure was also calculated for exposure from indoor air 
when not in the shower. It is interesting to note that exposure during showering is 
approximately equal to ingestion of 1 litre of water. These results are presented in Table 8.19. 

Table 8.19  Estimated exposure levels to chloroform during ingestion of water, 
showering and breathing ambient air (Jo et al., 2005) 

Drinking water treatment process Season Exposure estimate (µg/exposure-kg) 
Ingestion Inhalation Total 

Shower Non-shower 
Ozone-chlorine Summer 0.40 0.45 0.05 0.90 

Winter 0.24 0.28 0.03 0.55 
Chlorine Summer 0.39 0.45 <0.05 0.89 

Winter 0.32 0.36 0.04 0.72 
 

Egorov et al. (2003) have performed a study assessing exposure to THMs in Cherepovets, 
Russia. Concentrations of THMs were measured in tap water, ambient air at different 
locations around the home and in exhaled breath. Bathroom air samples were collected during 
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showering, at a distance of 20 cm from the water for 15-20 minutes. Bedroom and kitchen 
samples were collected for 20 minutes. Five hundred families participated in a questionnaire 
on the use of water filters, bathing and showering in the Autumn of 1998, and 750 families 
participated in the same questionnaire in the Spring of 1999. 

Chloroform was detected in tap water at a mean concentration of 198 µg/l (standard deviation 
70 µg/l). The concentrations of chloroform in ambient air varied greatly around the house. 
These results are presented in Table 8.20. 

Table 8.20  Chloroform concentrations in ambient air of houses in Cherepovets, 
Russia (Egorov et al., 2003) 

Sampling site Number of samples Mean and standard deviation (µg/m³) Range (µg/m³) 
Bathroom 15 330 ± 310 75-900 
Kitchen 4 86 ± 91 ND-170 
Bedroom 5 2.1 ± 2.3 ND-5.0 
Hotel shower with 
enclosure 

1 5400 - 

Factory shower 5 2600 ± 1100 1900-4900 
Changing room at factory 
shower 

1 18 - 

Bathrooms with all 
ventilation openings closed 

4 7800 ± 6300 2400-15 600 

 
ND: Not detected. 

The mean chloroform concentration in exhaled air prior to showering was 3.2 µg/m³ 
± 0.7 µgm³. After showering, the mean chloroform concentration in exhaled air increased to 
110 µg/m³ ± 160 µg/m³, with a range of 11-410 µg/m³. 

8.2 Bromoform 

8.2.1 Showering 

As part of a study assessing water use and exposure to disinfection by-products in women of 
reproductive age, Lynberg et al. (2001) examined blood THM levels following showering in 
women from Corpus Christi, Texas and Cobb County, Georgia, USA. Details of the 
methodology employed in this study are described in Chapter 8.1.1. Bromoform 
concentrations in the drinking water at the water treatment plant, in the distribution system and 
in subject’s homes are presented in Table 8.21. 

Table 8.21  Concentration of bromoform in drinking water at the water treatment 
plant, distribution system and home (Lynberg et al., 2001) 

Location Median concentration (µg/l) Interquartile range (µg/l) 
Cobb County, Georgia 
Water treatment plant ND - 
Distribution system ND - 
Home ND - 
Corpus Christi, Texas 
Water treatment plant 11.9 7.8, 14.7 
Distribution system 9.7 7.7, 12.5 
Home 8.7 5.8, 13.1 
 
ND: Not detected (limit of detection <1 µg/l) 
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Blood bromoform levels prior to, and following showering are presented in Table 8.22. 

Table 8.22  Median blood bromoform levels in participants prior to, and following 
showering (Lynberg et al., 2001) 

Location Median concentration (µg/l) Interquartile range (µg/l) 
Cobb County, Georgia 
Before showering 0.3 0.1, 0.4 
After showering 0.5 0.3, 0.8 
Change 0.2 0.1, 0.3 
Corpus Christi, Texas 
Before showering 3.5 2.0, 5.6 
After showering 17 10, 23 
Change 12 8.6, 20 
 

It should be noted that the report does not include data on the duration subjects spent in the 
shower, the temperature of the shower water or the flow rate of the water. Volunteers also 
kept 1.5 day water use diaries to monitor water consumption, however, these results are 
entirely descriptive, as the authors did not attempt to quantify water use in terms of THM 
exposure. 

Wiesel et al. (1999) have performed a similar study with 49 female volunteers in New Jersey, 
USA. Subjects received water from a range of different drinking water suppliers, and 
therefore, the concentrations of THMs varied widely. Details on the method of this study are 
reported in Chapter 8.1.1. The minimum, mean and maximum bromoform concentrations in 
water were 0.03, 0.73 and 4.21 µg/l, respectively. Only one breath sample was above the limit 
of detection of 1 µg/m³ (concentration not reported). 

Weisel et al. (1999) categorised post-shower breath samples into three groups, immediately 
(less than 5 minutes after showering), 5-20 minutes (after drying off and before leaving the 
bathroom) and greater than 20 minutes (after leaving the bathroom). The results of this study 
are presented in Table 8.23.  

Table 8.23  Post-showering bromoform breath concentrations (Weisel et al., 1999) 

Time after 
showering 
(minutes) 

Water 
concentration1 

Number of 
subjects 

Mean breath 
concentration 
(µg/m³) 

Median breath 
concentration 
(µg/m³) 

<5 Low 6 0.6 ND 
High 7 2.3 2.8 

5-20 Low 7 0.6 ND 
High 7 1.2 ND 

>20 Low 4 0.6 ND 
High 2 0.6 ND 

 
ND: Not detected 
1. Concentrations were reported to be ‘high’ or ‘low’. Precise concentrations were not stated. 

Weisel et al. (1999) examined the correlation between breath concentrations and water 
concentration, and between breath concentrations and exposure concentrations. They found 
that the correlation coefficients were almost identical; suggesting that water concentration was 
a more important determination of breath concentration than variations in the duration of 
showering. 
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8.2.2 Bathing 

No data were located on bromoform exposure during bathing via both the dermal and 
inhalation routes. 

8.2.3 Swimming 

Fantuzzi et al. (2001) have performed a study assessing occupational exposure to THMs at 
5 indoor swimming pools in Modena, Italy. The method used in this study is described in 
Chapter 8.1.3. Bromoform was only detected in four of five water samples and one poolside 
air sample. None of the volunteers had detectable levels of bromoform in their alveolar breath 
samples. The results are presented in Table 8.24.  

Table 8.24  Bromoform concentrations in water, air and alveolar breath samples 
(Fantuzzi et al., 2001) 

Location Number of positive samples Mean concentration and standard deviation 
Water 4/5 0.4 ± 0.5 µg/l 
Poolside air 1/5 0.8 
Reception air 0/5 - 
Engine room air 0/5 - 
Alveolar breath samples 0/32 - 
 

Bromoform was not detected in the alveolar breath of any of the control subjects. 

8.2.4 Other water uses and comparative water-use studies 

Gordon et al. (2006) have recently conducted a study on the changes in THM breath levels as 
a result of a range of house-hold activities. Details on the methods employed by the authors of 
this study are described in 8.1.4. 

Nuckols et al., (2005) reported median blood bromoform concentrations prior to and five 
minutes after the various water use activities at the two sites. These data are presented in 
Table 8.25. 
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Table 8.25  Median blood concentrations following various water uses (Nuckols et al., 
2005) 

Activity Blood concentration (ng/l) 
North Carolina Texas 

Pre-exposure Post-exposure Pre-exposure Post-exposure 
Drinking a hot 
beverage 

0.6 (0.5-1) 0.6 (0.5-1) 0.5 (0.5-0.7) 0.6 (0.5-0.8) 

Shower 0.7 (0.5-1) 0.8 (0.5-1) 0.5 (0.5-0.6) 0.7 (0.6-1) 
Lunch with water 0.6 (0.5-1) 0.6 (0.5-1) 0.6 (0.5-0.8) 0.6 (0.6-0.7) 
Clothes washer I 0.6 (0.5-0.9) 0.5 (0.5-0.8) 0.6 (0.5-0.6) 0.5 (0.5-0.7) 
Hand washing 0.5 (0.5-0.6) 0.6 (0.5-0.6) 0.6 (0.5-0.7) 0.6 (0.5-0.6) 
Automatic 
dishwasher 

0.6 (0.6-0.6) 0.5 (0.5-0.6) 0.6 (0.5-1) 0.5 (0.5-0.5) 

Drinking a cold 
beverage 

0.6 (0.5-0.9) 0.5 (0.5-0.8) 0.5 (0.5-0.6) 0.5 (0.5-0.5) 

Bath 0.6 (0.5-0.9) 0.7 (0.5-1) 0.5 (0.5-0.5) 1 (0.5-1) 
Clothes washer II 0.5 (0.5-0.8) 06 (0.5-1) 0.5 (0.5-0.5) 0.5 (0.5-0.6) 
Hand dish washing 0.6 (0.5-1) 0.6 (0.5-0.7) 0.6 (0.5-0.6) 0.7 (0.5-2) 
Indirect shower 
exposure 

0.6 (0.5-0.6) 0.5 (0.5-1) 0.5 (0.5-0.5) 0.5 (0.5-0.6) 

 

Nuckols et al. (2005) reported that none of the subjects had bromoform breath levels above 
the limit of detection of 1 µg/m³. 

Jo et al. (2005) have performed a study comparing exposure to THMs from ingestion, bathing 
and showering with two different municipal water supplies, one treated with chlorine, the other 
treated with ozone-chlorine, over two different seasons (summer and winter). Twenty 
apartments were selected for this study. All of these apartments were sized between 85 and 
120 m². The residents of these apartments mostly took showers or baths during the morning 
or evening. Indoor air samples were collected in the centre of the living room at a height of 
1.5 metres between 8 pm and 8 am. Outdoor air samples were collected from apartment 
balconies. Cold tap water samples were collected prior to and immediately after air sampling, 
and a record of the amount of water consumed over the night period was kept. However, 
bromoform was not detected in any water or air samples. 

Egrov et al. (2003) have performed a study assessing exposure to THMs in Cherepovets, 
Russia. Concentrations of THMs were measured in tap water, ambient air at different 
locations around the home and in exhaled breath. Bathroom air samples were collected during 
showering, at a distance of 20 cm from the water for 15-20 minutes. Bedroom and kitchen 
samples were collected for 20 minutes. Five hundred families participated in a questionnaire 
on the use of water filters, bathing and showering in the Autumn of 1998, and 750 families 
participated in the same questionnaire in the Spring of 1999. Bromoform was not detected in 
tap water (limit of detection 0.3 µg/l), ambient air (limit of detection not stated) or exhaled 
breath (limit of detection not stated). 
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8.3 Bromodichloromethane 

8.3.1 Showering 

As part of a study assessing water use and exposure to disinfection by-products in women of 
reproductive age, Lynberg et al. (2001) examined blood THM levels following showering in 
women from Corpus Christi, Texas and Cobb County, Georgia, USA. Details of the 
methodology employed by Lynberg et al. (2001) are reported in Chapter 8.1.1. 
Bromodichloromethane concentrations in the drinking water at the water treatment plant, in 
the distribution system and in subject’s homes are presented in Table 8.26. 

Table 8.26  Concentration of bromodichloromethane in drinking water at the water 
treatment plant, distribution system and home (Lynberg et al., 2001) 

Location Median concentration (µg/l) Interquartile range (µg/l) 
Cobb County, Georgia 
Water treatment plant 9.5 8.9, 10.2 
Distribution system 12.5 12, 14.3 
Home 13.5 12.4, 16.0 
Corpus Christi, Texas 
Water treatment plant 9.5 8.1, 11.6 
Distribution system 8.3 6.7, 9.8 
Home 12.2 8.8, 12.8 
 

Blood bromodichloromethane levels prior to, and following showering are presented in Table 
8.27. 

Table 8.27  Median blood bromodichloromethane levels in participants prior to, and 
following showering (Lynberg et al., 2001) 

Location Median concentration (µg/l) Interquartile range (µg/l) 
Cobb County, Georgia 
Before showering 6.2 5.2, 9 
After showering 38 26, 69 
Change 30 18, 61 
Corpus Christi, Texas 
Before showering 6.8 4.6, 10 
After showering 43 31, 60 
Change 34 23, 46 
 

It should be noted that the report does not include data on the duration subjects spent in the 
shower, the temperature of the shower water or the flow rate of the water. Volunteers also 
kept 1.5 day water use diaries to monitor water consumption, however, these results are 
entirely descriptive, as the authors did not attempt to quantify water use in terms of THM 
exposure. 

Wiesel et al. (1999) have performed a similar study with 49 female volunteers in New Jersey, 
USA. Subjects received water from a range of different drinking water suppliers, and 
therefore, the concentrations of THMs varied widely. Details of the methods used in this study 
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are described in Chapter 8.1.1. The minimum, mean and maximum bromodichloromethane 
concentrations in water were 0.06, 5.7 and 48 µg/l, respectively. Only four breath samples had 
bromodichloromethane concentrations above the limit of detection of 1 µg/m³ (concentrations 
not reported). 

Weisel et al. (1999) categorised post-shower breath samples into three groups, immediately 
(less than 5 minutes after showering), 5-20 minutes (after drying off and before leaving the 
bathroom) and greater than 20 minutes (after leaving the bathroom). The results of this study 
are presented in Table 8.28.  

Table 8.28  Post-showering bromodichloromethane breath concentrations (Weisel 
et al., 1999) 

Time after 
showering 
(minutes) 

Water 
concentration1 

Number of 
subjects 

Mean breath 
concentration 
(µg/m³) 

Median breath 
concentration 
(µg/m³) 

<5 Low 6 1.4 ND 
High 7 10 11 

5-20 Low 7 0.3 ND 
High 7 13 5.9 

>20 Low 4 0.3 ND 
High 2 0.3 ND 

 
ND: Not detected 
1. Concentrations were reported to be ‘high’ or ‘low’. Precise concentrations were not stated. 

Weisel et al. (1999) examined the correlation between breath concentrations and water 
concentration, and between breath concentrations and exposure concentrations. They found 
that the correlation coefficients were almost identical; suggesting that water concentration was 
a more important determination of breath concentration than variations in the duration of 
showering. 

8.3.2 Bathing 

No data were located on bromodichloromethane exposure during bathing via both the dermal 
and inhalation routes. 

8.3.3 Swimming 

Fantuzzi et al. (2001) have performed a study assessing occupational exposure to THMs at 
5 indoor swimming pools in Modena, Italy. Details of the methods employed in this study are 
presented in Chapter 8.1.3. Concentrations of bromodichloromethane in the water, air and 
alveolar breath samples are presented in Table 8.29.  
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Table 8.29  Bromodichloromethane concentrations in water, air and alveolar breath 
samples (Fantuzzi et al., 2001) 

Location Number of positive samples Mean concentration and standard deviation 
Water 5/5 4.2 ± 1.3 µg/l 
Poolside air 5/5 8.7 ± 5.1 µg/m³ 
Reception air 5/5 3.5 ± 4.3 µg/m³ 
Engine room air 5/5 2.9 ± 2.9 µg/m³ 
Alveolar breath samples 30/32 1.8 ± 1.7 µg/m³ 
 

Bromodichloromethane was not detected in the alveolar breath of any of the control subjects. 

Bromodichloromethane levels for the different occupationally exposed groups were not 
reported; however, total THM levels were reported. These data are presented in Table 8.8. 

Caro and Gallego (2008) have recently published a similar study examining exposure to 
THMs to both occupationally exposed workers at a swimming pool and swimmers by analysis 
of alveolar air and urine THM levels. Details of the methodology employed in this study are 
presented in Chapter 8.1.3.  Mean alveolar and urine bromodichloromethane concentrations 
for each of the study participants are presented in Table 8.30. 

