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Abstract 

Korean Yellow Clay (Whangto) can be used to efficiently remove the cyanobacterial toxin 

microcystin-LR when present in water. This removal technique can be employed by rural and 

remote communities when surface water is contaminated with a toxic Microcystis sp. bloom. In 

most cases two sequential applications of clay can bring the dissolved microcystin toxin content 

below WHO guidelines for drinking water (1 ug/L) (WHO, 1998). The removal process is 

characterised by adsorption to the clay particle, with the Langmuir isotherm fitting the results 

marginally better than the Freundlich isotherm. 

Introduction 

Quality drinking water is a fundamental 

necessity for the wellbeing of all humans. 

Cyanobacteria may pose a serious threat to the 

quality of drinking water, especially to rural 

and remote communities who are primarily 

dependent upon surface waters. In the 

developed world, most of the major cities have 

water purification systems which can in most 

cases effectively remove the toxins produced 

by these organisms. However, in rural and 

remote communities, where complex water 

purification systems are unavailable, the 

populations are at risk of being exposed to 

cyanobacterial toxins. This risk is heightened 

when the organisms are in bloom. 

Microcystins (MCs) are one group of 

cyanobacterial toxins with worldwide 

distribution. They are produced by a number 

of cyanobacterial genera including Microcystis 

sp.. MCs are cyclic heptapeptides and are 

among the most potent natural toxins known. 

To date, over 80 different congeners have been 

characterised. The structure of one of the most 

common congeners, microcystin-LR (MC-

LR), is shown in Figure 1. In continuing 

studies regarding removal of cyanobacterial 

toxins from drinking water, we have 

investigated a simple removal technique that 

can be easily adapted by rural and remote 

communities when a Microcystis sp. 

 
Fig. 1. Structure of microcystin LR 

bloom is present. Microcystis sp. blooms are 

the most common cyanobacterial blooms to be 

found and have a worldwide distribution. 

Korean Yellow Clay (Whangto) has 

historically been used to mitigate harmful algal 

bloom (HAB) events in Korean waters. It is a 

mineralogically complex alumino-silicate 

mineral, with a typical composition as 

summarized in Table 1. Preliminary 

investigation with this material showed 

promising results, with rapid equilibration of 
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MC-LR achieved in approximately 7 minutes 

(Fig. 2). 

 
Table 1. Composition of Whangto by X-ray 

fluorescence 

 
 

 
Fig. 2. Removal of MC-LR by Whangto over time 

Materials & Methods 

Batch sorption experiments were conducted at 

ambient temperature (23 OC +/- 2 OC) in duplicate. 

The clay material in powder form was added to the 

test solution (500 mL) in a 1 L Schott bottle. The 

test solutions consisted of MC-LR dissolved in 

Milli-Q water. Prior to the addition of clay 

material, a sub-sample was taken to establish the 

initial concentration of MC-LR. The bottles were 

capped and mixed manually for 1 minute every 5 

minutes for 1 hour. Two sets of batch sorption 

experiments involving the Korean Yellow Clay 

and one set involving bentonite as a sorbent were 

undertaken. In the first set, using the Korean 

Yellow Clay, the amount of clay used was kept 

constant (10 g) while the MC-LR concentration 

was varied (1.5, 7.3, 13, 17.8, and 22 μg/L). In the 

second set, the toxin concentration was kept 

relatively constant (5.9 - 7.3 μg/L), while the 

amount of clay added was varied (2.5, 5, 10, and 

25 g). The bentonite sorption experiments were 

conducted with a constant MC-LR concentration 

(5.5 μg/L) and variable amounts of clay (5, 10, and 

15 g) only. After one hour, a sample was taken 

from each of the test solutions and centrifuged at 

13,200 rpm to remove any suspended clay. The 

samples were then analysed in triplicate using an 

ELISA method. The ELISA kit used (Abraxis, 

Warminster, PA, USA) was found to give reliable 

results at these concentration levels.  

