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EXECUTIVE SUMMARY 

Sampling and monitoring for cyanotoxins (blue-green algal toxins), especially in large water bodies 
and rivers, can be problematic.  Cyanotoxin levels change with environmental and hydrological 
conditions, and toxin concentrations may be very low.  Current sampling practices (e.g. grab samples) 
provide only a snapshot of cyanotoxins present at one point in time and may miss areas or times of 
highest risk, and fail to give early warning.  These are particular issues when sampling rivers where 
continuous flows transport toxins rapidly. 
 
Recent investigations have revealed the widespread distribution of anatoxin-producing benthic 
cyanobacteria in New Zealand rivers (Wood et al. 2007, Heath et al. 2010), highlighting the need for 
development of effective sampling techniques.  A passive in situ methodology known as solid phase 
adsorption toxin tracking technology (SPATT), has been shown to be a simple and sensitive means of 
warning of toxic micro-algal bloom development and associated shellfish contamination in the marine 
environment (MacKenzie et al. 2004).  Our previous research (Wood et al. 2008) identified two 
adsorption substrates that effectively adsorbed anatoxin-a from water over an extended period; 
powdered activated carbon G-60 (PAC) and Strata-X (a polymeric resin). 
 
In this study a robust method of supporting small bags of SPATT materials in river flows was 
developed.  The SPATT bags were attached with a hose clip to an aluminium alloy holding tube and 
six of these where then attached to a larger alloy mounting tube, which was placed over a Waratah 
stake embedded into the river bed.  Two field trials were carried out in the Waipoua River, Wairarapa.  
Cyanobacteria mats were extensively sampled to determine the extent of anatoxin-producing 
cyanobacteria in the river and deployed SPATT bags were collected over four days. 
 
In Field Trial 1, only very low levels of anatoxins were detected, in one of fifteen cyanobacterial mats, 
and no anatoxins were detected in any SPATT bags (<1 µg kg-1  sorbent substrate).  In Field Trial 2, 
all mats collected contained moderate to high concentrations of anatoxins and all SPATT bags 
deployed contained anatoxins, even after only four hours in the river water.  The detection of 
anatoxins in all SPATT bags in Field Trial 2 demonstrates that anatoxins are released into the water 
from cyanobacterial mats, either through active export from the cells or as a result of cell lysis.  
Anatoxins were only detected in one of four water samples collected by taking surface grab samples 
during Field Trial 2, highlighting the limitations of this currently-used method. 
 
Both Strata-X and PAC were found to be effective absorbant substrates for the use in the SPATT bags.  
PAC has the advantage that it is inexpensive and readily available and appears to continue to sorb 
toxins over longer periods than Strata-X.  SPATT has the potential to be integrated into current 
cyanobacterial monitoring programmes and would be a very useful and economical tool for early 
warning of anatoxin contamination in water. 
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1. INTRODUCTION 

Sampling and monitoring for cyanotoxins (blue-green algal toxins), especially in large water 
bodies and rivers, can be problematic.  Cyanotoxin levels can change very quickly with 
changing environmental and hydrological conditions.  Current sampling practices (e.g. grab 
samples) provide only a snapshot of cyanotoxins present at one point in time and may miss 
areas or times of highest risk.  Also, impending blooms may be missed due to the low 
concentrations of toxins.  These are particularly issues when sampling rivers where continuous 
flows transport toxins rapidly. 
 
Recent investigations have revealed the widespread distribution of anatoxin-producing benthic 
cyanobacteria in New Zealand rivers (Wood et al. 2007, Heath et al. 2010), highlighting the 
need for development of effective sampling techniques.  Little is known about the release of 
anatoxin from benthic cyanobacteria (i.e., the extracellular component).  This information is 
vital to the management of toxic benthic cyanobacteria.  For example, toxic cyanobacteria 
may grow on the substrate of the river; however, while healthy they may pose little risk as the 
majority of cyanotoxins are likely to be intracellular and thus not being released into the water.  
Under certain environmental conditions these mats may die or detach from the substrate 
potentially releasing massive pulses of cyanotoxins into the water.  A passive in situ 
methodology known as solid phase adsorption toxin tracking technology (SPATT) has been 
shown to be a simple and sensitive means of warning of toxic micro-algal bloom development 
and associated shellfish contamination in the marine environment (MacKenzie et al. 2004).  
SPATT involves suspending, in the water body, small bags containing adsorption substrates 
which accumulate toxins.  The toxins can then be extracted and measured; providing 
information on the toxins released from the mats over an extended period.  Applicability has 
been demonstrated for a range of lipophillic (fat soluble) toxins but a range of technical 
problems remain to be solved for use of SPATT with highly water soluble toxins such as 
anatoxins, cylindrospermopsin and saxitoxins. 
 