Table 8.30  Bromodichloromethane concentrations in the alveolar air and urine of 
subjects exposed occupationally and during swimming (Caro & Gallego, 
2008) 

Subject Water 
concentration 
(µg/l) 

Ambient air 
concentration 
(µg/m³) 

Alveolar air concentration 
(µg/m³) 

Urine concentration (ng/l) 

Pre-
exposure 

1 hour 
swimming 
or 2 hours 
work shift 

4 
hours 
work 
shift 

Pre-
exposure 

1 hour 
swimming 
or 2 hours 
work shift 

4 
hours 
work 
shift 

Monitors 2.0 9.1 ND 2.3 2.8 20.8 36.7 51.4 
Guardians 2.0 8.5 ND 2.2 2.6 19.8 35.0 48.7 
Technician 2.1 9.8 ND ND - 21.9 24.7 - 
Receptionists 1.9 6.1 ND ND 1.2 19.6 22.8 25.9 
Swimmers 2.0 8.3 ND 2.7 - 20.8 58.8 - 

 
ND: Not detected 

8.3.4 Other water uses and comparative water-use studies 

Backer et al. (2000) have performed a study comparing blood THM levels following a  
10-minute shower, a 10-minute bath or drinking 1 litre of water within a 10 minute time period. 
Thirty-one volunteers participated in this study, 11 men and 20 women. Each volunteer was 
required to provide three 10 ml blood samples, one immediately before exposure, one 
10 minutes after exposure had ended and one 30 minutes (bathing and showering) or 1 hour 
(drinking) after exposure had ended. Study participants did not drink water, shower or bathe 
between the second and third samples. For showering and bathing, subjects collected 
samples of the water they used and measured temperature with a thermometer. The water 
flow rate was 7.2 l/minute and automatic ventilating fans were used for the entire study 
duration. 
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Bromodichloromethane concentrations in water were 6.27 ± 0.686, 6.22 ± 0.713 and 5.52 
± 0.204 µg/l for the showering, bathing and drinking water, respectively. The average 
temperature of the water during showering was 38°C (range 34-43°C) and the average 
temperature during bathing was 38°C (range 36-44°C). The highest blood levels of 
bromodichloromethane were found in those that showered for ten minutes, whilst the lowest 
blood levels were found in those that drank 1 litre of water. Median levels of 
bromodichloromethane found in the blood are presented in Table 8.31. These data indicate 
that the increase in blood bromodichloromethane levels following consumption of 1 litre of 
water is less than 10% that of bathing or showering. This is a very different result to that 
reported by Jo et al. (2005) following exposure to chloroform, where exposure to chloroform 
following showering or consumption of 1 litre of water were approximately equal. 

Table 8.31  Median blood bromodichloromethane levels following a 10 minute 
shower, a 10 minute bath or 1 litre of water (Backer et al., 2000) 

Sample time Blood level (ng/l) 
10 minute shower 10 minute bath Ingestion of 1 litre of water 

Prior to exposure 3.3 2.3 2.6 
10 minutes post-exposure 19.4 17.0 3.8 
30 minutes post-exposure (bathing and 
showering) 

10.3 9.9 - 

1 hour post-exposure (ingestion) - - 2.8 
 

The authors reported that similar results occurred with chloroform and chlorodibromomethane, 
however, specific blood levels were not reported. The increases in bromodichloromethane 
levels in subjects that bathed and showered were clustered in two groups. For those that 
bathed, five individuals had blood bromodichloromethane levels around 8.2 pg/ml, while the 
second group was clustered around 21.2 pg/ml. In the showering experiment, the clusters 
were around 12.1 and 21.0 pg/ml. The individuals that had the highest blood 
bromodichloromethane levels were reported to also have the highest chloroform and 
chlorodibromomethane levels. Backer et al. (2000) could not explain these clusters, as no 
information on the volunteers beyond sex was collected. It is possible that these clusters may 
be due to differences in the expression of enzymes that metabolise THMs. 

It should be noted that there are several details lacking in this paper, which means the results 
must be treated with a degree of caution. The temperatures during the bathing and showering 
experiments appear to be poorly controlled, the temperatures varying by 9 and 8°C in the 
showering and bathing experiments, respectively. The temperature of the water that was 
ingested does not appear to have been reported. It should also be noted that although 
concentrations of THMs were measured in the water, levels do not appear to have been 
reported in the air. Although ventilation fans are likely to have reduced the concentration of 
THMs in the air, it is unlikely to have completely eliminated them. 

Gordon et al. (2006) have recently conducted a study on the changes in THM breath levels as 
a result of a range of house-hold activities. Details on the methods used in this study are 
reported in Chapter 8.1.4. Bromodichloromethane water concentrations in North Carolina 
were 31.9 ± 11.4 and 24.4 ± 7.7 µg/l on days 1 and 2, respectively, and in Texas were  
10.6 ± 2.8 and 8.6 ± 2.0 µg/l on days 1 and 2, respectively. Results were reported to be very 
similar to those obtained for chloroform, although the concentrations were lower and more 
variable. Data on the mean concentration of bromodichloromethane in air and in breath, 
normalised to water concentration, are presented in Table 8.32.  



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

102 

Table 8.32  Normalised mean concentration of bromodichloromethane in air and in 
exhaled breath following the showering and bathing activities (Gordon 
et al., 2006) 

Activity Air (µg per µg/l water) Breath (µg per µg/l water) 
Showering 2.09 ± 0.27 0.23 ± 0.05 
Bathing 0.55 ± 0.10 0.22 ± 0.06 
 

The normalised mean air concentrations for showering were much higher than the mean air 
concentrations for bathing, however, breath concentrations for the two activities were very 
similar. 

A second paper (Nuckols et al., 2005) reported median blood bromodichloromethane 
concentrations prior to and five minutes after the various water use activities at the two sites. 
These data are presented in Table 8.33. 

Table 8.33  Median blood bromodichlorodimethane concentrations following various 
water uses (Nuckols et al., 2005) 

Activity Blood concentration (pg/ml) 
North Carolina Texas 

Pre-exposure Post-exposure Pre-exposure Post-exposure 
Drinking a hot 
beverage 

9 (6-17) 8 (5-15) 4 (4-8) 3 (3-9) 

Shower 6 (3-8) 93 (64-95) 4 (3-7) 28 (26-31) 
Lunch with water 11 (9-14) 12 (9-13) 6 (5-12) 7 (5-9) 
Clothes washer I 7 (5-9) 12 (8-14) 5 (4-9) 5 (2-8) 
Hand washing 9 (5-10) 11 (6-13) 4 (3-8) 5 (3-8) 
Automatic 
dishwasher 

8 (4-9) 9 (6-11) 4 (3-4) 4 (4-4) 

Drinking a cold 
beverage 

7 (3-47) 6 (5-24) 5 (4-8) 4 (3-9) 

Bath 5 (5-14) 41 (40-43) 3 (2-7) 36 (26-65) 
Clothes washer II 5 (5-12) 8 (8-14) 8 (4-8) 5 (5-8) 
Hand dish washing 7 (5-15) 19 (8-63) 4 (3-9) 12 (7-66) 
Indirect shower 
exposure 

6 (5-11) 10 (6-15) 5 (3-9) 6 (3-9) 

 

Nuckols et al. (2005) also reported the median and range of concentrations for 
bromodichloromethane breath levels following the differing activities. These data are 
presented in Table 8.34.   
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Table 8.34  Median bromodichloromethane breath concentrations following the 
various water use activities (Nuckols et al., 2005) 

Activity Breath concentration (µg/m³) 
North Carolina Texas 

Baseline day I 2 (<LOD-6) 2 (2-3) 
Drinking a hot beverage 2 (<LOD-5) 3 (1-4) 
Shower 6 (2-8) 3 (3-4) 
Clothes washer 3 (<LOD-6) 1 (<LOD-3) 
Hand washing 2 (<LOD-2) 2 (1-5) 
Automatic dishwasher 1 (<LOD-2) 2 (2-2) 
Baseline day II 2 (1-9) 0.7 (<LOD-2) 
Bath 3 (1-4) 3 (3-3) 
Clothes washer II 2 (1-8) 2 (1-2) 
Hand dish washing 2 (<LOD-3) 2 (1-5) 
Indirect shower exposure 0.8 (<LOD-2) 2 (2-2) 
 
LOD: Limit of detection (0.7 µg/m³) 

In another paper on this study, Ashley et al. (2005) reported the blood bromodichloromethane 
levels of each individual in the study five minutes after the shower on the first study day and 
the bath on the second study day. These results are presented in Table 8.35. 

Table 8.35  Blood bromodichloromethane levels five minutes after showering and 
bathing (Ashley et al., 2005) 

Location Subject Activity Blood bromodichloromethane 
concentration (pg/ml) 

North Carolina 1 Showering 91.7 
Bathing 39.5 

2 Showering 63.7 
Bathing 43.0 

3 Showering 94.2 
Bathing 41.6 

4 Showering 95.2 
Bathing 39.7 

Texas 5 Showering 31.3 
Bathing 35.6 

6 Showering 28.1 
Bathing 26.0 

7 Showering 25.5 
Bathing 64.7 

 

Jo et al. (2005) have performed a study comparing exposure to bromodichloromethane from 
ingestion, bathing and showering with two different municipal water supplies (method 
described above in Chapter 8.1.4). The levels of bromodichloromethane detected in the tap 
water samples were not reported, however, the authors did report that the concentration of 
bromodichloromethane was significantly different in the winter compared to the summer. No 
significant seasonal effect was noted on indoor air concentrations. 

Jo et al. (2005) estimated exposure to THMs from water ingestion, and showering. For oral 
exposure, the authors assumed an absorption efficiency of 100% and a daily water intake of  
1 litre per day. For showering, Jo et al. (2005) calculated the absorption efficiency based on a 
breathing rate of 0.07 m³/minute, a 30% dead-space in whole breathing air and a shower 
duration of 10 minutes. Dermal absorption from the shower was assumed to be equal to 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

104 

inhalation absorption. Bromodichloromethane exposure was also calculated for exposure from 
indoor air when not in the shower. These results are presented in Table 8.36. 

Table 8.36  Estimated exposure levels to bromodichloromethane during ingestion of 
water, showering and breathing ambient air (Jo et al., 2005) 

Drinking water treatment process Season Exposure estimate (µg/exposure-kg) 
Ingestion Inhalation Total 

Shower Non-shower 
Ozone-chlorine Summer 0.04 0.04 <0.01 0.08 

Winter 0.01 <0.01 <0.01 0.01 
Chlorine Summer 0.04 0.04 <0.01 0.08 

Winter 0.01 <0.01 <0.01 0.01 
 

Egrov et al. (2003) have performed a study assessing exposure to THMs in Cherepovets, 
Russia. Concentrations of THMs were measured in tap water, ambient air at different 
locations around the home and in exhaled breath. Bathroom air samples were collected during 
showering, at a distance of 20 cm from the water for 15-20 minutes. Bedroom and kitchen 
samples were collected for 20 minutes. Five hundred families participated in a questionnaire 
on the use of water filters, bathing and showering in the Autumn of 1998, and 750 families 
participated in the same questionnaire in the Spring of 1999. 

Bromodichloromethane was detected in tap water at a mean concentration of 6.7 µg/l 
(standard deviation 2.0 µg/l). Concentrations of bromodichloromethane in bathroom ambient 
air during showering was 8.4 ± 4.1 µg/m³. Bromodichloromethane was not detectable in 
breath prior to showering, but increased to a mean concentration of 0.8 µg/m³ after showering 
(ranging from not detectable to 3.7 µg/m³). 

8.4 Chlorodibromomethane 

8.4.1 Showering 

As part of a study assessing water use and exposure to disinfection by-products in women of 
reproductive age, Lynberg et al. (2001) examined blood THM levels following showering in 
women from Corpus Christi, Texas and Cobb County, Georgia, USA. Details of the methods 
used in this study are reported in Chapter 8.1.1. Chlorodibromomethane concentrations in the 
drinking water at the water treatment plant, in the distribution system and in subject’s homes 
are presented in Table 8.37. 
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Table 8.37  Concentration of chlorodibromomethane in drinking water at the water 
treatment plant, distribution system and home (Lynberg et al., 2001) 

Location Median concentration (µg/l) Interquartile range (µg/l) 
Cobb County, Georgia 
Water treatment plant 1.4 0.5, 1.7 
Distribution system 2.4 1.7, 3.6 
Home 1.7 1.6, 2.4 
Corpus Christi, Texas 
Water treatment plant 14.3 12.1, 16.6 
Distribution system 12.6 10.3, 13.7 
Home 13.5 11.0, 15.2 
 

Blood chlorodibromomethane levels prior to, and following showering are presented in Table 
8.38. 

Table 8.38  Median blood chlorodibromomethane levels in participants prior to, and 
following showering (Lynberg et al., 2001) 

Location Median concentration (µg/l) Interquartile range (µg/l) 
Cobb County, Georgia 
Before showering 1.2 0.9, 1.5 
After showering 6.1 4.3, 11 
Change 5.0 3.3, 9.4 
Corpus Christi, Texas 
Before showering 7.0 4.2, 10 
After showering 41 32, 53 
Change 35 21, 48 
 

It should be noted that the report does not include data on the duration subjects spent in the 
shower, the temperature of the shower water or the flow rate of the water. Volunteers also 
kept 1.5 day water use diaries to monitor water consumption, however, these results are 
entirely descriptive, as the authors did not attempt to quantify water use in terms of THM 
exposure. 

Wiesel et al. (1999) have performed a similar study with 49 female volunteers in New Jersey, 
USA. Details on the methods used in this study are reported in Chapter 8.1.1. The minimum, 
mean and maximum chlorodibromomethane concentrations in water were 0.14, 2.0 and 
9.7 µg/l, respectively. Only one breath sample was above the limit of detection of 1 µg/m³ 
(concentration not reported). 

Weisel et al. (1999) categorised post-shower breath samples into three groups, immediately 
(less than 5 minutes after showering), 5-20 minutes (after drying off and before leaving the 
bathroom) and greater than 20 minutes (after leaving the bathroom). The results of this study 
are presented in Table 8.39.   
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Table 8.39  Post-showering chlorodibromomethane breath concentrations (Weisel 
et al., 1999) 

Time after 
showering 
(minutes) 

Water 
concentration1 

Number of 
subjects 

Mean breath 
concentration 
(µg/m³) 

Median breath 
concentration 
(µg/m³) 

<5 Low 6 1 ND 
High 7 4.8 3.6 

5-20 Low 7 1 ND 
High 7 2.8 0.84 

>20 Low 4 1 ND 
High 2 1 ND 

 
ND: Not detected 
1. Concentrations were reported to be ‘high’ or ‘low’. Precise concentrations were not stated. 

Weisel et al. (1999) examined the correlation between breath concentrations and water 
concentration, and between breath concentrations and exposure concentrations. They found 
that the correlation coefficients were almost identical; suggesting that water concentration was 
a more important determination of breath concentration than variations in the duration of 
showering. 

8.4.2 Bathing 

No data were located on chlorodibromomethane exposure during bathing via both the dermal 
and inhalation routes. 

8.4.3 Swimming 

Fantuzzi et al. (2001) have performed a study assessing occupational exposure to THMs at 
5 indoor swimming pools in Modena, Italy. Details on the method of this study are described in 
Chapter 8.1.3. Concentrations of chlorodibromomethane in the water, air and alveolar breath 
samples are presented in Table 8.40.   

Table 8.40  Chlorodibromomethane concentrations in water, air and alveolar breath 
samples (Fantuzzi et al., 2001) 

Location Number of positive samples Mean concentration and standard deviation 
Water 5/5 1.9 ± 2.0 µg/l 
Poolside air 5/5 3.1 ± 2.3 µg/m³ 
Reception air 3/5 1.5 ± 1.6 µg/m³ 
Engine room air 3/5 1.6 ± 2.5 µg/m³ 
Alveolar breath samples 24/32 0.5 ± 0.4 µg/m³ 
 

Chlorodibromomethane was not detected in the alveolar breath of any of the control subjects. 

Chlorodibromomethane levels for the different occupationally exposed groups were not 
reported; however, total THM levels were reported. These data are presented in Table 8.8. 
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8.4.4 Other water uses and comparative water-use studies 

Gordon et al. (2006) have recently conducted a study on the changes in THM breath levels as 
a result of a range of house-hold activities. Details on the methods used in this study are 
reported in Chapter 8.1.4. Nuckols et al. (2005) reported median blood chlorodibromomethane 
concentrations prior to and five minutes after the various water use activities at the two sites. 
These data are presented in Table 8.41. 

Table 8.41  Median blood concentrations following various water uses (Nuckols et al., 
2005) 

Activity Blood concentration (pg/ml) 
North Carolina Texas 

Pre-exposure Post-exposure Pre-exposure Post-exposure 
Drinking a hot 
beverage 

2 (1-5) 2 (0.8-5) 2 (1-4) 1 (1-4) 

Shower 1 (0.6-3) 13 (12-18) 1 (0.9-3) 6 (6-10) 
Lunch with water 2 (2-3) 3 (2-3) 2 (1-5) 2 (1-4) 
Clothes washer I 2 (1-2) 2 (1-3) 2 (1-4) 2 (0.8-4) 
Hand washing 2 (0.8-2) 2 (0.9-3) 1 (0.9-3) 1 (0.8-3) 
Automatic dishwasher 2 (0.7-2) 2 (0.8-3) 1 (0.9-5) 1 (1-3) 
Drinking a cold 
beverage 

2 (0.5-17) 2 (0.8-9) 1 (1.0-3) 1 (0.6-3) 

Bath 1 (1-5) 10 (6-13) 1 (0.5-3) 10 (8-11) 
Clothes washer II 2 (0.8-3) 2 (1-4) 2 (0.9-3) 2 (1-2) 
Hand dish washing 2 (0.7-4) 6 (2-11) 1 (0.5-3) 3 (1.1-18.1) 
Indirect shower 
exposure 

1 (1-4) 2 (0.8-4) 1 (0.6-3) 2 (0.6-3) 

 

Nuckols et al. (2005) reported that none of the subjects had chlorodibromomethane breath 
levels above the limit of detection of 0.8 µg/m³. 

In another paper on this study, Ashley et al. (2005) reported the blood chlorodibromomethane 
levels of each individual in the study five minutes after the shower on the first study day and 
the bath on the second study day. These results are presented in Table 8.42. 

