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Abstract. This paper will update some information
related to cyanotoxins detected in lake Torment, a
recreational freshwater body in Nova Scotia, Canada.
The goal of our paper is to present the detected toxins
released by Toxic Algal Blooms and introducing the
method of measurement by using the ELISA test. The
results can show a very potential approach of toxin
detection which could be applied in Ukraine or other
countries where cyanotoxin detection in fresh and
marine water ecosystems are still not well devel oped.
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1. Introduction

Lake Torment is located in Kings County, Nova
Scotia, Canada (Fig. 1), belonging to the LaHave River
watershed system. Thee is a series of three
interconnected lakes in this system: Chain lake from the
upstream which drains into Armstrong lake, the second
drains into lake Torment, which is quite deep on the
South part with thin sediment layer at the bottom. The
more oriented to the South, the deeper bottom
configuration which is normally shallow and rocky at
the North. The lake is used for residential and
recreational purposes. It is surrounded by forests and no
agricultural activity nearby. Lake Torment is a
dystrophic lake with brown water, low pH, low
carbonate level and high organic contents [1]. The
apparition of agal blooms in lake Torment was
seriously mentioned since 2014. However, there was no
previous study as well as a monitoring program about
water quality in this watershed till 2014. In 2014-2015,
some nutrient measurements but no data connecting to

biological parameters except for some rare chlorophyll-a
values (once a month a one deep location) are
monitored by Kings County [1,2]. Our Biofluids and
Biosystems Modeling Lab (BBML) was involved in the
study of cyanobacterial blooms in lake Torment since
2015, when Doalichospermum flos-aquae in high
biomass was identified [3], but the systematic
monitoring was officially organized by our Lab since
2017 [4].

The surface bloom apparition was random from
June to November and the number of bloom episodes
increased from 2014 to 2017 when our monitoring
program was established. As blooms were created by
Dolichospermum flos-aquae, which is considered as
potentially toxic (producer of microcystins, anatoxins
and some tiny amount of saxitoxins), a program for
cyanotoxin monitoring is an indispensable step.

Microcystins are cyclic peptides (hepatotoxin) and
the main freshwater toxin which mostly produced by
Microcystis sp., but it could be found in blooms of
Anabaena sp. (Dolichospermum sp.), Planktothrix,
Oscillatoria sp. [5]. Thisfamily of toxinsisintracelular,
i.e. only being released during the cell death and
destruction.

Anatoxin is a group of akaloids, classified as
neurotoxins. It can be found mostly in Anabaena sp.
blooms [5]. But the phylum of Oscillatoria,
Aphanizomenon and Cylindrospermum can aso release
thistoxin in the water [6].

There are several methods that are commonly used
in  microcystin and anatoxin detection, including
commercial enzyme-linked immunosorbent assays and
liquid chromatography (LC) coupled with electrospray
ionisation and different mass anaysers [7, §].
Mirocystins can be detected by protein phosphatase
inhibition assays and reversed phase high performance
liquid chromatography (HPLC) as wel [7]; while for
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anatoxins other methods are applied such as colorimetric
receptor-binding assay and GSMS [8]. Liquid
Chromatography-Mass Spectrometry LC-MS/(MYS) is the
best approach to detect cyanotoxins, but the cost of the
equipment and reagents is very high. Therefore, the
LC-MY(MS) does not allow a wide use in cyanotoxin
determination/detection around the world, especialy in
the devedoping and underdevdoped countries. The
Enzyme-linked Immunosorbent Assays (ELISA) are
otherwise a cheaper dternative for the screening of big
number of samples in short time to get reliable
guantitative results. Unfortunately, for microcystins,
ELISA cannat digtinguish the type of microcystins, as it
could help identify only thetotal microcystin content.
Due to its reasonable cost and user-friendly
technique, the ELISA kits (Warminster, PA, USA)

become a ‘quick’ and useful test to detect certain
cyanotoxins. The aim of this paper is to show
the application of ELISA kits as an easy detection
method during and after cyanobacterial blooms.
Moreover, this paper will contribute to the scientific
literature as the first publication about toxin
production of cyanobacterial blooms (Dolichospermum
flos-aquae) in acidic lakes in Nova Scotia province.

