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SUMMARY 

I OBJECTIVES 

• Collation and review of published and unpublished data on BMAA.  

• Simple assessment of the risk of BMAA to human health through drinking water. 

• Identification of gaps in information. 

II REASONS 

The finding of the non-protein amino acid, β-methylamino-l-alanine (BMAA) with neurotoxic 
properties in the brain of patients with degenerative disorders and its reported presence in 
cyanobacteria found commonly in water sources used to provide drinking water has led to 
concern over its potential widespread effects on human health. This report collates the 
information currently available to inform a risk assessment of BMAA through this route. 

III CONCLUSIONS 

• No risk assessment can be made because of the extremely limited current state of 
knowledge on BMAA.  

• Toxicological studies indicate that BMAA is a neurotoxin although some experiments 
indicate that it has only a weak effect on systems concerned with the neurotransmitter, 
glutamate. There is also some evidence that it may not easily cross the blood brain 
barrier. There is a lack of toxicological information based on standard tests using the oral 
route of exposure which is more relevant to environmental exposure upon which to base a 
health-based value for use in a risk assessment. 

• At present, there are insufficient data to confirm an association between the presence of 
BMAA in the brain and degenerative diseases and this remains a hypothesis. 

• BMAA appears to be present in laboratory cultures of a wide variety of cyanobacteria from 
natural blooms. However, there have been some contradictory results and more data are 
required to confirm that BMAA might be present in natural waters.  

• Intact cyanobacteria have been shown to be removed by the mechanical processes of 
drinking water treatment; however, lysis of cells may release cyanotoxins including BMAA. 
This may be less for BMAA than for other toxins because at least a portion of BMAA may 
be protein-bound and potentially less likely to be released from the cell.  

• While drinking water treatment methods such as chlorination, ozonation and granular 
activated carbon (GAC) may remove other cyanotoxins, the simpler structure of BMAA 
may make it less susceptible to these types of treatment, particularly breakdown by 
oxidants. However, there is no evidence for this at present. 
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IV RECOMMENDATIONS 

The following knowledge gaps have been identified, where further research is required before 
a meaningful assessment can be made of the potential risk posed by BMAA to human health, 
particularly by exposure via drinking water: 

• Further studies on the toxicity of BMAA are required including the use of standard 
protocols using the oral (and to a lesser extent dermal) route of administration which is 
more relevant to environmental exposure; 

• Measurement of the physicochemical properties of BMAA would give information on its 
fate and behaviour in the environment; 

• Agreement on the standard analytical protocols to be used for the measurement of BMAA 
in cyanobacteria, water, foodstuffs and human tissue; 

• More confirmatory information is required on the presence of BMAA in cyanobacteria; 

• Laboratory studies on the removal of BMAA by drinking water treatment; 

• Monitoring of raw water sources in the presence of cyanobacterial blooms; and 

• When the toxicity assessment is adequate to set a Tolerable Daily Intake, monitoring of 
drinking water should be undertaken.  



Defra DWI 
 

WRc Ref: Defra/DWI 7669/14867-0 
February 2008 

3

1. INTRODUCTION 

Β-N-methylamino-l-alanine (BMAA) is an uncommon, non-essential amino acid. It has a 
similar structure to the essential amino acid, glutamate, which is the neurotransmitter in the 
brain responsible for most excitatory pathways. Dysfunction in glutamate pathways is thought 
to be involved in the development of a number of degenerative disorders including 
Parkinson’s Disease, Motor Neuron Disease and, recently, Alzheimer’s Disease. The 
neurotoxicity of BMAA is thought to involve interaction with glutamate pathways, possibly 
through a link with bicarbonate. There has more recently been some suggestion that the 
presence of BMAA in the brain may be associated with Alzheimer’s Disease.   

Structure of BMAA 

 

 

BMAA was first discovered and came to prominence when it was hypothesised to play a role 
in the fatal neurological disorder, amyotrophic lateral sclerosis / Parkinsonism-dementia 
complex (ALS-PDC) which is also known as Lytico-Bodig Disease (Reviewed in Murch et al., 
2004; Ince and Codd, 2005). ALS is one of a number of syndromes known collectively in the 
UK as Motor Neuron Disease. 

The indigenous Chamorro population of the island of Guam in the western Pacific Ocean has 
a high incidence of ALS-PDC. The incidence among the Chamorros was up 100 times greater 
than elsewhere in the world, although it is now in decline. The original hypothesis linked ALS-
PDC in Guam with a high consumption of flour made from cycads, a tree fern. This was 
subsequently modified to implicate the production of BMAA by symbiotic cyanobacteria within 
the roots of the cycads and in particular the presence in these bacteria of BMAA. However, it 
was considered unlikely that the concentration of BMAA in the cycad flour was sufficient for 
the toxic effect. Instead it has now been suggested that BMAA levels are concentrated 
through the food chain, from cycad seeds which are eaten by flying foxes, to the human 
population which eat flying foxes as a delicacy (Cox et al., 2003). High levels of BMAA have 
been found in both museum and fresh specimens of flying fox and in the brains of Chamorro 
people who have died of ALS-PDC (Murch et al., 2003; Banack et al., 2006). However, there 
also appears to be some incidence of the disease in natives who have never eaten flying fox. 
The frequency of the ALS-PDC has fallen over the last 50 years paralleled by the near-
extinction of flying foxes in Guam (Papapetropoulos, 2007). 
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There are other areas of high incidence in the world: Goudeloupe, south-eastern Irian Jaya 
and in villages on the Japanese island of Honshu, all areas of cycad consumption (although 
this has fallen in Honshu). 

There appears to be free and ‘protein-bound’ pools of BMAA which may affect their 
measurement in the food chain (i.e. levels detected in flour; Murch et al., 2004). This might 
also result in the slow release from a bound to an active form in the brain and the appearance 
of toxic effects over a period of time, such as that seen in the development of ALS-PDC 
(Murch et al., 2004) 

BMAA has been reported as being present in a wide-range of cyanobacteria species including 
both free-living and symbiotic strains. So far, many species of cyanobacteria have been 
shown to produce BMAA under laboratory conditions and to be present in isolates of 
cyanobacteria from natural blooms (Cox et al., 2005). 

Recently, concerns have been raised that human health may be affected by exposure to 
BMAA through drinking water produced from sources experiencing cyanobacterial blooms. 
However, each step in the process would need to be examined to determine the validity of the 
scientific evidence to demonstrate a risk through this route of exposure. The factors that need 
to be taken into account are: 

• what is the acute/chronic toxicity of BMAA, principally through the oral route and is there 
any information about dermal and inhalation exposure?  

• how much toxin is produced under environmental conditions?  

• what is the likely fate and behaviour of the toxin through water treatment? and  

• the degree of human exposure through drinking water?  

This report is an assessment of the potential risk to human health through drinking water 
based on our present knowledge. This assessment consists of the identification and 
characterisation of the hazard and an assessment of the risks. A source pathway receptor 
approach has been used to estimate the potential degree of human exposure. The validity of 
such a risk assessment will depend on the amount and robustness of the data available. The 
gaps in knowledge at each stage will be highlighted and recommendations made where 
appropriate. 
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2. PROCEDURES 

Literature Survey of public sources 

Initial searches were made using publicly available sources:  

PubMed; Science Direct; Environment Agency; Chemfinder. ChemID Advanced and Google, 
using the keywords; BMAA, β(or Beta)-methylamino-l-alanine, 2-amino-3-
(methylamino)propanoic acid 

Estimated physicochemical data for BMAA was generated using EPISuite version 3.20 
developed by the US Environmental Protection Agency and Syracuse Research Corp (SRC, 
2007). 

Other data sources and personal communication 

UKWIR/WRc Datasheets on Algal Toxins, amended 2006 contained referenced data on 
cyanotoxins, cyanobacteria and their removal from drinking water. 

Notes on BMAA, neurological disease and Cyanobacteria produced by Dr Gordon Nichols, 
Health Protection Agency (2006) 

The extent of the literature search was expanded by personal communication with experts in 
cyanobacteria and water quality from a number of countries: 

Dr John Papageorgiou, Australian Water Quality Centre, CRC for Water Quality and 
Treatment, Australia 

Dr Wido Schmidt, TZW, Dresden, Germany 

Dr Michael Quilliam, National Research Council, Institute for Marine Biosciences, Canada 

Professor Geoffrey Codd, University of Dundee, United Kingdom 

Risk assessment Methodology 

As a first review of BMAA, the risk assessment was carried out by simple deterministic 
methods. Firstly, hazard identification and characterisation is evaluated, including, where 
possible, the derivation of a health-based criteria value, which constitutes an intake 
considered to represent no significant risk to human health. An estimation of exposure 
including analysis of a pathway from the source to the human receptor was then conducted 
and a risk evaluation comparing the likely exposure to the criteria value. Where gaps in 
knowledge made such an assessment impossible, these gaps were identified and 
recommendations made for future research requirements.  
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3. REVIEW OF THE TOXICOLOGY OF BMAA 

3.1 Animal data  

No standard toxicological tests (acute, irritancy or sensitisation, subchronic or chronic, 
mutagenicity or carcinogenicity, reproductive or developmental) have been conducted on 
BMAA in laboratory animals. Currently, investigations have concentrated on the neurotoxic 
potential of BMAA and its mechanisms of action in the brain. 

