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Abstract
The main purpose of this study was to derive managerial priority for pollutants in drinking

water using the Delphi technique

and analytic hierarchy process (AHP) method. We collected fundamental existing items based on a literature review for water
pollutants, and deduced a total of 36 sub-items from nine core sectors, as follows: organic matter; inorganic substances;

pathogenic organisms; chemicals; heavy metals; radioactive substances; sediment deposits;

heat; and oil, and then conducted

the first round of an expert study to ensure that objective indicators properly evaluate major issues for management of for
drinking water quality. In the following round, the necessity and importance assessments of adjusted items were implemented
using a content validity ratio index. Finally, items modified by Delphi surveys were applied to AHP. We computed weighted

values by pair-wise comparison of sub-items and each of five sectors modified by the second round. According to the results of

AHP, the managerial priority for pollutants in drinking water was as follows; while heavy metal placed first in importance,
pathogenic organisms came second, followed by inorganic substances, organic matter and chemical substances from the sector

perspective.
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Table 1. Establishment of core pollutants in drinking water

S THChun et al., 2010; Kim, 2010; Park et al., 2012).
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Category

Pollutants

Organic matter

(1) Draff, (2) Human and Animal excrement, (3) Livestock-related Feed and Fertilizer,
(4) Animal and Plants carcasses (e.g., mass strandings, fallen leaves)

Inorganic substance

(5) Livestock excretions (nitrogen-phosphorus increase), (6) Plant debris,
(7) Sewage (e.g., Dishwashing water), (8) Chemical fertilizers

Pathogens

(9) Bacteria, (10) Virus, (11) Protozoa, (12) Mold

Chemicals

(13) industrial waste water (e.g., washing water), (14) Synthetic detergent, (15) Insecticide, (16) Herbicide

Heavy metals

(17) Wastewater, (18) Farm waste (e.g., pesticides), (19) Mining waste, (20) Particulate matter (e.g., dust)

Radioactive substances

(21) Nuclear power plant waste, (22) Industrial waste (e.g., uranium), (23) Waste for science, (24) Medical waste

Sediment deposit

(25) Cropland deposit, (26) Construction Site deposit, (27) Outdoor light deposit, (28) Car exhaust deposit

Heat . .
- (32) smelting factory cooling water

(29) Thermal power plant cooling water, (30) Nuclear power plant cooling water, (31) Industrial cooling plants,

Oil (33) Waste cooking oil, (34) Automotive oil spill, (35) Ship oil spill, (36) Pipeline spill
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2.2. Delphi Z=A} i
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Table 2. Core pollutant list adjusted using the Delphi-survey method

Category

Pollutants

Organic matter

(1) Draff, (2) Human excrement, (3) Animal waste, (4) Feed (livestock related), (5) Fertilizer (livestock related),
(6) Animal carcasses (e.g., mass strandings), (7) Plants carcasses (e.g., fallen leaves)

Inorganic substance

(8) Livestock excretions (nitrogen-phosphorus increase), (9) Plant debris, (10) Dishwashing water (sewage),
(11) Chemical fertilizers (e.g., phosphate, silicate), (12) Sewage Treatment Plant Effluent

Pathogens (13) Bacteria, (14) Virus, (15) Protozoa, (16) Prions, (17) Mold
(18) Insecticide, (19) Herbicide, (20) Disinfectant, (21) Cleaning solution, (22) Coloringagent, (23) Antiseptic,
Chemicals (24) Medicinal substances, (25) Personal hygiene item (e.g., handsanitizer),
(26) overdose of chlorine for water treatment
Heavy metals (27) Wastewater (foundry damage), (28) Farm waste (e.g., pesticides), (29) Mining waste (e.g., waste coal),

(30) Particulate matter (e.g., dust), (31) Landfill

Radioactive substances

(32) Nuclear power plant waste, (33) Industrial waste (including uranium), (34) Waste for science,
(35) Medical waste, (36) Natural radioactive substances (e.g., radium, radon), (37) Radioactive iodine (e.g., rain)

