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Abstract

The occurence of toxic freshwater blooms of cyanobacteria (blue-green algae) has been reported in many
countries. These toxic water blooms have caused the deaths of domestic animals and wildlife. Cyanobacteria
may produce acute toxins such as hepatotoxic peptides (microcystins, nodularins and cylindrospermopsin)
and neuro-toxic alkaloids (anatoxin-a, anatoxin-a(s), homoanatoxin and aphanotoxins). Very important
toxins are microcystins (MCYST) with high biological activities and wide distribution all over the world.
They have been produced by Microcystis, Oscillatoria, Anabaena and Nostoc. All MCYST can play the role

of tumor-promoting activators.

This paper for the first time presents results showing the presence of microcystin hepatotoxin in Polish

lakes and drinking water.
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Introduction

The occurence of toxic freshwater blooms of cy-
anobacteria (blue-green algae) has been reported in
many countries. These toxic water blooms have caused
deaths of domestic animals and wildlife [1, 2]. Cyanobac-
terial toxins are produced by terrestrial-, fresh-, brackish-
and sea-water cyanobacteria at cosmopolitan occurence.
These toxins present acute and chronic hazards to human
and animal health and are responsible for isolated, spor-
adic animal fatalities (mammals, fishes, birds, etc.) each
year. Human health problems are associated with the in-
gestion of and contact with cyanobacterial blooms and
their toxins. Cyanobacteria may produce acute toxins
such as hepatotoxic peptides (microcystins, nodularins
and cylindrospermopsin) and neurotoxic alkaloids

* Corresponding author.

(anatoxin-a, anatoxin-a(s), homoanatoxin and apha-
notoxins) [3] (Table 1). There are approximately about
1,500 known species of cyanobacteria, but only about 100
can synthesize different toxins [4]. The main producers
are: Oscillatoria, Anabaena, Aphanizomenon, Cylindros-
permum, Synechocystis, Cylindrospermopsis, Scytonema,
Hapal osiphon, Schizotrix, Gleotrichia, Nodularia and Nos-
toc. Within an individual water sample the toxin concen-
tration per unit of cyanobacterial biomass may vary widely
from week to week at the same sampling station. The
concentration of toxins varies not only for different
strains of cyanobacteria, but also for different clones of
the same isolate. Workers found a mixed pattern of high
and low toxicity per unit of cyanobacterial biomass when
sampling a lake on a single occasion [4-6]. An investiga-
tion over 3 years showed that each year cyanobacterial



172

Kabzinski A KM. et al.

blooms were nontoxic at the begining of the growing sea-
son but developed high toxicity during the first strong
biomass increase in the summer [7].

Table 1. The characterization of diffrent toxic substances and
comparision with toxicity of cyanobacterial toxins.

Toxicity Molecular
No. Toxic substances LDs, weight
(ng/kg) (Da)
1. | Sodium cyanide NaCN 15,000 51
2. | Potasium cyanide KCN 10,000 67
3. | Strychnine 500 334
4. | Microcystine-RR 600 1037
5. | Microcystine-YR 100-200 1044
6. | Microcystine-YA 100 959
7. | Microcystine-LR 50 994
8. | Microcystine-LA <100 909
9. | Microcystine-AR 200-400 952
10. | Microcystine-YM 56 1018
11. | Microcystine-WR 100-200 1067
12. | Microcystine-LY <100 1001
13. | Nodularine 30-50 824
14. | Anatoxin-a 200 165
15. | Anatoxin-a(s) 20 252
16. | Homoanatoxin 200-300 179
17. | Neosaxitoxin 10 315
18. | Saxitoxin 10 299
19. | Scytophycin A X 821
20. | Scytophycin B 650 819

Much attention has been paid to microcystes
(MCYST), because of their biological activities and wide
distribution all over the world. They have been produced
by Microcystis, Oscillatoria, Anabaena and Nostoc [1].
MCYST consist of a common moiety composed of seven
amino  acids  (3-amino-9-methoxy-10-phenyl-2,6,8--
trimethyldeca-4,6-dienoic acid (Adda), N-methyldehyd-
roalanine (Mdha), D-alanine, B-linked D-erythro- f-
methylaspartic acid, y-linked D-glutamic acid and two L-
amino acids as variants), and approximately 50
MCYSTs have been isolated so far [8-11]. These toxins
also inhibit phosphatases 1 and 2A in a similar manner to
ocadoic acid and have tumor-promoting activity not only
in rat liver [12-16]. Yu and coworkers [17] reported that
there are about 100,000 deaths annually from primary
liver cancer (PLC) in China. In several areas of China,
the rates of PLC do not corelate with PLC-causing agents
such as aflatoxin and hepatitis B virus, and people who
drink pond and ditch water have a higher risk of PLC
than people who drink well water. This may suggest that
incidences of PLC are related to MCYST in drinking
water. Falconer [18] achieved an oral experiment of chro-
nic ingestion of crude extract of Microcystis and the result

suggested the possibility of MCYST promoting tumors
after long-term exposure.