Toxicokinetics 

Studies on rats and monkeys suggest that BMAA is highly available by the oral route with over 
80% of the administered dose being absorbed into the circulating system (Duncan et al., 1991 
and 1992). However, a study in the rat indicated that brain uptake was limited by low 
permeability of the blood-brain barrier. After two weeks of continuous high dose subcutaneous 
infusion (100 mg/kg body weight (bw)/day), the steady state brain concentration was only 10-
30 µg/g. In a study using in situ brain perfusion, it was demonstrated that BMAA is taken into 
the brain by the large neutral amino acid carrier of the blood-brain barrier (Smith et al., 1992). 

BMAA appears to be present in both free and ‘protein-bound’ pools although the exact 
relationship between BMAA and protein has yet to be elucidated. The level of BMAA in the 
‘protein-bound’ pool appears to be approximately 60-120 times greater than the free 
concentration in the brains of animals. It has been hypothesised that the presence of a 
‘protein-bound’ pool in the brain may act as a neurotoxic reservoir that may be released slowly 
over a number of years, explaining the long latency period of the neurological disease 
suffered by the Chamorros and perhaps other degenerative disorders (Papapetropoulos, 
2007). 

Acute and subchronic toxicity 

The neurotoxic potential of BMAA was shown in a study on Macaque monkeys (Macaca 
fascicularis) by Spencer et al. (1987). One-year old monkeys received BMAA by gavage at 
different doses for up to 12 weeks (the complex dosing schedules is shown in the table 
below). 

Table 1 Dosing schedule for study on Macaque monkeys 

Group Number Dose (mg/kg bw/day) Time (weeks) 

1 4 100 12 

2 4 250 
125 

2 then 
5-7 

3 2 200 6-10 

4 1 250-350 7 

5 3 300-315 2.5-3 

6 1 200 6 

7 5 Control  
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Neurological signs of motor neuron dysfunction were seen after 2 weeks (doses not stated). 
After 4 weeks of administration, animals in groups 2, 3 and 4 showed further clinical signs of 
tremor and weakness and after treatment up to 12 weeks, there were periods of immobility 
with an expression-less face, blank stare, a crouched posture and shuffling gait. Selective 
recovery was observed 30 minutes after treatment with an oral antiParkinson’s Disease drug, 
L-DOPA with a peripheral decarboxylase inhibitor (Madopar). It is not completely clear from 
the paper but it appears that these effects are seen at the higher doses (250 mg/kg bw/day 
and above) but not at 100 mg/kg bw/day. This study uses gavage as a route of administration 
which is a relevant to environment exposure but does use very high doses of BMAA. 

There have been two studies on mice administered BMAA by the oral route. Perry et al. 
(1989) in a non-standard study gave BMAA at doses of 500-1000 mg/kg bw/day for a total of 
11 weeks. They found no neurochemical or neuropathological changes that might be 
expected with motor neuron or Parkinson’s Diseases. There were no changes in striatal 
dopamine levels as might be seen in Parkinson’s Disease nor reductions in aspartate or 
glutamate like those seen in Motor Neuron Disease and no pathological changes in the brain. 
It may be that the mouse is not a suitable animal model for determining the toxicological 
properties of BMAA. 

In a further study, mice were fed 28 mg BMAA/kg bw/day BMAA in the diet for 30 days (Cruz-
Aguado et al., 2006). Using a battery of behavioural tests for the evaluation of motor 
coordination, motor neuron-mediated reflexes, locomotion, muscle strength and memory, no 
changes were detected. Measurement of neuronal cell numbers and glial response in the 
central nervous system showed no induction of cell death.  

Dawson et al. (1998) injected BMAA subcutaneously in groups (5-14) of Sprague-Dawley rat 
pups (males and females) – Group A administered 500 mg/kg bw at post-natal day (PND) 5; 
Group B 500 mg/kg bw PND2 and 5; Group B 100 mg/kg bw PND2 and 5. Although the 
pattern of effects were both treatment and sex dependent, BMAA given neonatally produced 
changes in motor function (increase in open field behaviour, increase in hindlimb splay) and 
neurochemistry (increase in spinal cord neurotransmitters and brain monoamine content).  

A number of studies have examined the neurotoxic potential of BMAA using routes of 
administration that are not relevant to environmental exposure - intracranial injection, 
microdialysis infusion or intracerebroventricular infusion. The results of these studies while 
giving evidence as to how BMAA might act as a neurotoxin, are not relevant to any potential 
effects upon exposure of humans by an environmental pathway, especially as there is some 
evidence that permeability of the blood brain barrier to BMAA is low. There is evidence that 
BMAA injected intracranially into the striatum of mice leads to sporadic death of hippocampal 
neurons (Buenz and Howe, 2007). Santiago et al. (2006) used microdialysis to perfuse the 
striatum of rats but were not able to demonstrate damage to the dopaminergic terminal such 
as might be seen in Parkinson’s Disease. Further studies using intraventricular infusions of 
BMAA also show both behavioural and neurochemical changes suggestive of effects on 
excitatory glutamate neurotransmitter system (Rakonczay et al., 1991; Chang et al., 1993; 
Matsuoka et al., 1993). However, intraperitoneal injection of BMAA in young rats led to 
selective effects on cerebellar neuron which are sensitive to another neurotransmitter, GABA 
(GABAergic) rather than possessing glutamate receptors (Seawright et al., 1990). 

In vitro toxicity 

There are a number of studies exploring the mechanism of action of BMAA (particularly on the 
excitatory glutamate system) using brain slices, primary cells, spinal cord cultures and 
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neuronal cultures. Some of the studies suggest an agonistic effect on the glutamate 
metabotropic and NMDA receptors and increased intracellular calcium concentration and 
bicarbonate, but generally with low potency (Manzoni et al., 1991; Copani et al., 1991; 
Brownson et al., 2002; Rao et al., 2006). Lobner et al. (2006) showed an effect on glutamate 
receptor but also the induction of oxidative stress and at much lower concentrations, a 
potentiation of neuronal injury caused by other neurotoxins.  

It has been suggested that in the presence of bicarbonate, BMAA may form carbamate 
adducts and that it is these forms of BMAA that share structural similarity with glutamate (see 
below) and may transported into the brain and act as an excitotoxin (Brownson et al., 2002).  

Structure of BMAA with bicarbonate and comparison with glutamate 

 

 

3.2 Human data 

The only human data available are based on the presence of BMAA in the brain of deceased 
patients with neurodegenerative disorders. 

A number of studies have been conducted on human brain tissue to ascertain whether BMAA 
was present (See Table 1). There has been no real consistency in the regions of the brain 
where the measurement have been made and as to whether these regions are those most 
closely involved in the development of neural disorders such as PDC, ALS and Alzheimer’s 
Disease (AD). BMAA was found in the brains of Chamorro people with PDC and one patient 
with ALS but also in one of the control patients without PDC or ALS (Murch et al., 2004a). The 
same group also found BMAA in the brains of 9 Canadian patients with Alzheimer’s Disease 
but not in 14 patients who had died of unrelated causes (Murch et al., 2004b).  

However, in a further study on 8 Chamorro patients with PDC (and 2 patients without) and 5 
Alzheimer’s Disease patients (and 5 patients without) from the US Pacific North-West, no 
BMAA was detected (Montine et al., 2005).  
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In the studies of Murch et al. (2004a, b), and in the work on cyanobacteria, cycad flour and 
flying foxes, the method used was a validated 6-aminoquinolyl-N-hydroxysuccinimidyl 
carbamate method based on HPLC with confirmation provided by liquid chromatography/mass 
spectrometry (LC/MS) and measured both free and bound BMAA. The Montine et al. (2005) 
study uses a different derivitisation method (FMOC) and measured only free BMAA and there 
is little detail in the paper upon which to assess the methodology. Although this study had 
spiked samples showing the detection of BMAA at levels at least as low as those in the other 
studies, there are no human tissue samples where BMAA has been detected. The methods 
used could play a part in the different results obtained. 