Sediment deposit

(38) Cropland deposit, (39) Construction Site deposit, (40) Outdoor light deposit, (41) Car exhaust deposit

Heat

(42) Thermal power plant cooling water, (43) Nuclear power plant cooling water, (44) Industrial cooling plants,
(45) Smelting factory cooling water, (46) Water ballast (e.g., ships)

Oil

(47) Waste cooking oil, (48) Automotive oil spill, (49) Ship oil spill,
(50) Pipeline spill (e.g., oil field accidents), (51) Coastal outflow (e.g., machine shop)

Table 3. Profiles of panel members

Variable Category Frequency Ratio (%) Variable Category Frequency Ratio (%)
Male 36 83.7 5~9Y 3 7.0
Gender
Female 7 16.3 10~14Y 7 163
35~39Y 6 14.0 Tob 15-19Y 16 372
40 ~ 44Y 12 279 Tenure 20-24Y . 163
Age 45 ~49Y 11 25.6 25-20Y 3 186
50 ~ 54Y 8 18.6
Over 30Y 2 4.7
55~59Y 4 9.3
over 60Y ) 47 Professor 19 442
Area Water Quality 71 488 Vocation Researcher 15 349
of Expertise Environment 22 51.2 Executives 9 209
ZHo F2EE HHPgez Fse Aotk wEA 1% FLAihE 7FEHER(Mean = 6.28, Median=7.0, CVR = .860)
Hde i°‘o¥¢1 o g2 A&7k g8s FHsES o o7 w2 #YY TGS How, 3}5H] E(Mean =5.70,
Aot dato] 23k A Hd e T 43F0H, ol & Median = 6.0, CVR=.767)¢} a}527¢ H5(Mean = 5.56,
SGHE7Y 712 FRE Table 394 B A} Zrh Median = 6.0, CVR =.581) §A] 583 Aoz FHHJTH
dulo] 22k ZAMAFE Table 4914 B A Zth & Frldga B9 SLEE T A 59 AFEs
Ad, e LE9=d FE F 8, FELs, 0.771% " <HgHA FAE yebllth
HAA, FEtEd, ‘%%—/—?’ 155l A== A, v WEA BE= el vtelgs, A8FE0] 44 CVR=
A gAY 2R FARE, F, TR a2 AER 0.535; 0.628; 0.349% AAHACH, FH(529~5.51)H T
Asfad #9 FLE7 FAFE Ve g A & A4(5.5~6.0) FA| A FE =&AL, Al FE o
tha @ Eo] AU ol ATt Ynlste A o AT AFE 07262 UERGTE ¥, Z2Ho] 2(CVR =
AeFde AZFY Aty #d LHEd0 AY #d -0.256)7 FB0|(CVR=-0349)= 2 AteldlA WE&EHS
B4R #g FHAA AA Holop g Yehl= A 4E& EA ZsiAth Fet=d 2 AFA(CVR =0.860)F Hl
oz AN I 4F& HHs] gt Aol AbRHT xotod, AZ2A(CVR =.907), 9JF=Z(CVR = 814)°] A
TAHow H&E 7é?Jr *‘E‘fii‘?i, %71% w29 2 Hoeon, 744 F=Y AHE FJA] 0.76022 HFH )9

0.349, 0.395, 0.5352 & %“8% % st9oH, HHFk
JA] 5.0 o], FYFE 60 oJFoZ HFFHA FHNE B
Atk Al FE9 AFE Cronbach aZtS 08952 |71&

el FR=E Agshrlel A7 ALz Yeikth 7]

sI=E=8EaR| M@ M1z, 2016

a, A FEY ﬁ&it‘r 524 o, FAF 94 6.0 Y
EFTh S, o5& A A, AAA, A, GF
A, AR EE, ;Q‘r HF Al E4 I By FELS F
84 "HellA 50% ©14S EAA, Panel 2% 715, CVR
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Table 4. Evaluation of the managerial importance of pollutants in drinking water