Wood et al. (2008) evaluated 15 different adsorption substrates in the laboratory, for their 
efficiency to uptake anatoxin-a.  Four sorbents, powdered activated carbon (PAC) G-60, 
Strata-X (a polymeric resin), AG 50W-X4 (strong cation exchange resin) and Amberlite IRP-
64 (weak cation exchange resin), were selected and subjected to further laboratory studies 
which investigated their ability to adsorb anatoxin-a from water, over an extended period in 
the SPATT bag format.  The greatest percentage reductions in initial total water concentration 
were observed for SPATT bags containing Strata-X and PAC (73 and 72% reduction in 24 
hours).  A similar percentage (4-12%) of the initial total water concentration of anatoxin-a was 
desorbed from all four substrates after 24 hours. 
 
In this study a robust method of supporting small bags of the SPATT materials in river flows 
was developed.  Two adsorption substrates, PAC and Strata-X, were selected for testing in the 
field trials. 
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2. METHODS 

2.1. Sampling sites and mat collection 

Two field trials were undertaken in the Waipoua River, Wairarapa.  Field Trial 1 took place 
approximately 200 metres upstream of the State Highway bridge on Paierau Road about four 
kilometres north west of Masterton (40° 55.21’S, 175° 38.27’E) and commenced on 15 March 
2009.  Field Trial 2 was undertaken near Bentley Street in Masterton (40° 56.55’S, 
175°39.82’E) and commenced on 25 March 2010. 
 
To assess the percentage of cyanobacterial mat coverage and levels of anatoxins in benthic 
mats, a 10 × 10 metre grid was set up in a riffle (a shallow region of a river where the surface 
is broken into ripples or waves by totally or partially submerged obstructions;Figures 1 and 2), 
at each site just upstream of where the SPATT bags were deployed.  Cyanobacterial mat 
coverage was measured in five one metre square quadrats randomly positioned within each 
grid.  Fifteen (Field Trial 1) and ten (Field Trial 2) sampling points were selected randomly 
within grids (Figure 3).  At each sampling point cyanobacterial samples were collected by 
scraping a mat from one rock into a sterile Falcon tube (15 mL).  Where no mats were present 
at a sampling point, the closest upstream mat was selected for sampling.  Samples were frozen 
(-20°C) for later toxin analyses.  Sub-samples (5 mL) were preserved using Lugol’s Iodine for 
morphological (to genus level) identification.   
 
During Field Trial 2, three mat samples were also collected from Site 1, the highway bridge 
200 metres downstream of Site 1 (40° 55.36’S, 175° 38.52’E, Figure 4), and a site 
approximately 12 kilometres upstream of Site 1 near the Mikimiki Road bridge across the 
Waipoua River (40° 50.71’S, 175° 37.03’E, Figure 5).  At these sites samples were collected 
as described above, except all 10 samples were combined in one tube which was homogenised 
prior to further analysis. 
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Figure 1. Area used to set up a 10 × 10 m grid in a riffle in the Waipoua River at Field Site 1, 

15 March 2009. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Area used to set up a 10 × 10 m grid in a riffle in the Waipoua River at Field Site 2, 25 February 

2010.  
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Figure 3. Location of randomly selected sampling points within each 10 × 10 metre grid in the Waipoua 

River. 
A, Site 1, B, Site 2,  anatoxins detected,  no anatoxins detected.  
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Figure 4. Phormidium mats in the Waipoua River 200 metres downstream of Field Site 1, 25 February 2010. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Phormidium mats in the Waipoua River about 50 metres downstream of the Mikimiki Road 

bridge, 25 February 2010. 
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2.2. SPATT bags design and deployment 

