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Applicability and modifications of the Nemerow index method in evaluating environmental quality

HAN Shu—xin, WANG Li-hong, ZHAO Chang-sheng

(Shandong Analysis and Test Center, Ji'nan 250014, China )

Abstract: In order to study the applicability and modifications of the Nemerow index (NI ) method used for evaluations of environmental
quality, mathematical derivations were performed based on the original formula. The results showed that the formula of the NI method could
be transformed into a linear equation. The slope and intercept of the equation could be the weight coefficients of the maximum value (F, )
and arithmetic mean value(F, ,,.), respectively. With increases in the ratio of F} ,,, to F; ., the weight of F,,, increased while that of ¥}, de-
creased. The number of pollution factors(n) participating in the evaluation had a significant influence on the results. The NI method was
found to be more suitable for evaluation of environmental factors with clear purposes and directions, or those associated with low pollution in
a region. In order to improve the applicability of the NI method, some modifications were proposed for two revised Nemerow index (RNI)
methods. For the I —RNI method, n=5 was used as the partition node, and the ratio of F} ., to F, .. was equal to five for the Il —RNI method.
The I ~RNI method was used to evaluate factors with clear purposes and directions, and those associated with less pollution; the II —RNI
method, an extension of the I —RNI method, was more suitable for multifactor comprehensive evaluation. Based on the mathematical conno—
tation of the linear equation for the NI method, when n or the ratio of F, ., to F; ,. is not more than 5, the original NI method can be used
without affecting the objectivity and accuracy of the evaluation results.

Keywords: Nemerow index method; environmental factors; applicability of methods; modifications of methods; weights of pollution factors

WimE#:2017-04-10 A BH:2017-06-15

FEE A R AR (1984 ), T0  WARHEIRA BUBRBIFE B SRS 7 S 5 Wil 5 SR BE R . E-mail: hsxaa369@qq.com
EEWA AR FE R KT (2015G8F120010)

Project supported : The Key Technology Research and Development Program of Shandong Province, China(2015GSF120010)



2154

KA IMERF 217 eI RO

PN 2 R A0k PR DR AR RO R TR, 2 24 il
WA TER BT PR Eo T B R I iz —. %
Dy e — AR {5 58 Hh i RAE I TR 2 A
IRBE e FR R, RS 5 4 I Ml S B4 R G )
[RIVE R, DA 52 M M P 45 2R R3S 3R ) T L e
JE o 207 Rl 36 E W27 (Syracuse University )
P %' (N.L. Nemerow ) B2 78 Lt 2 (1 (Tl 3t ¥ A4 B
M) — PRl . B 20 e 70 ALK, B
— SR ORRMIE N 510 FH T 2 b XA K TG e PE A
Pl R 24 % AR Rt K ) T e T
THM K FREE R AU Hh K PR T
TKITOIRE IR B IAG FT REIEAN , LA SR IE TR
FEUTRRA >0 L I IR SR h G e A AL
AR B 57IR5 S E F TS R R R
BE AR XU PRt SV S B PN T e iz
fe R AR B Bk

WS TR BOE B AT R R . VAL ETE
W7 T ARV PR R SR R (ELTE S R 0 e A v o B
TS, SO S R A I AN BEVE R L0 S
WLRTPE M A B R i . L RIAE T LA
1 : COIPA B R 2% 5 T B R 15 AR AR 4
i KAE , H e KA o 55120 (2) K F B S
PG QR 1 s . A FPETE P R R SR T iy
R EE 140220230 (3) el 7 105 Y IRl R 2 L
X PEMHE AR . XL B[Rl 1 2 R D13
1 SRR AR 6 A AR BGHA T B IE , B
157 —E A AB IR IARAS b A1 7 v 0
T IRBE B2 A P T DA R R4 746 1 1) S U ) 43
A SCE A A NS R BOE TR A BT,
PRUT T2 05 A IR B I DL AR IR A 530 1T
HAEE R R i E i rE e, 5540, 5 7%
T ABIE 5 A JFI], S RHIE A 51 IR ORI S
I I FR A5 o i PPN RS PP A i o
1 MEE5FZE
1.1 BBINEF X

MY G HR RO AL B T AR BN R
SEE AR KA, B K 15 YR UL A F5 B0k
PR A S BT -

HL R AR R0 Fy=Ci/S;

WA NG FREBOL : F=
Kb F ORISR BT b b2 Fhbr it oa

FHIPEIMEL 3 B e N PEBEPRIE SR B AR SR j ol
PRUET Fy R KAEL, F, o =max{Fy) s F oo FTEREIREE
BER PR PR ES j MARUET Fy ARSI F e =

1 % NN e w
o N Fysi BTG YN TR i=1,2, -, ns NE
=1

PRI R T bR IR ¥ G IR BT o IO ) Joi A 2
A, j=1,2, 00 ms GO § RGBT A SR L 5 S,
RS i s e R AR IR SR AR E A A 7 AR
MR BUPRIEAE
12 BEFAREESIANNARRMEERPITEEF
WERITE

FUATG Y R AT 2o S TR A A 37 i B0 R A 7
1B TE A E R M, PRI PRIE B R B e s AN ], 15 e IR 1
R 577 s A AN A o
1.2.1 JKBEE TGN AR BT A

T2 TG e X AR SRS I T 5 f 5 A
FEFFAERR I 22 5k, — et oAb i e N 7 I e
PE 53205 G I T HE O R REAS B 52 B B iy INTE
KR, B A RT  F AR 2R B br
WA , 0 PP BRSO j 5 ok, 8 Sepn e 26
PR ARSI Y 7 A HERCPRE S; 4% i /N2 R
FPHES 1,85, 0o+, S, B HAR R AEL S 15 S FEER, 2 R,
PR 1§ RGN TR O LU AR, TS

