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Abstract

In recent years, the health status of rivers has been deteriorating under the influence of human devel-
opment, and reasonable river health assessment has gradually become the most important part of riv-
er management. However, the health assessment of highly regulated rivers considering both natural
and social attributes is rarely carried out. In this paper, a new river health evaluation indicator system
is constructed, which integrated four aspects of hydrology, water quality, water ecology and social ser-
vices. The evaluation grades are divided into five grades, including I (ideal condition), II (health), III
(sub-health), IV (unhealth), V (serious illness). The Zhoukou, Jieshou and Yingshang sections at Shaying
River are selected to be evaluated using the fuzzy matter-element model based on entropy weight. Ac-
cording to the evaluation results, the three sections are all in sub-health condition. Although they are in
better health conditions compared to the rivers in grade IV and V, the river management of Shaying River
still needs to be carried out continuously. In addition, it also compares the importance of each selected
indicator and discusses the necessity of incorporating the river social attribute into the indicator system
by setting different scenarios. It is concluded that it is very necessary to consider the social service indi-
cator. The research results of this paper have important reference values for more comprehensive eval-
uation of river health status and decision making of river health protection measures.
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1. 518

BEE AP A RE, ARSI T H 2Ok, R KA T D R IR B k. XK R
B E SR, o™ ELAGRARAES AFEE R R[] TR, ATC 70 R B Ry i B Y
A, T RV RO U B A R R A

MRV IS R AR, AL RPN (7R T 20 RS Faom MR R W S R AT 8 2 R A 2R 5 VPO
JHE[2]. fEsPRh AT R4 20 4D 80 AT IRRAT, B iR LA HEsI I 5 70 K R S (RIVPACS)
AW e B HOR(B) IR T IR R (H2 TR ALY R BANRUKES RGR— 7, ERITVERIPF
WIEAAI. B, ZRa25 I R 2 75 R R KPP it th . X RTTER R R L — D e E TN
A&, R RE L B & SRR A RN R 3R, T A T 03 VPN A o py T AR B £ 3] AL A
$K[415, DARB IV T3 g AU U [S] [6]. MEMIM TR R 7]5%

BN AGRE BRI R, SRR R T BRI, eI S A
HMFEDEHAE R, & 8 ZREA AN, RO iR 7B AT A E PE[8] [9]. I FHEHIY T
TR RENS BT R DR VP IR o s SR BE LSO S5 AT E P, T RERS T AN R AR L4 — > BRI T TF
s A HAh VAR DY A, DT ok 2 i is IR B VRN 2 Hh [10]. AR R SRR (i 5 A
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WAV CIERSS &, AL TR AOK BV, SRR JEH], THRERBOVE ARG E[11]. Zhao SRR
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RME[2]. RIS T S0 TR I I 2 U S AR M SRS D 126 B 8 v ) SR A ST 7 RO ) e i e LA
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{2 DUERIBT LA AE LU R = AN R BRIk OB X 52 2 e WL 2 AOTRIOT R AR REVTAN . @F bR A R LI K
PRI OMEAE R RIE TOKAEZY), @XHAF A & WP IN BB AL . 2Tk, ARSTHKRSC. KL 7K
AR 2RSS IUAN T TR T — BB AU R S VR fabn iR &R R BEI Y TiE S ALE A LIS &, BL
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2.1, M IER

2.1.1. M FRIER

LI A VT AN B AR A FR (10 S AR A 2 MO R RE PR, S R B AT AR IR A, AT A S
SRR IR AT RE SR SR AR AL T7 1] o 25 R B VPA0 FE AR (10 85 = R U AN FP 28 . T H B2 1045 AT [13], A SCIfiE T
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1) KICKEIR
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FebR, THEH R R FAE AR E W L E AR ARG TR . AR 2T R A 2 4
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D, 2.s0n(Qy -Q;)
e

1 Qy >Qy
sgn (Qijk _Qii ) - {0 Qj:k < Q:J (2)

N, o RO TS | HASREREE; Dy RRE i 58 | HASRENHERKE(); D RRE i F5
H IS RE(): Qi Bnsh i 455 ] A5 k HIWIER R (m3s); QyR/ansh i 45 j H AR E(ms).