SPATT bags were constructed from 5 μm polyester mesh with one gram of substrate placed in 
each bag.  The PAC G-60 was mixed 2:1 (v/v) with untreated ∝-cellulose powder (Sigma, 
United States of America).  The bags were attached with a hose clip to a holding tube made 
from aluminium alloy (Figures 6 and 7).  Three SPATT holding tubes were attached to either 
side of a larger aluminium alloy mounting tube using 4 mm diameter screws (Figures 6 and 7).  
The mounting tube was then placed over a steel stake (Waratah) embedded into the river bed 
and secured in position with a clamping screw.  The top holding tubes were positioned 
approximately 50 mm below the river surface (Figure 7). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Schematic diagram showing SPATT bag holding tubes and mounting system. 
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Figure 7 SPATT bags, holding and mounting tubes. 
The three holding tubes on the left contain Strata-X and the three on the right Powered Activated 
Carbon. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. SPATT bags in position at Field Site 2. 
The yellow caps mark the top of the Waratah stakes. 
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Four mounting tubes were deployed during each field trial.  A single mounting tube (with six 
SPATT bags on it) was removed from the river at the sampling times given in Table 1.  The 
SPATT bags were then frozen (-20°C) for later toxin analyses.  A water sample (50 mL) was 
collected from the surface adjacent to the SPATT bags at the start of each experiment and at 
each sampling time, and frozen (-20°C) for later toxin analyses.  The average water flow at the 
position of the SPATT bags was 0.39 m3s-1 during Field Trial 1 and 1.2 m3s-1 during Field 
Trial 2. 
 
 

Table 1. Time and date of SPATT deployment and subsequent sampling during each field trial. 
 

  Field Trial 1 Field Trial 2 
 Sample   Elapsed Time   Elapsed Time 
  Date Time Hours Date Time Hours 

Start 15-Mar-09 1.30 p.m. 0 25-Feb-10 9:00 a.m. 0 
1 15-Mar-09 4.30 p.m. 3 25-Feb-10 1:00 p.m. 4 
2 16-Mar-09 7.30 a.m. 18 26-Feb-10 8:00 a.m. 23 
2 17-Mar-09 7.30 a.m. 42 27-Feb-10 9:00 p.m. 48 
4 18-Mar-09 7.30 a.m. 66 28-Feb-10 1:45 p.m. 77 

 
 

2.3. Morphological identification of benthic mat samples 

The dominant cyanobacterium in each mat was identified by microscopy (BX51, Olympus, 
Wellington, New Zealand). 

 
 
2.4. Chemical detection of anatoxins in benthic mats and SPATT bags  

Sub-samples of all cyanobacterial mats were lyophilized (freeze-dried) and 100 mg extracted 
with 10 mL of MilliQ water containing 0.1% formic acid.  Samples were sonicated 
(15 minutes) and centrifuged (4000 × g, 10 minutes).   
 
