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DEVELOPMENT OF RIVER WATER QUALITY INDEX

JRIREX - GEE(E - NEEERE*
Hideo HARASAWA*, Yoshinobu ISHIBASHI*, Masaaki NAITO*

ABSTRACT ; In order to faciitate communication on river water quality among local governments,
professionals and the general public, many techniques for interpreting water quality have developed.
One useful technique is water quality indices. In developing water quality management plan, water
quality 1s often difficult to evalute especially 1n terms of overall quality despite large amount of
data, so indices can be used in decision making.

This article aims to present how to develop a comprehensive water quality index. Proposed indexing
method consists of water quality parameters, weighting, value functions and aggregation process.
Choice of parameters, weights and value function are based cn a Delphi questionnaire technique.
Seven experts in river water quality management answered the questionnaire repeatedly. Resultant
index CWQI (Comprehensive Water Quality Index) is applied to two rivers in order to assess annual
trend of water quality and to compare it’s value with organic pollution parameter BOD. It is con-
cluded that a Delphi technique is useful to summarize the knowledge and experience of experts in
river water quality management and a developed water quality index CWQI is an appropriate tool

for evaluating overall river water quality.
KEYWORD; WATER QUALITY INDEX, WATER QUALITY MANAGEMENT, DELPHI QUESTION-
NAIRE
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Table—]1 Brief Review of the Water Qulity Indices
OiN0, OF | VaLbE AGGR.
WATER QUALITY INDEX AUTHOR (YEAR) G 0 A L METHOD ; PAR. FUN. 2 FUN.®
A. General Water
Quality Index
@Al @uality Index) Hor ton (1965) - Evaluate abatement programs VA+AG 10 SF+SW ADD
+ Give the public information
@NSFWaI (National Brown et.al. (1970) | - Make the public aware of water quality VA+AG 9 IF ADD, MUL
Sanitation Fundation leveis
Water Quality Index)
@!11P(Implicit Index |Prati(1971) « Compare the qulity of water resources VA+AG 13 EF ADD
of Pollution)
@RPI (River Pollution |McDuffi(1973) «Detect trend over the years VAHAG 8 EF ADD
Index) » Compare different rivers
©Wal (Water Quality Dinius (1972) -Give administration & public information |VA+AG 8 EF ADD
Index) + Measure costs & impacts of pollution
control effects
®C0Hal (Combined Water | Yu et.al. (1975) - Evaluate benefit of water uses & treat- VA-+AG 8 EF CF
Quality Index) ment cost
(@CPI (Composi te Syoji et.al.(1966) | - Aggrigate water quality infomation FA ? -- --
Pollution Index)
@WAITN (I Total Joung et.al. (1979) | - Identify polluted water areas FA 6 -- -
Nutrient) « Set environmental water quality
standard
@Wal (Water Quality Oka et.al. (1983) - Evaluate polluted water area comprehen- PC 11 -- --
Index) sively
- Give the public information
@Wal (Water Quality Yoshimi (1985) - Evaluate polluted water area comprehen- CA 4 - --
Index) sively
- Give the public information
(Harkin's Index Harkin (1974) « Develop objective water quality index ST 3 - STR
@8F! (Beta Function Schaeffer et.al. » Facilitate communication of environmental ST 4 - -
Index) 191 information to the public
B. Specific Water
s Index
@FML (Fish and 0’ Conner (1972) - Describe water quality to sustain a popu- |VA+AG 10 1F +SH ADD
Wildlife Index) lation of fish & wildlife
@PWA (Public Water 0’ Conner (1972) - Bvaluate water quality for public water VA+AG 14 IF+SH ADD
Supply Index) supply
@PWSI (Public Water Deininger et.al. - Bvaluate water quality for public water VA+AG | 1113 IF ADD, HUL
Supply Index) asm supply
@CWal (Consumer Water |Walski et.al. - Evaluate water quality for recreational VA+AG 12 EF M
Quality Index) (1974) use
@Stoner’s Index Stoner (1978) + Select which stream is suitable for public | VA+AG 39* EF+SW ADD
water supply & irrigation 219
@PI(Pollution Index) |Nemerow & Sumitomo | - Evaluate human contact use, indirect use, |VA+AG 14 EF CF
(1970) & remote contact use of water area
C.Planning/Management
Index
@PDI (Prevalence Dura- | Truett (1975) - Reflect effects of water pollution on the |VA+AG 4 -- CF
tion Intensity Index) environment
- Manage resource allocation problems VA+AG 10 EF ADD
@NPP1 (National Plann- | Truett(1975) - Assign priorities to each planning area
ing Priority Index)
@PAl (Priority Action | Truett(1975) + Allocate fund for wastewater treatment VA+AG 4 EF ADD
Index) facilities
@XES (Environmental Dee et.al. (1973) « Assess environmental impact VA+AG 78 EF ADD
Evaluation System)
@PPI (Polluti;)n Poten- | Zoetoman (1973) + Predict future water pollution problems AG 3 -- CF
tial Index
@FPA Region VI Cogger et. al. - Detect water quality trend AG 5 - ADD
Index (1910 * Give the public information