Table 2 BMAA in human brain tissue 

Diagnosis Nationality Number 
patients 

BMAA Level 
(µg/g) 

Reference 

Non-AD1 Canadian 13 ND Murch et al. (2004a) 

AD1 Canadian 2 3.4, 9.7 (Free) 
220, 264 (Bound) 

Murch et al. (2004a) 

PDC/ALS1 Chamorro 6 6.0 (Free, range 
0-10) 
627 (Bound, range 
149-1190) 

Murch et al. (2004a) 

Non-PDC/ALS1 Chamorro 2 0, 4.8 (Free) 
0, 82 (Bound) 

Murch et al. (2004a) 

Non-AD2 Canadian 1 ND (Bound) Murch et al. (2004b) 

AD2 Canadian 7 85.5 (Bound, 
range 0-235.6) 

Murch et al. (2004b) 

Non PDC/ALS3 Chamorro 2 ND (Free) Montine et al. (2005) 

PDC3 Chamorro 8 ND (Free) Montine et al. (2005) 

Non-AD4 US Pacific North-West 5 ND (Free) Montine et al. (2005) 

AD4 US Pacific North-West 5 ND (Free) Montine et al. (2005) 

ND Not detected 

1Measured in superior frontal gyrus tissue 
2Measured in frontal cortex, temporal cortex, parahippocampal gyrus, caudate, cerebellum 
3Measured in frontal cortex, temporal cortex and cerebellum 
4Measured in middle frontal gyrus 

Geoffrey Codd (Personal Communication) suggests that BMAA has also been detected in 
ALS patients in North America, although there is no information as to which areas of the brain 
may be involved.  
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3.3 Assessment of toxicological evidence 

The studies conducted so far have indicated that BMAA has neurotoxic potential. However, 
several in vitro experiments suggest that it is a weak neurotoxin. At present, it is unclear 
whether BMAA has been detected in the areas of the brain associated with degenerative 
diseases (e.g. cerebral cortex in Alzheimer’s Disease, substantia nigra in Parkinson’s Disease 
and motor neurons in ALS). 

An oral study in monkeys using high doses showed distinct neurotoxicity indicating that BMAA 
does cross the blood-brain barrier. There does appear to be some neurotoxicity at the lowest 
dose of 100 mg/kg bw/day. This observation suggests that BMAA is of low oral neurotoxicity. 
However, this study has low animal numbers, is poorly described and there are no other 
clinical or biochemical parameters measured and so is of insufficient quality to determine a No 
Observed Adverse Effect Level (NOAEL) or Lowest Observed Adverse Effect level (LOAEL).  

Two non-standard oral studies in the mouse have not shown any neurotoxicity and again 
there are no observations on other possible toxicological endpoints. Therefore, at present, the 
toxicity of BMAA by an environmentally relevant route has not been defined. There have been 
no standard toxicological tests for acute, subchronic, chronic toxicity, carcinogenicity, 
mutagenicity or reproductive toxicity. 

The principal observation of a link with human disease is the detection of BMAA in the brains 
of Canadian patients with Alzheimer’s Disease and Chamorro people with ALS-PDC and 
associated diseases. This limited result needs further study for confirmation but still is an 
association rather than a definite cause. There is also some disagreement on analytical 
methodology which needs to be resolved by agreement on standard procedures. This is 
mainly due to the development of analytical methodology in general. 

In conclusion, the toxicity of BMAA cannot be determined at present, in terms of a No 
Observable Adverse Effect Level (NOAEL) or Lowest Observable Adverse Effect Level 
(LOAEL) for an animal or human toxicological endpoint. If such a dose could be determined it 
could be used with uncertainty factors to derive a Tolerable Daily Intake for humans and a 
possible concentration in drinking water that would constitute no significant risk to health. 
Such values would be required to compare with estimated exposure in an assessment of risk 
of BMAA to human health. In the absence of the values a risk assessment cannot be made for 
BMAA.  
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4. POTENTIAL ENVIRONMENTAL PRESENCE OF BMAA 

4.1 Presence in Cyanobacteria 

Cyanobacteria, from the five principal taxonomic groups, are known to produce a wide variety 
of toxins (Codd et al., 2005). However, the distribution is irregular and while some toxins are 
found in a range of cyanobacteria genera (e.g. the heptapeptide microcystins) others are 
limited to specific genera (e.g. the nodularins are limited to Nodularia)(Cox et al., 2005). A 
study by Cox et al. (2005) looked at levels of BMAA in a wide range of cyanobacterial isolates, 
including both free-living and those living in symbiosis with lichen and plant species. These 
isolates were maintained in the culture collections of the Universities of Dundee in Scotland, 
Stockholm University in Sweden, and the University of Hawaii in USA. Natural bloom isolates, 
previously collected and archived, were also tested for the presence of BMAA. 

Lyophilised samples (5-20 µg/g dry weight) of cyanobacterial cultures were extracted with 
trichloroacetic acid and analysed by High Performance Liquid Chromatography (HPLC) and 
then selected BMAA peaks were confirmed using Liquid Chromatography-Mass Spectrometry 
(LC-MS).  

The results indicated that BMAA occurs widely amongst free-living cyanobacteria from all the 
major taxonomic groups. It was present in 95% of the genera and 97% of the strains tested. 
The results showed that 73% of symbiotic Nostoc strains of cyanobacteria produced BMAA. 
The levels of BMAA were analysed as both free and protein-bound BMAA and expressed as 
µg/g dry weight. There was significant variance in the detection of BMAA between genera and 
species and also in the ratio of free to protein-bound BMAA. It was also stated that levels 
varied in samples taken at different times. The concentrations in cyanobacteria species and 
genera were between not detected and 6478 µg/g in free and not detected and 5415 µg/g in 
protein-bound BMAA (Cox et al., 2005). The authors suggested that the ubiquity of 
cyanobacteria in the environment (both terrestrial and all types of water) indicated a potential 
for widespread human exposure to BMAA. Further information on BMAA detected in 
environmental blooms scums and mats using the same methodology was contained in an 
abstract to the 2007 VII International Conference on Toxic Cyanobacteria in Brazil. BMAA was 
detected in cyanobacterial samples taken from 11 freshwater lakes and 1 brackish water 
throughout Great Britain between 1990 and 2004 and stored at -20oC. These sites were used 
as sources of drinking water for humans and livestock and/or recreation. Toxicity and death in 
animals were associated with 5 of these samples and attributed to the presence of other 
cyanotoxins, microcystins, nodularin or anatoxin-a (Metcalf et al., 2007).  

In another abstract to the Conference in Brazil, BMAA was described as being present in 
more than half of the cyanobacteria cultures collected in South Africa (although several were 
below the level of quantification), measured by Gas Chromatography(GC)-MS and reverse-
phase HPLC-MS (Esterhuizen and Downing, 2007).  

Further information (Geoffrey Codd, Personal communication) has indicated that  BMAA has 
recently been detected by 5 methods in one of the cyanobacteria, a marine Nostoc, used as a 
model organism, and that detection of BMAA in cyanobacteria elsewhere in Europe is to be 
published shortly (Geoffrey Codd, Personal Communication). 
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In a study described in another abstract to the Conference in Brazil, Robertson et al. (2007), 
using Hydrophilic Interaction Liquid Chromatography-MS (HILIC-MS), did not detect BMAA in 
five different cyanobacteria strains tested. The authors suggested that the reported 
occurrence of BMAA in cyanobacterial samples needed to be examined more closely. Further 
unpublished information (Michael Quilliam, Personal Communication) indicates that this 
Canadian group has also implemented three different methods including the method used by 
Cox et al. (2005) with the same negative results. This group suggest that insufficient 
selectivity may be the problem with the method of Cox et al. (2005) as their HILIC-MS 
methodology is very sensitive and selective. Further preliminary information from the 
Australian Water Quality Centre also suggests that BMAA is not widely found in cyanobacteria 
(John Papageorgiou, Personal Communication). 

In conclusion, there are published data on the presence of BMAA in a large number of 
cyanobacteria species and genera and further positive unpublished results. However, there 
have been a number of, as yet, unpublished studies which have been unable to detect BMAA 
in cyanobacteria using sensitive analytical methods. 

4.2 Assessment of environmental occurrences 

At present, although the published data indicate that BMAA is widely found in cyanobacterial 
species and genera, there is limited contradictory evidence to suggest that BMAA is absent 
from cyanobacteria. These differences may be due to the storage or preparation of samples, 
the origin of the isolates analysed or variation in the sensitivity and selectivity of the detection 
methods used. Further studies are needed to resolve these conflicting results. So far, the 
presence of BMAA has only been observed in laboratory studies rather than in cyanobacteria 
freshly isolated from naturally occurring fresh blooms.  