After completion of the field sampling each SPATT bag was placed into scintillation vials 
containing 10 mL of elution solvent (100% MeOH for Strata-X and 5% formic acid in 70% 
MeOH for PAC) for desorption of anatoxins.  Vials were vortexed briefly then placed on a 
shaker in the dark.  After 30 minutes an aliquot (1.5 mL) was centrifuged (5000 × g, 
5 minutes).  An aliquot (100 μL) of the supernatant was collected and diluted 1:10 with MilliQ 
for Strata-X and 0.67 M NH3 for PAC.  Formic acid (5 μL) was added to each sample.  A 
second aliquot (1 mL) of the supernatant from the Strata-X SPATT bags was dried under 
nitrogen with heating at 35oC and re-suspended in 200 uL MilliQ water containing 0.1% 
formic acid. 
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An aliquot of each supernatant was analysed directly for anatoxin-a (ATX), homoanatoxin-a 
(HTX) and their degradation products dihydroanatoxin-a (dhATX), dihydrohomoanatoxin-a 
(dhHTX), epoxyanatoxin-a (epoxyATX) and epoxyhomoanatoxin-a (epoxyHTX) using Liquid 
Chromatography Mass Spectrometry (LC-MS).  Anatoxins were separated by Acquity uPLC 
(Waters Corp., MA, United States of America) using a 50 × 1.0 mm Acquity BEH-C18 (1.7 
µm) column (Waters Corp., MA, United States of America).  The mobile phase A (0.1 % 
formic acid in water) and mobile phase B (0.1% formic acid in acetonitrile) were used at a 
flow of 0.3 mL min-1, isocratic for 1 minute at 100 % A followed by a gradient to 50 % B over 
2 minutes.  Injection volume was 5 µL.  The Quattro Premier XE mass spectrometer (Waters-
Micromass, Manchester) was operated in ESI+ mode with capillary voltage 0.5 kV, 
desolvation gas 900 L h-1, 400oC, cone gas 200 L h-1 and cone voltage 25 V.  Quantitative 
analysis was by multiple reaction monitoring (MRM) using MS-MS channels set up for ATX 
(166.15 > 149.1; retention time (rt) 1.0 minutes), HTX (180.2 > 163.15; rt ca. 1.9 minutes), 
dhATX (168.1 > 56; rt 0.9 minutes) and  dhHTX (182.1 > 57; rt ca. 1.9 minutes).  The 
instrument was calibrated with dilutions in 0.1% formic acid of authentic standards of ATX 
(A.G. Scientific, CA). 
 
 

3. RESULTS 

3.1. Benthic cyanobacterial coverage and identification 

Cyanobacterial percentage cover was 30 % during Field Trial 1 and 70 % during Field Trial 2.  
The dominant cyanobacterium (identified by microscopy) in all samples was Phormidium 
(most likely Phormidium autumnale). 

 
3.2. Anatoxin detection in benthic mats and water samples 

One of fifteen cyanobacterial mat samples collected during Field Trial 1 contained anatoxins 
(Figure 3 and Table 2).  Only low concentrations of HTX and dhATX were found in this 
sample.  In contrast, all ten samples collected during Field Trial 2 contained ATX, HTX and 
their dihydro- degradation products (Figure 3 and Table 2).  The concentrations recorded in the 
mats sampled during Field Trial 2 were higher than those reported in a study of anatoxin levels 
in seven New Zealand rivers (Wood et al. 2010) and on par with the highest concentrations 
recorded in a year-long study of anatoxins in the Hutt River (Heath, 2009). 

All three samples collected at upstream sites during Field Trial 2 contained ATX, HTX and 
their dihydro- degradation products (Table 3).  Anatoxin concentrations in the sample collected 
200 metres downstream of Field Site 1 were markedly higher than concentrations in the other 
two samples. 
 
Anatoxins (HTX, dhHTX and dhATX) were detected in only one water sample collected 
during the field studies (Table 4), and this was in the specimen collected four hours after the 
commencement of Field Trial 2. 
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Table 2. Concentrations of anatoxins in cyanobacterial mat samples collected immediately before Field 
Trial 1, 15 March 2009, and Field Trial 2, 25 February 2010, at the Waipoua River, Wairarapa. 
All toxin results are given as mg kg-1 of lyophilized weight.  ATX = anatoxin-a, HTX = 
homoanatoxin-a, dhATX = dihydroanatoxin-a, dhHTX = dihydrohomoanatoxin-a, nd = not 
detected, nc= sample not collected. 

 
 Field Trial 1 Field Trial 2 

 ATX HTX dhATX dhHTX TOTAL ATX HTX dhATX dhHTX TOTAL 
1 nd nd nd nd  0.2 10.7 99.0 106.1 216.0 
2 nd nd nd nd  0.2 13.6 49.8 70.3 133.9 
3 nd nd nd nd  0.2 17. 7 37.0 31.2 68.4 
4 nd nd nd nd  0.0 2.3 18.3 23.6 44.2 
5 nd nd nd nd  0.5 21.7 181.8 289.1 493.1 
6 nd nd nd nd  0.2 12.1 92.0 151.6 255.9 
7 nd nd nd nd  0.4 33.9 130.0 168.1 332.4 
8 nd nd nd nd  0.2 20.1 53.9 84.5 158.7 
9 nd nd nd nd  0.3 11.5 138.5 219. 5 150.3 

