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SUMMARY 
 
I OBJECTIVES 
 
The objectives of this project were to: (a) provide a review of existing data on the 
concentrations of nitrogen-containing disinfection by-products (N-DBPs) in drinking water in 
the UK and worldwide and identify key factors that are linked to elevated concentrations of N-
DBPs; (b) provide estimates of the concentrations of N-DBPs that are likely to occur in the UK; 
(c) provide a comprehensive review of the existing toxicology information available for 
nitrogen-containing DBPs; (d) conduct a high-level risk assessment based on estimates of 
daily exposure, where sufficient information is available; (e) provide a review of laboratory 
methods that have been developed for the analysis of N-DBPs in water samples; and (f) 
provide a priority list of N-DBPs for further consideration in the UK. 
 
The N-DBPs in this project excluded the nitrosamines. N-nitrosodimethylamine (NDMA) was 
considered in a previous Defra project, DWI 70/2/210.   
 
II MOTIVATION 
 
Recent drinking water utility surveys in the US and other countries have reported the 
occurrence of a large number (i.e. hundreds) of DBPs in treated drinking waters. These 
include a range of N-DBPs which have been reported to occur mostly in the low to sub-
microgram per litre concentration range in treated drinking water. N-DBPs are believed to be 
more toxic than the currently regulated group of DBPs in the UK, the trihalomethanes. 
However, there is sparse toxicology information available for many of these compounds, and 
specifically there have been very few in vivo toxicity studies using animals, which produce the 
most directly relevant type of toxicology data when considering probable human health effects. 
Also, the source water characteristics and water treatment conditions that lead to the 
formation of N-DBPs are unclear and there are very limited or no occurrence data for most N-
DBPs in UK drinking waters currently. Therefore, at the time of this project, it was unclear 
what, if any, risk might be posed by N-DBPs in UK drinking waters. 
 
III CONCLUSIONS 
 
• Occurrence – There are a very large number of N-DBPs that have been reported to 

potentially occur in drinking water, including the groups of haloacetamides, 
halonitromethanes, and haloacetonitriles, as well as others. These compounds are 
typically present at low to sub-microgram per litre levels, i.e. <10 µg/L. Different factors 
have been reported to influence the formation of each of these N-DBP groups. Elevated 
dissolved organic nitrogen (DON) in the source water is a common contributor to the 
formation of several types of N-DBPs. Pre-oxidation (e.g. pre-ozonation) and 
chloramination have also been associated with the increased formation of some N-DBPs 
relative to chlorination; however, this may be at least partially due to these treatment 
processes being more commonly applied when treating waters with elevated total organic 
carbon and bromide and hence which are more likely to form N-DBPs.  
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• Potential Concentrations in UK drinking water – There are currently very sparse 

occurrence data for N-DBPs in UK drinking water. One UK survey reported values 
generally <1 µg/L for selected N-DBPs in Scotland, including certain haloacetonitriles and 
chloropicrin, however there is no data for the many other types of N-DBPs or across the 
UK as a whole. Therefore, a questionnaire was circulated to seven UK water companies to 
gather information about relevant water quality and treatment practices which may indicate 
the likelihood of N-DBP formation. Based on the questionnaire responses, it is anticipated 
that the concentrations of N-DBPs in the UK may be lower than those reported in previous 
US surveys, due to differences in treatment practices and source water quality 
characteristics. Few UK water companies currently collect source water DON data, which 
would be useful for identifying works with potentially higher risk of N-DBP formation.  

 
• Analytical Methods – Standardised analytical methods have been developed by the 

USEPA and have been used in US nationwide surveys for some of the N-DBP groups, 
however for other N-DBPs there are only methods that have been used in research 
settings. The method detection limits for most N-DBP methods are at, or just below, the 
concentration range that has typically been reported in drinking water samples. Detection 
capabilities may be enhanced through concentration techniques using extraction methods 
with large volume samples.  

 
• Toxicology – The amount of available toxicology information varies considerably 

depending on the N-DBP, with some groups of N-DBPs having little or no reported 
information (e.g. the haloacetamides) and others having been fairly extensively studied  
(e.g. the haloacetonitriles, chloropicrin). Overall, however, for all N-DBPs, there have been 
very few in vivo animal toxicology studies, which are considered to produce the most 
directly relevant data for extrapolating to probable human health risks. Measurements of in 
vitro cytotoxicity and genotoxicity have been conducted for several N-DBPs, which can at 
least be used as an indicator of the potential risk of the N-DBPs relative to one another. N-
DBPs have been reported to be more cytotoxic and genotoxic than non-nitrogen-containing 
DBPs, and iodinated and brominated N-DBPs are more toxic than their chlorinated 
counterparts.  

 
• Risk Assessment – The maximum N-DBP concentrations reported in drinking water were 

used to estimate the daily exposure of humans (mg/kg/day), which was compared against 
the no-observed-adverse-effect-level (NOAEL) or lowest-observed-adverse-effect-level 
(LOAEL) data from in vivo toxicology studies where available. The estimated daily 
exposure is at least on the order of 10,000 times lower than the NOAEL or LOAEL, and in 
many cases more than 100,000 times lower. This simple risk estimate neglects factors 
such as potential mixture effects and other routes of exposure (e.g. inhalation, dermal, 
diet). It should also be stressed that this risk calculation could only be performed for a very 
limited number of N-DBPs, due to incomplete toxicology data (especially a lack of in vivo 
data), and therefore no comment can be made on the probable human health risks posed 
by most of the N-DBPs. The WHO has recommended limits on three N-DBPs (2,2-
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dichloroacetonitrile, 2,2-dibromoacetonitrile, and cyanogen chloride). The USEPA has also 
ranked N-DBPs in terms of the level of concern of carcinogenicity, and certain N-DBPs 
rank at the ‘moderate’ concern level, including several halonitromethanes and 
haloacetonitriles. 

 
IV RECOMMENDATIONS 
 
• Priority N-DBPs for Further Consideration – There are still very limited UK occurrence 

data and insufficient toxicology information to be able to form definitive conclusions about 
the public health importance of N-DBPs. Priority for further investigation may initially be 
given to those N-DBPs for which there are existing WHO-recommended drinking water 
guideline values (2,2-dichloroacetonitrile, 2,2-dibromoacetonitrile, cyanogen chloride) and 
possibly also the N-DBPs which have been ranked as of at least ‘moderate’ concern for 
carcinogenicity by the USEPA based on structure-activity relationship analysis, including 
several of the halonitromethanes and haloacetonitriles.   

 
• UK Information Needs – There are very limited UK occurrence data for only some of the 

N-DBPs and no data at all for many of the N-DBPs which have been reported to occur in 
other countries. It would be prudent to conduct a UK-wide occurrence study to confirm that 
the concentrations of N-DBPs in the UK do not exceed those reported in other countries. 
Collection of DON data for UK source waters may be a first step to identify treatment 
plants of potentially elevated risk of N-DBP formation. There is also a clear need for more 
in vivo animal toxicology studies and epidemiological studies of health outcomes in human 
populations before reliable risk calculations can be attempted for most of the N-DBPs. 
Developing a better understanding of N-DBP formation mechanisms and relevant 
treatment practices, especially with regard to the specific role of source water DON and the 
impacts of different disinfection protocols (e.g. different chlorination/chloramination 
procedures) could lead to improved strategies for minimising N-DBP formation during 
water treatment and distribution.  
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1.  INTRODUCTION 

Recent surveys of drinking water utilities in the US and other countries have reported the 
occurrence of hundreds of disinfection by-products (DBPs) in treated drinking waters. These 
include a range of nitrogen-containing DBPs (N-DBPs) which have been reported to occur 
mostly in the low to sub-microgram per litre concentration range in drinking water. N-DBPs are 
believed to be more toxic than the only currently regulated group of DBPs in the UK, the 
trihalomethanes; the current UK limit on total trihalomethanes in treated drinking water is 100 
micrograms per litre. However, there is sparse toxicology information available for many of 
these N-DBP compounds, and specifically there have been very few in vivo toxicity studies 
using animals, which are the most directly relevant type of toxicology data when considering 
probable human health effects. Also, the source water characteristics and water treatment 
conditions that lead to the formation of N-DBPs are not entirely well understood and there is 
very limited or no occurrence data for most N-DBPs in UK drinking waters currently. Therefore, 
at the time of this project, it was unclear what, if any, risk might be posed by N-DBPs in UK 
drinking waters. 
 
The general objectives of this project were to: (a) provide a review of existing data on the 
concentrations of N-DBPs in drinking waters in the UK and worldwide and identify key factors 
that are linked to elevated concentrations of N-DBPs; (b) provide estimates of the 
concentrations of N-DBPs that are likely to occur in the UK; (c) provide a comprehensive 
review of the existing toxicology information available for nitrogen-containing DBPs; (d) 
conduct a high-level risk assessment based on estimates of daily exposure, where sufficient 
information is available; (e) conduct a review of laboratory methods that have been developed 
for the analysis of N-DBPs in water samples; and (f) provide a priority list of N-DBPs for further 
consideration in the UK. 
 
The N-DBPs reviewed in this project excluded the nitrosamines. N-nitrosodimethylamine 
(NDMA) was considered in a previous Defra project, DWI 70/2/210.   
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2.  CURRENT INFORMATION ON THE OCCURRENCE OF NITROGEN-CONTAINING 
DISINFECTION BY-PRODUCTS IN DRINKING WATER  

2.1 List of Potential Nitrogen-Containing Disinfection By-Products in Drinking Water 

Table 2.1 lists the nitrogen-containing disinfection by-products (N-DBPs) that have been 
quantified in water utility occurrence surveys and/or in laboratory formation studies that were 
conducted under representative treatment conditions. The occurrence of three N-DBP groups, 
the haloacetonitriles (HANs), halonitromethanes (HNMs) and cyanogen halides (CNX) have 
been widely reported in the last three decades. The presence of haloacetamides, as 
intermediate products of haloacetonitrile hydrolysis, was reported only relatively recently 
(Weinberg et al., 2002; Plewa et al., 2008a). Other N-DBPs such as 3-bromobutanenitrile and 
2,3,5-tribromopyrrole are not commonly found in drinking water, however evidence suggests 
that they are only formed under specific conditions (Richardson et al., 2003).  

There are also a large number of other nitrogen-containing compounds which have been 
theorised to be potentially formed in drinking water as DBPs under typical treatment conditions 
based on their chemical structures and hypothesised chemical reaction mechanisms (e.g. Bull 
et al., 2006) however these compounds have never been actually measured in water samples 
or in laboratory formation studies. These compounds are listed in Table A.1 in Appendix A for 
reference.    

2.2 Occurrence Data for Nitrogen-Containing Disinfection By-Products 

2.2.1 US Nationwide DBP Occurrence Study  

N-DBPs have been identified in drinking waters all over the world. Of particular interest is a  
survey of 12 US full-scale water treatment plants that was carried out in 2000-2002 to 
evaluate the formation of a range of DBPs (Weinberg et al., 2002; Krasner et al., 2006). The 
treatment plants surveyed used a variety of disinfectants, including chlorine, ozone, chlorine 
dioxide, chloramines and combinations of these disinfectants. More than 500 DBPs were 
reported, among which approximately 70 ‘priority’ DBPs were identified as the highest ranking 
for potential toxicity through a structure-activity relationship (SAR) analysis (Woo et al., 2002). 
Certain emerging DBPs which contain nitrogen, such as halonitromethanes (HNMs) and 
haloacetonitriles (HANs), were reported to be significantly more toxic than currently regulated 
DBPs.  

The water sources chosen in the survey reflected the characteristics of diverse geographic 
regions. Many waters were selected for their high concentration of total organic carbon (TOC) 
and bromide (Table 2.2) and were thus thought likely to generate high levels of brominated 
DBPs. Therefore, the DBP formation that was reported may be above the levels that are 
present in many treatment plants. In the survey, trihalomethanes (THMs) and haloacetic acids 
(HAAs) were the two main DBP groups found in finished water, with haloaldehydes making up 
the third largest class. The formation of unregulated DBPs such as N-DBPs was reported at 
comparatively low levels (sub- to low µg/L levels). Although alternative disinfectants including 
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ozone, chlorine dioxide and chloramines effectively reduced the formation of THMs and HAAs, 
higher concentrations of N-DBPs were formed as a result of their application.  

Table 2.3 shows the occurrence of N-DBPs in the finished waters of 12 plants over the five 
quarters of the survey. Among the three main N-DBPs classes noted, HANs had the highest 
formation, with median and maximum values of 3 µg/L and 14 µg/L, respectively. The most 
prevalent HAN was dichloroacetonitrile (DCAN), with a median concentration of 1 µg/L. The 
formation of HNMs was slightly lower with a median yield of 1.5 µg/L. A wide range of 
concentrations for individual halonitromethanes was reported (0.1 to 5 µg/L). 
Bromochloronitromethane, bromodichloronitromethane, trichloronitromethane (TCNM, also 
known as chloropicrin) and bromopicrin were the dominant species formed, with maximum 
yields in the range 2.0-5.0 µg/L. The predominance of brominated halonitromethanes reflects 
the high bromide concentrations of the source waters. The occurrence of haloacetamides 
(HAcAms) was reported for the first time, with 2,2-dichloroacetamide being the most 
prominent species. Haloacetamides were frequently identified in finished water from plants 6, 
11 and 12, where chlorine dioxide was applied prior to chlorine/chloramine. In samples taken 
in February 2002, all five haloacetamide species were identified in plant 11 and 12. The 
concentration of individual species ranged from 0.4 to 2.8 µg/L in the plant effluent. 

For the 12 plants included in the survey, the highest yields of a variety of N-DBP species were 
generally observed in plants 10, 11 and 12, all of which featured chloramination (Table 2.2). It 
was noted that in the plants forming higher HAN levels, not only were chloramines the main 
disinfectant, but additionally the disinfection process was conducted at relatively low pH. 
Higher amounts of brominated HANs were reported in March for plants 11 and 12, due to 
higher levels of bromide. A greater amount of bromopicrin was found in plant 12, the 
concentration of which increased from not detected to 5 µg/L when the bromide concentration 
in water rose to 0.33 mg/L, whereas plant 10, which had relatively lower bromide 
concentration, had the highest trichloronitromethane formation.  

2.2.2 US N-DBP Study 

In 2006-2007, a survey of 16 drinking water treatment plants was carried out across the US to 
study the occurrence and formation of N-DBPs (Krasner et al., 2007; Mitch et al., 2009). The 
selected waters were all surface waters, most of which were impacted by wastewater or algae. 
Disinfection processes including chlorine, chloramines, chlorine dioxide and/or ozone were 
used. Apart from the occurrence study, formation potential tests undertaken in the laboratory 
were also performed to determine the reactivity of N-DBP precursors with both chlorine and 
chloramines in terms of HANs, HNMs and cyanogen halide (CNX) formation. 

Compared with the results from US nationwide DBP study in 2000-2002, the median and 75th 
percentile values for DCAN, bromochloroacetonitrile (BCAN), dibromoacetonitrile (DBAN) and 
trichloroacetonitrile (TCAN) (collectively HAN4) were slightly higher in the N-DBP study 
(Krasner et al., 2007) (Table 2.4). This may be attributed to the high content of nitrogenous 
precursors in the selected source waters (Westerhoff and Mash, 2002). For HANs, the 
formation potential tests were conducted in the presence of both chlorine and chloramines. 
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The results showed no obvious changes in dihaloacetonitrile (DHAN) concentration between 
these disinfectants, with a concentration ratio of 1.2:1 in the presence of chlorine to that in the 
presence of chloramines.  

With regard to the formation of HNMs, the measured concentrations of dihalonitromethanes 
(DHNMs) were generally around the detection limit in finished water, which was similar to the 
observation from the US nationwide DBP study (Weinberg et al., 2002), whereas the formation 
of trichloronitromethane (TCNM) in the N-DBP study was far higher than that in the nationwide 
DBP study, with median and maximum values of 0.5 and 7.6 μg/L, respectively. In DBP 
formation potential tests, waters treated with ozone showed an increase in the formation of 
both DHNMs and TCNM. In contrast, the concentration of HNMs decreased when tests were 
performed on the bio-filtered water.  

CNX formation was observed at the plants where chloramines were used, although CNX 
precursors were present in most of the water sources under investigation. In the 
chloraminated waters, the formation of CNX ranged from 0.7 to 8.4 μg/L, among which 
cyanogen chloride (CNCl) was the predominant species. Low formation of CNX was found in 
plants where ozone was applied prior to biofiltration, suggesting that biological treatment can 
effectively remove formadehyde and other CNX precursors resulting from ozonation (Krasner 
et al., 2007) .  

2.2.3 Canadian and Australian Surveys  

A Canadian survey collected samples at 53 sites, among which the raw water sources 
included lakes, rivers and wells (Williams et al., 1995). Three main disinfection processes 
were used in the selected water treatment plants (WTPs): chlorine-chlorine, chlorine-
chloramine and ozone-chlorine/chloramine. The survey was carried out in two seasons, winter 
(February-March) and summer (August-September) corresponding to the suggested lowest 
and highest formation of DBPs, respectively. A total of 17 chlorinated DBPs were determined, 
among which four HAN species and TCNM were identified (Table 2.5). The occurrence of the 
five N-DBPs was an order of magnitude lower than THMs, HAAs, and chloral hydrate 
(trichloroacetaldehyde). Their frequency of occurrence followed the order DCAN (97%), BCAN 
(92%), TCNM (73%), DBAN (57%) and TCAN (9%). Higher formation of DCAN was observed 
in distribution systems compared with finished water, in plants using chlorine-chlorine 
disinfection. Two brominated DHAN species – bromochloroacetonitrile (BCAN) and 
dibormoacetonitrile (DBAN) were only identified in sites B and C, where the combinations 
chlorine-chloramine and ozone-chlorine/chloramine were used.  

In an Australian survey, 16 WTPs were sampled (Simpson and Hayes, 1998). Among the 
WTPs, 11 used chlorine as the main disinfectant and 5 used monochloramine. A noteworthy 
feature of this survey was that HAN4 levels were significantly higher than in the North 
American surveys, up to a maximum of 36 µg/L (Table 2.6). This was presumably related to 
the high organic content and bromide levels in the source waters. The maximum TCNM and 
CNCl concentrations were 1 and 10 µg/L, respectively. 
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2.2.4 UK Occurrence Data 

Only one group of DBPs, the THMs, are currently regulated in UK, with a limit of 100 µg/L. As 
in the US, an increasing number of water utilities in the UK are considering switching at least 
part of their disinfection strategy from chlorine to chloramines, or have done so already, in 
order to reduce THM formation (Seidel et al., 2005). There is very limited research data 
available on the occurrence of N-DBPs in the UK. A recent survey was carried out in Scotland 
in which four HANs and one HNM (chloropicrin) were measured (Goslan et al., 2009; Parsons 
et al., 2009). Seven water treatment plants were selected to compare different water sources, 
treatment processes, and disinfection practices. Sampling was conducted in January, May 
and August in order to study the seasonal variation in DBP formation. The water quality and 
treatment processes at each plant are listed in Table 2.7. A Cl2: N weight ratio of 3:1 to 4:1 
was applied at sites that use chloramination for disinfection, with typically 30 minutes of 
chlorine contact time before the addition of ammonium salt. A median level of 3.6 mg/L and 55 
µg/L for non-purgable organic carbon (NPOC) and bromide, respectively, were measured in 
the raw water sources, which are lower values than that reported in the US nationwide DBP 
occurrence study (Weinberg et al., 2002). Meanwhile, the median specific UV absorbance 
(SUVA) value of 2.1 L/mg m indicated a generally low humic content.  

The formation of HANs and HNMs was relatively low compared with data reported elsewhere, 
even though THM levels were above those in the US nationwide study. The reasons for this 
trend are uncertain but are possibly related to lower levels of nitrogenous precursor material in 
the tested waters. However, dissolved organic nitrogen (DON) levels were not reported in the 
Scottish study, so firm conclusions cannot be drawn in this respect. The N-DBP species 
reported in the study were four haloacetonitrile species (HAN4), as well as TCNM. There was 
no significant effect of using chloramines as disinfectant in the formation of N-DBPs. The 
median concentration of HAN4 changed from 1.7 µg/L in chlorinated waters to 1.3 µg/L in 
chloraminated waters, with no changes in the median values for TCNM. The underlying 
reasons for this pattern are uncertain. The maximum formation of HAN4 was 4.1 µg/L, 
whereas the maximum formation of TCAN was only 0.1 µg/L. The formation of brominated 
HANs was slightly higher in chlorinated waters as compared to chloraminated waters, which 
may be attributed to the oxidation of bromide ion by chlorine. With regard to seasonal variation, 
the highest yield of HAN4 was observed in winter after chlorination, while more HAN4 was 
formed in spring upon chloramination. The maximum concentration of TCNM was observed in 
the summer, regardless of the disinfection practice.  
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Table 2.1 List of potential N-DBPs in drinking water. 
 

Physical/Chemical Properties c Name Chemical 
Formula 

Chemical 
Structure 

CAS No.a Ref. 
Typeb Molecular 

Weight 
(g/mol) 

Boiling 
Point 
(0C at 
76 cm 

Hg) 

log Kow Water 
Solubility 
(mg/L at 
25 0C) 

Haloacetamides 

2-Chloroacetamide C2H4ClNO 

NH2

O

Cl

 

79-07-2 O&L 93.51 112 -0.58 3.457x105 

2-Bromoacetamide C2H4BrNO 

NH2

O

Br

 

683-57-8 O&L 137.96 271.6 -0.49 2.374x105 

2,2-Dichloroacetamide C2H3Cl2NO 

Cl

Cl
H2N

O

 

683-72-7 O&L 127.96 234.3 -0.09 6.446x104 

2,2-
Bromochloroacetamide 

C2H3ClBrNO 

Br

Cl
H2N

O

 

n.a. O&L 172.41 261.4 0.00 6.009x104 

2,2-Dibromoacetamide C2H3Br2NO 

Br

Br
H2N

O

 

598-70-9 O&L 216.86 277.3 0.09 3.009x104 

2,2-Bromoiodoacetamide C2H3BrINO 

I

Br
H2N

O

 

n.a. O 263.86 298.8 0.50 7363 



 

 16

2,2,2-Trichloroacetamide C2H2Cl3NO 

Cl

Cl

Cl
NH2

O

 

594-65-0 O&L 162.40 239.0 0.83 8633 

2,2,2-
Bromodichloroacetamide 

C2H2Cl2BrNO

Br

Cl

Cl
NH2

O

 

n.a. O n.a. n.a. n.a. n.a. 

2,2,2-
Dibromochloroacetamide 

C2H2ClBr2NO

Br

Cl

Br
NH2

O

 

n.a. O n.a. n.a. n.a. n.a. 

2,2,2-Tribromoacetamide C2H2Br3NO 

Br

Br

Br
NH2

O

 

n.a. O 295.76 263.0 1.10 1499 

Halonitromethanes 

Chloronitromethane CH2ClNO2 

Cl N+

O

O-  

1794-84-9 O&L 95.49 122.5 0.22 3.202x104 

Bromonitromethane CH2BrNO2 
Br N+

O

O-  

563-70-2 O&L 139.94 147.5 0.31 1.868x104 

Dichloronitromethane CHCl2NO2 
Cl

Cl

N+

O

O-

 

563-70-2 O&L 129.93 107.0 0.40 1.715x104 
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Dibromonitromethane CHBr2NO2 
Br

Br

N+

O

O-

 

598-91-4 O&L 218.83 152.7 0.58 4577 

Bromochloronitromethane CHClBrNO2 
Cl

Br

N+

O

O-

 

n.a. O&L 174.38 132.7 0.49 9163 

Trichloronitromethane 
(chloropicrin) 

CCl3NO2 
Cl

Cl
Cl

N+

O

O-

 

76-06-2 O&L 164.38 112.0 -0.25 1.058x105 

Bromodichloronitromethane CCl2BrNO2 
Cl

Br
Cl

N+

O

O-

 

918-01-4 O&L 208.83 115.5 1.41 1007 

Dibromochloronitromethane ClBr2ClNO2 
Cl

Br
Br

N+

O

O-

 

n.a. O&L 253.28 134.9 1.50 3295 

Tribromonitromethane 
(bromopicrin) 

CBr3NO2 
Br

Br
Br

N+

O

O-

 

464-10-8 O&L 297.73 155.9 1.59 227.5 

Haloacetonitriles 

2-Chloroacetonitrile C2H2ClN 
N

Cl
 

1867-10-3 O&L 75.50 126.5 0.11 2.985x104 

2-Bromoacetonitrile C2H2BrN 
N

Br
 

590-17-0 O&L 119.95 154.5 0.20 3.696x104 
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2,2-Dichloroacetonitrile C2HCl2N 
N

Cl

Cl  

3018-12-0 O&L 109.94 112.5 n.a. n.a. 

2-Bromo-2-
chloroacetonitrile 

C2HClBrN 
N

Cl

Br  

83463-62-
1 

O&L 154.39 121.1 0.38 1.872x104 

2,2-Dibromoacetonitrile C2HBr2N 
N

Br

Br  

3252-43-5 O&L 198.84 163.1 0.47 9600 

2,2,2-Trichloroacetonitrile C2Cl3N 

Cl
N

Cl
Cl

 

72276-00-
7 

O&L 144.39 85.7 1.21 715.4 

2-Bromo-2,2-
dichloroacetonitrile 

C2Cl2BrN 

Br
N

Cl
Cl

 

60523-73-
1 

O&L 188.84 108.7 1.30 2101 

2,2-Dibromo-2-
chloroacetonitrile 

C2ClBr2N 

Br
N

Cl
Br

 

144772-
39-4 

O&L 233.29 118.2 1.39 1033 

2,2,2-Tribromoacetonitrile C2Br3N 

Br
N

Br
Br

 

75519-19-
6 

O&L 277.74 129.8 1.48 489.7 

3-Bromopropanenitrile C3H4BrN 
N

Br

 

2417-90-5 O 133.98 200.9 0.69 1.242x104 

2,3-Dichloro-3-

bromopropanenitrile 

C3H2BrCl2N 

N

Cl

Cl

Br  

n.a. L 202.87 230.4 1.05 2914 
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3-Bromobutanenitrile C4H6BrN N
Br

 

n.a. L 148.00 195.6 1.11 4772 

3,4-Dichlorobutanenitrile C4H5Cl2N 
N

Cl

Cl

 

n.a. L 138.00 244.6 1.27 3808 

Heptanenitrile C7H13N 
N

 

629-08-3 O 111.19 186.0 2.31 623.5 

Cis-2,3,4-Trichloro-2-

butenenitrile 

C4H2Cl3N 
Cl

N

Cl

Cl  

n.a. L 170.42 217.2 1.86 857.3 

Trans-2,3,4-Trichloro-2-

butenenitrile 

C4H2Cl3N Cl

Cl

Cl

 

n.a. L 170.42 217.2 1.86 857.3 

Other N-DBPs 

2,3,5-Tribromopyrrole 

(2,3,5-tribromo-1H-pyrrole) 

C4H2Br3N H
N

Br

Br

Br

 

n.a. O 303.78 332.6 3.55 10.87 

Cyanoformaldehyde 

(formyl cyanide) 

C2HNO O

N  
4471-47-0 O&L 55.04 75.8 -1.63 1x106 

Benzyl cyanide C8H7N N

 

140-29-4 L 117.15 233.5 1.56 2598 

Cyanogen Chloride CClN NCl  506-77-4 O&L 61.47 13.8 -0.38 1.581x105 

Cyanogen Bromide CBrN NBr  506-68-3 O&L 105.92 61.5 -0.29 1.084x105 
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1,1-Dichloro-1-nitro-
propane 

C3H5Cl2NO2 
N+

ClCl
O

O-

 

595-44-8 L 157.98 142.5 2.05 508.7 

1-Chloro-3,3,3-trichloro-1-
propen-1-amine 

C3H3Cl4N N

Cl

H

Cl

Cl

Cl

H H

 

n.a. L 194.88 258.9 1.98 9706 

a  Source: http://www.chemindustry.com/apps/chemicals 
      b O: Occurrence survey of drinking water utilities  

   L: Laboratory study conducted under representative treatment conditions 
c  Source: http://www.chemspider.com/ 
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Table 2.2 Summary of water quality and operational parameters in US nationwide occurrence study (Weinberg et al., 
2002; Krasner et al., 2006). 
 

a Bromide concentration in raw water 
 
 

Water Quality (finished water before disinfection) 
Plant ID TOC 

(mg/L) 

UV 

(/m) 

SUVA 

(L/mg m) 
pH 

Temperature 

(0C) 

Bromidea 

(µg/L) 

Disinfectant 

1 1.4-2.5 1.8-3.1 1.20-1.30 8.2-8.7 9.7-16 120-400 Ozone-chlorine-chloramines 

2 1.6-3.0 1.9-6.0 1.20-2.00 7.9-8.7 11.6-21.7 120-400 Chlorine-chloramines 

3 2.0-2.5 2.3-3.3 1.14-1.34 5.5-6.1 8.0-24.6 22-200 Chlorine-chloramines 

4 2.3-2.7 2.9-3.7 1.03-1.27 5.5-6.2 7.0-24.5 22-200 Chlorine 

5 2.2-3.6 1.9-3.6 0.64-1.09 5.9 13.4-28.5 47-80 Ozone-chlorine 

6 3.5-4.5 5.8-7.0 1.55-1.73 6.8-7.1 12.4 39-80 Chlorine dioxide-chlorine-chloramines 

7 8.5-9.2 17.9-22.4 2.10-2.44 9.2-9.6 25 120-140 Chloramines-ozone 

8 4.1-4.6 12.2-13.5 2.63-3.64 6.8-9.1 24.2-25.2 100-110 Chlorine-chloramines 

9 2.3-3.5 5.1-7.8 2.01-2.23 9.1-9.4 2.2-26.7 60-360 Chlorine-chloramines 

10 3.0-4.2 3.9-7.0 1.09-2.04 7.5-7.7 2.6-28.0 50-70 Chlorine-chloramines 

11 2.9-4.2 3.8-8.9 1.27-2.27 7.4-7.5 11.4-24.8 160-210 Chlorine dioxide-chlorine-chloramines 

12 3.2-4.5 6.9-11.5 1.90-2.60 7.6-8.3 14-27 150-330 Chlorine dioxide-chloramines 
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Table 2.3 Occurrence of N-DBPs in US drinking water (Weinberg et al., 2002; 
Krasner et al., 2006). 
 

N-DBPs (µg/L) 

Name Minimum Median Maximum
Location for maximum 
occurrence (plant ID) 

Haloacetamides 

2-chloroacetamide NDa ND 0.5 11, 12 

2-bromoacetamide ND ND 1.1 12 

2,2-Dichloroacetamide ND 1.3 5.6 6, 12 

2,2-Dibromoacetamide ND 0.6 2.8 12 

2,2,2-Trichloroacetamide ND 0.3 1.1 6, 11, 12 

Haloacetonitriles 

Chloroacetonitrile ND ND 0.9 4, 10 

Bromoacetonitrile ND ND 0.2 4, 5 

Dichloroacetonitrile ND 1 12.0 10 

Bromochloroacetonitrile ND 0.6 3.0 2, 11, 12 

Dibromoacetonitrile ND 0.2 2.0 2, 11, 12 

Trichloroacetonitrile ND ND 0.4 10 

Dibromochloroacetonitrile ND ND 0.6 11 

Halonitromethanes 

Chloronitromethane ND ND 0.8 6 

Bromonitromethane ND ND 0.3 8 

Dichloronitromethane ND ND 0.7 5, 7, 11, 12 

Bromochloronitromethane ND ND <3.0 5 

Dibromonitromethane ND ND 0.6 1, 5, 12 

Trichloronitromethane ND 0.2 2.0 10 

Bromodichloronitromethane ND 0.3 3.0 7 

Dibromochloronitromethane ND ND 3.0 12 

Bromopicrin ND ND 5.0 12 

Non-halogenated N-DBPs 

Cyanoformaldehyde <0.1 <0.1 <0.1  
aND: not detected 
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Table 2.4 Concentration of N-DBPs in US N-DBP study (Krasner et al., 2007). 
 

N-DBP (μg/L) 
Name Minimum Median 75th Percentile Maximum 
HAN4 ND 4.0 5.9 9.9 

DHNMs ND ND ND 2.0 

TCNM ND 0.5 0.8 7.6 

DHNMFPa ND ND ND 3.6 

TCNMFP ND 0.9 1.6 5.9 

CNCl ND 2.5 4.0 8.4 

CNBr ND ND ND 2.8 

CNXs ND 2.6 4.0 8.4 
aDHNMFP: di-halonitromethane formation potential from precursors in plant influents 
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Table 2.5 Occurrence of dichloroacetonitrile (DCAN) and trichloronitromethane (TCNM or chloropicrin) in Canadian 
water treatment plants (Williams et al., 1995). 
 

 

DCAN (µg/L)  TCNM (µg/L) 

Winter Summer Winter Summer 
Plant 

ID 
Disinfectant 

Mean Range Mean Range Mean Range Mean Range 

Site A Chlorine - Chlorine 2.1 0.1-12.6 2.7 <0.1-9.0 0.2 <0.1-1.2 0.3 <0.1-2.5 

Site B Chlorine - Chloramine 1.5 <0.1-0.7 2.6 0.4-11.2 0.2 <0.1-0.9 0.2 <0.1-0.9 

Site C 
Ozone – 

Chlorine/Chloramine 
0.8 0.2-1.3 2.5 0.3-4.1 0.2 <0.1-0.3 1.2 <0.1-2.2 
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Table 2.6 Summary of treatment, water quality and occurrence of N-DBPs in Australian water treatment plants 
(Simpson and Hayes, 1998). 
 

aDAF = dissolved air flotation 

N-DBPs (µg/L) 
Location Source NPOC 

(mg/L) Treatment Disinfectant 
HANs TCNM CNCl 

Adelaide 3 Surface 2.5-4.6 Alum flocculation, 
sedimentation, DAFa Chlorine 3-36 <0.01-0.1 <0.8-6 

Brisbane 2 Surface 2.7-4.0 Alum flocculation, 
sedimentation, sand filtration Chloramines 3-16 0.3-1 3-8 

Ballarat 3 Surface 4.4-11.3 No filtration 2 Chloramines 
and 1 Chlorine 1-29 <0.01-0.4 1-10 

Newcastle 2 Surface 1.5-3.5 Alum flocculation,  
direct filtration Chlorine 0.2-29 <0.01-1 <0.8-7 

Melbourne 2 Surface 1.3-2.9 No filtration Chlorine 2-7 0.1-0.3 1-3 

Sydney 2 Surface 2.4-4.0 Alum flocculation, filtration 1 Chloramines 
and 1 Chlorine 3-11 0.1-0.3 <0.8-7 

Perth 
1 Surface 

and 1 
Ground 

1.2-4.7 

Groundwater: pre-Cl2, alum 
flocculation/polyelectrolyte, 

filtration 
Surface water: no filtration 

Chlorine 1-24 <0.01-0.3 2-6 
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Table 2.7 Summary of treatment, water quality and the occurrence of N-DBPs in selected UK water treatment plants 
(Parsons et al., 2009). 
 

a Finished water 

Water Quality (FWa) N-DBPs (µg/L) Plant 
ID Source NPOC 

(mg/L) 
SUVA 

(L/mg m) 
Bromide 
(µg/L) 

Treatment Disinfection
DCAN BCAN DBAN TCAN TCNM 

1 Upland 
reservoir 2.1-2.4 0.8-1.6 0-36 Sand Filtration, 

activated carbon Chlorine 0.2-0.4 0-0.2 0.1-1.0 ND 0-0.1 

2 Reservoir 3.5-4.1 1.9-2.3 38-55 
Coagulation,  

lime softening,  
pressure filtration 

Chloramines 1.2-1.4 ND 0-0.2 ND ND 

3 River 2.3-3.5 1.3-1.6 41-130 

Coagulation,  
lime softening, 

sedimentation, rapid 
gravity filtration 

Chloramines 0.3-0.9 0.3-0.5 0.1-0.2 ND 0.1-0.2 

4 River 1.5-3.3 1.2-1.9 152-222 

Coagulation,  
lime softening,  
rapid gravity 

filtration 

Chlorine 0.1-0.2 1.4-1.5 0.2-1.2 ND 0-0.1 

5 River 1.5-3.3 0.7-1.6 33-74 

Coagulation,  
lime softening,  
rapid gravity 

filtration 

Chloramines 0.3-0.5 0.1-0.2 0.1-0.6 ND 0-0.1 

6 Reservoir 2.7-4.0 1.9-2.2 25-49 
Ozonation,   

rapid gravity 
filtration 

Chloramines 1.4-2.1 0.1-0.2 0-0.2 0.1 0-0.2 

7 Upland 
reservoir 3.1-4.3 1.5-1.9 24-54 

Coagulation,  
lime softening,  
rapid gravity 

filtration 

Chlorine 0.6-1.0 0.2-0.5 0.2-0.9 0.1 0.2-0.3 
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2.3 Key Factors in the Formation of N-DBPs 

As is the case for other DBPs, the formation of N-DBPs is influenced by a number of 
factors, notably the water quality and disinfection conditions. Previous research into THMs 
and HAAs has established increasing levels of bromide leads to a corresponding increase 
in the proportion of brominated DBPs (Hua et al., 2006; Sohn et al., 2006; Ates et al., 
2007). A similar trend is also found for N-DBPs (Huang et al., 2003; Yang and Shang, 
2004; Lei et al., 2006). The type of disinfectant is also a key factor, since depending on 
reaction conditions, the source of nitrogen can either come from the organic precursor (i.e. 
dissolved organic nitrogen, DON), or in the case of chloramines, from the disinfectant. 
Finally, treatment processes can either remove DBP precursors, or for certain oxidation 
processes, generate precursors.  
 
2.3.1 The Impact of N-DBP Precursors 

DON species such as amino acids, proteins and amino sugars are commonly found in 
surface water. They typically comprise a small portion of natural organic matter (NOM) by 
weight (0.5 - 10%).  Such nitrogenous species are typically derived from the activity of 
microorganisms, leaching from  soil, or the influence of wastewater discharge (Westerhoff 
and Mash, 2002). Nitrogenous moieties found in aqueous systems include amides, nitriles, 
pyrroles, purines, pyrimidines and nitro compounds. DON has been reported to be a 
significant source of N-DBP precursors (Williams et al., 1997; Lee et al., 2007; Li and 
Blatchley, 2007; Yang et al., 2008). The hydrophilic neutral, hydrophilic base and colloidal 
fractions of NOM are especially rich in nitrogenous matter (Mitch et al., 2009). 
 
