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A study on the application of water safety plans for the hazard risk
management of tap water
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ABSTRACT

One of the most effective methods to consistently ensure the safety of a tap water supply can be achieved by application
of a comprehensive risk assessment and risk management approach for drinking water supply systems. This approach
can be termed water safety plans(WSP) which recommended by WHO(world health organization) and IWA(international
water association). For the introduction of WSP into Korea, 150 hazards were identified all steps in drinking water supply
from catchment to consumer and risk assessment tool based on frequency and consequence of hazards were developed.
Then, developed risk assessment tool by this research was implemented at a water treatment plant(Q=25,000 m?/d)
to verify its applicability, and several amendments were recommended; classification of water source should be changed
from groundwater to stream to strengthen water quality monitoring contaminants and frequencies; installation of aquarium
to monitor intrusion of toxic substances into raw water; relocation or new installation on-line water quality analyzers for
efficient water quality monitoring: change of chlorination chemical from solid phase(Ca(OCl),) to liquid phase(NaOCl) to
improve soundness of chlorination. It was also meaningful to propose hazards and risk assessment tool appropriate for
Korea drinking water supply systems through this research which has been inconsistent among water treatment authorities.
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3] A A| 2 A7]54(WHO, world health organization) %
A EE3|(IWA, international water association)o]] 4]
TE5oZ st E9HA A E(WSP, water safety plan)
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Table 1. Semi-quantitative risk matrix( WHO and IWA, 2009)
Consequence or Severity
Minor Moderate Major Catastrophic
Classification Insignificant | compliance aesthetic regulatory | public health
impact impact impact impact
1 2 3 4 5
Almost Once a
. 5 5 10 15 20 25
certain day
@]
Likely needa oy 4 8 12 16 20
week
Once a
Frequency | Moderate 3 3 6 9 12 15
month
©
Unlikely | 0" @ | 5 2 4 6 8 10 ©
year o
Once every 0
Rare 1 1 2 3 4 5 o
5 years %
Risk score <6 6-9 10-15 >15
Risk rating Low Medium High Very high

management for drinking-water suppliers)©|t} (WHO and
IWA, 2009).
B QAPolAE WSP oS vigom ) 4%
AR R BRI 2T - A elasol
=5g wEsn oY gsatel gat 9z Bt
ETE sl gsas WES AL WP
Wil AAE fslaso] F5 Qo] AEA,
K-water, Y9] Al 5-& HES 150350 tfgh
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Qe gt g3 F7HE fIsiAl= Table 1,
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Table 2. Examples of definitions of consequence categories

(WHO, 2008)
sz:ts;;;f:sce Definitions
Catastrophic | Potentially lethal to large population
Major Potentially lethal to small population
Moderate Potentially harmful to large population
Minor Potentially harmful to small population
Insignificant |No impact or not detectable

A AL 0l -G (ot 2ATH) 25 F
AAE 2 AYH Foolnhi2ele »Hel 8

K A2=7o] %q/\/\]/a% 2|5} L&A HOoTH
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Table 3. Example of hazards in catchment
) Monitoring status
No Hazard Major hazardous events
Seoul | K-water | Japan
1 |1,4-Dioxane Inappropriate wastewater treatment, dumping o X o
9 |2MB Inappropriate wastewater treatment, eutrophication of lake, o < o
algal bloom
. Inappropriate wastewater treatment, eutrophication of lake,
3 | Geosmin ) X 0
algal bloom
4 |Cr*® Inappropriate wastewater treatment, dumping, geology o] o]
pH Inappropriate wastewater treatment, dumping, heavy rainfall ) X X
6 TOC Inappropriate wastewater treatment, dumpin o X X
(KMnO, consumption) PProp ’ ping
7 |Lead Inappropriate wastewater treatment, dumping, o X o} §
8 |Protozoa Inappropriate wastewater treatment, agriculture X X 0 3)"
9 | Pesticides Agriculture, dumping X X o iy
10 | Coliform Inappropriate wastewater treatment, Breakage of septic tank X X o <
11 | Dichloromethane Inappropriate wastewater treatment, dumping ) X 0
12 | Manganese Inappropriate wastewater treatment, dumping, turn-over of lake X X o)
13 | Benzene Inappropriate wastewater treatment, dumping o X o
14 | Fluoride Inappropriate wastewater treatment, dumping, geology o} X X
15 | Arsenic Inappropriate wastewater treatment, dumping o X o}
16 | Mercury Inappropriate wastewater treatment, dumping o) X o)
17 | Cyanide Inappropriate wastewater treatment, dumping o X o
18 | Zinc Inappropriate wastewater treatment, dumping, geology o} X X
19 | Antimony Inappropriate wastewater treatment, mining X X o
20 | Ammonia Inappropriate wastewater treatment, dumping, livestock o X 0
21 | 0il Inappropriate wastewater treatment, dumping, spill, car o N o
accident
22 | ABS Inappropriate wastewater treatment X X o
23 | Nitrate I.nappropriate wastewater treatment, dumping, agriculture, o N o
livestock
24 | Cadmium Inappropriate wastewater treatment, dumping, geology o} X X
25 | Tetrachloroethylene | Inappropriate wastewater treatment, dumping o X 0
26 | Trichloroethylene Inappropriate wastewater treatment, dumping o X )
27 | Phenol Inappropriate wastewater treatment, dumping o X o
she BAR & AgtolA ARt 150719 fjsiea 3.2 PoliRA 2[A3T HIt
H2oA S0 FFE= 275 AFQoA] 2=
—101]~1 Tr‘juoﬂ == 270—3 ‘T‘x_oﬂ “] ‘11‘ oglas BAI Wrle] Byl 243t Adn g
e 5, Aol 2RV 1FEMiooeystin, 20T D e
S M=
A 2EE(D- a3k R 28HE(2- e = e
44 28}E(2-MIB, geosmin), &3-3-%] 23}=(2-MIB, A 2o WO mE YA AT B JFL A
. 20 ~ ~ - T -
geosmin), 40T} 4FHE, uroln} 3FE, T 6 ARoz s=atm o5e] Yre Wrlete B2
2~ o Ho= = ori- = SL= 6 — IT= 9
= AR 28HE(2-MIB, geosmin)2 A 2]gF 987] o o1 _ o .
Ahe Aolm, Slslak eaa B e ARy