If the widespread presence of BMAA in cyanobacteria is confirmed then it is likely that BMAA 
will be present where blooms of cyanobacteria are found. Cyanobacteria blooms occur most 
commonly in warm eutrophic waters, where their growth rate is higher than other types of 
algae such as green algae and diatoms and so they predominate under favourable conditions. 
They also have a number of adaptive mechanisms which allow them additional growth 
advantages such as the presence of gas vacuoles which, together with the production of 
dense polysaccharide allow some genera of cyanobacteria (e.g. Microcystis, Anabaena, 
Aphanizomenon, all have which have been reported as containing BMAA) to raise in the water 
column to better light and nutrient conditions. Other genera (e.g. Anabaena, Aphanizomenon, 
Cylindrospermopsin again all of which have been reported as containing BMAA) can fix 
atmospheric nitrogen, allowing growth under reduced N:P ratio which occurs during a bloom. 
There is no information on the presence of BMAA in environmental waters when algal blooms 
are present. 
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5. POTENTIAL REMOVAL OF BMAA BY TREATMENT 

5.1 Physicochemical characteristics 

No direct information was found in the literature on the removal of BMAA through different 
water treatment regimes. Instead, knowledge of its chemical structure and physicochemical 
properties was used to predict the likely removal of BMAA by specific processes. In the 
absence of experimental derived data on the physicochemical properties of BMAA, these 
were estimated using the EPI Suite™ v3.20 modelling system, which includes EPIWIN and 
ECOSAR and is based on 2-dimensional Quantitative Structure-Activity Relationships 
(QSARs; SRC, 2007). The full results of this prediction can be found in Appendix 1. Below is a 
summary of the predicted physicochemical properties of BMAA. As the predictions are based 
on QSAR the results should be used with some caution and only as a guide to the potential 
behaviour of BMAA during water treatment. 

BMAA is very soluble in water. The Henry’s Law Constant of 3.37 x 10-13 atm-m-3/mole 
indicates that it is not volatile. Log Octanol-Water Partition Coefficient, Log Kow estimate was 
-4.00 suggesting that BMAA is hydrophilic with a low soil/sediment coefficient and low 
capacity to bioconcentrate. Log Kow values of less than +1 usually indicate that a compound 
is unlikely to be removed by Granular Activated Carbon (GAC).  

The suite of biodegradation models suggests that it is readily biodegradable and this will 
proceed rapidly under normal environmental conditions. The soil adsorption coefficient, Koc 
value of 2.863 indicates a low tendency to partition to soil and sediment. 

The log BCF (Bioconcentration factor) of -4.00 together with the Log Kow suggests that it has 
low potential to bioaccumulate (be taken up by organisms by all means) and bioconcentrate 
(net accumulation by uptake from water). However, it does appear from the studies in Guam 
that BMAA might have the potential to biomagnify (increased concentrations in higher 
organisms) by biological mechanisms involving interaction with protein and being held in a 
‘pool’ (see Section 2) 

It is estimated that removal by sewage treatment processes would be minimal with total 
biodegradation of 0.09% and sludge adsorption 1.75%. It is not clear why the model estimates 
only limited biodegradation of BMAA in sewage treatment but considers that it will be readily 
biodegradable under normal environmental conditions. 
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5.2 Removal of cyanobacteria and cyanotoxins other than BMAA 

Structures of the most commonly occurring cyanotoxins  

 

Anatoxin 

 

 

Cylindrospermopsin 
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Microcystin 

 

 

Nodularin R 

 

Removal of intact cyanobacteria 

Approximately 50-95% of the toxic compounds produced by the common cyanobacteria are 
bound within the cell and can be effectively removed by conventional treatment processes 
such as coagulation and filtration (Newcombe and Nicholson, 2004) and removal of intact 
cyanobacterial cells is the primary option for treatment. The coagulation process needs to be 
optimised for removal of cyanobacteria, in particular the dose and pH need to be correct and 
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cationic polyelectrolytes can be used to enhance coagulation performance (Mouchet and 
Bonnelye, 1998). Removal of intact cyanobacteria cells would also remove BMAA and as a 
variable portion of BMAA content appears to be protein-bound, it is likely that this will portion 
be more tightly associated with the cell and less likely to be released into the water. 

Removal of cyanotoxins other than BMAA 

Although different microcystins exist, all are cyclic heptapeptides with some variation in 2 
amino acid residues. Because of the similar nature of the microcystins, their removal during 
water treatment is likely to be similar (Fawell et al., 1994). It is also important to note that the 
effects of water treatment will be different for cell bound and extracellular toxins - it is often the 
case that what is effective for one is ineffective for the other.  

A water filtration technique that couples Powdered Activated Carbon (PAC) with ultrafiltration 
that is normally used to remove agricultural chemicals is effective at removing at least 95% of 
microcystins (Lee and Walker, 2006). PAC (5 mg/l) achieved 25% removal of hepatotoxins 
and 60% removal of anatoxin-a. GAC and pre-ozonation (1.0 mg/l) achieved 100% removal.  

Chlorine is effective in oxidising many algal toxins provided that a suitable free residual 
concentration is present. A chlorine dose of 1 mg/l was sufficient for the almost complete 
removal of microcystin from a 192 μg/l solution (Newcombe and Nicholson, 2004). For 
effective degradation of microcystin by chlorination under normal water treatment conditions, 
the pH should be below 8 (Newcombe and Nicholson, 2004; Acero et al., 2005). 
Chloramination is ineffective (Fawell et al., 1999). 

Ozonation is effective at removing both microcystin-LR and anatoxin-a. Pre-ozone doses of 5 
and 7 mg/l were required to achieve 90% removal of microcystin-LR and anatoxin-a, 
respectively (Hart and Stott, 1993; Lahti and Hiisvirta, 1989), probably because of very high 
ozone demand of the water. For post-ozonation, lower doses of 2 and 3 mg/l are sufficient to 
achieve 90% removal of the two toxins. A solution of 166 μg/l pure microcystin-LR in water 
was completely destroyed by 0.2 mg/l ozone in 4 minutes (Rositano et al., 1978). 

Potassium permanganate, when applied to treated water, is highly effective at removing these 
cyanotoxins. A dose of 1 mg/l is sufficient to produce removals of more than 90% for both 
microcystin-LR and anatoxin-a (Lahti and Hiisvirta, 1989  

Nanofiltration (NF 70 polymeric membrane) achieved complete removal of microcystin-LR 
(Hart and Stott, 1993). 

Cylindrospermopsin can be effectively degraded by chlorination (Newcombe and Nicholson, 
2004). With cylindrospermopsin concentrations of 17-185 μg/l, a residual chlorine 
concentration of 0.5 mg/l was sufficient to degrade >99% of cylindrospermopsin (Senogles et 
al, 2000). Degradation occurred rapidly (within a minute) over the pH range 6 to 9.  

Cylindrospermopsin appears to be degraded by ozonation, but the precise conditions required 
are unclear (Newcombe and Nicholson, 2004). Cylindrospermopsin was rapidly degraded by 
UV irradiation in the presence of titanium dioxide (Senogles et al, 2001).  
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5.3 Assessment of removal of BMAA through water treatment 

If the study of Cox et al. (2005) is confirmed, concentrations in blue-green algae reported for 
microcystins and anatoxins are of a similar order to those reported for BMAA i.e. from tens of 
µg/g to several mg/g. On this basis, similar concentrations in raw water might be expected. 
Microcystins and anatoxin concentrations in raw waters during algal blooms can typically be 
up to 20-30 µg/l.  

The amount of algae during severe blooms can range from less than 10 mg/l to over 20 mg/l, 
measured as algal biomass (weight) per unit volume. Taking a worst case scenario, a BMAA 
concentration of 5 mg/g and an algal amount of 20 mg/l would represent a BMAA 
concentration in water of 100 µg/l. However, under these conditions, at least a three-log 
removal of algal cells would be expected by coagulation, clarification and filtration, and if 
BMAA remained associated with the algal cells the concentration would fall to less than 
0.1 µg/l in the treated water. This scenario does not however, take into consideration, free 
toxin released to the water on cell lysis. It may be that the higher concentration of BMAA 
associated with protein in a bound pool is less likely to be released from the cell when it 
undergoes damage or lysis. 

There is no information on the removal of free BMAA through drinking water treatment. The 
effects of these processes on other cyanotoxins are given in section 5.2. However, BMAA is a 
simpler molecule than the other cyanotoxins with less double bonds and it is not a cyclical 
structures. Its behaviour in different treatments cannot therefore be directly extrapolated from 
other toxins. The estimated Log Kow for BMAA is -4.0. Log Kow values of less than +1 are a 
general indication that a compound is unlikely to be removed by GAC. Therefore it cannot be 
assumed that BMAA will be removed by drinking water treatment processes in a similar 
fashion to other cyanotoxins. 
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6. RISK ASSESSMENT 

Discussion 

The information required for a risk assessment has been evaluated for each step of the 
assessment. However, the gaps in knowledge are such that an assessment of the risk of 
BMAA to human health and in particular through exposure by drinking water cannot be made 
at present. 