Wastewater and algal activity have been found to increase DON levels in drinking water 
(Krasner et al., 2008; Krasner et al., 2009). To illustrate this, the average DON level in 28 
US WTPs was 186 µg-N/L (Lee et al., 2006), whereas the equivalent value in 16 WTPs 
subject to algal or wastewater influence was 290 µg-N/L (Mitch et al., 2009). Because the 
formation of several key N-DBP species is highest from nitrogen-rich fractions of NOM, 
increased wastewater and algal influence in drinking water supplies will generally increase 
N-DBP formation (Dotson et al., 2009). While pristine water sources often have DON 
concentrations around 0.1-0.2 mg/L as N, those affected by algal blooms can have levels 
around 1 mg/L as N (Westerhoff and Mash, 2002). Meanwhile, effluents of wastewater 
treatment plants often have DON levels around 3 mg/L as N (Westerhoff and Mash, 2002). 
 
In the US, because of population growth, drinking water supplies are increasingly 
experiencing heightened DON levels from wastewater effluent and algal activity. 
Furthermore, switching from chlorination to other disinfection strategies is increasingly 
being considered by water authorities to comply with DBP limits (Mitch et al., 2009). Both 
these trends are likely to increase N-DBP concentrations and are relevant to potable water 
production in the UK also. 
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2.3.2 Haloacetonitrile (HAN) Formation 
 
The most frequently reported HAN species in drinking water are dihaloacetonitriles 
(DHANs). Dichloroacetonitrile (DCAN) and other haloacetonitriles were shown to be 
produced from the chlorination of selected free amino acids (Trehy and Bieber, 1981), 
heterocyclic nitrogen in nucleic acids (Young and Uden, 1994), proteinaceous materials, 
and combined amino acids bound to humic structures (Oliver, 1983; Reckhow et al., 1990; 
Ueno et al., 1996). The earliest of this research established aspartic acid, tryptophan and 
kynurenic acid as important precursors of DCAN (Bieber and Trehy, 1981), however, 
several other amino acids such as glycine, alanine, serine, cysteine and proline, which are 
common in aquatic systems (Thurman, 1985), did not produce DCAN (Bieber and Trehy, 
1981). In addition, none of the tested common amino acids were found to produce 
significant levels of TCAN (Bond et al., 2009). In contrast, aspartic acid and tryptophan 
were found to produce DCAN at 130 and 222 µg mgC-1, respectively (Bond et al., 2009). 
Meanwhile, chlorination of two blue-green algae, which had high nitrogen content, 
produced more DHAN than did green algae (Oliver, 1983). 
 
In the presence of excess chlorine, free amino acids react quickly to form nitriles; for the 
reactive amino acids listed above, this in turn leads to DHAN formation (Alouini and Seux, 
1987) (Figure 2.1). Combined amino acids, such as peptide chain structures, react more 
slowly compared with free amino acids and are believed to be the predominant species in 
drinking water (Oliver, 1983; Hureiki et al., 1994). The reaction of chlorine with proteins 
can be regarded as a two-step process. Firstly, a series of fast reactions involving chlorine 
and reactive side groups gives rise to the formation of THMs and total organic halides 
(TOX) (Hureiki et al., 1994), but insignificant levels of DHAN. The second step is the 
slower, base-catalysed degradation of the polypeptide backbone, which forms HANs 
(Bieber and Trehy, 1981; Fox et al., 1997). The protein backbone degrades after many 
days in the presence of chlorine, which suggests that the process may not be completed 
under typical drinking water treatment conditions (Scully et al., 1988).  



 

 29

NH2 O

OH

O

HO

O

HO

N

Cl Cl

N

Cl

Cl O

NH2Cl

Cl O

OHCl

Cl

O

OH

Cl

Cl

Cl

O

NH2

Cl

Cl

Cl

N

Cl

Cl

Cl

NHCl

O

HO

Cl Cl

Asp

Dichlorocyanoacetic acid DCAN DCAcAm DCAA

TCAN TCAcAm TCAA

HOCl

HOCl

H2O/OH-H2O/OH-

H2O/HOCl

H2O/OH-
H2O/OH-

O

 
 

Figure 2.1 Formation of haloacetonitriles, haloacetamides, and haloacetic acids 
from chlorination of aspartic acid (adapted from Chu et al., 2009). 

In addition, the aldehyde pathway provides a possible route for DHAN formation from 
chloramination of non-nitrogenous NOM (Figure 2.2). DCAN can be formed when 
chloramines react with NOM to produce N-chloroimine , which can subsequently hydrolyse 
to release DCAN (Yang et al., 2008). In the study by Lee et al. (2007), DCAN was the only 
haloacetonitrile recorded at significant levels, and its formation was approximately five 
times higher after chloramination rather than chlorination. This potentially implicates 
chloramines as the nitrogen source, such as via the aldehyde pathway (Figure 2.2). 
However, the highest DCAN yields were from nitrogen-rich fractions, presumably 
highlighting DON as the nitrogen source (Lee et al., 2007). Furthermore, although there 
was no significant correlation between DCAN formation and amino acid content, protein 
content did correlate. Other studies have found hydrophilic fractions, rich in nitrogenous 
material, were the major source for HAN formation (Reckhow et al., 1991; Hwang et al., 
2001; Shah et al., 2009). 
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Figure 2.2 The aldehyde pathway, which converts aldehydes to the equivalent 
nitrile and subsequently halonitrile. In this case DCAN is produced from 
acetaldehyde. If CH3- is replaced by H-, then formaldehyde is converted to cyanogen 
chloride (CNCl). 

Dotson et al. (2009) isolated NOM fractions from nitrogen-rich sources and tested their 
propensity to form N-DBPs. On a central tendency basis DCAN yields were approximately 
twice as high after chlorination that after chloramination. However, for some fractions 
DCAN formation after chloramination was as high as that following chlorination. Meanwhile, 
the DCAN yield was highest from the most nitrogen-rich fraction (hydrophilic bases), and 
lowest from the most nitrogen-deficient (Dotson et al., 2009). All samples fractionated were 
selected on the basis of predicted high nitrogen content and included algae and 
wastewater treatment plant effluent, thus the reported results may not be representative of 
natural waters.  

No relationships were found between DON/DOC values and DHAN yield after 
chloramination (Yang et al., 2008). Other studies reported that hydrophobic fractions were 
more reactive in terms of DCAN formation in chloraminated water (Lee et al., 2007; Yang 
et al., 2008) and a linear relationship was found between SUVA and DCAN yield, 
suggesting that aromatic carbon sources were precursors. The relationships among the 
yields of dichloroacetic acid (DCAA), chloroform, and DCAN indicated that they may 
originate from similar precursors.  

Thus, there is no clear consensus regarding whether chlorination or chloramination is most 
likely to promote DHAN formation. Mechanistic formation pathways exist for both 
disinfectants, while conflicting literature probably corresponds to differences in precursors 
amongst the studies. Additionally, in the presence of free chlorine, DCAN degrades to 
dichloroacetamide and in turn to DCAA (Reckhow et al., 2001) whereas DCAN appears to 
be more stable in the presence of monochloramine (Lee et al., 2007); this may also 
contribute to higher DHAN levels measured in some chloraminated waters. 

2.3.3 Halonitromethane (HNM) Formation  

Trichloronitromethane (TCNM) is the most frequently reported HNM species, however, 
several bromonitromethanes were identified recently (Weinberg et al., 2002; Richardson et 
al., 2007). Research suggests halonitromethanes are produced from the chlorination of 
nitrogenous organic species. Trichloronitromethane is thought to be produced after 
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liberation and then chlorination of an existing nitromethane moiety contained within larger 
molecules (Thibaud et al., 1988). Specifically, TCNM was found to form from the chlorine 
substitution reactions of nitrophenols (Thibaud et al., 1988). 

Lee et al. (2007) found a positive correlation between organic nitrogen content and TCNM 
formation after chlorination. That such a direct relationship was not observed during 
chloramination tests may suggest that chloramines can also supply the nitrogen in TCNM. 
It is also possible that nitrite may provide the nitrogen in TCNM (Choi and Richardson, 
2004). In chloraminated waters, the HNM yield was found to correlate well with the amino 
sugar content (Lee et al., 2007; Dotson et al., 2009). Another fractionation study observed 
yields of TCNM were slightly higher from chlorination than chloramination (Dotson et al., 
2009). In other studies, hydrophilic fractions, which contain more nitrogenous material, 
were the major source for HNM formation upon chlorination (Shah et al.; Reckhow et al., 
1991; Hwang et al., 2001). It is possible that the higher yields of TCNM from chlorination 
may relate to a greater efficacy than chloramine in degrading complex, high molecular 
weight NOM, thus liberating low molecular weight precursors.  

Ozone followed by chlorination has been observed to promote trichloronitromethane 
formation (Hoigne and Bader, 1988), possibly because ozone can convert amino groups to 
nitro groups, though other groups such as organic amines, amino acids and nitrites have 
been noted as likely trihalonitromethane precursors (Hoigne, 1998; Richardson et al., 
2007). However, model compound studies have not found TCNM formation from common 
aquatic amino acids (Bond et al., 2009). Evidence suggests that post-chlorination and 
post-chloramination following ozonation have a similar effect on TCNM levels (Krasner et 
al., 2006; Richardson, 2008).   

2.3.4 Haloacetamides (HAcAms) 

Haloacetamides (HAcAms) are a relatively recently reported group of N-DBPs (Weinberg 
et al., 2002; Krasner et al., 2006), believed to be formed from the hydrolysis of HANs, 
which can be hydrolysed further to form haloacetic acids (Ueno et al., 1996; Glezer et al., 
1999; Reckhow et al., 2001). Although this group is little studied, these relationships mean 
much of the formation discussion for the HANs may also apply to the haloacetamides. 
Given the importance of amino acids as DHAN precursors, the same is likely for 
haloacetamides. In a recent study no haloacetamides were produced from humic acid in 
the absence of protein (Chu et al., 2009). The authors proposed pathways for di- and tri-
chloroacetamide formation from aspartic acid, as shown in Figure 2.1. Dichloroacetamide 
(DCAcAm) can be formed through either the hydrolysis of DCAN or the hydrolysis and 
subsequent chlorination of cyanoacetic acid, while the formation pathway for 
trichloroacetamide is relatively simple, being formed directly from the hydrolysis of TCAN. 
Hydrolysis of DCAN increases at alkaline pH (Reckhow et al., 2001), which will increase 
DCAcAm formation. However, under such conditions DCAcAm is itself prone to hydrolyse 
to give DCAA (Figure 2.1). Meanwhile, the nitrogen source for haloacetamide formation 
after chloramination remains unclear. However, since HANs can be produced from 
chloramination, it is probable that the same applies for haloacetamides. Finally, the 
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existence of alternative formation pathways for haloacetamides, for example directly from 
the equivalent acetamide, is currently uncertain.  

2.3.5 Cyanogen Halide (CNX) Formation 

The nitrogen in CNX can be derived from both chloramines, through the formaldehyde 
chloramination pathway (Pedersen et al., 1999) (Figure 2.2), and from nitrogenous 
precursors. In the latter case, CNX formation was found to be dependent on the type and 
structure of N-organic compounds; only certain amino acids, such as glycine, serine, and 
threonine were reported to yield significant quantities of CNXs (Larson and Weber, 1994; 
Shang et al., 2000; Yang and Shang, 2004). Mitch et al., (2009) found that glycine was the 
most important CNCl precursor tested. Tyrosine also produced significant CNCl levels, 
indicating that phenolic groups in such compounds can also generate CNXs. 

Previous work has indicated that CNCl is mainly associated with chloramination (Krasner 
et al., 1989). The use of isotopically-labelled chloramines showed that CNCl formation can 
occur through the incorporation of chloramines into NOM. Fluorescence results in a recent 
study also showed that the nitrogen in CNCl originated mainly from NH2Cl (Yang et al., 
2008). However, in nitrogen-rich fractions, this pathway only accounted for half of the 
CNCl formation, suggesting that NOM can also provide the nitrogen source. There is also 
evidence that it can originate from amino acids (Hirose et al., 1988). 

Mechanistic work has also demonstrated the potential for CNX to result from both 
chlorination and chloramination. Cyanogen chloride can be formed through reactions of 
chlorine with cyanide (Gerritsen and Margerum, 1990). Another important route is through 
the reaction between monochloramine and formaldehyde, which is rapid and nearly 
quantitative (Pedersen et al., 1999) (see Figure 2.2). Since formaldehyde is known to be 
produced during drinking water treatment by chlorination and ozonation (Krasner et al., 
1989; Weinberg et al., 1993) this points to chlorination or ozonation followed by 
chloramination as a likely scenario in producing CNCl. Such a trend has been observed 
experimentally (Pedersen et al., 1999; Richardson et al., 1999b). More generally, this 
reaction is an example of how chloramination can increase formation of a variety of nitrile 
species (Figure 2.2). This agrees with experimental observations of chloramination 
increasing nitrile formation. 

The enhanced formation in chloraminated waters may also correspond to differing stability 
of CNCl in the presence of chlorine and chloramines. Thus, while many waters may have 
CNCl precursors present, CNCl itself is not generally recorded in chlorinated waters, most 
likely because free chlorine can destroy CNCl (Krasner et al., 1989; Mitch et al., 2009). 

2.3.6 Formation of Other N-DBP species 

3-Bromopropanenitrile and 2,3,5-tribromopyrrole have been detected in water sources with 
high bromide levels and for pre-oxidation with chlorine dioxide (Richardson et al., 2003). In 
this particular study, which used Israeli water, bromide levels were far higher than in other 
investigations, at 2 mg/L. At present, their incidence in waters with lower bromide is 
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uncertain. Among the humic substances isolated from a source water, 2,3,5-
tribromopyrrole was formed primarily from humic acid, whereas the THMs and HAAs were 
found to form mostly from fulvic acid (Richardson et al., 2003). Meanwhile, 
benzeneacetonitrile, heptanenitrile and cyanoformaldehyde are DBPs that may be 
associated with ozonation (Richardson et al., 1999b). It is uncertain how their occurrence 
is influenced by water quality, treatment and disinfection conditions. 

2.3.7  The Impact of pH 

Differing pH levels affect the stability of N-DBPs, intermediate DBP species, and 
disinfectants. Higher concentrations of HANs and CNX have been observed under weakly 
acidic and neutral pH conditions, under which conditions, they are the most stable in 
chlorinated water (Table 2.8). Conversely, the formation of HNMs increased with pH during 
chlorination (Joo and Mitch, 2007). The degradation of DHAN was accelerated at pH 7 and 
pH 8 in the presence of free chlorine, but not at pH 6. By studying the hydrolysis and 
chlorination kinetics of all nine bromine and chlorine-containing HANs, it was shown that 
trihaloacetonitriles (THANs) had the highest rates of hydrolysis, followed by the DHANs, 
and finally the monohalogenated forms (Oliver, 1983; Glezer et al., 1999). Reaction rates 
with chlorine follow a similar trend, while all degradation rates increased with increasing 
pH (Reckhow et al., 2001). Degradation of haloacetonitriles will produce the corresponding 
haloacetamides, with subsequent hydrolysis producing haloacetic acids (Figure 2.1). Chu 
et al., (2009) observed the haloacetamides were most stable at pH 5. In chlorinated waters, 
the decrease in CNX formation with increasing pH values is attributed to base-catalysed 
decomposition at alkaline pH (Heller-Grossman et al., 1999). In addition, the shift in 
equilibrium of free chlorine is another reason for the degradation of CNX. The hypochlorite 
ion (OCl-), rather than hypochlorous acid (HOCl), is the reactive compound responsible for 
the oxidative decomposition of CNCl, and more OCl- exists at pH 6 than at pH 5 (Xie and 
Reckhow, 1992). This instability in the presence of free chlorine may explain its more 
frequent occurrence in chloraminated waters.  

Fewer studies have examined pH-mediated effects in chloraminated waters. The net 
formation of DCAN and CNCl was only slightly reduced over a pH range of 7.5 to 9 when 
chloramination was the disinfection practice (Pedersen et al., 1999). Similar to chlorination, 
the highest formation of CNCl from formaldehyde was observed at pH 5. The formation of 
HNMs upon chloramination was less influenced by pH as compared with chlorination (Joo 
and Mitch, 2007), while the half-life of trichloronitromethane was found to be 1-2 days in a 
variety of waters (Hoigne and Bader, 1988). 
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Table 2.8 Effect of pH on occurrence of major N-DBP groups. 
 
Group pH effect References 
Haloacetonitriles More stable at acidic pH, 

hydrolysed at alkaline pH 
(Oliver, 1983; Stevens et al., 
1989; Glezer et al., 1999) 

Haloacetamides Less stable at alkaline pH, 
probably more stable but lower 
concentrations at acidic pH 

(Reckhow et al., 2001; 
Krasner et al., 2006; Chu et 
al., 2009) 

Halonitromethanes TCNM formation increases with pH (Merlet et al., 1985; Joo and 
Mitch, 2007) 

Cyanogen halides Higher formation at acidic and 
neutral pH, unstable in presence of 
free chlorine 

(Joo and Mitch, 2007; Mitch et 
al., 2009)  

 
2.3.8 The Impact of Bromide 

Brominated N-DBPs can be formed through both chlorination and chloramination. Since 
bromine has a higher molecular weight than chlorine, a shift to brominated N-DBPs will 
cause a dramatic increase in mass concentration, making it harder to meet DBP 
regulations. Another concern is the increased toxicity of brominated DBPs relative to 
chlorinated analogues (Plewa et al., 2004a; Richardson et al., 2007; Plewa et al., 2008b). 
Hypobromous acid and the hypobromite ion (HOBr/OBr-) are the reactive forms of bromine 
in water and are formed from the oxidation of bromide by chlorine. These bromine species 
are known to be more effective substitution agents than the equivalent chlorine species 
(Symons et al., 1993), thus their presence can also increase molar yields. To illustrate this 
point, relative to chlorination, the molar yields of total DHANs increased with elevated 
bromide concentrations (Diehl et al., 2000; Yang et al., 2007). Similarly, DHAN formation 
increased up to 101% for a largely autochthonous water source and 73% for a heavily 
allochthonous water source after spiking with different levels of bromide (up to 30 µM) 
(Hua and Reckhow, 2007). Increasing bromide concentrations shifted the distribution of 
DHANs from DCAN to BCAN and then to DBAN. Similar results were reported for a 
chlorinated seawater source (Jenner et al., 1997), in which DBAN and BCAN were the 
principal HAN species formed with a high bromide concentration.  

Elevated levels of bromide can cause an increase in CNX yield on a molar basis. However, 
it should be noted that the presence of bromine (HOBr) can catalyse CNBr hydrolysis, 
analogous to chlorine enhancing CNCl degradation, resulting in a lower net concentration 
of CNBr, although it does not catalyse CNCl hydrolysis (Heller-Grossman et al., 1999). 

Chloramination of water sources containing bromide will also cause a shift from 
chlorinated to brominated DBPs. In waters containing bromide, hypobromous 
acid/hypobromite ion and bromochloramine are the active substitution agents for chlorine 
and chloramines, respectively. One study reported that CNBr was the predominant CNX 
species when the spiked bromide concentration rose to 0.3 mg/L in the chloramination of 
fulvic acid; however, the molar sum of the two CNX species was little affected (Xie and 
Reckhow, 1993). Bromochloramine has been suggested to play an important role in DBP 
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formation due to the presence of labile and reactive bromine atoms (Diehl et al., 2000). 
Other bromamine species such as monobromamine and dibromamine, formed during 
ozonation, were also found to outcompete chloramines in reacting with cyanogen ion, and 
thus forming CNBr (Lei et al., 2006). 

Elevated concentrations of brominated N-DBPs have also been reported from treatment 
with multiple disinfectants (Krasner et al., 1990). Large amounts of brominated HNMs were 
produced when bromide-containing water was ozonated prior to chloramination (Krasner 
et al., 2006). Several brominated HANs and CNBr resulted from chlorine dioxide 
disinfection used alone or combined with chlorination/chloramination of high-bromide 
waters (Heller-Grossman et al., 1999; Richardson et al., 2003), among which a new 
bromonitrile species (3-bromopropanenitrile) was detected (Richardson et al., 2003). 

2.3.9 The Impact of Iodide 

The is scant information about the presence of iodinated N-DBPs in drinking water, though 
at least several potenially occur (Appendix A). 2-2-Bromoiodoacetamide has been 
detected in chloraminated drinking water (Richardson et al., 2007; Plewa et al., 2008a), a 
feature which correlates with the more extensive literature on non-nitrogenous iodinated 
DBPs. As with the increased formation of brominated DBPs with increased bromide levels,, 
the production of iodinated DBPs is promoted by higher levels of iodide (Bichsel and von 
Gunten, 1999; Krasner et al., 2006). Conversely, pre-oxidation with chlorine or ozone prior 
to chloramination can convert iodide to iodate, thus reducing levels of iodinated DBPs. 
Although not tested, these occurrence patterns also presumably apply to iodinated N-
DBPs. In general, high levels of bromide in water also indicate high iodide, though this 
relationship is not consistent (Bichsel and von Gunten, 2000; Richardson et al., 2008). In 
the UK, the Anglian Water region had the highest percentage of raw water samples with 
iodide above the limit of detection (Rumsby et al., 2009). In general iodinated DBPs are 
more cytotoxic and genotoxic than their brominated and chlorinated analogues (Plewa et 
al., 2008b). 

2.3.10  The Impact of Treatment and Disinfection 

2.3.10.1 The Impact of Treatment 

Different treatment processes selectively remove different types of NOM and consequently 
DBP precursors. Nitrogen-rich colloidal, hydrophilic neutral and hydrophilic base fractions 
tend to dominate N-DBP formation (Dotson et al., 2009). Since THM and N-DBP 
precursors have different physicochemical properties, treatments effective at removing the 
former may have less success when removing N-DBP precursors. In particular, the 
hydrophobic acid fraction is typically a major source for THM precursors and is susceptible 
to coagulation. While coagulation is also effective for removing colloids (a fraction holding 
a significant portion of N-DBP precursors) the same does not apply to the similarly reactive 
hydrophilic base and neutral fractions. Additional processes, such as membranes or 
biofiltration, may prove more suitable for treating these NOM fractions. 
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Moderate removals of N-DBP precursors have been observed by coagulation, ranging 
from 18% to 52% for DHAN precursors following chlorine and chloramine formation 
potential (FP) tests, respectively (Mitch et al., 2009) (Table 2.9). It is interesting that the 
two DHAN FP tests form the extreme data, indicating the disparate nature of precursors 
generating DHAN after chlorination and chloramination. Potentially, the precursors forming 
DHAN after chlorination were amino acids or proteins, while those producing DHAN after 
chloramination were more hydrophobic. 

In the same study, the removal of precursors by filtration proved more variable, ranging 
from 3% for DHAN precursors (chlorine FP test) to 61% for TCNM precursors (chlorine FP 
test). Filtration did not significantly impact upon CNX or DHAN formation, except where 
biological filtration removed aldehyde precursors of CNX (Mitch et al., 2009). Overall, 
Table 2.9 shows the limited efficacy of the common treatments in removing N-DBP 
precursors. 

2.3.10.2 The Impact of Pre-oxidation 

Pre-oxidation with chlorine, chlorine dioxide, ozone or UV may destroy or transform the 
precursors for some N-DBPs. However, it may also cause the increase of other N-DBPs. 
Furthermore pre-oxidation with chlorine or ozone can oxidise iodide to iodate, which can 
minimise the formation of iodinated DBPs during post-chloramination 

Ozone can have extreme effects on N-DBP formation, with TCNM formation increasing by 
226% and 133% after chlorination and chloramination respectively, (Table 2.9) (Krasner, 
2009; Mitch et al., 2009). In contrast, moderate removals of DHAN precursors were 
achieved, with up to 28% removal after the chloramine test. Ozone can also increase CNX 
formation, probably by increasing levels of formaldehyde, thought to be a key precursor 
species. Other species reported in increased concentrations following pre-ozonation are 
cyanoformaldehyde, benzeneacetonitrile and heptanenitrile (Richardson et al., 1999b; 
Plewa et al., 2004a). Dibromoacetonitrile (DBAN), cyanogen bromide (CNBr) and 
bromopicrin (TBNM) were the dominant N-DBP species reported when ozonation was 
used in water sources containing high concentrations of bromide (Krasner et al., 1990; 
Cavanagh et al., 1992; Glaze and Weinberg, 1993; Richardson et al., 1999a; Krasner, 
2009). 

Relatively high concentrations of HANs and CNX were formed when chlorine dioxide was 
used in combination with chlorine (Richardson et al., 1994; Heller-Grossman et al., 1999). 
3-Bromopropanenitrile and 2,3,5-tribromopyrrole were found in a study when chlorine 
dioxide was applied prior to chlorination under high bromide conditions (2 mg/L) 
( Richardson et al., 2003). The predominant N-DBP group resulting from the pre-oxidation 
of ClO2 with chloramination was CNX (Heller-Grossman et al., 1999). Due to the low 
reactivity of chlorine dioxide with organic matter, the formation of both regulated DBPs and 
N-DBPs was not observed by the use of this disinfectant alone (Li et al., 1996; Zhang et al., 
2000; Svecevicius et al., 2005; Krasner et al., 2006); however, under high bromide 
conditions, bromoform and dibromoacetonitrile can be formed (Richardson et al., 2003). 
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UV irradiation can influence the formation of N-DBP species, depending on the lamp type 
and the point of application in the overall treatment train. A 300% increase in total 
chloronitromethanes (CNMs) was observed when medium pressure UV (1000 mJ/cm2) 
was combined with chloramination either upstream or downstream, which suggests that 
significant nitrate photolysis occurred at the medium pressure emission band between 240 
nm and 313 nm (Shah et al., 2009). UV treatment upstream of chloramination was shown 
to deactivate a significant amount of the DCAN precursors,  however, no difference was 
observed by applying UV treatment after chloramination as compared to chloramination 
alone, indicating that UV treatment tends to destroy DCAN precursors but has no effect on 
DCAN itself (Shah et al., 2009). 

Table 2.9 Removal of N-DBP precursors and water quality parameters (Mitch et 
al., 2009). Median results reported for WTP samples chlorinated and/or 
chloraminated under laboratory conditions in formation potential (FP) tests.  
 
Treatment DOC UVAa DON DHAN 

(Cl2) 

DHAN 

(NH2Cl)

TCNM 

(Cl2) 

TCNM 

(NH2Cl) 

CNX 

(Cl2) 

Coagulation 37% 51% 21% 18% 52% 49% 44% 48% 

Ozonation 4% 48% -3% 20% 28% -226%b -133% -4% 

Filtration 12% 11% 18% 3% 24% 48% 61% 17% 

aUVA = ultraviolet absorbance at 254 nm 
bnegative value indicates increased formation 
 
2.3.10.3 The Impact of Chlorination and Chloramination 

The impact of these two disinfection strategies has been discussed in relation to each DBP 
group. Higher quantities of haloacetamides and CNX were found in chloraminated waters 
compared with chlorinated waters (Krasner et al., 1989; Richardson et al., 1999a; 
Richardson et al., 2007). This is because these compounds are believed to undergo 
chlorine-catalysed hydrolysis in the presence of free chlorine. Unlike free chlorine, 
chloramines do not catalyse CNX decay (Na and Olson, 2004). In addition, chloramination 
was found to enhance the formation of iodinated DBPs (Bichsel and von Gunten, 1999), of 
which bromoiodoacetamide was detected in chloraminated drinking waters (Richardson et 
al., 2007; Plewa et al., 2008). Water sources with wastewater influence (e.g. non-nitrified 
recycled wastewaters containing tertiary alkylamines), combined with chloramine 
disinfection, might be expected to form significant concentrations of toxic nitriles (Mitch 
and Schreiber, 2008). Moreover, at high molar ratio of Cl to N and neutral pH, 
chloramination promotes the formation of aldehydes and halonitroalkanes (Joo and Mitch, 
2007). 

The formation of HNMs is less influenced by the selection of chlorination or chloramination, 
compared with other N-DBP species.  Equal amounts of trichloronitromethane were found 
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upon chlorination and chloramination (Lee et al., 2007; Richardson, 2008). However, in 
other research where n-propylamine was used as the precursor, the HNM yield after 
chloramination exceeded the yield formed through chlorination (Joo and Mitch, 2007).  

Thus, in terms of DBP formation, both chlorination and chloramination have their own 
advantages and disadvantages. Chlorination is likely to promote THMs. Conversely, 
chloramination may suppress the formation of THMs while potentially increasing DHAN 
and CNX formation (and iodo-species), with little difference between the two disinfectants 
in terms of HNM formation. However, a significant confounding factor when comparing the 
impact of chlorination versus chloramination on N-DBP formation is that chloramination is 
often selected for treating waters with higher TOC and/or bromide (i.e. to minimise THM 
formation), therefore a comparison of N-DBP formation under these conditions against the 
N-DBP formation from the chlorination of waters containing lower TOC and/or bromide 
may not produce an accurately balanced representation of the relative impacts of 
chlorination versus chloramination.  

2.4 Correlations to Other DBP Species 

Since DHANs are known to degrade via haloacetamides to dihaloacetic acids, correlations 
between the formation of these N-DBP groups might be expected. A positive relationship 
between DCAA and DCAN was observed in a study encompassing 21 model compounds, 
prompting the suggestion that similar correlations may occur in drinking water (Bond et al., 
2009). Evidence from natural water studies is limited in this regard, although a positive 
relationship has been observed between DOC/DON and chloroform/DCAN ratios after 
chlorination (Lee et al., 2007). 

2.5 Summary 

Table 2.10 lists factors that have been reported to promote the formation of the various N-
DBPs. In general, higher DON and bromide will increase N-DBP levels. Furthermore, 
certain disinfection scenarios have been suggested to have a key role in the occurrence of 
N-DBP groups. For example, haloacetonitriles, the most significant subset being the 
DHANs, may occur at increased levels in chloraminated waters, though the precise reason 
for this observation remains unclear. Pre-oxidation with chlorine dioxide is also likely to 
enhance DHAN formation. For the haloacetamides, a related group of N-DBPs, the risk 
factors are likely to be similar. Meanwhile, for both haloacetamides and haloacetonitriles, 
high HAA formation (specifically DHAAs) has been included as a risk factor, due to their 
similar formation pathways. For the halonitromethanes, pre-ozonation is a key factor in 
promoting their occurrence. Previous research has highlighted ozone or chlorine dioxide 
followed by chloramination as the most likely prelude to the occurrence of cyanogen 
halides in finished water. Pre-ozonation has been associated with the occurrence of three 
lesser known N-DBPs – benzeneacetonitrile, heptanenitrile and cyanoformaldehyde – in 
drinking water. Finally, 3-bromopropanenitrile and 2,3,5-tribromopyrrole have been 
measured at treatment plants where chlorine dioxide preceded chlorination, while 
dichloronitropropane has been detected in chloraminated water samples. 
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Table 2.10 Potential risk factors in N-DBP formation. 
 

Risk Factors 

Water Quality N-DBPs 

Precursors pH [Br-] / [I-] 
Disinfection Other 

DBPs 

Haloacetonitriles DON 5 - 7.5 [Br-] and/or [I-] Pre-disinfection with ClO2 and/or  
(post) chloramination HAAs 

Haloacetamides DON 5 - 7.5 [Br-] and/or [I-] Chloramination HAAs 

Halonitromethanes DON 6.5 - 9 [Br-] Pre-disinfection with UV (~1000 
mJ/cm2) or O3 or ClO2 

 

3-Bromopropanenitrile   [Br-] Pre-disinfection with ClO2 and 
post chlorination  

Benzeneacetonitrile    Pre-disinfection with O3  

Heptanenitrile    Pre-disinfection with O3  

Cyanogen Halides DON 5 - 7.5 [Br-] Pre-disinfection with O3 or ClO2 
and post-chloramination  

Cyanoformaldehyde    Pre-disinfection with O3  
2,3,5-tribromopyrrole DON  [Br-] Pre-disinfection with ClO2 and 

post chlorination  

Dichloronitropropane DON   Chloramination  
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3.  ESTIMATION OF THE CONCENTRATIONS OF NITROGEN-CONTAINING 
DISINFECTION BY-PRODUCTS IN ENGLAND AND WALES  
 
 
3.1 Introduction 

Owing to the limited availability of data relating to the levels of N-DBPs in UK 
drinking waters, estimates of likely N-DBP concentration ranges were made based 
on water quality data and disinfection protocols. In order to collate information about 
likely levels of N-DBPs, treatment plants were defined as being at a high risk of 
forming N-DBPs where a specified number of potential risk factors occurred (Table 
3.1). It should be noted that these factors can only be classified as ‘potential’ risk 
factors currently, since in some cases the factors were only shown to be relevant in a 
single previous study (i.e. not confirmed / reproduced by others) and in other cases 
there have been conflicting reports in the literature regarding the importance (or lack 
thereof) of certain formation factors. A questionnaire consisting of three parts was 
sent to seven UK water companies: Yorkshire Water, Anglian Water, Severn Trent 
Water, United Utilities, Veolia Water Three Valleys, Northumbrian Water and 
Scottish Water (Appendix B). The first aim of the questionnaire was to confirm 
whether any N-DBP data existed within the company, and if so whether it could be 
summarised. The other two parts were based upon the occurrence of identified risk 
factors for the formation of N-DBPs. Recipients were asked to report the number of 
treatment plants classified as being at a ‘high risk’ of N-DBP formation. This 
classification was given to treatment plants where a proportionately high number of 
the potential risk factors occurred. Finally, water companies were asked to provide 
details (quantitative where available) about the risk factors at plants defined as being 
at a high risk of N-DBP formation (e.g. disinfectant doses, bromide levels in the 
source water). The information received was then compared with water quality and 
disinfection conditions in previous N-DBP studies in other countries (mainly the US) 
in order to draw conclusions about the likely ranges of concentrations of N-DBPs in 
England and Wales. 
 
3.2 Water Company Questionnaire 

Below is an edited excerpt from the questionnaire that was sent to the water 
companies to illustrate the approach and definitions used. The full questionnaire is 
included in Appendix B. 
 
Instructions 
 
Firstly, from Table 3.1 note the number of risk factors required for a treatment plant 
to be classified as at a high risk of producing a category of N-DBPs. Then please fill 
in Table 3.2, listing the number of treatment plants defined as at a high risk of 
forming N-DBPs. 
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Note that, except for the haloacetamides, the particular type of disinfection is always 
a risk factor.   
 
For example, a particular treatment plant is proposed to have a high risk of forming 
haloacetonitriles if 3 or more potential risk factors (including a disinfection risk factor) 
are present. This would mean pre-disinfection with ClO2 and/or chloramination (pre- 
or post-) as well as two of the following criteria: high precursor levels; high [Br-] 
and/or high [I-]; pH 5 – 7.5; high HAA formation. 
 
Definitions 
 
Precursors: for the purposes of this study a high level of dissolved organic nitrogen 
(DON) is defined as DON > 0.5 mg L-1 or total Kjeldahl nitrogen (TKN) > 0.75 mg L-1. 
Please state whether this data refers to raw, treated or finished water. Most relevant 
would be values in pre-disinfection waters. However, in the absence of this, values 
from other treatment stages should be used. In the absence of quantitative DON or 
TKN information, the presence of wastewater or an algal-rich source should be taken 
to indicate a high level of nitrogenous precursors. If you are uncertain whether 
wastewater is present, assume that any river water contains some wastewater. 
 
[Br-]: for the purposes of this study a high level of [Br-] is defined 100 µg L-1 or more 
in pre-disinfection water. In the absence of pre-disinfection values please use data 
from raw water or other treatment stages. 
 
[I-]: for the purposes of this study a high level of [I-] is defined as 5 µg L-1 or more in 
treated (pre-disinfection) water. In the absence of pre-disinfection values please use 
data from raw water or other treatment stages. 
 
HAAs: for the purposes of this study a high level of HAA formation is defined as an 
average 60 µg L-1 of total HAAs in disinfected water 
 
pH: where possible, take the pH at disinfection 
 
3.3  Results Summary 

Overall, only a small proportion of WTPs had the relevant combinations of risk 
factors and was thus classified as being at a high risk of N-DBP formation. A 
maximum of 13% of WTPs were defined as being at a potentially high risk of forming 
a particular group of N-DBPs. No water companies were in possession of 
unpublished N-DBP data. Many of the water companies do not routinely measure 
DON or bromide levels. Therefore, the proportion of WTPs reported as having high 
DON or bromide levels may be an underestimate. In the Scottish N-DBP study 
(Goslan et al., 2009) no WTPs had median bromide levels above 100 µg/L, even if 
the maximum value did occasionally exceed this figure (Table 2.7). Also, the 
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maximum DON concentration in nine rivers in the US was 0.75 mg/L as N (Alberts 
and Takacs, 1999), while the median value in surface waters is around 0.3 mg/L as 
N (Westerhoff and Mash, 2002). The mean DON value in upland streams in Scotland 
was lower, at 0.2 mg/l as N (Chapman et al., 2001). Therefore, many waters have 
DON levels that are below the threshold of 0.5 mg/L that was recommended in this 
study. In the absence of quantitative DON data, respondents were asked to consider 
wastewater or algal influence as being indicative of elevated DON levels.  

No respondents reported the use of UV disinfection or chlorine dioxide for pre-
oxidation, which were potential risk factors in the formation of halonitromethanes, 
cyanogen halides and especially 3-bromopropanenitrile and 2,3,5-tribromopyrrole. 

Only 5% of WTPs had a combination of three risk factors for haloacetamide 
formation and 4% had four risk factors. Of the latter, the particular combination was 
chloramination, possible precursor sources (specifically wastewater influence or river 
water), high HAA formation and pH in range 5 – 7.5 (specifically 7.2 – 7.5) (Table 
3.3). Due to the similarity in risk factors for haloacetonitrile formation, the proportion 
of plants with a combination of three or four risk factors was similar at 6% and 4%, 
respectively.  For both groups, no plants were identified that had all five risk factors 
present. For plants with three or four risk factors, chloramine doses were similar, with 
a chlorine contact time up to one hour before ammonia addition, and total chlorine 
levels of 0.5 – 1.0 mg/L upon entering the distribution system. Chlorine doses up to 3 
mg/L were used, with Cl2:N mass ratios up to 5:1. Of WTPs with chloramination, only 
six also had combinations of three of the four following risk factors: high bromide, a 
precursor source, high HAA levels and pH in the range 5 – 7.5, comprising a total of 
four risk factors for haloacetonitrile formation. Again, due to the limited availability of 
bromide, HAA and DON data, the number of treatment plants with multiple risk 
factors may be an underestimate.  

Of the WTPs with ozone, operational parameters were rather similar, with contact 
times of 4-5 minutes and doses of 0.5 – 2.0 mg/L (Table 3.4). Twenty-one WTPs 
with ozonation had two additional risk factors for HNM formation: pH above 6.5 and 
possible sources of DON. However, of these WTPs, only one had bromide levels 
above 100 µg/L. For cyanogen halide formation, the presence of pre-ozonation 
followed by chloramination was a required risk factor (Table 3.1). Six WTPs had this 
disinfection scenario combined with two additional risk factors: a DON source and 
pH in the requisite range. As well as the occurrence of these risk factors, one WTP 
additionally had bromide levels above 100 µg/L. 