s ad Bl EaEgck

&= Table 13} Zro] $jajla 0] dhAlul o 5|4 wof
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Table 4. Example of hazards in clearwell

Monitoring status
No Hazard Major hazardous events
Seoul | K-water | Japan
113 | 2-MIB Insufficient adsorption or oxidation(ozonation etc.) o} o}
114 | Geosmin Insufficient adsorption or oxidation(ozonation etc.) o} o} X
115 | Turbidity Malfunction of coagulant feeding, flooding o o o
116 | Phenol Insufficient adsorption or oxidation(ozonation etc.) o} o} X
117 | Taste and Odor Insufficient adsorption or oxidation(ozonation etc.) o} o) X
118 | pH Inappropriate coagulation, spill of chemicals o o X
119 | Residual Chlorine Inappropriate chlorination o o) 0
120 | Cyanide Vandalism, terror o X X
121 | Arsenic Vandalism, terror o o X
122 | Manganese Inappropriate oxidation, adsorption, filtration X ) X
123 | Nitrate Fertilizer, geology, malfunction of membrane X X
124 Heterotrophic Plate Inappropriate disinfection X X o
Counts

125 | Coliforms Inappropriate disinfection X X o
126 | Debris Breakage of vent, insufficient removal of turbidity X X o
127 | Chlorate Low quality of NaOCl X X X
128 | Bromate Low quality of NaOCl, by-product of ozonation X X X
gk Al Fo7E Basteh ofT o= fs  F AF WEAE B85 Halasd #ad 5
3 kel ABAAE FASHL Blaa eSS He g5 AASIe, gL M EY oA = Likert A
£ vlg] Ask=tl 2ul7} Qlth (WHO and TWA, 2009). = & URbHO2 ARgsh= 53 =g o]&3kqlth

e asel Bjaa e pE fsasd stshE a9 H7L A Table 1.29] F7]7]&S &85
ARE, I 44 5= sof g o oy 2l23 SH= APt (WHO and IWA, 2009).
A 5 B7kHE R delHrt SE5HA] o2 49l 7 FAEE FEE fsiase dHisid e
L 235 A7) AdEo] (g7t A 5w, P35 3 FE et BHVE 5= AT =T A EGH

7F WA 7k Ay 7he st ﬂé—%ﬂ frelsfor
ok E3E el Blaa Brks 7h A Aguig
&4 % Aol 7] hiZel ALRER Z47re) o
7P71%0] aeEofok gtk & 5 AT fs
a7F EAYE Aol FEALRY o] &

I, g5, LA AL F2 el ahet 2laa

sel 4sAE A% ol Seg A, ol
g 42 A2 weR =99 o ot
AAol] Qoid S4E9E Basks A7 Hnl, 4
GEAsge] maAel A welE AbsA Bt

Sl a4o] JPAHE W ANERNY 2lia 5

K 7

o] o Al= Table 59} gt fJsiEAEe Hsiaid

2 e d4E dEs EuE e 3 38
Aol Wb a3 Heg =E5kaL, 2laa

274 Aol w2l 2la3 we] AR %

FHIAT 2 U Ve dddd, AR

oz YA e & oA 2%

Table 5= Table 30 781 frelo] ZAE 4 9
a1, 28GR} Table 40 F7H 4Rl
24 4 9 ek 115, 18y F2o] et 9
EMEE oA Alstar qlch