The toxicological hazard of BMAA has been considered together with hazard characterisation 
in terms of any dose response. It is clear that BMAA has some neurotoxic potential with some 
studies suggesting that this potential is weak. Its mechanism of action appears to be 
interaction with the excitatory pathways modulated by the neurotransmitter, glutamate with 
which BMAA shows structural similarity, especially when there is reaction with bicarbonate to 
form a carbamate. The majority of studies using the oral route which is environmental relevant 
has shown no signs of toxicity and there is some suggestion that BMAA does not easily cross 
the blood brain barrier. There have been no standard toxicological tests such as those with 
standard protocols set by the Organisation for Economic Co-operation and Devevelopment 
(OECD) and few studies using environmentally relevant routes of exposure primarily oral but 
also dermal. It has not been possible to demonstrate a No Observed Effect Level (NOAEL) or 
Lowest Observed Effect Level (LOAEL) upon which to derive (with uncertainty factors) any 
Tolerable Daily Intake or a level in drinking water unlikely to have a significant effect on 
human health.  

There are no specific human studies but considerable interest has been raised by the 
publication of data suggesting that BMAA is present in the brains of Canadian Alzheimer’s 
Disease patients (as well as Chamorro patients with ALS-PDC). There is some contradictory 
data and this results needs to be confirmed with many more cases. At present, this link with 
degenerative diseases remains a hypothesis and even if this finding is confirmed it remains an 
association rather than a cause of the disease. 

Potential human exposure also needs to be considered in the risk assessment of BMAA. 
BMAA has been reported to be present in nearly all genera and species of cyanobacteria 
which are ubiquitous in the terrestrial environment and all water types including fresh, brackish 
and marine. However, recently some doubts have emerged that, when other analytical 
methods are used, then the presence of BMAA in cyanobacteria is not so conclusive. 
Therefore further confirmatory studies are required. If, however, the presence of BMAA in 
cyanobacteria is proven and at similar levels to those seen in other cyanobacteria, then there 
is a potential for BMAA to be present in water sources when cyanobacterial blooms are 
present.  

A number of uncertainties remain over the present findings concerning the analysis, and a 
precise and accurate methodology needs to be agreed across the research groups working on 
BMAA. 

Intact cyanobacteria can be removed by the physical processes in drinking water treatment 
leaving lower numbers in water. However, BMAA may be released during lysis of the algal 
cells although some BMAA may be retained in a protein pool and this may lessen the effect. 
Therefore, it must be considered for risk assessment purposes that BMAA may be present in 
raw water. It is not possible to assume that BMAA is removed by drinking water treatment in 
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similar ways to other cyanotoxins. The other cyanotoxins are larger, complex cyclical 
molecules which can be removed by PAC and GAC by adsorption, ozone or chlorine which 
may break the double bonds of ring structures by oxidation. BMAA is a simple molecule 
without a ring structure and its low estimated Kow suggests that it might not removed by GAC. 
This and the lack of a ring structure make the estimation of any breakdown during treatment 
much less predictable. It cannot therefore, at present, be concluded that BMAA will be broken 
down by water treatment. 

Implications of the lack of data on the toxicology and occurrence of BMAA could be addressed 
by a conducting a survey of the occurrence of BMAA in the drinking water of England and 
Wales. If no BMAA was detected it would imply that there is no route of exposure to the 
human receptor and the lack of toxicological data would to a certain extent be less important. 
However, firstly, there would need to have confidence in the analytical methodology and 
secondly, if BMAA was detected in drinking water, the significance of such a finding would be 
unclear, in terms of significance to the health of the population. Seasonal effects and the 
sporadic nature of occurrence of algal blooms would also make the results of a monitoring 
programme difficult to interpret. Specific testing of drinking water during algal bloom conditions 
would also be subject to the uncertainties of the results outlined above. The effects of different 
types of treatment would also need to be taken into account. A more practical first approach 
would be a survey of raw water reservoirs which would be considered to be high risk, to 
identify occurrence of BMAA at times of algal blooms. 

Conclusions 

Many gaps in knowledge need to be filled before an accurate risk assessment of BMAA in the 
environment can be made. There is a lack of toxicological information based on standard tests 
using the oral route of exposure which is more relevant to environmental exposure. The 
presence of BMAA in the brains of humans with degenerative disease needs to be confirmed. 
As regards potential routes of human exposure, the presence of BMAA in cyanobacteria 
appears to be ubiquitous although again there appears to be some disagreement and this will 
need to be confirmed by further research. Although there is removal of cyanobacteria during 
water treatment, there is no proof that any free BMAA released by cell lysis will be adequately 
removed by current treatment methods. 

Recommendations 

The following knowledge gaps where further research is required before a meaningful 
assessment can be made of the potential risk posed by BMAA to human health, particularly by 
exposure via drinking water: 

• Further studies on the toxicity of BMAA are required including the use of standard 
protocols using the oral (and to a lesser extent dermal) route of administration which is 
more relevant to environmental exposure; 

• Measurement of the physicochemical properties of BMAA would give information on its 
fate and behaviour in the environment; 

• Agreement on the standard analytical protocols to be used for the measurement of BMAA 
in cyanobacteria, water, foodstuffs and human tissue; 

• More confirmatory information is required on the presence of BMAA in cyanobacteria; 
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• Laboratory studies on the removal of BMAA by drinking water treatment; 

• Monitoring of raw water sources in the presence of cyanobacterial blooms; and 

• When the toxicity assessment is adequate to set a Tolerable Daily Intake, monitoring of 
drinking water should be undertaken. 
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APPENDIX 1 

Raw EPISUITE estimation data for the Physico chemical properties 
of BMAA (results summarised in Section 4.1) 
SMILES : CNCC(N)C(=O)(O) 
CHEM   : SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
------------------------------ EPI SUMMARY (v3.20) -------------------------
- 
 Physical Property Inputs: 
    Water Solubility (mg/L):   ------ 
    Vapor Pressure (mm Hg) :   ------ 
    Henry LC (atm-m3/mole) :   ------ 
    Log Kow (octanol-water):   ------ 
    Boiling Point (deg C)  :   ------ 
    Melting Point (deg C)  :   ------ 
 
KOWWIN Program (v1.67) Results: 
=============================== 
 
                  Log Kow(version 1.67 estimate): -4.00 
 
SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
-------+-----+--------------------------------------------+---------+-------
- 
 TYPE  | NUM |        LOGKOW FRAGMENT DESCRIPTION         |  COEFF  |  VALUE  
-------+-----+--------------------------------------------+---------+-------
- 
 Frag  |  1  |  -CH3    [aliphatic carbon]                | 0.5473  |  
0.5473 
 Frag  |  1  |  -CH2-   [aliphatic carbon]                | 0.4911  |  
0.4911 
 Frag  |  1  |  -CH     [aliphatic carbon]                | 0.3614  |  
0.3614 
 Frag  |  1  |  -NH2    [aliphatic attach]                |-1.4148  | -
1.4148 
 Frag  |  1  |  -NH-    [aliphatic attach]                |-1.4962  | -
1.4962 
 Frag  |  1  |  -COOH   [acid, aliphatic attach]          |-0.6895  | -
0.6895 
 Factor|  1  |  Amino acid (alpha-position)  correction   |-2.0238  | -
2.0238 
 Const |     |  Equation Constant                         |         |  
0.2290 
-------+-----+--------------------------------------------+---------+-------
- 
 NOTE  |     |  Zwitterionic calculation made for all Amino Acids   | 
-------+-----+--------------------------------------------+---------+-------
- 
                                                         Log Kow   =  -
3.9955 
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MPBPWIN (v1.42) Program Results: 
=============================== 
Experimental Database Structure Match:  no data 
  
SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
------------------------ SUMMARY MPBPWIN v1.42 -------------------- 
 
 
Boiling Point:  413.58 deg C (Adapted Stein and Brown Method) 
 
Melting Point:  349.84 deg C (Adapted Joback Method) 
Melting Point:  127.83 deg C (Gold and Ogle Method) 
Mean Melt Pt :  238.83 deg C (Joback; Gold,Ogle Methods) 
  Selected MP:  294.34 deg C (Weighted Value) 
 
Vapor Pressure Estimations (25 deg C): 
  (Using BP: 413.58 deg C (estimated)) 
  (Using MP: 294.34 deg C (estimated)) 
    VP:  6.32E-010 mm Hg (Antoine Method) 
    VP:  3.9E-009 mm Hg (Modified Grain Method) 
    VP:  1.73E-008 mm Hg (Mackay Method) 
  Selected VP:  3.9E-009 mm Hg (Modified Grain Method) 
  Subcooled liquid VP:  3.88E-006 mm Hg (25 deg C, Mod-Grain method) 
 