Benzeneacetonitrile, heptanenitrile and cyanoformaldehyde may be linked to 
ozonation, and the conditions for the 21 WTPs with ozone are as above (Table 3.4 
and 3.5). The conditions of the one WTP with one risk factor for 3-
bromopropanenitrile (high bromide) and two risk factors for dichloronitropropane are 
as noted above (Table 3.5). 
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Table 3.1 Potential risk factors in N-DBP formation. 

Risk Factors (1-5)  

Water Quality N-DBPs 

Precursors pH [Br-] / [I-] 
Disinfection Other 

DBPs 
High risk 

classification 

Haloacetonitriles DON 5 - 7.5 [Br-] and/or [I-] Pre-disinfection with ClO2 
and/or  (post) chloramination HAAs 

3 or more risk factors 
(including 

disinfection) 

Haloacetamides DON 5 - 7.5 [Br-] and/or [I-] Chloramination HAAs 3 or more risk factors 

Halonitromethanes DON 6.5 - 9 [Br-] Pre-disinfection with UV 
(~1000 mJ/cm2) or O3 or ClO2 

 
3 or more risk factors 

(including 
disinfection) 

Cyanogen Halides DON 5 - 7.5 [Br-] Pre-disinfection with O3 or ClO2 
and post-chloramination  

3 or more risk factors 
(including 

disinfection) 

3-Bromopropanenitrile   [Br-] Pre-disinfection with ClO2 and 
post chlorination  1 or 2 risk factors 

Benzeneacetonitrile    Pre-disinfection with O3  1 risk factor 

Heptanenitrile    Pre-disinfection with O3  1 risk factor 

Cyanoformaldehyde    Pre-disinfection with O3  1 risk factor 

2,3,5-Tribromopyrrole DON  [Br-] Pre-disinfection with ClO2 and 
post chlorination  

2 or 3 risk factors 
(including 

disinfection) 

Dichloronitropropane DON   Chloramination  2 risk factors 

 



 

 52

Table 3.2 Number of WTPs at risk of high N-DBP formation (with percentage of total in parentheses). 

N-DBP Group 
WTPs 

with 1 risk 
factor 

WTPs with 2 
risk factors 

WTPs with 3 
risk factors 

WTPs with 4 
risk factors 

WTPs with 5 
risk factors 

Haloacetonitriles   8 (5%) 6 (4%) 0 

Haloacetamides   10 (6%) 6 (4%) 0 

Halonitromethanes   21 (13%) 1 (1%)  

Cyanogen Halides   6 (4%) 1 (1%)  

3-Bromopropanenitrile 1 (1%) 0    

Benzeneacetonitrile 21 (13%)     

Heptanenitrile 21 (13%)     

Cyanoformaldehyde 21 (13%)     

2,3,5-Tribromopyrrole  0 0   

Dichloronitropropane  8 (5%)    

Total number of water treatments plants surveyed 167 
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Table 3.3 Details of risk factors in haloacetonitrile and haloacetamide formation. 
 
DBP group Haloacetamides  

(10 WTPs with 3 risk factors; 6 WTPs with 4 risk factors) 
DON Sources 10 WTPs with wastewater influence or river water 
pH 10 WTPs with pH ~7.2 – 7.5 
Br- or I- 1 WTP with 102 µg/L Br- (finished water) 
Chloramination  8 WTPs with chloramination: chlorine up to 3.0 mg/L for up up 1 hour, 

into supply with a total chlorine of ~0.5-1.0. Cl2:N mass ratios up to 5:1. 
HAA levels 8 WTPs with HAA levels above 60 µg/L 
DBP group Haloacetonitriles 

(8 WTPs with 3 risk factors; 6 WTPs with 4 risk factors) 
Chloramination  8 WTPs with chloramination: chlorine up to 3.0 mg/L for up to 1 hour, 

into supply with a total chlorine of ~0.5-1.0. Cl2:N mass ratios up to 5:1. 
DON Sources 8 WTPs with wastewater influence or river water 
pH 8 WTPs with pH ~7.2 – 7.5 
Br- or I- 1 WTP with 102 µg/L Br- (finished water) 
HAA levels  6 WTPs with HAA levels above 60 µg/L 
 
 
Table 3.4 Details of risk factors in halonitromethane and cyanogen chloride 
formation.  
 
DBP group Halonitromethanes  

(21 WTPs with 3 risk factors; 1 WTP with 4 risk factors) 
Pre-disinfection  21 WTPs with pre-ozone: 0.5-2.0 mg/L O3 for 4 - 5 mins 
DON Sources 21 WTPs with DON sources: algae, wastewater influence or river water 
pH 21 WTPs with pH in range ~7 – 8.1 
Br- or I- 1 WTP with 102 µg/L Br- (finished water) 
DBP group Cyanogen halides 

(6 WTPs with 3 risk factors; 1 WTP with 4 risk factors) 
Disinfection  6 WTPs with pre-ozone and post-chloramination. See above and Table 

3.3 for details of doses 
DON Sources 6 WTPs with wastewater influence 
pH 6 WTPs with pH ~7.2 – 7.5 
Br- or I- 1 WTP with 102 µg/L Br- (finished water) 
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Table 3.5 Details of risk factors in formation of other N-DBPs. 
 
DBPs Benzeneacetonitrile, heptanenitrile and cyanoformaldehyde 

(21 WTPs with 1 risk factor) 
Ozone  21 WTPs with pre-ozonation: 0.5-2.0 mg/L O3 for 4 - 5 mins 
DBP 3-Bromopropanenitrile (1 WTP with 1 risk factor) 
Br- or I- 1 WTP with 102 µg/L Br- (FW) 
DBP Dichloronitropropane (8 WTPs with 2 risk factors) 
Chloramination 8 WTPs with chloramination: chlorine 1.5 mg/L for ~1 hour, 

into supply with a total chlorine of ~0.5-1.0 
DON Sources 8 WTPs with wastewater influence or river water 
 
3.4  Comparison with Existing N-DBP Data 

The results of the water company questionnaire show source waters containing DON to be 
a widespread feature of WTPs in the UK. However, the information received was 
qualitative, such as statements that WTPs received raw water containing wastewater or 
algae or from rivers with unknown levels of wastewater. Owing to the absence of 
comprehensive DON sampling, it is not possible to make direct quantitative comparisons 
with the levels occurring during N-DBP surveys in other countries.  

Evidence regarding bromide concentrations indicates that levels in the UK are typically 
lower than those reported in previous N-DBP occurrence studies in other countries. In turn 
this will generally reduce both the proportion of brominated N-DBPs and the overall 
concentrations of N-DBPs (see Section 2.3.8). The mean bromide value in data received 
from the water companies was 25 µg/L in finished water and 127 µg/L in raw water. This 
range compares reasonably with levels reported in the recent Scottish N-DBP survey, 
where the median value was 55 µg/L (Goslan et al., 2009). Meanwhile, the median value 
in the US nationwide DBP occurrence study was 120 µg/L (Weinberg et al., 2002; Krasner 
et al., 2006). It is worth noting that this value is not necessarily representative of bromide 
levels across the US, since WTPs with high bromide or TOC levels were purposely 
selected for that study. In addition, a small number of plants in the UK also experience 
high bromide levels on occasion, for example, 259 µg/L (Goslan et al., 2009), while 
bromide levels in some raw waters are frequently in the mg/L range (Table 3.6) (Rumsby 
et al., 2009). Levels of bromide are highest in the Midlands, South and Anglian regions, 
thus treatment plants in these areas are more at risk of elevated bromide levels, and in 
turn, potentially significant levels of N-DBPs.  In the water where 2,3,5-tribromopyrrole was 
first detected (along with 3-bromopropanenitrile) bromide concentrations were far higher 
than in other N-DBP surveys, at 2 mg/L (Richardson et al., 2003). 

Ozone doses used by the UK water companies are also generally lower than those in the 
US. In the UK doses covered a range 0.5 – 2.0 mg/L, with contact times from 4-5 minutes. 
Equivalent values at WTPs sampled during the US nationwide DBP occurrence study were 
from 1.8 – 8.3 mg/L ozone, with contact times from 4.9 – 30 minutes (Table 3.7) (Weinberg 
et al., 2002). In the US study where benzeneacetonitrile, heptanenitrile and 
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cyanoformaldehyde were detected, contact times of 30 minutes and ozone doses up to 4.3 
mg/L were applied (Richardson et al., 1999). However, cyanoformaldehyde was not 
detected in any treatment plants in the US nationwide DBP occurrence study (Weinberg et 
al., 2002; Krasner et al., 2006).  

Similarly, the gathered questionnaire data suggests that chloramine doses applied by the 
treatment plants in the US surveys are typically higher than those applied in the UK. In the 
US nationwide DBP occurrence study at WTPs practising chloramination, total chlorine 
doses were from 2.9 – 20.0 mg/L as Cl2, with ammonia doses 0.5-4.0 mg/L as N (Table 
3.7). Using mean values for chlorine and ammonia doses, these figures correspond to 
Cl2:N mass ratios from 1.4:1- 9.7:1. In the US, free chlorine contact times before ammonia 
addition are on average 26 minutes (AWWA, 2000). Meanwhile UK questionnaire 
respondents quoted free chlorine contact times up to one hour at doses up to 3.0 mg/L 
before ammonia addition, with Cl2:N mass ratios up to 5:1. In the Scottish N-DBP survey, 
Cl2:N mass ratios were from 3:1 to 4:1, with a free chlorine contact time of around 30 
minutes prior to ammonia addition (Goslan et al., 2009). Further, chloramination is used in 
only 73 out of 1287 WTPs in the UK, or 6% (Rumsby et al., 2009). 

Table 3.6 Levels of bromide in raw water monitoring conducted by the 
Environment Agency (Rumsby et al., 2009). 
 
 Region 
 Anglian Midlands North-

East 
North-
West 

South South-
West 

Wales 

Mean 
(µg/L) 

861 1997 296 934 2128 84 159 

N 3668 3221 2543 7375 1705 5370 1783 
 
 
Table 3.7 Disinfection details of WTPs surveyed in US nationwide DBP 
occurrence study (Weinberg et al., 2002; Krasner et al., 2006). 
 
Plant 
number 

Ozone Dose 
(mg/L) 

Ozone 
contact 
time (min) 

Chlorine dose  
(mg/L as Cl2) 

Ammonia dose  
(mg/L as N) 

1 1.8 - 2.5 4.9 - 9.8 2.9 – 4.7 (1 DP)a 0.5 – 0.7 (1 DP) 
2 - - 3.7 – 5.7 (3 DPs) 0.4 – 0.6 (1 DP) 
3 - - 6.6 – 13.9 (4 DPs) 0.9 – 1.8 (2 DPs) 
4   5.1 – 10.9 (3 DPs) - 
5 3.7 - 8.3 (2 DPs) 20 + 3.4 – 6.0 (2 DPs) - 
6 - - 3.2 – 5.2 (2 DPs) 0.8 – 1.0 (1 DP) 
7 4 – 7.4 20 – 30 11.0 – 16.1 (2 DPs) - 
8 - - 8.3 – 20.0 (2 DPs) 1.0 – 2.0 (2 DPs) 
9 - - 4.3 – 5.5 (3 DPs) 2.8 – 4.0 (3 DPs) 

10 - - 7.6 – 19.6 (2 DPs) 0.0 – 2.8 (2 DPs) 
11 - - 4.0 – 4.5 (1 DP) 0.9 – 1.3 (1 DP) 
12 - - 7.4 – 10.8 (2 DPs) 1.3 – 2.7 (2 DPs) 

aDPs = dosing points; doses and contact times are given as the sum of dosing points. 
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3.5  Discussion: Estimated Levels of N-DBPs in England and Wales 

Due to the absence of DON data for most UK source waters, it is not possible to directly 
compare precursor levels with those in N-DBP surveys carried out in other countries. 
However, DON sources mentioned by the UK questionnaire respondents are similar to 
those in other countries, notably algae and wastewater influences. Algal blooms affect 
many WTPs in the UK and often affect operational performance (Henderson et al., 2008). 
Due to these sources of DON, WTPs treating water subject to algal and wastewater 
influence, as well as agricultural run-off, will experience greater DON levels, and 
consequently N-DBP formation (Dotson et al., 2009), than those fed by pristine upland 
sources. Surface waters are also more likely to be impacted than groundwater (Westerhoff 
and Mash, 2002). Thus it is important for future N-DBP measurements in the UK to be 
undertaken with concordant DON analysis in order to gauge precursor levels. 
Furthermore, any such values will also be valuable to provide a baseline against which the 
impact of increasing anthropogenic influence on water sources may be assessed. 

Both the lower bromide levels and limited use of chloramination in the UK are likely to 
produce generally lower levels of N-DBPs than in the WTPs monitored during the US 
nationwide DBP occurrence study. For example, in the Scottish N-DBP survey the median 
HAN4 concentrations were 1.3 µg/L in chloraminated water (Goslan et al., 2009) compared 
with 3 µg/L in the US study (Krasner et al., 2006). Further, in the Scottish study the 
selection of chlorination or chloramination had little impact on haloacetonitrile levels, 
whereas other studies have found that chloramination promotes the formation of various 
N-DBPs. This may be due to differences in precursor levels among the studied waters. 
The effect of the chloramination protocol on N-DBP formation warrants further study as 
well. While the lower chloramine doses employed in the UK relative to the US may lead to 
correspondingly lower N-DBP formation, other outcomes are also possible. For example, 
for another group of DBPs, the nitrosamines, it has been established how pre-chlorination 
before addition of (pre-formed) chloramines can reduce formation relative to 
chloramination alone (Chen and Valentine, 2008). Thus, the time between chlorine and 
ammonia dosing may impact N-DBP formation, and the chlorine and ammonia doses and 
residual levels may also be relevant. Similarly, the effects of differences in chlorination 
protocol, for example, between superchlorination and breakpoint chlorination, on N-DBP 
formation warrant additional study.  

No UK water companies reported the use of UV disinfection or chlorine dioxide, which are 
potential risk factors in the formation of halonitromethanes, cyanogen halides, 3-
bromopropanenitrile and 2,3,5-tribromopyrrole. The last two species have not been 
quantified in most N-DBP studies to-date and hence the frequency of their occurrence is 
uncertain. However, they have only been detected thus far in waters with far higher 
bromide than is typically experienced by UK water companies. Therefore, based on 
current knowledge, there is nothing to indicate that they are likely to be commonly formed 
in WTPs in the UK. 
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Ozone is also a key risk factor in the formation of halonitromethanes, as well as potentially 
for benzeneacetonitrile, heptanenitrile and cyanoformaldehyde (Table 3.1). Again, since 
ozone doses and contact times in the UK are generally lower than those reported in the 
US studies this may point to proportionately lower formation of these N-DBPs. However, 
further investigation is required. As a comparison, it is generally believed that ozonation at 
typical doses, of around 1 mg O3/mg DOC, is relatively ineffective for THM precursor 
removal (Speitel et al., 1993). Higher ozone doses, up to 5 mg O3/mg DOC, have been 
found to both increase and decrease subsequent THM and HAA formation (Speitel et al., 
1993; Galapate et al., 2001). Ozone can also generate NDMA precursors (Schmidt and 
Brauch, 2008). Meanwhile, only a small proportion of WTPs, 4% when combined with two 
other risk factors (Table 3.2), had ozonation followed by chloramination, an important 
combination for the formation of cyanogen halides. Therefore, the formation of this group 
is only expected to be potentially significant at a specific few and small number of UK 
WTPs. 

In summary, the results of the questionnaire sent to the UK water companies demonstrate 
that chloramination is currently applied at a limited number of WTPs, while bromide, ozone 
doses and chloramine doses are typically lower than those reported in US DBP studies. 
Overall, these differences suggest that there is likely lower N-DBP formation in England 
and Wales than was reported in the US studies (which were biased towards treatment 
plants that were more likely to form DBPs), a trend concordant with the limited N-DBP 
sampling data available for UK drinking water. However, there is still much uncertainty 
about the factors affecting N-DBP formation, particularly regarding the levels of DON that 
are typically present in UK source and finished waters, as well as how variations in 
disinfection protocols (doses, contact times) affect N-DBP formation.   
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4.  CURRENT TOXICOLOGY INFORMATION FOR NITROGEN-CONTAINING 
DISINFECTION BY-PRODUCTS  
 

4.1 Haloacetamides 

Generally there is very little information on the toxicity of haloacetamides.  The largest 
toxicological database is based on chronic cytotoxicity and for the induction of genomic 
DNA damage in Chinese hamster ovary (CHO) cells (Plewa et al., 2008).  

The rank order for cytotoxicity of 13 haloacetamides was Diiodoacetamide (DIAcAm) > 
Iodoacetamide (IAcAm) > Bromoacetamide (BAcAm) > Tribomoacetamide (TBAcAm) > 
Bromoiodoacetamide (BIAcAm) > Dibromochloroacetamide (DBCAcAm) > 
chloroiodoacetamide (CIAcAm) > Bromodichloracetamide (BDCAcAm) > 
Dibromoacetamide (DBAcAm) > Bromochloroacetamide (BCAcAm) > Chloroacetamide 
(CAcAm) > Dichloracetamide (DCAcAm) > Trichloroacetamide (TCAcAm).  

The rank order of their genotoxicity was TBAcAm > DIAcAm approximately equal to IAcAm 
> BAcAm > DBCAcAm > BIAcAm > BDCAcAm > CIAcAm > BCAcAm > DBAcAm > 
CAcAm > TCAcAm. DCAcAm was not genotoxic.  

Cytotoxicity and genotoxicity were primarily determined by the leaving tendency of the 
halogens and followed the order I > Br >> Cl. With the exception of brominated 
trihaloacetamides, most of the toxicity rank order was consistent with structure-activity 
relationship expectations. For di- and trihaloacetamides, the presence of at least one good 
leaving halogen group (I or Br, but not Cl) appears to be critical for significant toxic activity. 
Log P was not a factor for monohaloacetamides but may play a role in the genotoxicity of 
trihaloacetamides and possible activation of dihaloacetamides by intracellular glutathione 
(GSH) and sulfhydryl (-SH) compounds (Plewa et al., 2008). 
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4.1.1  2-Chloroacetamide 

 

4.1.1.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2-chloroacetamide.  

4.1.1.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 2-chloroacetamide. 
However, after a 72-hour exposure with Chinese hamster ovary (CHO) cells it was 
cytotoxic at a LC50 of 148 µM (Plewa et al., 2008).   

4.1.1.3  Irritation  

No data have been located on the potential for 2-chloroacetamide to cause irritation.  

4.1.1.4  Sensitisation  

Various case report have identified 2-chloroacetamide as a sensitizer causing allergies 
and contact dermatitis in humans (Assier-Bonnet  and Revuz 1999, Taran and Delaney 
1997, Jelen et al., 1989, Wantke et al., 1993, Detmar and Agathos 1988, Jones and 
Kenndey 1988, Lama et al., 1986, Koch et al., 1985,  Dooms-Goossens et al.,1981). 

4.1.1.5 Repeat Dose Toxicity  

Rats treated with chloroacetamide (75 mg/kg) rapidly showed depleted hepatic glutathione 
(GSH) that induce lipid peroxidation. Lipid peroxidation was significantly increased without 
causing permanent damage to the hepatocytes (Anundi et al., 1980). 

4.1.1.6  Genotoxicity  

2-Chloroacetamide was genotoxic in a Single Cell Gel Electrophoresis (SCGE) Comet 
assay with CHO cells exposed for 4 hours at a concentration of 750 µM (Plewa et al., 
2008). 

4.1.1.7  Carcinogenicity  

No data have been located on the carcinogenicity of 2-chloroacetamide.  

4.1.1.8 Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2-chloroacetamide.  

4.1.1.9 Summary  

Limited data are available on the toxicity of 2-chloroacetamide. There is some evidence for 
sensitization.  Furthermore, 2-chloroacetamide is cytotoxic and causes genotoxicity in vitro 
in the Comet assay. 
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4.1.2  2-Bromoacetamide 

 

4.1.2.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2-bromoacetamide.  

4.1.2.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 2-bromoacetamide. 
However, after a 72-hour exposure with Chinese hamster ovary (CHO) cells it was 
cytotoxic at a LC50 of 1.89 µM (Plewa et al., 2008).   

4.1.2.3  Irritation  

No data have been located on the potential for 2-bromoacetamide to cause irritation.  

4.1.2.4  Sensitisation  

No data have been located on the potential for 2-bromoacetamide to cause sensitisation.  

4.1.2.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2-bromoacetamide. 

4.1.2.6  Genotoxicity  

2-Bromoacetamide was genotoxic in a Single Cell Gel Electrophoresis (SCGE) Comet 
assay with CHO cells exposed for 4 hours at a concentration of 25.0 µM (Plewa et al., 
2008).  

4.1.2.7  Carcinogenicity  

No data have been located on the carcinogenicity of 2-bromoacetamide.  

4.1.2.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2-bromoacetamide.  

4.1.2.9  Summary  

Limited data are available on the toxicity of 2-bromoacetamide. 2-Bromoacetamide is 
cytotoxic and causes genotoxicity in vitro in the Comet assay. 
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4.1.3  2,2-Dichloroacetamide 

 

4.1.3.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2,2-dichloroacetamide.  

4.1.3.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 2,2-dichloroacetamide. 
However, after a 72-hour exposure with Chinese hamster ovary (CHO) cells it was 
cytotoxic at a LC50 of 1.92 mM (Plewa et al., 2008).  

4.1.3.3  Irritation  

No data have been located on the potential for 2,2-dichloroacetamide to cause irritation.  

4.1.3.4  Sensitisation  

No data have been located on the potential for 2,2-dichloroacetamide to cause 
sensitisation.  

4.1.3.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,2-dichloroacetamide. 

4.1.3.6  Genotoxicity  

2,2-Dichloroacetamide was negative in a Single Cell Gel Electrophoresis (SCGE) Comet 
assay with CHO cells (Plewa et al., 2008). 

4.1.3.7  Carcinogenicity  

Woo et al. (2002) suggested ‘low-moderate’ concern for carcinogenicity of 2,2-
dichloroacetamide  based on structural activity relationship (SAR) analysis.  

No further data have been located on the carcinogenicity of 2,2-dichloroacetamide.  

4.1.3.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2,2-dichloroacetamide.  

4.1.3.9  Summary  

Limited data are available on the toxicity of 2,2-dichloroacetamide. 2,2-Dichloroacetamide 
is cytotoxic but does not cause genotoxicity in vitro in the Comet assay.  There is ‘low-
moderate’ concern for carcinogenicity based on SAR analysis. 
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4.1.4  2,2-Bromochloroacetamide 

 

4.1.4.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2,2-bromochloroacetamide.  

4.1.4.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 2,2-
bromochloroacetamide. However, after a 72-hour exposure with Chinese hamster ovary 
(CHO) cells it was cytotoxic at a LC50 of 17.1 µM (Plewa et al., 2008).  

4.1.4.3  Irritation  

No data have been located on the potential for 2,2-bromochloroacetamide to cause 
irritation.  

4.1.4.4  Sensitisation  

No data have been located on the potential 2,2-bromochloroacetamide to cause 
sensitisation.  

4.1.4.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,2-bromochloroacetamide. 

4.1.4.6  Genotoxicity  

2,2-Bromochloroacetamide was genotoxic in a Single Cell Gel Electrophoresis (SCGE) 
Comet assay with CHO cells exposed for 4 hours at a concentration of 400 µM (Plewa et 
al., 2008).  

4.1.4.7  Carcinogenicity  

No data have been located on the carcinogenicity of 2,2-bromochloroacetamide.  

4.1.4.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2,2-bromochloroacetamide.  

4.1.4.9  Summary  

Limited data are available on the toxicity of 2,2-bromochloroacetamide. 2-
Bromochloroacetamide is cytotoxic and causes genotoxicity in vitro in the Comet assay. 
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4.1.5  2,2-Dibromoacetamide 

 

4.1.5.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2,2-dibromoacetamide.  

4.1.5.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 2,2-dibromoacetamide. 
However, after a 72-hour exposure with Chinese hamster ovary (CHO) cells it was 
cytotoxic at a LC50 of 12.2 µM (Plewa et al., 2008).   

4.1.5.3  Irritation  

No data have been located on the potential for 2,2-dibromoacetamide to cause irritation.  

4.1.5.4  Sensitisation  

No data have been located on the potential for 2,2-dibromoacetamide to cause 
sensitisation.  

4.1.5.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,2-dibromoacetamide. 

4.1.5.6  Genotoxicity  

2,2-Dibromoacetamide was genotoxic in a Single Cell Gel Electrophoresis (SCGE) Comet 
assay with CHO cells exposed for 4 hours at a concentration of 500 µM (Plewa et al., 
2008).  

4.1.5.7  Carcinogenicity  

No data have been located on the carcinogenicity of 2,2-dibromoacetamide.  

4.1.5.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2,2-dibromoacetamide.  

4.1.5.9  Summary  

Limited data are available on the toxicity of 2,2-dibromoacetamide. 2,2-Dibromoacetamide 
is cytotoxic and causes genotoxicity in vitro in the Comet assay. 
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4.1.6  2,2-Bromoiodoacetamide 

 

4.1.6.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2,2-bromoiodoacetamide.  

4.1.6.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 2,2-bromoiodoacetamide. 
However, after a 72-hour exposure with Chinese hamster ovary (CHO) cells it was 
cytotoxic at a LC50 of 3.81 µM (Plewa et al., 2008).  

4.1.6.3  Irritation  

No data have been located on the potential for 2,2-bromoiodoacetamide to cause irritation.  

4.1.6.4  Sensitisation  

No data have been located on the potential for 2,2-bromoiodoacetamide to cause 
sensitisation.  

4.1.6.5 Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,2-bromoiodoacetamide. 

4.1.6.6  Genotoxicity  

2,2-Bromoiodoacetamide was genotoxic in a Single Cell Gel Electrophoresis (SCGE) 
Comet assay with CHO cells exposed for 4 hours at a concentration of 25.0 µM (Plewa et 
al., 2008).  

4.1.6.7  Carcinogenicity  

No data have been located on the carcinogenicity of 2,2-bromoiodoacetamide.  

4.1.6.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2,2-bromoiodoacetamide.  

4.1.6.9  Summary  

Limited data are available on the toxicity of 2,2-bromoiodoacetamide. 2,2-
Bromoiodoacetamide is cytotoxic and causes genotoxicity in vitro in the Comet assay. 
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4.1.7  2,2,2-Trichloroacetamide 

 

4.1.7.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2,2,2-trichloroacetamide.  

4.1.7.2 Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 2,2,2-trichloroacetamide. 
However, after a 72-hour exposure with Chinese hamster ovary (CHO) cells it was 
cytotoxic at a LC50 of 2.05 mM (Plewa et al., 2008).   

4.1.7.3  Irritation  

No data have been located on the potential for 2,2,2-trichloroacetamide  to cause irritation.  

4.1.7.4  Sensitisation  

No data have been located on the potential for 2,2,2-trichloroacetamide to cause 
sensitisation.  

4.1.7.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,2,2-trichloroacetamide. 

4.1.7.6  Genotoxicity  

2,2,2-Trichloroacetamide was genotoxic in a Single Cell Gel Electrophoresis (SCGE) 
Comet assay with CHO cells exposed for 4 hours at a concentration of 5.00 mM (Plewa et 
al., 2008).  

4.1.7.7  Carcinogenicity  

Woo et al. (2002) suggested ‘marginal’ concern for carcinogenicity of 2,2,2-
trichloroacetamide  based on structural activity relationship (SAR) analysis.  

No further data have been located on the carcinogenicity of 2,2,2-trichloroacetamide.  

4.1.7.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2,2,2-trichloroacetamide.  

4.1.7.9  Summary  

Limited data are available on the toxicity of 2,2,2-trichloroacetamide. 2,2,2-
Trichloroacetamide is cytotoxic and causes genotoxicity in vitro in the Comet assay. There 
is marginal concern for carcinogenicity based on SAR analysis.  
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4.1.8  2,2,2-Bromodichloroacetamide 

 

4.1.8.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2,2,2-bromodichloroacetamide.  

4.1.8.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 2,2,2-
bromodichloroacetamide. However, after a 72-hour exposure with Chinese hamster ovary 
(CHO) cells it was cytotoxic at a LC50 of 8.68 µM (Plewa et al., 2008).  

4.1.8.3  Irritation  

No data have been located on the potential for 2,2,2-bromodichloroacetamide  to cause 
irritation.  

4.1.8.4  Sensitisation  

No data have been located on the potential for 2,2,2-bromodichloroacetamide to cause 
sensitisation.  

4.1.8.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,2,2-bromodichloroacetamide. 

4.1.8.6  Genotoxicity  

2,2,2-Bromodichloroacetamide  was genotoxic in a Single Cell Gel Electrophoresis (SCGE) 
Comet assay with CHO cells exposed for 4 hours at a concentration of 75.0 µM (Plewa et 
al., 2008).  

4.1.8.7  Carcinogenicity  

No data have been located on the carcinogenicity of 2,2,2-bromodichloroacetamide.  

4.1.8.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2,2,2-bromodichloroacetamide.  

4.1.8.9  Summary  

Limited data are available on the toxicity of 2,2,2-bromodichloroacetamide. 2,2,2-
Bromodichloroacetamide is cytotoxic and causes genotoxicity in vitro in the Comet assay. 
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4.1.9  2,2,2-Dibromochloroacetamide 

 

4.1.9.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2,2,2-dibromochloroacetamide.  

4.1.9.2 Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 2,2,2-
dibromochloroacetamide. However, after a 72-hour exposure with Chinese hamster ovary 
(CHO) cells it was cytotoxic at a LC50 of 4.75 µM (Plewa et al., 2008).  

4.1.9.3  Irritation  

No data have been located on the potential for 2,2,2-dibromochloroacetamide to cause 
irritation.  

4.1.9.4  Sensitisation  

No data have been located on the potential for 2,2,2-dibromochloroacetamide to cause 
sensitisation.  

4.1.9.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,2,2-dibromochloroacetamide. 

4.1.9.6  Genotoxicity  

2,2,2-Dibromochloroacetamide  was genotoxic in a Single Cell Gel Electrophoresis (SCGE) 
Comet assay with CHO cells exposed for 4 hours at a concentration of 25.0 µM (Plewa et 
al., 2008).   

4.1.9.7  Carcinogenicity  

No data have been located on the carcinogenicity of 2,2,2-dibromochloroacetamide.  

4.1.9.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2,2,2-dibromochloroacetamide.  

4.1.9.9  Summary  

Limited data are available on the toxicity of 2,2,2-dibromochloroacetamide. 2,2,2-
Dibromochloroacetamide is cytotoxic and causes genotoxicity in vitro in the Comet assay. 
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4.1.10  2,2,2-Tribromoacetamide 

 

4.1.10.1 Toxicokinetics  

No data have been located on the toxicokinetics of 2,2,2-tribromoacetamide.  

4.1.10.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 2,2,2-tribromoacetamide. 
However, after a 72-hour exposure with Chinese hamster ovary (CHO) cells it was 
cytotoxic at a LC50 of 3.14 µM (Plewa et al., 2008).   

4.1.10.3  Irritation  

No data have been located on the potential for 2,2,2-tribromoacetamide to cause irritation.  

4.1.10.4  Sensitisation  

No data have been located on the potential for 2,2,2-tribromoacetamide to cause 
sensitisation.  

4.1.10.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,2,2-tribromoacetamide. 

4.1.10.6  Genotoxicity  

2,2,2-Tribromoacetamide  was genotoxic in a Single Cell Gel Electrophoresis (SCGE) 
Comet assay with CHO cells exposed for 4 hours at a concentration of 30.0 µM (Plewa et 
al., 2008).  

4.1.10.7  Carcinogenicity  

No data have been located on the carcinogenicity of 2,2,2-tribromoacetamide.  

4.1.10.8 Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2,2,2-tribromoacetamide.  

4.1.10.9  Summary  

Limited data are available on the toxicity of 2,2,2-tribromoacetamide. 2,2,2-
Tribromoacetamide is cytotoxic and causes genotoxicity in vitro in the Comet assay. 
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4.2 Halonitromethanes  

Generally there is little information on the toxicity of halanitromethanes, except to some 
extent for chloropicrin.  The largest databases are a few studies on cytotoxicity and 
genotoxicity. In a mammalian cell in vitro study study Plewa et al. (2004) studied the 
halonitromethanes including bromonitromethane (BNM), dibromonitromethane (DBNM), 
tribromonitromethane (TBNM), bromochloronitromethane (BCNM), 
dibromochloronitromethane (DBCNM), bromodichloronitromethane (BDCNM), 
chloronitromethane (CNM), dichloronitromethane (DCNM), and trichloronitromethane 
(TCNM). The rank order of their chronic cytotoxicity (72 hour exposure) to Chinese 
hamster ovary (CHO) cells was DBNM > DBCNM > BNM > TBNM > BDCNM > BCNM > 
DCNM > CNM > TCNM. The rank order to induce genomic DNA damage in CHO cells was 
DBNM > BDCNM > TBNM > TCNM > BNM > DBCNM > BCNM > DCNM > CNM. The 
brominated nitromethanes were more cytotoxic and genotoxic than their chlorinated 
analogues.  

An evaluation using the Salmonella mutagenicity assay was undertaken (Kundu et al., 
2004a). A standard plate incorporation method with strains TA98, TA100, TA104, TPT100 
and RSJ100 (the latter expresses the glutathione transferase theta [GSTT1-1] gene, 
known to activate halomethanes), in the presence and absence of Arochlor-induced S9 
mix, with appropriate positive controls was utilised. A total of nine different 
halonitromethanes were tested, namely BNM, DBNM, TBNM, CNM, DCNM, TCNM, 
BCNM, BDCNM, DBCNM. The rank order of potencies was given following performance of 
a linear regression on the linear portion of the dose response curve to derive 
revertants/μmol. The two HNMs which gave the most clearly positive responses in the 
standard strains TA98, TA100 were the chloro- derivatives CNM and DCNM; the tri-chloro 
derivative was only weakly positive in the presence of S9. Six out of the nine were positive 
in these two strains. In general, there were no substantial differences between the 
responses in the presence or absence of S9. The relative order of potencies in TA100 +S9 
based on revertants/μmol were (BCNM ~DBNM)> (TBNM~ CNM)>BNM~DCNM~BDCNM). 
TCNM and DBCNM were negative in this strain. Rank orders in TA98 and without S9 were 
comparatively similar.  

A repeat/companion assay was conducted to compare directly the mutagenic potential of 
the HNMs with their equivalent halomethanes; Salmonella strain TA 100, with or without 
S9, with 30 minutes pre-incubation was used (Kundu et al., 2004b). Revertants were also 
taken for mutation analysis. As well as absolute revertant counts, the mutation potencies 
were calculated using the slope of the linear regression over the linear part of the dose 
response curve as before. Essentially all nine HNMs tested were positive in the presence 
of S-9, although two, namely DBNM and DBCNM, produced responses less than 2-fold 
control levels. Interestingly, here only CNM was positive in the absence of S9. The rank 
order of potencies for the HNMs in TA100 +S9 were DBCNM > 
(TBNM~BCNM>BNM)>(BDCNM~DBNM~CNM)>DCNM~TCNM). However, DBCNM 
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produced less than a 2-fold increase in absolute revertant number and as it was negative 
in the plate incorporation assay, its mutagenic activity must be queried.  

In both bacterial assay studies, BCNM was one of the most potent (in presence of S-9) 
and was also the most potent in the Comet assay. CNM, although deemed one of the least 
potent, gave the greatest fold increases in both plate incorporation and pre-incubation 
assays, but at high concentrations, an absence of overt toxicity as seen with some others. 
The lower potency of CNM is also reflected in the CHO Comet assay (Plewa et al., 2004). 
No attempt was made to explain the reduced activity generally seen in the absence of S9 
in the pre-incubation assay.  

The halonitromethanes were generally shown to be more mutagenic and cytotoxic than 
their halomethane counterparts. It is suggested that this is a function of the electron 
withdrawing capacity of the nitro group.  

In summary, the halonitromethanes were shown to have in vitro genotoxic activity in both 
mammalian and bacterial systems, although with some inducing less than two-fold 
increases in the latter assay. In Salmonella the di–substituted compounds appeared to be 
most mutagenic, with trends for enhanced responses for the more highly brominated 
compounds compared to the chlorinated compounds. The brominated compounds were 
also more active in the Comet assay.  
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4.2.1  Chloronitromethane 

 

4.2.1.1  Toxicokinetics  

No data have been located on the toxicokinetics of chloronitromethane.  

4.2.1.2  Acute Toxicity  

No data have been located on the acute toxicity of chloronitromethane.  

4.2.1.3  Irritation  

No data have been located on the potential for chloronitromethane to cause irritation.  

4.2.1.4  Sensitisation  

No data have been located on the potential for chloronitromethane to cause sensitisation.  

4.2.1.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of chloronitromethane. 

4.2.1.6  Genotoxicity  

Chloronitromethane was cytotoxic in Chinese hamster ovary (CHO) cells (Plewa et al., 
2004), positive in a Single Cell Gel Electrophoresis (SCGE) Comet assay in CHO cells 
(Plewa et al., 2004), and positive in bacterial systems for genotoxicity (Kundu et al., 2004a, 
Kundu et al., 2004b).  

4.2.1.7  Carcinogenicity  

No data have been located on the carcinogenicity of chloronitromethane.  

4.2.1.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of chloronitromethane.  

4.2.1.9  Summary  

Limited data are available on the toxicity of chloronitromethane. Chloronitromethane is 
cytotoxic and causes genotoxicity in vitro. 
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4.2.2  Bromonitromethane 

 

4.2.2.1  Toxicokinetics  

No data have been located on the toxicokinetics of bromonitromethane.  

4.2.2.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of bromonitromethane. 
However, after a 72-hour exposure with Chinese hamster ovary (CHO) cells it was 
cytotoxic at a LC50 of 7.06 µM (Plewa et al., 2004).  

4.2.2.3  Irritation  

No data have been located on the potential for bromonitromethane to cause irritation.  

4.2.2.4  Sensitisation  

No data have been located on the potential for bromonitromethane to cause sensitisation.  

4.2.2.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of bromonitromethane. 

4.2.2.6  Genotoxicity  

Bromonitromethane was cytotoxic in CHO cells (Plewa et al., 2004), positive in a Single 
Cell Gel Electrophoresis (SCGE) Comet assay in CHO cells (Plewa et al., 2004), and 
positive in bacterial systems for genotoxicity (Kundu et al., 2004a, Kundu et al., 2004b). 
Liviac et al. (2009) also found that bromonitromethane induced high levels of DNA breaks 
in a Comet assay, and that the DNA damage repaired well over time, but no positive 
effects were observed in a Micronucleus Assay (MA), which measured both clastogenic 
and aneugenic effects, neither using TK6 cells nor peripheral blood lymphocytes.  
Bromonitromethane tested negative in an in vivo wing somatic mutation and recombination 
test in Drosophila, also known as the wing-spot assay (García-Quispes et al., 2009) 

4.2.2.7  Carcinogenicity  

No data have been located on the carcinogenicity of bromonitromethane.  