1,4-Dioxane®] T3t A3 H7IE Qeii= &4
spgEsl gigmo] gk B4o] Wasich A
= 48 A 21 300k R
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Table 5. Example output of hazard and risk assessment
A et Tt Ty L . Facility L
NO | Hazard Hazard identification criteria Criteria A B | AXB | Risk |, monitoring
Improvement
Alconsequency)
+Data : At least 3 year water quality monitoring results | Bfrequency)) installation of
* Criteria : more than 50 ng/L{WHO drinking water guideline) | * once every 3 years : 1 advanced
1 | 1,4Dioxane | * Check contents conce every 2 years:2| 5 | 4 | 20 | very high | treatment lab test
@ A score : 5 *once a year : 3 processes
@ B score : frequency « twice a year : 4 (GACH+0,)
+once a month : 5
*Data : At least 3 year water quality monitoring results | A(consequency)
+ Criteria : more than 100 ng/L(5 times of Korean ministry | B(frequency))
of environment guideline) * once every 3 years : 1 Installation of
2 2-MIB |+ Check contents conce every 2years: 2| 3 | 4 | 12 high PAC feeding | lab test 9
(D A score : 3(advanced treatment facility including PAC), | * once a year : 3 system Y
5(other processes) « twice a year : 4 %
@ B score : frequency +once a month : 5 o
+Data : At least 3 year water quality monitoring results(daily | A(consequency) e
data) B(frequency))
+Criterfa : more than 0.5 NTU(Korean ministry of | once every 3 years : 1 .
115 | Turbidity | environment guideline) *once a year : 2 511 5 low online
analyzer
* Check contents +once a month : 3
@ A score : 5 «twice a week : 4
@ B score : frequency +once a day : 5
+Data : At least 3 year water quality monitoring results(daily | A(consequency)
data) B(frequency))
+ Criterfa : less than 5.8, more than 8.5(Korean ministry |  once every 3 years : 1 installation of ,
118 pH of environment guideline) *once a year : 2 4| 2 8 medium | CO, feeding oline
analyzer
* Check contents +once a month : 3 system
D A score : 4 « twice a week : 4
@ B score : frequency +once a day : 5

=7t 415 oy wasie 3
4, W 28] ol WAL 4

A=
T=
e lL 3ﬂ <o HE o
3}

WE nﬁo

T = T
c}. 14—Dioxane0ﬂ F ¥ E A4E 1998 HE o]
S A EUol: WER WEAR FREE A4
S 1LHst 53E Fofstqitt (Wikipedia, 2019).
S, 22 dxaol 7dshs ol Hu B4R
2-MIB9] 7 $-o|%= 1,4-Dioxane®] 732-9} FU35}A
ARl o] iRt M5 Folskiith %%71%01
WsEe] Aol BAR BLE BN 7]
01 20 ng/Le] SHIQ! 100 ngLE 7|20 8 a1yl
£ o A8 A3 Aol fo0 Aol 4o
2 7% 58 w7 A4Stk B A4g0) 49
o= 2-MIB9] 7|& =S S %A]UJE 7NE e
o} o5}/ 20 ng/lLE AABFATH (KWWA, 2018).
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Table 6. Current location of on-line water quality analyzers at K WTP

Location

Thermometer

Turbidimeter

Conductivity | Residual chlorine

pH meter
meter analyzer

Intake station

Receiving well

Sedimentation basin

Filter basin

Clearwell

Reservoir

Table 7. Recommended

location of on-line

water quality analyzers at K WTP

Location

Thermometer

Turbidimeter

pH meter Conductivity | Residual chlorine

meter analyzer
Intake station & & ©
Receiving well o O m
Sedimentation basin © ©
Filter basin o
Clearwell o o o o
Reservoir o © o o o
(o : already installed, © new installation, <> relocation, o removal for relocation)

S, £EFHT BN K A4S 25AR  ASkeold shsE WAskn teow A4 44
TAFE ] Aol aAbAE(Ca(OCl))s &3l 2ol A o] A& A Sl SS9 2A HA
g3 & ool e Fshm gtk Ay & B wHsE B4R S99 27 GAE AR ol
Sobgolr] ARds FEY WA AR A5A4  WESZY 29 W GAAE Y A 29
= olpe] Aot HIERNOC) 02 WH: Zo] & gla TAFE ) Aol aaHS AR e 7
45O Pam e ZHdA fel AoR B oldadhbEgoRol WA Fo| Wasit
wrolnt B AT TEQE SEARIAPEE AolHd 4

A sk Yalas 9 gEjasr glAaa @t
4 A = AAE =W AAo SHA Atstdicts Ae w7t
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