The conventional method for purification of cy-
anobacterial peptide toxins involves freezing and liophil-
ization of cells, followed by solvent extraction and pre-
concentration of the toxins by adsorption on C18
solid-phase extraction (SPE) cartridges [19], than low-
pressure gel permeation chromatography (LPGPC) on
Sephadex in some cases and invariable purified by
reverse-phase high performance liquid chromatography
(RP-HPLC) [20-25]. The use of the internal surface re-
versed-phase (ISPR) column for peptide toxins purifica-
tion was introduced by Meriluoto and Eriksson [26]. The
more popular detection method is HPLC-UV or
HPLC-DAD with detection limit about 0.1-1.0 ug
MCYST-LR, but also fluorescence (FL), poexyolate
chemiluminescence (POCL), mass spectrometry (MS),
enzyme-linked immunosorbent assay (ELISA), or linked
protein phosphatese bioassay (PPB) detections were
used.

The paper presents results showing the presence of
microcystin hepatotoxin in Polish lakes and drinking
water.

Experimental
Samples and Materials
Field samples, water blooms of cyanobacteria and
lake water were collected from lakes Sulejow, Jeziorsko

and Wtodawek in 1993-1998 from June to November. All
of them are artificial lakes used as reservoirs of drinking

Table 2. The retention times for different microcystines stan-
dards hile separation by RP-HPLC technique on column CI 8.

Retention tim (ty)
(min.)

No. Microcystine column 1 |column 2 |column 3
100x4.0 | 250x4.0 | 300x4.9

mm ID | mm ID | mm ID
1. | MCYST-LA 1.396 3.386 3.277
2. | MCYST-LR 1.652 4.074 3.109
3. | MCYST-[Dha'"|]LR 1.630 3.989 4.068
4. | MCYST-[D-Asp’]LR 1.633 3.953 3.705
5. | MCYST-RR 2.110 5.246 5.844
6. | MCYST-[Dha’]RR 1.938 4.846 6.155
7. | MCYST-[D-Asp’]RR 1.969 4.898 5.737
8. | MCYST-YR 2.543 6.142 3.515
9. | MCYST-YA 1.405 3.627 4.251
10. | MCYST-AR 2.053 5.232 6.256
11. | MCYST-LY 2.317 5.764 7.918

(1) Column Spherisorb 5S ODS2, 100x4.0 mm ID (Hewlett-
-Packard)

(2) Column Spherisorb 5S ODS2, 250x4.0 mm ID (Hewlett-
Packard)

(3) Column Resolve CI8, 300x3.9 mm ID (Waters)
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Fig. 1. The separation of MCY STs standards mixture and ex-
tracts of blooms samples received from Sulejow Lake, where:
(1) MCYST-LR; (2) MCYST-LA; (3) MCYST-YR;
(4) MCYST-YA; (5) MCYST-RR; (6) MCYST-AR and
(7) MCYST-LY, (column Resolve CI 8 from Waters,
300%3.9 mm ID, the flow rate 1.0 ml/min, absorbance at 240 nm
was measured).

water. The cyanobacterial bloom samples were colected
by skimming across the water surface with 25 mm plank-
ton net. The larger particles and zooplankton were separ-
ated by using different sieves. Later the bloom samples
were liophilized. The water samples were collected from
a depth of 0.3-0.6 m, in dark glass bottles with the addi-
tion of sodium azide NaN; (0.05% w/v), and were stored
at +4°C. The standards of microcystins: MCYST-YR,
MCYST-LR and MCYST-RR and were received from
Calbiochem (USA) and Sigma (USA). The other stan-
dards were received from Dr. Karina Sivonen laboratory
(University of Helsinki, Finland). The following SPE car-
tridges were used: Bakerbond C18, SAX, DEA, NH,, CN
(1000 mg, J.T.Baker, USA). All chemicals used in the
experiments were of analytical grade (J.T.Baker, USA
and Merck, Germany). All experiments utilized single
use equipment [27-36].