4.2.2.8 Reproductive Toxicity  

No data have been located on the reproductive toxicity of bromonitromethane.  

4.2.2.9  Summary  

Limited data are available on the toxicity of bromonitromethane. Bromonitromethane is 
cytotoxic and causes genotoxicity in vitro but not in vivo.  
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4.2.3  Dichloronitromethane 

 

4.2.3.1  Toxicokinetics  

No data have been located on the toxicokinetics of dichloronitromethane.  

4.2.3.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of dichloronitromethane. 
However, after a 72-hour exposure with Chinese hamster ovary (CHO) cells it was 
cytotoxic at a LC50 of 373 µM (Plewa et al., 2004).   

4.2.3.3  Irritation  

No data have been located on the potential for dichloronitromethane to cause irritation.  

4.2.3.4  Sensitisation  

No data have been located on the potential for dichloronitromethane to cause sensitisation.  

4.2.3.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of dichloronitromethane. 

4.2.3.6  Genotoxicity  

Dichloronitromethane was cytotoxic in CHO cells (Plewa et al., 2004), positive in a Single 
Cell Gel Electrophoresis (SCGE) Comet assay in CHO cells (Plewa et al., 2004), and 
positive in bacterial systems for genotoxicity (Kundu et al., 2004a, Kundu et al., 2004b).  

4.2.3.7  Carcinogenicity  

No data have been located on the carcinogenicity of dichloronitromethane.  

4.2.3.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of dichloronitromethane.  

4.2.3.9  Summary  

Limited data are available on the toxicity of dichloronitromethane. Dichloronitromethane is 
cytotoxic and causes genotoxicity in vitro. 
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4.2.4  Dibromonitromethane 

 

4.2.4.1  Toxicokinetics  

No data have been located on the toxicokinetics of dibromonitromethane.  

4.2.4.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of dibromonitromethane. 
However, after a 72-hour exposure with Chinese hamster ovary (CHO) cells it was 
cytotoxic at a LC50 of 6.09 µM (Plewa et al., 2004).   

4.2.4.3  Irritation  

No data have been located on the potential for dibromonitromethane to cause irritation.  

4.2.4.4  Sensitisation  

No data have been located on the potential for dibromonitromethane to cause sensitisation.  

4.2.4.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of dibromonitromethane. 

4.2.4.6  Genotoxicity  

Dibromonitromethane was cytotoxic in CHO cells (Plewa et al., 2004), positive in a Single 
Cell Gel Electrophoresis (SCGE) Comet assay in CHO cells (Plewa et al., 2004) and 
positive in bacterial systems for genotoxicity (Kundu et al., 2004a, Kundu et al., 2004b).  

4.2.4.7  Carcinogenicity  

Woo et al. (2002) suggested ‘moderate’ concern for carcinogenicity of 
dibromonitromethane based on structural activity relationship (SAR) analysis.  

No further data have been located on the carcinogenicity of dibromonitromethane.  

4.2.4.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of dibromonitromethane.  

4.2.4.9  Summary  

Limited data are available on the toxicity of dibromonitromethane. Dibromonitromethane is 
cytotoxic and causes genotoxicity in vitro.  There is ‘moderate’ concern for carcinogenicity 
based on SAR analysis.  
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4.2.5  Bromochloronitromethane 

4.2.5.1  Toxicokinetics  

No data have been located on the toxicokinetics of bromochloronitromethane.  

4.2.5.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 
Bromochloronitromethane. However, after a 72-hour exposure with Chinese hamster ovary 
(CHO) cells it was cytotoxic at a LC50 of 40.5 µM (Plewa et al., 2004).  

4.2.5.3  Irritation  

No data have been located on the potential for bromochloronitromethane to cause irritation.  

4.2.5.4  Sensitisation  

No data have been located on the potential for bromochloronitromethane to cause 
sensitisation.  

4.2.5.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of bromochloronitromethane. 

4.2.5.6  Genotoxicity  

Bromochloronitromethane was cytotoxic in CHO cells (Plewa et al., 2004), positive in a 
Single Cell Gel Electrophoresis (SCGE) Comet assay in Chinese hamster ovary (CHO) 
cells (Plewa et al., 2004), and positive in bacterial systems for genotoxicity (Kundu et al., 
2004a, Kundu et al., 2004b).  

4.2.5.7  Carcinogenicity  

No data have been located on the carcinogenicity of bromochloronitromethane.  

4.2.5.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of bromochloronitromethane.  

4.2.5.9  Summary  

Limited data are available on the toxicity of bromochloronitromethane. 
Bromochloronitromethane is cytotoxic, and causes genotoxicity in vitro. 
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4.2.6  Chloropicrin (Trichloronitromethane) 

 

4.2.6.1  Toxicokinetics  

Time-course experiments with chloropicrin spiked blood showed that nitromethane was the 
major product formed in blood (Alwis et al 2008) 

4.2.6.2  Acute Toxicity  

An oral LD50 of 250 mg/kg of body weight was reported in rats (Tatken et al., 1983). An 
LC50 of 66 mg/m3 in mice was reported following a 4-hour exposure to chloropicrin aerosol 
(Kawai, 1973). After a 72-hour exposure with Chinese hamster ovary (CHO) cells, 
chloropicrin was cytotoxic at a LC50 of 536 µM (Plewa et al., 2004).  

4.2.6.3  Irritation  

In 1921, Fries and West reported on the ocular dose response for four subjects: the time to 
involuntary eye closure for chloropicrin concentrations was between 2 and 38 seconds, at 
concentrations between 2 and 20 ppm (Fries and West, 1921). Concentrations below 1–2 
ppm produced “considerable blinking” but not eye closure. Flury and Zernik (1931) 
summarized the results of German studies (original citation by Gildemeister and Heubner, 
1920) on chloropicrin. These studies demonstrated that chloropicrin concentrations of 0.3–
3.7 ppm produce involuntary eye closure within 3–30 seconds. Concentrations of 15 ppm 
could not be tolerated by unhabituated subjects for longer than 1 minute (Flury and Zernik, 
1931). In addition to intense eye irritation, wartime exposure to chloropicrin was associated 
with coughing and severe gastrointestinal effects, which included persistent nausea, 
vomiting, colic, and diarrhea (Fries and West, 1921; Prentiss, 1937). 

A study of 13 human patients revealed three periods of chloropicrin intoxication: irritation, 
latent (average 2-5 hours) and development of pulmonary edema. With high concentration 
of chloropicrin vapours and long exposure, the latent period was significantly shorter or 
was absent. The course of the first and second period was similar, while the third proved 
to be different. Timely use of etiopathogenetic and symptomatic treatment was effective 
and resulted in clinical recovery (Asauliuk, 1990). 

Inhalation of chloropicrin at 2 mg/m3 caused pulmonary effects following a 1-minute 
exposure (Tatken et al., 1981). 

Cain (2004) performed experiments of the irritant effects of chloropicrin and showed that 
the median instantaneous odor detection threshold for all subjects was 700 ppb. The 
perception of odor diminished with prolonged exposure, while the perception of irritation 
increased. For brief exposures (5–30 seconds), eye irritation (or at least “chemesthesis” – 
detection of exposure by the eye) occurred in 50% of volunteer subjects exposed to 700 
ppb of chloropicrin. Of the 62 subjects tested, 10–15% (depending upon the site of 
exposure) failed to detect 1,200 ppb of chloropicrin (the highest concentrations tested in 
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the study). For exposures lasting 20 minutes, the minimum concentration detectable by 
50% of the subjects was 75 ppb. The no-observed-effect-level (NOEL) for this portion of 
the study was 50 ppb. One-hour exposures to 100 and 150 ppb produced subjective eye 
irritation in most subjects.  An estimated NOEL for a 1-hr exposure to chloropicrin 
(calculated from the 100 ppb LOEL (lowest-observed-effect-level)) was 10 ppb. In the 
subjects studied (selected for absence of asthma, allergic rhinitis, and other common 
respiratory conditions), respiratory irritation was not quantifiable for brief exposures above 
1 ppm. Similarly, no upper or lower respiratory symptoms were noted in either the 20 min 
(75 ppb), or 60 min (100 and 150 ppb) exposures. 

4.2.6.4  Sensitisation  

No data have been located on the potential for chloropicrin to cause sensitisation.  

4.2.6.5  Repeat Dose Toxicity  

Short-term exposure 

In a 6-week range-finding test, Osborne-Mendel rats (5 per sex per group) were given 
chloropicrin by gavage at doses of 0, 16, 25, 40, 63, or 100 mg/kg of body weight per day, 
5 days per week. Groups of B6C3F1 mice were treated in the same manner with doses of 
10, 16, 25, 40, or 63 mg/kg of body weight per day. In rats, chloropicrin produced no 
mortality at 40 mg/kg of body weight per day or less, except for one female at 25 mg/kg of 
body weight per day. At 40 and 63 mg/kg of body weight per day, mean body weight was 
depressed by 11% and 38% in males and by 17% and 30% in females, respectively. In 
mice, there was no mortality at any dose tested. At 40 and 63 mg/kg of body weight per 
day, mean body weight was depressed by 12% and 20% in males and by 3% and 6% in 
females, respectively. In both species, a no-observed-adverse-effect-level (NOAEL) of 25 
mg/kg of body weight per day was identified (NCI, 1978). 

Buckeley et al. (1984) determined whether lesions occur in the respiratory tract of Swiss-
Webster mice after exposure to the RD50 concentrations (concentration which elicits a 
respiratory rate decrease of 50%) of chloropicrin.  After exposure of mice for 6 hr/day for 5 
days, the respiratory tract was examined for histopathologic changes. Chloropicrin 
produced lesions in the nasal cavity with a distinct anterior-posterior severity gradient. 
There was considerable variation in the extent and nature of the lesions. The lesions 
ranged from slight epithelial hypertrophy or hyperplasia to epithelial erosion, ulceration, 
and necrosis with variable inflammation of the subepithelial tissues. Chloropicrin also 
induced lesions in the lower respiratory tract. 

Condie et al. (1994) assessed the toxicity of chloropicrin following its administration to rats 
via oral gavage for either 10 or 90 consecutive days at dose levels of 10, 20, 40, and 80 
mg/kg and 2, 8 and 32 mg/kg, respectively. Control rats received corn oil at a dose of 1.0 
ml/kg. Toxicological observations included organ and body weight measurements, 
necropsy and histopathology observations, urinalysis, clinical chemistry and hematology 
determinations. The most remarkable toxicological finding in both studies was the 
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corrosive property of chloropicrin on fore stomach tissue. Inflammation, necrosis, 
acantholysis, hyperkeratosis and epithelial hyperplasia of the forestomach were seen in all 
dose groups of the 10-day study. Similar changes were detected in only the high dose 
group in the 90-day study. Decreased red blood cell parameters were noted in the highest 
dose groups in both studies, possibly due to blood loss via the damaged stomach lining. 
Chloropicrin may have been aspirated into the lungs of animals in the high dose group in 
the ninety day study resulting in pulmonary complications leading to the deaths of 60% of 
the males and 80% of the females starting at week five. The 8 mg/kg dose group in the 
ninety day study was considered to be the NOAEL (Condie et al., 1994). 

Long-term exposure 

The chronic toxicity of chloropicrin was investigated in a 78-week study on Osborne-
Mendel rats and B6C3F1 mice. Chloropicrin in corn oil was administered 5 days per week 
by gavage to animals (50 per sex per dose) at initial doses of 23 or 46 mg/kg of body 
weight per day for rats and 25 or 50 mg/kg of body weight per day for mice in a complex 
dosing regimen. Survival was decreased in both rats and mice. For rats, survival to the 
end of the study was 6% for high-dose males, 8% for low-dose males, 20% for high-dose 
females, and 22% for low-dose females. In both vehicle and untreated control groups, at 
least 50% of the animals survived past week 89. The associations between chloropicrin 
dose and accelerated mortality in mice were also significant when compared with the 
vehicle controls for both males and females (NCI, 1978) 

4.2.6.6  Genotoxicity  

The mutagenicity of chloropicrin in five strains of Salmonella typhimurium and one strain of 
Escherichia coli was studied. Chloropicrin was either negative or weakly positive in the 
absence of the S9 fraction, but positive in one strain in its presence. Chloropicrin 
significantly increased the number of sister chromatid exchanges in cultured human 
lymphocytes in vitro in the absence of metabolic activation (Gary et al., 1987). 

Giller et al. (1995) found a genotoxic response only when assayed with the post 
mitochondrial supernatant fraction (S9) of rat liver homogenate. Nevertheless, further 
studies have demonstrated that only glutathione addition was necessary to obtain the 
ultimate genotoxicant (Schneider et al., 1999; Kundu et al., 2004a). 

Chloropicrin was cytotoxic in Chinese hamster ovary (CHO) cells (Plewa et al., 2004), 
positive in a Single Cell Gel Electrophoresis (SCGE) Comet assay in CHO cells (Plewa et 
al., 2004), and positive in bacterial systems for genotoxicity (Kundu et al., 2004a, Kundu et 
al., 2004b). Liviac et al (2009) also found that chloropicrin induced high levels of DNA 
breaks in a Comet assay, and that the DNA damage repaired well over time, but no 
positive effects were observed in a Micronucleus Assay (MA), which measured both 
clastogenic and aneugenic effects, using TK6 cells nor peripheral blood lymphocytes.  
Chloropicrin tested negative in an in vivo wing somatic mutation and recombination test in 
Drosophila, also known as the wing-spot assay (García-Quispes et al., 2009) 
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4.2.6.7  Carcinogenicity  

Osborne-Mendel rats (50 per sex per dose) and B6C3F1 mice (50 per sex per dose) were 
given chloropicrin by gavage in corn oil 5 days per week for 78 weeks. A complex dosing 
regimen was employed in which varying doses were administered for varying intervals; 
there were also periods during which no chloropicrin was given. The overall time-weighted 
average doses for the 78-week period were 25 or 26 mg/kg of body weight per day for 
male rats, 20 or 22 mg/kg of body weight per day for female rats, 66 mg/kg of body weight 
per day for male mice, and 33 mg/kg of body weight per day for female mice. Post-dosing 
observation periods were 32 weeks (rats) or 13 weeks (mice). In rats, the incidence of 
neoplasms in exposed animals was not higher than that in controls. However, mortality in 
exposed rats was high, and it is likely that most animals did not survive long enough to be 
at risk from tumours with long latency period. A rapid decrease in survival after the first 
year of the study was also observed among the high-dose mice of both sexes. Although 
the mice did not exhibit any statistically significant incidence of tumours, two carcinomas 
and a papilloma of the squamous epithelium of the forestomach were reported, which were 
rare in historical controls. The authors concluded that the results of tests with rats did not 
permit an evaluation of carcinogenicity because of the short survival time of dosed animals, 
and that the results in mice did not demonstrate conclusive statistical evidence for 
carcinogenicity under the conditions of the study (NCI, 1978). 

4.2.6.8 Other Effects in Humans 

During the 12-yr period covered by this report, 28 individual episodes gave rise to 288 
definite, probable, or possible health-effects case reports related to drift, during agricultural 
applications of chloropicrin in California. An additional 30 cases, related to three separate 
episodes, were related to off-site exposure. Of the 318 drift and off-site movement cases, 
306 (96.2%) were part of illness clusters, including nine formally designated priority 
investigations (individual cases hospitalised 24 hr or longer, or clusters of five or more 
cases). These included a 1995 episode that affected 16 people in Ventura County, CA, 
and a 2003 episode that affected 166 people in Kern County, CA (Oriel et al., 2009). 

4.2.6.9  Reproductive Toxicity  

No data have been located on the reproductive toxicity of chloropicrin.  

4.2.6.10  Summary  

Chloropicrin is cytotoxic and causes genotoxicity in vitro, but not in vivo with Drosophila. 
Chloropicrin is a strong irritant and may cause pulmonary edema at high doses.   The 
corrosive property of chloropicrin has been shown on stomach tissue. Data on 
carcinogenicity are insufficient to draw conclusions.  The no observed adverse effect level 
is 8 mg/kg/day based on the effect on stomach tissue (Condie et al., 1994).  In 2003 the 
WHO stated that available data are considered inadequate to support the establishment of 
a guideline value for chloropicrin. 
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4.2.7  Bromodichloronitromethane 

4.2.7.1  Toxicokinetics  

No data have been located on the toxicokinetics of bromodichloronitromethane.  

4.2.7.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 
bromodichloronitromethane. However, after a 72-hour exposure with Chinese hamster 
ovary (CHO) cells it was cytotoxic at a LC50 of 13.2 µM (Plewa et al., 2004).  

4.2.7.3  Irritation  

No data have been located on the potential for bromodichloronitromethane to cause 
irritation.  

4.2.7.4  Sensitisation  

No data have been located on the potential for bromodichloronitromethane to cause 
sensitisation.  

4.2.7.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of bromodichloronitromethane. 

4.2.7.6  Genotoxicity  

Bromodichloronitromethane was cytotoxic in CHO cells (Plewa et al., 2004), positive in a 
Single Cell Gel Electrophoresis (SCGE) Comet assay in CHO cells (Plewa et al., 2004), 
and positive in bacterial systems for genotoxicity (Kundu et al., 2004a, Kundu et al., 
2004b). 

4.2.7.7  Carcinogenicity  

Woo et al. (2002) suggested ‘moderate’ concern for carcinogenicity of 
bromodichloronitromethane based on structural activity relationship (SAR) analysis.  

No further data have been located on the carcinogenicity of bromodichloronitromethane.  

4.2.7.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of Bromodichloronitromethane.  

4.2.7.9  Summary  

Limited data are available on the toxicity of bromodichloronitromethane. 
Bromodichloronitromethane is cytotoxic and causes genotoxicity in vitro.  There is 
‘moderate’ concern of carcinogenicity based on SAR analysis.  
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4.2.8  Dibromochloronitromethane 

 

4.2.8.1  Toxicokinetics  

No data have been located on the toxicokinetics of dibromochloronitromethane.  

4.2.8.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 
dibromochloronitromethane. However, after a 72-hour exposure with Chinese hamster 
ovary (CHO) cells it was cytotoxic at a LC50 of 6.88 µM (Plewa et al., 2004).  

4.2.8.3  Irritation  

No data have been located on the potential for dibromochloronitromethane to cause 
irritation.  

4.2.8.4  Sensitisation  

No data have been located on the potential for dibromochloronitromethane to cause 
sensitisation.  

4.2.8.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of dibromochloronitromethane. 

4.2.8.6  Genotoxicity  

Dibromochloronitromethane was cytotoxic in CHO cells (Plewa et al., 2004), positive in a 
Single Cell Gel Electrophoresis (SCGE) Comet assay in CHO cells (Plewa et al 2004), and 
positive in bacterial systems for genotoxicity (Kundu et al., 2004a, Kundu et al., 2004b). 

4.2.8.7  Carcinogenicity  

No data have been located on the carcinogenicity of dibromochloronitromethane.  

4.2.8.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of dibromochloronitromethane.  

4.2.8.9  Summary  

Limited data are available on the toxicity of dibromochloronitromethane. 
Dibromochloronitromethane is cytotoxic and causes genotoxicity in vitro. 
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4.2.9  Bromopicrin (Tribromonitromethane) 

 

4.2.9.1  Toxicokinetics  

No data have been located on the toxicokinetics of tribromonitromethane.  

4.2.9.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of bromopicrin 
(tribromonitromethane). However after a 72-hour exposure with Chinese hamster ovary 
(CHO) cells it was cytotoxic at a LC50 of 8.57 µM (Plewa et al., 2004).  

4.2.9.3  Irritation  

No data have been located on the potential for tribromonitromethane to cause irritation.  

4.2.9.4  Sensitisation  

No data have been located on the potential for tribromonitromethane to cause sensitisation.  

4.2.9.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of tribromonitromethane. 

4.2.9.6  Genotoxicity  

Tribromonitromethane was cytotoxic in CHO cells (Plewa et al., 2004), positive in a Single 
Cell Gel Electrophoresis (SCGE) Comet assay in CHO cells (Plewa et al., 2004), and 
positive in bacterial systems for genotoxicity (Kundu et al., 2004a, Kundu et al., 2004b).  

4.2.9.7  Carcinogenicity  

Woo et al. (2002) suggested ‘low-moderate’ concern for carcinogenicity of 
tribromonitromethane based on structural activity relationship (SAR) analysis.  

No further data have been located on the carcinogenicity of Tribromonitromethane.  

4.2.9.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of tribromonitromethane.  

4.2.9.9  Summary  

Limited data are available on the toxicity of tribromonitromethane. Tribromonitromethane is 
cytotoxic and causes genotoxicity in vitro.  There is ‘low-moderate’ concern of 
carcinogenicity based on SAR analysis.  
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4.3 Haloacetonitriles 

The toxicological data base for haloacetronitriles is much larger compared to the other 
groups evaluated, and includes both in vitro and in vivo tests.  There is even a human 
epidemiological study that examined the relationship between haloacetonitriles in water 
and adverse birth outcomes.  Klotz and Pyrch (1999) examined the relation between DBPs 
including haloacetonitriles as a group and the risk of neural tube defects.   They conducted 
a population-based case control study of neural tube defects and drinking water 
contaminants, specifically disinfection by-products. They used public monitoring records 
concurrent with the first month of gestation to assess exposure. The haloacetonitriles 
showed little relation to neural tube defects. 
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4.3.1  2-Chloroacetonitrile 

 

4.3.1.1  Toxicokinetics  

When administered orally to rats, 2-chloroacetonitrile was metabolized to cyanide and 
excreted in the urine as thiocyanate (Lin et al., 1986). The MPO/H2O2/Cl- system has the 
ability of oxidizing 2-Chloroacetonitrile to cyanide (Abdel-Naim and Mohamadin, 2004)  

Male Sprague-Dawley rats were treated with a tracer dose of [2-14C] 2-Chloroacetonitrile 
(i.v., 88 muCi/kg, spec. act 4.07 mCi/mmol). At various time intervals (0.08, 1, 3, 6, 12, 24, 
and 48 hours) after treatment, rats were processed for whole body autoradiographic. Over 
12 hours after administration, the radioactivity excreted in urine, feces, and exhaled as 
14CO2 accounted for 51%, 2.7%, and 12% of the dose, respectively. Only 0.8% of the 
administered dose was exhaled as unchanged 2-chloroacetonitrile. At an early time 
interval (5 min) extensive accumulation of radioactivity was observed in liver, kidney, and 
gastrointestinal walls. In addition, high levels of 14C were detected in the thyroid gland, 
lung bronchioles, adrenal cortex, salivary gland, and testes. At 1 hour following 
administration, the olfactory bulb, olfactory receptor area of the brain and lumbar cistern 
showed high accumulations of radioactive 2-chloroacetonitrile or its equivalent. At 3, 6, 
and 12 hours after treatment, the radioactivity diffused homogeneously in all tissues and 
reconcentrated in several organs at later time periods (24 and 48 hours) (Ahmed et al., 
1991) 

A rapid high uptake (at 1 hour) of radioactivity was observed in all major maternal (liver, 
lung, urinary bladder, gastrointestinal mucosa, cerebellum, uterine luminal fluid) and fetal 
(liver, brain) organs of both normal and GSH depleted mice after administering a dose of 
2-[14C]-chloroacetonitrile (333 microCi/kg equivalent to 77 mg/kg) (Jacob et al., 1998). At a 
later time period (24 hours), there was a significantly higher retention and covalent 
interaction of radioactivity in GSH depleted mouse tissues especially in the liver as 
compared to normal mouse. This study suggests that 2-[14C]-chloroacetonitrile and/or its 
metabolites are capable of crossing the placental barrier.  

To assess fetal brain uptake of 2-chloroacetonitrile, several pregnant CD-1 mice were 
injected with a tracer dose of 2-[14C]-chloroacetonitrile (333 microCi/kg, i.v.), at GD-12 and 
processed for quantitative in situ micro whole-body autoradiography (QIMWBA) at 1 and 
24 hours after treatment. The results indicated a rapid placental transfer and fetal brain 
uptake of 2-[14C]-chloroacetonitrile/metabolites in cortical areas and hippocampus (Ahmed 
et al., 2005). 

4.3.1.2  Acute Toxicity  

Acute oral LD50s for the halogenated acetonitriles in rodents range from 245 to 361 mg/kg 
of body weight (Smyth et al., 1962; Meier et al., 1985; Hayes et al., 1986).  Hussein and 
Ahmed (1987) found somewhat lower oral LD50s in rats for 2-chloroacetonitrile: 152.8 
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mg/kg of body weight. After a 72-hour exposure with Chinese hamster ovary (CHO) cells, 
2-choroacetonitrile was cytotoxic at a LC50 of 68.3 µM (Muellner et al., 2007).  

4.3.1.3  Irritation  

No data have been located on the potential for 2-chloroacetonitrile to cause irritation.  

4.3.1.4  Sensitisation  

No data have been located on the potential for 2-chloroacetonitrile to cause sensitisation.  

4.3.1.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2-chloroacetonitrile  

4.3.1.6  Genotoxicity  

2-Chloroacetonitrile did not initiate gamma-glutamyltranspeptidase (GGT) foci when 
assayed for tumor-initiating activity in rat liver foci bioassay (Lin et al., 1986) 

The interaction of 2-chloroacetonitrile or its reactive metabolites with maternal uterine DNA 
was enhanced following glutathione depletion. At 24 hours after treatment, the covalent 
binding to DNA in fetal tissue was significantly increased in glutathione depleted mice 
(205% of control) (Abdel-Aziz et al., 1993) 

2-Chloroacetonitrile was positive in the Ames fluctuation assay with S. typhimurium, in the 
presence and absence of metabolic activation (Le Curieux et al., 1995). 2-
Chloroacetonitrile increased micronuclei formation in erythrocytes of Pleurodeles waltl 
(newt) larvae (Le Curieux et al., 1995).  2-Chloroacetonitrile induced a significant dose- 
and time-dependent decrease in glutathione (GSH) levels in pyloric rat stomach mucosa 
and also DNA damage (Ahmed et al., 1999). 

2-Chloroacetonitrile has a potential cytotoxic effect in rat gastric epithelial cells (GECs); 
thiol group-donors, antioxidants, and iron chelators can play a critical role against CAN-
induced cellular damage (Mohamadin and Abdel-Naim, 1999). 

With an Ames fluctuation test, a mutagenic effect was observed for 2-chloroacetonitrile   
(Muller-Pillet et al., 2000). In a SCGE assay, 2-chloroacetonitrile induced DNA damage in 
HeLa S3 cells, increasing the mean tail moment significantly (Muller-Pillet et al., 2000). 

2-Chloroacetonitrile was cytotoxic in Chinese hamster ovary (CHO) cells and positive in a 
Single Cell Gel Electrophoresis (SCGE) Comet assay in CHO cells (Muellner et al., 2007). 

4.3.1.7  Carcinogenicity  

Chloroacetonitrile was tested in a limited carcinogenicity study in female Sencar mice by 
skin application, in an initiation/promotion study in female Sencar mice by skin – 
application and in a screening assay for lung tumours in female strain ‘A’ mice by oral 
administration. No skin tumour was produced after skin application in mice or in the 
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initiation/promotion study, in which chloroacetonitrile was applied topically as six equal 
doses over a two-week period, followed by repeated doses of 12-O-tetradecanoylphorbol 
13-acetate for 20 weeks. After oral administration, a small, significant increase in the 
proportion of mice with lung tumours and number of tumours per mouse was observed: 
control, 3/31 and 0.1; treated group (10 mg/kg bw, three times per week, eight weeks), 
9/28 and 0.43 (p < 0.05) (IARC, 1991). 

4.3.1.8  Reproductive Toxicity  

Pregnant CD-1 mice, at the sixth day of gestation (GD-6), received a daily (GD-6-GD-18) 
oral dose of chloroacetonitrile (25 ppm). There was a 20% reduction in body weight and a 
22% reduction in brain weight of fetuses exposed to 2-chloroacetonitrile compared to 
controls.  In treated animals a 3-fold decrease in glutathione (GSH), 1.3-fold increase in 
lipid peroxidation and 1.4-fold increase in DNA oxidation were detected as compared to 
control. DeOlmos cupric silver staining of fetal brains indicated a significant increase in 
cortical neurodegeneration in treated animals. Immunohistochemical labeling (TUNEL) of 
apoptotic nuclei in the cortices and choroid plexuses were also increased in treated 
animals as compared to a control. In animals exposed to 2-chloroacetonitrile there was an 
increase in nuclear DNA fragmentation (TUNEL staining) detected in the cerebral cortex 
and cerebellum (2-fold increase in apoptotic indices). Caspase-3 activity in cerebral cortex 
and cerebellum of treated animals were also increased (1.7- and 1.5-fold, respectively) 
(Ahmed et al., 2005a, Ahmed et al., 2005b). 

At gestation day 6, pregnant mice were given 2-chloroacetonitrile (12.5, 25, or 50 
mg/kg/day) until gestation day 18. Uteri were then examined and live fetuses were 
collected, weighed, and evaluated for any malformations. High doses of 2-
chloroacetonitrile (50 mg/kg) had significantly elevated fetal anomalies and reduced fetal 
viability. Chloroacetonitrile at a dose of 25 mg/kg did not affect fetal viability and 
significantly reduced fetal body weight. Subsequent experimentation was performed using 
this dose level. Histological examination of fetal axial skeleton indicated that 2-
chloroacetonitrile resulted in delayed appearance of endochondral ossification centers, 
widening of the vertebrae, and destruction of the calcified zone. In addition, the skeletal 
muscle fibers were markedly distorted, were small in size, and were widely separated by 
connective tissue. Both connective tissue perimysium and endomysium were less cellular 
compared with control sections. The histological findings were further confirmed by 
assessing the morphometric changes. Ratios of calcified cartilage to non-calcified cartilage 
areas in both control and 2-chloroacetonitrile-exposed groups were determined. Also, 
skeletal muscle fiber diameter of 2-chloroacetonitrile-exposed fetuses was significantly 
decreased compared with control group (Ahmed et al., 2008). 

2-Chloroacetonitrile (25mg/kg/day) was given orally to pregnant mice at gestation day (GD) 
6 until GD 18. Fetuses were collected and fetal livers were used for assessing oxidative 
status, apoptosis and histopathological changes. Maternal exposure to 2-chloroacetonitrile 
resulted in observed oxidative stress and redox imbalance in fetal liver tissues as marked 
by significant decrease in reduced glutathione (GSH) and elevation of oxidized glutathione 
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(GSSG), malondialdehyde (MDA) and 8-hydroxy-2'-deoxyguanosine (8-OHdG) in genomic 
DNA. Further, 2-chloroacetonitrile induced apoptosis as indicated by a significant increase 
in binding of Hoechst reagent to damaged DNA fragments of fetal liver and enhancement 
of the activity of caspase-3 in cytosolic fractions of fetal livers. Histopathological 
examination of fetal livers of 2-chloroacetonitrile-treated mice showed hepatocytes with 
vacuolated cytoplasm, karyolysis, and karyorrhexis as well as depletion of their glycogen 
content (Abdel-Naim et al., 2009). 

4.3.1.9  Summary  

2-Chloroacetonitrile is cytotoxic and causes genotoxicity in vitro.  2-Chloroacetonitrile 
crosses the placental and fetal blood-brain barriers and induces oxidative stress that 
triggers apoptotic neurodegeneration in the fetal brain.  Maternal exposure to 2-
chloroacetonitrile adversely affects mouse fetal livers as evidenced by the induction of 
oxidative stress, apoptosis and histopathological changes. Intrauterine exposure to low 
levels of 2-chloroacetonitrile decreases fetal body weight and induces malformations in the 
musculoskeletal system in mice. The lowest observed effect level appears to be 25 
mg/kg/day based on reprotoxicity test.  The evidence for carcinogenicity is currently 
insufficient.   
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4.3.2  2-Bromoacetonitrile 

 

4.3.2.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2-bromoacetonitrile.  

4.3.2.2  Acute Toxicity  

Acute oral LD50s for the halogenated acetonitriles in rodents range from 245 to 361 mg/kg 
of body weight (Smyth et al., 1962; Meier et al., 1985; Hayes et al., 1986). Hussein and 
Ahmed (1987) found somewhat lower oral LD50s in rats for 2-bromoacetonitrile: 25.8 mg/kg 
of body weight. After a 72-hour exposure with Chinese hamster ovary (CHO) cells, 2-
bromoacetonitrile was cytotoxic at a LC50 of 3.21 µM (Muellner et al., 2007).  

4.3.2.3  Irritation  

No data have been located on the potential 2-bromoacetonitrile to cause irritation.  

4.3.2.4  Sensitisation  

There is one case report of allergic contact dermatitis to 2-bromoacetonitrile in a chemist 
(Hernandez-Machin et al., 2005). 

4.3.2.5  Repeat Dose Toxicity  

The potential toxicity of 2-bromoacetonitrile was evaluated using a short-term reproductive 
and developmental toxicity screen by NTP (1997). This study design was selected to 
identify the process (development; female reproduction; male reproduction; various 
somatic organs/processes) that is the most sensitive to bromoacetonitrile exposure. The 
dose-range finding study initially used concentrations of 625-5000 ppm. This study was 
suspended after 5 days due to significant reductions in body weight, and feed and water 
consumption. The second dose-range finding study was conducted at concentrations of 0, 
30, 100, 200, and 500 ppm of 2-bromoacetonitrile in the drinking water for two weeks. The 
500 ppm animals were euthanized after 8 days as a result of sharp decreases in body 
weight, and feed and water consumption. Based on dose-related decreases in mean body 
weight and water consumption, concentrations of 0, 5, 30, and 100 ppm were selected for 
the main study, which utilized one group of male rats (10 per dose level) and two groups of 
female rats designated as Group A (peri-conception exposure, 10 per dose level) and 
Group B (gestational exposure, 13 per dose level). Control animals received deionized 
water, the vehicle.  

During the treatment period, all animals survived to the scheduled necropsy and there 
were no clinical signs of general toxicity noted at any dose level. The male body weights 
were comparable across dose groups, while both the 30 and 100 ppm Group A and B 
females body weights showed a slight (p greater than 0.05), but consistent decrease of 7-
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8% and 2-7% by SD 33 and GD 20, respectively, as compared to the controls. The 5 ppm 
Group A females body weight also showed a decrease (p greater than 0.05) of 5% by SD 
33. Feed consumption in all treated groups was generally decreased by less than or equal 
to 23%. Over the course of the study and during treatment, water consumption was 
decreased in the 100 ppm animals by 30-52%, as compared to the controls. Although not 
always significant, water consumption was reduced in the 30 ppm animals by 12-34% and 
in the 5 ppm Group A females by 9-18%, as compared to the controls. The overall average 
calculated consumption of 2-bromoacetonitrile for the 5, 30, and 100 ppm groups was 0.5, 
2.4, and 6.0 mg/kg/day, respectively.  

The blood urea nitrogen level of the 100 ppm males was increased by 19%, a small but 
biologically significant indicator of mild renal damage. However, this may be attributable to 
decreased fluid consumption, and therefore, the effects cannot be separated from 
dehydration. 

Male and female clinical observations, gross findings, organ weights, organ-to-body-weight 
ratios, and hematology endpoints were comparable across dose groups (NTP, 1997).   

4.3.2.6  Genotoxicity  

2-Bromoacetonitrile was positive in the Ames fluctuation assay with S. typhimurium, in the 
presence and absence of metabolic activation (Le Curieux et al., 1995). 2-
Bromoacetonitrile increased micronuclei formation in erythrocytes of Pleurodeles waltl 
(newt) larvae (Le Curieux et al., 1995). With an Ames fluctuation test, no mutagenic effect 
was observed for bromoacetonitrile (Muller-Pillet et al., 2000). In a SCGE assay, 2 
bromoacetonitrile induced DNA damage in HeLa S3 cells, increasing the mean tail 
moment significantly (Muller-Pillet et al., 2000). 

2-Bromoacetonitrile was cytotoxic in CHO cells and positive in a Single Cell Gel 
Electrophoresis (SCGE) Comet assay in CHO cells (Muellner et al., 2007).  

4.3.2.7  Carcinogenicity  
 
Woo et al. (2002) suggested ‘low-moderate’ concern for carcinogenicity of 2-
bromoacetonitrile based on structural activity relationship (SAR) analysis.  
 
No further data have been located on the carcinogenicity of 2-bromoacetonitrile.  

4.3.2.8  Reproductive Toxicity  

A NTP (1997) study was conducted at concentrations of 0, 30, 100, 200, and 500 ppm of 
2-bromoacetonitrile in the drinking water for two weeks (see also above). The 500 ppm 
animals were euthanized after 8 days as a result of sharp decreases in body weight, and 
feed and water consumption. Based on dose-related decreases in mean body weight and 
water consumption, concentrations of 0, 5, 30, and 100 ppm were selected for the main 
study, which utilized one group of male rats (10 per dose level) and two groups of female 
rats designated as Group A (peri-conception exposure, 10 per dose level) and Group B 
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(gestational exposure, 13 per dose level). Control animals received deionized water, the 
vehicle.  

There were no statistically significant changes in female reproductive parameters; 
however, there were several indications that female reproductive effects may have 
resulted from 2-bromoacetonitrile. There was a small but consistent increase in post-
implantation loss in both the Group A and B females: 38% and 33% increase in the 30 and 
100 ppm Group A females, respectively, and 31%, 30%, and 57% increase in the 5, 30, 
and 100 ppm Group B females, respectively. In addition, the 100 ppm Group A females 
had an increase in pre-implantation loss of 147% and the 100 ppm Group B females had 
an increase in resorptions of 70%. These increases in pre- and post implantation losses 
and resorptions were largely the result of one or two dams in each group, although these 
females could not statistically be considered outliers.  

4.3.2.9  Summary  

Limited data are available on the toxicity of 2-bromoacetonitrile. The available studies 
indicate that 2-bromoacetonitrile is cytotoxic and causes genotoxicity in vitro.  Results of 
the NTP (1997) study indicate that there was significant aversion to 2-bromoacetonitrile in 
the water and suggest that 2-bromoacetonitrile may be a possible mild renal toxicant at 
100 ppm (approximately 7 mg/kg/day), and a potential reproductive toxicant at 100 ppm, 
as evidenced by increased (p greater than 0.05) post-implantation loss. There is ‘low-
moderate’ concern about carcinogenicity based on SAR analysis. 
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4.3.3  2,2-Dichloroacetonitrile 

 

4.3.3.1  Toxicokinetics  

When administered orally to rats, 2,2-dichloroacetonitrile was metabolized to cyanide and 
excreted in the urine as thiocyanate (Lin et al., 1986). 