Wiz nRi
2R,
i=1
:—EE:':F‘ :W[y‘j% L ﬁ??;@%ﬂgj;iiﬁ’ (Ri:Srm]x/Si)’
ZWL'ZIQ
i=1

1.2.2 ORI AN L 43 s Y AR () 115

TR . R K SEIREE 22 10 T A
— SRS Y IR T30 22 HL2E 480, DA 45 S o fi
0] TPk 5 R - RN U A o A 2 B
SRR MR ERH F(INE SR W RE), ]
AW R k. B, F5 Y R A T
KREFHEK, RTESIRGYHEFAERITE, &2
DI W

S —FI R RS K Swaine 4 1 ) FR 455 1)
FEEERI 434 418 Hg \Pb (Cd \As Cr.Se JUFpaEME = 1)
JLEIHMN 1 25, Mn Mo,V .Be Th U.Ni.Zn,Cu JLF}
BEMERARAIC R IR T2, T 25 1 2543 Bl A E
3 0287, HAthH 48 L = U Co . Ba Ra Sb.Sn Ti &%
RV,



BRSNS FROE EFRSE TR o H038 P 5 A TE S5 2155

2 MU (9 TR0 2o P A SRR T A A
BAEFER (R, K5 Hakanson (13155 50 345
B BRI TR T 5] 12 ME G R CR N
PERECGE D).

o IR T B IIE T 1R 2 T R LA A
I R R SR T 4 S Ik R A 17 R G Jm A ML
AL WL 2.

SR PRI T 53 7 7 R 2R A ML T I RS2 IR
P ATk (AHP 3%, U 4R 15 P I E M £ A BR 4
EoN R, B T 7 FiEE & s 15 5 T BORCE R 8
(%3),

T3Ab ARFTAERE ok 22 on etk 1A Y )y AR
16 FhZ 5 FERCE , BRI 4.

2 HR5H

2.1 #BNETREYEFTELXNEEESRTE
BERMES

ST N E HEBOL AT 305 T A 15
PR B R AR RS A-EIEF-J7 Al — 1 LT3
TEM N ATHEZR N XEZHLF, F, e T, e BN
OIMTRCR RN DRI, AR SO 3 NS BT T HoRE

Al Vg K=t R ATT V=aX+b,
J»ave J>ave

W 1 # Y 5 X 205 B AU AT
1 =0l O F e ST EENEHE T AR N2 FERUE
SEPR 2 B DR T P b B KA A AR B {E AL
JEBIFT, BER o FIEEE b 23 BRI F e 1 F o
RGeS 8

F 52 X BURFMERRER o I b AR
PE r B ECE . B3R S R0 B X B938I0, F e AL

201 o’
| o
| ﬂﬁﬂ-
tof '......i‘
-
oo

F1F e

0 5 10 15 20 25 30
F ol F e

B 1 FIF 5 F P, BB X RE
Figure 1 Linear relation between Fi/F, .. and F} . /F; e

&1 ETRIZHEN 2HESESERY

Table 1 The toxicity coefficients of 12 heavy metals based on RI method

JLE Hg cd As Cu Pb

Co A% Cr Ti Mn Zn

R 40 30 10 5 5

5 2 2 1 1 1

®2 ETSEEHREN 1T MESEMELNE

Table 2 The toxicity coefficients of 17 heavy metals based on toxicology

JLE Hg Cd As Cr% Pb Cr Ni

Mn Zn Ba Sr Mo Ag Se Be Sh

PR 40 30 20 20 15 10 5

3 1 2 2 15 15 15 20 40

T DA Zn BOEEME RECH 1 IFHEATIT 7 AUIE AL , 45 H At o S ML AR AR

%3 BTt AHP ZMEN 7T MESEFLEEFNERY

Table 3 The toxicity coefficients of 7 heavy metals based on revised AHP method

JTTE Cd Hg Ph

Cr Cu Zn As

EEY 0.108 6 0.437 8 0.108 6

0.044 2 0.025 1 0.014 9 0.260 8

R4 BETZEEEAWER 16 HEHRFTRISEEFHNERY

Table 4 The toxicity coefficients of 16 PAHs based on multiple linear regression

B

I (b) HIE(K) et

B PV e ) (12,30 IR IR

(NAP) (ANY) (ANA) (FLU) (PHE) (ANT) (FLA) (PYR) E(BaA) (CHR) % KB i (pap) cd)it (a, ) (ghi)E

(BbF)  (BKF) (DBA) (BPE)

(TPY)

L

0.2026 0.0531 0.0548 0.0541 0.0526 0.0529 0.0521 0.0533 0.0521 0.0548 0.0523 0.0535 0.0526 0.0522 0.0536 0.0536
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Table 5 Parameters of linear derivation based on typical NI method

F a TREE b

Y em® (Hamm alb ’

1 0.500 0.500 1.000 1.0 -

2 0.581 0.419 1.000 1.4 -

3 0.618 0.370 0.988 1.7 0.999 4
4 0.640 0.333 0.973 1.9 0.999 4
5 0.655 0.304 0.959 22 0.999 4
6 0.665 0.281 0.945 2.4 0.999 5
7 0.672 0.261 0.933 2.6 0.999 6
8 0.677 0.245 0.922 2.8 0.999 7
9 0.681 0.231 0913 29 0.999 7
10 0.685 0.219 0.904 3.1 0.999 8
15 0.694 0.175 0.870 4.0 0.999 9
20 0.699 0.148 0.847 4.7 0.999 9
25 0.701 0.129 0.830 54 0.999 9
30 0.703 0.115 0.818 6.1 1.000 0
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Table 6 Modifications of I =RNI method
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