NOTE;1) Type of method- VA:Value Function, AG:Aggrigation Function, FA:Factor Analysis, PC:Principal Component Analysis

CA:Categorical method, ST:STatistical method

2 Type of Value function- SF:Step Function, IF:Implicit Function, EF:Explicit Function, SW:On-Off SWitch Function

3) Type of aggrigation function- ADD:ADDitive form, MUL:MULtiplicative form, AVE:AVErage, CF:Combined Form
STR:Square of Transformed Rank order

4) In case of index for water supply
5) In case of index for irrigation
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Table-2 Questionnaire form for choice of parameter and weighting
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Table-3 Selected Water Quality Parameters and Their Weight
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" Relevant information concerning tndividual water quality parameter
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Fig-1 Questionnaire Form for Drawing Value
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CWQI (Comprehensive Water Quality Index) & K¢
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Fig-2 Value Function {Solid line:Average,Dotted line:Average+Std.Dev.)
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Fig.3 Calculated Results of CWQI; (Tamagawa) TIEho, COMIATIIEL

cwql  --
i

POINT: TAHAKAWARA BR.
1TEM :CWal,
-2~ t12-MONTH MOVING AVE.

v k
T - {4

Y e e S VAR
‘ﬁhftwf VoY

Il v i

$}

&

i
1 H‘E"H’"H“""'“‘FE‘*‘!H‘n.vkvl!fll‘unk nnnnnn MRS AR

1978 1979 1880 1981 1982

Fig-4 Trend of CWAI, (TAMAKAWARA-BR)

, POINT: TAMAKAWARA BR. |
! msn :B0D

aons g/ \
[ :12 MONTH MOVING AVE.

‘/\/ ; ~ \
~ b Teen i
i',r, [ W ST
| Vo U1l | v
T AN 1 IIRNAY
Con N gl A
Lt [ | \ YR ‘%
[ ! R Y el j‘_‘t
i o v ST
N S | v \
i Ly v
1 L} !
|
"Tv (R 'sft1‘ r “1 ka4 ‘k"1 ttr h"rh 1 kﬁ‘ff?‘f‘*“‘ff"*tf‘f'*‘f*“)‘rv fg'ﬁ -
1578 1973 1588 1583 1982

Fig-5 Trend of BODS (TAMAKAWARA-BR)

KEBRBB-TE&THWET L
A2RLTWVWA, $7, K-51RK L BOD EOEALick~N
3 L BENMERD L VERLEETHE LN TV ST &AL
PTHbH, BOD WHEWVWEEEFEEITLELERANA LN S
B, TORPOATREHRTTIIEN, ik BOD 0
HEBFOEAHN0. 177 TH Y, BOD »FEFIE TdHT
L bhoKBEHEEOFERAREBELAL TRV EERLTWV S,
WICZHYIU~NER U BlzRmd. QENIBILETICREREL,
—ZMoEFICEFEMAH O, T, SN, KEBITO =m
DAL TO R0, RNGEMALKEES DL, K
BEEE2ROTAA ORBEERZICHES LT 5, IBEOHE
FEAER - 4 1ORYT, R)NPFHEE (EAEAE) 3mEfR
O CWQIL, TEHE2L Fofiz, HEFEVESE & MEER
O CWQL, THEHOLLEDEAE LD, PRIRE LTS
BIFSKERRARL TS,  LEHod)l, KEBINo
CWQIL, CWQI, 3R~ 90, 840 TH DV, XLICBIFLKE
RETH, BINIRENZFNS0, 05 TPPEL, LEHS
BEM~RABROZ SBIBBINTHOAZ LEAGRLTY
3, $£1z, @k 3FEHE BOD OEEERY CWQL, D%
£- 5 IRTH, ThOoOED SR 2 EmIEEI IRt
EAIEVIVNDY ISP
Pt 5, BOD & DBSE S4B EMKNEHEERD
HMELT, BEBIOL Y RBEBOEALZANTOH L,
BOD OFMEEICLLANT, MOKBEAAEELTHSL
D CEHEBGOBRELESNHARICL &, T/ BERRE
AA OFEEGFANNKBES NS0, 3EMOFEYD LS KE