Urinary thiocyanate accounted for 2.25–12.8% of a single gavage dose of 
bromochloroacetonitrile, dibromoacetonitrile, dichloroacetonitrile or trichloroacetonitrile 
during the 24-hour period following dosing of male rats. This suggests that halogenated 
acetonitriles are metabolized via oxidative dehalogenation and dehydration to carbon 
dioxide and cyanide, which is then further metabolized to thiocyanate (Pereira et al., 
1984). The first step in this reaction is catalysed by a mixed-function oxidase (such as a 
cytochrome P-450) and results in production of a halocyanomethanol. The identity of the 
isozyme that carries out the individual reactions has not been determined. It is proposed 
that the halocyanomethanols then dehydrate to form halocyanoformaldehydes or lose 
cyanide to form haloformaldehydes, including phosgene. The cyanide carbon group is 
more readily excreted in the urine, whereas the halomethyl carbon group is excreted 
nearly equally in expired air and in urine; excretion in faeces is low (Roby et al., 1986).  

Roby et al. (1986) studied the metabolism and excretion of 2,2-dichloroacetonitrile labelled 
with 14C in either the C1 or C2 position in both male F344 rats and B6C3F1 mice. The 
metabolic fate of the two carbons was significantly different in both mice and rats: C2 is 
metabolized much more efficiently to carbon dioxide, whereas a very much higher 
proportion of C1 is found as urinary metabolites, at least in mice. Only a small fraction of 
total radioactivity was observed in the faeces of rats and mice following oral dosing with 
labelled dichloroacetonitrile, indicating that it is well absorbed from the gastrointestinal 
tract (Roby et al., 1986). Six days after administration of a single oral gavage dose of 14C-
labelled dichloroacetonitrile to rats and mice, the radiolabel was found mainly in the liver, 
muscle, skin and blood, although residual tissue levels represented only a small portion of 
the administered oral dose (Roby et al., 1986).  

Glutathione conjugation (mediated by glutathione transferases or non-enzymatic) may also 
play a role in the metabolism of halogenated acetonitriles (Lin and Guion, 1989). 
Halogenated acetonitriles may be formed in vivo following the ingestion of chlorinated 
water. Dichloroacetonitrile was detected in the stomach contents of rats following oral 
administration of sodium hypochlorite/potassium bromide, presumably formed by reaction 
with organic material in the stomach (Mink et al., 1983). 

4.3.3.2  Acute Toxicity  

Acute oral LD50s for the halogenated acetonitriles in rodents range from 245 to 361 mg/kg 
of body weight (Smyth et al., 1962; Meier et al., 1985; Hayes et al., 1986).  For 2,2-
dichloroacetonitrile, in mice, the acute oral (by gavage in corn oil) LD50 was reported to be 
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270 (males) and 279 (females) mg/kg of body weight. In rats, the LD50 was found to be 
339 (males) and 330 (females) mg/kg of body weight (Hayes et al., 1986). Hussein and 
Ahmed (1987) found somewhat lower oral LD50s in rats:  2,2-Dichloroacetonitrile, 202.4 
mg/kg of body weight. After a 72-hour exposure with Chinese hamster ovary (CHO) cells, 
2,2-dichloroacetonitrile was cytotoxic at a LC50 of 57.3 µM (Muellner et al., 2007).  

4.3.3.3  Irritation  

No data have been located on the potential for 2,2-dichloroacetonitrile to cause irritation.  

4.3.3.4  Sensitisation  

No data have been located on the potential for 2,2-dichloroacetonitrile to cause 
sensitisation.  

4.3.3.5  Repeat Dose Toxicity  

2,2-Dichloroacetonitrile in corn oil was administered to CD rats (10 per sex per dose) by 
gavage at doses of 0, 12, 23, 45 or 90 mg/kg of body weight per day for 14 days. In males, 
decreased body weight gain was observed at the three highest doses, whereas decreased 
weight gain in females was noted only in the highest dose group. Significantly increased 
levels of serum glutamate–pyruvate transaminase in females in the highest dose group 
and of alkaline phosphatase levels in the highest dose group in males and in the two 
highest dose groups in females were observed. Relative liver weight was statistically 
significantly increased in males in all dose groups. The relative liver weights in males were 
13%, 26%, 42% and 45% greater than controls at doses of 12, 23, 45 and 90 mg/kg of 
body weight per day, respectively. In female rats, both relative and absolute liver weights 
were statistically significantly elevated beginning at 23 mg/kg of body weight per day, with 
relative liver weights 36%, 40% and 31% greater than controls at 23, 45 and 90 mg/kg of 
body weight per day. No other consistent compound-related effects were observed in any 
of the haematological, serum chemistry or urinary parameters measured. The lowest-
observed-adverse effect level (LOAEL) for this study was identified as 12 mg/kg of body 
weight per day, the lowest dose tested, based on increased relative liver weight in males 
(Hayes et al., 1986). 

2,2-Dichloroacetonitrile in corn oil was administered to CD rats (20 per sex per dose) by 
gavage at doses of 0, 8, 33 or 65 mg/kg of body weight per day for 90 days. Compound-
related deaths occurred in the highest dose group (50% of males and 25% of females). No 
consistent compound-related effects were observed in any of the haematological, serum 
chemistry or urinary parameters measured, although alkaline phosphatase levels were 
significantly increased in males and females at the high dose and in males also at 33 
mg/kg of body weight per day. Body weight gain was significantly depressed in males and 
females at 65 mg/kg of body weight per day (to 73% of controls) and in males beginning at 
33 mg/kg of body weight per day (to 81% of controls). Relative liver weight was 
significantly increased in males, beginning at 33 mg/kg of body weight per day (60% 
increase), and in females, beginning at 8 mg/kg of body weight per day (17% increase). 
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The relative liver weight was also increased in males (by 12%) at 8 mg/kg of body weight 
per day, but this increase was not statistically significant. The LOAEL for this study was 
the lowest dose tested, 8 mg/kg of body weight per day, based on increased relative liver 
weights (Hayes et al., 1986). 

4.3.3.6  Genotoxicity  

2,2-Dichloroacetonitrile was a direct-acting mutagens in Salmonella typhimurium (Bull et 
al., 1985). 2,2-Dichloroacetonitrile was positive in the Ames fluctuation assay with S. 
typhimurium, in the presence and absence of metabolic activation (Le Curieux et al., 1995). 
2,2-Dichloroacetonitrile increased micronuclei formation in erythrocytes of Pleurodeles 
waltl (newt) larvae (Le Curieux et al., 1995). 2,2-Dichloroacetonitrile induced aneuploidy in 
the offspring of female Drosophila melanogaster (fruit fly) exposed via inhalation (Osgood 
and Sterling, 1991). 2,2-Dichloroacetonitrile  also induced genetic damage in 
Saccharomyces cerevisiae (yeast) (Zimmermann et al., 1984).  In the SOS chromotest 
using Escherichia coli, 2,2-dichloroacetonitrile  was positive in the presence of metabolic 
activation but negative in its absence (Le Curieux et al., 1995). 2,2-Dichloroacetonitrile  
induced sister chromatid exchanges in Chinese hamster ovary cells, with and without 
exogenous metabolic activation (Bull et al., 1985). 2,2-Dichloroacetonitrile induced DNA 
strand breaks in cultured human lymphoblastic cells. Also, alkylation activity was observed 
(Daniel et al., 1986). No significant increase in the frequency of micronuclei was observed 
in an in vivo assay in CD-1 mice, using gavage dosing (Bull et al., 1985). 2,2-
Dichloroacetonitrile produced DNA strand breaks in cultured human lymphoblastic (CCRF-
CEM) cells. 2,2-Dichloroacetonitrile reacted with polyadenylic acid and DNA to form 
adducts in a cell-free system, however the oral administration of 2,2-dichloroacetonitrile to 
rats did not result in detectable adduct formation in liver DNA. 2,2-Dichloroacetonitrile did 
not initiate gamma-glutamyltranspeptidase (GGT) foci when assayed for tumor-initiating 
activity in rat liver foci bioassay (Lin et al.,1986). 

Oral administration of dichloroacetonitrile in rats did not result in the formation of DNA 
adducts (Lin et al., 1986, 1992). With an Ames fluctuation test, a mutagenic effect was 
observed for 2,2-dichloroacetonitrile (Muller-Pillet et al., 2000). In a SCGE assay, 2,2-
dichloroacetonitrile induced DNA damage in HeLa S3 cells, increasing the mean tail 
moment significantly (Muller-Pillet et al., 2000). 

2,2-Dichloroacetonitrile induced dose-dependent apoptosis or necrosis in activity 
macrophage cells (RAW 264.7)  that could be due to the disturbance in intracellular redox 
status and initiation of reactive oxygen intermediates (ROI)-mediated oxidative 
mechanisms of cellular damage. Elecrophoresis of genomic DNA of treated cells indicated 
a dose-dependent increase in degradation of genomic DNA (Ahmed et al., 2000).  

2,2-Dichloroacetonitrile is cytotoxic in CHO cells and positive in a Single Cell Gel 
Electrophoresis (SCGE) Comet assay in CHO cells (Muellner et al., 2007).  
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4.3.3.7  Carcinogenicity  

No 2-year carcinogenicity bioassays have been conducted for 2,2-dichloroacetonitrile by 
any route of exposure. No alternative carcinogenicity studies were identified for 2,2-
dichloroacetonitrile  by the inhalation route.  

There are, however, several short-term assays that can aid in hazard identification.   
Groups of 40 A/J female mice were given a single oral dose of 2,2-dichloroacetonitrile of 
10 mg/kg (4.3 mg/kg of body weight per day) 3 times per week for 8 weeks. 2,2-
Dichloroacetonitrile  produced marginal and non-significant increases in lung tumours 
(adenomas). The authors stated that these results should be interpreted with caution, as 
there is a relatively large variation in the background incidence of lung tumours in this 
strain of mice and the dose level tested was considerably below the maximum tolerated 
dose (Bull and Robinson, 1985). 

The ability of 2,2-dichloroacetonitrile  to act as skin tumour initiators was studied in mouse 
skin. Six topical doses of 0, 200, 400 or 800 mg/kg of body weight were applied to the 
shaved backs of female Sencar mice (40 per dose) over a 2-week period, to give total 
applied doses of 0, 1200, 2400 or 4800 mg/kg of body weight. Two weeks after the last 
dose, a tumour promotion schedule involving the application of 1 μg of 12-O-
tetradecanoylphorbol-13-acetate (TPA) three times per week was begun and continued for 
20 weeks. After one year, no significant increases in squamous cell tumours were 
observed with dichloroacetonitrile (Bull et al., 1985).  

In another similar study designed to assess the ability of dermally applied 2,2-
dichloroacetonitrile to act as complete carcinogens, dermal doses of 800 mg of per kg of 
body weight   were applied to the skin of female Sencar mice 3 times per week for 24 
weeks. No skin tumours were induced by 2,2-dichloroacetonitrile (Bull et al., 1985). 

In a similar study designed to assess the ability of orally administered 2,2-
dichloroacetonitrile to act as skin tumour initiators, female Sencar mice were given total 
oral doses of 50 mg per kg of body weight, administered six times over a two-week period. 
The tumour promotion phase of the study was conducted using dermal application of TPA, 
following the same protocol as in the dermal tumour initiation study described in the 
previous paragraph. No significant increases in skin tumour yield or decreases in tumour 
latency were observed for 2,2-dichloroacetonitrile (Bull et al., 1985). 

2,2-Dichloroacetonitrile was inactive as an initiator in the rat liver γ-glutamyl transpeptidase 
foci assay (Herren-Freund and Pereira, 1986). 

4.3.3.8  Reproductive Toxicity  

Dichloroacetonitrile was administered to pregnant Long-Evans rats by gavage in a 
tricaprylin vehicle on gestation days 6–18 at doses of 0, 5, 15, 25 or 45 mg/kg of body 
weight per day. Two high-dose dams died. Maternal body weight gain was significantly 
depressed in the highest dose group, and liver weight was significantly increased at 25 
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mg/kg of body weight per day, but not at the high dose. At 45 mg/kg of body weight per 
day, the number of viable litters was decreased, and fetal weight and length were 
decreased. At 25 mg/kg of body weight per day and greater, postimplantation losses and 
fetal resorptions were elevated, and an increase in the incidence of soft tissue 
malformations of the cardiovascular, digestive and urogenital systems was observed. No 
effects were noted at lower doses. In this study, the maternal NOAEL was 15 mg/kg of 
body weight per day, based on increased maternal liver weight. The NOAEL for 
developmental toxicity was also 15 mg/kg of body weight per day, based on decreased 
fetal weight and length and an increase in soft tissue malformations (Smith et al., 1989). 

In a developmental toxicity screening study, pregnant Long-Evans rats were given 
dichloroacetonitrile in a tricaprylin vehicle on gestation days 7–21 at 0 or 55 mg/kg of body 
weight per day. Maternal weight gain was decreased in treated females. 2,2-
Dichloroacetonitrile significantly reduced the percentage of females delivering litters and 
increased the percentage of fetal resorptions (P ≤ 0.05). Fetal birth weights were reduced, 
and postnatal pup survival was significantly decreased. In this study, the LOAEL for both 
maternal and developmental toxicity was the only dose tested, 55 mg/kg of body weight 
per day (Smith et al., 1987; also briefly summarized in Smith et al., 1986). 

The sperm of male B6C3F1 mice (10 per dose) given dichloroacetonitrile by gavage at 0, 
12.5, 25 or 50 mg/kg of body weight per day for 5 days did not exhibit any treatment-
related effects on sperm head morphology (Meier et al., 1985). 

Footnote 
The majority of reproductive and developmental toxicity studies of the halogenated 
acetonitriles were conducted using tricaprylin as a vehicle for gavage administration of the 
compound under study. Tricaprylin was subsequently demonstrated to be a developmental 
toxicant that potentiated the effects of trichloroacetonitrile (Christ et al., 1995) and, 
presumably, other halogenated acetonitriles. Thus, the results reported in this section, 
using tricaprylin as the gavage vehicle, are likely to overestimate the developmental 
toxicity of these halogenated acetonitriles. 

4.3.3.9  Summary  

2,2-Dichloroacetonitrile is cytotoxic and causes genotoxicity in vitro. Data developed in 
subchronic studies provided some indication of NOAEL for the general toxicity of 2,2-
dichloroacetonitrile. The LOAEL is 8 mg/kg of body weight per day, based on increased 
relative liver weights (Hayes et al., 1986). A Working Group for the WHO Guidelines for 
drinking-water quality considered 2,2-dichloroacetonitrile (WHO, 1993). This Working 
Group determined a TDI of 15 µg/kg of body weight for 2,2-dichloroacetonitrile based on a 
NOAEL of 15 mg/kg of body weight per day in a reproductive toxicity study in rats (Smith 
et al., 1989b) 

The World Health Organization (WHO) drinking water guideline value for 
dichloroacetonitrile is 0.02 mg/L. 
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4.3.4  2-Bromo-2-chloroacetonitrile 

 

4.3.4.1  Toxicokinetics  

When administered orally to rats, 2-bromo-2-chloroacetonitrile was metabolized to cyanide 
and excreted in the urine as thiocyanate (Lin et al., 1986). Urinary thiocyanate accounted 
for 2.25–12.8% of a single gavage dose of 2-Bromo-2-chloroacetonitrile during the 24-hour 
period following dosing of male rats. This suggests that halogenated acetonitriles are 
metabolized via oxidative dehalogenation and dehydration to carbon dioxide and cyanide, 
which is then further metabolized to thiocyanate (Pereira et al., 1984). The first step in this 
reaction is catalysed by a mixed-function oxidase (such as a cytochrome P-450) and 
results in production of a halocyanomethanol. The identity of the isozyme that carries out 
the individual reactions has not been determined. It is proposed that the 
halocyanomethanols then dehydrate to form halocyanoformaldehydes or lose cyanide to 
form haloformaldehydes, including phosgene. The cyanide carbon group is more readily 
excreted in the urine, whereas the halomethyl carbon group is excreted nearly equally in 
expired air and in urine; excretion in faeces is low (Roby et al., 1986). Glutathione 
conjugation (mediated by glutathione transferases or non-enzymatic) may also play a role 
in the metabolism of halogenated acetonitriles (Lin and Guion, 1989). 

4.3.4.2  Acute Toxicity  

Acute oral LD50s for the halogenated acetonitriles in rodents range from 245 to 361 mg/kg 
of body weight (Smyth et al., 1962; Meier et al., 1985; Hayes et al., 1986). After a 72-hour 
exposure with Chinese hamster ovary (CHO) cells, 2-bromo-2-chloroacetonitrile was 
cytotoxic at a LC50 of 8.46 µM (Muellner et al., 2007).  

4.3.4.3  Irritation  

No data have been located on the potential for 2-bromo-2-chloroacetonitrile to cause 
irritation.  

4.3.4.4  Sensitisation  

No data have been located on the potential for 2-bromo-2-chloroacetonitrile to cause 
sensitisation.  

4.3.4.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2-bromo-2-chloroacetonitrile.  

4.3.4.6  Genotoxicity  

2-Bromo-2-chloroacetonitrile was a direct-acting mutagen in Salmonella typhimurium (Bull 
et al., 1985). 2-Bromo-2-chloroacetonitrile was positive in the Ames fluctuation assay with 
S. typhimurium, in the presence and absence of metabolic activation (Le Curieux et al., 
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1995). 2-Bromo-2-chloroacetonitrile increased micronuclei formation in erythrocytes of 
Pleurodeles waltl (newt) larvae (Le Curieux et al., 1995).   

 In the SOS chromotest using Escherichia coli, 2-Bromo-2-chloroacetonitrile was weakly 
positive without metabolic activation and negative with it (Le Curieux et al., 1995). 2-
Bromo-2-chloroacetonitrile induced sister chromatid exchanges in Chinese hamster ovary 
cells, with and without exogenous metabolic activation (Bull et al., 1985). 2-Bromo-2-
chloroacetonitrile induced DNA strand breaks in cultured human lymphoblastic cells. 
Alkylation activity was observed among 2-Bromo-2-chloroacetonitrile (Daniel et al., 1986). 

No significant increase in the frequency of micronuclei was observed for 2-bromo-2-
chloroacetonitrile in an in vivo assay in CD-1 mice, using gavage dosing (Bull et al., 1985). 
2-Bromo-2-chloroacetonitrile did not initiate gamma-glutamyltranspeptidase (GGT) foci 
when assayed for tumor-initiating activity in rat liver foci bioassay (Lin et al., 1986) 

2-Bromo-2-chloroacetonitrile was cytotoxic in CHO cells and positive in a Single Cell Gel 
Electrophoresis (SCGE) Comet assay in CHO cells (Muellner et al., 2007).  

4.3.4.7  Carcinogenicity  

Woo et al. (2002) suggested ‘moderate’ concern for carcinogenicity of 2-bromo-2-
chloroacetonitrile based on structural activity relationship (SAR) analysis.  

No 2-year carcinogenicity bioassays have been conducted for 2-bromo-2-chloroacetonitrile 
by any route of exposure. No alternative carcinogenicity studies were identified for 2-
bromo-2-chloroacetonitrile by the inhalation route.  

There are, however, several short-term assays that can aid in hazard identification.   
Groups of 40 A/J female mice were given a single oral dose of 2-bromo-2-
chloroacetonitrile of 10 mg/kg (4.3 mg/kg of body weight per day) three times per week for 
eight weeks. The incidence of lung tumours (adenomas) was significantly increased in the 
groups given 2-bromo-2-chloroacetonitrile. The authors stated that these results should be 
interpreted with caution, as there is a relatively large variation in the background incidence 
of lung tumours in this strain of mice, and the dose level tested was considerably below 
the maximum tolerated dose (Bull and Robinson, 1985). 

The ability of 2-bromo-2-chloroacetonitrile to act as skin tumour initiator was studied in 
mouse skin. Six topical doses of 0, 200, 400 or 800 mg/kg of body weight were applied to 
the shaved backs of female Sencar mice (40 per dose) over a two-week period, to give 
total applied doses of 0, 1200, 2400 or 4800 mg/kg of body weight. Two weeks after the 
last dose, a tumour promotion schedule involving the application of 1 μg of 12-O-
tetradecanoylphorbol-13-acetate (TPA) 3 times per week was begun and continued for 20 
weeks. After 1 year, the incidence of application site squamous cell carcinomas was 
significantly increased relative to the control group in mice treated with 2-bromo-2-
chloroacetonitrile (Bull et al., 1985).  
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In another similar study designed to assess the ability of dermally applied 2-bromo-2-
chloroacetonitrile to act as complete carcinogens, dermal doses of 800 mg per kg of body 
weight were applied to the skin of female Sencar mice 3 times per week for 24 weeks. No 
skin tumours were induced by 2-bromo-2-chloroacetonitrile (Bull et al., 1985). 

In a similar study designed to assess the ability of orally administered halogenated 
acetonitriles to act as skin tumour initiators, female Sencar mice were given total oral 
doses of 50 mg of 2-bromo-2-chloroacetonitrile per kg of body weight, administered six 
times over a two-week period. The tumour promotion phase of the study was conducted 
using dermal application of TPA, following the same protocol as in the dermal tumour 
initiation study described in the previous paragraph. No significant increases in skin 
tumour yield or decreases in tumour latency were observed for 2-bromo-2-
chloroacetonitrile (Bull et al., 1985). 

 4.3.4.8  Reproductive Toxicity  

In a developmental toxicity screening study, the pups of Long-Evans rats given 2-bromo-2-
chloroacetonitrile in a tricaprylin vehicle on gestation days 7–21 at 55 mg/kg of body 
weight per day had significantly reduced mean birth weights. A reduction in pup body 
weight gain was also noted on postnatal day 4 and continued to be observed from 
weaning until puberty (Smith et al., 1987; also briefly summarized in Smith et al., 1986). 
Pregnant Long-Evans rats were given 2-bromo-2-chloroacetonitrile by gavage in tricaprylin 
vehicle on gestation days 6–18 at doses of 0, 5, 25, 45 or 65 mg/kg of body weight per day. 
Dam mortality was increased in the highest dose group. Significantly decreased maternal 
body weight gain (adjusted for gravid uterine weight) and increased liver and spleen 
weights were also noted in the highest dose group; maternal kidney weights were 
significantly increased at 25 mg/kg of body weight per day and greater. At 45 mg/kg of 
body weight per day and higher, an increase in full-litter resorptions and the percentage of 
resorbed fetuses per litter and a decrease in the number of viable litters were observed, 
compared with controls. A decrease in fetal crown–rump length and an increase in the 
incidence of fetal cardiovascular malformations were noted in all dose groups. Total soft 
tissue malformations were significantly increased at 25 mg/kg of body weight per day and 
above, and skeletal malformations were significantly increased at 45 mg/kg of body weight 
per day and above, compared with controls. Because the tricaprylin vehicle alone had 
significant effects on embryotoxicity and teratogenicity compared with a water vehicle, the 
effects observed with 2-bromo-2-chloroacetonitrile cannot be fully attributed to the test 
material. In this study, the NOAEL for maternal toxicity was 45 mg/kg of body weight per 
day, based on adverse maternal effects; the high dose of 65 mg/kg of body weight per day 
was a LOAEL, based on decreased maternal weight (after adjusting for gravid uterine 
weight) and increased dam mortality. The LOAEL for developmental and teratogenic 
effects was the lowest dose tested, 5 mg/kg of body weight per day, based on decreased 
fetal growth and teratogenicity (Christ et al., 1995). 
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There were no treatment-related effects on sperm head morphology in groups of male 
B6C3F1 mice (10 per dose group) given bromochloroacetonitrile by gavage at doses of 0, 
12.5, 25 or 50 mg/kg of body weight per day for five days (Meier et al., 1985). 

 

Footnote 
The majority of reproductive and developmental toxicity studies of the halogenated 
acetonitriles were conducted using tricaprylin as a vehicle for gavage administration of the 
compound under study. Tricaprylin was subsequently demonstrated to be a developmental 
toxicant that potentiated the effects of trichloroacetonitrile (Christ et al., 1995) and, 
presumably, other halogenated acetonitriles. Thus, the results reported in this section, 
using tricaprylin as the gavage vehicle, are likely to overestimate the developmental 
toxicity of these halogenated acetonitriles. 

4.3.4.9  Summary  

Limited data are available on the toxicity of 2-bromo-2-chloroacetonitrile. 2-Bromo-2-
chloroacetonitrile is cytotoxic and causes genotoxicity in vitro. There is ‘moderate’ concern 
for carcinogenicity based on SAR analysis, and an increase in squamous cell carcinomas 
was shown, but there is insufficient evidence for carcinogenicity due to the lack of tests.  
The LOAEL for developmental and teratogenic effects was the lowest dose tested, 5 
mg/kg of body weight per day, based on decreased fetal growth and teratogenicity (Christ 
et al., 1995).  However, this may be overestimated because of the use of tricaprylin as 
gavage vehicle. The NOAEL for maternal toxicity was 45 mg/kg of body weight per day, 
based on adverse maternal effects; the high dose of 65 mg/kg of body weight per day was 
a LOAEL, based on decreased maternal weight (after adjusting for gravid uterine weight) 
and increased dam mortality. 
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4.3.5  2,2-Dibromoacetonitrile 

 

4.3.5.1  Toxicokinetics  

When administered orally to rats, 2,2-dibromoacetonitrile was metabolized to cyanide and 
excreted in the urine as thiocyanate (Lin et al., 1986). Urinary thiocyanate accounted for 
2.25–12.8% of a single gavage dose of dibromoacetonitrile, during the 24-hour period 
following dosing of male rats. This suggests that halogenated acetonitriles are metabolized 
via oxidative dehalogenation and dehydration to carbon dioxide and cyanide, which is then 
further metabolized to thiocyanate (Pereira et al., 1984). The first step in this reaction is 
catalysed by a mixed-function oxidase (such as a cytochrome P-450) and results in 
production of a halocyanomethanol. The identity of the isozyme that carries out the 
individual reactions has not been determined. It is proposed that the halocyanomethanols 
then dehydrate to form halocyanoformaldehydes or lose cyanide to form 
haloformaldehydes, including phosgene. The cyanide carbon group is more readily 
excreted in the urine, whereas the halomethyl carbon group is excreted nearly equally in 
expired air and in urine; excretion in faeces is low (Roby et al., 1986). Glutathione 
conjugation (mediated by glutathione transferases or non-enzymatic) may also play a role 
in the metabolism of halogenated acetonitriles (Lin and Guion, 1989). Halogenated 
acetonitriles may be formed in vivo following the ingestion of chlorinated water. 2,2-
Dibromoacetonitrile was detected in the stomach contents of rats following oral 
administration of sodium hypochlorite/potassium bromide, presumably formed by reaction 
with organic material in the stomach (Mink et al., 1983). Mohamadin and Abdel-Naim 
(2003) provided evidence for 2,2-dibromoacetonitrile activation to cyanide by the 
hypoxanthine/xanthine oxidase/iron system in vitro. 

4.3.5.2  Acute Toxicity  

Acute oral LD50s for the halogenated acetonitriles in rodents range from 245 to 361 mg/kg 
of body weight (Smyth et al., 1962; Meier et al., 1985; Hayes et al., 1986). For 2,2 
dibromoacetonitrile, in mice, the acute oral (by gavage in corn oil) LD50 was reported to 
289 (males) and 303 (females) mg/kg of body weight. In rats, the LD50 was found to be 
245 (males) and 361 (females) mg/kg of body weight (Hayes et al., 1986). Hussein and 
Ahmed (1987) found a somewhat lower oral LD50 in rats: 98.9 mg/kg of body weight. After 
a 72-hour exposure with Chinese hamster ovary (CHO) cells, 2,2-dibromoacetonitrile was 
cytotoxic at a LC50 of 2.85 µM (Muellner et al., 2007).  

4.3.5.3  Irritation  

No data have been located on the potential for 2,2-dibromoacetonitrile to cause irritation.  
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4.3.5.4  Sensitisation  

No data have been located on the potential for 2,2-dibromoacetonitrile to cause 
sensitisation.  

4.3.5.5 Repeat Dose Toxicity  

2,2-Dibromoacetonitrile in corn oil was administered to CD rats (10 per sex per dose) by 
gavage at doses of 0, 23, 45, 90 or 180 mg/kg of body weight per day for 14 days. 
Increased mortality was observed at 90 (40% of males and 20% of females) and 180 
(100% of both sexes) mg/kg of body weight per day. In males, a dose-dependent decrease 
in body weight (>20% in both groups, relative to controls) was observed in the two highest 
surviving dose groups (doses of 45 and 90 mg/kg of body weight per day), whereas no 
effect on body weight was noted in females. No consistent treatment-related effects were 
observed in any of the haematological, serum chemistry or urinary parameters measured. 
A dose-dependent increase in relative liver weight was reported in females, beginning at 
23 mg/kg of body weight per day; however, no changes in serum levels of hepatic 
enzymes were observed, and it was not clear whether this increase could be considered 
an adverse effect. The authors stated that the NOAEL was 45 mg/kg of body weight per 
day (Hayes et al., 1986), but the decreased body weight in males at this dose suggests 
that the NOAEL for this study was 23 mg/kg of body weight per day. 

The short-term toxicity of 2,2-dibromoacetonitrile has also been evaluated by NTP 
(2000a,b,c, 2002a) in B6C3F1 mice and F344 rats as part of initial dose range-finding 
studies in support of chronic exposure studies. For the mouse study (NTP, 2000b), 2,2-
dibromoacetonitrile was administered in drinking-water for 14 days to male and female 
B6C3F1 mice (five per sex per dose) at concentrations of 0, 12.5, 25, 50, 100 or 200 
mg/litre. The corresponding doses reported by the study authors were 0, 2.1, 4.3, 8.2, 14.7 
and 21.4 mg/kg of body weight per day for males and 0, 2.0, 3.3, 10.0, 13.9 and 21.6 
mg/kg of body weight per day for females. Animals were observed for clinical signs of 
toxicity, as well as body weight, organ weight and organ pathology. In addition, liver 
glutathione-S-transferase (GST) activity was measured. The only treatment-related effect 
was a decrease in water consumption in both males and females. The decrease in water 
consumption was concentration related, decreasing to 58% of controls for males and 54% 
of controls for females in the 200 mg/litre group. Since the only effect observed was a 
concentration related decrease in water intake, which could reflect poor water palatability, 
the high doses of 21.4 mg/kg of body weight per day for males and 21.6 mg/kg of body 
weight per day for females are considered NOAELs. No LOAEL was identified. 

For the rat study (NTP, 2000c), 2,2-dibromoacetonitrile was administered in drinking water 
for 14 days to male and female F344 rats (five per sex per dose) at concentrations of 0, 
12.5, 25, 50, 100 or 200 mg/litre. The corresponding doses reported by the study authors 
were 0, 2, 3, 7, 12 and 18 mg/kg of body weight per day for males and 0, 2, 4, 7, 12 and 
19 mg/kg of body weight per day for females. Animals were observed for clinical signs of 
toxicity, as well as body weight, organ weight and organ pathology. In addition, liver GST 
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activity was measured. A concentration-related decrease in water consumption was 
observed for both males and females. Water consumption decreased to 60% of controls 
for males and 61% of controls for females in the 200 mg/litre group. No effects other than 
decreased water consumption were noted in females. However, in males, 2,2-
dibromoacetonitrile exposure caused a decrease in body weight gain and terminal body 
weight that was judged to be toxicologically significant only at the high dose. The reported 
body weight gains for males were 61.1, 66.3, 66.0, 65.2, 56.4 and 34.0 g for the control 
and increasing dose groups, respectively. Terminal body weights as a percentage of 
controls were 100%, 104.5%, 104.3%, 101.3%, 98.7% and 82.7% for the control and 
increasing dose groups, respectively. Significantly decreased testes weights were 
observed in the high-dose males. This finding was accompanied by testicular atrophy in 
two of five males in this dose group. Elevated liver GST activity (126% of controls) was 
also reported for high-dose males. Based on decreased body weight and decreased testes 
weight and pathology in males, the NOAEL for this study is 12 mg/kg of body weight per 
day and the LOAEL is 18 mg/kg of body weight per day. 

2,2-Dibromoacetonitrile was administered to CD rats (20 animals per sex per dose) by 
gavage at doses of 0, 6, 23 or 45 mg/kg of body weight per day for 90 days. At the highest 
dose tested, male body weights were depressed to 79% of controls and relative liver 
weights were increased, but there was no corresponding effect on serum biochemistry in 
males. The only finding noted in females was an increase in alkaline phosphatase levels at 
the highest dose tested. No other consistent compound-related effects were observed in 
any of the parameters measured. The NOAEL is 23 mg/kg of body weight per day, based 
on decreased body weight (Hayes et al., 1986). 

The subchronic toxicity of 2,2-dibromoacetonitrile has also been evaluated by the 
NTP(2001a,b, 2002a,b) in B6C3F1 mice and F344 rats as part of initial dose range-finding 
studies for chronic exposure studies that are currently in progress. For the mouse study 
(NTP, 2001a, 2002a,b), 2,2-dibromoacetonitrile was administered in drinking-water for 13 
weeks to male and female B6C3F1 mice (10 per sex per dose) at concentrations of 0, 12.5, 
25, 50, 100 or 200 mg/litre. The corresponding doses reported by the study authors were 0, 
1.6, 3.2, 5.6, 10.7 and 17.9 mg/kg of body weight per day for males and 0, 1.6, 3.0, 6.1, 
11.1 and 17.9 mg/kg of body weight per day for females. Animals were observed for 
clinical signs of toxicity, as well as body weight, organ weight and pathology, haematology 
and clinical chemistry. A separate set of animals (10 per sex per dose) was exposed to the 
same concentrations as the main study groups for 26 days, but was co-exposed to 5-
bromo-2-deoxyuridine during the last 5 days of this period. These animals were used to 
collect tissue samples for analysis of cell proliferation. Decreased water consumption and 
decreased body weight were the only effects related to dibromoacetonitrile treatment. 
Decreased water consumption was observed in both males and females at 
dibromoacetonitrile concentrations of 50 mg/litre and higher. A slight and transient 
decrease in body weight gain was observed; terminal body weights were 94% of controls 
in high-dose males and 96% of controls in high-dose females. These small changes are 
not judged as toxicologically significant. Based on the minimal effects observed for 2,2-
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dibromoacetonitrile in this study, the NOAEL is 17.9 mg/kg of body weight per day for 
males and females. No LOAEL was identified. 

For the rat study (NTP, 2001b, 2002a,b), 2,2-dibromoacetonitrile was administered in 
drinking-water for 13 weeks to male and female F344 rats (10 per sex per dose) at 
concentrations of 0, 12.5, 25, 50, 100 or 200 mg/litre. The corresponding doses reported 
by the study authors were 0, 0.9, 1.8, 3.3, 6.2 and 11.3 mg/kg of body weight per day for 
males and 0, 1.0, 1.9, 3.8, 6.8 and 12.6 mg/kg of body weight per day for females. Animals 
were observed for clinical signs of toxicity, as well as body weight, organ weight and 
pathology, haematology and clinical chemistry. A separate set of animals (10 per sex per 
dose) was exposed to the same concentrations as the main study groups for 26 days, but 
was co-exposed to 5-bromo-2-deoxyuridine during the last five days of this period. These 
animals were used to collect tissue samples for analysis of cell proliferation. Decreased 
water consumption and decreased body weight were the only effects related to 
dibromoacetonitrile treatment. Slight changes in clinical chemistry and haematology 
findings were considered by the study authors to be related to decreased water 
consumption. Decreased water consumption was observed in males at dibromoacetonitrile 
concentrations of 50 mg/litre and higher and in females at the two highest concentrations. 
A slight decrease in body weight gain was observed for high-dose males and females. 
Terminal body weights were 94% of controls in high-dose males and 95% of controls in 
high-dose females. These small changes are not judged as toxicologically significant. 
Based on the minimal effects observed for dibromoacetonitrile in this study, the NOAEL is 
11.3 mg/kg of body weight per day for males and 12.6 mg/kg of body weight per day for 
females. No LOAEL was identified. 

2,2-Dibromoacetonitrile was administered to male and female F-344 rats via drinking water 
for 6 months. During exposure, rats were tested for neurobehavioral effects using a 
functional observational battery and motor activity, followed by perfusion fixation for 
neuropathological evaluation at the end of exposure. Calculating for chemical loss, fluid 
consumption, and body weight, average intakes were approximately: 5, 12, and 29 
mg/kg/day. Fluid consumption was decreased in most treatment groups, but body weight 
gain was altered only at the high concentrations. There were few neurobehavioral changes, 
and these were not considered toxicologically relevant. Of the general observations, there 
was only minimally decreased body tone in 2,2-dibromoacetonitrile-treated high-dose 
males. Treatment-related neuropathological findings were not observed (Moser et al., 
2007). 

The subchronic toxicity of dibromoacetonitrile was studied in the rat. Male (180+/-18 g) 
and female (152+/-9 g) Sprague-Dawley rats (10 animals per group) were fed 2,2-
dibromoacetonitrile in organic-free distilled water at concentrations of 0.1, 1, 10 and 100 
ppm for 13 weeks. Control rats received organic-free distilled water only. Water intakes in 
the highest dose males and females were reduced by 25 and 32% as compared to the 
controls, respectively (P<0.05), with no significant reductions in food consumption and 
body weight gain. The organ to body weight ratio was significantly increased in the 
highest-dose males and females for kidneys but not for the brain, liver, spleen, thymus and 
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testicles. In the males, decreases were detected in serum uric acid levels at 1 and 100 
ppm and in urinary uric acid at 10 and 100 ppm. Decreased serum protein was detected in 
the highest-dose males and decreased serum LDH was found in the highest-dose 
females. Both the white blood cell and lymphocyte counts were significantly elevated in the 
highest-dose females. A significant increase in hepatic catalase activity was observed only 
in males starting at 1 ppm, and increased palmitoyl-CoA oxidase (PCO) activity was found 
in males and females of the highest dose group. In the males, decreased thiobarbituric 
acid reactive substance (TBARS) level was detected in the liver at 1.0 and 100 ppm 
groups, while increased TBARS was found in the serum at 100 ppm 2,2-
dibromoacetonitrile. No treatment-related changes were detected in the activities of 
hepatic benzyloxyresorufin O-dealkylase (BROD), pentoxyresorufin O-dealkylase (PROD) 
and ethoxresorufin O-deethylase (EROD), and in hepatic UDP-glucuronosyltransferase 
(UDPGT) and glutathione S-transferases (GST). Although 2,2-dibromoacetonitrile is a 
potent inhibitor of hepatic aldehyde dehydrogenase (ALDH) and GST in vitro, there was no 
evidence of suppression of these enzymes in the treated animals. Mild histological 
changes were detected in animals receiving the highest dose, consisting of collapsed 
angularity, increased epithelial height in the thyroid of both sexes, and cytoplasmic 
vacuolation and nuclear vesiculation in the thyroid of females, increased myeloid to 
erythroid ratio in the bone marrow of both sexes, and cytoplasmic inclusions in the 
proximal tubules of male kidneys. In summary, treatment effects occurred predominantly at 
100 ppm and included in both sexes: increased kidney weights, histological changes in the 
thyroid and bone marrow, and increased peroxisomal enzyme activities; and in males: 
decreased serum and urinary uric acid levels, and indication of oxidative stress. The no-
observed-adverse-effect level (NOAEL) was therefore judged to be 10 ppm, equivalent to 
1.11 and 1.21 mg/kg/day in the males and females, respectively (Poon et al., 2003). 

