Review

Nitrosamines: A review on their prevalence as emerging
pollutants and potential remediation options
Sthembile H Mhlongo, Bhekie B Mamba* and Rui W Krause

University of Johannesburg, Department of Chemical Technology, PO Box 17011, Doornfontein, 2028, South Africa

Abstract
This review provides an overview of the current state of knowledge on the prevalence of nitrosamines in drinking water,
especially nitrosodimethylamine (NDMA), and discusses published research on the detection, mechanisms of formation,
and removal of nitrosamines. While the number of published reports in the South African context is very limited, this
review also attempts to contextualise and report specifically on the challenges for South Africa. Besides direct industrial
or human-derived contamination, nitrosodimethylamine can be formed through a chemical reaction between monochloroamine and an organic-based compound such as dimethylamine which is frequently detected in surface water. It has been
suggested that chloramination of surface waters with a high concentration of dissolved organic carbon (DOC) could result
in elevated NDMA formation. Growing evidence suggests that NDMA occurs more frequently and at higher concentrations
in drinking water systems that practise chloramination compared to systems that use chlorination.
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Introduction
Nitrosodimethylamine (NDMA) belongs to a group of
extremely toxic and mostly carcinogenic substances, the
N-nitrosamines. NDMA and other members of the group are
also considered as emerging organic pollutants, since their
increased presence in drinking water has been linked to both
raw-water contamination and developments in disinfection
techniques (CDHS, 2007). Decontamination of NDMA relies
mostly on UV irradiation, but these methods are rather impractical and expensive when applied to municipal and wastewater
treatment (Jobb et al., 1994).
Current research has focused primarily on techniques
for the removal of the nitrogenous precursors that have been
implicated in the formation of NDMA, but not on the removal
of NDMA itself. These techniques are expected to result in an
overall cost saving for the treatment process, with the added
benefit of producing fewer DBPs. Other promising methods of
treatment of either nitrosamines or their precursors include UV
or sunlight photolysis, catalytic degradation, zeolite entrapment, and bioremediation.
Since NDMA is such a potent carcinogen (more potent than
most trihalomethanes (THMs)) part of the current problem in
dealing with its contamination and treatment is the detection
of minute quantities of both the NDMA and the precursors on
a continuous basis. In this regard several pre-concentration
techniques coupled with chromatographic and spectroscopic
analyses have been developed, but these are not yet able to offer
continuous in situ monitoring.
Nitrosamines are not new contaminants; their potential
carcinogenic effects have been studied for over 40 years. In
1976, for example, researchers proposed that increased levels
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of NDMA in the air around industrialised urban centres could
be responsible for higher rates of certain cancers (Shapley,
1976). Recently, in South Africa, the presence of NDMA and
other nitrosamines, primarily from food and tobacco smoke,
have been implicated as a possible cause of higher incidences
of oesophageal cancers amongst Black populations in the
former Transkei region (Sammon, 2007). Several other studies have correlated high incidences of certain cancers with
high environmental availability of nitrosamines. In some cases
this correlation is rather direct (as in the case of oesophageal
carcinoma and cigarette smoking), while in others it is more
difficult to determine (such as the link between certain cancers
and the dietary change from sorghum- to maize-based beverages) (Sammon, 2007). In the latter case of a maize-based diet,
among Black South African men in particular the epidemic
increase in cancers begs the question of whether fungi such
as Fusarium vertillioides (a common maize fungus) and their
toxins could lead to increased levels of nitrosamines. The
fungus could be a leading cause for the increased carcinogenesis; however, the increased levels of nitrosamines could be
the root cause of the problem (Marasas et al., 1988). While
there appears to be an epidemiological link between cancers
and NDMA levels, a theory which is substantiated by several
animal studies, it is not yet understood how nitrosamines
cause cancer. Furthermore, to our knowledge no adequate
human studies on the relationship between NDMA and cancer have been reported. Still, animal studies have shown that
exposure to increased levels of nitrosamines (and even certain
nitrogenous precursors) can lead to increased rates of cancer
(IARC, 1982). Whether this is a direct result of the exposure
to nitrosamines or whether nitrosamines merely increase an
individual’s predisposition or susceptibility to cancers is also
still largely debated.
Much of the previous research around the occurrence of
NDMA has focused on its presence in foods and beverages,
where very often nitrites could be linked to higher levels of
the contaminants and are the likely sources in vivo. Methods
for reducing the risk of NDMA formation, such as the addition
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