-------+-----+--------------------+----------+--------- 
 TYPE  | NUM |  BOIL DESCRIPTION  |  COEFF   |  VALUE   
-------+-----+--------------------+----------+--------- 
 Group |  1  |  -CH3              |   21.98  |   21.98 
 Group |  1  |  -CH2-             |   24.22  |   24.22 
 Group |  1  |  >CH-              |   11.86  |   11.86 
 Group |  1  |  -COOH (acid)      |  169.83  |  169.83 
 Group |  1  |  -NH2              |   61.98  |   61.98 
 Group |  1  |  >NH (nonring)     |   45.28  |   45.28 
 Corr  |  1  |  Amino/acid [3]    |  310.00  |  310.00 
   *   |     |  Equation Constant |          |  198.18 
=============+====================+==========+========= 
RESULT-uncorr|  BOILING POINT in deg Kelvin  |  843.33 
RESULT- corr |  BOILING POINT in deg Kelvin  |  686.74 
             |  BOILING POINT in deg C       |  413.58 
------------------------------------------------------- 
 
-------+-----+--------------------+----------+--------- 
 TYPE  | NUM |  MELT DESCRIPTION  |  COEFF   |  VALUE   
-------+-----+--------------------+----------+--------- 
 Group |  1  |  -CH3              |   -5.10  |   -5.10 
 Group |  1  |  -CH2-             |   11.27  |   11.27 
 Group |  1  |  >CH-              |   12.64  |   12.64 
 Group |  1  |  -COOH (acid)      |  155.50  |  155.50 
 Group |  1  |  -NH2              |   66.89  |   66.89 
 Group |  1  |  >NH (nonring)     |   52.66  |   52.66 
 Corr  |  1  |  Amino/acid [3]    |  210.00  |  210.00 
   *   |     |  Equation Constant |          |  122.50 
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=============+====================+==========+========= 
   RESULT    |  MELTING POINT in deg Kelvin  |  626.36 
 RESULT-limit|  MELTING POINT in deg Kelvin  |  623.00 
             |  MELTING POINT in deg C       |  349.84 
------------------------------------------------------- 
 
 
 
Water Sol from Kow (WSKOW v1.41) Results: 
======================================== 
 
          Water Sol: 1e+006 mg/L 
 
SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
---------------------------------- WSKOW v1.41 Results ---------------------
--- 
Log Kow  (estimated)  :  -4.00  
Log Kow (experimental):  not available from database 
Log Kow used by Water solubility estimates:  -4.00 
 
Equation Used to Make Water Sol estimate: 
   Log S (mol/L) = 0.796 - 0.854 log Kow - 0.00728 MW + Correction 
       (used when Melting Point NOT available) 
 
      Correction(s):         Value 
      --------------------   ----- 
       Amino acid           -2.070 
 
   Log Water Solubility  (in moles/L) :  1.278 
   Log Water Solubility  (in moles/L) :  0.928 (Applied Upper Limit) 
   Water Solubility at 25 deg C (mg/L):  1e+006 
 
 
 
WATERNT Program (v1.01) Results: 
=============================== 
 
                  Water Sol (v1.01 est): 1e+006 mg/L 
 
SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
-------+-----+--------------------------------------------+----------+------
--- 
 TYPE  | NUM |    WATER SOLUBILITY FRAGMENT DESCRIPTION   |  COEFF   |  
VALUE   
-------+-----+--------------------------------------------+----------+------
--- 
 Frag  |  1  |  -CH3    [aliphatic carbon]                |-0.3213   | -
0.3213 
 Frag  |  1  |  -CH2-   [aliphatic carbon]                |-0.5370   | -
0.5370 
 Frag  |  1  |  -CH     [aliphatic carbon]                |-0.5285   | -
0.5285 
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 Frag  |  1  |  -NH2    [aliphatic attach]                | 1.9656   |  
1.9656 
 Frag  |  1  |  -NH-    [aliphatic attach]                | 2.1357   |  
2.1357 
 Frag  |  1  |  -COOH   [acid, aliphatic attach]          | 1.1808   |  
1.1808 
 Factor|  1  |  Amino acid (alpha-position)  correction   |-1.8478   | -
1.8478 
 Const |     |  Equation Constant                         |          |  
0.2492 
-------+-----+--------------------------------------------+----------+------
--- 
 NOTE  |     |  Maximum Solubility (1,000,000 mg/L) Applied!         | 
-------+-----+--------------------------------------------+----------+------
--- 
                              Log Water Sol (moles/L) at 25 dec C  =    
0.9276 
                              Water Solubility (mg/L) at 25 dec C  =   
1e+006 
 
 
 
ECOSAR Program (v0.99h) Results: 
=============================== 
SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
CAS Num:  
ChemID1:  
ChemID2:  
ChemID3:  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
Log Kow: -4.00  (KowWin estimate) 
Melt Pt:   
Wat Sol: 6.924E+008 mg/L  (calculated) 
 
ECOSAR v0.99h Class(es) Found 
------------------------------ 
Aliphatic Amines-acid 
 
 
                                                                    
Predicted 
ECOSAR Class                 Organism            Duration  End Pt   mg/L 
(ppm) 
===========================  ==================  ========  ======   
========== 
Neutral Organic SAR        : Fish                14-day    LC50    2.67e+007 
(Baseline Toxicity) 
 
--> Acid moeity found: Predicted values multiplied by 10 
 
Aliphatic Amines-acid      : Fish                96-hr     LC50    2.25e+006 
Aliphatic Amines-acid      : Daphnid             48-hr     LC50    76627.461 
Aliphatic Amines-acid      : Green Algae         96-hr     EC50    18213.123 
Aliphatic Amines-acid      : Green Algae         96-hr     ChV      1021.844 
 
 Note:  * = asterisk designates: Chemical may not be soluble 
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        enough to measure this predicted effect. 
         Fish and daphnid acute toxicity log Kow cutoff: none 
         Green algal EC50 toxicity log Kow cutoff: none 
         Chronic toxicity log Kow cutoff: none 
         MW cutoff: none 
 
 
 
 
HENRY (v3.10) Program Results: 
============================= 
 
       Bond Est :  3.37E-013 atm-m3/mole 
       Group Est:  Incomplete 
 
SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
--------------------------- HENRYWIN v3.10 Results -------------------------
- 
----------+---------------------------------------------+---------+---------
-  
   CLASS  |     BOND CONTRIBUTION DESCRIPTION           | COMMENT |  VALUE 
----------+---------------------------------------------+---------+---------
-  
 HYDROGEN |   6  Hydrogen to Carbon (aliphatic) Bonds   |         | -0.7181 
 HYDROGEN |   1  Hydrogen to Oxygen Bonds               |         |  3.2318 
 HYDROGEN |   3  Hydrogen to Nitrogen Bonds             |         |  3.8505 
 FRAGMENT |   1  C-C                                    |         |  0.1163 
 FRAGMENT |   1  C-CO                                   |         |  1.7057 
 FRAGMENT |   3  C-N                                    |         |  3.9030 
 FRAGMENT |   1  CO-O                                   |         |  0.0714 
 FACTOR   |   1  -C(=O)-C-N   group                     |         | -1.3000 
----------+---------------------------------------------+---------+---------
-  
 RESULT   |    BOND ESTIMATION METHOD for LWAPC VALUE   |  TOTAL  | 10.861 
----------+---------------------------------------------+---------+---------
-  
HENRYs LAW CONSTANT at 25 deg C = 3.37E-013 atm-m3/mole 
                                = 1.38E-011 unitless 
 
--------+-----------------------------------------------+------------+------
-- 
        |        GROUP CONTRIBUTION DESCRIPTION         |   COMMENT  |  
VALUE  
--------+-----------------------------------------------+------------+------
-- 
        |           1  CH3 (X)                          |            | -0.62 
        |           1  CH2 (C)(N)                       |            | -0.08 
        |           1  CO (C)(O)                        |            |  4.09 
        |           1  O-H (CO)                         |            |  1.45 
        |           1  NH2 (C)                          |            |  4.15 
        |           1  N-H (C)(C)                       |            |  4.37 
        |              MISSING Value for:  CH (C)(CO)(N) 
--------+-----------------------------------------------+------------+------
-- 
 RESULT |  GROUP ESTIMATION METHOD for LOG GAMMA VALUE  | INCOMPLETE | 13.36 
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--------+-----------------------------------------------+------------+------
-- 
 
 
Henrys LC [VP/WSol estimate using EPI values]: 
    HLC:  6.062E-016 atm-m3/mole 
    VP:   3.9E-009 mm Hg 
    WS:   1E+006 mg/L 
 
 
 
Log Octanol-Air (KOAWIN v1.10) Results: 
====================================== 
 
          Log Koa: 6.861 
 
SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
--------------------------- KOAWIN v1.10 Results -------------------------- 
 
Log Koa (octanol/air) estimate:  6.861 
    Koa (octanol/air) estimate:  7.258e+006 
 Using: 
   Log Kow:  -4.00  (KowWin est) 
   HenryLC:  3.37e-013  atm-m3/mole (HenryWin est) 
   Log Kaw:  -10.861  (air/water part.coef.) 
 
