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Quantitative Risk Assessment of the Adverse Effects due to
Exposure to Cyanobacteria Toxin (Microcystin-LR) through Drinking
Water in the Nakdong River Watershed
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Abstract

The primary purpose of this study was to determine the risk of various disease outcomes due to exposure to cyanobacteria
toxin (microcystin-LR) through drinking water in a Korean watershed. In order to determine the risk in a more quantitative
way, the risk assessment framework developed by the National Research Council (NRC) of the United States (US) - hazard
identification, dose-response relationship, exposure assessment, and risk characterization - was used in this study. For
dose-response relationships, a computer software (BenchMark Dose Software (BMDS)) developed by the US Environmental
Protection Agency (EPA) was used to fit the data from previous studies showing the relationship between the concentration of
microcystin-L R and various disease outcomes into various dose-response models. For exposure assessment, the concentrations
of microcystin-LR in the source water and finished water in a Korean watershed obtained from a recent study conducted by the
Ministry of Environment of Korea were used. Finally, the risk of various disease outcomes due to exposure to cyanobacteria
toxin (microcystin-LR) through drinking water was characterized by Monte-Carlo simulation using Crystall Ball program
(Oracle Inc.) for adults and children. The results of this study suggest that the risk of disease due to microcystin-LR toxin
through drinking water is very low and it appears that current water treatment practice should be able to protect the public
from the harmful effects of cyanobacteriatoxin (microcystin-LR) through drinking water.
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2.1.2. Microcystin—LR
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Table 1. Microcystin-LR concentration in the raw water of 14 water purification plantsin Nakdong River water system (ug/L)

Name of water purification plant Inspection period
8.1-8.7 8.8-8.14 8.15-8.21 8.22-8.28

Gumi 0 0 0 0

Goryeong 0 0.1 0 0

Munsan 0 0 0

Maegok 0 0 0
Cangwon-Chilseo 0 0.5 0.6
Bansong 0 0.2 22 5.4
Seokdong 0 0.2 0.7
Samkae 0 0.1 0.3
Myeongdong 0 01 0.3

Duksan 0.2 04 0.6 2
Hwamyong 0.1 0.3 04 0.8

Unsang 0 0 0 0
Beomeo 0.3 0 0.1
Shindosi 0.3 0 0.1
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Table 2. Dose-response models to fit the data (degenerative and necrotic hepatocyte) from Hienze et al.(1999) by BMDS

o] A9t B2

software

Model Degrees of freedom P-value AlC
Gamma 2 0.9553 22,051
Logistic 1 0.0639 28.306
Loglogistic 1 1.0000 23.962
Logprobit 2 0.9945 21.973
Multistage 1 0.9964 23.962
Multistage Cancer 2 0.9553 22.051
Probit 1 0.0613 28431
Weibull 2 0.9553 22.051
Quanta Linear 2 0.9553 22,051

A1} 5 N2 EHEAE =)0 AYE vls
0] BMDS EEJ%EE EA3F Aoty ol E
Al ofe] 71R] 42814 mid Fojl A pgte] 71 A4,
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7 2 Al 7P AR mdls wyEglon 1
A¥k=Fig. 13 £tk
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52 FuE 4 ol7] whiel WA 7 9% B 7

=491 microcystin-LRO] RHEA Q] x]1#7 P 2

o]t} Table 3.2 Fawell et d.(1999) ] g-ek-ul
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Mg el wyE glon] 1 Auks Fig. 29 2tk
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Fig. 32 373¥ HxxlE(Korean Ministry of
Envrionment, 2016)0l| 2= Y57
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Fig. 1. Best-fit dose-response model (Logprobit) for the data of degenerative and necrotic hepatocyte from Hienze et

al.(1999) by BMDS software.
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Table 3. Dose-response models to fit the data (chronic inflammation) from Fawell et al.(1999) by BMDS software

Model Degrees of freedom P-value AlC
Gamma 2 0.2770 124.04
Logistic 2 0.6231 122.29

Loglogistic 1 0.2488 124.70
Logprobit 1 0.2434 124.74
Multistage 1 0.3377 124.27
Multistage cancer 1 0.3377 124.27

Probit 2 0.6463 122.23

Weibull 2 0.2770 124.04
Quantal linear 2 0.2770 124.04
2RE U5 255k 1A AR ﬂHA “ment, 2016). =, AR HEARE nigoz A

microcystin-LR &=9] & —‘.iiO]l:} & A
9] 147)) A4=AFo] Y=ol A A= m|crocyst| n-LRQ
=L ol 71 SARRE PH2 2A4E SE BEE 2
At AR wrg Eglon, 1 g2 L1(ug/liter), 3
7%} 98.4401 9]t

olof|A] ol Hie} Zro] YU
LR = Ut oA o] T+
)il Qe AEAS

A A= 7145 e Korean Ministry of Envrion

Z=of| A1 2] microcystin
RH0| ool &

THAE 2, ESH3RA, o, 2EA Y,
W Ie 2] o] SHA = LHraL, Z12Ho] ehAofA]
microcystin-LRs=7} 10, 70, 75, 99, >99%~} A A
ek 7bgskec)

3.3, 2l "ot ZAnt

3.3.1 ZHMI= &4

o8

Fraction Afiected

o4

FARA LS Foto] dAH o= 3311 o} =ot LE Al QA
Figs. 472 F0id k& AU Q2 58S
Probit Model
Probit ——
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Fig. 2. Best-fit dose-response model (Prohit) of data of chronic inflammation (chronic toxicity) from Fawell et a.(1999) by

BMDS software.
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River watershed.