Table 8.42  Blood chlorodibromomethane levels five minutes after showering and 
bathing (Ashley et al., 2005) 

Location Subject Activity Blood chlorodibromomethane concentration (pg/ml) 
North Carolina 1 Showering 13.2 

Bathing 8.76 
2 Showering 11.5 

Bathing 12.7 
3 Showering 17.6 

Bathing 10.7 
4 Showering 12.2 

Bathing 5.98 
Texas 5 Showering 9.71 

Bathing 10.5 
6 Showering 5.5 

Bathing 8.03 
7 Showering 5.64 

Bathing 9.75 
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Jo et al. (2005) have performed a study comparing exposure to chlorodibromomethane from 
ingestion, bathing and showering with two different municipal water supplies, one treated with 
chlorine, the other treated with ozone-chlorine, over two different seasons (summer and 
winter). Twenty apartments were selected for this study. All of these apartments were sized 
between 85 and 120 m². The residents of these apartments mostly took showers or baths 
during the morning or evening. Indoor air samples were collected in the centre of the living 
room at a height of 1.5 metres between 8 pm and 8 am. Outdoor air samples were collected 
from apartment balconies. Cold tap water samples were collected prior to and immediately 
after air sampling, and a record of the amount of water consumed over the night period was 
kept. 

The levels of chlorodibromomethane detected in the tap water samples were not reported, 
however, the authors did report that the concentration of chlorodibromomethane was 
significantly different in the winter compared to the summer. No significant seasonal effect 
was noted on indoor air concentrations. 

Jo et al. (2005) estimated exposure to THMs from water ingestion, and showering. For oral 
exposure, the authors assumed an absorption efficiency of 100% and a daily water intake of  
1 litre per day. For showering, Jo et al. (2005) calculated the absorption efficiency based on a 
breathing rate of 0.07 m³/minute, a 30% dead-space in whole breathing air and a shower 
duration of 10 minutes. Dermal absorption from the shower was assumed to be equal to 
inhalation absorption. Chlorodibromomethane exposure was also calculated for exposure from 
indoor air when not in the shower. These results are presented in Table 8.43. 

Table 8.43  Estimated exposure levels to chlorodibromomethane during ingestion of 
water, showering and breathing ambient air (Jo et al., 2005) 

Drinking water treatment process Season Exposure estimate (µg/exposure-kg) 
Ingestion Inhalation Total 

Shower Non-shower 
Ozone-chlorine Summer 0.02 0.01 <0.01 0.03 

Winter 0.01 <0.01 <0.01 0.01 
Chlorine Summer 0.02 0.01 <0.01 0.03 

Winter 0.01 <0.01 <0.01 0.01 
 

Egrov et al. (2003) have performed a study assessing exposure to THMs in Cherepovets, 
Russia. Concentrations of THMs were measured in tap water, ambient air at different 
locations around the home and in exhaled breath. Bathroom air samples were collected during 
showering, at a distance of 20 cm from the water for 15-20 minutes. Bedroom and kitchen 
samples were collected for 20 minutes. Five hundred families participated in a questionnaire 
on the use of water filters, bathing and showering in the Autumn of 1998, and 750 families 
participated in the same questionnaire in the Spring of 1999. Chlorodibromomethane detected 
in tap water at a concentration of 0.5 ± 0.5 µg/l, but was not detectable in ambient air or 
exhaled breath (limits of detection not stated). 

8.5 Summary 

The available literature indicate that there is substantial absorption of THMs during activities 
such as showering. A study conducted by Jo et al. (2005) indicates that exposure to 
chloroform during showering is approximately equal to drinking 1 litre of water, while a study 
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conducted by Backer et al. (2000) indicates that drinking 1 litre of water containing 
bromodichloromethane is equivalent to 10% of exposure following showering. This study also 
indicated clustering in blood THM concentrations, suggesting that there may be genetic 
differences in the metabolism of THMs. 

Studies conducted in those exposed to THMs via swimming indicate that exposure during this 
activity is significantly greater than that during bathing or showering. 
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9. DERMAL-ONLY EXPOSURE 

9.1 Chloroform 

9.1.1 Showering 

No data were located on chloroform exposure during showering exclusively via the dermal 
routes. 

9.1.2 Bathing 

Xu and Weisel (2005a) have recently performed a study examining the dermal absorption of 
chloroform during bathing in six human volunteers (3 males and 3 females). Subjects were 
asked not to consume any water, drinks or food containing chlorinated water for one day prior 
to the study, and were provided with bottled water for drinking and food preparation. A bathtub 
was filled with 40 gallons (approximately 530 litres) of charcoal-purified water and the 
temperature was adjusted to 38 ± 1°C. Chloroform was added to the water at a concentration 
of 40 µg/l. Subjects wore swimsuits and were provided a mouth-breathing face mask to 
prevent inhalation of vapours. Subjects inhaled purified air through an inhalation port. A 
polyethylene bag with sufficient volume to store breath was attached to an exhalation port on 
the face mask once the experiment began. Subjects were submerged in water (except for the 
head) for 30 minutes, and breath samples were collected at 5, 10, 15, 20, 25 and 28 minutes 
during this exposure. Two alveolar breath samples were collected 5 and 10 minutes prior to 
exposure to determine background chloroform levels. After the exposure, subjects continued 
to wear the face masks and breathe the purified air. After subjects had dried and dressed, 
alveolar breath samples were collected for 5, 10, 15, 30, 45, 60 and 120 minutes after 
exposure. Four water samples were collected during each experiment; one before the subject 
got into the bathtub, two whilst the subject was in the bathtub and one immediately after 
exposure. 

No significant difference in chloroform concentration in the bath water was noted in each of 
the four samples. Prior to exposure, the mean chloroform breath concentration were reported 
to be 1.63 µg/m³ (± 14.7%), with a range of 1-2 µg/m³. The maximum breath concentrations 
for all the subjects ranged from 16-34 µg/m³ (mean concentrations not reported). The 
concentration of chloroform in the bathwater and the maximum breath concentrations for each 
of the six subjects are presented in Table 9.1. 

Table 9.1  Chloroform concentrations in water and maximum chloroform breath 
concentrations after dermal exposure (Xu and Weisel, 2005a) 

Subject Chloroform concentration in water (µg/l) Maximum chloroform breath concentration (µg/m³) 
A 37.4 34.0 
B 38.3 16.6 
C 40.9 32.2 
D 38.4 26.7 
E 45.4 24.0 
F 36.0 19.1 
Mean 39.4 ± 3.3 25.4 ± 6.9 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

112 

Breath chloroform concentrations were reported to increase during dermal exposure and 
tended to reach a maximum level. Levels decreased rapidly once absorption decreased 
between 5-15 minutes post-exposure, although the rate of decrease slowed down 
approximately 20 minutes following cessation of exposure. 

Using the data from these experiments, Xu and Weisel (2005a) derived a one-compartment 
model and calculated skin permeability coefficients. Exhaled amounts of chloroform  
(µg per µg/l water) for each subject were also calculated, correcting for background 
chloroform concentrations. These data are presented in Table 9.2. 

Table 9.2  Skin permeability coefficients for chloroform (Xu and Weisel, 2005a) 

Subject Skin permeability coefficient 
(cm/hour) 

Total exhaled 
chloroform (µg per µg/l) 

Post-exposure exhaled 
chloroform (µg per µg/l) 

A 1.17 x10-2 0.13 0.05 
B 5.76 x10-3 0.07 0.03 
C 5.40 x10-2 0.14 0.09 
D 4.48 x10-3 0.08 0.04 
E 4.38 x10-3 0.06 0.02 
F 8.82 x10-3 0.07 0.03 
Overall 1.49 x10-2 ± 1.94 x10-2 0.09 ± 0.04 0.04 ± 0.02 
 

Gordon et al. (1998) have performed a study examining the effect of temperature on the 
dermal absorption of chloroform by measuring chloroform breath concentrations in real-time. 
This study was conducted in two stages. In the first stage, four volunteers were used to 
determine the rate of diffusion of chloroform through the skin whilst immersed in a bath of 
domestic tap water at 40°C. One of the subjects was exposed at two different water 
temperatures. The inhalation route was isolated by use of a face mask with a two-way non-
rebreathing value. The first valve provided an inlet of purified air, whilst subjects exhaled 
through the second valve, which was attached to a real-time breath analyser (measurement 
taken every 6 seconds). Subjects were instructed only to drink bottled water from the evening 
prior to the experiment, and not to bathe, shower or use any perfumes or aftershave lotions on 
the morning of the experiment. The volunteers sat in the water immersed to shoulder height. 
Subjects exposed to a single temperature remained in the bath for 20-25 minutes, until the 
breath analyser indicated that chloroform levels had reached a plateau, and then stepped out 
of the bath and quickly dried themselves, providing post-exposure breath results for 30 
minutes before the face mask was removed. After approximately 10 minutes, another set of 
breath measurements were taken for 5-8 minutes to confirm that chloroform levels were at, or 
close to, pre-exposure levels. The subject that was exposed to two different temperatures was 
initially immersed in water at 30°C and breath samples were collected for 15 minutes, prior to 
the temperature being increased to 40°C, and breath measurements taken for another  
27 minutes, until the concentration of chloroform in the breath began to decrease. 

The authors reported that once dermal exposure was initiated at 40°C, the concentration of 
chloroform in subjects’ breath rapidly increased and began to level off after 10-20 minutes. 
The maximum chloroform breath concentrations were combined with the results from the 
second stage of the experiment, and are presented in Table 9.3. Once exposure was ended, 
breath levels began to decrease, and return to a level close to the original background 
concentration (rate of decrease not stated). 

In the second stage, six volunteers were immersed in 380 litre hydrotherapy tubs (109 cm 
long, 53 cm wide, 71 cm high) at three different temperatures (30, 35 and 40°C). Water 
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samples were collected just prior to the subject entering the tub and chloroform breath 
measurements were taken every 12 seconds while the subject continued to breathe purified 
air. Breath measurements were taken at the two lowest temperatures until a plateau was 
reached, at which point the subject stepped out of the tub. At the higher temperature, 
measurements were taken until a plateau was reached, and then the subject stepped out of 
the tub and continued to provide breath measurements for 30 minutes post-exposure. A 
second water sample was taken immediately after the subject stepped out of the tub. The 
maximum chloroform breath concentrations and exhaled dose at the three different 
temperatures are presented in Table 9.3. 

Table 9.3  Chloroform breath concentration and exhaled dose (Gordon et al., 1998) 

Target 
temperature 

(°C) 

Mean and Standard Deviation 
Water 

temperature 
(°C) 

Chloroform 
concentration 
in water (µg/l) 

Time in bath 
(minutes) 

Maximum 
chloroform 

breath 
concentration 

(µg/m³) 

Exhaled 
dose (µg)1 

30°C 30.2 ± 1.6 83.4 ± 14.3 26.6 ± 5.4 3.2 ± 2.7 0.2 ± 0.3 
35°C 35.0 ± 0.7 90.0 ± 5.5 30.3 ± 0.9 19.0 ± 9.7 2.3 ± 1.4 
40°C 39.6 ± 0.9 85.6 ± 15.6 27.4 ± 2.6 44.9 ± 15.3 7.0 ± 2.0 
 
1. Calculated using 9 l/minute respiration rate for males and a 7.5 l/minute respiration rate for females. 

These results indicate a strong influence of temperature on the dermal absorption of 
chloroform. The mean amount of chloroform exhaled at 30°C was 0.2 µg, compared to 7.0 µg 
at 40°C, a 35-fold increase. Gordon et al. (1998) suggest that this increase in chloroform 
absorption is due to the body’s heat-conserving and heat dissipating mechanisms. At the 
lower temperature, blood flow in the capillaries near the surface of the skin decreases, 
reducing the rate of diffusion into the body. At the higher temperature, blood flow increases, 
increasing the rate of diffusion. 

9.1.3 Swimming 

Pleil and Lindstrom (1997) have derived a model for assessing the levels of exposure to 
chloroform by comparing exposure to chloroform following high intensity exposure in a 
chlorinated swimming pool with amount of chloroform in expired air. Chloroform in expired air 
was measured by collection of alveolar samples in evacuated 1 litre canisters with control 
values that were opened by the volunteers. Subjects were seated, calm and at rest during 
sampling to avoid variability due to exercise or hyperventilation, and were trained to avoid 
collection of tracheal dead volume. Samples were not collected in the same area as the 
swimming pool. Average concentrations of chloroform in the swimming pool and the air were 
70.5 µg/l and 147 µg/m³, respectively. Subjects were exposed for 120 minutes. Data gathered 
from this experiment was input into the following model equation: 

Calveolar(t) = A1e-k1t + A2e-k2t + … + Ane-knt + fCair 

Where: 

Calveolar(t): alveolar breath volume (µg/m³) 

t: time (minutes) during the elimination (t=0 indicates the end of the exposure) 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

114 

A: coefficients (µg/m³) indicating the capacities or contributions from bodily compartments that 
have the elimination time coefficients Kn (l/minute) 

fCair: the contribution of the inspired air during elimination (µg/m³). The authors state that in 
this experiment fCair = 0 

The output of this model was integrated from time = 0 to infinity and multiplied by the alveolar 
breathing rate (m³/minute) to calculate the mass of chloroform eliminated via exhalation. It is 
important to note that this calculation does not consider the metabolism or potential excretion 
of chloroform via other routes. The authors state that this value is the lower bound estimate of 
the total absorbed dose (referred to as Bloodmax, with the units µg/l). Pleil and Lindstrom 
(1997) also calculated the lower bound of the highest blood concentration. 

Using these data, Pleil and Lindstrom (1997) derived the following equation for chloroform. 

Calveolar(t) = 152.59e(-0.7247t) + 105.04e(-0.0411t) + 47022e(-0.0051t) 

The mass of the eliminated contaminant was calculated to be 83.86-121.54 µg, and the 
Bloodmax was calculated to be 1.82-2.09 µg/l. 

Half-lives were derived for three compartments of the body; blood (compartment 1), highly 
perfused tissue (compartment 2) and moderately perfused tissue (compartment 3). The half-
lives were 0.95-1.36, 16.87-25.39 and 135.83-195.53 minutes for compartments 1, 2 and 3, 
respectively (Pleil and Lindstrom, 1997). 

9.1.4 Other water uses and comparative water-use studies 

No data were located on chloroform exposure from other water uses exclusively via the 
dermal route. 

9.2 Bromoform 

9.2.1 Showering 

No data were located on bromoform exposure during showering exclusively via the dermal 
route. 

9.2.2 Bathing 

No data were located on bromoform exposure during bathing exclusively via the dermal route. 

9.2.3 Swimming 

No data were located on bromoform exposure during swimming exclusively via the dermal 
route. 
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9.2.4 Other water uses and comparative water-use studies 

No data were located on bromoform exposure from other water uses exclusively via the 
dermal route. 

9.3 Bromodichloromethane 

9.3.1 Showering 

No data were located on bromodichloromethane exposure during showering exclusively via 
the dermal route. 

9.3.2 Bathing 

No data were located on bromodichloromethane exposure during bathing exclusively via the 
dermal route. 

9.3.3 Swimming 

Pleil and Lindstrom (1997) have derived a model for assessing the levels of exposure to 
bromodichloromethane by comparing exposure to bromodichloromethane following high 
intensity exposure in a chlorinated swimming pool with amount of bromodichloromethane in 
expired air. Bromodichloromethane in expired air was measured by collection of alveolar 
samples in evacuated 1 litre canisters with control values that were opened by the volunteers. 
Subjects were seated, calm and at rest during sampling to avoid variability due to exercise or 
hyperventilation, and were trained to avoid collection of tracheal dead volume. Samples were 
not collected in the same area as the swimming pool. Bromodichloromethane was not 
detected in the water, and the average concentration in the air was 2.7 µg/m³. Subjects were 
exposed for 120 minutes. Data gathered from this experiment was input into a model. 

The mass of the eliminated contaminant was calculated to be 1.42-1.50 µg, and the Bloodmax 
was calculated to be 0.24-0.13 µg/l. 

Half-lives were derived for three compartments of the body; blood (compartment 1), highly 
perfused tissue (compartment 2) and moderately perfused tissue (compartment 3). The half-
lives were 0.45-0.63, 9.33-10.30 and 87.20-115.18 minutes for compartments 1, 2 and 3, 
respectively (Pleil and Lindstrom, 1997). 

9.3.4 Other water uses and comparative water-use studies 

No data were located on bromoform exposure from other water uses exclusively via the 
dermal route. 
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9.4 Chlorodibromomethane 

9.4.1 Showering 

No data were located on chlorodibromomethane exposure during showering exclusively via 
the dermal route. 

9.4.2 Bathing 

No data were located on chlorodibromomethane exposure during showering exclusively via 
the dermal route. 

9.4.3 Swimming 

No data were located on chlorodibromomethane exposure during swimming exclusively via 
the dermal route. 

9.4.4 Other water uses and comparative water-use studies 

No data were located on chlorodibromomethane exposure from other water uses exclusively 
via the dermal route. 