2

. Z-value X
Pollutants Source of pollution M S.D. Me CVR ! MW) KW)
Draff 4.79 1.67 5.0 0.163 x -0.425 2.74
Human excrement 4.86 1.46 5.0 0.116 x -0.464 0.34
Organic matter Animal waste 5.34 1.42 6.0 0.349 O -0.267 1.43
M=5.32 Feed (livestock related) 5.35 1.33 6.0 0.395 O | .895 -0.749 2.89
S.D=1.29 Fertilizer (livestock related) 560 | 1.35 6.0 0.535 @) -1.055 0.33
Animal carcasses (e.g. mass strandings) 4.70 1.67 5.0 0.070 x -0.569 1.53
Plants carcasses (e.g. fallen leaves) 3.67 1.52 4.0 -0.302 -0.533 0.26
. Livestock excretions (nitrogen-phosphorus) 6.28 0.91 7.0 0.860 -0.267 0.79
Inorganic Plant debris 388 | 127 | 40 | 0349 -1.069 139
Sﬁf??;e Dishwashing water (sewage) 474 | 129 | 50 | 0070 | x| 11| 0195 0.83
S.])_=i.2 4 Chemical fertilizers (e.g. phosphate, silicate) 5.70 0.99 6.0 0.767 O -0.937 0.06
Sewage Treatment Plant Effluent 5.56 1.05 6.0 0.581 O -0.415 1.40
Bacteria 5.57 1.31 6.0 0.535 ) -1.961 0.28
Pathogens Virus 5.57 1.23 6.0 0.628 @) -1.081 0.06
M=5.65 Protozoa 5.29 1.24 5.5 0.349 O | .726 -0.013 1.98
S.D=1.29 Prions 4.29 1.17 4.0 -0.256 x -0.507 0.63
Mold 4.44 1.32 4.0 -0.349 x -1.076 2.85
Insecticide 588 | 091 6.0 0.860 @) -0.487 0.58
Herbicide 593 | 0.838 6.0 0.907 @) -0.154 2.07
Disinfectant 5.24 1.20 5.0 0.349 X -0.094 0.14
Chemicals Cleaning solution 4.90 1.03 5.0 0.256 X -0.446 0.56
M=5.84 Coloring agent 4.76 1.12 5.0 0.116 x| 760 -0.026 1.81
S.D=0.84 Antiseptic 4.74 1.18 5.0 0.116 x -0.251 0.09
Medicinal substances 5.77 0.90 6.0 0.814 O -1.283 4.63
Personal hygiene item (hand sanitizer) 4.86 1.18 5.0 0.023 x -0.446 4.09
overdoseofchlorineforwatertreatment 4.93 1.30 5.0 0.116 x -0.627 0.78
Wastewater (foundry damage) 5.76 1.30 6.0 0.488 O -0.593 1.03
Heavy metals Farm waste (e.g. pesticides) 5.90 0.91 6.0 0.814 O -1.516 3.90
M=5.49 Mining waste (e.g. waste coal) 5.65 1.25 6.0 0.581 O | .750 -0.126 0.89
S.D=1.22 Particulate matter (e.g. dust) 456 | 133 5.0 0.023 x -0.126 0.08
Landfill 491 1.49 5.0 0.116 x -0.608 0.43
Nuclear power plant waste 5.00 1.88 5.0 0.116 x -0.138 0.92
Radioactive Industrial waste (including uranium) 5.02 1.70 5.0 0.302 X -0.074 0.24
substance Waste for science 4.88 1.68 5.0 0.302 x -0.807 0.72
M=4.74 Medical waste 5.10 1.46 5.0 0.349 x i -0.541 0.62
S.D=1.61 Natural radioactive substances (radium, radon) | 4.91 | 1.17 5.0 0.209 x -1.156 1.43
Radioactive iodine (e.g. rain) 4.60 1.27 4.0 -0.116 x -0.221 1.91
Sediment Cropland deposit 4.65 1.56 5.0 0.023 X -0.683 0.98
deposit Construction Site deposit 4.60 1.31 5.0 0.209 x -0.925 1.48
M=4.15 Outdoor light deposit 4.74 1.54 5.0 0.163 X i -1.714 1.77
S.D=1.39 Car exhaust deposit 412 | 153 4.0 -0.163 x -0.509 1.88
Thermal power plant cooling water 4.28 1.79 5.0 -0.023 X -1.904 1.79
Heat Nuclear power plant cooling water 4.44 1.88 5.0 0.163 x -0.905 0.44
M=3.58 Industrial cooling plants 4.53 1.65 5.0 -0.023 X - -1.985* 0.70
S.D=1.46 smelting factory cooling water 423 | 1.69 4.0 -0.116 x -0.866 0.10
Water ballast (e.g. ships) 3.95 1.84 4.0 -0.302 x -0.530 0.97
Waste cooking oil 4.51 1.35 5.0 0.023 x -0.100 0.74
Oil Automotive Oil Spill 4.70 1.26 5.0 0.209 x -1.287 0.87
M=4.42 Ship Oil Spill 4.63 1.65 5.0 0.163 X - -0.062 0.62
S.D=1.56 Pipeline spills (e.g. oil field accidents) 465 | 1.69 5.0 0.116 x -0.296 0.45
Coastal outflow (e.g. machine shop) 4.60 1.72 5.0 0.116 X -0.037 0.07