—301—



Table—4 Calculated index value of Natorigawa Blich - 5HES & » 155 THE, BOD

A. Natorigawa BELRITHHL THhAT EBah T,
YEAR | APR. | MaY | June | JuLy | ave. | sep. | oct. | wov. | DEC. | Jax. | FEB. | MaR. 4.5 T rAT v MEICKBTE
cwQl, [1983]85.7/79.7/79.4!80.1]/79.6) -- |78.5{80.183.7|81.5|62.3] -- BILofHFE
1965 | 85,1 | 85,4 | 1.4 | B2 | 105 | - |GLs | gt | oo |0 | 0| dms| OISEERICTAT 2 AT V- b E
CWQI. |1983]74.3]67.9]69.2|66.3]65.2| -- [58.6(63.7!74.0|71.4]|63.9] - | WA L/EME LTI NSFWQI (Brown
1065 | 1.6 | 10.1| 10| 740 | 614 | o |Tha | 160|118 | ehca | T0:3|85:3| )P BB B FT 7 A HEEFEHERD
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3
=
=
o
=
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=
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065 | 82.1|88.2 | 0.0 81.3| 208 | .0 | 0.3 | 314|615 | 0.1 | docd |s0.1| P Td, SIRAHATT K EAILON, il
eWQl. |1983|71.6|7.6]76.2|52.5|65.0] - | - |69.3|66.4|66.9| 76| 68.4| POKMOISENOR - BHEBET 5L,
1965 | 74,0 | T8 | 0.8 | 115 | 2.5 | Ga.8 | 0.4 0.1 302|688 | L2 |eh.5| MITFOX 3115, 2%, EHKOLTHE

C.Kitakawa OKBEOHEFIRD b 2KBEICET HMEP
R BBEBNZHEELT, TTHEENED
BELZEPNET EMBBTEN5B, KD

YEAR | APR. | MAY | JUNE | JULY ; AUG. | SEP. | OCT. | NOV, | DEC.

-
z
)
o
=
=
2

CWQI, |1983

92.2|86.0|89.4|85.3| 87.9| -- | -- |81.5 5.3/ 84.6 8.8 8.5
1985 | aLs | 1.4 | 8.1 | 8.0 | 6.3 | .0 | .0 |o0.8 | |o0.s |2 o0e| & 57 LEALGDT v — Tl BHD
CWQUI, |1983(89.8|67.1|87.0|60.1|83.8] - | - |62.4]80.0] 70984 | 80| EEPEASY, MEBIMORES L HE
1965 | 893 801 | 85,5 | 0.8 | 19,1 | @5 | 80| 817 | 35| 864 | 1.0 |s.0| TEEARMC OV T ERAEE %185 DUKR

D. Tarogawa EHVEMARL V- T RICHETHS &
c. | sep. | oct. | nov. [ pec. | san. |Fes. .| FHA SN Bo TNIEFT V& — b OBEPH

YEAR | APR. | MAY | JUNE | JULY | A

=3

cwQr. [1983]90.1|80.6]88.7 84.0|5n.2| - | - |86.6]92.8|w.2|%.6]91.1] AHMPOLRIERHL, BEET 5 AhEMH
1985 | aL5 | a6.0 |d6.3 | 81.0 | 8.0 | 5.1 | 36,4 | &7.2| 80| oL | 20:2| o10| ASERARDT v — b ICHATE A
CWQT. [1983|86.3 | 85.6| 78.0| 63.8 | 81.9| — | -- |80.4|%.4|83.7| 848 |86.9| THhB. 2[EEVETLIcED, £5L
1965 | 85.0 | a7 | o1.6 | 5.1| 15,1 | T6.9| 821 | 8.1 | 8.0 | 3.0 | 84| 350| - EPINE DT IS  BEE DS
I P RACTENDEVE VN E oY (-

Table-5 Average BOD of Natorigawa QMEZECEREBELL, BETIHE
NATORIGAWA MAEKAWA KITAKAWA TAROKAWA %f)LgZ'_‘,Qné@%)j(éf;ﬁﬁT&)%o 1@50)@?;
BODGyD | 0.878| 0.803| 0.362] 0. 448 HRERS L LICL Y 2RORATORN DEE O
SYEAR RVERAGE BODMBHETE Do ChICk D BOELOEMICH

cwal. Ol 8% 1| 806 8901 890 +EEELBET HRANEL SN D,

EEOAE, BORLIREET Vi — MEDQRIET
HHEEZONBN, HicEHRE LT,
OBVELRESE LB BILoN, BEEDT Vi — botd 2BEOHMENHEI N0 T &,
®Ff, KEEBICE > TRBEMEKPLEAOFEAE L ENT V7 — bDOEBE LTHENSGNTED, 0
REZEORBOEILL S EEL LN S,

5. &bHDIC

KEEISEOSEHI DV TEIET 5 & & big, BEEROFERI O VTEE LA, &5 ICRANSFNIKEHE
A EMR~DFNVT 7 A TV — MCEDIERL, ZOBRETEEE(OMESRIC OV THR~NR, TITE
V&HF &S EKERAIEEOF R, KEDREL--BOALN< I oK BRTE2HTENTHS I EELON
B, —FRBEEOERE L ERIcENT, BRIEMCHIEL 72 D TIRAVEHIOKEEE L2 0REI0 AR
BB ERT L SEETH D, SHIMERLIBELELOKERE & OBGRE#NT5 & & bic, KEER
FoEHic-0T, ftkBOKEF -5 IKBRALBHLRFTETETHS. F1o, REFETEE LAY
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