9.5 Summary 

The data assessing exposure to THMs only via the dermal route are extremely limited. Those 
studies that were located have examined the amount of an individual THM that is excreted 
unmetabolised in breath. This is likely to only represent a fraction of the total absorption via 
the dermal route. Xu and Weisel (2005) have derived skin permeability coefficient for 
chloroform, reporting an average skin permeability coefficient of 1.49 x10-2 ± 1.94 x10-2 
cm/hour. 
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10. INHALATION-ONLY EXPOSURE 

10.1 Chloroform 

10.1.1 Showering 

In a human volunteer study, Xu and Weisel (2005b) examined the uptake of chloroform via 
inhalation from showering. Six subjects (three males and three females) participated in the 
study. Each subject was provided with bottled water for drinking and food preparation, was 
instructed not to go swimming, and was asked not to shower or bathe in chlorinated water on 
the morning of the experiment in order to minimise their exposure to chloroform prior to the 
experiment. The target concentration of chloroform in the water was 15 µg/l, which the authors 
noted was lower than chloroform concentrations in many chlorinated drinking water systems. 
Water samples were collected 5 and 26 minutes after exposure had started to ensure 
chloroform was at its target concentration throughout the study. The shower cubicle containing 
the shower had a volume of 2.92 m³ (length 1.3 m, width 0.94 m, height 2.39 m), water 
temperature was 38 ± 1°C and the water stream was adjusted to a fine spray to promote 
volatilisation. A plastic shower curtain was used to minimise air exchange with the rest of the 
bathroom. An additional plastic curtain was used to divide the shower into two parts, as it had 
an elongated length (2.67 m). Dermal exposure to chloroform was prevented by the use of 
waterproof clothing and shoes. The showers were run for a few minutes prior to exposure to 
allow the temperature of the water to stabilise. Alveolar breath samples from volunteers were 
collected after 10, 15, 20 and 25 minutes exposure, with each sampling period lasting 1 
minute. Water and air chloroform concentrations are presented in Table 10.1. 

Table 10.1  Water flow rates and concentration of chloroform in the water and air 
(Xu and Weisel, 2005b) 

Subject Water flow rate 
(l/minute) 

Water chloroform 
concentration (µg/l) a 

Air chloroform 
concentration (µg/m³) b 

A 8.2 18.3 170 
B 8.1 17.7 192 
C 9.4 19.2 212 
D 10.9 17.4 161 
E 10.1 18.1 178 
F 7.9 17.7 174 
Mean and standard 
deviation 

9.1 ± 1.2 18.0 ± 0.6 181 ± 18.2 

 
a. Mean concentration from samples taken after 5 and 26 minutes. 
b. Mean concentration from samples taken after 10, 15, 20 and 25 minutes. 

The chloroform air exchange rate was calculated to be 0.15 ± 0.09/minute. The mean 
background chloroform breath concentration for all six subjects was 1.33 ± 0.42 µg/m³. The 
authors reported that approximately 40-80% absorption of chloroform occurred (reported to be 
10-15 µg chloroform). However, the authors noted that as subjects were sedentary during the 
experiment, breathing rate would be lower than if they washing in a shower. Therefore, 
adjusting to a breathing rate of 14 l/minute, Xu and Weisel (2005b) calculated that 
approximately 10-20 µg chloroform would be absorbed following a 10-15 minute shower. Full 
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details of the absorption rates calculated by Xu and Weisel (2005b) for each subject are 
reported in Table 10.2. 

Table 10.2  Absorbed chloroform dose following showering (Xu and Weisel, 2005b) 

Subject Absorbed dose during showering (µg) Normalised absorbed dose (µg per µg chloroform/l 
water) 

Shower duration of 30 minutes, inhalation rate of 4 l/minute 
A 10.7 0.58 
B 13.1 0.74 
C 16.4 0.85 
D 15.2 0.87 
E 14.4 0.80 
F 10.3 0.58 
Average 13.4 0.74 
Shower duration of 15 minutes, inhalation rate of 14 l/minute 
A 15.7 0.9 
B 17.6 1.0 
C 21.0 1.1 
D 23.7 1.4 
E 21.7 1.2 
F 16.7 0.9 
Average 19.5 1.1 
Shower duration of 10 minutes, inhalation rate of 14 l/minute 
A 9.3 0.5 
B 9.8 0.6 
C 11.9 0.6 
D 13.2 0.8 
E 12.2 0.7 
F 9.3 0.5 
Average 10.8 0.6 
 

Xu and Weisel (2005b) noted that breath chloroform concentrations were still slightly above 
the background level 2 hours after exposure. Using these data and Xu and Weisel (2005b) 
also calculated the amount of chloroform that was expired unchanged in the air. These data 
are presented in Table 10.3.  

Table 10.3  Expired chloroform dose following showering (Xu and Weisel, 2005b) 

Subject Amount expired (µg) Amount expired 
normalised to water 
concentration (µg per 
µg/l water) 

Percent (%) (expired 
amount/internal dose x 
100) 

A 0.51 0.03 4.8 
B 1.14 0.06 8.7 
C 0.35 0.02 2.1 
D 0.83 0.05 5.5 
E 0.78 0.04 5.4 
F 0.53 0.03 5.1 
Average 0.69 0.04 5.3 
 

As part of a multi-route exposure study, Jo et al. (1990) conducted an experiment with six 
subjects (4 males and 2 females) that were exposed to chloroform via inhalation in the 
shower. Volunteers wore rubber clothes and boots during the experiment to avoid dermal 
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contact with the water. Breath samples were taken from subjects both prior to and after 
showering. 

Chloroform concentrations in the water ranged from 10-37 µg/l and breath concentrations 
increased with increasing water concentrations. Chloroform was not detected in the breath of 
any of the subjects prior to exposure. The mean and standard deviation of breath 
concentrations after exposure were 7.1 and 2.5 µg/m³, respectively. Minimum and maximum 
concentrations were 2.4 and 10 µg/m³, respectively. The full set of results is presented in 
Section 8.1.1 Table 8.2. 

10.1.2 Bathing 

No data were located on chloroform exposure during bathing exclusively via the inhalation 
route. 

10.1.3 Swimming 

No data were located on chloroform exposure during swimming exclusively via the inhalation 
route. 

10.1.4 Other water uses and comparative water-use studies 

No data were located on chloroform exposure from other water uses exclusively via the 
inhalation route. 

10.2 Bromoform 

10.2.1 Showering 

No data were located on bromoform exposure during showering exclusively via the inhalation 
route. 

10.2.2 Bathing 

No data were located on bromoform exposure during bathing exclusively via the inhalation 
route. 

10.2.3 Swimming 

No data were located on bromoform exposure during swimming exclusively via the inhalation 
route. 
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10.2.4 Other water uses and comparative water-use studies 

No data were located on bromoform exposure from other water uses exclusively via the 
inhalation route. 

10.3 Bromodichloromethane 

10.3.1 Showering 

No data were located on bromodichloromethane exposure during showering exclusively via 
the inhalation route. 

10.3.2 Bathing 

No data were located on bromodichloromethane exposure during bathing exclusively via the 
inhalation route. 

10.3.3 Swimming 

No data were located on bromodichloromethane exposure during swimming exclusively via 
the inhalation route. 

10.3.4 Other water uses and comparative water-use studies 

No data were located on bromodichloromethane exposure from other water uses exclusively 
via the inhalation route. 

10.4 Chlorodibromomethane 

10.4.1 Showering 

No data were located on chlorodibromomethane exposure during showering exclusively via 
the inhalation route. 

10.4.2 Bathing 

No data were located on chlorodibromomethane exposure during bathing exclusively via the 
inhalation route. 

10.4.3 Swimming 

No data were located on chlorodibromomethane exposure during swimming exclusively via 
the inhalation route. 



Drinking Water Inspectorate 
 

WRc Ref: UC7907.06/15062-0 
January 2010 

121 

10.4.4 Other water uses and comparative water-use studies 

No data were located on chlorodibromomethane exposure from other water uses exclusively 
via the inhalation route. 

10.5 Summary 

The data assessing exposure to THMs only via the inhalation route are extremely limited; only 
two studies assessing chloroform exposure via inhalation during showering was located. 
These studies indicate increasing absorption of chloroform with increasing water 
concentration. The study conducted by Xu and Wiesel (2005b) also indicated that absorbed 
chloroform persisted in the body for over two hours following exposure (as measured by 
exhaled breath concentrations). 
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11. MODELS ESTIMATING THM EXPOSURE DURING BATHING 
AND SHOWERING 

Models have been derived to estimate dermal and inhalation exposure to individual 
trihalomethanes (THMs). These models have been derived based on the physico-chemical 
properties of the four regulated THMs. As physico-chemical data have been used as the basis 
of these models, it is possible to adapt them to estimate exposure from a variety of other 
chemicals of potential concern at a future date. 

11.1 Dermal exposure 

A steady-state one-compartment model has been derived to estimate dermal exposure to 
individual trihalomethanes (THMs) during bathing and showering. Therefore, it is assumed 
that the concentration of the individual THMs is constant and in constant exposure to the 
same body surface area. This is likely to be true in a showering scenario, where the 
continuous flow of fresh water over a body will result in exposure to the same concentration. 
In the bathing scenario, this is likely to result in an over-estimate of exposure, as the supply of 
water will not be replenished, therefore, in a ‘real-world’ scenario, the concentrations of THMs 
in the bath water will decrease over time as absorption occurs. This model assumes no 
volatilisation of THMs into the air, and therefore may over-estimate the concentration available 
for dermal absorption, however, given the scarcity of toxicity data available on THM exposure 
via the dermal route, a precautionary approach that is likely to over-estimate exposure may be 
considered wise when considering possible regulatory implications. It should also be noted 
that this model considers skin to be a membrane of uniform structure and thickness. 

Another limitation that should be noted of the model is that, over a sufficient length of time, it is 
possible for the amount of material absorbed via the dermal route to exceed the original 
concentration of the THM in the water, however, unless the dermal absorption co-efficient (Kp) 
is exceptionally large, and the concentration of the THM in the water small, this problem is 
unlikely to occur within a realistic time-frame. 

The dermal absorption coefficient (Kp) is a parameter that predicts the penetration of a 
substance across the skin. Several Kp values have been reported in the literature for 
individual THMs. Unfortunately, many of these values are estimated, and their basis are not 
clear. These values are generally similar for the each of the THMs, with the exception of 
chloroform, where experimental Kp values have been reported to be one to two orders of 
magnitude greater than the estimated values. However, it should be noted that even for the 
experimental data, a range of Kp values were identified by Xu and Weisel (2005a). The range 
of Kp values identified in the literature are presented in Table 11.1. Due to the range of Kp 
values located, the model has been adapted to calculate minimum and maximum exposure 
scenarios, based on the lowest and highest Kp values, respectively. 
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Table 11.1  Kp values located for the four regulated THMs 

Chemical Kp Estimated or 
experimental 

Reference 

Chloroform 6.8 x10-3 Estimated US EPA (year unknown) 
1.3 x10-1 Experimental US EPA (1992) 
8.9 x10-3 Estimated US EPA (1992) 
1.49 x10-2 Average calculated from 

experimental results with 6 
subjects 

Xu and Weisel (2005a) 

Bromoform 2.2 x10-3 Estimated US EPA (year unknown) 
2.6 x10-3 Estimated US EPA (1992) 

Chlorodibromomethane 4.6 x10-3 Estimated US EPA (year unknown); 
US EPA (1992) 

Bromodichloromethane 3.2 x10-3 Estimated US EPA (year unknown) 
3.9 x10-3 Estimated US EPA (1992) 

 

This model has been derived using the following formula: 

A = Kp x (Cx0.001) x (t/60) x s x θT-20 

Where  A = absorbed concentration (µg) 

 Kp = dermal absorption coefficient (cm.h-1) 

 C = concentration in water (mg/l) 

 t = time (minutes) 

 s = surface area (cm²) 

 T = temperature (°C) 

 θ = 1.024 (temperature correction factor (ASCE, 1992)) 

Assuming a whole-body surface area exposure of 18 000 cm² (Hayes, 2007), a water 
temperature of 35°C, and a concentration of 100 µg/l for each of the individual THMs, 
absorbed doses can be estimated as shown in Figure 11.1 to Figure 11.4. These models 
demonstrate that chloroform is the most readily of the four regulated THMs to be absorbed via 
the dermal route. It is also the chemical with the widest variation between the minimum and 
maximum predicted exposure scenarios, due to the significant differences in the Kp values 
located for this chemical. 

Using the experimental Kp of 1.3 x10-1 (the highest Kp value reported), after 30 minutes, it is 
estimated that 167 µg of chloroform will be absorbed via the dermal route. After 60 minutes,  
334 µg chloroform is estimated to be absorbed via the dermal route. Using the estimated Kp 
of 8.9 x10-3 (the lowest Kp reported), 11.4 and 22.9 µg chloroform are estimated to be 
absorbed after 30 and 60 minutes, respectively (Figure 11.1). 

The model estimates that of the four THMs, bromoform is the least absorbed via the dermal 
route. This is not unexpected, as bromoform has the highest molecular mass of the four 
THMs, and is therefore unlikely to cross membranes as readily as the smaller THMs. Using 
the Kp of 2.2 x10-3 (highest reported Kp), after 30 minutes, the model estimates that 3.3 µg 
bromoform will be absorbed via the dermal route. After 60 minutes in this scenario, it is 
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estimated that 6.7 µg will be absorbed. Using the Kp of 2.6 x10-3 (lowest reported Kp), 
approximately 2.8 and 5.7 µg bromoform are estimated to be absorbed after 30 and  
60 minutes, respectively (Figure 11.2). 

Only one Kp value was located for chlorodibromomethane (4.6 x10-3), therefore, it has not 
been possible to estimate more than one exposure scenario. Using this Kp value, the model 
estimates that after 30 minutes, 5.9 µg chlorodibromomethane is absorbed and after 60 
minutes,  
11.8 µg chlorodibromomethane is absorbed (Figure 11.3). 

For bromodichloromethane, using a Kp value of 3.9 x10-3 (maximum reported Kp), the model 
estimates that 5 and 10 µg bromodichloromethane are absorbed after 30 and 60 minutes, 
respectively. Using a Kp value of 3.2 x10-3 (minimum reported Kp), absorbed doses are 
estimated to be 4.1 and 8.2 µg bromodichloromethane after 30 and 60 minutes, respectively 
(Figure 11.4). 
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Figure 11.1  Estimated absorbed dose of chloroform (µg) following dermal exposure to 
a concentration of 100 µg/l 
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Figure 11.2  Estimated absorbed dose of bromoform (µg) following dermal exposure 
to a concentration of 100 µg/l 
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Figure 11.3  Estimated absorbed dose of chlorodibromomethane (µg) following dermal 
exposure to a concentration of 100 µg/l 
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Figure 11.4  Estimated absorbed dose of bromodichloromethane (µg) following dermal 
exposure to a concentration of 100 µg/l 

11.1.1 Effect of concentration on dermal absorption estimates 

At higher water THM concentrations, absorption of THMs via the skin increases. Using 
chloroform as an example, with the experimental Kp of 1.3 x10-1, and a water temperature of 
35°C, at concentrations of 10, 50, 100, 150 and 200 µg/l, this has been demonstrated in 
Figure 11.5. These data indicate that as the concentration of chloroform in the water doubles, 
absorption doubles. 
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Figure 11.5  The effect of concentration on estimated absorbed dose in the dermal 
absorption model 

11.1.2 Effect of temperature on dermal absorption estimates 

As temperature increases, absorption across the skin is also predicted to increase. However, 
the effect of temperature on absorption is not expected to be as significant as the effect of 
concentration. A 5°C increase in temperature is predicted to result in a 1.12 fold increase in 
absorption. A 10°C increase in temperature is predicted to increase absorption by a factor of 
1.27. Figure 11.6 demonstrates the effects on absorption at temperatures of 20, 25, 30, 35 
and 40°C, assuming a chloroform concentration of 100 µg/l and a Kp of 1.3 x10-1. 
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Figure 11.6  The effect of temperature on estimated absorbed dose in the dermal 
absorption model 

11.1.3 Comparison of model with data from the literature 

No data were located in the literature survey that are suitable to provide a comparison with the 
model outputs. Studies have been located which include exposure to THMs via the dermal 
route, however these studies exhaled breath concentrations, and therefore the THMs may 
have undergone significant metabolism and are not comparable with an absorbed dose. This 
lack of comparable data provides a serious limitation to the value of this model, as it is not 
possible to validate the model outputs. However, it is interesting to note that the exhaled dose 
reported by Gordon et al. (1998) of 2.3 µg is broadly similar to the absorbed dose of  
11-167 µg, considering the anticipated metabolism of chloroform. 

11.2 Inhalation exposure during bathing 

Two models have been derived to estimate inhalation exposure to individual THMs, one for a 
showering scenario, and one for a bathing scenario. Neither model allows for ventilation in the 
bath or shower room, and since many UK bath and shower rooms will have some form of 
ventilation this means the estimate will be worst case values. 