Notes) Importance: 1=Very low~7=Very high; CVR(Content Validity Ratio): CVR Minimum=0.29(p<.05) based on panel 40 members (Lawshe, 1975); O:
Maintenance, x: Removal; Mann Whitney U test for groups of major: Water quality N=21, Environment N=22) *: p<.05 (Average ranking: Water quality=18.19
< Environment=25.64); Kruskal Wallis test for groups of occupation: Professor N=19, Researcher N=15, Executives N=9; None of items significant within 10%
significance level; N=43
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Managerial priority derivation for
pollutants in drinking water
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s g Pathogens ;
Organic matter Inorganic substance RIS Chemicals Heavy metals
(waterborne epidemic inducers)
I I I ] I I I I I I I I I [

. . N Mining
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waste P related) || (irogen: [ |(ohosohatef | Plant substance| [ (foundry (eg. waste

; || ohosohers) || sileate) || Efluent damage) | |pesticides)| | "

Fig. 1. Hierarchy diagram of derivation of managerial priority for pollutants.

Table 5. Derivation of managerial priority for pollutants in drinking water

Pollutants Source of pollution Priority
‘ Animal waste (L:0.385, G:0.0695) @
Org(ir_‘(‘f lg;“er Feed (livestock related) (L:0.280, G:0.0504) @
Fertilizer (livestock related) (L:0.335, G:0.0604) )
_ Livestock excretions (nitrogen - phosphorus) (L:0.433, G:0.0882) @
Inorgaglril; ;z)lz)stance Chemical fertilizers (e.g. phosphate, silicate) (L:0.270, G:0.0550) ®@
Sewage Treatment Plant Effluent (L:0.297, G:0.0606)
Bacteria (L:0.359, G:0.0747) ®
I()E&(l)ozggg)s Virus (L:0.369, G:0.0767) @
Protozoa (L:0.272, G:0.0565) @
. Insecticide (L:0.383, G:0.0799) ®
i‘eg;(c;l)s Herbicide (L:0.346, G:0.0722) ®
Medicinal substances (L:0.271, G:0.0566) @
Wastewater (foundry damage) (L:0.445, G:0.0887) @
He&v% lnglgt)als Farm waste (e.g. pesticides) (L:0.251, G:0.0499) ®
Mining waste (e.g. waste coal) (L:0.304, G:0.0605) ©)

Note 1) C.R: Pollutants=.004, Source of pollution: Organic matter=.001; Inorganic substance=.001; Pathogens=.001; Chemicals=.000; Heavy metals=.001
Note 2) L: Local (value of each subclass for each hierarchy); G: Global (integrated weight values including sub-hierarchies)
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