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•
C

yanotoxins are produced by cyanobacteria 
⁻

Blue-green algae 
⁻

Prevalent throughout the w
orld 

•
N

o w
ay to distinguish a toxic bloom

 from
 a non-

toxic bloom
 

•
C

yanobacteria release toxin upon cell death or lysis 
⁻

M
ay persist in the w

ater source for w
eeks to m

onths 
•

M
ost com

m
on toxin form

ed from
 cyanobacteria are 

the m
icrocystins 

•
N

o relationship betw
een taste and 

   odor events in drinking w
ater and 

   cyanotoxin occurrence 
 

 

C
yanotoxin O

verview
 

U
SEPA

: (http://iaspub.epa.gov/tdb/pages/contam
inant/contam

inantO
verview

.do?contam
inantId=-1336577584) 

Im
age courtesy Tom

 A
rcher / M

ichigan Sea G
rant.  (http://w

w
w

.circleofblue.org/w
aternew

s/2014/w
orld/choke-point-index-great-lakes-drinking-w

ater-fouled-
by-toxic-algae/) 
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  R
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A
lgal bloom

s are caused by 



R
outes of Exposure 



M
icrocystin-LR

 

M
icrocystin 

Anabaena 

  

M
icrocystis 

A
dda 

G
lutam

ate 

•
M

icrocystin LR
 

LD
50   50 μg/kg 

•
Inhibits 
serine/threonine 
protein phosphatase 
1 and 2A

 
•

H
epatotoxic 



C
ylindrosperm

opsin 

C
ylindrosperm

opsis 

C
ylindrosperm

opsis 

Aphanizom
enon 

U
racil 

•
LD

50   50 μg/kg 
•

H
epatotoxic 

•
C

ytotoxin 



A
natoxin-a Aphanizom

enon 

Anabaena sp. 

•
LD

50   50 μg/kg 
•

N
eurotoxin 

•
Inhibits 
acetylcholine 
receptor 

Saxitoxin 

LD
50   9 μg/kg 

Anabaena 
circiralis 

Lyngbya 
w

ollei 



C
yanotoxin O

ccurrence 



  •
N

o federal regulations for cyanobacteria/cyanotoxins in drinking w
ater 

•
Safe Drinking W

ater Act (SDW
A) requires EPA to publish list of 

unregulated contam
inants present or expected to be detected in 

public w
ater system

s  
•

Contam
inant Candidate List (CCL)  

•
EPA uses CCL to prioritize research to determ

ine if contam
inant 

has sufficient data to m
eet regulatory determ

ination criteria 
specified in SDW

A  
•

As of 2012, three cyanotoxins are listed on the CCL 3:  
•

anatoxin-a 
•

m
icrocystin-LR 

•
cylindrosperm

opsin 
  A

re cyanotoxins regulated in 
drinking w

ater? 



U
S EPA

 H
ealth A

dvisory 
•

M
icrocystin 

–
10-day Health Advisory recom

m
ended 

concentrations for total m
icrocystins are: 

•
0.3 μg/L for children younger than school age 

•
1.6 μg/L for all other age groups 

•
Cylindrosperm

opsin 
–

10-day Health Advisory recom
m

ended 
concentrations for cylindrosperm

opsin are: 
•

0.7 μg/L for children younger than school age 
•

3.0 μg/L for all other age groups 

  



H
ow

 D
rinking W

ater H
ealth 

A
dvisory Levels are D

eterm
ined 

•
Tolerant Daily Intake (TDI, W

HO
) and Reference Dose (RfD, U

SEPA) use the 
N

o O
bserved Adverse Effect Level (N

O
AEL) or Low

est O
bserved Adverse 

Effect Level (LO
AEL). 

•
Safety Factors = interspecies, intraspecies, and others (up to 10,000 but 
m

any standards are betw
een 100 - 1000) 

•
Regional Difference = average body w

eight, how
 m

uch people drink 
  For detailed inform

ation, see Ch. 4 of the W
HO

 docum
ent Toxic Cyanobacteria in W

ater: A guide 
to their public health consequences, m

onitoring and m
anagem

ent. 
 