2. M ethodology

2.1. Fiedd sampling locations and L ab analysis

Sampling took place during 2016-2018, mostly
connecting to the bloom period. Sample locations and
their coordinates arein Fig.1 and Table 1.
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Fig. 1. Lake Torment sampling maps
Table 1
Coordinates of sampling locationsin Lake Tor ment
Lake Torment
Location N-Coordinate W-Coordinate N-Coordinate W-Coordinate
2016-2017 2018
T1 44.71798 064.74467 44.71798 064.74467
T - - 44.72619 064.73376
T2 44.72710 064.74387 44.72710 064.74387
T2 - - 44.72713 064.74450
T3 44.72715 064.73530 44.72715 064.73530
T4 44.73933 064.74036 44.73933 064.74036
T5 44.74369 064.73926 44.74369 064.73926
T6 44.74960 064.74142 44.74960 064.74142
T7 44.75008 064.74615 44.75008 064.74615
T8 44.75116 064.74110
T9 44.74580 064.73930
T10 44.74213 064.74172
T Dave 44.72186 064.74819 44.72186 064.7481
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The following is general monitoring steps processed
from our Lab for lake and reservairs, induding:

1. Sampling of the lake at |east once a month;

2. The fiddd parameters are measured for pH,
temperature, dissolved oxygen (DO in mg/L and %),
conductivity at the surface (0.5m) and bottom levels (Im
above the bottom) by using YSI Probe (Professional
Plus, Hoskin scientific LTD, USA); and transparency by
using Secchi disk.

3. If there are blooms present at the lake/reservair,
sampleswill betaken for the taxonomy anaysis.

4. Water was collected from two levels: surface
(0.5m) and bottom (1m above the bottom) in duplicate
samples (location in Fig. 1);

5. Different nutrient andyses incduded phosphate-
phosphorus, total phosphorus, ammonium, nitratet+nitrite,
slica, total iron, chlorophyll-a, phycocyanin.

6. Water samples from blooms and after bloom
period were analysed for microcystins and anatoxin-a

In the context of this paper, we would just describe
the anaysis conducted for cyanotoxins. Nutrient
andysis and al other field measurements such as Secchi
disk depth or dissolved oxygen (DO), etc. will not be
mentioned here.

2.2. Principle and process of toxin analyses by
ELISA tests

The principle of ELISA test is based on the
competition of binding for toxins and enzyme conjugate
(microcystin or anatoxin-a) to the anti-microcystin (or
anti-anatoxin) antibodies in solution and then binding to
the goat anti-mouse antibody which coated the wells.
Substrate solution works on the color development. The
intensity of color is inversely proportiona to the
concentration of microcystins or anatoxin-a. The
absorbance was read at 450 nm using a microplate
reader (Thermo Scientific, USA) (Fig. 2). The quantified
concentration based on MC-LR/ anatoxin-a standards
and by 4-parameter evaluation. Limit of detection is
0.15 ug/L.

The advantage of this method is the use of direct
water sampled from the lake. For anatoxin-a, water
samples from the field were preserved by adding
provided diluent from the kit to dow down the
degradation of anatoxin-a as this process is very rapid
[6]. All sampleswere kept in -20 °C freezer until the day
of measurements. The plate consists of 96 waells.
Standards for MC-LR/Anatoxin-a ae used for
quantification of microcystins. In tota 38 samples in
duplicate (25 in triplicate) can be analysed at once.
Three times freeze-thaw cycles were used to lyse the

cells, which is the requirement if we need to detect the
total toxin content in the water. These toxins are
intracellular origin, i.e. the toxin remains inside of the
cell until the cdl lysis. After the cell breaking down,
samples were filtered using GF/C filter to remove all
particulate material. All samples were processed
according to the Abraxis ingructions. Briefly, the
principle and procedure to measure microcystins and
anatoxin-a by ELISA test are explained in Figs. 2-3
bel ow.

The Microcystins Adda-DM ELISA kit can analyse
the total amount of microcystins and nodularins in the
water. The principle is based on the recognition of the
Adda branch of the toxins. One of the disadvantages for
this strategy is that non-toxic Adda appearing in the
water after the microbial degradation of toxin can be still
detected, i.e. results could be overestimated [9]. The
ELISA kit for anatoxin-a measures only anatoxin-a
content in the water samples.