Extraction and Clean-up Methods

200 or 500 mg of freeze-dried (liophilized) algal cells
were extracted in 100ml of mixture (5% n-Bu-OH, 20%
MeOH, 75% H,0) for 30 min. using a magnetic stirrer at
low speed. Later the mixture was ultrasonificated in
ultrasonificator type XL 2020 (Misonix Inc., USA) with
afull power 500W by 10 min. The extract was centrifuged

by 30 min. (2,000xg, ultracentrifuge WE-6 from Unipan,
Poland and microcentrifuge XX-42 from Milipore, Ja-
pan). The supernatant was separated by ultrafiltration
(0.47 um GF52 filter from Schleider and Schnell, Ger-
many) and in the inert gas flow to volume 15-20 ml. Later
samples were preconcentrated and partially prepurified
by SPE technique (SPE-12G from J.T.Baker, USA) and
finally filtered on 0.45 pum filter (Amersham, USA) to 0.5
ml volume [37-41].

The water samples (1000 ml) were filtered for re-
moval of the mechanical inorganic and organic pollutants
(0.47 pm GF52 filter from Schleider and Schnell, Ger-
many) and later were separated and partially prepurified
by SPE method (SPE-12G from J. T.Baker, USA) by the
same method as extracts of bloom samples [37-41].

Chromatographic Analysis

The water and bloom samples after preconcentration
by SPE technique were separated by RP-HPLC method
(HP 1050 with UV/VIS detection from Hewlett-Packard,
USA and HPLC 600E with 990 DAD detector from
Waters, USA) on columns types C18 (columns
Spherisorb 5S ODS2 100x4.0 mm ID and 250x4.0 mm ID,
equipped with precolumns C18 4x 4.0 mm ID from Hew-
lett-Packard, USA; column Resolve C18 300x3.9 mm ID
from Waters, USA and Econosil C18 250x4.6 mm ID
from Alltech , USA) with detection at 240 nm, volume of
injection loops were 20.0 and 250.0 pl. The samples were
separated by gradient and isocratic methods with applica-
tion of acetonitryl, methanol, ammonium-acetate buffer,
phosphate buffer and addition of sodium sulfate, with
aflow-rate of 1.0 ml/min. [41].

Results and Discussion

The retention times for different microcystine toxins
are given in Table 2. The chromatograms of different
MCYST standards and extract of biological samples
(blooms) from Sulgjow Lake is presented in Figure 1 and
the main toxic components in Polish lake bloom samples
are given in Table 3. The chemical structure of main

Table 3. The main microcystine compounds in blooms collected
from Polish Lakes.

No. Microcystine Cog}cm My LDeg

(%) (Da) | (ng/e)
1. MCYST-LR 85-95 994 50
2. MCYST-RR 2-8 1037 600
3. MCYST-LA 1-4 909 50
4. MCYST-YR 1-2 1044 70
Di MCYST-YA ") 959 100
6. MCYST-AR *) 952 250
7. MCYST-LY *) 1001 90

(*) MCY STs probably present in blooms but not quantitative
determined in collected samples.
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Fig. 2. The chemical structures of main microcystines present in blooms samples from Polish lakes: (a) MCYST-LR and (b) MCYST-RR.

microcystines present in blooms in Poland are present in
Figure 2. The chromatograms of MCYST-LR standard in
different concentrations and calibration line are pres-
ented in Figures 3 and 4. The UV/VIS spectrum of
MCYST-LR standard are presented in Figure 5. The
chromatograms of cyanobacterial bloom extracts are
presented in Figure 6 and the chromatograms of lake
water and tap water from Lodz town are presented in
Figures 7 and 8. The mean concentration of MCYST-LR
in blooms samples, Sulejow lake water and MCYST-LR
concentrations in drinking water from Lodz town area
are given in Tables 4 and 5. The exemplar relation be-
tween MCYST-LR concentrations in bloom samples,
Sulejow lake water and drinking water in Lodz at 1995
year is presented in Figure 9. The mean concentration of
MCYST-LR in blooms from Jeziorsko and Wtoctawek
are given in Table 6.