 LogKow  : ----  (exp database) 
 LogKow  : -4.00 (KowWin estimate) 
 Henry LC: --- atm-m3/mole(exp database) 
 Henry LC: 3.37e-013 atm-m3/mole (HenryWin bond estimate) 
 
 Log Koa (octanol/air) estimate:  6.861 (from KowWin/HenryWin) 
 
 
 
BIOWIN (v4.10) Program Results: 
============================== 
SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
--------------------------- BIOWIN v4.10 Results ---------------------------
- 
 
   Biowin1 (Linear Model Prediction)    :  Biodegrades Fast 
   Biowin2 (Non-Linear Model Prediction):  Biodegrades Fast 
   Biowin3 (Ultimate Biodegradation Timeframe):  Days-Weeks 
   Biowin4 (Primary  Biodegradation Timeframe):  Days 
   Biowin5 (MITI Linear Model Prediction)    :  Biodegrades Fast 
   Biowin6 (MITI Non-Linear Model Prediction):  Biodegrades Fast 
   Biowin7 (Anaerobic Model Prediction):  Biodegrades Fast 
   Ready Biodegradability Prediction:  YES 
 
------+-----+--------------------------------------------+---------+--------
- 
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 TYPE | NUM |       Biowin1 FRAGMENT DESCRIPTION         |  COEFF  |  VALUE   
------+-----+--------------------------------------------+---------+--------
- 
 Frag |  1  |  Aliphatic acid   [-C(=O)-OH]              |  0.0727 |  0.0727 
 Frag |  2  |  Aliphatic amine   [-NH2  or  -NH-]        |  0.1538 |  0.3077 
 MolWt|  *  |  Molecular Weight Parameter                |         | -0.0562 
 Const|  *  |  Equation Constant                         |         |  0.7475 
============+============================================+=========+========
= 
   RESULT   |    Biowin1 (Linear Biodeg Probability)     |         |  1.0717 
============+============================================+=========+========
= 
 
------+-----+--------------------------------------------+---------+--------
- 
 TYPE | NUM |       Biowin2 FRAGMENT DESCRIPTION         |  COEFF  |  VALUE   
------+-----+--------------------------------------------+---------+--------
- 
 Frag |  1  |  Aliphatic acid   [-C(=O)-OH]              |  0.6431 |  0.6431 
 Frag |  2  |  Aliphatic amine   [-NH2  or  -NH-]        |  1.1099 |  2.2198 
 MolWt|  *  |  Molecular Weight Parameter                |         | -1.6775 
============+============================================+=========+========
= 
   RESULT   |  Biowin2 (Non-Linear Biodeg Probability)   |         |  0.9851 
============+============================================+=========+========
= 
 
 A Probability Greater Than or Equal to 0.5 indicates --> Biodegrades Fast 
 A Probability Less Than 0.5 indicates --> Does NOT Biodegrade Fast 
 
------+-----+--------------------------------------------+---------+--------
- 
 TYPE | NUM |       Biowin3 FRAGMENT DESCRIPTION         |  COEFF  |  VALUE   
------+-----+--------------------------------------------+---------+--------
- 
 Frag |  1  |  Aliphatic acid   [-C(=O)-OH]              |  0.3646 |  0.3646 
 Frag |  2  |  Aliphatic amine   [-NH2  or  -NH-]        |  0.0244 |  0.0489 
 MolWt|  *  |  Molecular Weight Parameter                |         | -0.2611 
 Const|  *  |  Equation Constant                         |         |  3.1992 
============+============================================+=========+========
= 
   RESULT   |  Biowin3 (Survey Model - Ultimate Biodeg)  |         |  3.3516 
============+============================================+=========+========
= 
 
------+-----+--------------------------------------------+---------+--------
- 
 TYPE | NUM |       Biowin4 FRAGMENT DESCRIPTION         |  COEFF  |  VALUE   
------+-----+--------------------------------------------+---------+--------
- 
 Frag |  1  |  Aliphatic acid   [-C(=O)-OH]              |  0.3856 |  0.3856 
 Frag |  2  |  Aliphatic amine   [-NH2  or  -NH-]        |  0.0433 |  0.0866 
 MolWt|  *  |  Molecular Weight Parameter                |         | -0.1704 
 Const|  *  |  Equation Constant                         |         |  3.8477 
============+============================================+=========+========
= 
   RESULT   |   Biowin4 (Survey Model - Primary Biodeg)  |         |  4.1494 
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============+============================================+=========+========
= 
 
 Result Classification:   5.00 -> hours     4.00 -> days    3.00 -> weeks 
  (Primary & Ultimate)    2.00 -> months    1.00 -> longer 
 
------+-----+--------------------------------------------+---------+--------
- 
 TYPE | NUM |       Biowin5 FRAGMENT DESCRIPTION         |  COEFF  |  VALUE   
------+-----+--------------------------------------------+---------+--------
- 
 Frag |  1  |  Aliphatic acid   [-C(=O)-OH]              |  0.1812 |  0.1812 
 Frag |  2  |  Aliphatic amine   [-NH2  or  -NH-]        |  0.0333 |  0.0666 
 Frag |  1  |  Methyl  [-CH3]                            |  0.0004 |  0.0004 
 Frag |  1  |  -CH2-  [linear]                           |  0.0494 |  0.0494 
 Frag |  1  |  -CH-   [linear]                           | -0.0507 | -0.0507 
 MolWt|  *  |  Molecular Weight Parameter                |         | -0.3515 
 Const|  *  |  Equation Constant                         |         |  0.7121 
============+============================================+=========+========
= 
   RESULT   |  Biowin5 (MITI Linear Biodeg Probability)  |         |  0.6076 
============+============================================+=========+========
= 
 
------+-----+--------------------------------------------+---------+--------
- 
 TYPE | NUM |       Biowin6 FRAGMENT DESCRIPTION         |  COEFF  |  VALUE   
------+-----+--------------------------------------------+---------+--------
- 
 Frag |  1  |  Aliphatic acid   [-C(=O)-OH]              |  1.1346 |  1.1346 
 Frag |  2  |  Aliphatic amine   [-NH2  or  -NH-]        | -0.2845 | -0.5691 
 Frag |  1  |  Methyl  [-CH3]                            |  0.0194 |  0.0194 
 Frag |  1  |  -CH2-  [linear]                           |  0.4295 |  0.4295 
 Frag |  1  |  -CH-   [linear]                           | -0.0998 | -0.0998 
 MolWt|  *  |  Molecular Weight Parameter                |         | -3.4105 
============+============================================+=========+========
= 
   RESULT   |Biowin6 (MITI Non-Linear Biodeg Probability)|         |  0.5075 
============+============================================+=========+========
= 
 
 A Probability Greater Than or Equal to 0.5 indicates --> Readily Degradable 
 A Probability Less Than 0.5 indicates --> NOT Readily Degradable 
 
 
------+-----+--------------------------------------------+---------+--------
- 
 TYPE | NUM |       Biowin7 FRAGMENT DESCRIPTION         |  COEFF  |  VALUE   
------+-----+--------------------------------------------+---------+--------
- 
 Frag |  1  |  Aliphatic acid   [-C(=O)-OH]              |  0.1868 |  0.1868 
 Frag |  2  |  Aliphatic amine   [-NH2  or  -NH-]        |  0.1773 |  0.3546 
 Frag |  1  |  Methyl  [-CH3]                            | -0.0796 | -0.0796 
 Frag |  1  |  -CH2-  [linear]                           |  0.0260 |  0.0260 
 Frag |  1  |  -CH-   [linear]                           | -0.1659 | -0.1659 
 Const|  *  |  Equation Constant                         |         |  0.8361 
============+============================================+=========+========
= 
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   RESULT   |   Biowin7 (Anaerobic Linear Biodeg Prob)   |         |  1.1580 
============+============================================+=========+========
= 
 
 A Probability Greater Than or Equal to 0.5 indicates --> Biodegrades Fast 
 A Probability Less Than 0.5 indicates --> Does NOT Biodegrade Fast 
 
 
 
 
 
BioHCwin (v1.01) Program Results: 
============================== 
SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
-------------------------- BioHCwin v1.01 Results --------------------------
- 
 