The model for estimating inhalation exposure to individual THMs during bathing is a steady-
state model. As with the dermal model, it has been derived to allow calculation of exposure to 
each of the regulated THMs individually. It assumes that prior to the bath that the THM 
concentration in the atmosphere is zero. However, during the bath the concentration of the 
THM in the water and in the air is at equilibrium. Therefore, the outputs of the model represent 
a ‘worst-case’ exposure, as a steady state concentration will not be immediately reached in a 
real environment. As with the dermal model, because it is a steady-state model, if the duration 
of exposure is extended to an unrealistically long time period, it will eventually produce a 
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result suggesting exposure will be higher than the amount of relevant THM in the whole 
volume of air in the bathroom.  

This model is based on the formula: 

A = b x t x ([β x V]/V) 

β = γ x 0.000001 x [1000000 x kH x (C x L /1000)/Σ([γ x V/kH] + [MW x L x 1000])] 

γ = 1/([(1/MW)] x 8.3144 x (273.15 x T)]/101.325) 

Where  A = inhaled dose (µg) 

 b = breathing rate (l/min), assumed to be 14 litres/minutes 

 C = concentration in water (mg/l) 

 t = time in bath (minutes) 

 V = volume of bathroom (m³), assumed to be 8 metres 

 T = temperature (°C) 

 L = volume of water (l), assumed to be 80 litres 

 MW = molecular weight 

 kH = Henry’s Law constant (mol/atm) for the defined temperature 

 β = weight in air (mg) 

 γ = concentration in air (mg/m³) 

For the purposes of this report, the breathing rate has been set to 14 litres per minute 
(approximately 20 m³/day). 

Assuming a chloroform concentration of 100 µg/l, a bathroom volume of 8 m³, a volume of 
bathwater of 80 l and a water temperature of 35°C, the model estimates an inhaled dose of 
404.3 µg chloroform after 30 minutes. After 60 minutes, the model estimates an inhaled dose 
of 808.7 µg chloroform (Figure 11.7). 

For bromoform, after 30 minutes under the same conditions, the model estimates an inhaled 
of 337.6 µg bromoform, and after 60 minutes, the model estimates an inhaled dose of  
675.3 µg bromoform (Figure 11.8). 

Using a chlorodibromomethane concentration of 100 µg/l, after 30 minutes, the inhaled dose 
is estimated to be 373.4 µg chlorodibromomethane. After 60 minutes, the inhaled dose is 
estimated to be 746.8 µg chlorodibromomethane (Figure 11.9). 

For bromodichloromethane, after 30 minutes, the inhaled dose is estimated to be 397.9 µg, 
and after 60 minutes, the inhaled dose is estimated to be 795.8 µg (Figure 11.10). 
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Figure 11.7  Estimated inhaled dose of chloroform (µg) following exposure to a water 
concentration of 100 µg/l during bathing 
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Figure 11.8  Estimated inhaled dose of bromoform (µg) following exposure to a water 
concentration of 100 µg/l during bathing 
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Figure 11.9  Estimated inhaled dose of chlorodibromomethane (µg) following 
exposure to a water concentration of 100 µg/l during bathing 
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Figure 11.10  Estimated inhaled dose of bromodichloromethane (µg) following 
exposure to a water concentration of 100 µg/l during bathing 
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11.2.1 Effect of concentration on inhaled dose estimates during bathing 

As THM concentration increases, it is predicted that the inhaled dose will also increase. Using 
chloroform as an example at a temperature of 35°C, the model has been run to estimate the 
inhaled dose at water concentrations of 10, 50, 100, 150 and 200 µg/l. These data are 
presented in Figure 11.11. These data indicate that as chloroform concentration in the water is 
double, the inhaled dose also doubles. 
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Figure 11.11  The effect of concentration on estimated inhaled dose in the inhalation 
bathing model 

11.2.2 Effect of temperature on inhaled dose estimates during bathing 

As temperature increases, the inhaled dose is also predicted to increase. However, 
temperature is predicted to have a fairly minor effect on the inhaled dose. A 5°C increase in 
temperature is predicted to result in just over a 0.3% increase in the inhaled dose. Even over 
a 10°C increase, the increase is 0.7%. The effect of temperature on inhaled dose, assuming a 
chloroform concentration of 100 µg/l in an 8 litre bath in an 8 m³ bathroom is demonstrated in 
Figure 11.12. 
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Figure 11.12  The effect of temperature on estimated inhaled dose in the inhalation 
absorption bathing model 

11.2.3 Comparison of model with data from the literature 

No data were located in the literature survey that are suitable to provide a comparison with the 
model outputs. Studies have been located which include exposure to THMs via inhalation 
during bathing, however, many of these studies do not exclusively consider this route. In 
addition, these studies examine blood or exhaled breath concentrations, and therefore the 
THMs may have undergone significant metabolism and are not comparable with an inhaled 
dose. This lack of comparable data provides a serious limitation to the value of this model, as 
it is not possible to validate the model outputs. 

11.3 Inhalation exposure during showering 

The model for estimating inhalation exposure to individual THMs during showering is not a 
steady-state model, as there is a flow of water in and out of the system. As with the dermal 
model, it has been derived to allow calculation of exposure to each of the regulated THMs 
individually. The model assumes that the concentration of THM in the air prior to the shower is 
zero. As water enters the system, the THM concentration is assumed to move towards 
equilibrium with the air, therefore levels of THM in the air are initially low, but increase over 
time. 

This model is based on the formula: 

A = Ca(t) + Ca(t-0.07) 

Ca = β(t)/V 
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β(t) = [(Cw x (f/14)/1000) + β(t-0.07)] – [(f/14) x MW x γ x 1000] 

γ = [(Cw x (f/14)/1000) + β(t-0.07)]/Σ(δ + ε) 

δ = [1/((1/MW) x 8.3144 x (27315-T)/101.325)] x 100000 x V / kH 

ε = MW x L x 1000 

Where  A = absorbed concentration (µg) 

 f = water flow rate (l/min), assumed to be 5 litres/minutes 

 Ca = concentration in air (µg/l) 

 Cw = concentration in water (µg/l) 

 t = time in shower (minutes) 

 V = volume of shower (m³), assumed to be 1.5 metres 

 T = temperature (°C) 

 L = volume of water (l) 

 MW = molecular weight 

 kH = Henry’s Law constant (mol/atm) for the defined temperature 

 β = total THM in the system minus the weight of THM lost from the system 

 γ = concentration of THM released down the drain 

For the purposes of representing this formula with clarity, δ and ε are also given above. These 
are not mathematical constants, but simply an expansion within the formula. 

The breathing rate has been set to 14 litres per minute (approximately 20 m³/day). 

Assuming a chloroform concentration of 100 µg/l, a shower volume of 1.5 m³, a water flow 
rate of 5 litres per minute and a water temperature of 35°C, after 10 minutes, the model 
estimates that the concentration of chloroform in the air will be 3.1 µg/l (3.1 x10-3 µg/m³) 
(Figure 11.13), and the inhaled dose is 225.1 µg chloroform (Figure 11.14). After 15 minutes, 
the concentration in the air is estimated to be 4.5 µg/l (4.5 x10-3 µg/m³) (Figure 11.13) and 
inhaled dose is estimated to be 494.8 µg chloroform (Figure 11.14). 

For bromoform using the same conditions, after 10 minutes the concentration in the air is 
estimated to be 2.3 µg/l (2.3 x10-3 µg/m³) (Figure 11.15) and the inhaled dose is estimated to 
be 181.8 µg bromoform (Figure 11.16). After 15 minutes, the concentration in the air is 
estimated to be 2.9 µg/l (2.9 x10-3 µg/m³) (Figure 11.15) and the inhaled dose is estimated to 
be 364.2 µg bromoform (Figure 11.16). 

With chlorodibromomethane, after 10 minutes the concentration in air is estimated to be  
2.7 µg/l (2.7 x10-3 µg/m³) (Figure 11.17) and the inhaled dose is estimated to be 205.2 µg 
(Figure 11.18). After 15 minutes, the concentration in air is estimated to be 3.7 µg/l  
(3.7 x10-3 µg/m³) (Figure 11.17) and the inhaled dose is estimated to be 432.2 µg  
(Figure 11.18). 
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For bromodichloromethane, after 10 minutes, the concentration in air is estimated to be  
3.0 µg/l (3.0 x10-3 µg/m³) (Figure 11.19) and the inhaled dose is estimated to be 221 µg 
(Figure 11.20). After 15 minutes, the concentration in air is estimated to be 4.4 µg/l  
(4.4 x10-3 µg/m³) (Figure 11.19) and the inhaled dose is estimated to be 481.5 µg  
(Figure 11.20). 
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Figure 11.13  Estimated concentration of chloroform in air in the showering inhalation 
exposure model assuming a water concentration of 100 µg/l 

0.0

100.0

200.0

300.0

400.0

500.0

600.0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Exposure time (mins)

In
h

a
le

d
 d

o
se

 (
µ

g
)

 

Figure 11.14  Estimated inhaled dose of chloroform (µg) following exposure to a water 
concentration of 100 µg/l during showering 
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Figure 11.15  Estimated concentration of bromoform in air in the showering inhalation 
exposure model assuming a water concentration of 100 µg/l 
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Figure 11.16  Estimated inhaled dose of bromoform (µg) following exposure to a water 
concentration of 100 µg/l during showering 
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Figure 11.17  Estimated concentration of chlorodibromomethane in air in the showering 
inhalation exposure model assuming a water concentration of 100 µg/l 
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Figure 11.18  Estimated inhaled dose of chlorodibromomethane (µg) following 
exposure to a water concentration of 100 µg/l during showering 
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Figure 11.19  Estimated concentration of bromodichloromethane in air in the showering 
inhalation exposure model assuming a water concentration of 100 µg/l 
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Figure 11.20  Estimated inhaled dose of bromodichloromethane (µg) following 
exposure to a water concentration of 100 µg/l during showering 
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11.3.1 Effect of concentration on inhaled dose estimates during showering 

As THM concentration increases, it is predicted that inhaled dose will also increase. Using 
chloroform as an example at a temperature of 35°C, the model has been run to estimate 
absorption via inhalation at water concentrations of 10, 50, 100, 150 and 200 µg/l. These data 
are presented in Figure 11.21. As with the other models, these data indicate that as 
concentration doubles, the inhaled dose will also double. 
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Figure 11.21  The effect of concentration on estimated inhaled dose in the inhalation 
showering model 

11.3.2 Effect of temperature on inhaled dose estimates during showering 

As with the inhalation during bathing model, the effect of temperature on the inhaled dose is 
relatively small. A 5°C increase in temperature is predicted to result less than 0.5% increase 
in the inhaled dose. Even over a 10°C increase, the increase in absorption is less than 1%. 
The effect of temperature on the inhaled dose, assuming a chloroform concentration of  
100 µg/l in a 1.5 m³ shower, with a flow rate of 5 litres per minute is demonstrated in Figure 
11.22. 
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Figure 11.22  The effect of temperature on estimated inhaled dose in the inhalation 
showering model 

11.3.3 Comparison of model with data from the literature 

As described in Chapter 10.1.1, Xu and Weisel (2005b) have conducted a study on the 
absorption of chloroform during showering. In this study, the authors used a target chloroform 
concentration of 15 µg/l (actual concentrations ranged from 17.7-19.2 µg/l), with a water 
temperature of 38 ± 0.1°C and a shower with a volume of 2.92 m³. At a breathing rate of  
14 l/minute, Xu and Weisel (2005b) calculated a mean absorbed dose after 10 minutes of  
10.8 µg (range 9.3-13.2 µg) and after 15 minutes calculated a mean absorbed dose 19.5 µg 
(range 15.7-23.7 µg). 

Using a concentration of 15 µg/l and the same parameters in the inhalation during showering 
model, an inhaled dose of 17.8 µg is estimated after 10 minutes and an inhaled dose of  
39.5 µg is estimated after 15 minutes. If it is assumed that 100% of inhaled dose in the model 
is absorbed, then it can be considered to be equivalent to the absorbed dose reported by Xu 
and Weisel (2005b). On this basis, it would appear that the inhalation during showering model 
overestimates exposure by almost 2-fold and therefore can be considered to be 
precautionary. However, comparison with additional studies is required before any certainty 
can be applied to this conclusion. It should also be noted that is likely that absorption in the 
study conducted by Xu and Weisel (2005b) was less than the 100% absorption that has been 
assumed in the model output for the purpose of comparison. 

Egorov et al. (2003) have reported that the concentration of chloroform in bathroom air 
(unventilated bathroom) following a 15-20 minute shower in water with a chloroform 
concentration of 198 µg/l is 7800 ± 6300 µg/m³. Using the concentration of 198 µg/l in the 
model, after 15 minutes the concentration in the air is estimated to be 8.1 µg/l (8100 µg/m³). 
This is slightly greater, although very similar to the mean value reported by Egorov et al. 
(2003). 
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12. COMPARISON OF TOLERABLE LEVELS OF EXPOSURE AND 
SIGNIFICANCE IN RELATION TO DRINKING WATER 
STANDARDS AND GUIDELINES AND THM LEVELS IN UK 
DRINKING WATER 

The tolerable levels of exposure derived in Chapter 6 can be compared to the current drinking 
water standard in England and Wales of 100 µg/l for the sum concentration of trihalomethanes 
(THMs) and the World Health Organization (WHO) Guidelines for Drinking-water Quality 
(GDWQ) for individual THMs using the models described in Chapter 11. 

For each comparison it has been assumed that the concentration of the individual THM is at 
the same level as the standard or guideline and that all exposure occurs only via one route 
(either dermally, via inhalation during bathing or via inhalation during showering). These are 
considered to be very extreme exposure scenarios, as individual THMs do not reach levels 
this high in UK drinking waters; although considering each route of exposure independently 
may underestimate the risk posed by combined exposure from all routes. 

The Drinking Water Inspectorate (DWI) have provided data from 2000, which provide 
concentrations of individual THMs that are more representative of current THM levels in UK 
waters. However, it should be noted that even these levels are likely to be higher than the 
levels of THMs currently detected in UK drinking water, as the average total THM 
concentration in 2000 was 40 µg/l, compared to 25 µg/l in 2006 (DWI pers. comm.). 

With regard to the dermal exposure assessments, although the tolerable daily doses have 
been directly compared with the data produced by the dermal model, in reality these values do 
not truly have parity. The tolerable daily dose will be based upon an administered amount of 
test material, either applied to the skin, or administered orally when route-to-route 
extrapolations have been applied, however the dermal model estimates absorbed dose. It is 
likely that in reality, less than 100% of an applied dose will be absorbed into the skin, 
however, by directly comparing the tolerable daily doses to the absorbed dose, it is assumed 
that 100% absorption of the applied dose will occur. 

12.1 Chloroform 

12.1.1 Dermal exposure 

A tolerable daily dose of 0.075 mg/kg bw/day (75 µg/kg bw/day) has been derived for 
chloroform derived for lifetime exposure. Assuming an adult bodyweight of 60 kg, this would 
equate to a tolerable daily dose of 4.5 mg/day (4500 µg/day). 

In a survey of UK households, 91% of those surveyed stated that they bathed for 30-minutes 
or less (DWI pers. com.). 

Using the dermal model with the highest Kp value, a chloroform concentration of 100 µg/l and 
a temperature of 35°C, a 30-minute dermal exposure would result in an absorbed dose of  
167 µg. This represents 3.7% of the tolerable daily dose. 
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The WHO GDWQ for chloroform is 300 µg/l. At this concentration, a 30-minute dermal 
exposure would result in an absorbed dose of 501 µg. This represents 11.1% of the tolerable 
daily dose. 

In 2000, the mean concentration of chloroform reported in UK drinking waters was 12.5 µg/l 
(DWI pers. comm.). At this concentration, a 30-minute dermal exposure would result in an 
absorbed dose of 20.9 µg. This represents approximately 0.46% of the tolerable daily dose. 

12.1.2 Inhalation Exposure 

As stated in Chapter 6, a daily tolerable concentration of 0.045 mg/m³ (45 µg/m³) has been 
derived for chloroform, which is derived to be protective over a lifetime. Assuming a 60 kg 
adult breathing 20 m³ of air per day, this would equate to a tolerable daily inhaled dose of  
0.9 mg/day (900 µg/day). 

Inhalation during Bathing 

In a survey of UK households, 91% of those surveyed stated that they bathed for 30-minutes 
or less (DWI pers. com.). 

Using the inhalation during bathing exposure model, at a chloroform concentration of 100 µg/l 
and a temperature of 35°C, assuming an 80 litre bath in an 8 m³ bathroom, a 30-minute bath 
would result in an estimated inhaled dose of 404.3 µg. This represents approximately 44.9% 
of the tolerable daily dose. 