10 nd nd nd nd  0.1 5.5 9.4 11.9 26.9 
11 nd nd nd nd  nc nc nc nc nc 
12 nd nd nd nd  nc nc nc nc nc 
13 nd nd nd nd  nc nc nc nc nc 
14 nd nd nd nd  nc nc nc nc nc 
15 nd 0.9 1.6 nd 2.4 nc nc nc nc nc 

Ave.  0.9 1.6  2.4 0.23 14.6 81.0 104.0 188.0 
Max.  0.9 1.6  2.4 0.5 33.9 181.8 289.1 493.1 

 
 
Table 3. Concentrations of anatoxins in cyanobacterial mat samples collected at three upstream sites on the 

Waipoua River during Field Trial 2 on 25 February 2010. 
All toxin results are given as mg kg-1 of lyophilized weight.  ATX = anatoxin-a, HTX = 
homoanatoxin-a, dhATX = dihydroanatoxin-a, dhHTX = dihydrohomoanatoxin-a.  

 
    ATX HTX dhATX dhHTX TOTAL 
Field Site 1 40° 55.21’S, 175° 38.27’E 0.0 3.0 11.2 11.4 25.6 
Field Site 1 (at bridge) 40° 55.36’S, 175° 38.52’E 0.2 5.5 199.2 323.4 528.3 
Mikimiki Road Bridge 40° 50.71’S, 175° 37.03’E 0.0 0.6 1.6 0.8 3.0 

 
 
Table 4. Concentrations of anatoxins in water samples collected during Field Trial 1, 15 March 2009, and 

Field Trial 2, 25 February 2010, at the Waipoua River.  
All toxin results are given as µg L-1.  ATX = anatoxin-a, HTX = homoanatoxin-a, dhATX = 
dihydroanatoxin-a, dhHTX = dihydrohomoanatoxin-a, nd = not detected, nc= sample not 
collected. 

 
 
 Field Trial 1 Field Trial 2 

 ATX HTX dhATX dhHTX TOTAL ATX HTX dhATX dhHTX TOTAL 
Start nd nd nd nd  nd nd nd nd  

1 nd nd nd nd  nd 8.5 8.4 4.8 21.7 
2 nd nd nd nd  nc nc nc nc  
3 nd nd nd nd  nd nd nd nd  
4 nd nd nd nd  nd nd nd nd  
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3.3.  Anatoxin detection in SPATT 

No anatoxins were detected in the SPATT bags deployed during Field Trial 1 (<1 µg kg-1 
sorbent substrate).  Anatoxins were detected in all SPATT bags deployed during Field Trial 2 
(Figure 9). 
 
Concentrations of anatoxins were generally higher for Strata-X SPATT bag extracts which 
were prepared by diluting the elution solvent 1:10 (Figure 9).  Only very low levels of ATX 
were detected in all SPATT bags, and extracts that were prepared by solvent evaporation of the 
elution solvent gave more reliable estimates of ATX levels (dried down, Strata-X only).  At 44 
and 77 hours sampling times ATX could only be detected in the dried down extracts.  ATX 
concentrations in all bags decreased in time, possibly due to degradation of this compound to 
dhATX.  
 
In general there was not a significant difference between the concentrations of anatoxins 
detected using Strata-X and PAC at the shorter exposure periods (1:10 dilution of eluting 
solvent, Figure 9).  However, the concentrations of dhATX, HTX and dhHTX detected by 
PAC gradually increased with length of exposure, whereas the Strata-X concentrations were 
more variable. 
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Figure 9. Average concentration of anatoxins in SPATT bags deployed during Field Trial 2 on 25 February 2010, Waipoua River.  
Error bars show one standard deviation.  Note different y-axis scale used in A. Strata-X bags were extracted with 100% methanol and either dilution 1:10 with MilliQ 
water (diluted) or further concentrated (5×) by solvent evaporation (dried down).  PAC bags were extracted with 70% MeOH (containing 0.1% formic acid) and diluted 
1:10 with 0.67 M NH3 (diluted). A, anatoxin-a; B, dihydroanatoxin-a; C, homoanatoxin-a; D, dihydrohomoanatoxin-a.  All toxin results are given as µg kg-1 sorbent 
substrate. 
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4. DISCUSSION 