  NO Estimate Possible ... Structure NOT a Hydrocarbon 
    (Contains atoms other than C, H or S (-S-)) 
 
 
 
 Sorption to aerosols (25 Dec C)[AEROWIN v1.00]: 
  Vapor pressure (liquid/subcooled):  0.000517 Pa (3.88E-006 mm Hg) 
  Log Koa (Koawin est  ): 6.861 
   Kp (particle/gas partition coef. (m3/ug)): 
       Mackay model           :  0.0058  
       Octanol/air (Koa) model:  1.78E-006  
   Fraction sorbed to airborne particulates (phi): 
       Junge-Pankow model     :  0.173  
       Mackay model           :  0.317  
       Octanol/air (Koa) model:  0.000143  
 
AOP Program (v1.92) Results: 
=========================== 
SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
------------------- SUMMARY (AOP v1.92): HYDROXYL RADICALS -----------------
-- 
Hydrogen Abstraction       =  28.5926 E-12 cm3/molecule-sec 
Reaction with N, S and -OH =  84.5200 E-12 cm3/molecule-sec 
Addition to Triple Bonds   =   0.0000 E-12 cm3/molecule-sec 
Addition to Olefinic Bonds =   0.0000 E-12 cm3/molecule-sec 
Addition to Aromatic Rings =   0.0000 E-12 cm3/molecule-sec 
Addition to Fused Rings    =   0.0000 E-12 cm3/molecule-sec 
 
   OVERALL OH Rate Constant = 113.1126 E-12 cm3/molecule-sec 
   HALF-LIFE =     0.095 Days (12-hr day; 1.5E6 OH/cm3) 
   HALF-LIFE =     1.135 Hrs 
------------------- SUMMARY (AOP v1.91): OZONE REACTION --------------------
-- 
 
               ******  NO OZONE REACTION ESTIMATION ****** 
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               (ONLY Olefins and Acetylenes are Estimated) 
 
Experimental Database:  NO Structure Matches 
Fraction sorbed to airborne particulates (phi): 0.245 (Junge,Mackay) 
    Note: the sorbed fraction may be resistant to atmospheric oxidation 
 
PCKOC Program (v1.66) Results: 
============================= 
 
                   Koc (estimated): 2.86 
 
                 Koc may be sensitive to pH! 
SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
--------------------------- PCKOCWIN v1.66 Results -------------------------
-- 
 
         First Order Molecular Connectivity Index  ........... :  3.681 
         Non-Corrected Log Koc  .............................. :  2.5806 
         Fragment Correction(s): 
                  3   Nitrogen to Carbon (aliphatic) (-N-C)..  : -0.3726 
                  *   Organic Acid  (-CO-OH)  ...............  : -1.7512 
         Corrected Log Koc  .................................. :  0.4568 
 
                         Estimated Koc:  2.863      
 
                                   NOTE: 
     The Koc of this structure may be sensitive to pH!  The estimated 
     Koc represents a best-fit to the majority of experimental values; 
     however, the Koc may vary significantly with pH. 
 
 
 
 
HYDROWIN Program (v1.67) Results: 
================================ 
SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
--------------------------- HYDROWIN v1.67 Results -------------------------
-- 
 
 Currently, this program can NOT estimate a hydrolysis rate constant for 
                the type of chemical structure entered!! 
 
 ONLY Esters, Carbamates, Epoxides, Halomethanes (containing 1-3 halogens) 
   and Specific Alkyl Halides can be estimated!!  For more information, 
    (Click OVERVIEW in Help  or  see the User's Guide) 
 
              *****   CALCULATION NOT PERFORMED   ***** 
 
 
 
BCF Program (v2.17) Results: 
=========================== 
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SMILES : CNCC(N)C(=O)(O) 
CHEM   :  
MOL FOR: C4 H10 N2 O2  
MOL WT : 118.14 
--------------------------------- Bcfwin v2.17 -----------------------------
--- 
Log Kow  (estimated)  :  -4.00  
Log Kow (experimental):  not available from database 
Log Kow used by BCF estimates:  -4.00 
 
Equation Used to Make BCF estimate: 
   Log BCF = 0.50 (Ionic; Log Kow dependent) 
 
 
   Estimated Log BCF =  0.500  (BCF = 3.162) 
 
 
                            Volatilization From Water  
                            =========================  
 
Chemical Name:  
 
Molecular Weight    :  118.14 g/mole  
Water Solubility    :  -----  
Vapor Pressure      :  -----  
Henry's Law Constant:  3.37E-013 atm-m3/mole  (estimated by Bond SAR Method)  
 
                             RIVER             LAKE  
                           ---------         ---------  
Water Depth     (meters):   1                 1           
Wind Velocity    (m/sec):   5                 0.5         
Current Velocity (m/sec):   1                 0.05        
 
      HALF-LIFE (hours) :   1.888E+009        2.06E+010   
      HALF-LIFE (days ) :   7.868E+007        8.583E+008  
      HALF-LIFE (years) :   2.154E+005        2.35E+006   
 
 
STP Fugacity Model:  Predicted Fate in a Wastewater Treatment Facility 
====================================================================== 
   (using 10000 hr Bio P,A,S) 
PROPERTIES OF:  
------------- 
Molecular weight (g/mol)                               118.14  
Aqueous solubility (mg/l)                              0  
Vapour pressure (Pa)                                   0  
                (atm)                                  0  
                (mm Hg)                                0  
Henry 's law constant (Atm-m3/mol)                     3.37E-013  
Air-water partition coefficient                        1.37823E-011  
Octanol-water partition coefficient (Kow)              0.0001  
Log Kow                                                -4  
Biomass to water partition coefficient                 0.80002  
Temperature [deg C]                                    25  
Biodeg rate constants (h^-1),half life in biomass (h) and in 2000 mg/L MLSS 
(h): 
          -Primary tank        0.04        15.97       10000.00 
          -Aeration tank       0.04        15.97       10000.00 
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          -Settling tank       0.04        15.97       10000.00 
 
 STP Overall Chemical Mass Balance: 
 --------------------------------- 
                             g/h               mol/h          percent 
  
Influent                    1.00E+001         8.5E-002        100.00 
  
Primary sludge              2.50E-002         2.1E-004         0.25 
Waste sludge                1.50E-001         1.3E-003         1.50 
Primary volatilization      1.84E-010         1.6E-012         0.00 
Settling volatilization     5.01E-010         4.2E-012         0.00 
Aeration off gas            1.23E-009         1.0E-011         0.00 
 
Primary biodegradation      1.76E-003         1.5E-005         0.02 
Settling biodegradation     5.27E-004         4.5E-006         0.01 
Aeration biodegradation     6.93E-003         5.9E-005         0.07 
  
Final water effluent        9.82E+000         8.3E-002        98.15 
  
Total removal               1.85E-001         1.6E-003         1.85 
Total biodegradation        9.22E-003         7.8E-005         0.09 
 
 
Level III Fugacity Model (Full-Output): 
======================================= 
  Chem Name   :  
  Molecular Wt: 118.14 
  Henry's LC  : 3.37e-013 atm-m3/mole (Henrywin program) 
  Vapor Press : 3.9e-009 mm Hg  (Mpbpwin program) 
  Liquid VP   : 1.8e-006 mm Hg  (super-cooled) 
  Melting Pt  : 294 deg C (Mpbpwin program) 
  Log Kow     : -4  (Kowwin program) 
  Soil Koc    : 4.1e-005  (calc by model) 
 
           Mass Amount    Half-Life    Emissions 
            (percent)        (hr)       (kg/hr) 
   Air       1.78e-005       2.27         1000        
   Water     34.5            208          1000        
   Soil      65.5            416          1000        
   Sediment  0.0596          1.87e+003    0           
 
             Fugacity    Reaction    Advection   Reaction    Advection 
              (atm)      (kg/hr)      (kg/hr)    (percent)   (percent) 
   Air       2.85e-016    0.0632      0.00207     0.00211     6.9e-005   
   Water     5.71e-018    1.33e+003   400         44.4        13.3       
   Soil      4.02e-016    1.27e+003   0           42.2        0          
   Sediment  4.94e-018    0.256       0.0139      0.00854     0.000462   
 
   Persistence Time: 387 hr 
   Reaction Time:    447 hr 
   Advection Time:   2.9e+003 hr 
   Percent Reacted:  86.7 
   Percent Advected: 13.3 
 
   Half-Lives (hr), (based upon Biowin (Ultimate) and Aopwin): 
      Air:      2.269 
      Water:    208.1 
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      Soil:     416.2 
      Sediment: 1873 
        Biowin estimate: 3.352  (days-weeks  ) 
 
   Advection Times (hr): 
      Air:      100 
      Water:    1000 
      Sediment: 5e+004 
 
 
----------------------------------------------------------------------------
-- 
 
 

 