The procedure to measure cyanotoxins according
to Abraxis's instruction is shown in Fig. 3, for only
anatoxin-a and total microcystins. All steps were
processed following the provided procedure from the
company. Briefly, for microcystins, 100 pL of the
standard solutions, control, or samples were added to
the appropriate wells. Analysis of standards were in
triplicate and samples in duplicate. 50 uL of the
enzyme conjugate solution was added to all of the
wells, followed by addition of 50 UL of the antibody
solution. Incubation of the plate for 90 minutes at
room temperature was done. Three times washing
with at least 250 pL of wash buffer for each time was
used. Next 150 pL of substrate (color) solution was
added to all the wells and after 20-30 minutes of
incubation at the room temperature, 100 UL of stop
solution was added. Absorbance at 450 nm using a
Multi-scanner FC (Thermo Scientific, USA, Fig. 2)
was done within 15 minutes of adding the stop
solution. The procedure for axatoxin-a, quite similar,
isalso shown in Fig. 3.

Fig. 2. Left: ELISA kit; and Right:
96 well plate with Plate scanner (Microplate reader)
used for the toxin analysis



48 Kateryna Hushchyna, Kayla McLelan, Tri Nguyen-Quang

Allowr tha samplas and Add standards and control to Add the an=yme conugate
kat reagents to come to —* the wells induplicate or | sohotion to the wells
room temperature. triplicate
' !
Add the anhbody solution to the
wells.
Incubate for 90 mme (for Waszh sirips 3 Himes usmz Add the substrate (colour)

microcystng) ! 60 mms (for —* wach buffer
amatoin-a) at room

| solotion to the wells.

temperature
- —
- 'll lll |”|| Incubate m room temperature for
A 20-30 mins
s #\
. Ly
el cn s aain
b
Add the stop solution to the Read the absorbance at
wells in the same saquence a5 4| #50um with microplate
the color solution. reader withm 15 mins.

Fig. 3. The genera procedure for both Anatoxin-aand Total Microcystins by ELISA tests

3. Reaults and discussion

In a general view of cyanotoxin detection for lake
Torment, we started analyses of microcystins from
20162018, and of anatoxin-a data from 2016-2017
(Table 2 below). Although we measured all of samples
collected accordingly to the plan shown in Fig. 1, most
of the data presented herein were from Dave's Cove (a
permanent resident of lake Torment), where the
environmental conditions favored the accumulation and
aggregation of cyanobacterium. Dolichospermum flos-
aquae was identified as responsible for al bloom
episodes from May to November in 2016-2018. Only in
late fall bloomsin 2017 Microcystis aeruginosa, another
cyanobacterial species, was co-identified with high
biomass (Fig. 4). The bloom apparition in lake Torment
is different from year to year, but it could be
summarized into five scenarios for 2017-2018: May
and/or early June, late June, August, September; and
October blooms. The latter can pergist until the middle
of November.

The results of total microcystins and anatoxin-a are
in Table 2. In Canada, there exigts only the regulation
related to microcystins for drinking and recrestiona
water. For drinking water, the regulation is 1.5 pg/L of
microcystin-LR [10] and for recreational waters, this
limit becomes 20 pg/L of total microcystins [11].
Anatoxin-a is only regulated in the province of Quebec

[12] where the limit for drinking water is 3.7ug/L and
for recreation 40 pg/L.

Abundance (cellfmL) at Dave's Cove on
November 13, 2017

Other,

229682 [1.62%) Dolichospermum

flos-agquae,
Microcystis 4801272 (34.4%)
aeruginosa,
8725748 (62.4%)
Aphanothece
bachmannii,

220371 (1.58%)

Biomass (pg/L) at Dave's Cove on
November 13, 2017

Other,
Microcystis 36684 (2.6%)
aeruginosa,
292402 (20.7%)

Dolichospermum flos-aquae,
1086022 {76.7%)

Fig. 4. Taxonomy results from Dave' s cove
on November 13, 2017
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The analyses of the data 2016-2018 show that all
microcystin concentrations closer to 1.5 pg/L appeared
only at the end of August and increased rapidly in the
fall season. Even though lake Torment is a recreational
waterbody, concentrations of microcystins are detected
very close to drinking water regulation, therefore
dangerous for human beings and animals in case of
swallowing the lake water.

In 2018 there was a series of blooms appeared at
TDave location in the end of August (27-29 August).
Water was collected with the interval of 6 hours to see
the dynamics of microcystins accumulation. Depending
on the scum size and scale, concentrations of toxin were
different. It was visually observed that the accumulation
of scums appeared around noon time and persisted until
the evening but disappeared in the morning, i.e. the
water became clear from cyanobacterial scums at the
morning time. Microcystin concentration widely varied
in this context from 0.3 pg/L to greater than 100 ug/L,
and then decreasing (even disappearing) at night and
increasing at noon.