In a dose-response study, mice were administered a single oral dose of 2,2-
dibromoacetonitrile (30, 60 and 120 mg/kg) and were sacrificed after 1 hour. 2,2-
Dibromoacetonitrile induces a marked oxidative stress in mouse stomach as evidenced by 
glutathione (GSH) depletion, thiobarbituric acid reactive substances (TBARS) 
accumulation and glutathione-S-transferase (GST), superoxide dismutase (SOD) and 
(catalase) CAT inhibition. Melatonin could mitigate 2,2-dibromoacetonitrile N-induced 
oxidative stress in mouse stomach as it did almost normalize both the enzymatic and 
nonenzymatic antioxidant parameters (Abdel-Wahab et al., 2002). 

4.3.5.6  Genotoxicity  

 2,2-Dibromoacetonitrile was non-mutagenic in Salmonella typhimurium (Bull et al., 1985). 
2,2-Dibromoacetonitrile was negative in the Ames fluctuation assay with S. typhimurium, in 
the presence and absence of metabolic activation (Le Curieux et al., 1995). 2,2-
Dibromoacetonitrile increased micronuclei formation in erythrocytes of Pleurodeles waltl 
(newt) larvae (Le Curieux et al., 1995). 2,2-Dibromoacetonitrile did not induce aneuploidy 
in the offspring of female Drosophila melanogaster (fruit fly) exposed via inhalation 
(Osgood and Sterling, 1991). 
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In the SOS chromotest using Escherichia coli, 2,2-dibromoacetonitrile was weakly positive 
without metabolic activation and negative with it (Le Curieux et al., 1995). 2,2-
Dibromoacetonitrile induced sister chromatid exchanges in Chinese hamster ovary cells, 
with and without exogenous metabolic activation  (Bull et al., 1985). 2,2-
Dibromoacetonitrile induced DNA strand breaks in cultured human lymphoblastic cells. 
Also alkylation activity was observed for 2,2-dibromoacetonitrile (Daniel et al., 1986). No 
significant increase in the frequency of micronuclei was observed for any of the 2,2-
dibromoacetonitrile in an in vivo assay in CD-1 mice, using gavage dosing (Bull et al., 
1985).  Oral administration of 2,2-dibromoacetonitrile in rats did not result in the formation 
of DNA adducts (Lin et al., 1986, 1992). With an Ames fluctuation test, no mutagenic effect 
was observed for 2,2-dibromoacetonitrile (Muller-Pillet et al., 2000). In a SCGE assay, 2,2-
dibromoacetonitrile induced DNA damage in HeLa S3 cells, increasing the mean tail 
moment significantly (Muller-Pillet et al., 2000). 

Rat intestinal epithelial (RIE) cells exposed to 2,2-dibromoacetonitrile at 50 to 400 ppb 
showed severe depletion of reduced glutathione at 72 hours and oxidative stress 
(increased malondialdehyde (MDA) and 8-hydroxy-2-deoxyguanosine (8OHdG) levels) 
and apoptosis (TUNEL assay and differential staining techniques) after 48 and 72 hours of 
the exposure, indicating an increase in nuclear damage (Jacob et al., 2006). 

2,2-Dibromoacetonitrile was cytotoxic in CHO cells and positive in a Single Cell Gel 
Electrophoresis (SCGE) Comet assay in CHO cells (Muellner et al., 2007 ).  

Exposure of C6 glioma cells (C6 cells) to 2,2-dibromoacetonitrile resulted in generation of 
ROS, lipid peroxidation, accumulation of oxidized proteins and inhibition of proteasomal 
activity (Ahmed et al., 2008). 

4.3.5.7  Carcinogenicity  

Two-year study in rats 

Groups of 50 male and 50 female rats were exposed to drinking water containing 0, 50, 
100, or 200 mg/L dibromoacetonitrile for 105 to 106 weeks (equivalent to average daily 
doses of approximately 2, 4, or 7 mg/kg in males and 2, 4, or 8 mg/kg in females). Survival 
of all exposed groups of rats was similar to that of the controls. Mean body weights of 200 
mg/L males were approximately 7% less than those of the controls during the second year 
of the study. Water consumption by the 100 and 200 mg/L groups was generally less than 
that by the controls throughout the study.  

The combined incidence of squamous cell papilloma or carcinoma of the oral mucosa or 
tongue was significantly increased in 200 mg/L males. The incidence of squamous cell 
papilloma in the oral mucosa or tongue was increased in 100 mg/L females, but not 
significantly. Oral cavity neoplasms are uncommon in untreated F344/N rats, occurring at 
a mean incidence of 1% or less in males and females. The incidence of squamous 
epithelial hyperplasia of the tongue was increased in 200 mg/L females. The latter lesion is 
considered to be part of the continuum of proliferative changes in oral cavity neoplasia.  
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Glandular stomach adenomas were observed in two 200 mg/L males. This is a rare 
neoplasm that has not been seen in nearly 2,000 historical control male F344/N rats. The 
incidence of glandular ectasia of the glandular stomach in 200 mg/L females was 
significantly increased. The incidences of epithelial hyperkeratosis of the esophagus were 
significantly increased in 100 and 200 mg/L males and females.  

The incidences of squamous cell papilloma or keratoacanthoma (combined) and 
squamous cell papilloma, keratoacanthoma, basal cell adenoma, or basal cell carcinoma 
(combined) occurred with a positive trend in female rats (NTP, 2008).  

Two-year study in mice 

Groups of 50 male and 50 female mice were exposed to drinking water containing 0, 50, 
100, or 200 mg/L dibromoacetonitrile for 105 to 106 weeks (equivalent to average daily 
doses of approximately 4, 7, or 13 mg/kg to males and 3, 6, or 11 mg/kg to females). 
Survival of female mice exposed to 100 or 200 mg/L was significantly greater than that of 
the controls. Mean body weights of 200 mg/L males and females were less than those of 
the controls throughout most of the study. Water consumption by exposed groups was 
also less than that of controls throughout most of the study.  

The incidence of squamous cell papilloma or carcinoma (combined) of the forestomach 
was significantly increased in 200 mg/L males. The incidence of squamous cell papilloma 
of the forestomach was significantly increased in 200 mg/L females. Squamous cell 
neoplasms of the forestomach are uncommon in control male and female B6C3F1 mice, 
occurring at a mean incidence of about 1% to 2%. The incidences of epithelial hyperplasia 
of the forestomach were slightly increased in 50 and 200 mg/L males. The latter lesion is 
considered to be part of the continuum of proliferative changes in forestomach neoplasia. 
The incidence of hepatoblastoma was significantly increased in 50 mg/L males; the 
incidences of hepatocellular adenoma, hepatocellular carcinoma, or hepatoblastoma 
(combined) were significantly increased in 50 and 100 mg/L males (NTP, 2008).  

There are also several short-term assays that can aid in hazard identification.  

Groups of 40 A/J female mice were given a single oral dose of 2,2-dibromoacetonitrile of 
10 mg/kg (4.3 mg/kg of body weight per day) three times per week for eight weeks. 2,2-
Dibromoacetonitrile  produced marginal and non-significant increases in lung (adenomas)  
tumours. The authors stated that these results should be interpreted with caution, as there 
is a relatively large variation in the background incidence of lung tumours in this strain of 
mice, and the dose level tested was considerably below the maximum tolerated dose (Bull 
and Robinson, 1985). 

The ability of 2,2-dibromoacetonitrile to act as skin tumour initiators was studied in mouse 
skin. For each compound, six topical doses of 0, 200, 400 or 800 mg/kg of body weight 
were applied to the shaved backs of female Sencar mice (40 per dose) over a 2-week 
period, to give total applied doses of 0, 1200, 2400 or 4800 mg/kg of body weight. Two 
weeks after the last dose, a tumour promotion schedule involving the application of 1 μg of 
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12-O-tetradecanoylphorbol-13-acetate (TPA) three times per week was begun and 
continued for 20 weeks. After one year, the incidence of application site squamous cell 
carcinomas was significantly increased relative to the control group in mice treated with 
2,2-dibromoacetonitrile (Bull et al., 1985). In another similar study designed to assess the 
ability of dermally applied halogenated 2,2-dibromoacetonitrile to act as complete 
carcinogens, dermal doses  400 mg of 2,2-dibromoacetonitrile  per kg of body weight were 
applied to the skin of female Sencar mice three times per week for 24 weeks. No skin 
tumours were induced by 2,2-dibromoacetonitrile (Bull et al., 1985). 

In a similar study designed to assess the ability of orally administered 2,2-
dibromoacetonitrile to act as skin tumour initiators, female Sencar mice were given total 
oral doses of 50 mg of each compound per kg of body weight, administered 6 times over 
a2-week period. The tumour promotion phase of the study was conducted using 
dermalapplication of TPA, following the same protocol as in the dermal tumour 
initiationstudy described in the previous paragraph. No significant increases in skin 
tumouryield or decreases in tumour latency were observed for 2,2-dibromoacetonitrile (Bull 
et al., 1985). 2,2-Dibromoacetonitrile was inactive as an initiator in the rat liver γ-glutamyl 
transpeptidase foci assay (Herren-Freund and Pereira, 1986). 

4.3.5.8  Reproductive Toxicity  

The hydra assay system for developmental toxicity has also been used to screen some of 
2,2-dibromoacetonitrile (Fu et al., 1990). It was found to be of the same general order of 
toxicity to adult and embryonic animals. Based on these findings, the authors predicted 
that 2,2-dibromoacetonitrile  would not be teratogenic at non-maternally toxic doses. 

The developmental toxicity of 2,2-dibromoacetonitrile was examined with an in vivo 
teratology screen adapted for use in the Long-Evans rat. The screen was extended to an 
evaluation of growth till postnatal Days 41-42, and weight of several organs at sacrifice. 
treatment with 2,2-dibromoacetonitrile resulted in reduced fertility and increased early 
implantation failure. There was no effect on litter size in females bearing live litters, but pup 
birth weight was reduced in all litters exposed to 2,2-dibromoacetonitrile. Perinatal survival 
of the pups was adversely impacted by 2,2-dibromoacetonitrile. Postnatal growth until Day 
4 was reduced by 2,2-dibromoacetonitrile while growth until Day 42 was not consistently 
affected.  

Male albino mice were injected with a single dose of 2,2-dibromoacetonitrile (50 mg/kg), 
and killed after 3 hours of treatment. Control animals received 10 mg/kg body weight 
intraperitoneally of the vehicle DMSO. In both experiments, cauda epididymis were 
dissected and sperm count and motility were investigated. Also, testicular activity of lactic 
dehydrogenase-x (LDH-x) isozyme and histopathological changes were examined. 
Furthermore, testicular content of malonyldialdehyde (MDA) and reduced glutathione 
(GSH) were determined. A single dose of DBAN caused decrease in sperm count and 
motility to approximately 88 and 84%, respectively, compared with control animals. A 46% 
decrease in testicular activity of LDH-x, compared with control animals, was observed. A 
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significant accumulation of MDA in 2,2-dibromoacetonitrile N-treated animals was 
increased to 99% while testicular content of GSH was decreased by 56% compared to 
control animals. Compared to 2,2-dibromoacetonitrile-treated animals, treatment with 
TBHQ (100 mg/kg orally) prior exposure to 2,2-dibromoacetonitrile showed a remarkable 
degree of protection as indicated by enhancement of sperm count and motility, testicular 
activity of LDH-x, and GSH. Accumulation of testicular content of MDA significantly 
decreased following TBHQ treatment compared to 2,2-dibromoacetonitrile-treated animals 
(Abdel-Wahab, 2003). 

4.3.5.9  Summary  

2,2-Dibromoacetonitrile is cytotoxic and causes genotoxicity in vitro. 

The NTP (2008) concluded that under the conditions of the 2-year drinking water studies 
there was clear evidence of carcinogenic activity of dibromoacetonitrile in male rats based 
on increased incidences of squamous cell papillomas or carcinomas of the oral cavity; 
adenomas in the glandular stomach of male rats were also considered to be exposure-
related. There was some evidence of carcinogenic activity of dibromoacetonitrile in female 
rats based on an increased incidence of squamous cell papillomas of the oral cavity; 
increased incidences of basal cell or squamous cell neoplasms of the skin in female rats 
may have been related to dibromoacetonitrile exposure. There was clear evidence of 
carcinogenic activity of dibromoacetonitrile in male and female mice based on increased 
incidences of squamous cell papillomas or carcinomas of the forestomach. Increased 
incidences of neoplasms in the liver of male mice may have been related to 
dibromoacetonitrile exposure.  

Based on decreased body weight and decreased testes weight and pathology in males, 
the NOAEL is 12 mg/kg of body weight per day and the LOAEL is 18 mg/kg of body weight 
per day (NTP, 2000c). 

Poon et al. (2003) found that treatment effects occurred predominantly at 100 ppm and 
included in both sexes: increased kidney weights, histological changes in the thyroid and 
bone marrow, and increased peroxisomal enzyme activities; and in males: decreased 
serum and urinary uric acid levels and indication of oxidative stress. The lowest adverse 
effect level were around 11.1 and 12.1 mg/kg/day in the males and females, respectively 
and the NOAEL was therefore judged to be 10 ppm, equivalent to 1.11 and 1.21 
mg/kg/day in the males and females, respectively (Poon et al 2003). 

The World Health Organization (WHO) drinking water guideline value for 2,2-
dibromoacetonitrile is 0.07 mg/L. 
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4.3.6  2,2,2-Trichloroacetonitrile 

 

4.3.6.1  Toxicokinetics  

When administered orally to rats, haloacetonitriles were metabolized to cyanide and 
excreted in the urine as thiocyanate (Lin et al., 1986). Urinary thiocyanate accounted for 
2.25–12.8% of a single gavage dose of 2,2,2-trichloroacetonitrile during the 24-hour period 
following dosing of male rats. This suggests that halogenated acetonitriles are metabolized 
via oxidative dehalogenation and dehydration to carbon dioxide and cyanide, which is then 
further metabolized to thiocyanate (Pereira et al., 1984). The first step in this reaction is 
catalysed by a mixed-function oxidase (such as a cytochrome P-450) and results in 
production of a halocyanomethanol. The identity of the isozyme that carries out the 
individual reactions has not been determined. It is proposed that the halocyanomethanols 
then dehydrate to form halocyanoformaldehydes or lose cyanide to form 
haloformaldehydes, including phosgene. The cyanide carbon group is more readily 
excreted in the urine, whereas the halomethyl carbon group is excreted nearly equally in 
expired air and in urine; excretion in faeces is low (Roby et al., 1986). Glutathione 
conjugation (mediated by glutathione transferases or non-enzymatic) may also play a role 
in the metabolism of halogenated acetonitriles (Lin and Guion, 1989). 

4.3.6.2  Acute Toxicity  

Acute oral LD50s for the halogenated acetonitriles in rodents range from 245 to 361 mg/kg 
of body weight (Smyth et al., 1962; Meier et al., 1985; Hayes et al., 1986). After a 72-hour 
exposure with Chinese hamster ovary (CHO) cells, 2,2,2-trichloroacetonitrile was cytotoxic 
at a LC50 of 160 µM (Muellner et al., 2007).  

4.3.6.3  Irritation  

No data have been located on the potential for 2,2,2-trichloroacetonitrile  to cause irritation.  

4.3.6.4  Sensitisation  

No data have been located on the potential for 2,2,2-trichloroacetonitrile to cause 
sensitisation.  

4.3.6.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,2,2-trichloroacetonitrile. 

4.3.6.6  Genotoxicity  

2,2,2-Trichloroacetonitrile  was found to covalently bind with macromolecules in liver, 
kidney and stomach of the F344 rat (Lin et al., 1992). The covalent binding index was 
found to be the highest in the DNA of the stomach, followed by the liver, and was lowest in 
the kidney. The binding of 14C was significantly higher when it was in the C2 position rather 
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than in C1, indicating that the nitrile carbon is lost. The adducts formed were labile, and no 
specific adducts were identified. Adducts to blood proteins were also observed with 2,2,2-
trichloroacetonitrile (Lin et al., 1986) 

2,2,2-Trichloroacetonitrile was non-mutagenic in Salmonella typhimurium (Bull et al., 1985). 
2,2,2-Trichloroacetonitrile was positive in the Ames fluctuation assay with S. typhimurium, 
in the presence and absence of metabolic activation (Le Curieux et al., 1995). 2,2,2-
Trichloroacetonitrile increased micronuclei formation in erythrocytes of Pleurodeles waltl 
(newt) larvae (Le Curieux et al., 1995). In the SOS chromotest using Escherichia coli, 
2,2,2-Trichloroacetonitrile was negative, with and without metabolic activation (Le Curieux 
et al., 1995). 2,2,2-Trichloroacetonitrile  induced sister chromatid exchanges in Chinese 
hamster ovary cells, with and without exogenous metabolic activation (Bull et al., 1985). 
2,2,2-Trichloroacetonitrile induced DNA strand breaks in cultured human lymphoblastic 
cells. Also alkylation activity was observed (Daniel et al., 1986). 

No significant increase in the frequency of micronuclei was observed for 2,2,2-
trichloroacetonitrile  in an in vivo assay in CD-1 mice, using gavage dosing (Bull et al., 
1985). Oral administration of 2,2,2-trichloroacetonitrile  in rats resulted in the formation of 
DNA adducts  (Lin et al., 1986, 1992). With an Ames fluctuation test, a mutagenic effect 
was observed for 2,2,2-Trichloroacetonitrile (Muller-Pillet et al., 2000). In a SCGE assay, 
2,2,2-trichloroacetonitrile induced DNA damage in HeLa S3 cells, increasing the mean tail 
moment significantly (Muller-Pillet et al., 2000). 

2,2,2-Trichloroacetonitrile was cytotoxic in CHO cells and positive in a Single Cell Gel 
Electrophoresis (SCGE) Comet assay in CHO cells (Muellner et al., 2007). 

4.3.6.7  Carcinogenicity  

No 2-year carcinogenicity bioassays have been conducted for 2,2,2-trichloroacetonitrile by 
any route of exposure. No alternative carcinogenicity studies were identified for 2,2,2-
trichloroacetonitrile by the inhalation route.  

There are, however, several short-term assays that can aid in hazard identification.   
Groups of 40 A/J female mice were given a single oral dose of 2,2,2-trichloroacetonitrile  of 
10 mg/kg (4.3 mg/kg of body weight per day) three times per week for eight weeks. The 
incidence of lung tumours (adenomas) was significantly increased in the groups given 
2,2,2-trichloroacetonitrile. The authors stated that these results should be interpreted with 
caution, as there is a relatively large variation in the background incidence of lung tumours 
in this strain of mice, and the dose level tested was considerably below the maximum 
tolerated dose (Bull and Robinson, 1985). 

The ability of 2,2,2-trichloroacetonitrile  to act as skin tumour initiators was studied in 
mouse skin. For each compound, six topical doses of 0, 200, 400 or 800 mg/kg of body 
weight were applied to the shaved backs of female Sencar mice (40 per dose) over a 2-
week period, to give total applied doses of 0, 1200, 2400 or 4800 mg/kg of body weight. 
Two weeks after the last dose, a tumour promotion schedule involving the application of 1 
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μg of 12-O-tetradecanoylphorbol-13-acetate (TPA) three times per week was begun and 
continued for 20 weeks.   An increase in squamous cell tumours observed in mice given 
trichloroacetonitrile at 2400 mg/kg of body weight was not reproducible in a second 
experiment (Bull et al., 1985). 

In another similar study designed to assess the ability of dermally applied 2,2,2-
trichloroacetonitrile to act as complete carcinogens, dermal doses of 800 mg of 2,2,2-
trichloroacetonitrile  per kg of body weight   were applied to the skin of female Sencar mice 
three times per week for 24 weeks. No skin tumours were induced by 2,2,2-
trichloroacetonitrile (Bull et al., 1985). 

In a similar study designed to assess the ability of orally administered 2,2,2-
trichloroacetonitrile  to act as skin tumour initiators, female Sencar mice were given total 
oral doses of 50 mg of each compound per kg of body weight, administered six times over 
a two-week period. The tumour promotion phase of the study was conducted using dermal 
application of TPA, following the same protocol as in the dermal tumour initiation study 
described in the previous paragraph. No significant increases in skin tumour yield or 
decreases in tumour latency were observed for 2,2,2-trichloroacetonitrile (Bull et al., 1985). 

2,2,2-Trichloroacetonitrile was inactive as initiators in the rat liver γ-glutamyl 
transpeptidase foci assay (Herren-Freund and Pereira, 1986). 

4.3.6.8  Reproductive Toxicity  

The hydra assay system for developmental toxicity has also been used to screen 2,2,2-
trichloroacetonitrile (Fu et al., 1990). It was found to be of the same general order of 
toxicity to adult and embryonic animals. Based on these findings, the authors predicted 
that 2,2,2-trichloroacetonitrile  would not be teratogenic at non-maternally toxic doses. 

2,2,2-Trichloroacetonitrile was administered to pregnant Long-Evans rats (19–21 per dose 
group) by gavage in a tricaprylin vehicle on gestation days 6–18 at doses of 0, 1, 7.5, 15, 
35 or 55 mg/kg of body weight per day. The highest dose was lethal to 4 of 19 dams, and 
there was 100% fetal resorption in 67% of the surviving dams that became pregnant. 
Maternal body weight gain (adjusted for fetal weight and excluding females with full-litter 
resorptions) was significantly depressed in the highest dose group. Dose-related increases 
in full-litter resorptions were observed at 7.5 mg/kg of body weight per day and greater. At 
15 mg/kg of body weight per day and higher, postimplantation losses were significantly 
increased; fetal weight was significantly depressed only at 35 mg/kg of body weight per 
day. The frequency of soft tissue malformations (primarily cardiovascular and urogenital 
malformations) was dose dependent, ranging from 18% at 7.5 mg/kg of body weight per 
day to 35% at 35 mg/kg of body weight per day. Although the incidence of soft tissue 
malformations at 1 mg/kg of body weight per day (8.4%) was not significantly different from 
that in controls (3.8%), the authors expressed concern that this incidence of malformations 

might be of biological significance. However, evaluation of these data in terms of the 
percentage of litters affected (4/20 litters at 1 mg/kg of body weight per day compared with 
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6/30 litters in tricaprylin controls) did not show evidence of teratogenic effects at this dose 
level. The incidence of pups with cardiovascular malformations was increased at 15 mg/kg 
of body weight per day, and urogenital malformations were significantly increased at both 
15 and 35 mg/kg of body weight per day (P ≤ 0.05); the percentage of litters with 
cardiovascular malformations was increased beginning at 7.5 mg/kg of body weight per 
day (8/18 litters affected versus 6/30 litters in controls). Therefore, the NOAEL for 
teratogenic effects was set at 1 mg/kg of body weight per day. The highest dose tested, 55 
mg/kg of body weight per day, was a maternal LOAEL, and the maternal NOAEL was 35 
mg/kg of body weight per day, based on decreased body weight gain (Smith et al., 1988). 

In a developmental toxicity screening study, pregnant Long-Evans rats were given 
trichloroacetonitrile in a tricaprylin vehicle on gestation days 7–21 at 0 or 55 mg/kg of body 
weight per day. Treatment-related increases in maternal deaths were observed. 2,2,2-
Trichloroacetonitrile also caused a decrease in maternal weight gain during pregnancy, a 
reduction in the percentage of females becoming pregnant or delivering viable litters and 
an increase in the percentage of full-litter resorptions. Fetal mean birth weight and pup 
survival on postnatal day 4 were also significantly reduced, and decreased body weight 
gain was noted in surviving male and female pups at weaning and from weaning until 
puberty. The authors noted that maternal weight gains were measured prior to delivery 
and that the observed decrease may have been due to increased litter resorptions or 
decreased fetal weights, or both. In this study, the LOAEL for developmental toxicity was 
the only dose tested, 55 mg/kg of body weight per day. This dose also represents a 
LOAEL for maternal toxicity, based on increased dam mortality (Smith et al., 1987; also 
briefly summarized in Smith et al., 1986). 

2,2,2-Trichloroacetonitrile was administered to pregnant Long-Evans rats (20 per dose 
group) by gavage in corn oil vehicle on gestation days 6–18 at doses of 0, 15, 35, 55 or 75 
mg/kg of body weight per day. To investigate the effects of tricaprylin vehicle on the 
developmental toxicity of trichloroacetonitrile, an additional group of pregnant rats was 
given 15 mg/kg of body weight per day of trichloroacetonitrile in tricaprylin vehicle on 
gestation days 6–18. At the highest dose of trichloroacetonitrile in corn oil, mortality, full-
litter resorptions and a decreased pregnancy rate resulted in the production of only one 
viable litter; other data for this dose group were not reported. At 35 and 55 mg of 2,2,2-
trichloroacetonitrile in corn oil vehicle per kg of body weight per day, maternal weight gain 
(adjusted for gravid uterine weight) was significantly depressed (to 40% and 63% of corn 
oil controls, respectively). In animals given trichloroacetonitrile in corn oil, maternal relative 
liver weight was increased at ≥35 mg/kg of body weight per day; at 55 mg/kg of body 
weight per day, maternal spleen and kidney weights were significantly increased 
compared with corn oil vehicle controls. Other effects at 55 mg of 2,2,2-trichloroacetonitrile 
in corn oil per kg of body weight per day included an increase in post-implantation losses, 
a decrease in the number of live fetuses per litter, fetal body weight and fetal crown–rump 
length and an increase in the percentage of fetuses per litter with external malformations, 
skeletal malformations and soft tissue malformations. In the group given 15 mg of 
trichloroacetonitrile in tricaprylin vehicle per kg of body weight per day, maternal relative 
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liver weights were increased compared with corn oil vehicle controls. Other effects in this 
group included decreased fetal weights, decreased fetal crown–rump lengths and an 
increase in total soft tissue and cardiovascular malformations. None of these effects was 
observed in animals given trichloroacetonitrile in corn oil at a dose of 15 or 35 mg/kg of 
body weight per day. The authors also noted a shift in the spectrum of fetal malformations 
with vehicle, from primarily external cranio-facial malformations and positional 
cardiovascular malformations when trichloroacetonitrile was administered in corn oil at 55 
mg/kg of body weight per day to structural cardiovascular defects and urogenital effects 
induced by trichloroacetonitrile in tricaprylin at 15 mg/kg of body weight per day. In this 
study, the NOAEL for maternal toxicity is 15 mg of trichloroacetonitrile in corn oil per kg of 
body weight per day, based on decreased maternal weight gain of ≥40%; the NOAEL for 
developmental toxicity and teratogenicity is 35 mg/kg of body weight per day (Christ, 1996). 

The sperm of male B6C3F1 mice (10 per dose) given trichloroacetonitrile by gavage at 0, 
12.5, 25 or 50 mg/kg of body weight per day for five days did not exhibit any treatment-
related effects on sperm head morphology (Meier et al., 1985). 

 

Footnote 
The majority of reproductive and developmental toxicity studies of the halogenated 
acetonitriles were conducted using tricaprylin as a vehicle for gavage administration of the 
compound under study. Tricaprylin was subsequently demonstrated to be a developmental 
toxicant that potentiated the effects of trichloroacetonitrile (Christ et al., 1995) and, 
presumably, other halogenated acetonitriles. Thus, the results reported in this section, 
using tricaprylin as the gavage vehicle, are likely to overestimate the developmental 
toxicity of these halogenated acetonitriles. 

4.3.6.9  Summary  

2,2,2-Trichloroacetonitrile  is cytotoxic and causes genotoxicity in vitro.  There is little or no 
evidence for carcinogenicity.  

LOAELs for 2,2,2-trichloroacetonitrile were identified at 7.5 mg/kg of body weight per day 
for embryotoxicity and the NOAEL for teratogenic effects was set at 1 mg/kg of body 
weight per day (Smith et al., 1988). However, later studies suggest that these responses 
were dependent upon the vehicle used (Christ, 1996).  
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4.3.7  2-Bromo-2,2-dichloroacetonitrile 

 

4.3.7.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2-bromo-2,2-dichloroacetonitrile.  

4.3.7.2  Acute Toxicity  

No data have been located on the acute toxicity of 2-bromo-2,2-dichloroacetonitrile 

4.3.7.3  Irritation  

No data have been located on the potential for 2-bromo-2,2-dichloroacetonitrile to cause 
irritation.  

4.3.7.4  Sensitisation  

No data have been located on the potential for 2-bromo-2,2-dichloroacetonitrile  to cause 
sensitisation.  

4.3.7.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2-bromo-2,2-dichloroacetonitrile. 

4.3.7.6  Genotoxicity  

No data have been located on the geno toxicity of 2-bromo-2,2-dichloroacetonitrile. 

4.3.7.7  Carcinogenicity  

Woo et al. (2002) suggested ‘low-moderate’ concern for carcinogenicity of 2-bromo-2,2-
dichloroacetonitrile  based on structural activity relationship (SAR) analysis.  

No further data have been located on the carcinogenicity of 2-bromo-2,2-
dichloroacetonitrile.  

4.3.7.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2-bromo-2,2-dichloroacetonitrile.  

4.3.7.9  Summary  

Very limited data are available on the toxicity of 2-bromo-2,2-dichloroacetonitrile. There is 
‘low-moderate’ concern for carcinogenicity based on SAR analysis. 
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4.3.8  2,2-Dibromo-2-chloroacetonitrile 

 

4.3.8.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2,2-dibromo-2-chloroacetonitrile.  

4.3.8.2  Acute Toxicity  

No data have been located on the acute toxicity of 2,2-dibromo-2-chloroacetonitrile 

4.3.8.3  Irritation  

No data have been located on the potential for 2,2-dibromo-2-chloroacetonitrile to cause 
irritation.  

4.3.8.4  Sensitisation  

No data have been located on the potential for 2,2-dibromo-2-chloroacetonitrile to cause 
sensitisation.  

4.3.8.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,2-dibromo-2-chloroacetonitrile. 

4.3.8.6  Genotoxicity  

No data have been located on the geno toxicity of 2,2-dibromo-2-chloroacetonitrile. 

 4.3.8.7  Carcinogenicity  

Woo et al. (2002) suggested ‘low-moderate’ concern for carcinogenicity of 2,2-dibromo-2-
chloroacetonitrile  based on structural activity relationship (SAR) analysis.  

No further data have been located on the carcinogenicity of 2,2-dibromo-2-
chloroacetonitrile.  

4.3.8.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2,2-dibromo-2-chloroacetonitrile.  

4.3.8.9  Summary  

Very limited data are available on the toxicity of 2,2-dibromo-2-chloroacetonitrile. There is 
‘low-moderate’ concern for carcinogenicity based on SAR analysis. 
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4.3.9  2,2,2-Tribromoacetonitrile 

 

4.3.9.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2,2,2-tribromoacetonitrile.  

4.3.9.2  Acute Toxicity  

No data have been located on the acute toxicity of 2,2,2-tribromoacetonitrile 

4.3.9.3  Irritation  

No data have been located on the potential for 2,2,2-tribromoacetonitrile to cause irritation.  

4.3.9.4  Sensitisation  

No data have been located on the potential for 2,2,2-tribromoacetonitrile to cause 
sensitisation.  

4.3.9.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,2,2-tribromoacetonitrile. 

4.3.9.6  Genotoxicity  

No data have been located on the repeat geno toxicity of 2,2,2-tribromoacetonitrile. 

4.3.9.7  Carcinogenicity  

Woo et al. (2002) suggested ‘low-moderate’ concern for carcinogenicity of 2,2,2-
tribromoacetonitrile  based on structural activity relationship (SAR) analysis.  

No further data have been located on the carcinogenicity of 2,2,2-tribromoacetonitrile.  

4.3.9.8  Reproductive Toxicity  

Very limited data have been located on the reproductive toxicity of 2,2,2-
tribromoacetonitrile.  

4.3.9.9  Summary  

Very limited data are available on the toxicity of 2,2,2-tribromoacetonitrile. There is ‘low-
moderate’ concern for carcinogenicity based on SAR analysis. 
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4.4 Other Nitrogen-Containing Disinfection By-Products 

Generally there is little information on the toxicology of the other nitrogen containing 
disinfection by-products, except for cyanogen chloride and cyanogen bromide.  Most of the 
information available comes from a Structural Activity Relationship (SAR) analysis by Woo 
et al. (2002). 
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4.4.1  3-Bromopropanenitrile 

 

4.4.1.1 Toxicokinetics  

No data have been located on the toxicokinetics of 3-bromopropanenitrile.  

4.4.1.2  Acute Toxicity  

No data have been located on the acute toxicity of 3-bromopropanenitrile.  

4.4.1.3  Irritation  

No data have been located on the potential for 3-bromopropanenitrile to cause irritation.  

4.4.1.4  Sensitisation  

No data have been located on the potential for 3-bromopropanenitrile to cause 
sensitisation.  

4.4.1.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 3-bromopropanenitrile. 

4.4.1.6  Genotoxicity  

No data have been located on the genotoxity toxicity of 3-bromopropanenitrile.  

4.4.1.7  Carcinogenicity  

No data have been located on the carcinogenicity of 3-bromopropanenitrile.  

4.4.1.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 3-bromopropanenitrile.  

4.4.1.9  Summary  

No data are available on the toxicity of 3-bromopropanenitrile.  
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4.4.2  2,3-Dichloro-3-bromopropanenitrile 

 

4.4.2.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2,3-dibromopropanenitrile.  

4.4.2.2  Acute Toxicity  

No data have been located on the acute toxicity of 2,3-dibromopropanenitrile.  

4.4.2.3  Irritation  

No data have been located on the potential for 2,3-dibromopropanenitrile to cause irritation.  

4.4.2.4  Sensitisation  

No data have been located on the potential for 2,3-dibromopropanenitrile to cause 
sensitisation.  

4.4.2.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,3-dibromopropanenitrile. 

4.4.2.6  Genotoxicity  

No data have been located on the genotoxity toxicity of 2,3-dibromopropanenitrile.  

4.4.2.7  Carcinogenicity  

Woo et al. (2002) suggested ‘moderate’ concern for carcinogenicity of 2,3-
dibromopropanenitrile  based on structural activity relationship (SAR) analysis.  

4.4.2.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2,3-dibromopropanenitrile.  

4.4.2.9  Summary  

Very limited data are available on the toxicity of 2,3-dibromopropanenitrile. There is 
‘moderate’ concern for carcinogenicity based on SAR analysis. 
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4.4.3  3-Bromobutanenitrile 

 

4.4.3.1  Toxicokinetics  

No data have been located on the toxicokinetics of 3-bromobutanenitrile.  

4.4.3.2  Acute Toxicity  

No data have been located on the acute toxicity of 3-bromobutanenitrile.  

4.4.3.3  Irritation  

No data have been located on the potential for 3-bromobutanenitrile to cause irritation.  

4.4.3.4  Sensitisation  

No data have been located on the potential for 3-bromobutanenitrile to cause sensitisation.  

4.4.3.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 3-bromobutanenitrile. 

4.4.3.6  Genotoxicity  

No data have been located on the genotoxity toxicity of 3-bromobutanenitrile.  

4.4.3.7  Carcinogenicity  

No data have been located on the carcinogenicity of 3-bromobutanenitrile.  

4.4.3.8 Reproductive Toxicity  

No data have been located on the reproductive toxicity of 3-bromobutanenitrile.  

4.4.3.9 Summary  

No data are available on the toxicity of 3-bromobutanenitrile.  
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4.4.4  3,4-Dichlorobutanenitrile 

 

4.4.4.1  Toxicokinetics  

No data have been located on the toxicokinetics of 3,4-dichlorobutanenitrile.  

4.4.4.2  Acute Toxicity  

No data have been located on the acute toxicity of 3,4-dichlorobutanenitrile.  

4.4.4.3  Irritation  

No data have been located on the potential for 3,4-dichlorobutanenitrile to cause irritation.  

4.4.4.4  Sensitisation  

No data have been located on the potential for 3,4-dichlorobutanenitrile to cause 
sensitisation.  

4.4.4.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 3,4-dichlorobutanenitrile. 

4.4.4.6  Genotoxicity  

Woo et al. (2002) suggested ‘moderate’ concern for carcinogenicity of 3,4-
dichlorobutanenitrile  based on structural activity relationship (SAR) analysis.  

No further data have been located on the genotoxity toxicity of 3,4-dichlorobutanenitrile.  

4.4.4.7  Carcinogenicity  

No data have been located on the carcinogenicity of 3,4-dichlorobutanenitrile.  

4.4.4.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 3,4-dichlorobutanenitrile.  

4.4.4.9  Summary  

Very limited data are available on the toxicity of 3,4-dichlorobutanenitrile. There is 
‘moderate’ concern for carcinogenicity based on SAR analysis. 
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4.4.5  Heptanenitrile 

 

4.4.5.1  Toxicokinetics  

No data have been located on the toxicokinetics of heptanenitrile.  

4.4.5.2  Acute Toxicity  

No data have been located on the acute toxicity of heptanenitrile.  

4.4.5.3  Irritation  

No data have been located on the potential for heptanenitrile to cause irritation.  

4.4.5.4  Sensitisation  

No data have been located on the potential for heptanenitrile to cause sensitisation.  

4.4.5.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of heptanenitrile. 

4.4.5.6  Genotoxicity  

No data have been located on the genotoxity toxicity of heptanenitrile.  

4.4.5.7  Carcinogenicity  

Woo et al. (2002) suggested ‘low’ concern for carcinogenicity of heptanenitrile based on 
structural activity relationship (SAR) analysis.  

No data have been located on the carcinogenicity of heptanenitrile.  

4.4.5.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of heptanenitrile.  

4.4.5.9  Summary  

Very limited data are available on the toxicity of heptanenitrile.  There is ‘low’ concern for 
carcinogenicity based on SAR analysis. 
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4.4.6  Cis-2,3,4-trichloro-2-butenenitrile 

 

4.4.6.1  Toxicokinetics  

No data have been located on the toxicokinetics of cis-2,3,4-trichloro-2-butenenitrile.  

4.4.6.2  Acute Toxicity  

No data have been located on the acute toxicity of cis-2,3,4-trichloro-2-butenenitrile.  

4.4.6.3  Irritation  

No data have been located on the potential for cis-2,3,4-trichloro-2-butenenitrile to cause 
irritation.  

4.4.6.4  Sensitisation  

No data have been located on the potential for cis-2,3,4-trichloro-2-butenenitrile to cause 
sensitisation.  