2) KR

5 5 T S B A 5 R RS K B, B 7 AL A A K o A SCARIE (MR /KRBT i A vE) (GB
3838-2002), EHL T LA FPUANFMAIE : DO /KBUIRGL B HLIG 4K BUIRGL . TEMLTE Gk FOIR Bl A 4 g v
Gtk HAP LS Yok FORE & SRR SR E. ¥ FAE. LHANLMTEE. EA 4 MKFER, T
MUG Gk BRI F EE B R R R br, HEES B YR &4, B M. B R, R SINES. H# 8 MK TR
B o

X T R AL — N EFR 1) DO ZK IR DL AT TEH LTS G K BUR G , F 0 H A8 K FAE LK T8 R VP A% 48 P 29 FE
XL Z ARSI A DTS Gk BURUR B 58 15 R0, F e 18 B A S KB R 2 AT IR 7y, W 1
A 20 KRIE SR, B KITHRPR A 12 AN H 1 H B B FOPSHAT SRR 23 0 AT 735, B4 70l
FE IS AR R 43, ORI 2 1E 9 AT AR IR 43, fJa BRI B 5 B 38 AN B AR I R 43P M LA %
TH IR 73 [13]

(1)
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Table 1. The score distribution of organic pollution

= 1 BB RKECRIK BRI 57

AKIF AR TR (mg/L)
TR IR Eh R 4 < <4 <6 <10 <15
R E <10 <15 <20 <30 <40
HAHAMTEEE < <3 <4 <6 <10
TR <0.15 <0.5 <1 <15 <2
IR 7> 100 75 50 25 0

Table 2. The score distribution of heavy metal pollution

2. EERIBIRIUK AW 5

UNGIEE D FaARi B (mg/L)
4 <0.01 <0.2575 <0.505 <0.7525 <1
£ <0.05 <0.5375 <1.025 <1.5125 <2
i <0.01 <0.0125 <0.015 <0.0175 <0.02
it <0.05 <0.0625 <0.075 <0.0875 <0.1
K <0.0005 <0.000625 <0.00075 <0.000875 <0.001
] <0.001 <0.00325 <0.0055 <0.00775 <0.01

oS <0.01 <0.0325 <0.055 <0.0775 <0.1
HE <0.01 <0.0325 <0.055 <0.0775 <0.1

M55 100 75 50 25 0
3) KES

IKAESBEFRETN S, REEIEE R R B TKAENY), TP — %0, XERH R TE5M
Fifle PIASOR KA S04 53 IR SRR 304, 3 AN i ) 2% i Hedh, SR A Shannon Wiener $5%k
KN eI ZAEE[L4], THE AW

H =->(pi)(In pi) )
i=1
K, SRTREFPEL p R E | R AR S AR E R E

4) #HEMR%E

AR RS HAAMME S NSRS IRS MBI G — 1K, ARRANCEIRE B RTIRe ) o8, e R Ak 2
IHREMIIEH RIE[12]. DMERIBF AR R MK SC S KB AK AR S 10 £ B 2500 Mol i dg jE, 208 1K) “4t2 - B
SR ZIUREME . N RIS BT A R A R ROR R OK, R R AR AR 2 T K P JE R S [ 15]. AR5
FERNR SRR Thae, FEVEMTFRAR SO ANARII AL 23 ik 25 D) BE BB MUK AL DR IE 2R A K BRI R M R AR R

TRITE ATIE T e R PR IE BRI 2E LR MR oE, A A TSP HR R . TRITE HTIE D) R DR UE R A @ A K AL
frRuEZFRM &, HEAXWT:

D, Xson(Zy -Zy)
hi=p=""7p @

1 72, >Z,
_7 \= ijk ij
sgn(Zy, - Z;) {0 7, <2, ®)
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A By Ron 26 VRS | I MENTUKALPRIESR s Dy RoneR i 4258 j B AT/KALAS 20 2 1R 8(d); D Rons i
55 ARERAd): Zp RS 1S ) A k HITEEKAL(m); Zy RS 655 ) A K@ ATKAL(m).