%3}o] microcystin-LRoj| 315
A2 &4 3739 Slsid=
Aotk X&2 AL &4 F4do]
(0.00-1.00, 0.00 = 0%, 1.00 = 100%)= Y =&
o] AlEdoldolA 1 o] doju=
(0-100, 0 = 0, 100 = 100,000)-2 v}eRHT) F
O] Z3g-of| tfaljA] U=oll <] fls gt 2+t
SAE A HA tﬂiM— i8S FAISHATE

Bt
3

£ U, B 24 o], Cls B30I o],
D= of3} 0|, B 2242 o], Fi= dyatie

2] o] 3:0) $J314S Lheich

Fig. 4ol|A] 3= n}o} o] oliel A2} 2 X2l5tx|
OFE Ao A (hoF ol el Hel S BhA] e 94
£ oz vhideka shAshe) 5% mlee] el v
SollA| 5% wlwke] Slao] Qi Aoz Ueklck
ShAlEE olefat Slsle ATAE AX A Y3}

taste] @2A g AX I U 1 fsiide] AL
Sl o= A E ek

A S430] Slalde dems 2 Aolg
A= gkAnt g El Aol(Fig.

A olRiel(Fg. 591 7ol o
ehet . s o] 7
A 3 22545008 2 Ae) of ol
o] 7]9] gl Ao P E .

Figs. 8-112 F=oil k=& AU oti= oS
E35}o] microcystin-LRoj| 3158 =<F =250 o
T3 1 A5 e S g, AR vehd A
otk §ro] ThA|aE &4 ufje} o] of7]of| A 22t

7850l thaliA] ol A 2] sl 2H2te) A4t
= AAHA HIsh= fsds AT 'S
oA Hi= Hlel Zro] 1/d /3%l ZHA| A &/l Bls
HlmA 0 AR EOkY] e ES WRE She Uk =
4991 whd 7 422 1 9Iao] Bk Beke) 1o
e @A e AoR etk 2, W 1 9%

o] Slalge A4 TS AAAA e Y4B =
u}Al 7ol 1% njgko g trehtont, H4abg g
AARWA 7Haste], 2232 F 9 A7 A G134
o gl Ao® Yepid,

5 IR 410] H9-0k o] W 1k %] 4
Sol AHlo] mHE oz Ao glglovh, AT

Aol Tha gl 202 ekl 2, A0I(Fig. 83
Fig. 10)2eHz 84 o}l ofolS(Fig. 99} Fig. 11)e]
ol ofzk e Slsle] Gl RO Lhekith 514
gk ofH Z9old ASH TS ANUA 1 Sl
Ko] A9 gliz Ao FEE ik
3312 &t & 3¢ =& A9 1Y
Figs. 12-15% Z01%] 1 AlLe] oo 4558



352

ol A « Al

100 100
80 80 80
60 60 60
a0 40 40
20 20 20
o - I e e --
0.00 0.25 0.50 075 100 000 025 050 075 100 000 025 050 075 100
A B C
100 100 100
80 80 80
60 60 60
40 40 40
20 20 20
] 0 ]
000 025 050 075 100 000 025 050 075 100 000 025 050 075 100
D E F

Fig. 4. Risk of hepatocyte lesion (adult male) for 1-day exposure to A: Raw water, B: Gauging well, C: After mixing/
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flocculation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Risk of hepatocyte lesion (8-year old male) for 1-day exposure to A: Raw water, B: Gauging well, C: After
mixing/flocculation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 6. Risk of hepatocyte lesion (adult female) for 1-day exposure to A: Raw water, B: Gauging well, C: After mixing/
flocculation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 7. Risk of hepatocyte lesion (8-year old female) for 1-day exposure to A: Raw water, B: Gauging well, C: After
mixing/flocculation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 8. Risk of chronic liver inflammation (adult male) for 1-day exposureto A: Raw water, B: Gauging well, C: After
mixing/floccul ation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 9. Risk of chronic liver inflammation (8-year old mal€) for 1- day exposureto A: Raw water, B: Gauging well, C: After
mixing/flocculation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 10. Risk of chronic liver inflammation (adult female) for 1-day exposureto A: Raw water, B: Gauging well, C: After
mixing/flocculation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 11. Risk of chronic liver inflammation (8-year old female) for 1-day exposureto A: Raw water, B: Gauging well, C:
After mixing/floccul ation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 12. Risk of hepatocyte lesion (adult male) for 1-month exposureto A: Raw water, B: Gauging well, C: After mixing/
flocculation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 13. Risk of hepatocyte lesion (8-year old male) for 1-month exposure to A: Raw water, B: Gauging well, C: After
mixing/flocculation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 14. Risk of hepatocyte lesion (adult female) for 1-month exposure to A: Raw water, B: Gauging well, C: After
mixing/flocculation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 15. Risk of hepatocyte lesion (8-year old female) for 1-month exposureto A: Raw water, B: Gauging well, C: After
mixing/floccul ation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 16. Risk of chronic liver inflammation (adult male) for 1-month exposureto A: Raw water, B: Gauging well, C: After
mixing/flocculation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 17. Risk of chronic liver inflammation (8-year old male) for 1-month exposureto A: Raw water, B: Gauging well, C:
After mixing/floccul ation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 18. Risk of chronic liver inflammation (adult femal€) for 1-month exposure to A: Raw water, B: Gauging well, C: After
mixing/flocculation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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Fig. 19. Risk of chronic liver inflammation (8-year old female) for 1-month exposure to A: Raw water, B: Gauging well, C:
After mixing/floccul ation/coagulation, D: After filtration, E: After ozonation, F: After GAC adsorption.
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