Results & Discussion 

A typical set of results obtained with Korean 

Yellow Clay are summarised in Table 2. This 

clay material removed almost 90% of the MC-

LR content in a single run. 

 
Table 2. Typical removal data for Whangto 

 

Bentonite showed only about 60% removal 

(data not shown), indicating Whangto type 

clays are better suited for removal of MCs 

from drinking water. Coulombic interactions 

may potentially play an important role in the 

sorption of MC-LR onto clays. MC-LR 

possesses two carboxylic acid groups and an 

amino group capable of ionisation. The pKa 

values of MC-LR were determined by de 

Maagd and coworkers (1999) to be 2.09, 2.19 

and 12.48. The pH of clay suspension (10 g/L) 

was found to be 5.6, suggesting that MC-LR in 

the test solution was largely ionised (anionic). 

However, since clay colloids are also known to 

carry negative charges (Tan 1998), the 

mechanism of sorption of MC-LR on the 

surface of the clay is unclear. The importance 

of clay as a sorbent was also found by Chen 

and co-workers (2006) who observed that the 

clay content of a studied soil played a more 

important role in sorption of microcystins than 

the organic content. Based on their findings, 

however, the authors proposed an additional 

sorption mechanism, namely a chemical 

bonding with metal ions on the surfaces of 

soil/clay particles (Chen et al. 2006). 

According to Chen and co-workers (2006), 

nitrogen and oxygen atoms in the structure of 

microcystins may enable them to act as 

chelating ligands with metal ions on the clay 

surface. The authors further found that from 

the studied microcystin congeners, MC-RR 

was more strongly sorbed on the soils than 

Al2O3 CaO Fe2O3
* K2O MgO MnO Na2O P2O5 SiO2 TiO2 L.O.I. Total

21.07 0.1 5.1 3.06 0.53 0.03 0.17 0.05 60.23 0.7 8.16 99.2
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MC-Dha7LR or MC-LR. Chen et al (2006) 

suggest that the chemical structures of these 

microcystins most likely explains the 

variability, noting that MC-RR contains three 

extra nitrogen atoms compared to MC-LR, 

which may provide additional binding 

positions compared to the other studied MC 

congeners. However, it has also been found 

that MC-RR is slightly more hydrophobic than 

MC-LR with log Kow values of 4.4 and 4.2 

respectively (Rivasseau et al. 1998). The 

utility of the various clay materials for 

drinking water treatment may be determined 

by the extent to which they are capable of 

removing the toxin from water. Morris and 

coworkers (2000) report a removal of more 

than 81% by marine sediment consisting of 

naturally occurring clay minerals, 

predominantly montmorillonite (bentonite) 

and kaolinite. Their findings are consistent 

with our results of overall removal of more 

than 83% of MC-LR from aqueous solution 

observed for the Korean Yellow Clay. 

Commercial grade bentonite (montmorillonite) 

by itself, however, showed somewhat lower 

removal of MC-LR from water, averaging at 

about 55%. It was also observed that most of 

the Korean Yellow Clay settled out of the 

solution in approximately 5 to 10 minutes after 

mixing, while bentonite remained suspended 

in the solution for several hours. This may 

have important practical implications for 

drinking water treatment favouring the Korean 

Yellow Clay over bentonite, with less load on 

the filters for eventual removal of the sorbent. 

Conclusion 

Laboratory scale experiments have shown that 

Korean Yellow Clay (Whangto) can efficiently 

remove a significant amount of dissolved 

microcystin-LR. In most cases, two sequential 

applications of this clay can bring the 

dissolved microcystin toxin content below 

WHO guidelines for drinking water (1 ug/L) 

(WHO, 1998). The removal process is 

characterised by adsorption to the clay 

particle, with the Langmuir isotherm (Figure 

3) fitting the results marginally better than the 

Freundlich isotherm (goodness of fit 94 and 

87% respectively). 

 

 
Figure 3. Langmuir adsorption isotherm for MC-

LR/Whangto system 
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