IKGEIR T A A A A S AR A BRI — AN, H H IR A R A 2 edt, AR AEs . AKBEIRIT A A
FRIARMRT, SRR Tl AR ARG FKSESE . A SCHIZR BHIEIT AR FH R i K B IO R A TR
B, HEARIT:

W,

Ru = W (6)

A RyWKBEPIT AR A Wy o8 SR K B s W R sk i K B &

2.1.2. VMR RESL
g BRI VYA J7 T R, SR ER T A B A TR R R L 3.

o

-

Table 3. River health comprehensive evaluation system

= 3. AR e R R

HEN 2 Eizp A~ B
IKSOK B IE A A I A THEVEAN AR (1 AR B8 % 16 2 128 UK TR A 25 it (R R
DO 7K JFIR 5 RRAE VG AR B S MR, % 12 AN H B g S BE T35
K AALIG Gk B THEINERR 2.1.1,
TG B K TR MRAE VTG A 0 M IS, Xt 12 A A SR BT
4 RS Ytk HHE RN 2.1.1,
AT BN ) 2 R K FEMIEh 4 Shannon Wiener 5%k .
KA IR A 2 e K- H5h 4 Shannon Wiener 1547
YA 2 R K HIF i HE4 Shannon Wiener 1647
AT TR AT 2R GEUH VAR H KA K T45 TR MUK AL R 80 4 L
K BEIETT R % PG K BRIRIF R R & / 24 T5/K % IR Ex100%.

2.1.3. WhinE

P AR A o 2 B B B ] K 08 10 R A R s o R o S o i 25 5 300 20 M 256 1 8 (R FB AR VAR B v
H[13]. S56 B 4abnhs s, SHEIHRIRRIE 5 2, /008 | GRADRDL) . 1 (R 1 CEAERE). IV (M), V
(). T8br2 & THEFR TN AR E WL 4.

Table 4. The criterion of each selected indicator

4. 1BIRE B UUERRITNIRE

N2 LAY I ] ] v \%
IKSTIKBEIR AR EEE 80 60 40 20 0
DO /K FUIR L 75 6 5 3 2
B HLE S K TR B 100 75 50 25 0
KI5

TEHLiE Fe K TR 0.02 0.1 0.2 0.3 0.4
B G NN 100 75 50 25 0
A S A= 2 R 4 3 2 1 0
KA I A 2 R 4 3 2 1 0
EHAEI 2 R 4 3 2 1 0
KL ARUE 95 85 70 60 0

HEMS AL RRIES
IR BRI A 2 10 30 40 50 60
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22. EEHYITER

22.1. EHT

SEFYIAFRN, ERTHRAE C ARV, AP =78 RIN,CV)HIE AR FY A TT, BRI,
IR O R B v BB, (SRR E AR T, W m AR n g C A AE R, AR R m AN
Y0 e EYITC Rano &85 Ry EESCE ABMIYICERE, F08 m DY) n R SHRMYIIC, 101k

M, - M,
Ru=| 0 M )
Cn Vir 0 Vim

A, MRS JAED()=12,--,m); GO I MFIE(I =1,2,---,n)s vy N5 J ASFEE | ANRRAERS L 1 B0k =
fH.

22.2. NLREEE#T

B B IGTVTA F bR AR IS (T ROR BREL M B T Wt T 58 b 8 08 VAN AT IS (R B AR SRR AR RE PO A
RIBSE . AR MR BT 5 A AR AR K F UG AR AL, D BR AN 1 o

HIE T3 2 WAL SR BERIMI T R, -

M TS M m
- C eee
Ron = :l Xil Xl:m ()
Cn an o Xnm

2.3. WBRUEHREIEFE

AR FH AR A SR A 2 T AR RE VRN Fh B AN PEM FE AR OB . AGEYR TE BERE R E B, HMEHT
SBE B RERE, M DUERE BRI/ SRR ITS A E B R, RN ZIEIREIE N
R Z2 HR AE A RS o 1E 5 v AT DAk G AN B TR A ok R v 32 O (52 o
3. SEfffsR
3.1. WARXIEER

YETT RS A e BRAT B A TR AN 3] 2 1], A TR [ R, AR Y5 111°55'~121°25', db 463 Hl 30°55'~36°36',
MR A 27 75 km?, BEES IR WA ZHE . LA FMIbE[16]. WBim/E e & K s2im, HALT
FAL AR E T, ARRRRINERZIL, BRI, BkE, L0, B TRERES K . 4idit 50 4
IR, RN E T RENORE A ALK E. B ORI TR, 5ol 7k 8RR

bR BRI O FE A E W RS AT A . BF AT X A L 1
3.2. TN ERESL
3.2.1. IEFEEURIHTE

A B e b B AR A R . e AR R T iR A BN RN 6 B, 1B ER 2017 AR NE
{4 FEAR S 32 Bl R 2017 SEI/K SRR, A e 5 AN I I R AR A
3.2.2. WEZEMRERIFIE