4.4.6.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of cis-2,3,4-trichloro-2-butenenitrile.  

4.4.6.6  Genotoxicity  

No data have been located on the genotoxity toxicity of cis-2,3,4-trichloro-2-butenenitrile.  

4.4.6.7  Carcinogenicity  

Woo et al. (2002) suggested ‘moderate’ concern for carcinogenicity of cis-2,3,4-trichloro-2-
butenenitrile based on structural activity relationship (SAR) analysis.  

4.4.6.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of cis-2,3,4-trichloro-2-butenenitrile.  

4.4.6.9  Summary  

Very limited data are available on the toxicity of cis-2,3,4-trichloro-2-butenenitrile. There is 
‘moderate’ concern for carcinogenicity based on SAR analysis. 
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4.4.7  Trans-2,3,4-trichloro-2-butenenitrile  

 

4.4.7.1  Toxicokinetics  

No data have been located on the toxicokinetics of trans-2,3,4-trichloro-2-butenenitrile.  

4.4.7.2  Acute Toxicity  

No data have been located on the acute toxicity of trans-2,3,4-trichloro-2-butenenitrile.  

4.4.7.3  Irritation  

No data have been located on the potential for trans-2,3,4-trichloro-2-butenenitrile to 
cause irritation.  

4.4.7.4  Sensitisation  

No data have been located on the potential for trans-2,3,4-trichloro-2-butenenitrile to 
cause sensitisation.  

4.4.7.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of trans-2,3,4-trichloro-2-
butenenitrile.  

4.4.7.6  Genotoxicity  

No data have been located on the genotoxity toxicity of trans-2,3,4-trichloro-2-butenenitrile.  

4.4.7.7  Carcinogenicity  

Woo et al. (2002) suggested ‘moderate’ concern for carcinogenicity of trans-2,3,4-trichloro-
2-butenenitrile based on structural activity relationship (SAR) analysis.  

4.4.7.8 Reproductive Toxicity  

No data have been located on the reproductive toxicity of trans-2,3,4-trichloro-2-
butenenitrile.  

4.4.7.9  Summary  

Very limited data are available on the toxicity of trans-2,3,4-trichloro-2-butenenitrile. There 
is ‘moderate’ concern for carcinogenicity based on SAR analysis. 
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4.4.8  2,3,5-Tribromopyrrole (2,3,5-tribromo-1H-pyrrole) 

 

4.4.8.1  Toxicokinetics  

No data have been located on the toxicokinetics of 2,3,5-tribromopyrrole. 

4.4.8.2  Acute Toxicity  

No in vivo animal data have been located on the acute toxicity of 2,3,5-tribromopyrrole. 
However, after a 72-hour exposure with Chinese hamster ovary (CHO) cells it was 
cytotoxic at a LC50 of 61.0 µM (Richardson et al., 2003).  

4.4.8.3  Irritation  

No data have been located on the potential for 2,3,5-tribromopyrrole to cause irritation.  

4.4.8.4  Sensitisation  

No data have been located on the potential for 2,3,5-tribromopyrrole to cause sensitisation.  

4.4.8.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 2,3,5-tribromopyrrole. 

4.4.8.6  Genotoxicity  

2,3,5-tribromopyrrole was cytotoxic in CHO cells, and positive in a Single Cell Gel 
Electrophoresis (SCGE) Comet assay in CHO cells (Richardson et al., 2003)  

4.4.8.7  Carcinogenicity  

No data have been located on the carcinogenicity of 2,3,5-tribromopyrrole.  

4.4.8.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 2,3,5-tribromopyrrole.  

4.4.8.9  Summary  

Limited data are available on the toxicity of 2,3,5-tribromopyrrole. 2,3,5-Tribromopyrrole is 
cytotoxic and causes genotoxicity in vitro in the Comet assay. 
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4.4.9  Cyanoformaldehyde 

 

4.4.9.1  Toxicokinetics  

No data have been located on the toxicokinetics of cyanoformaldehyde.  

4.4.9.2  Acute Toxicity  

No data have been located on the acute toxicity of cyanoformaldehyde.  

4.4.9.3  Irritation  

No data have been located on the potential for cyanoformaldehyde to cause irritation.  

4.4.9.4  Sensitisation  

No data have been located on the potential for cyanoformaldehyde to cause sensitisation.  

4.4.9.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of cyanoformaldehyde.  

4.4.9.6  Genotoxicity  

No data have been located on the genotoxity toxicity of cyanoformaldehyde.  

4.4.9.7  Carcinogenicity  

Woo et al. (2002) suggested ‘low-moderate’ concern for carcinogenicity of 
cyanoformaldehyde based on structural activity relationship (SAR) analysis.  

4.4.9.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of cyanoformaldehyde.  

4.4.9.9  Summary  

Very limited data are available on the toxicity of cyanoformaldehyde. There is ‘low-
moderate’ concern for carcinogenicity based on SAR analysis. 
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4.4.10  Benzyl cyanide 

 

4.4.10.1  Toxicokinetics  

Cyanide was slowly liberated from the dosed nitrile and excreted as cyanide and 
thiocyanate, the proportion of the former increasing with increasing i.p. dose and with the 
highest oral dose (Guest et al., 1982). Benzyl cyanide (150 mg/kg) applied to the shaved 
backs of rats and maintained under occlusion for 24 hours showed marked increase in 
urinary thiocyanate levels attributable to the release of cyanide in vivo. The amount of 
thiocyanate recovered was equivalent to 37% of the dose for males and 32% for females 
(Potter et al., 2001).  

4.4.10.2  Acute Toxicity  

Lethal doses of benzyl cyanide in the rat were 0.64 mmol/kg (i.p.), 1.8 and 2.6 mmol/kg 
(p.o.) for female and male rats, respectively. Sublethal oral doses of benzyl cyanide were 
nephrotoxic causing increased excretion of protein, amino acids and glucose (Guest et al., 
1982) 

4.4.10.3  Irritation  

No data have been located on the potential for benzyl cyanide to cause irritation.  

4.4.10.4  Sensitisation  

No data have been located on the potential for benzyl cyanide to cause sensitisation.  

4.4.10.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of benzyl cyanide. 

4.4.10.6  Genotoxicity  

No data have been located on the genotoxity toxicity of benzyl cyanide.  

4.4.10.7  Carcinogenicity  

No data have been located on the carcinogenicity of benzyl cyanide.  

4.4.10.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of benzyl cyanide.  

4.4.10.9  Summary  

Limited data are available on the toxicity of benzyl cyanide.  Benzyl cyanide is acutely toxic 
and a likely nephrotoxigen.  
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4.4.11  Cyanogen chloride 

 

4.4.11.1  Toxicokinetics  

Cyanogen chloride is rapidly metabolized to cyanide in the body. In an in vitro study with 
rat blood, cyanogen chloride was metabolized to cyanide ion by haemoglobin and 
glutathione (Aldridge, 1951). There are few data on the oral toxicity of cyanogen chloride, 
and a WHO guideline is therefore based on cyanide (5.4 mg/kg of body weight per day) for 
minor changes in the testis (NTP, 1993). 

4.4.11.2  Acute Toxicity  

Estimates of inhalation LC50s range from 100 mg/m3 in cats to 7536 mg/m3 in rabbits 
(Tarken and Lewis, 1983). In other lethality tests, a concentration of 100 mg/m3 was fatal 
to cats within 18 minutes, 120 mg/m3 for 6 hours was fatal to dogs, 5 mg/m3 for 2 minutes 
was fatal to goats, and a subcutaneous dose of 20 mg/kg of body weight was fatal to 
rabbits (Flury and Zernik, 1931). An LD50 of 6 mg/kg of body weight was reported in rats 
following oral administration (Leitch and Bauer, 1945). In humans cyanogen chloride was 
used as a war gas in the First World War. A concentration of 120 mg/m3 was lethal (NAS, 
1977). 

Cyanogen chloride can be rapidly fatal. It severely irritates the eyes, skin, and respiratory 
tract. It produces whole-body (systemic) effects by interfering with oxygen utilization at the 
cellular level, with profound central nervous system (CNS), cardiovascular, and respiratory 
effects. Severe signs of decreased oxygen supply to the tissues (hypoxia) in the absence 
of bluish discoloration of the skin (cyanosis) are characteristic; cyanosis usually occurs late 
in the course of poisoning, at the stage of circulatory collapse and cessation of breathing 
(apnea) (CDC, 2010). 

4.4.11.3  Irritation  

Toxic signs included irritation of the respiratory tract, haemorrhagic exudate of the bronchi 
and trachea, and pulmonary oedema (Leitch and Bauer, 1945). In humans, inhalation of a 
concentration of 2.5 mg/m3 causes irritation. 

4.4.11.4  Sensitisation  

No data have been located on the potential for cyanogen chloride to cause sensitisation.  

4.4.11.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of cyanogen chloride.  

4.4.11.6  Genotoxicity  

No data have been located on the genotoxity toxicity of cyanogen chloride.  
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4.4.11.7  Carcinogenicity  

No data have been located on the carcinogenicity of cyanogen chloride.  

4.4.11.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of cyanogen chloride.  

4.4.11.9  Summary  

Data are available on the toxicity of cyanogen chloride. The main toxicity of cyanogen 
chloride is based on its rapid transformation to cyanide.  It is a strong acute toxicant and 
and irritant. 

The NOAEL based on cyanide toxicity is of 5.4 mg/kg/day of body weight. 

The WHO drinking water guideline value for long-term exposure is 0.3 mg/L (rounded 
value). 
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4.4.12  Cyanogen bromide 

 

4.4.12.1  Toxicokinetics  

Cyanogen bromide is broken down into cyanide similarly to cyanogen chloride (refer to 
section 4.4.11.1). 

4.4.12.2  Acute Toxicity  

The toxicity of cyanogen bromide appears to be related to the release of cyanide in chronic 
exposure to low levels of cyanogen bromide (Hartung, 1982), the toxicity of undissociated 
cyanogen bromide has not been evaluated. Data from acute exposure indicate that 
cyanogen is less potent, albeit more irritating, than other cyanides (Hartung, 1982). For 
example, cyanogen chloride is one order of magnitude less toxic (lethal dose, 20 mg/kg) 
than sodium cyanide (lethal dose, 2.2 mg/kg) when administered to rabbits 
subcutaneously (ACGIH, 1986). This difference in toxicity cannot be accounted for only by 
the differences in molecular weight and may be related to the covalent nature of the 
chemical bonds. Despite the lack of studies that evaluate the toxicity of chronic oral 
exposure to cyanogen bromide specifically, the available data indicate that cyanogen 
bromide is soluble in water and dilute acid, that full dissociation would result in a maximum 
of one mole equivalent of cyanide and that of the three possible breakdown products of 
cyanogen bromide (cyanide, bromide and cyanogen bromide), cyanide is probably the 
most toxic to mammals. Therefore, until specific data on cyanogen bromide become 
available, any guideline for cyanogen bromide should be derived by analogy to cyanide.  

4.4.12.3  Irritation  

No data have been located on the potential for cyanogen bromide to cause irritation.  

4.4.12.4  Sensitisation  

No data have been located on the potential for cyanogen bromide to cause sensitisation.  

4.4.12.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of cyanogen bromide.  

4.4.12.6  Genotoxicity  

No data have been located on the genotoxity of cyanogen bromide.  

4.4.12.7  Carcinogenicity  

No data have been located on the reproductive toxicity of cyanogen bromide.  
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4.4.12.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of cyanogen bromide.  

4.4.12.9  Summary  

Limited data are available on the toxicity cyanogen bromide. The principal toxicity of 
cyanogen bromide is based on its rapid transformation to cyanide. (The NOAEL based on 
cyanide toxicity is of 5.4 mg/kg/day of body weight.) 
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4.4.13  1,1-Dichloro-1-nitro-propane 

 

4.4.13.1  Toxicokinetics  

No data have been located on the toxicokinetics of 1,1-dichloro-1-nitro-propane.  

4.4.13.2  Acute Toxicity  

No data have been located on the acute toxicity of 1,1-dichloro-1-nitro-propane.  

4.4.13.3  Irritation  

No data have been located on the potential for 1,1-dichloro-1-nitro-propane to cause 
irritation.  

4.4.13.4  Sensitisation  

No data have been located on the potential for 1,1-dichloro-1-nitro-propane to cause 
sensitisation.  

4.4.13.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 1,1-dichloro-1-nitro-propane. 

4.4.13.6  Genotoxicity  

No data have been located on the genotoxity toxicity of 1,1-dichloro-1-nitro-propane.  

4.4.13.7  Carcinogenicity  

No data have been located on the carcinogenicity of 1,1-dichloro-1-nitro-propane.  

4.4.13.8  Reproductive Toxicity  

No data have been located on the reproductive toxicity of 1,1-dichloro-1-nitro-propane.  

4.4.13.9  Summary  

No data are available on the toxicity of 1,1-dichloro-1-nitro-propane.  
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4.4.14  1-Chloro-3,3,3-trichloro-1-propen-1-amine 

 

4.4.14.1  Toxicokinetics  

No data have been located on the toxicokinetics of 1-chloro-3,3,3-trichloro-1-propen-1-
amine.  

4.4.14.2  Acute Toxicity  

No data have been located on the acute toxicity of 1-chloro-3,3,3-trichloro-1-propen-1-
amine.  

4.4.14.3  Irritation  

No data have been located on the potential for 1-chloro-3,3,3-trichloro-1-propen-1-amine 
to cause irritation.  

4.4.14.4  Sensitisation  

No data have been located on the potential for 1-chloro-3,3,3-trichloro-1-propen-1-amine 
to cause sensitisation.  

4.4.14.5  Repeat Dose Toxicity  

No data have been located on the repeat dose toxicity of 1-chloro-3,3,3-trichloro-1-propen-
1-amine. 

4.4.14.6  Genotoxicity  

No data have been located on the genotoxity toxicity of 1-chloro-3,3,3-trichloro-1-propen-
1-amine.  

4.4.14.7  Carcinogenicity  

No data have been located on the carcinogenicity of 1-chloro-3,3,3-trichloro-1-propen-1-
amine.  

4.4.14.8 Reproductive Toxicity  

No data have been located on the reproductive toxicity of 1-chloro-3,3,3-trichloro-1-
propen-1-amine.  

4.4.14.9  Summary  

No data are available on the toxicity of 1-chloro-3,3,3-trichloro-1-propen-1-amine.  
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4.5 Relative Cytotoxicity and Genotoxicity of N-DBPs 

Plewa and Wagner (2009) measured the cytotoxicity and genotoxicity of a range of DBPs, 
many which were N-DBPs, using mammalian cell lines. This analysis allows the 
comparison of relative cytotoxity and genotoxicty of the N-DBPs.   

The cytotoxity the rank order from the most toxic to the least toxic DBP classes was:  

Haloacetaldehydes > haloacetamides > halonitromethanes > haloacetonitriles >> 2C 
haloacids > haloacetic acids > halomethanes. 

For induced genomic DNA damage in CHO cells the rank order from the most genotoxic to 
the least genotoxic of the DBP classes was:  

Haloacetonitriles > haloacetamides > halonitromethanes > haloacetaldehydes > haloacetic 
acids >> 2C-haloacids > halomethanes (trihalomethanes only). 

Although there was an overall significant correlation between chronic cytotoxicity and 
acute genotoxity, the correlation did not apply to all DBP chemical classes. 

In a balanced comparison of iodinated, brominated and chlorinated analogues, the 
cytotoxity and genotoxicity of the iodinated DBPs was greater than that of their brominated 
or brominated analogues, with the chlorinated analogues being the least toxic. 

Nitrogen containing DBPs, including haloacetonitriles, haloacetamides and 
halonitromethanes, were reported to be far more cytotoxic and genotoxic than DBPs that 
did not contain nitrogen (haloacids, halomethanes).   
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5.  RISK ASSESSMENT FOR NITROGEN-CONTAINING DISINFECTION BY-
PRODUCTS  
 
5.1 Estimated Daily Exposure compared with NOAEL or LOAEL 
 
A ‘high-level’ risk assessment, i.e. a preliminary estimation of risk, was conducted in order 
to consider the health significance of the various N-DBPs. The approach was to estimate 
daily human exposure to N-DBPs by multiplying the maximum concentration of the N-DBP 
species as reported in drinking water occurrence studies by the daily ingestion of tap water 
of 2 L and then dividing by an average human body weight of 70 kg, in order to calculate 
exposure values in units of mg/kg/day. (The maximum reported N-DBP concentrations 
were used in the calculation as a conservative measure; as discussed in chapter 3, typical 
N-DBP concentrations in UK drinking waters are likely lower than these values.) These 
exposure values were then compared against the no-observed-adverse-effect-level 
(NOAEL) or lowest-observed-adverse-effect-level (LOAEL) (whichever was available from 
the toxicology literature) obtained from in vivo animal toxicology studies. This calculation 
was only conducted for those N-DBP compounds for which NOAEL or LOAEL had been 
reported from in vivo animal toxicity studies; because of the lack of this type of toxicology 
data for most of the N-DBPs, only a limited number of N-DBPs could be assessed in this 
way. These calculations are summarised in Table 5.1 below.  
 
As shown in Table 5.1, the ratio of the NOAEL or LOAEL to the estimated exposure levels 
from ingestion of drinking water is at least on the order of 10,000 (and in many cases more 
than 100,000) for those N-DBPs for which a calculation could be performed due to the 
existence of in vivo toxicology data. The full data sets and references on which these 
calculations were based are included as an accompanying Excel datasheet.  
 
It should be emphasised that this simple risk calculation neglects potentially important 
factors such as the toxicological effects of exposure to mixtures of DBPs and any effects 
that may be caused by other routes of exposure besides ingestion (e.g. inhalation, dermal 
exposure, diet).  
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Table 5.1 Reported no observed adverse effect levels (NOAEL), reported lowest 
observed adverse effect levels (LOAEL), estimated daily human exposure based on 
maximum reported concentrations in drinking water, and the ratio of NOAEL or 
LOAEL to the estimated exposure.  
 

N-DBP NOAEL 
(mg/kg/day) 

LOAEL 
(mg/kg/day) 

Estimated 
Daily Human 
Exposure 
(mg/kg/day) 

Ratio of 
NOAEL or 
LOAEL to 
Exposure 

Trichloronitromethane 8  2.6 x 10-4 –  

8.6 x 10-6 * 

31,000 –  

930,000 * 

2-Chloroacetonitrile  25 2.6 x 10-5 970,000 

2-Bromoacetonitrile  7 5.7 x 10-6 1,200,000 

2,2-Dichloroacetonitrile  8 3.4 x 10-4 –  

6.0 x 10-5 

23,000 –  

130,000 

2-Bromo-2-
chloroacetonitrile 

 5 4.3 x 10-5 –  

8.6 x 10-5 

58,000 –  

120,000 

2,2,2-Trichloroacetonitrile  5.5 1.1 x 10-5 –  

2.9 x 10-6 

480,000 –  

1,900,000 

2,2-Dibromo-2-
chloroacetonitrile 

 11.1 1.7 x 10-5 650,000 

Cyanogen Chloride 5.4  6.0 x 10-4 –  

1.0 x 10-5 

9,000 – 

530,000  

Cyanogen Bromide 5.4  5.7 x 10-5 –  

8.0 x 10-5 

68,000 –  

95,000 
* Ranges are shown in cases where occurrence concentration data was reported in 
multiple studies.  

5.2 Cytotoxicity and Genotoxicity 

For those N-DBPs for which there is no in vivo data, in vitro cytotoxicity and genotoxicity 
may be considered useful as an indicator of potential relative health risks. Plewa et al. 
(2008) and Plewa and Wagner (2009) measured the cytotoxicity and genotoxicity of a 
range of DBPs, using mammalian cell lines.   
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For cytotoxicity the rank order from the most toxic to the least toxic DBP classes was:  

Haloacetaldehydes > haloacetamides > halonitromethanes > haloacetonitriles >> 2C 
haloacids > haloacetic acids > halomethanes. 

For induced genomic DNA damage in Chinese hamster ovary cells the rank order from the 
most genotoxic to the least genotoxic of the DBP classes was:  

Haloacetonitriles > haloacetamides > halonitromethanes > haloacetaldehydes > haloacetic 
acids >> 2C-haloacids > halomethanes (trihalomethanes only). 

N-DBPs, including haloacetonitriles, haloacetamides and halonitromethanes, were far 
more cytotoxic and genotoxic than DBPs that did not contain nitrogen (e.g. haloacetic 
acids, haloacids and halomethanes).  

In a balanced comparison of iodinated, brominated and chlorinated analogues, the 
cytotoxicity and genotoxicity of the iodinated DBPs was greater than that of their 
brominated or brominated analogues, with the chlorinated analogues being the least toxic. 

While these relative comparisons of cytotoxicity and genotoxicity are informative, these 
values should be considered only as indicators of potential human health risk, rather than 
translated into probable human health risk, which is only appropriately extrapolated from in 
vivo studies. 

The relative cytotoxicity and genotoxicity scaled values for the various N-DBPs as reported 
in Plewa and Wagner (2009) are summarised in the Excel datasheet that accompanies 
this report, for further information.  

5.3 Carcinogenicity 

The simple risk assessment approach applied above (section 5.1) may not be considered 
appropriate for compounds that are probable human carcinogens, for which any 
concentration in water samples (no matter how low) could be considered unacceptable. A 
US Environmental Protection Agency (USEPA) study ranked DBPs regarding the concern 
for carcinogenicity based on structure-activity relationships (Woo et al., 2002); in particular, 
several of the halonitromethanes and haloacetonitriles are classified as being of 
‘moderate’ risk for carcinogenicity and therefore may warrant priority attention in future 
studies. 

5.4  WHO Limits 

The World Health Organisation (WHO) has also conducted risk estimates and has 
recommended drinking water guideline values for certain N-DBPs, specifically 2,2-
dichloroacetonitrile (0.02 mg/L), 2,2-dibromoacetonitrile (0.07 mg/L), and cyanogen 
chloride (0.3 mg/L).  

These can be found at: 
http://www.who.int/water_sanitation_health/dwq/gdwq3rev/en/index.html.  



 

 150

5.5 References 
 
Plewa, M.J., Wagner, E.D., Muellner, M.G., Hsu, K.M., and Richardson, S.D. (2008). 
Comparative mammalian cell toxicity of N-DBPs and C-DBPs. In Occurrence, formation, 
health effects and control of disinfection by-products in drinking water, Karanfil, T., Krasner, 
S.W., Westerfhoff, P., and Xie, Y. (editors). American Chemical Society, Washington, DC, 
volume 995, pp. 36-50.  

Plewa, M.J. and Wagner, E.D. (2009). Mammalian cell cytotoxicity and genotoxicity of 
disinfection by-products.  Water Research Foundation, Denver, CO.   

Woo Y.T., Lai D., McLain J.L., Manibusan M.K. and Dellarco V. (2002). Use of 
mechanism-based Structure–Activity Relationships analysis in carcinogenic potential 
ranking for drinking water disinfection by-products. Environ. Health Perspect. 110 (suppl 1), 
75-87. 



 

 151

6.  PRIORITY LIST OF NITROGEN-CONTAINING DISINFECTION BY-PRODUCTS 
FOR FURTHER INVESTIGATION IN ENGLAND AND WALES  
 
Very little or no UK occurrence data exists for most of the N-DBPs that have been reported 
to occur in drinking water in other countries (e.g. US, Canada, Australia). While inferences 
can be made about the likely concentrations of N-DBPs in the UK based on the known 
treatment practices and water quality characteristics, it is recommended that a broad UK 
occurrence survey should be conducted to measure a range of N-DBPs in water samples. 
Such a survey would at least confirm that the levels of N-DBPs in UK treated waters do not 
exceed those reported in other countries and could be used in future risk assessment 
calculations if/when the required toxicological data sets are available. A UK-wide N-DBP 
occurrence survey should particularly focus on areas with the highest number of the 
potential risk factors for the various N-DBP groups (as described in Chapters 2 and 3), 
such as elevated dissolved organic nitrogen (DON) in the source water. Source waters 
with elevated bromide and/or iodide may be especially prone to forming the most toxic N-
DBPs, so these source waters would be of particular interest.  
 
If only a limited number of N-DBPs were to be chosen for special focus in such an 
occurrence survey, priority may be given to those compounds for which WHO drinking 
water guideline values already exist, i.e. 2,2-dichloroacetonitrile, 2,2-dibromoacetonitrile, 
and cyanogen chloride, and possibly also the N-DBP compounds which the USEPA has 
ranked as being of at least  ‘moderate’ concern as human carcinogens, including several 
of the halonitromethanes and haloacetonitriles.  
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7.   ANALYTICAL METHODS FOR THE MEASUREMENT OF NITROGEN-
CONTAINING DISINFECTION BY-PRODUCTS IN DRINKING WATER  
 
7.1 Sample collection and preservation 
 
Sample preparation and handling can significantly impact the validity of analytical results. 
The aims of sample preservation are the prevention of continued formation of disinfection 
by-products (DBPs) and the degradation of any formed DBPs. Preservation is usually 
accomplished by adding a disinfectant quenching reagent and pH adjustment reagent at 
the time of sampling. When biodegradable DBPs are the target analytes, an additional 
biocide may be needed to prevent bacterial regrowth.  
 
Typical disinfectant residual quenching reagents contain ammonia, which forms 
chloramines from reaction with free chlorine. Sulphur-reducing agents, such as sodium 
sulphite, are also used widely as disinfectant-quenching reagents. However, the stability of 
the target DBPs in the quenched sample must be evaluated before sampling, so that the 
maximum time and conditions before extraction and analysis can be determined. In EPA 
Method 551.1 (USEPA, 1995), ammonium chloride is recommended as the de-chlorination 
reagent for the analysis of some N-DBPs such as haloacetonitriles and 
trichloronitromethane (chloropicrin). This is because sodium sulphite promotes the 
decomposition of these species. Phosphate buffer is also required to lower the sample 
matrix pH to the range of 4.8 to 5.5 in order to prohibit base-catalyzed degradation of 
haloacetonitriles. In a method proposed for the analysis of 35 halogenated volatile and 
semi-volatile DBPs including halonitromethanes, ascorbic acid was applied as the 
disinfectant-quenching reagent followed by the addition of sulphuric acid (Chinn et al., 
2007). For cyanogen halides such as cyanogen chloride and cyanogen bromide, ascorbic 
acid is also usually applied as the quenching reagent accompanied with pH adjustment to 
3 to 4 with sulphuric acid (Sclimenti et al., 1995). Nevertheless, brominated analogues of 
trichloroacetonitrile and chloropicrin are unstable in the presence of ascorbic acid (Krasner 
et al., 2001); therefore, for the analysis of these compounds, ammonium chloride may be a 
better option as the quenching reagent. For haloacetamides, ammonium sulphate has 
been applied as the disinfectant-quenching reagent (Weinberg et al., 2002).  
 
Since sample handling and preparation play a vital role for accurate analysis, sampling 
collection must be conducted by a trained person and follow a detailed set of protocols. 
The quenching agents, if not added within the homogeneous mixture of the buffer, must be 
added to the sampling vials as a dry salt. Solutions of these agents should not be used 
due to concerns over the stability of these salts dissolved in solution and the potential 
chemical interactions of aqueous solutions of these salts with the dry phosphate buffer 
(USEPA, 1995). The samples must be chilled to 4°C on the day of collection and 
maintained at that temperature until analysis. The sample storage area must be free of 
organic solvent vapours. It is recommended to extract all samples within 14 days of 
collection and analyse within 14 days following extraction. Samples not analysed within 
these time periods must be discarded and replaced. 
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7.2 Extraction 
 
Most N-DBPs are soluble in water, which makes it a challenge to obtain efficient extraction 
from aqueous samples. Since there are a variety of N-DBPs that need to be analysed 
simultaneously, it is desirable to obtain a large number of analytes in a single extract.  
 
7.2.1 Liquid-liquid extraction (LLE) 
 
Methyl tert-butyl ether (MtBE), a slightly polar solvent, can be used to extract N-DBPs from 
aqueous samples (USEPA, 1995). Three mL of MtBE is added to a sample vial that 
contains 10 ml of aqueous sample and 20 g of Na2SO4. The purpose of adding Na2SO4 is 
to create a “salt-out” effect so that analytes are more readily to be driven into the solvent 
phase. After vigorous shaking for four minutes the solvent phase can be transferred to an 
autosampler vial for further analysis. If this LL extraction is followed by a dual-column gas 
chromatography (GC) and electron capture detection (ECD), method detection limits 
(MDLs) for bromochloroacetonitrile, chloropicrin, dibromoacetonitrile, dichloroacetonitrile, 
and trichloroacetonitrile can be achieved at 2, 2, 6, 1, and 2 µg/L, respectively.  
 
7.2.2 Solid phase extraction (SPE) 
 
Sometimes direct liquid-liquid extraction and analysis may not be suitable for DBP 
quantification, especially when the concentrations of DBPs are extremely low in water 
samples. In these cases, a larger volume of sample can be concentrated by extraction 
onto a solid phase, as long as the analytes are kept stable during the long extraction time 
in the laboratory environment. SPE can achieve a concentration factor by up to 1000, 
resulting in a nanogram per litre detection limit. For instance, in the method proposed by 
Chinn et al. (2007), 36 litre of water sample is pumped onto 3 ml solid-phase cartridge 
packed with Bond Elute PPL solid-phase resin at a rate of 6 mL/min. The analytes are 
subsequently eluted with 1.5 mL of MtBE into autosampler vial for further analysis by gas 
chromatography mass spectrometry (GC-MS).  
 
A recently explored alternative to regular SPE is known as solid-phase micro-extraction 
(SPME), which is a solvent-free approach with potential for online monitoring. The solid 
sorbent phase is coated on a syringe needle in the form of a fused silica rod, which is 
directly protruded into the aqueous sample or the headspace to allow analytes to partition 
into the sorbent phase. The saturated syringe may be inserted into a heated GC injector 
port for desorption and analysis. The method is straightforward, easy to handle and usually 
effective for the detection of volatile or semi-volatile N-DBPs, such as haloacetonitriles and 
halonitromethanes (Sclimenti et al., 2002). Using a carboxen/divinylbenzene/ polydimethyl-
siloxane fibre, a 30-min adsorption time and a 5-min desorption time in a 200 °C injector of 
a GC-ECD produced detection limits below 1.0 µg/L. Cancho et al. (2000) investigated the 
applicability of head-space SPME for the analysis of cyanogen chloride and cyanogen 
bromide in treated water. They also found divinylbenzene-carboxen-polydimethylsiloxane 
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fibre to be the most appropriate coating. This method was sufficiently sensitive to detect 
ng/L levels. 
 
A different type of solid phase extraction has also been carried out using XAD resins 
(commonly XAD-8 over XAD-2), which is beneficial for extracting large quantities of water 
(10-100 L) for identification of unknown compounds (Richardson et al., 1999) and toxicity 
testing (Kundu et al., 2004; Plewa et al., 2004a; Plewa et al., 2004b).  After pre-cleaning 
the resins using Soxhlet extraction, approximately 40-50 mL of each resin is placed on a 
glass column (approximately one inch diameter), and water samples are acidified and 
poured onto the resin column (Richardson et al., 1999).  Organic compounds are then 
eluted with ethyl acetate, excess water removed from the ethyl acetate with a separatory 
funnel and with sodium sulfate, and the ethyl acetate eluent further concentrated by rotary 
evaporation and a gentle stream of nitrogen to 1 mL.  The combination of XAD-8 and XAD-
2 resins allows a wide range of organic compounds to be extracted (including nonpolar 
and semipolar/polar analytes), and this process allows much larger concentration factors 
(often 10,000 times) than can be achieved with traditional SPE or liquid-liquid extraction.  
This higher concentration factor allows for the collection of full-scan mass spectra, as well 
as high resolution mass spectra, facilitating the identification of unknown compounds.  
Many of the N-DBPs discussed in this report were initially identified in drinking water using 
this procedure. 
 
7.2.3 Purge and Trap 
 
For  volatile or semi-volatile N-DBPs, such as some halonitromethanes, a purge and trap 
technique can be applied for the sample extraction (Nikolaou et al., 2002). Volatile 
analytes can be carried out of the aqueous sample by an inert gas (i.e. helium) that 
bubbles through the sample and is trapped onto an adsorbent (i.e. activated charcoal). 
The analytes can then subsequently be desorbed in the heated GC injection port and 
analysed by mass spectrometry.  
 
7.3 Separation and quantification 
 
7.3.1 Gas chromatography (GC) coupled with electron capture detector (ECD) or 

mass spectrometry (MS) 
 
GC has been the most-widely chosen separation technique for the analysis of DBPs 
including N-DBPs (Golfinopoulos and Nikolaou, 2004; Alwis et al., 2008; Chu and Gao, 
2009). Target DBPs or their derivatives enter the column in a vapour state with a carrier 
gas, which limits the application to compounds with boiling points below the GC injector 
temperature. Some thermally-labile N-DBPs are not suitable for GC separation, especially 
when there are a variety of analytes in the same extract. For instance, 
trihalonitromethanes should be introduced to the GC injection port at a temperature no 
higher than 170 °C (Chen et al., 2002). This will limit the method to the analysis of other 
more stable analytes (Weinberg, 2009). Evidence has showed that the degraded products 
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of bromopicrin (tribromonitromethane) can generate bromoform under certain 
circumstances, causing a false-positive bias for bromoform determination (Chen et al., 
2002; Weinberg, 2009).  
 
ECD is a powerful detector especially when the target compounds contain halogen.  Most 
of the halonitromethanes and haloacetonitriles can be determined using GC coupled with 
ECD (Chu and Gao, 2009). However, ECD quantification is based on the assumption that 
each compound can be successfully separated on the GC column and the retention times 
match those of their corresponding standards. When poor resolution or co-elution of 
different analytes occurs, multiple injections or different columns have to be used to 
resolve co-eluting compounds (USEPA, 1995; Krasner et al., 2001). This problem can be 
solved using MS if available. The use of MS provides an additional means for compound 
identification (Nikolaou et al., 2000; Richardson, 2001; Chen et al., 2002). Selected Ion 
Monitoring (SIM) in MS detection is one of the most sensitive techniques as long as the 
specific ions associated with target compounds are identified (Richardson, 2009). Different 
ion masses may be targeted for co-eluting or poorly resolved compounds (e.g. m/z 117 for 
chloropicrin and m/z 108 for bromodichloroacetonitrile) as long as the selected ion mass 
for one analyte is not present in the spectrum of the other (Weinberg, 2009).  
 
7.3.2 Liquid Chromatography (LC) coupled with Mass Spectrometry (MS) 
 
While GC is limited in the analysis of low molecular weight, volatile or semi-volatile DBPs, 
LC is more applicable for the analysis of polar or hydrophilic compounds and has wider 
options of stationary and mobile phases. LC-MS also allows for the direct analysis of water 
samples, which often removes the need to extract the analytes into an organic solvent and 
enables the direct analysis of highly polar, hydrophilic N-DBPs that are difficult or 
impossible to extract from water (Richardson, 2002). 
 
7.4 Methods for Selected N-DBP Groups 
 
This section will provide brief summary of analytical methods that have been applied or 
proposed for the analysis of selected N-DBPs, with a focus on those methods that were 
applied in the US nationwide DBP occurrence studies by Weinberg et al. (2002) and 
Krasner et al. (2006).   
 
7.4.1 Haloacetamides  
 
Method:   LLE-GC-ECD 
 
Sample preparation: An aliquot of 20 mL sample was measured into a clean 20 mL vial 
with Teflon-lined screw caps. 4 mL of ethyl acetate (EtAC) was added to the aliquot. The 
Sample vial was vortexed for 1 min and the solvent layer was allowed to separate for five 
min. A 1-mL sample of the organic layer was then analysed by GC-ECD under the 
following conditions:  
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GC settings: Column: HP5-MS (Hewlett-Packard/Agilent, Folsom, CA) (30-m, 0.25 mm ID, 
0.25 μm film thickness). Oven temperature program: initial temperature: 37°C, held for 1 
min; 5°C/min increase to 280°C. The injector and detector temperatures were 180 and 
300°C, respectively, and the injector was operated in the splitless mode.  
 
MDL: 0.1 µg/L 
 
7.4.2 Halonitromethanes and haloacetonitriles  
 
Because of the variety in molecular weight, volatility and polarity, no single analytical 
method can be used for extracting and identifying all the compounds in these two groups. 
Three sets of methods (LLE-GC-ECD, SPE-GC-MS, and Purge and Trap-GC-MS) have 
been utilised to quantify the concentrations of these N-DBPs in drinking water. Table 7.1 
summarises the methods suggested for each compound and their corresponding method 
detection limits. In general, the LLE-GC-ECD method achieves lower MDLs than other 
methods.  
 
Table 7.1  Methods for halonitromethanes and haloacetonitriles and their 
corresponding MDLs.  
  

No.  Compound Acronym Method Suggested 
MDL 

(µg/L) 

Halonitromethanes 

LLE-GC-ECD 0.1 

SPE-GC-MS 0.5 1 Chloropicrin TCNM 

Purge and Trap-GC-MS 1.0 

2 Chloronitromethane CNM Purge and Trap-GC-MS 0.5 

LLE-GC-ECD 0.1 
3 Bromonitromethane BNM 

SPE-GC-MS 2.5 

LLE-GC-ECD 0.1 

SPE-GC-MS 0.25 4 Dichloronitromethane DCNM 

Purge and Trap-GC-MS 0.5 

5 Bromochloronitromethane BCNM LLE-GC-ECD 0.1 
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SPE-GC-MS 2.5 

LLE-GC-ECD 0.1 
6 Dibromonitromethane DBNM 

SPE-GC-MS 0.5 

7 Bromopicrin TBNM LLE-GC-ECD 0.5 

8 Bromodichloronitromethane BDCNM LLE-GC-ECD 0.5 

9 Dibromochloronitromethane DBCNM LLE-GC-ECD 0.5 

Haloacetonitriles 

LLE-GC-ECD 0.1 

SPE-GC-MS 5 1 Dichloroacetonitrile DCAN 

Purge and Trap-GC-MS 0.2 

LLE-GC-ECD 0.1 

SPE-GC-MS 0.5 2 Bromochloroacetonitrile BCAN 

Purge and Trap-GC-MS 1.0 

LLE-GC-ECD 0.1 
3 Dibromoacetonitrile DBAN 

SPE-GC-MS 0.5 

LLE-GC-ECD 0.1 
4 Trichloroacetonitrile TCAN 

SPE-GC-MS 0.5 

LLE-GC-ECD 0.1 

SPE-GC-MS 5 5 Bromoacetonitrile BAN 

Purge and Trap-GC-MS 2.5 

LLE-GC-ECD 0.1 
6 Chloroacetonitrile CAN 

Purge and Trap-GC-MS 0.2 

7 Tribromoacetonitrile TBAN LLE-GC-ECD 0.5 

8 Bromodichloroacetonitrile BDCAN LLE-GC-ECD 0.5 



 

 158

9 Dibromochloroacetonitrile DBCAN LLE-GC-ECD 0.5 

 

7.4.2.1    LLE-GC-ECD  
 
Sample preparation: Ammonium chloride was used to preserve trihalonitromethanes, while 
other compounds were preserved using ascorbic acid. A 30 mL glass syringe was used to 
transfer samples into 40 mL glass vials. After 3 mL of MtBE was added, 11 g of dried 
sodium sulfate and 1 g of copper sulfate were added. The sample was capped and shaken 
briefly by hand before placing into a sample holder. After the solvent and salt were added 
to all of the samples, they were shaken using a vortex mixer for 11 min. A disposable 
Pasteur pipette was used to transfer approximately 2 mL of extract evenly between the two 
autosampler vials. One vial was stored in a freezer as a backup extract, and the other vial 
was used for analysis.  
 