The World Health Organization (WHO) Guideline for Drinking-water Quality (GDWQ) for 
chloroform is 300 µg/l, based on a 60 kg adult consuming 2 litres of water per day, which is 
derived to be protective over the course of a lifetime. Using this concentration in the inhalation 
during bathing model the inhaled dose after 30 minutes will be 1213 µg. Therefore, a single 
30-minute bath in water with a chloroform concentration of 300 µg/l would exceed the 
tolerable daily dose. However, it should be noted that this concentration is three times the UK 
drinking water standard for total THMs, and would therefore not be expected to occur in the 
UK. 

In 2000, the mean concentration of chloroform reported in UK drinking waters was 12.5 µg/l 
(DWI pers. comm.). Using this concentration in the inhalation during bathing model the inhaled 
dose after 30 minutes will be 50.5 µg. This represents approximately 5.6% of the tolerable 
daily dose. 

Inhalation during Showering 

In a survey of UK households, 96% of those surveyed stated that they showered for  
15-minutes or less (DWI pers. com.). 

Using the inhalation during showering model, at a chloroform concentration of 100 µg/l and a 
water temperature of 35°C, assuming a shower volume of 1.5 m³, an inhaled dose of  
494.8 µg is estimated after 15 minutes. This represents approximately 55% of the tolerable 
daily dose. 
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The WHO GDWQ for chloroform is 300 µg/l. At this concentration, the inhalation during 
showering model indicates that the inhaled dose after 15 minutes will be 1484.3 µg. 
Therefore, a single 15-minute shower in water with a chloroform concentration of 300 µg/l 
would exceed the tolerable daily dose. However, it should be noted that this concentration is 
three times the UK drinking water standard for total THMs, and would therefore not be 
expected to occur in the UK. 

In 2000, the mean concentration of chloroform reported in UK drinking waters was 12.5 µg/l 
(DWI pers. comm.). At this concentration, the inhalation during showering model indicates that 
the inhaled dose after 15 minutes will be 61.8 µg. This represents approximately 6.9% of the 
tolerable daily dose. 

12.1.3 Summary 

The outputs from the two inhalation models indicate that, in water containing chloroform at the 
level of the World Health Organization (WHO) Guidelines for Drinking-water Quality (GDWQ), 
the tolerable daily inhaled doses for chloroform are exceeded after a single exposure. 
However, it should be noted that this concentration is three times greater than the current 
drinking water standard for total THMs, and therefore this concentration would not occur in UK 
drinking waters. The dermal exposure model indicates that a 30 minutes exposure represents 
11.1% of the tolerable daily dose. 

Comparison with the current drinking water standard for total THM indicates that a single 
inhalation exposure in the 15-minute shower and 30-minute bath scenarios represents 
approximately 55% and 44.9% of the tolerable daily dose, respectively. Therefore it is 
conceivable that multiple exposures within one day could result in inhalation of a chloroform 
dose greater than the tolerable daily dose. It should again be emphasised that this is a very 
extreme exposure scenario, as the concentration of chloroform in UK drinking waters is 
typically far below this level. The dermal exposure model indicates that a single 30 minutes 
exposure represents 3.7% of the tolerable daily dose. 

Using the mean chloroform level reported in UK drinking waters in 2000, the inhalation models 
indicates that the 15-minute shower and 30-minute bath scenarios represent approximately 
5.6% and 1.4% of the tolerable daily dose, respectively. The dermal exposure model indicates 
a 30 minutes exposure represents 0.46% of the tolerable daily dose. 

These results are summarised in Table 12.1. 

It should be noted that these exposure scenarios have been derived assuming exposure only 
from the one route (either dermally, via inhalation during bathing or via inhalation during 
showering). In a regulatory context it is important to consider combined exposure via the oral, 
dermal and inhalation routes. 
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Table 12.1 Comparison of the current drinking water standards/guidelines for 
chloroform and mean chloroform level in UK drinking waters with 
tolerable daily doses 

Model Drinking 
water 
concentration 
(µg/l) 

Basis Tolerable daily 
dose (µg/day) 

Duration 
of 
exposure 

Inhaled/absorbed 
dose (µg/day) 

Inhaled/absorbed 
dose as a 
percentage of 
the tolerable 
daily dose 

Inhalation 
during 
bathing 

100 Drinking water 
standard1 

900 30 
minutes 

404.3 44.9% 

300 WHO GDWQ 1213 134.8% 
12.5 Mean level 

reported in UK 
drinking 
waters in 2000 

50.5 5.6% 

Inhalation 
during 
showering 

100 Drinking water 
standard1 

900 15 
minutes 

494.8 55% 

300 WHO GDWQ 1484.3 164.9% 
12.5 Mean level 

reported in UK 
drinking 
waters in 2000 

61.8 6.9% 

Dermal 100 Drinking water 
standard1 

4500 30 
minutes 

167 3.7% 

300 WHO GDWQ 501 11.1% 
12.5 Mean level 

reported in UK 
drinking 
waters in 2000 

20.9 0.46% 

 
1. For the sum concentration of the four regulated THMs. 

12.2 Bromoform 

12.2.1 Dermal exposure 

A tolerable dose of 0.0134 mg/kg bw/day (13.4 µg/kg bw/day) has been derived for 
bromoform derived for lifetime exposure. Assuming an adult bodyweight of 60 kg, this would 
equate to a tolerable dose of 0.804 mg/day (804 µg/day). 

Using the dermal model with the highest Kp value, a bromoform concentration of 100 µg/l and 
a temperature of 35°C, a 30-minute dermal exposure would result in an absorbed dose of  
3.34 µg. This represents approximately 0.4% daily tolerable dose. 

In 2000, the mean concentration of bromoform reported in UK drinking waters was 3.6 µg/l 
(DWI pers. comm.). At this concentration, a 30-minute dermal exposure would result in an 
absorbed dose of 0.12 µg. This represents approximately 0.01% of the tolerable daily dose. 

12.2.2 Inhalation Exposure 

A tolerable concentration of 0.04 mg/m³ (40 µg/m³) has been derived for bromoform, which is 
protective for lifetime exposure to this chemical. Assuming a breathing 20 m³ air per day, this 
would equate to a tolerable inhaled dose of 0.8 mg/day (800 µg/day). 
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Inhalation during Bathing 

Using the inhalation during bathing exposure model, at a bromoform concentration of 100 µg/l, 
and the conditions stated above, a 30-minute bath would result in an estimated absorbed 
dose of 337.6 µg. This represents approximately 42.2% of the tolerable daily dose. 

The WHO GDWQ for bromoform is also 100 µg/l. 

In 2000, the mean concentration of bromoform reported in UK drinking waters was 3.6 µg/l 
(DWI pers. comm.). Using this concentration in the inhalation during bathing model the inhaled 
dose after 30 minutes will be 12.2 µg. This represents approximately 1.5% of the tolerable 
daily dose. 

Inhalation during Showering 

Using the inhalation during showering model, at a bromoform concentration of 100 µg/l and 
the conditions stated above, an inhaled dose of 364.2 µg is estimated after 15 minutes. This 
represents approximately 45.5% of the tolerable daily dose. 

In 2000, the mean concentration of bromoform reported in UK drinking waters was 3.6 µg/l 
(DWI pers. comm.). Using this concentration in the inhalation during showering model the 
inhaled dose after 15 minutes will be 13.1 µg. This represents approximately 1.6% of the 
tolerable daily dose. 

12.2.3 Summary 

The outputs from the two inhalation models indicate that, in water containing bromoform at the 
level of the current drinking water standard for total THMs indicates that a single exposure in 
the 15-minute shower and 30-minute bath scenarios represents approximately 45.5% and 
42.2% of the tolerable daily dose, respectively. Therefore it is conceivable that multiple 
exposures within one day could result in inhalation of a bromoform dose greater than the 
tolerable daily dose. However, it should be noted that a bromoform concentration of 100 µg/l 
is highly unlikely to occur in UK drinking waters. The dermal exposure model indicates that a 
30 minutes exposure represents 0.4% of the tolerable daily dose. 

Using the mean bromoform level reported in UK drinking waters in 2000, the inhalation during 
bathing models indicates that a single inhalation exposure in the 15-minute shower and 30-
minute bath scenarios represents approximately 1.6% and 1.5% of the tolerable daily dose, 
respectively. The dermal exposure model indicates that a 30 minutes exposure represents 
0.01% of the tolerable daily dose. 

These results are presented in Table 12.2. 

It should be noted that these exposure scenarios have been derived assuming exposure only 
from the one route (either dermally, via inhalation during bathing or via inhalation during 
showering). In a regulatory context it is important to consider combined exposure via the oral, 
dermal and inhalation routes. 
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Table 12.2 Comparison of the current drinking water standards/guidelines for 
bromoform and mean bromoform level in UK drinking waters with 
tolerable daily doses 

Model Drinking 
water 
concentration 
(µg/l) 

Basis Tolerable daily 
dose (µg/day) 

Duration 
of 
exposure 

Inhaled/absorbed 
dose (µg/day) 

Inhaled/absorbed 
dose as a 
percentage of 
the tolerable 
daily dose 

Inhalation 
during 
bathing 

100 Drinking water 
standard1 / 
WHO GDWQ 

800 30 
minutes 

337.6 42.2% 

3.6 Mean level 
reported in UK 
drinking 
waters in 2000 

12.2 1.5% 

Inhalation 
during 
showering 

100 Drinking water 
standard1 / 
WHO GDWQ 

800 15 
minutes 

364.2 45.5% 

3.6 Mean level 
reported in UK 
drinking 
waters in 2000 

13.1 1.6% 

Dermal 100 Drinking water 
standard1 / 
WHO GDWQ 

8040 30 
minutes 

3.34 0.4% 

3.6 Mean level 
reported in UK 
drinking 
waters in 2000 

0.12 0.01% 

 
1. For the sum concentration of the four regulated THMs. 

12.3 Bromodichloromethane 

12.3.1 Dermal exposure 

A tolerable dose of 0.046 mg/kg bw/day (46 µg/kg bw/day) has been derived 
bromodichloromethane for non-carcinogenic endpoints, which is protective over a lifetime. 
Assuming an adult bodyweight of 60 kg, this would equate to a tolerable absorbed dose of 
2.76 mg/day (2760 µg/day). 

Using the dermal model with the highest Kp value, a bromodichloromethane concentration of 
100 µg/l and a temperature of 35°C, a 30-minute dermal exposure would result in an 
absorbed dose of 5.01 µg. This represents approximately 0.18% of the tolerable daily dose. 

The WHO GDWQ for bromodichloromethane is 60 µg/l. Using this concentration in the dermal 
exposure model, a 30-minute exposure would result in an absorbed dose of 3.01 µg. This 
represents approximately 0.01% of the tolerable daily dose. 

In 2000, the mean concentration of bromodichloromethane reported in UK drinking waters 
was 7.2 µg/l (DWI pers. comm.). Using this concentration in the dermal model, the absorbed 
dose after 30 minutes will be 0.36 µg. This represents approximately 0.01% of the tolerable 
daily dose. 
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12.3.2 Inhalation Exposure 

A tolerable concentration of 0.005 mg/m³ (5 µg/m³) has been derived for 
bromodichloromethane, which is derived to be protective over a lifetime for non-carcinogenic 
endpoints. Assuming a breathing 20 m³ air per day, this would equate to a tolerable absorbed 
dose of 0.1 mg/day (100 µg/day). 

Inhalation during Bathing 

Using the inhalation during bathing exposure model, at a bromodichloromethane 
concentration of 100 µg/l, and the conditions stated above, a 30-minute bath would result in 
an estimated inhaled dose of 397.9 µg. Therefore, a single bath will result in exposure to 
bromodichloromethane at a concentration above the tolerable daily dose. 

The WHO GDWQ for bromodichloromethane is 60 µg/l, derived for lifetime exposure. Using 
this concentration in the inhalation during bathing model the inhaled dose after 30 minutes will 
be 238.7 µg. Therefore, a single bath will result in exposure to bromodichloromethane at a 
concentration above the tolerable daily dose. 

In 2000, the mean concentration of bromodichloromethane reported in UK drinking waters 
was 7.2 µg/l (DWI pers. comm.). Using this concentration in the inhalation during bathing 
model the inhaled dose after 30 minutes will be 28.6 µg. This represents approximately 28.6% 
of the tolerable daily dose. 

Inhalation during Showering 

Using the inhalation during bathing model, at a bromodichloromethane concentration of 
100 µg/l and the conditions stated above, an inhaled dose of 481.5 µg is estimated after 
15 minutes. Therefore, a single shower will result in exposure to bromodichloromethane at a 
concentration above the tolerable daily dose. 

The WHO GDWQ for bromodichloromethane is 60 µg/l. Using this concentration in the 
inhalation during showering model, a 15-minute shower results in an absorbed dose of  
288.9 µg. Therefore, a single shower will result in exposure to bromodichloromethane at a 
concentration above the tolerable daily dose. 

In 2000, the mean concentration of bromodichloromethane reported in UK drinking waters 
was 7.2 µg/l (DWI pers. comm.). Using this concentration in the inhalation during showering 
model, the inhaled dose after 15 minutes will be 34.7 µg. This represents approximately 
34.7% of the tolerable daily dose. 

12.3.3 Summary 

The outputs from the two inhalation models indicate that, in water containing 
bromodichloromethane at the levels equal to the total THM drinking water standard or the 
World Health Organization (WHO) Guidelines for Drinking-water Quality (GDWQ), the 
tolerable daily inhaled doses for bromodichloromethane are exceeded after a single exposure. 
However, it should be emphasised that these are extreme exposure scenarios, as the 
concentration of bromodichloromethane in UK drinking waters is typically far below this level. 
The dermal exposure model indicates that 30 minutes exposure represents 0.18% and 0.1% 
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of the tolerable daily dose at the levels equal to the total THM drinking water standard and the 
WHO GDWQ, respectively. 

Comparison with the mean bromodichloromethane level reported in UK drinking waters in 
2000 indicates that a single inhalation exposure in the 15-minute shower and 30-minute bath 
scenarios represents approximately 34.7% and 28.6% of the tolerable daily dose, 
respectively. Therefore it is conceivable that multiple exposures within one day could result in 
inhalation of a bromodichloromethane dose greater than the tolerable daily dose. The dermal 
exposure model indicates that a 30 minutes exposure represents 0.01% of the tolerable daily 
dose. 

The results of these scenarios are presented in Table 12.3. 

It should be noted that these exposure scenarios have been derived assuming exposure only 
from the one route (either dermally, via inhalation during bathing or via inhalation during 
showering). In a regulatory context it is important to consider combined exposure via the oral, 
dermal and inhalation routes. 

Table 12.3 Comparison of the current drinking water standards/guidelines for 
bromodichloromethane and mean bromodichloromethane level in UK 
drinking waters with tolerable daily doses 

Model Drinking 
water 
concentration 
(µg/l) 

Basis Tolerable daily 
dose (µg/day) 

Duration 
of 
exposure 

Inhaled/absorbed 
dose (µg/day) 

Inhaled/absorbed 
dose as a 
percentage of 
the tolerable 
daily dose 

Inhalation 
during 
bathing 

100 Drinking water 
standard1 

100 30 
minutes 

397.9 397.9% 

60 WHO GDWQ 238.7 238.7% 
7.2 Mean level 

reported in UK 
drinking 
waters in 2000 

28.6 28.6% 

Inhalation 
during 
showering 

100 Drinking water 
standard1 

100 15 
minutes 

481.5 481.5% 

60 WHO GDWQ 288.9 288.9% 
7.2 Mean level 

reported in UK 
drinking 
waters in 2000 

34.7 34.7% 

Dermal 100 Drinking water 
standard1 

2760 30 
minutes 

5.01 0.18% 

60 WHO GDWQ 3.01 0.1% 
7.2 Mean level 

reported in UK 
drinking 
waters in 2000 

0.36 0.01% 

 
1. For the sum concentration of the four regulated THMs. 
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12.4 Chlorodibromomethane 

12.4.1 Dermal exposure 

A tolerable dose of 0.0161 mg/kg bw/day (16.1 µg/kg bw/day) has been derived for 
chlorodibromomethane, which is derived for lifetime exposure. Assuming an adult bodyweight 
of 60 kg, this would equate to a tolerable dose of 0.966 mg/day (966 µg/day). 

Using the dermal model, a chlorodibromomethane concentration of 100 µg/l and a 
temperature of 35°C, a 30-minute dermal exposure would result in an absorbed dose of  
5.91 µg. This represents approximately 0.6% of the tolerable daily dose. 

In 2000, the mean concentration of chlorodibromomethane reported in UK drinking waters 
was 6.9 µg/l (DWI pers. comm.). Using this concentration in the dermal model, the absorbed 
dose after 30 minutes will be 0.41 µg. This represents approximately 0.04% of the tolerable 
daily dose. 

12.4.2 Inhalation Exposure 

A tolerable concentration of 0.048 mg/m³ (48 µg/m³) has been derived for 
chlorodibromomethane, which is derived to be protective over a lifetime. Assuming a 
breathing 20 m³ air per day, this would equate to a tolerable inhaled dose of 0.96 mg/day  
(960 µg/day). 

Inhalation during Bathing 

Using the inhalation during bathing exposure model, at a chlorodibromomethane 
concentration of 100 µg/l, and the conditions stated above, a 30-minute bath would result in 
an estimated inhaled dose of 373.4 µg. This represents approximately 38.9% of the tolerable 
daily dose. 