LD
50 

RfD = 
 (N

O
AEL) 

               safety factors  

Guideline Value  = (TDI or RfD)(body w
eight)(portion)  

 
 

                     L 



A
nalytical Techniques used for 

the D
etection of C

yanotoxins 

•
Enzym

e Linked Im
m

unosorbant A
ssay (ELISA

) 
•

H
igh-Perform

ance Liquid C
hrom

atography w
ith 

Photodiode A
rray D

etection (H
PLC

-PD
A

) 
•

LC
-M

ass Spectrom
etry D

etection (LC
-M

S/M
S) 

•
N

uclear M
agnetic R

esonance (N
M

R
) 

•
Thin Layer C

hrom
atography (TLC

) 
•

Protein Phosphatase Inhibition A
ssay (PPI A

ssay) 
   



A
nalytical Techniques used for 

the D
etection of C

yanotoxins 

•
Enzym

e Linked Im
m

unosorbant A
ssay (ELISA

) 
•

H
igh-Perform

ance Liquid C
hrom

atography w
ith 

Photodiode A
rray D

etection (H
PLC

-PD
A

) 
•

LC
-M

ass Spectrom
etry D

etection (LC
-M

S/M
S) 

•
N

uclear M
agnetic R

esonance (N
M

R
) 

•
Thin Layer C

hrom
atography (TLC

) 
•

Protein Phosphatase Inhibition A
ssay (PPI A

ssay) 
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B
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biochem
ical 

 

Toxic C
yanobacteria in W

ater: A
 guide to their public health consequences, m

onitoring and m
anagem

ent. (1999) 



Screening Tools 
•

ELISA
 

–
A

ntibody, antigen 
•

R
eceptor B

inding 
–

B
ased on a receptor 

•
Enzym

e Inhibition 
–

Inhibiting an enzym
e from

 its 
function 

•
qPC

R
 

–
Is the gene present? 

 



ELISA
 – H

ow
 does it w

ork? 



Types of ELISA
 kits and their 

detection ranges 
•

M
icrocystin (and 

N
odularin) 

–
C

om
petitive ELISA

 96-
w

ell m
icroplate  

•
0.16 – 2.5 ppb 
(EnviroLogix) 

•
0.15 – 5 ppb (A

braxis) 
–

C
om

petitive ELISA
 test 

tube (EnviroLogix) 
•

0.5 – 3 ppb 

•
C

ylindrosperm
opsin 

–
C

om
petitive ELISA

 96-
w

ell m
icroplate  

•
0.1 – 2 ppb (B

eacon) 
•

0.05 – 2 ppb (A
braxis) 

•
Saxitoxin 
–

ELISA
 96-w

ell 
m

icroplate (A
braxis) 

•
0.015 – 0.2 ppb 

***A
ll ELISA

 protocols listed here state that a positive result should be further tested *** 
w

ith a quantitative analytical procedure such as H
PLC

, LC
/M

S, etc.  



ELISA
 – A

 Screening Tool 
•

W
hy are ELISA

 
assays only a 
screening tool? 
–

N
onlinear standard 

curve 
–

C
ross reactivity 

–
N

ot m
easuring the 

cyanotoxin directly 
•

Total m
icrocystins 



H
PLC

-PD
A

 detection 
•

R
eversed-phase C

18 colum
ns  

•
D

etection of m
icrocystins at 238 nm

 
•

G
radient analysis using acetonitrile and w

ater both w
ith the 

addition of trifluoroacetic acid 
–

TFA
 used to protonate carboxylic acids and acts as an ion 

paring reagent to lim
it basic interactions w

ith the colum
n 

•
Typical run tim

es ~50-60 m
inutes 



Separation of the C
yanotoxins by 

H
PLC

-PD
A

 
AU 

5.00 
15.0 

25.0 
35.0 

45.0 
55.0 

M
inutes 

CYC - 6.195 

MCY-LR – 17.464 

MCY-LA – 23.688 

MCY-LW – 28.739 
MCY-LF – 29.528 

MCY-RR – 14.565 

ANA - 9.979 
G

radient 

0.12 

0.08 

0.04 

0.20 

0.16 

0.24 

0.00 

Toxic cyanobacteria in w
ater 1999 



H
PLC

-PD
A

 

•
Pros 
–

A
ble to identify m

ultiple different cyanotoxins in 
one sam

ple run 
–

Linear standard curves 
•

C
ons 

–
Long sam

ple run tim
es 

–
C

oncentration range using PD
A

 detection is 
betw

een 0.05 – 2 ppm
 

•
Sam

ples m
ust be concentrated 

 