GC settings: The method involved the simultaneous analysis of one sample injection on 
two different analytical columns. The two different columns were attached to one injection 
port, allowing each sample to be analysed by a GC equipped with two electron capture 
detectors (ECD). Using two different analytical columns allowed coeluting peaks to be 
resolved. The primary column “A” was a DB-1 (J & W Scientific/Agilent, Folsom, CA, 30-m, 
0.25- mm ID, 1-μm film thickness); primary column “B” was a DB-5 (J & W 
Scientific/Agilent, Folsom, CA, 30-m, 0.25-mm ID, 1-μm film thickness). Both analytical 
columns were installed onto a single GC injector (Model 3600, Varian Analytical 
Instruments, Walnut Creek, CA). The GC was equipped with two ECDs (operating at 297 
°C) and an autosampler (Varian Analytical Instruments, Walnut Creek, CA). The 
autosampler injected 4.7 μL of extract onto a Model 1077 split-splitless injector operated in 
the splitless mode. The injection port temperature was kept at 87 °C. Oven temperature 
program: start at 35 °C, held for 23 minutes, increase at 4 °C/min to 139 °C followed by 
increase at 27 °C/min to 301 °C and held for 5 min.  
 
7.4.2.2    SPE-GC-MS  
 
Sample preparation: 3-mL SPE cartridges (Varian Bond Elut PPL) were conditioned by 
adding two 3 mL aliquots of methanol to each cartridge and allowing them to drain under 
vacuum, followed by two 3 mL aliquots of dichloromethane. The samples were then 
attached to the vacuum manifold using  Teflon tubing and tube adapters. The flow rates 
were between 2 and 7 mL/minute for all samples for complete passage of the water 
through the sorbent. 2 mL of a 1:1 mixed solvent system of hexane and dichloromethane 
was used as the elution solvent and placed at the top of the sorbent. Ten drops were 
allowed to pass through the sorbent material until no solvent was left in the cartridge. To 
complete the procedure, 0.5 mL of the top portion phase was transferred to an 
autosampler vial capped with a Teflon-lined septum. 10 μL of a 10 mg/L 1-chlorooctane 
standard was added as the internal standard.  
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GC settings: The primary column was a DB-1, 30-m, 0.25-mm ID column with a 1-μm film 
thickness (J & W Scientific/Agilent, Folsom, CA). The Model 1079 injector was set at 90 

o

C 
and was operated in a splitless mode. Injection volume was 3 μL. The temperature 
program was changed to match the LLE-GC/ECD method being developed: 1) Hold at 35 
ºC for 23 min; 2) increase to 139 ºC at 4 ºC/min; and 3) increase to 301 ºC at 27 ºC/min 
and hold at 301 ºC for 5 min.  
 
MS settings: Selected ion monitoring (SIM) was used to achieve quantification of the 
selected compounds. Table 7.2 lists the ions for the quantification and confirmation, 
respectively.  
 
Table 7.2  Selected ion monitoring for quantification and confirmation of selected 
N-DBPs. 
 
Compounds Quantification m/z  Confirmation m/z 

Trichloroacetonitrile 108 49 

Dichloroacetonitrile 74 49 

Dichloronitromethane 83 48 

Bromoacetonitrile 119 79 

Chloropicrin 117 49 

Bromonitromethane 93 79 

Bromochloroacetonitrile 74 155 

Bromochloronitromethane 129 79 

Dibromoacetonitrile 118 79 

Dibromoniromethane 173 43 

 
7.4.2.3    Purge and Trap-GC-MS 
 
Sample preparation: The Purge and Trap concentration was carried out using the Varian 
Archon autosampler, which prepared a 25 mL aliquot of sample for transfer to the Tekmar 
LSC 2000 concentrator. The 40 mL sample vials were placed in the Archon autosampler, 
where a 25-mL aliquot was taken. Once the sample was transferred to the LSC 2000 
concentrator, it was sparged for 11 min at room temperature with helium, at a flow rate of 
15 mL/min, onto a VOCARB 4000 trap (Supelco). The analysis continued with a 
desorption preheating of the trap to 240 °C and final desorption of the sample for 4 min. At 
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this point the sample was then “injected” onto the Varian GC attached to the Saturn mass 
spectrometer.  
 
GC settings: A DB-1 GC column was used (30-m, 0.25-mm ID, 1-μm film thickness) (J & 
W Scientific/Agilent), and the 1079 injector was set at 220 °C with a split ratio of 
20:1.Column temperature program: isothermal column temperature at 35 ºC held for 23 
min, followed by an increase at a rate of 4 ºC/min to 139 ºC, with no time hold, followed by 
an increase at a rate of 27.7 ºC/min to a final temperature of 250 ºC, which was held for 5 
min. Total run time was 58 min.  
 
MS settings: Electron ionization (EI) was used on the Saturn GC-MS. Table 7.3 outlines 
the mass spectrometer parameters used for this method. 
 
Table 7.3  Saturn ion trap mass spectrometer settings. 
 
Segment 
1 

Filament off 

Start time 1.0 min 
End time 50 min 
Emission 
current 

25 µA 

Scan time 1.00 sec 
Low mass 41 m/z 
High mass 400 m/z 
 
EI auto mode 
 Mass range Ion. storage 

level 
Ion. time factor 

Scan segment 1 10-70 35 m/z 120% 
Scan segment 2 71-78 35 m/z 70% 
Scan segment 3 79-150 35 m/z 100% 
Scan segment 4 151-650 35 m/z 68% 
Maximum ion. 
time 

25000 µsec 

Target TIC 30000 counts 
Prescan ion. 
time 

100 µsec 

Background 
mass 

45 m/z 

Segment 
2 

RF dump value 650 m/z 
 
 
7.4.3  Cyanogen halides (cyanogen chloride and cyanogen bromide)  
 
The standard method for the analysis of CNCl,  EPA Method 524.2 (USEPA, 1995), 
utilises purge and trap technique followed by GC–MS. This method is not applicable for 
the analysis of CNBr due to its low vapor pressure and high water solubility. An alternative 
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method was proposed to determine CNCl and CNBr simultaneously using a headspace 
GC coupled with ECD (Xie and Reckhow, 1993). Sclimenti et al. (1995) developed a micro 
liquid–liquid extraction (LLE) GC–ECD method, which is the least expensive method, 
compared to the other two. A membrane introduction mass spectrometry (MIMS) method 
was developed and verified for the direct quantification of cyanogen chloride (CNCl) and 
cyanogen bromide (CNBr) in environmental samples without any sample workup (Yang 
and Shang, 2005). It provided linear responses for three orders of magnitude of 
concentration. The method detection limits of CNCl and CNBr were both 1.7  µg/L. Cancho 
et al. (2000) established a headspace solid-phase microextraction (HS-SPME) method 
that can be applied for the determination of cyanogen halides in treated water samples at 
μg/L concentrations. The analytical procedures are outlined below.  
 
Sample preparation: Water samples were collected in 100-mL glass bottles with PTFE-
faced septa and polypropylene screw caps. Sulfuric acid was added to reduce the sample 
pH to 2–3 to avoid the hydrolysis of CNCl, which forms cyanate ion at pH >8.5, and the 
base-catalyzed hydrolysis of CNBr at pH >5.0. Ascorbic acid was applied to each bottle as 
the chlorine quenching reagent. Thirty mL of acidified water samples (pH 2 to 3) were 
placed in a 40 mL glass sample vial. To each sample, bromochloromethane as an internal 
standard (2 μL of a methanolic solution of 30 mg/L) and 7.5 g of sodium chloride were 
added. The vial was sealed with a Teflon-faced septum cap. The SPME fiber (DVB–CAR–
PDMS) was exposed to the headspace. The sample was agitated with a magnetic stirring 
bar at 1100 rpm at room temperature (22°C) for 15 min. When the process was finished, 
the fiber was immediately inserted into the GC injector port for thermal desorption of the 
extracted analytes. 
 
GC settings: Gas chromatography was carried out on a Fisons Top 8000 GC-ECD. A DB-
1701 fused-silica column (J & W Scientific, 1.0 μm film thickness, 30 m×320 μm I.D.) was 
used. The GC temperature program was 30 to 35°C (8 min) at 5°C/min, then up to 220°C 
(10 min) at a rate of 10°C/min. ECD temperature was kept at 300°C.  
 
MDL:    77 ng/L and 41 ng/L for CNCl and CNBr, respectively.  
 
7.5 Analytical Limitations 
 
Most of the methods described above utilise some sort of solvent extraction, GC 
separation, combined with adjustment of sample pH to improve isolation efficiency and 
detection by ECD or MS. GC-MS, which has been widely applied in the identification of 
DBPs, is restricted to the analysis of low-molecular weight, volatile or semi-volatile 
compounds, but is not suitable for the direct analysis of highly polar, hydrophilic, non-
volatile, and high-molecular weight compounds. This makes LC-MS a desirable option for 
such compounds. However, severe ion suppression due to the presence of inorganic ions 
and a lack of mass spectra databases, as are available for GC-MS, has limited the routine 
use of LC-MS (Cancho and Ventura, 2005).  
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The lack of commercially available standards has also limited the investigation of some 
emerging N-DBPs. To-date, most of the N-DBP occurrence studies were limited to the N-
DBPs mentioned in section 7.4. Other N-DBPs that are included in this review were 
identified using GC-MS in broad-screen assays without verified quantification methods 
(Woo et al., 2002; Richardson, 2008).   
 
Priorities for future analytical method development work include improving the quality 
control of sample collection processes, enhancing the sensitivity of existing analytical 
methods (e.g. through extraction techniques using large volume samples), and developing 
robust analytical methods for newly identified N-DBPs.  
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8.  SUMMARY 

This review has revealed that there are a very large number of nitrogen-containing 
disinfection by-products (N-DBPs) that have been reported to occur in drinking water in 
other countries, including the haloacetamides, halonitromethanes, and haloacetonitriles, 
as well as other individual N-DBP compounds. These compounds are typically present at 
low to sub-microgram per litre levels in drinking water, i.e. usually <10 µg/L. Elevated 
dissolved organic nitrogen (DON) in the source water is a common factor in the formation 
of several types of N-DBPs. Chloramination has also been associated with the increased 
formation of some N-DBPs relative to chlorination; however, this may be at least partially 
due to chloramination being more commonly applied to treating waters with elevated total 
organic carbon and bromide and hence more likely to form N-DBPs.  
 
There are currently very sparse data for N-DBPs in UK drinking water. One UK survey of 
Scottish sites reported concentrations that were mostly <1 µg/L for selected N-DBPs 
including certain haloacetonitriles and chloropicrin, however there is no data for the many 
other types of N-DBPs, nor for their concentrations across the UK as a whole. A 
questionnaire was circulated to seven UK water companies to gather information about 
their relevant water quality and treatment practices. Based on the questionnaire responses, 
it is anticipated that the concentrations of certain groups of N-DBPs in the UK may be 
lower than those reported in previous US DBP occurrence studies, due to differences in 
treatment practices (e.g. lower disinfectant dosages) and water quality characteristics (e.g. 
potentially less dissolved organic nitrogen), and because the US studies purposely 
focused on treatment plants that were more likely to form DBPs.  
 
Standardised analytical methods exist for many of the N-DBP groups (e.g. USEPA 
methods), however for other emerging N-DBPs, there are only methods that have been 
used in research settings. The method detection limits for most N-DBP methods are at, or 
just below, the concentration range that has typically been reported in drinking water 
samples, therefore the development of methods for lowering the detection limits (e.g. 
extraction / concentration of large volume samples) is recommended.  
 
The amount of available toxicology information varies considerably depending on the N-
DBP, with some groups of N-DBPs having little reported information (e.g. the 
haloacetamides) while others have been fairly extensively studied (e.g. the 
haloacetonitriles, chloropicrin). Overall, however, for all N-DBPs, there have been very few 
in vivo animal toxicology studies, which are considered to produce the most directly 
relevant data for extrapolating to probable human health risks. Measurements of in vitro 
cytotoxicity and genotoxicity have been conducted for many N-DBPs, which can at least 
be used as indicators of the potential risk of the N-DBPs relative to one another. N-DBPs 
have been reported to be more cytotoxic and genotoxic than non-nitrogen-containing 
DBPs, and iodinated and brominated N-DBPs are more toxic than their chlorinated 
counterparts.  
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The maximum N-DBP concentrations reported in drinking water occurrence studies were 
used to estimate the daily exposure of humans (mg/kg/day) and compared against the no 
observed adverse effect level (NOAEL) or lowest observed adverse effect level (LOAEL) 
data obtained from in vivo toxicology studies where available. The estimated daily 
exposure is estimated to be at least on the order of 10,000 times lower than the NOAEL or 
LOAEL, and in several cases more than 100,000 times lower. This simple risk estimate 
neglects factors such as potential mixture effects and other routes of exposure (e.g. 
inhalation, dermal, diet). It should be stressed that this risk calculation could only be 
performed for a very limited number of N-DBPs due to incomplete toxicology data 
(especially a lack of in vivo data) for most of the N-DBPs, and therefore no comment can 
be made on the human health risks posed by most of the N-DBPs. The WHO has 
conducted risk calculations and consequently recommended drinking water guideline 
values on some N-DBPs, specifically 2,2-dichloroacetonitrile (0.02 mg/L), 2,2-
dibromoacetonitrile (0.07 mg/L), and cyanogen chloride (0.3 mg/L). The USEPA has also 
made recommendations regarding the significance of N-DBPs as carcinogens, with some 
being ranked as of ‘moderate’ concern, including several halonitromethanes and 
haloacetonitriles.  
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9.  RECOMMENDATIONS  
 
There have been very few UK occurrence studies for N-DBPs in drinking water and those 
that have been conducted have only covered a select few N-DBP compounds and focused 
on sites in Scotland. It is expected that most N-DBPs will typically only be present in 
drinking water at levels < 10 µg/L, however there is a need for a broader survey of 
treatment plants across the UK and including a wider range of N-DBPs, to confirm that the 
concentrations that occur across the UK are no greater than those reported in other 
countries. Surveys should focus on areas with source water containing elevated DON, 
bromide, and/or iodide in the source water (coastal areas may have elevated levels of the 
latter). It is recognised, however, that most UK water companies currently do not have 
DON data and therefore collection of this data across a range of source waters would be a 
necessary first step in identifying treatment plants of potential concern for N-DBP 
formation.  
 
There is still much uncertainty about the factors affecting N-DBP formation, particularly 
regarding the levels of DON that are typically present in UK source and finished waters, as 
well as how disinfection procedures affect final N-DBP formation (e.g. the amount of 
chlorine contact time prior to the addition of ammonia for chloramination). N-DBP 
formation studies are recommended to develop an improved understanding in this regard, 
potentially leading to new strategies for minimising N-DBP formation in treatment plants.    
 
There are very sparse in vivo animal toxicology data for most of the N-DBPs. This is the 
most appropriate kind of toxicology data for extrapolating to probable human health risks, 
although in vivo studies are typically expensive and time-consuming. For those few N-
DBPs for which in vivo data exist already, a ‘high level’ risk assessment based on the 
occurrence of these compounds in drinking water from previous occurrence surveys in 
drinking waters in other countries suggests that they are only present in drinking water at 
levels that are several of orders of magnitude lower than the no- or lowest-observed-
adverse-effect-levels. However, priority may be given to those N-DBPs for which there is 
limited UK occurrence data currently and for which there are existing WHO-recommended 
drinking water guideline values (i.e. 2,2-dichloroacetonitrile, 2,2-dibromoacetonitrile, 
cyanogen chloride) and/or those which are classified as of at least ‘moderate’ concern for 
carcinogenicity based on a USEPA structure-activity relationship analysis, including 
several of the halonitromethanes and haloacetonitriles. Applying modern molecular 
biological toxicology techniques such as human cell toxicogenomics may also provide an 
association of human disease with selected N-DBPs. This approach, coupled with 
epidemiological studies, may generate a better understanding of the potential health risks 
of N-DBPs for which no in vivo toxicology data exists.  
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Table A.1  List of nitrogen-containing compounds which have been theorised to potentially occur as DBPs in drinking 
water but have never been reported in water samples nor in laboratory DBP formation studies.  

 

Name Structure CAS No. no. of 
References 

Chemical Properties 

Haloamides 
2-Iodoacetamide 

NH2

O

I

 

144-48-9   

2,2-Diiodoacetamide 

I

I
H2N

O

 

n.a.   

2,2-Chloroiodoacetamide 

I

Cl
H2N

O

 

n.a.   

3-Bromo-3-chloropropamide 

Cl Br

SO O

HN O

HN

CH3

 

n.a.   

3-Bromo-3,3-dichloropropamide  n.a.   
3,3-Dibromopropamide  n.a.   
3,3-Dibromo-3-chloropropamide  n.a.   
3,3-Dichloropropamide  n.a.   
3,3,3-Trichloropropamide  n.a.   
3,3,3- TriBromopropamide  n.a.   
2-Bromopropamide  n.a.   
2,2-Dibromopropamide  n.a.   
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2-Chloropropanenitrile N

Cl

 

70893-52-6   

2,2-Dichloropropanenitrile NCl

Cl  

n.a.   

2,2-Dibromoproprionitrile NBr

Br  

n.a.   

2,3,3-Trichloroprop-2-enenitrile 
(Trichloropropenenitrile) 

N

Cl

Cl

Cl

 

16212-28-5   

Cyanide (formonitrile) 
-C N  74-90-8   

 
Halopyrroles 
2,3,5-Tribromopyrrole H

N
Br

Br

Br

 

n.a.   

2,3,5-Trichloropyrrole H
N

Cl

Cl

Cl

 

n.a.   

5-Bromo-2,3-dichloropyrrole H
N

Cl

Cl

Br

 

n.a.   

 
Halogenated aromatic amines  
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2,4,6-Tribromobenzenamine 
NH2

BrBr

Br

 

52628-37-2   

2,4,6-Trichlorobenzenamine 
NH2

ClCl

Cl

 

634-93-5   

3,5-Dibromo-2,4,6-Triaminobenzoic acid H2N

HO

H2N

NH2

O

Br

Br  

n.a.   

3,5-Dibromo-2-aminobenzoic acid NH2

HO

Br

Br

O

 

619-75-0   

3,5-Dichloro-2-aminobenzoic acid NH2

HO

Cl

Cl

O

 

2789-92-6   

4,6-Dibromo-2-aminobenzoic acid Br

HO

H2N

Br

O

n.a.   
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4,6-Dichloro-2-aminobenzoic acid Cl

HO

H2N

Cl

O

 

n.a.   

 
Other N-containing DBPs 
Acetaldehyde methylformylhydrazone  69349-96-8 

 
  

Acetone[4-(5-nitro-2-furyl)-2-
thiazolyl]hydrazone 

 18523-69-8   

2-Acetylaminofluorene  

NH

O

 

9006-42-2   

Acronycine 
N

O

O

O

 

7008-42-6   

Acrylamide NH2

O

H2C

 

9003-05-8   

Actinomycin D C62H86N12O16 50-76-0   
2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole 

N+
O-

O

OS

N
N

H2N

 

712-68-5   

2-Amino-4-(5-nitro-2-furyl)thiazole 
N+

O-

O

O
S

N
H2N

38514-71-5   
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2-Amino-4-(p- nitrophenyl)thiazole 

N

S
NH2

N+

O

-O

 

2104-09-8   

o-Aminoazotoluene 

N
N

NH2  

97-56-3   

4-Aminodiphenyl 
NH2

 

92-67-1   

4-Aminodiphenyl.HCl  92-67-1   
2-Aminodiphenylene oxide O

NH2  

3693-22-9   

3-Aminotriazole  

N

N

H
N

NH2

65312-61-0   
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5-Azacytidine 

O

OHOH

HO

N

N

N

NH2

O

 

320-67-2   

Azaserine     
Azathioprine      
Azoxymethane     
1-Azoxypropane     
2-Azoxypropane     
Benzidine     
Benzoyl hydrazine     
3-BenzyIsydnone-4-acetamide     
4-Bis(2-hydroxyethyl)amino-2-(5-nitro-2-
thienyl)quinazoline 

    

[4-Chloro-6-(2,3–xylidino)-2-
pyrimidinylthio]acetic acid 

    

4-Chloro-6-(2,3-xylidino)-2-
pyrimidinylthio(N-b-hydroxyethyl)acetamide 

    

p-Chloroaniline.HCl     
Chlorozotocin     
Cyclophosphamide     

4,6-Diamino-2-(5-nitro-2-furyl)-S-triazine     

2,4-Diaminotoluene     

2,4-Diaminotoluene.2HCl     

3-Dibenzofuranamine     
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N,N-Diethyl-4-(4’-[pyridyl-1’-

oxide]azo)aniline 

    

Diethylacetamide     

1,2-Dihydro-2-(5-nitro-2-thienyl)quinazolin-

4(3H)-one 

    

2,5-Dimethoxy-4’-aminostilbene     

3,3'-Dimethoxybenzidine.2HCl     

N,N-Dimethyl-4-aminoazobenzene     

4,6-Dimethyl-2-(5-nitro-2-furyl)pyrimidine     

3,3'-Dimethylbenzidine.2HCl     

1,1-Dimethylhydrazine      

1,2-Dimethylhydrazine.2HCl      

2-(2,2-Dimethylhydrazino)-4-(5-nitro-2-

furyl)thiazole 

    

Dimethylnitramine     

2,6-Dinitrotoluene     

Dimethylaminoethylnitrosoethylurea, nitrite 

salt 

    

Z-Ethyl-O, N, N-azoxyethane     

Z-Ethyl-O, N, N-azoxymethane     

N-Ethyl-N-formylhydrazine     
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N-Ethyl-N'-nitro-N-nitrosoguanidine     

Ethylhydrazine.HC     

Ethylnitrosocyanamide     

N-(2-Fluorenyl)-2,2,2-trifluoroacetamide     

4’-Fluoro-4-aminodiphenyl     

N-4-(4’-Fluorobiphenyl)acetamide     

Formic acid 2-[4-(5-nitro-2-furyl)-2-

thiazolyl]hydrazide 

    

Hexamethylphosphoramide     

Hexanal methylformylhydrazone     

Hydrazine      

Hydrazine sulfate      

2- Hydrazino-4-(p-aminophenyl)thiazole     

2-Hydrazino-4-(5-nitro-2-furyl)thiazole     

2-Hydrazino-4-(p-nitrophenyl)thiazole     

Hydrazobenzene     

N-hydroxy-2-acetylaminofluorene     

1-(2-Hydroxyethyl)-nitroso-3-ethylurea     

1-(2-Hydroxyethyl)-1-nitrosourea     

4-(2-Hydroxyethylamino)-2-(5-nitro-2-

thienyl)quinazoline 
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1-(3-Hydroxypropyl)-1-nitrosourea     

Isophosphamide     

Methapyrilene,HCl      

Methidathion     

Methimazole     

1-Methyl-1,4-dihydro-7-[2-(5-

nitrofuryl)vinyl]-4-oxo-1,8-naphthyridine-3-

carboxylate, potassium 

    

3’-Methyl-4-dimethylaminoazobenzene      

N-Methyl-N’-nitro-N-nitrosoguanidine      

N-MethyI-N,4-dinitrosoaniline     

N-Methyl-N-formylhydrazine      

N-Methyl-N'-nitro-N-nitrosoguanidine      

2-Methyl-1-nitroanthraquinone     

4-Methyl-1-[(5-nitrofurfurylidene)amino]-2-

imidazolidinone 

    

N-Methyl-N-nitrosobenzamide     

N-(N-Methyl-N-nitrosocarbamoyl)-l-

ornithine 

    

3-Methylbutanal methylformylhydrazone     

4,4'-Methylene-bis(2-methylaniline)     
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Methylhydrazine      

Methylhydrazine sulfate     

Methylnitrosocyanamide     

Monoacetyl hydrazine     

Monocrotaline     

4-Morpholino-2-(5-nitro-2-

thienyl)quinazoline 

    

l-5-Morpholinomethyl-3-[(5-

nitrofurfurylidene)amino]-2-

oxazolidinone.HCI 

    

5-(5-Nitro-2-furyl)-1,3,4-oxadiazole-2-ol      

N-[5-(5-Nitro-2-furyl)-1,3,4-thiadiazol-2-

yl]acetamide 

    

4-(5-Nitro-2-furyl)thiazole     

N-[4-(5-Nitro-2-furyl)-2-thiazolyl]formamide     

3-Nitro-3-hexene     

5-Nitroacenaphthene      

2-Nitrobutane     

2-Nitrofluorene     

1-[(5-Nitrofurfurylidene)amino]-2-

imidazolidinone 
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Nitrogen mustard     

Nitrogen mustard N-oxide 
    

3-Nitropentane     

1-Nitropyrene     

8-Nitroquinoline     

N-(9-Oxo-2-fluorenyl)acetamide     

4,4'-Oxydianiline     

pentylhydrazine     

Pentanal methylformylhydrazone     

Petasitenine     

Phenesterin     

Phenobarbital     

Phenoxybenzamine     

1-Phenyl-3,3-dimethyltriazene     

N-N'-Propyl-N-formylhydrazine      
Streptozotocin     

Symphytine     

Tamoxifen citrate     

Tetranitromethane     

Thio-tepa     

Thioacetamide     
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4,4'-Thiodianiline     

b-Thioguanine deoxyriboside     

Trenimon     

2,2,2-Trifluoro-N-[4-(5-nitro-2- furyl)-2-

thiazolyl]acetamide 

    

2,4,5-Trimethylaniline     
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APPENDIX B: SAMPLE WATER COMPANY QUESTIONNAIRE 

Overview 
 
This questionnaire is to provide information for the DWI Review of the Current 
Toxicological and Occurrence Information Available on Nitrogen-Containing Disinfection 
By-Products (DWI report DWI 70/2/243, completion date March 2010). Information 
collected will be used to assess likely levels of N-DBPs in UK drinking waters. All 
information in the final report will be anonymous. 
 
The questionnaire is in three parts. The first deals with any existing data on N-DBPs. 
There follows a summary of risk factors in the formation of important categories of N-DBPs. 
Data will be assembled regarding the number of water treatment plants which are 
classified as at a high risk of forming N-DBPs. Finally, stage 3 is to list representative 
water quality data about the risk factors at those treatment plants identified in stage 2. 
 
Questionnaire Stage 1: Existing N-DBP Data 
 
Table 1.1: Existing N-DBP data. 
 
1.1) Do you have any existing data regarding the occurrence of any N-

DBP   species listed in Table 2.1? 
Yes / No 

1.1) If no, please proceed to section 2, if yes, has this data been 
published? 

Yes / No 

1.2)  If yes, please indicate the information source and proceed to section 1.4: 
 
1.3) If you have any unpublished N-DBP data, would you please 

provide it on the understanding that it can be published on an 
anonymous basis? 

Yes / No 

1.4) If there is existing data, it would also be appreciated if you could provide a 
brief summary of the water quality parameters, disinfection conditions and 
treatment processes at the treatment plants generating N-DBPs (please 
answer in Table 1.2, copy table as necessary and see definitions below) 
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Table 1.2: Summary of plants producing N-DBPs (copy table as necessary). 
 
Name of plant  
Source description1  
Disinfection pH  
DOC levels (pre-disinfection 
if available) 

 

DON, TKN or ammonia 
levels2 

 

Possible sources of DON3  
[Br-]  
[I-]  
Total THMs (finished water)  
Total HAAs (finished water)  
Treatment processes  
Disinfection conditions 
(including doses and contact 
times) 

 

 
1. A brief description of the source should be included, e.g. “upland”, “river water”. 
2. Any quantitative data on dissolved organic nitrogen (DON) in raw and/or treated waters would be 

particularly useful. In the absence of DON data, any information on total Kjeldahl nitrogen (TKN) and 
ammonia levels would be gratefully received. 

3. Please note of any possible sources of nitrogenous organic matter, specifically algae or wastewater. 
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Questionnaire Stage 2: risk factors in N-DBP formation 
 
Table 2.1: Potential risk factors in N-DBP formation (for information only, not to be filled in). 
 

Risk Factors (1-5)  

Water Quality N-DBPs 

Precursors pH [Br-] / [I-] 
Disinfection Other 

DBPs 
High risk 

classification 

Haloacetamides DON 5 - 7.5 [Br-] and/or [I-] Chloramination HAAs 3 or more risk factors 

Halonitromethanes DON 6.5 - 9 [Br-] Pre-disinfection with UV (~1000 
mJ/cm2) or O3 or ClO2 

 
3 or more risk factors 

(including 
disinfection) 

Haloacetonitriles DON 5 - 7.5 [Br-] and/or [I-] Pre-disinfection with ClO2 and/or  
(post) chloramination HAAs 

3 or more risk factors 
(including 

disinfection) 

3-Bromopropanenitrile   [Br-] 
Pre-disinfection with ClO2 and 

post 
chlorination 

 1 or 2 risk factors 

Benzeneacetonitrile    Pre-disinfection with O3  1 risk factor 

Heptanenitrile    Pre-disinfection with O3  1 risk factor 

Cyanogen Halides DON 5 - 7.5 [Br-] Pre-disinfection with O3 or ClO2 
and post-chloramination  

3 or more risk factors 
(including 

disinfection) 

Cyanoformaldehyde    Pre-disinfection with O3  1 risk factor 

2,3,5-tribromopyrrole Wastewater  [Br-] 
Pre-disinfection with ClO2 and 

post 
chlorination 

 
2 or 3 risk factors 

(including 
disinfection) 

Dichloronitropropane DON   Chloramination  2 risk factors 
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Instructions 
 
Firstly, from Table 2.1 note the number of risk factors required for a treatment plant to be 
classified as at a high risk of producing a category of N-DBPs. Then please fill in Table 2.2, 
listing the number of treatment plants defined as at a high risk of forming N-DBPs. 
 
Note that, except for the haloacetamides, the particular type of disinfection is always a risk 
factor.   
 
For example, a particular treatment plant is proposed to have a high risk of forming 
haloacetonitriles if 3 or more risk factors (including a disinfection risk factor) are present. 
This would mean pre-disinfection with ClO2 and/or chloramination (pre- or post-) as well as 
two of the following criteria: high precursor levels (i.e. DON  > 1.0 mg L-1 or TKN > 1.5 mg 
L-1, wastewater influence or an algal-rich source) ; high [Br-] (100 µg L-1 or more) and/or  
high [I-] (5 µg L-1 or more); pH 5 – 7.5; high HAA formation (60 µg L-1 or more). 
 
For DBP groups with 3 or more risk factors could you also please record the number of 
waters where more than 3 risk factors occur. 
 
 
Definitions 
 
Precursors: for the purposes of this study a high level of dissolved organic nitrogen (DON) 
is defined as DON > 0.5 mg L-1 or TKN > 0.75 mg L-1. Please state whether this data refers 
to raw, treated or finished water. Most relevant would be values in pre-disinfection waters. 
However, in the absence of this, values from other treatment stages should be used. 
 
In the absence of quantitative DON or TKN information, the presence of wastewater or an 
algal-rich source should be taken to indicate a high level of precursors. If you are uncertain 
whether wastewater is present, assume any river water contains some wastewater. 
 
For 2,3,5-tribromopyrrole, the precursor risk factor is solely the presence of a wastewater 
influence. 
 
[Br-]: for the purposes of this study a high level of [Br-] is defined 100 µg L-1 or more in pre-
disinfection water. In the absence of pre-disinfection values please use data from raw 
water or other treatment stages. 
 
[I-]: for the purposes of this study a high level of [I-] is defined as 5 µg L-1 or more in treated 
(pre-disinfection) water. In the absence of pre-disinfection values please use data from raw 
water or other treatment stages. 
 
HAAs: for the purposes of this study a high level of HAA formation is defined as an 
average 60 µg L-1 of total HAAs in disinfected water 
 
pH: where possible, take the pH at disinfection 
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Table 2.2: Number of WTPs at risk of high N-DBP formation. 
 

N-DBP Group WTPs with 1 
risk factor 

WTPs with 2 
risk factors 

WTPs with 3 
risk factors 

WTPs with 4 
risk factors 

WTPs with 5 
risk factors 

Haloacetamides      

Halonitromethanes      

Haloacetonitriles      

3-Bromopropanenitrile      

Benzeneacetonitrile      

Heptanenitrile      

Cyanogen Halides      

Cyanoformaldehyde      

2,3,5-Tribromopyrrole      

Dichloronitropropane      

Total number of water treatments plants surveyed?  

 
Please fill in shaded boxes in Table 2.2 
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Questionnaire Stage 3: Description of risk factors 
 
For those treatment plants defined as at a high risk of forming any group of N-DBPs, could 
you please provide representative quantitative data regarding relevant risk factors. If there 
are less than 10 treatment plants defined as high risk could you please provide details of 
individual sites, if there are over 10 it will be sufficient to list ranges (minimum and 
maximum levels) of relevant risk factors. Where relevant, please indicate whether the data 
is from raw, pre-disinfection or finished water. For water quality parameters, data from pre-
disinfection waters would be most useful, in its absence use other treatment stages or raw 
water. 
 
Table 3.1: Haloacetamides. 
 

Risk Factors 
 DON/TKN/possible 

N precursor 
sources 

pH [Br-] 
/ [I-] 

Chloramination doses 
and contact times 

HAA levels 

WTP 1    
 

  

WTP 2    
 

  

WTP 3    
 

  

WTP 4    
 

  

WTP 5    
 

  

WTP 6    
 

  

WTP 7    
 

  

WTP 8    
 

  

WTP 9    
 

  

WTP 10    
 

  

Over 10 
WTPs  

   
 

  

  
Note: if over 10 WTPs have over 3 risk factors just fill in bottom row of table giving ranges 
of relevant risk factors 
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Table 3.2: Halonitromethanes. 
 

Risk Factors 
 DON/TKN/possible 

N precursor 
sources 

pH [Br-] / [I-] Pre disinfection doses  
(UV or O3 or ClO2) 

WTP 1    
 

 

WTP 2    
 

 

WTP 3    
 

 

WTP 4    
 

 

WTP 5    
 

 

WTP 6    
 

 

WTP 7    
 

 

WTP 8    
 

 

WTP 9    
 

 

WTP 10    
 

 

Over 10 
WTPs  

   
 

 

  
Note: if over 10 WTPs have over 3 risk factors just fill in bottom row of table giving ranges 
of relevant risk factors 
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Table 3.3: Haloacetonitriles. 
 

Risk Factors 
 DON/TKN/possible 

N precursor 
sources 

pH [Br-] / 
[I-] 

Pre-
disinfection 
doses 

Chloramination 
doses and 
contact times 

HAAs 

WTP 1    
 

   

WTP 2    
 

   

WTP 3    
 

   

WTP 4    
 

   

WTP 5    
 

   

WTP 6    
 

   

WTP 7    
 

   

WTP 8    
 

   

WTP 9    
 

   

WTP 
10 

   
 

   

Over 10 
WTPs  

   
 

   

  
Note: if over 10 WTPs have over 3 risk factors just fill in bottom row of table giving ranges 
of relevant risk factors 
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Table 3.4: 3-Bromopropanenitrile. 
 

Risk Factors 
 Br- levels ClO2 and chlorine doses and contact times 
WTP 1  

 
 

WTP 2  
 

 

WTP 3  
 

 

WTP 4  
 

 

WTP 5  
 

 

WTP 6  
 

 

WTP 7  
 

 

WTP 8  
 

 

WTP 9  
 

 

WTP 10  
 

 

Over 10 WTPs   
 

 

  
Note: if over 10 WTPs have both risk factors just fill in bottom row of table giving ranges of 
relevant risk factors 
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Table 3.5: Benzeneacetonitrile, Heptanenitrile and Cyanoformaldehyde. 
 
 Risk Factor 
 Ozone doses and contact times 
WTP 1  

 
WTP 2  

 
WTP 3  

 
WTP 4  

 
WTP 5  

 
WTP 6  

 
WTP 7  

 
WTP 8  

 
WTP 9  

 
WTP 10  

 
Over 10 WTPs   

 
  
 
  
Note: if over 10 WTPs have risk factor just fill in bottom row of table giving ranges of 
relevant risk factors 
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Table 3.6: Cyanogen Halides. 
 

Risk Factors  
 DON/TKN/possible 

N precursor 
sources 

pH [Br-]  Pre disinfection 
doses (UV or 
ClO2) 

Chloramine 
doses and 
contact times 

WTP 1    
 

  

WTP 2    
 

  

WTP 3    
 

  

WTP 4    
 

  

WTP 5    
 

  

WTP 6    
 

  

WTP 7    
 

  

WTP 8    
 

  

WTP 9    
 

  

WTP 10    
 

  

Over 10 
WTPs  

   
 

  

  
Note: if over 10 WTPs have over 3 risk factors just fill in bottom row of table giving ranges 
of relevant risk factors 
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Table 3.7: 2,3,5-Tribromopyrrole. 
 

Risk Factors 
 Description of wastewater influence 

(including level of treatment at 
relevant STWs) 

Br- levels ClO2 and chlorine 
doses and contact 

times 
WTP 1  

 
  

WTP 2  
 

  

WTP 3  
 

  

WTP 4  
 

  

WTP 5  
 

  

WTP 6  
 

  

WTP 7  
 

  

WTP 8  
 

  

WTP 9  
 

  

WTP 10  
 

  

Over 10 
WTPs  

 
 

  

  
Note: if over 10 WTPs have all risk factors just fill in bottom row of table giving ranges of 
relevant risk factors 
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Table 3.8: Dichloronitropropane. 
 

Risk Factors 
 DON/TKN/possible N 

precursor sources 
Chloramine doses and contact 

times 
WTP 1  

 
 

WTP 2  
 

 

WTP 3  
 

 

WTP 4  
 

 

WTP 5  
 

 

WTP 6  
 

 

WTP 7  
 

 

WTP 8  
 

 

WTP 9  
 

 

WTP 10  
 

 

Over 10 WTPs   
 

 

  
Note: if over 10 WTPs have both risk factors just fill in bottom row of table giving ranges of 
relevant risk factors 
 
 
 