The WHO GDWQ for bromoform is also 100 µg/l. 

In 2000, the mean concentration of chlorodibromomethane reported in UK drinking waters 
was 6.9 µg/l (DWI pers. comm.). Using this concentration in the inhalation during bathing 
model the inhaled dose after 30 minutes will be 25.8 µg. This represents approximately 2.7% 
of the tolerable daily dose. 

Inhalation during Showering 

Using the inhalation during bathing model, at a chlorodibromomethane concentration of  
100 µg/l and the conditions stated above, an inhaled dose of 432.2 µg is estimated after  
15 minutes. This represents approximately 45% of the tolerable daily dose. 

In 2000, the mean concentration of chlorodibromomethane reported in UK drinking waters 
was 6.9 µg/l (DWI pers. comm.). Using this concentration in the inhalation during showering 
model the inhaled dose after 15 minutes will be 29.8 µg. This represents approximately 3.1% 
of the tolerable daily dose. 
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12.4.3 Summary 

The outputs from the two inhalation models indicate that, in water containing 
chlorodibromomethane at the levels equal to the total THM drinking water standard, a single 
15-minute shower and 30-minute bath represents approximately 45% and 38.9% of the 
tolerable daily dose, respectively. Therefore it is conceivable that multiple exposures within 
one day could result in inhalation of a chlorodibromomethane dose greater than the tolerable 
daily dose. However, it should be emphasised that these are extreme exposure scenarios, as 
the concentration of chlorodibromomethane in UK drinking waters is typically far below this 
level. Comparison with the mean level reported in UK drinking waters in 2000 indicates that a 
single 15-minute shower and 30-minute bath represents approximately 3.1% and 2.7% of the 
tolerable daily dose, respectively. 

The dermal exposure model indicates that in water containing chlorodibromomethane at the 
levels equal to the total THM drinking water standard, a 30 minutes exposure represents 0.6% 
of the tolerable daily dose. 

The results of these scenarios are presented in Table 12.4. 

It should be noted that these exposure scenarios have been derived assuming exposure only 
from the one route (either dermally, via inhalation during bathing or via inhalation during 
showering). In a regulatory context it is important to consider combined exposure via the oral, 
dermal and inhalation routes. 
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Table 12.4 Comparison of the current drinking water standards/guidelines for 
chlorodibromomethane and mean bromodichloromethane level in UK 
drinking waters with tolerable daily doses 

Model Drinking 
water 
concentration 
(µg/l) 

Basis Tolerable daily 
dose (µg/day) 

Duration 
of 
exposure 

Inhaled/absorbed 
dose (µg/day) 

Inhaled/absorbed 
dose as a 
percentage of 
the tolerable 
daily dose 

Inhalation 
during 
bathing 

100 Drinking water 
standard1 / 
WHO GDWQ 

960 30 
minutes 

373.4 38.9% 

6.9 Mean level 
reported in UK 
drinking 
waters in 2000 

25.8 2.7% 

Inhalation 
during 
showering 

100 Drinking water 
standard1 / 
WHO GDWQ 

960 15 
minutes 

432.2 45% 

6.9 Mean level 
reported in UK 
drinking 
waters in 2000 

29.8 3.1% 

Dermal 100 Drinking water 
standard1 / 
WHO GDWQ 

966 30 
minutes 

5.91 0.6% 

6.9 Mean level 
reported in UK 
drinking 
waters in 2000 

0.41 0.04% 

 
1. For the sum concentration of the four regulated THMs. 
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13. COMBINED RISK ASSESSMENT 

The data provided in this report only consider a single pathway of exposure, either via the 
dermal or inhalation route. However, in considering if the current drinking water standard of 
100 µg/l is sufficiently protective, it is important to consider a combined oral, dermal and 
inhalation assessment. 

However, there are currently large uncertainties in this report, notably, toxicity data are very 
limited for most THMs and as a result route-to-route extrapolations have been used to derive 
tolerable doses. Even for those chemicals where route-specific toxicity data were located, 
large uncertainty factors have been applied to the NOAELs/NOAECs to account for the lack of 
data and the use of subchronic data. 

There are also large uncertainties in the exposure models. In the dermal model, most of the 
skin diffusion co-efficients (Kps) that have been located are estimated values, and even 
experimentally derived Kps show significant variation. No data were located in the literature 
that would allow the validation of the model output. Data in the literature on the exposure to 
THMs via the dermal route measure exhaled breath concentrations, which will only represent 
a portion of the total absorbed THM dose. No data were located which can be used to validate 
the inhalation during bathing model, and only a single study was located that can be used in 
comparison with the inhalation during showering model. This study indicates that the model is 
estimating inhaled doses of nearly twice that which have been reported in experiments. On 
this basis, it would appear that the model is precautionary; however, comparison with 
additional studies is required before any certainty can be applied to this conclusion. 

Therefore, it is only possible to produce, at best, a very crude combined risk assessment at 
this stage using the following formula and assuming a 60 kg adult drinking two litres of water 
per day, and taking one shower and one bath per day in water with an individual THM 
concentration of 100 µg/l: 

Oral exposure + Dermal (shower) + Inhalation (shower) + Dermal (bath) + Inhalation (bath) <1 
   Oral TDI        Dermal TDI             Inhalation TDI         Dermal TDI        Inhalation TDI 

If the output of this equation is less than 1, it would be anticipated that no adverse health 
effects would occur. If the output is greater than 1, there may be a concern for human health, 
however, it must be emphasised that due to the large uncertainty within the report this does 
not mean that adverse effects will occur. 

It should be noted that the outputs from the dermal model are based on 30-minutes exposure, 
regardless of method of exposure (bathing or showering), whereas, the output of the 
inhalation during showering model is based on 15-minutes exposure and the output of the 
inhalation during bathing model is based on 30-minutes exposure. 

THM exposure estimates and Tolerable Daily Intake values are as given in Table 13.1. 
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Table 13.1 Tolerable Daily Intakes via the oral, dermal and inhalation routes and 
estimated exposure assuming a drinking water concentration of 100 µg/l 

THM THM 
Conc. 
(µg/l) 

Oral 
Exposure 
(µg/day)1 

Oral 
TDI 
(µg/day) 

Dermal 
Exposure 
(µg/day) 

Dermal 
TDI 
(µg/day) 

Inhalation 
during 
Showering 
Exposure 
(µg/day) 

Inhalation 
during 
Bathing 
Exposure 
(µg/day) 

Inhalation 
TDI 
(µg/day) 

Chloroform 100 200 9002 167 4500 494.8 404.3 900 
Bromoform 100 200 10743 3.34 804 364.2 337.6 800 
Bromodichloromethane 100 200 4 5.01 2760 481.5 397.9 100 
Chlorodibromomethane 100 200 12845 5.91 966 432.2 373.4 960 
 
1. Assuming an individual drinking 2 litres of water with a THM concentration of 100 µg/l. 
2. WHO TDI of 15 µg/kg bw/day and assuming an adult of 60 kg bodyweight. 
3. WHO TDI of 17.9 µg/kg bw/day and assuming an adult of 60 kg bodyweight. 
4. WHO have not derived a TDI for bromodichloromethane, as a multi-stage cancer model was adopted in the 
derivation of their GDWQ. 
5. WHO TDI of 21.4 µg/kg bw/day and assuming an adult of 60 kg bodyweight. 

If the combined assessment suggests that the current drinking water standard is sufficiently 
protective for an individual THM, it will also be protective for the mean THM concentrations 
reported in 2000. Therefore, no further assessment is necessary. However, if the combined 
assessment suggests the drinking water standard is not sufficiently protective, comparisons 
will also be made with the mean THM concentrations to provide an indication of whether these 
levels are likely to be of concern. 

THM exposure estimates for typical THM concentrations and Tolerable Daily Intake values are 
as given in Table 13.2. 

Table 13.2 Tolerable Daily Intakes via the oral, dermal and inhalation routes and 
estimated exposure at typical THM concentrations 

THM THM 
Conc. 
(µg/l) 

Oral 
Exposure 
(µg/day)1 

Oral 
TDI 
(µg/day) 

Dermal 
Exposure 
(µg/day) 

Dermal 
TDI 
(µg/day) 

Inhalation 
during 
Showering 
Exposure 
(µg/day) 

Inhalation 
during 
Bathing 
Exposure 
(µg/day) 

Inhalation 
TDI 
(µg/day) 

Chloroform 12.5 25 9002 20.9 4500 61.8 50.5 900 
Bromoform 3.6 7.2 10743 0.12 804 13.1 12.2 800 
Bromodichloromethane 7.2 14.4 4 0.36 2760 34.7 28.6 100 
Chlorodibromomethane 6.9 13.8 12845 0.41 966 29.8 25.8 960 
 
1. Assuming an individual drinking 2 litres of water. 
2. WHO TDI of 15 µg/kg bw/day and assuming an adult of 60 kg bodyweight. 
3. WHO TDI of 17.9 µg/kg bw/day and assuming an adult of 60 kg bodyweight. 
4. WHO have not derived a TDI for bromodichloromethane, as a multi-stage cancer model was adopted in the 
derivation of their GDWQ. 
5. WHO TDI of 21.4 µg/kg bw/day and assuming an adult of 60 kg bodyweight. 

13.1 Chloroform 

Using the data in Table 13.1, a combined exposure value of 1.3 is derived. This would 
suggest that the current drinking water standard of 100 µg/l for total THMs may not be 
sufficiently protective. However, it must be re-emphasised that this is a very crude 
assessment; it is highly unlikely that chloroform will occur in drinking water in the UK at a 
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concentration of 100 µg/l and the limited validation of the dermal and inhalation exposure 
models that it has been possible to conduct suggests that the models may be over-estimating 
exposure. Therefore, due to the large uncertainty with the data, although this assessment 
indicates that the possibility of adverse effects cannot be excluded, it does not mean that 
adverse effects will occur. 

Using the typical concentration of chloroform reported in UK drinking waters in 2000 of  
12.5 µg/l (DWI pers. comm.) (Table 13.2), a combined exposure value of 0.16 is derived. This 
suggests that chloroform is unlikely to be of concern to human health at the levels typically 
found in UK drinking water supplies. 

13.2 Bromoform 

Using the data in Table 13.1, a combined exposure value of 1.06 is derived. This would 
suggest that the current drinking water standard of 100 µg/l for total THMs may not be 
sufficiently protective. However, as stated above, this is a very crude assessment. It is highly 
unlikely that bromoform will occur in drinking water in the UK at a concentration of 100 µg/l 
and the limited validation of the dermal and inhalation exposure models that it has been 
possible to conduct suggests that the models may be over-estimating exposure. Therefore, 
due to the large uncertainty with the data, although this assessment indicates that the 
possibility of adverse effects cannot be excluded, it does not mean that adverse effects will 
occur. 

Using the typical concentration of bromoform reported in UK drinking waters in 2000 of  
3.6 µg/l (DWI pers. comm.) (Table 13.2), a combined exposure value of 0.04 is derived. This 
suggests that bromoform is unlikely to be of concern to human health at the levels typically 
found in UK drinking water supplies. 

13.3 Bromodichloromethane 

The WHO GDWQ for bromodichloromethane was based on a linearised multistage cancer 
model, rather than a TDI approach. Therefore, as there is no oral TDI, oral exposure has been 
excluded from the combined exposure assessment. 

Using the data in Table 13.1, a combined exposure value of 8.8 is derived. This would 
suggest that, even without considering oral exposure, the current drinking water standard of 
100 µg/l for total THMs may not be sufficiently protective if bromodichloromethane were 
present in a drinking water supply of 100 µg/l. However, as stated above that this is a very 
crude assessment; it is highly unlikely that this bromodichloromethane concentration will occur 
and the limited validation of the dermal and inhalation exposure models that has been 
possible suggests that the models may be over-estimating exposure. Therefore, due to the 
large uncertainty with the data, although this assessment indicates that the possibility of 
adverse effects cannot be excluded, it does not mean that adverse effects will occur. 

Using the typical concentration of bromodichloromethane reported in UK drinking waters in 
2000 of 7.2 µg/l (DWI pers. comm.) (Table 13.2), a combined exposure value (excluding oral 
exposure) of 0.63 is derived. This would appear to suggest that bromodichloromethane is 
unlikely to be of concern to human health at the levels typically found in UK drinking water 
supplies, however, as oral exposure has not been considered, no firm conclusions can be 
drawn. 
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13.4 Chlorodibromomethane 

Using the data in Table 13.1, a combined exposure value of 1.01 is derived. This would 
suggest that the current drinking water standard of 100 µg/l for total THMs may not be 
sufficiently protective. However, as stated above, this is a very crude assessment. It is highly 
unlikely that chlorodibromomethane will occur in drinking water in the UK at a concentration of 
100 µg/l and the limited validation of the dermal and inhalation exposure models that it has 
been possible to conduct suggests that the models may be over-estimating exposure. 
Therefore, due to the large uncertainty with the data, although this assessment indicates that 
the possibility of adverse effects cannot be excluded, it does not mean that adverse effects 
will occur. 

Using the typical concentration of chlorodibromomethane reported in UK drinking waters in 
2000 of 6.9 µg/l (DWI pers. comm.) (Table 13.2), a combined exposure value of 0.07 is 
derived. This suggests that chlorodibromomethane is unlikely to be of concern to human 
health at the levels typically found in UK drinking water supplies. 

13.5 Summary 

There are large uncertainties in this report, notably, the limited route-specific toxicity data, and 
the lack of data to allow validation of the dermal and inhalation exposure models. These 
uncertainties make interpretation of any combined exposure assessment very tenuous and 
therefore, it is only possible to produce, at best, to produce a very crude combined risk 
assessment at this time. 

Using a concentration for each individual THM of 100 µg/l, and assuming a 60 kg adult 
drinking 2 litres of water per day as well as taking one shower and one bath per day is an 
extreme scenario. It is highly unlikely that any THM will be present in drinking water at this 
concentration. The combined assessment suggests that the drinking water standard may not 
be sufficiently protective for any of the regulated THMs.  

Using THM levels that are typically found in drinking water appears to suggest that chloroform, 
bromoform and chlorodibromomethane are not of health concern. Only a partial combined 
assessment has been possible for bromodichloromethane, as the WHO has not derived a TDI 
for this chemical. This partial assessment suggests that bromodichloromethane exposure via 
the dermal and inhalation routes is not of health concern at levels that are typically found in 
drinking water. However, no firm conclusion can be drawn about total exposure. 

Further investigation of THMs via the dermal and inhalation routes will allow the reassessment 
of the tolerable doses, with the aim of reducing in the uncertainty of the data. Additional data 
on the exposure to THMs via these routes will allow better validation of the models, and a 
more robust assessment considering the combined effects of oral, dermal and inhalation 
exposure can be conducted. 
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14. CONCLUSIONS AND RECOMMENDATIONS 

14.1 Dermal Toxicity 

Data on the dermal toxicity of THMs are extremely limited. No repeat dose studies were 
located on chloroform, bromoform or chlorodibromomethane via the dermal route. Three 
robust repeat dose studies were located on bromodichloromethane via the dermal route. 

Using the available toxicity data, tolerable concentrations have been derived for each of the 
four regulated THMs. These tolerable daily concentrations are presented in Table 14.1. 

Table 14.1  Tolerable Daily Doses via the Dermal Route 

Trihalomethane Basis of Derivation Tolerable Daily Dose 
(µg/kg bw/day³) 

Tolerable Daily 
Absorbed Dose 
(µg/day)1 

Chloroform Oral-to-dermal extrapolation 75 4500 
Bromoform Oral-to-dermal extrapolation 13.4 804 
Bromodichloromethane Robust subchronic data 46 2760 
Chlorodibromomethane Oral-to-dermal extrapolation 16.1 966 
 
1. Calculated based on an adult bodyweight of 60 kg. 

A limited number of studies have been located that examine exposure to THMs via the dermal 
route. These studies measure exposure through exhaled breath. Therefore, they may not be 
truly representative of the absorption of THMs, as significant metabolism may have taken 
place prior to exhalation. 

A model has been derived to estimate exposure to individual THMs via the dermal route 
during bathing and showering, the outputs of which have been compared to doses at which 
adverse health effects are considered unlikely, using the current total THM drinking water 
standard of 100 µg/l and the World Health Organization (WHO) Guidelines for Drinking-water 
Quality (GDWQ) as benchmarks for exposure. This model assumes all exposure to each THM 
has come from the dermal exposure. These data are presented in Table 14.2. As stated 
above, these benchmarks are extreme exposure scenarios, as individual THMs would not be 
expected to be found in UK drinking waters, comparisons have also been made with the mean 
concentrations of each of the THMs detected in UK drinking waters in 2000.  