The main component of microcystines present in tes-
ted Polish lakes (Sulejow, Wioctawek and Jeziorsko) was
MCYST-LR (Figures 1 and 2), which make about
85-95% of all microcystines contained in bloom (Table
3). It is a similar situation to that in other countries,
where the main components of toxin are: MCYST-LR,
MCYST-RR, MCYST-YR and their isoforms [Dha’], [D-
Asp’] and [Dha’,D-Asp’] [42-53]. In the tested materials
the content of MCYST-LR were higher than was
observed for Finish lakes, where the content of
MCYST-LR ranged between 14-57% and were 12-35%
for MCYST-RR [44] or 31-81% of MCYST-LR in
blooms from Suwa Lake in Japan [52]. Only in Brazilian

- 500 g fml
L e St 250 pg/ml
ARG ooy
"I ’l,l "’4 ‘,,) ”l "'II’ 50 pg/ml
. H\'—L’ L L 25 pg/ml

0123456 71y

Fig. 3. The chromatograms of MCYST-LR standard separated in
different concentrations by RP-HPLC method on column CI 8
(column Spherisorb 5S ODS2 from Hewlett-Packard, 100x4.0
mm ID, the flow rate 1.0 ml/min, absorbance at 240 nm was
measured).
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Table 4. The concentration of microcystine-LR in blooms and
water from Sulejow Lake in period 1993-1998.
30 CALIBRATION LINE
Mean content of microcystine-LR ’
N Year Blooms sample Lake water
1 & (ng/g) (ng/L) & 251
range mean range mean g
1| 1993 | 16-149 | 74+/-56 X X =~ 20-
2. 1994 5-191 81+/-71 X X ﬁ '
3. 1995 8-427 |120+/-111| 00-68 |[23+4/-1.8 C?.
4. | 1996 | 6-227 | 994/-67 | 00-53 |1.9+/-12 % 197
5. [ 1997 | 7-286 |1034/-86] 00-46 [1.5+/-14 o
6. | 1998 | 4-168 | 76+/-53 | 00-27 [0.8+/- 07 <10+
(*) Samples were collected from June to November.
05 1
Table 5. The concentration of microcystine-LR in drinking water
from Lodz town area in 1995-1998. N
Content of microcystine-LR in drinking 30 10_0 s 200 250
y Year Srokar eog T bk Concentration MCYST-LR (ug/ml)
=l » (ug/L)
range R Fig. 4. The calibration line between MCYST-LR concentration
and area of peaks (chromatographic conditions the same as in
1. 1995 00-3.1 0.7 +/-0.9 Figure 3).
2. 1996 00-19 04 +/~0.5
3. 1997 0.0-2.0 0.5 +/- 0.6
4. 1998 0.0-1.7 0.3 +/-04

(*) Samples were collected from June to November.

Table 6. The concentration of microcystine-LR in bloom samples
from Jeziorsko and Wioctawek Lakes in 1996-1998.

Content of MCYST-LR in bloom samples (ug/g)
No. Y(f;" Jeziorsko Lake Wioclawek Lake
range mean rangc mean
1. 1996 15-390 |187+/-115 8—-460 |210+/-135
2. 1997 18 -450 |212+4/-101| 12-438 |206+/-112
3 1998 10-275 | 93+4/~102 | 6-283 84+/-100

(*) Samples were collected from June to November.

lakes [51] was MCYST-LR in general the main fraction,
as in Poland. In difference to the observations of
Watanabe [52], this composition of microcystine in
bloom was very constant and didn't change during the
summer of 1995. Very similar results were obtained for
other summer seasons in 1993-1998, where the main
compound was MCYST-LR in concentrations ranging
between 85-95% of mass of microcystine toxins.
Concentrations of MCYST-LR were determined from
calibration line with a very good linearity at range 25-500
p*ml (Figures 3 and 4). Concentrations of MCYST-LR
were determined in bloom samples (Figure 6), lake water

A
0.12-
0.08-
]
0.0:.-;
01 ~
200 250 300 350 nm

Fig. 5. The UV/VIS spectrum of MCYST-LR standard (Sigma,
USA).

(Figure 7) and tap water from Lodz (Figure 8). In addi-
tion, to all samples was added MCYST-LR standard for
control of quality of separation and stability of retention
time. The level of MCYST-LR concentration in bloom
samples ranged between a few micrograms at the begin-
ing of summer season to a few hundred micrograms in
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Fig. 6. The chromatograms of bloom samples extracts separated
by RP-HPL C method on column C18 type (column Spherisorb
5S ODS2 from Hewlett-Packard, 100x4.0 mm ID, the flow rate
1.0 mi/min, absorbance at 240 nm was measured, samples were
collected between 14.06.1995-7.09.1995).

the autumn (Tables 4 and 6, Figure 9). The similar results
were obtained for al three lakes tested in experiment
(0.010-0.450 mg/g Jeziorsko, 0.006-0.460 mg/g Wloclawek
and 0.004-0.427 mg/g Sulejow). The amounts of
MCYST-LR in particular material (bloom samples) from
lakes: Sulejow, Wloclawek and Jeziorsko were lower than
reported in: Lake Tuusulanjarvi in Finland (0.01-0.79
mg/g) [50], Alberta lakes in Canada (0.01-0.74 mg/g) [54],
Suwa Lake in Japan (0.05-0.82 mg/g) [55] or in Slovenian
lakes (0.01-0.85 mg/g) [53].

