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Cylindrospermopsin (CYN) is an emerging freshwater cyanobacterial toxin, and its reports on toxicity
toward the human liver and kidney tissues has drawn a lot of attention. An appropriate analytical method is
necessary to determine the presence of this emerging cyanobacterial toxin in water resources including drinking
water; therefore, it is necessary to develop a sensitive analytical method for CYN detection. In this study, we
developed a simple and sensitive analytical method for CYN detection using liquid chromatography-tandem
mass spectrometry (LC-MS/MS) using direct injection. The method was validated for linearity of calibration,
limit of detection, limit of quantitation, accuracy, and precision. The limit of detection and quantitation were
in the range of 0.029 pg/L and 0.091 pg/L, respectively. Accuracy and precision were also obtained within an
acceptable range. The optimized method was used to measure the concentrations of CYN in the surface water
from each weir areas of the Geum River, Nakdong River. Additionally, this method was applied to samples
of drinking water obtained from the treatment plants of the Geum River, Nakdong River for each process.
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Table 1. Physical and chemical properties of common
cylindrospermopsins

kS

Property Cylindrospermopsin

CAS Number 143545-90-8

Chemical Formula C,sH,NsO,S
Average Molecular Weight (g/mole) 415.43
Monoisotopic MW (g/mole) 415.12
Log P(Octanol-Water) -1.1
pKa -1.6
Solubility in Water High

4 415.43 g/mole|H, {HIAIG Log P(Octanol-Water)y= —
L1, AWl 3 pKa= —1.60]t}. ol&st B4 548 3
3l CYN2 EolX &2 548 71 A4 (free
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LC-MS/MS A]2=8l2 UHPLC 1290 Infinity II !
6495C QQQ tandem mass spectrometer(Agilent, CA,
USA)E ol&s18em, £4 columne Acquity HSS T3
(2.1 x 100 mm, 1.8 um; Waters, USA)S AMg-313itt. 4
HE] & electrospray ionization (ESI}H2] positive mode
(+ESDHZE ©]3}351%.2 ™, multiple reaction monitoring
(MRM) mode?l~4] Cylindrospermopsine 29 5}%3th.
MRM Z271& 23t LC-MSMS % 2712 Table 2,
Table 3ol f.°FslSct.

23 AE M+ " 2N

Table 2. Liquid chromatograph (1290 Infinity II model)
conditions for the cylindrospermopsin analysis

Parameter Conditions or value
Injection volume(pL) 10
Flow rate(mL/min) 0.2
. A : 100mM Acetic acid in water
Mobile phase B - Methanol
Run time(min) 14
Column Acquity UPLC HSS T3,

2.1 x 100 mm, 1.8 pm

Column Temp.(°C) Not controlled
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Table 3. Mass spectrometer (6495C QQQ model) conditions
for the cylindrospermopsin analysis

Parameter Conditions or value
Cylindrospermopsin 416.13 — 336, 194.1
Gas Temp.(C) 270
Gas Flow(L/min) 11
Nebulizer(psi) 35
Sheath Gas Temp.(°C) 350
Sheath Gas Flow(mL/min) 11
Capillary(V) 4000
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Chemical structure of cylindrospermopsin.
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Fig. 2. MRM chromatograms of LC-MS/MS of cylindrospermopsin standard at a concentration of 2 ug/L spiked in deionized

water.



74 A - AR

015)1M %= 2 A AR AFFe] dHS #8510
CYN 1S 9519 om, F49] =2 anatoxin-a2}
SAEA 21S AgEY

E AFoMe o5 SE 100mM acetic acid 2
methanots: Zste] HA st A@& Fa CYNe| 474
85 913 methanol W3} HIES 10%= A7 s
gradient 2714 SF3IAT) AAGs LC 700 =4
°] = CYN €& ¥ "¥52 05858 M= 44
Al MEE A7 oF 498004 HEEATHFig. 2).