These data indicate that even with the extreme exposure scenarios, it is unlikely that an 
individual will be exposed to individual THMs via the dermal route at a dose at which adverse 
health effects would be anticipated. 
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Table 14.2  Comparison of the current drinking water standards/guidelines with 
estimated absorbed doses via the dermal route 

Trihalomethane Drinking 
water 
concentration 
(µg/l) 

Basis Duration 
of 
exposure 

Absorbed 
dose 
(µg/day) 

Absorbed dose as a 
percentage of the 
tolerable daily dose 

Chloroform 100 Drinking water 
standard1 

30 minutes 167 3.7% 

300 WHO GDWQ 501 11.1% 
12.5 Mean level 

reported in 
2000 

20.9 0.46% 

Bromoform 100 Drinking water 
standard1/ 
GDWQ 

30 minutes 3.34 0.4% 

3.6 Mean level 
reported in 
2000 

0.12 0.01% 

Bromodichloromethane 100 Drinking water 
standard1 

30 minutes 5.01 0.18% 

60 WHO GDWQ 3.01 0.1% 
7.2 Mean level 

reported in 
2000 

0.36 0.01% 

Chlorodibromomethane 100 Drinking water 
standard1/ 
GDWQ 

30 minutes 5.91 0.6% 

6.9 Mean level 
reported in 
2000 

0.41 0.04% 

 
1. For the sum concentration of the four regulated THMs. 

14.2 Inhalation Toxicity 

With the exception of chloroform, data on the toxicity of THMs via the inhalation route are 
extremely limited. Two repeat dose toxicity studies were located for bromoform, however, both 
of these studies were of low quality and a NOAEC was only identified for one study. Two 
repeat dose studies were located for bromodichloromethane, however, a NOAEL was 
identified for only one of these studies. No data on the toxicity of chlorodibromomethane via 
the inhalation route were located. 

Using the available toxicity data, tolerable concentrations have been derived for each of the 
four regulated THMs. These tolerable concentrations are presented in Table 14.3. 
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Table 14.3  Tolerable Daily Concentrations via the Inhalation Route 

Trihalomethane Basis of Derivation Tolerable Daily 
Concentration 
(µg/m³/day) 

Tolerable Daily 
Inhaled Dose 
(µg/day)1 

Chloroform Robust chronic toxicity data 45 900 
Bromoform Oral-to-inhalation extrapolation 40 800 
Bromodichloromethane Robust subchronic data 5 100 
Chlorodibromomethane Oral-to-inhalation extrapolation 48 960 
 
1. Calculated based on an adult breathing rate of 20 m³ air/day. 

Several studies have been located that examine the exposure to THMs via the inhalation 
route. Most of these studies measure exposure through exhaled breath or blood 
concentration. A study conducted by Jo et al. (1990) used chloroform concentrations of up to 
37 µg/l and calculated exhaled breath concentrations of up to 10 µg/m³. Xu and Weisel 
(2005b) used chloroform concentrations of up to 10 µg/l and calculated average absorbed 
doses of 10.8 and 19.5 µg for 10 and 15 minute showers, respectively, and an average 
expired dose of 0.69 µg. 

Models have been derived to estimate exposure to individual THMs via the inhalation route 
during bathing and showering, the outputs of which have been compared to the inhaled doses 
at which adverse health effects are considered unlikely, using the current drinking water 
standard of 100 µg/l and the World Health Organization (WHO) Guidelines for Drinking-water 
Quality (GDWQ) as benchmarks for exposure, and assuming all exposure to each THM has 
come from only one source. These data are presented in Table 14.4. These benchmarks are 
extreme exposure scenarios, as individual THMs would not be expected to be found in UK 
drinking waters at the same concentration for the total THM drinking water standard or the 
WHO GDWQ. Comparisons have also been made with the mean concentrations of each of 
the THMs detected in UK drinking waters in 2000. While these provide more realistic exposure 
estimates, it should be noted that these too may be over-estimates of the concentrations of 
individual THMs in UK drinking waters, as the mean total THM concentration in 2000 was 
approximately 40 µg/l, whereas in 2006, the mean total THM concentration was 25 µg/l (DWI 
pers. comm.). 

It should be noted that these exposure scenarios have been derived assuming exposure only 
from the one route. In a regulatory context it is important to consider combined exposure via 
the oral, dermal and inhalation routes. 

These data indicate that if bromodichloromethane is present in drinking water at a 
concentration of 100 µg/l, the inhaled dose during a 30 minute bath or a 15 minute shower will 
exceed the tolerable dose, and therefore the possibility of adverse health effects occurring 
cannot be discounted. If the other THMs are present in the drinking water at this 
concentration, a single exposure will not exceed their respective tolerable doses, however, it 
is conceivable that multiple exposures within one day could exceed the tolerable dose, and 
therefore the possibility of adverse health effects occurring cannot be discounted. However, it 
should again be emphasised that these are extreme exposure conditions, as concentrations of 
THMs in UK drinking waters are significantly below this level. 

Using the mean concentrations of each THM reported in 2000, the data indicate that for most 
THMs, a realistic amount of repeated exposure is unlikely to exceed a dose at which adverse 
health effects would be anticipated, with the exception of bromodichloromethane. The models 
indicate that multiple exposures within one day could exceed the tolerable dose, and therefore 
the possibility of adverse health effects occurring cannot be discounted. 
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Table 14.4  Comparison of the current drinking water standards/guidelines with estimated inhaled doses 

Trihalomethane Model Drinking water 
concentration 
(µg/l) 

Basis Duration of 
exposure 

Inhaled 
dose 
(µg/day) 

Inhaled dose as a 
percentage of the 
tolerable daily dose 

Chloroform Inhalation during bathing 100 Drinking water standard1 30 minutes 404.3 44.9% 
300 WHO GDWQ 1213 134.8% 
12.5 Mean level reported in 2000 50.5 5.6% 

Inhalation during showering 100 Drinking water standard1 15 minutes 494.8 55% 
300 WHO GDWQ 1484.3 164.9% 
12.5 Mean level reported in 2000 61.8 6.9% 

Bromoform Inhalation during bathing 100 Drinking water standard1/ 
GDWQ 

30 minutes 337.6 42.2% 

3.6 Mean level reported in 2000 12.2 1.5% 
Inhalation during showering 100 Drinking water standard1/ 

GDWQ 
15 minutes 364.2 45.5% 

3.6 Mean level reported in 2000 13.1 1.6% 
Bromodichloromethane Inhalation during bathing 100 Drinking water standard1 30 minutes 397.9 397.9% 

60 WHO GDWQ 238.7 238.7% 
7.2 Mean level reported in 2000 28.6 28.6% 

Inhalation during showering 100 Drinking water standard1 15 minutes 481.5 481.5% 
60 WHO GDWQ 288.9 288.9% 
7.2 Mean level reported in 2000 34.7 34.7% 

Chlorodibromomethane Inhalation during bathing 100 Drinking water standard1/ 
GDWQ 

30 minutes 373.4 38.9% 

6.9 Mean level reported in 2000 25.8 2.7% 
Inhalation during showering 100 Drinking water standard1/ 

GDWQ 
15 minutes 432.2 45% 

6.9 Mean level reported in 2000 29.8 3.1% 
 
1. For the sum concentration of the four regulated THMs. 
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14.3 Combined exposure assessment 

Due to the uncertainties in the toxicity data and exposure model, it is only possible to produce, 
at best, a very crude combined risk assessment at this stage. Assessments have been 
conducted assuming a 60 kg adult drinking two litres of water per day, and taking one shower 
and one bath per day. 

Using the drinking water standard of 100 µg/l as the concentration of each individual THM in 
drinking water, a highly extreme scenario, the combined assessment indicates that the 
drinking water standard may not be sufficiently protective for each of the four regulated THMs. 

Using THM levels that are typically found in drinking water appears to suggest that chloroform, 
bromoform and chlorodibromomethane are not of health concern. Only a partial combined 
assessment has been possible for bromodichloromethane, as the WHO has not derived a TDI 
for this chemical. This partial assessment suggests that bromodichloromethane exposure via 
the dermal and inhalation routes is not of health concern at levels that are typically found in 
drinking water. However, no firm conclusion can be drawn about total exposure. 

Further investigation of THMs via the dermal and inhalation routes will allow the reassessment 
of the tolerable doses, with the aim of reducing in the uncertainty of the data. Additional data 
on the exposure to THMs via these routes will allow better validation of the models, and a 
more robust assessment considering the combined effects of oral, dermal and inhalation 
exposure can be conducted. 

14.4 Conclusions 

Exposure from water to the four regulated THMs may be via oral consumption, or by the 
inhalation and dermal routes, principally by showering and bathing. The oral route has 
previously been considered in setting standards, and inhalation and dermal exposure have 
been considered separately in this report.  

For the purposes of this report, each of the four regulated THMs has been considered 
individually for the purposes of deriving levels at which no adverse health effects would be 
anticipated. However, THMs are highly unlikely to occur in isolation in drinking water and 
therefore it would not be anticipated that an individual THM would be present in drinking water 
at the total THM drinking water standard of 100 µg/l. However, using this value for individual 
THMs provides a benchmark for an extreme exposure assessment to determine if the drinking 
water standard is sufficiently protective following exposure via the oral and dermal routes. 

Levels below which adverse health effects would not be anticipated have been derived for 
each THM via the dermal and inhalation routes. Data on the toxicity of THMs via these routes 
are extremely limited and in most cases no data were located. As a result route-to-route 
extrapolations using oral toxicity data and the application of large uncertainty factors to toxicity 
data have been necessary to derive these levels. 

Models have been derived to estimate exposure to individual THMs via the dermal and 
inhalation route. However, it should be noted that the outputs from these models have a high 
degree of uncertainty. Each model assumes that all exposure to each THM is from a single 
route (dermal or inhalation) and biological processes, such as metabolism were not taken into 
consideration. 
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The models developed suggest that for the dermal route, at individual THM concentrations of 
100 µg/l, it is unlikely that an individual will be exposed to a dose at which adverse health 
effects would be anticipated. 

For the inhalation route, the models suggest that a single bath or shower in water containing 
bromodichloromethane at a concentration of 100 µg/l will exceed an inhaled dose at which 
adverse health effects can be considered unlikely. If the other THMs are present in the 
drinking water at this concentration, a single exposure will not exceed an inhaled dose at 
which adverse health effects can be considered unlikely, however, more than one shower or 
two baths in chloroform at this concentration, or more than two showers or baths in the other 
THMs could exceed the tolerable dose, and therefore the possibility of adverse health effects 
occurring cannot be discounted. On this basis, it may appear that the drinking water standard 
of 100 µg/l for concentrations of individual THMs may not be sufficiently protective. 

However, it should be emphasises that these are extreme exposure scenarios, that are highly 
unlikely to occur in the UK since the UK standard applies to the sum concentration of the four 
THMs. There is also a high degree of uncertainty in the models and in the toxicity data. 
Therefore, whilst the possibility of adverse health effects occurring cannot be excluded, this 
does not mean that adverse effects will occur. 

Using mean concentration data reported for each of the individual THMs in 2000 provides a 
more realistic exposure scenario. These data indicate that for most THMs it is unlikely that an 
individual will be exposed to a dose at which adverse health effects would be anticipated. The 
exception to this is bromodichloromethane, where more than three 30-minute baths or more 
than two 15-minute showers in one day may result in exposure to an inhaled dose which will 
exceed the tolerable dose. Again, it should be emphasised that while it is not possible to 
exclude the possibility of adverse effects occurring, due to the large uncertainty with the data, 
it does not mean that adverse effects will occur. 

It is interesting to note that of the four regulated THMs, the World Health Organization have 
derived the lowest Guideline for Drinking-water Quality (GDWQ) for bromodichloromethane. In 
the first addendum to the third edition of its guidelines, WHO considered a guideline value of 
21 µg/l for oral exposure, based on a linearised multistage model for increases in incidence of 
kidney tumours in male mice. However, WHO retained a previously derived GDWQ of 60 µg/l. 
There were two reasons for this, firstly, both values were based on the same study, however, 
different models were used to derive the different values, and secondly, WHO noted that it is 
difficult to reduce the concentration of bromodichloromethane to below 50 µg/l without 
reducing the effectiveness of disinfection (WHO, 2005). 

Due to the uncertainty in the toxicity data and the exposure models, the risk assessments 
presented in this report are highly precautionary. The details of these uncertainties have been 
fully described in Appendix A. When considering the regulation of THMs it is important to 
consider the combined effect of oral, dermal and inhalation exposure. A crude combined risk 
assessment has been considered in this report. This crude assessment was based on the 
results of the highly precautionary toxicity data and exposure models, and is therefore also 
likely to be highly precautionary. The combined assessment indicates that the drinking water 
standard may not be sufficiently protective for any of the individual THMs. Given the large 
uncertainty that currently exists in this risk assessment, it is not currently possible to derive a 
more robust combined risk assessment. Further investigation of the toxicity and toxicokinetics 
of THMs via the dermal and inhalation routes could reduce this uncertainty and allow further 
consideration of the standards for THMs by regulatory authorities to be conducted. 
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APPENDIX A UNCERTAINTIES WITHIN THE DATA PRESENTED 
IN THIS REPORT 

There are many uncertainties in the data presented in this report. The table below lists these 
uncertainties and identifies methods by which they may be reduced. 

Table A1 Uncertainties within the data presented in this report 

Uncertainty Method by which the uncertainty 
was addressed 

Method to reduce the uncertainty 

Limited route specific toxicity data An additional uncertainty factor of 
10 was applied to the derivation of 

the tolerable dose 

Additional toxicity studies will allow 
re-assessment of the use of the 

additional uncertainty factor 
No route specific toxicity data Route-to-route extrapolations using 

the oral TDIs derived by the WHO 
were used to derive tolerable doses 

relevant to either the dermal or 
inhalation routes 

Route specific toxicity data will allow 
route-specific tolerable doses to be 

derived 

Inhalation toxicity studies use 
experimental animals exposure to 
THMs for several hours per day 

Inhalation NOAECs have been 
adjusted to a continuous  

(24 hour/day) exposure. Using a 
NOAEC following adjustment for  

24-hour exposure is likely to result 
in increased conservatism 

- 

Limited data available to validate 
exposure models 

Exposure models have been 
created based on physico-chemical 
data. Validation using experimental 

data has been conducted where 
possible. These data indicate the 
models may be overestimating 
exposure and therefore may be 

slightly precautionary. 
 

Exposure scenarios of 15 minutes 
for showering and 30 minutes for 

bathing were derived. These 
durations represent the maximum 

time spend showering and bathing, 
respectively, for >90% of individuals 
in a survey conducted by the DWI. 

Additional exposure data will allow 
for the validation and refinement of 

the models 

Models do not consider the 
toxicokinetics of THMs 

Very limited validation of the models 
has been possible and limited 

toxicokinetic data were located. It 
was deemed that modification of the 

models to consider toxicokinetic 
parameters was likely to increase 
uncertainty within the models as it 

would provide another un-validated 
parameter 

Additional exposure and 
toxicokinetic data will allow for the 

refinement of the models 

Each model only considers a single 
route of exposure 

A crude combined exposure 
assessment has been conducted. 
The assement is considered to be 

crude as it is based on the 
toxicological data and model 

outputs, both of which have large 
uncertainties 

Addressing the uncertainties in the 
toxicological and model data will 

allow for a refinement of the 
combined exposure assessment 
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APPENDIX B  LITERATURE SEARCH 

The following sources were searched in this report. 

ATSDR (http://www.atsdr.cdc.gov/toxpro2.html) 

Australian Chemical Review Programme   
(http://www.apvma.gov.au/chemrev/ChemRevProgram.shtml) 

ChemID Plus (http://chem.sis.nlm.nih.gov/chemidplus/) 

Committee on Toxicity (http://www.advisorybodies.doh.gov.uk/Cot/index.htm) 

Defra (http://www.defra.gov.uk/) 

Department of Health (http://www.dh.gov.uk/Home/fs/en) 

Environment Agency (http://www.environment-agency.gov.uk/) 

European Chemicals Bureau (http://ecb.jrc.it/ESIS) 

European Environment Agency (http://www.eea.europa.eu/) 

European Food Safety Authority  
 (http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_home.htm) 

Food Standards Agency (http://www.food.gov.uk/) 

Health Council of the Netherlands (http://www.gezondheidsraad.nl/en) 

HPA Compendium of Chemical Hazards   
(http://www.hpa.org.uk/webw/HPAweb&Page&HPAwebAutoListDate/Page/1153846673455?p
=1153846673455) 

HSE (http://www.hse.gov.uk/) 

International Agency for Research on Cancer (http://monographs.iarc.fr/ENG/Classification/) 

IPCS INCHEM (http://www.inchem.org/) 

OECD SIDS Programme (http://www.chem.unep.ch/irptc/sids/oecdsids/sidspub.html) 

PubMed (http://www4.ncbi.nlm.nih.gov/PubMed/) 

Science Direct (http://www.sciencedirect.com/) 

SRC Physprop database (http://esc.syrres.com/interkow/physdemo.htm) 

TOXNET (http://toxnet.nlm.nih.gov/) 

US EPA (http://www.epa.gov/) 

US National Toxicology Programme (http://ntp-server.niehs.nih.gov/) 
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World Health Organization (http://www.who.int/) 