The anatoxin-a was present with very small amounts
in June 18 and August 17 2017. In 2018 no significant
value of anatoxin-a was detected through al the
sampling season as showed in Table 2. However, that
does not mean the lake was anatoxin-free because our
method with ELISA test and even with LC-MS did not
reach values lower than their limits of detection.

Table 2
Toxin data from 2016 to 2018
. Microcygting | Anatoxin-a,

Location Dae uglL uglL
TDave November 16, 2016 <015 <015
TDave June 18, 2017 0.74 035
T2 bottom | June 24, 2017 <015 <015
T7 battom | June 24, 2017 0.24 <015
TDave August 17, 2017 - 032
TDave August 29, 2017 >50 <015
TDave September 9, 2017 094 -
TDave September 16, 2017 >25 -
TDave August 27, 2018 6pm 132 -
TDave August 28, 2018 noon >100 -
TDave August 28, 2018 6pm 034 -
TDave August 29, 2018 6am 0.67 -
TDave August 29, 2018 noon 201 -
surface
TDave August 29, 2018 noon 0.65 -
bottom
TDave October 4, 2018 122 -
TDave November 15, 2018 <0.15 -

“—" . samples were not measured for that toxin

Some interesting events recorded for cyanotoxin
detection at Dave's cove are hereby described (Fig.5).

Microcystins and Anatoxins [pg/L ) at Dave Cove in Torment Lake

16 >25
14
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»*5
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0.15 | -
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<
0 —
20 2017

M Microcystins, pg/L

0.15
. B

>100

<0.15

M Anatoxin-a, pg/L

Fig. 5. Microcystins and Anatoxin-a detected in Dave Cove from 2016 to 2018

The November 2016 samples showed a concentration
of microcygins that was lower than the detection limit.
Microcystins were present in summer 2017 samples except
T1' a the bottom on June 24. In June, concentrations of
microcystins were lower than 1.5 pg/L. Samplesin theend

of August had concentration grester than the mean
measurement range (1.5to 5 pg/L).

The same samples for microcystins and one
additional one of August 16 2017 were aso tested for
the presence of anatoxin-ain the water. Only very small
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concentration of anatoxin-a (around 0.3 pg/L) was
detected in samples of June 18 and August 16 2017. Itis
interesting to note that two types of toxins were present
at the sametime in the water on June 18 2017.

In 2018, many water samples tested for microcygtins
presented postive results. From the bloom sample of
August 27, the concentrations of microcystins were found
low: between 0.1pg/L and 1.32 pg/L. The highest
concentration of microcystins was found at Dave s cove on
August 28 at noon, with avalue greater than 100 pg/L.

No blooms were observed in this cove after August
until October 4™ 2018. Analyses of total toxins in October
found microcydins (12.2 pg/L) without the presence of
anatoxins. The increase of microcystin concentration was
ads obsaved for the 2017samples Therefore, it is
concluded that there is a tendency of the toxin growth due
to drains of Dolichospermum flosaquae in fal. Our
November samples were analyzed but did show no signs of
bloom accumulation, and hence toxin-free

Conclusions

Lake Torment is an acidic lake with a pH around
5-6. The geology of lake bottom is poor bedrock with a
low nutrient sediment content [2]. Nutrient limitation
creates poor conditions for cyanobacterium growth.
However, meteorological conditions are one of the
reasons of Dolichospermum flos-aquae growth.

Warmer spring in 2017 gave the favor to the earlier
blooms in May, while a cold spring in 2018 has
postponed this event to the middle of June. The warm
fall of 2017 supported the bloom growth till the end of
October, while in 2018 the last bloom was observed in
the beginning of October dueto a cold September.

There are gill many unknown rdationships of toxin
rdeases and environmentd factorsin the lake Tha will be
the next gep of our research. However, it is quditatively
naticed that there is a high accumulation of microcystins in
colder water (beginning of fall season) and the presence of
anatoxin-a aso associated with the cold water.

It isfound that there is a variety of toxins with high
concentration in a bloom, where we also found the
presence of two main different cyanobacterial species
coexisting. This cohabitation of these two species
Dolichospermum  flos-aquae and Microcystis
aeruginosa could be the reason for different toxins
detected with high concentrations.

Monitoring results from 2016-18 showed the need of
further research in Lake Torment for the rdationship
between toxin variety and concentration associated with
cyanobacterid species detected in different seasons and how
these factors can belinked to environmental conditions

It should be noted that all these tests only reflect the
conditions in the lake at the time of sampling. Prior to,
or after the sampling moments, conditions are certainly
not the same.
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