The results of this study demonstrate that SPATT can be used to concentrate, collect and 
accumulate anatoxins in river water for later analysis and detection.  In contrast to 
conventional monitoring (i.e. grab sampling), SPATT accumulates the toxins carried in large 
volumes of water during a period of several days or weeks.  The benefits of this continuous 
sampling technique were demonstrated in the water samples collected in Field Trial 2.  Only 
one of the four water samples collected contained anatoxins (Table 4), whereas all SPATT 
bags contained anatoxins even after only four hours of deployment.  
 
To our knowledge this is the first time anatoxins have been detected in river water samples 
collected in New Zealand.  Previously, anatoxins have only been in cyanobacterial mats.  A 
sub-sample of the positive water sample (Field Trial 2) was examined microscopically and no 
filaments where detected indicating that the toxins are been released into the water.  During 
Field Trial 2 there were extensive mats in all four regions of the Waipoua River we sampled 
and all mats sampled contained anatoxins.  We do not believe this was an extreme event as 
similar cyanobacterial mat coverage has been reported from other regions around New Zealand 
(e.g. Bay of Plenty, Canterbury, Manawatu and Wellington).  
 
The detection of anatoxins in all SPATT bags in Field Trial 2 also demonstrates anatoxins 
were being released into the water.  SPATT does not measure toxin levels within 
cyanobacterial cells; it measures that fraction of a toxin that has been released from cells into 
water.  The detection of anatoxin in river water is of particular concern to drinking water 
supplies that use river water sources. 
 
A negative result in the SPATT does not guarantee that a river is completely free of anatoxin- 
containing cyanobacterial mats.  This was demonstrated in Field Trial 1 where one of the 15 
mats collected contained very low levels of anatoxin, yet no anatoxins were detected in the 
SPATT even after 4 days of deployment.  Levels of anatoxins in the water at this trial site must 
have been below the limits of detection of the SPATT technique (<1 µg kg-1 sorbent substrate).  
 
Both Strata-X and PAC were found to be effective absorbant substrates for the use in the 
SPATT bags.  PAC has the advantage that it is inexpensive and readily available.  Anatoxins 
were easily desorbed from both substrates, although our previous work (Wood et al.2008) 
indicates that it is unlikely that anatoxins are completely desorbed from PAC using our current 
method. 
 
It is not possible to relate the levels of anatoxins in the SPATT to concentrations in the river 
water.  Although the amount of water that flowed over the SPATT bags can be estimated from 
the river flow, the amount of water that passes through the SPATT substrate cannot be readily 
measured.  The results of this study indicate that the Strata-X SPATT quickly become 
saturated with anatoxins because concentrations measured in the bags did not change 
significantly after 4 hours deployment.  There were indications that PAC could continue to 
sorb toxins for longer periods.  
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The aluminium alloy tube design proved to be a robust method of supporting the SPATT bags 
in the river.  Leaves and other debris caught on the holding tubes possibly causing variability 
in the water flow to each bag (Figure 10).  This may account for some of the observed 
variability between the measured concentrations of the anatoxins as indicated by the standard 
deviations plotted in Figure 9.  In future, a screen with larger mesh could be placed directly 
upstream to prevent debris accumulation on the SPATT bags. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. SPATT bags, holding and mounting tubes with leaves and other debris that accumulated on them. 
 
 
SPATT has the potential to be integrated into current cyanobacterial monitoring programmes, 
and would be a very useful and economical tool for early warning of toxic cyanobacterial 
growths (benthic and planktonic) and of anatoxin contamination in water.  The materials from 
which the SPATT bags are constructed are inexpensive and, analytical costs aside, significant 
cost savings within cyanotoxin monitoring programmes could be achieved.  The highest 
human health risk from cyanotoxins occurs when they are ingested.  Therefore the SPATT 
technique would be particularly applicable for drinking water supplies where it could be used 
to measure the efficiency of cyanotoxin removal through treatment processes and to determine 
if cyanotoxins are present post-treatment. 
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