LC
 M

ass Spectrom
etry 

•
U

PLC
 and H

PLC
 gradient m

ethods 
•

Form
ic acid used instead of TFA

 for protonation 
•

C
an be used in tandem

 w
ith PD

A
 detectors 

•
M

ultiple different types of M
S can be utilized 

–
Q

-Tof for high resolution 
–

M
S/M

S for further separation of ions 
 

 

D
ahab and Sm

ith (2012) 
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M
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U
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-M
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C
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O
ehrle et al., (2010) 



U
PLC

-M
S/M

S 
•

A
dvantages 

–
V

ery selective  
–

R
eaches ppt detection lim

its 
–

W
ith U

PLC
, shorter run tim

es can be achieved 
–

Identify unknow
n m

icrocystins in sam
ples 

–
Sm

all am
ounts of sam

ple used 
•

D
isadvantages 

–
Expensive 

•
Instrum

entation, solvents, and consum
ables 

–
Extensive training 

–
D

estructive technique 



Looking for a Lab -FA
Q

s 
•

Sam
pling – Talk about this 

•
R

equest a SO
P or notes on the m

ethod – don’t 
assum

e 
•

W
hat screening tool or analytical instrum

ent is 
the laboratory using – don’t assum

e 
•

W
hat are the M

R
L or M

D
L? – don’t assum

e 
•

H
ow

 long w
ill it take to get your results? 

•
A

sk about their Q
A

/Q
C

  
•

W
ill the Q

A
/Q

C
 be sum

m
arized on the report?   

•
A

lw
ays keep a duplicate sam

ple in the lab  



H
ow

 to M
anage a C

yanotoxin Event 

Be technically prepared 
•

C
atch the bloom

 as early as possible 
•

K
now

 how
 to m

anage source and adjust 
treatm

ent 
•

K
now

 how
 to quantify toxins 

 Be ready to com
m

unicate 
•

W
ith the public 

•
W

ith the press 
 



Thank You - Q
uestions? 

A
 m

an of w
isdom

 delights in w
ater. 

 - C
onfucius 







C
yanotoxins and D

rinking W
ater 

1.
U

nderstand the Problem
 

2.
K

now
 W

hat Tools are A
vailable 

3.
Plan H

ow
 to M

anage a C
yanotoxin Event 



•
O

ccurrence 
•

Toxicology 
•

G
uidelines and Regulations 

1. U
nderstand the Problem

 



·
U

SEPA
 – W

here are w
e in the regulatory process? 

·
C

yanobacteria and their toxins 
·

W
ater C

onditions 
·

M
onitoring Tools 

·
D

rinking W
ater Treatm

ent 
 



Early W
arning System

s 
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A
nalytical Tools 

·
Sam

pling 
·

Sam
ple Preparation 

·
Sceening Tools 

·
A

nalytical Instrum
ent 



Sam
pling 

•
Source, R

ecreational W
aters, 

U
nit Process Evaluation 
•

Sam
ple notes 

•
D

escription of w
ater and w

hy 
the sam

ple w
as taken that w

ay. 
(G

rab, com
posite, depth, 

location) 
•

O
bjective – Total cyanotoxin, 

particulate, dissolved 
•

A
dditives – no recom

m
endation 

at this point.  
•

Q
uantification of individual 

toxins vs relative concentration. 
•

Sam
ple preparation 

–
U

nderstand w
hat is being done 

to your sam
ple. R

ealize 
different laboratories have 
different SO

Ps. 

•
Finished D

rinking W
ater Sam

ples 
•

U
SEPA

 M
ethod 544 – pow

der 
•

B
ottle - am

ber glass bottles 
fitted w

ith 
polytetrafluoroethylene (PTFE)-
lined screw

 caps 
•

TR
IZM

A
 preset crystals, pH

 7.0 
•

L-A
scorbic A

cid 
•

C
hloroacetam

ide 
•

Ethylenediam
inetetraacetic acid 

•
O

hio EPA
  

•
B

ottle - glass or polyethylene 
terephthalate glycol (PETG

) 
container. 

•
Sodium

 thiosulfate or A
scorbic 

acid 
    



Sam
ple Preparation 

•
Sam

ple C
oncentration 

–
Filtration – only particulate m

icrocystin 
–

Lypholization – total m
icrocystin, dissolved 

–
SPE – dissolved 

•
Lysing C

ells 
–

Freeze/thaw
 

–
H

om
ogenation 

–
B

ead B
eater 

–
Sonication 

–
Lysing Solution 
 