The concentrations of microcystine-LR in Sulejow
lake water ranged between 0.0-6.8 pg/L (Table 4, Figure
9) and were similar to those reported by Lahti and
coworkers [50] for Tuusulanjarvi Lake in Finland
(0.01-7.40 pg/L) and were lower than reported by: Lin-
dholm and Meriluoto [56] for other few Finish lakes
(20-30 pg/L), and Park and coworkers [55] for Suwa Lake
in Japan (0.1-30.1 pg/L for MCYST-RR and about
0.1-20.4 pg/L for MCYST-LR). Only Watanabe and
coworkers [57] (1.1 pg/L), and Jones and Orr [58] (4.7
ug/L) reported lower concentrations of MCYST-LR in
lake water. The maximums of MCY ST-LR concentra-
tions in lake and drinking water were removed in relation
to maximums of MCY ST-LR concentrations in bloom
for about 7 -14 days (Figure 9).

There are not so much publications about present and
degradation of cyanobacterial toxinsin natural water.

MCYST-LR

Standard

/250795

’ / ’ 7

/ 1.07.95

/' 28.06.95
5 tR

Fig. 7. The chromatograms of water samples from Sulejow Lake
separated by RP-HPLC method on column C18 type (column
Spherisorb 5S ODS2 from Hewlett-Packard, 250x4.0 mm 1D, the
flow rate 1.0 mi/min, absorbance at 240 nm was measured, water
samples wre collected between 28.06.1995-25.07.1995).

Microcysins are normally present only inside cy-
anobacterial cells and enter the surrounding water after
cell lysis [59,60]. In laboratory studies the decimal reduc-
tion time (biodegradation time) for the dissolved micro-
cystins in water varied from 3 to 40 days [58, 60-63]. In
natural system the full biodegradation of microcystins
disolved in lake water were about 45 days (Figure 9).
Based on literature data, the level of MCY ST concentra-
tions in lake water used as reservoirs of drinking water
ought to be lower than 2.0 pg/L.

We also observed the presence of MCYST-LR in
drinking water from Lodz, well correlated with the level
of MCYST-LR concentrations in Sulgjow reservoir (Fig-
ure 9). The concentrations in drinking water ranged be-
tween 0.0-3.1 pg/L (mean 0.7 +/- 0.9 pg/L in 1995) (Table
5). The time for full dissappearance was about 35-40

days.

Conclusions

1 The dissolved microcystins were detected in all
three Polish lakes water during decomposition of cy
anobacterial bloom, and were observed about 60 days
after maximum concentration of microcystinesin bloom.

2. The main component was MCY ST-LR (85-95%)
and in addition aso were observed: MCYST-RR,
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Fig. 8. The chromatograms of drinking water from Lodz town
area collected at 3.08.1995, (a) chromatogram of extract od
drinking water prepared by SPE method, (b) chromatogram of
extract of drinking water with addition of MCY ST-LR standard
(column Spherisorb 5S ODS2 from Hewlett-Packard, 100x4.0
mm ID, the flow rate 1.0 ml/min, absorbance at 240 nm was
measured).

-8 Soom samples 1995
" B8 Lake's waler 8
® oo Tap walter - bdd#

Mg MCYST-LR/g
M3 MCYST-LR/L

Fig. 9. The exemplar relation between MCY ST-LR concentra-
tions in blooms sam-ples and MCY ST-LR concentration in
Sulgjow Lake water (June-November 1995).

MCYST-LA and MCYST-YA (together about 4-14%).
Probably also were detected: MCYST-YA, MCYST-AR
and MCYST-LY.

3. The content of MCY ST-LR in bloom samples were
about: 0.004-0.427 mg/g for Sulejow Lake, 0.006-0.460

mg/g for Wloclawek Lake and 0.010-0.450 mg/g for
Jeziorsko Lake.

4. The concentration of MCY ST-LR in water from
Sulgjow L ake ranged between 0.0-6.8 ug/L and reduction
time for disappearance of toxin was about 45 days from
the maximum concentration.

5. Also were observed the varied contents of
MCY ST-LR in drinking water in Lodz, ranging between
0.0-3.1 ug/L.

6. Microcystins were detected in Polish lakes, similar
for the other Europen countries. Water quality ought to
be controlled and there must be a described method for
drinking water pretreatment.
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