3.2, EAMdrHo| fSH

3.10004 =iz upe} Fro] S4 B4 v g S
A AHS AR83E LC-MS/MS EAS A58 97t
3171 98l He & 2 A AN 3E4
9l AERFAETE(QA/QC) FES THOZE 9%
T A8 221olA ge] 24 (linearity)S 71
B}, WSS (limit of detection, LOD), W7 2al
Al(limit of quantitation, LOQ), % &= (accuracy) 2
U5 (precision)S AHE3IAT]
AIFel CYNZF 0.3~8.0 pg/L 919 557t HEs
TEAS 7R T AEE sl ARFAE A
A}, 2 3% 0.998 ol el A4S AATH(Fig. 3).
A Gl AAFA] HA T2 03wyl AFEE T
TAete] A gkl Ul 3.14(73] WEEEA Ol o)
gk 99% Al=7lelMe] ghs w3 #he HETA(LOD)

EK|

i)
=

0o
2, 10& w3 3k F=A(LOQ)R AR A}, LOD
Cylindrospermopsin - 7 Levels, 7 Levels Used, 7 Points. 7 Points Used. 0 QCs
8 x10 5 | y = 59976.679180 * x - 6701.075765
13 1 R*2 =0.99833636
% 4.8 Type:Linear. Origin:Iinclude. Weight:None
o« 464
4.4
4.2
ad
3.84
3.6
3.4
324
3]
2.8
2.6
2.4
2.2
24 -
1.84 ) =
1.6 ~
1.4 -
1.2 -
14 //'/'
0.8 - -
0.6 e
0.4 -
0 ; /',c
0.2
04

kS

- el

2 LOQE ZH2t 0.029, 0.091 pg/LO1ATH(Table 4). L
2 mpo]AZA|2El LR H3f A HeE A
2 A7)0 1.0 wg/Le] 1/10 55290 0.1 pg/Lel™,
EPA method 5452] CYN # AR 74F(LCMRLs)S
0.063 /L 7202 AA=o] Uch!®) F=gk CYNol| tigh
WHO +-85 7lo]=2iel B EPA 3-8 7IEe| 712}
0.7 ug/L, 3 pg/LlS refshd # Ao = 4=d CYN
A= ABRAS 93 A8 7Y Z0E Alsy
Aot A 9 AUEE 4.0 /L2 ZAS AE SIE
ZAslo] A= Ak, A= 99.4%, EEE 3.9%
2 glso], SAhat el QAQCE A FER] vlo]
AZAEE LR HEe] He] ool gsgh A}
7t 228 o= Adslgith SPE sEHAE A9
LC-MS/MS Wox HEFAE 0.9 pg/LE B I3 A}
#19el] Hls] 2 Aol A Y CYN A2y
SPES A& 55 IS 44| 283 WHO, EPAS]
& 7holueRRle A8 7Fse ATt SEEl o,
EAAE =, w5 71ERA] B /7180 A 5 A
A A 3734, AAA a3 7)oiEh

;

M
i
(=)

I
g U lo jo
r )

2|

3
RUR

ol
e

;
Lo
o
_g,
O
~
X
-+

T T T T T T T T T

8 85
Concentration (ng/ml)

Fig. 3. External calibration curve with concentration ranges in 0.3-8 ng/mL.
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Table 4. Linearity in calibration, LOD, LOQ, accuracy and precision of cylindrospermopsin

Validation category Parameter Range, value
Calibration. range (pg/L) 0.3~8.0
Linearity Calibration curve (Y =aX +Db) a: 59976.67, b: —6701.07
Linearity coefficients 0.9983
Spiked conc. (pug/L) 0.3
No of sample 7
LOD, LOQ X
LOD" (ug/L) 0.029
LOQ™ (ug/L) 0.091
Spiked conc. (pug/L) 4.0
. No of test sample 4
Accuracy, Precision
Accuracy (%) 99.4
Precision (RSD, %) 3.9

* LOD : limit of detection (SD*3.14)
" LOQ : limit of quantitation (SD*10)
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