THEAS B SV 8 PR A E LA 5.
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Figure 1. Sketch map of the Shaying River basin
L. B RBUGAT R AR 5 &

Table 5. Weight values of each evaluation indicator

5. ZIFMIEFNNER

AX/RE DOKE AHIEE LHEE =R KW FESY RipEY mpiokEe KB
T Rt KBCRGL KRS V53R AEME R AR EMZREE RIER JRRFIR R

BLE 0.125 0.127 0.149 0.096 0 0.097 0.100 0.095 0.111 0.101

PR

3.23. HEXKE
TS YDA AR B DS BRE R, W
R_(%D Ry Bk I I 1 v Vv j

= 9
> 10.6779 0.6603 0.6587 0.9685 0.7275 0.5070 0.2703 0.0000 ®)

3.3. ZERMiTie

ISR REG R ASCRA T R BT SR RE 5 0 A =V IR RE ML,
ARSI, SR AL =T VPS50 10 SRR, BB IR T R N R, (R
AT BT LI ).

3.3.1. IEFREOESL

T A BEVE A — AN T ZL D B 2 N — A VPN SR PR R R . IR AR R BEBE 5 R 7T X 3 S B
PG PoE R, SRR AT e 25 B E B IhRE . ARG AR E L SRR BRI S, B e
SRAPIRZE, BRI R E EAREE, 5 BN R BRI AR & K SOK SRR R, ROSIRIIRSZ 15 Gtk
BLIZK TR A FR A S BRI A A8 R GRS T br . A KAES IR A R R BT AN E, Ga%E T
ARSI ISR A 2R . VAT AL 3 8 Ik 32 B R L A 2 2 R I B R AN N T B0 e
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WETI, g & CarBRE, IR0 T KA PRIESR ALK BT R A R AR b

YRR SN BT 2 RS T AR IR, RART N ARAHIR, WA BN S BERE[17]. 4EFFRR
TR E R T E e R S RIS, W7 I SUTFR AT e A e 2122 (R I ST 16 B 2R R Ve AR 2 S 4,
FEHERFITR HARRIA OB BRI T, SRR RAL 2T . IR FR A R Th 9 AT AL 2 95 1 2% i
DEH

332 HIBGHNEEREE
Etxbd 3 MMM RAR AR, FIRBBOEE R T SHRARIOBUE, ik 5. AERARLAE A HLE RK BRI
RS 5 IR e m, B R TS YORBUIT AR AR, I 0, A=A (K 4R S YR N VR 4
i | IR, BT BAXAMBFRTESLIE ST T B UR K
EAh, S5t 3.1 APRTGINTITEAL SRS ThRE M EEVES T, N T RIE B, A FERIR T A
SBYERTRRRG, R AT R AUE BRI oo RRE =AW REAT PR . 4B HORIREE(E A F
R_(%D o @ik | I I v Y J

= 10
* 10.6327 0.5408 0.4891 0.9670 0.7266 0.4936 0.2330 0.0000 10)

AICE SCANAE 2 W55 DI RE AT LA RE PP AR 5t —, AN TR = W BRI, R
w4 BERDUITAN S5 A AR, BT IV Ko 18 St rh i I £ vl A /K A7 3 a2 E AT 45 B2 )
IKGEIRIT KA R AR 7 HX 2 5F R SRR R ik, Iy s 5t =i, [, XA DA
R, BRSSP SR EIRE Y I 2K, (HRAE S ORI LR S R N 1
e, HVERESTPANARER) @R EANIRIL . XU IR AL 2 RS DIRE, 25 RN Ak S e B 1 Tk
REARH L E

4, g5ig

ARG 2 IR AR 5 SRR, AT DD BE IR SOK BHR . KB KA S A2 IR S5 DhRE 4 ANT7
AT, BT 3L 10 BHEARRAL AR RECR DL . PFAN SRR T SR AL 2 Ik 55 DO RE A SR AR b, AR
fEREPPOT NS 2R . R SCEE S VD BUA FUISOT R IR S S BT AU 3R W, B T AL B Y e B e B T 2
TRBRER A RELR & PR -

FESCBIREFEH, Vb BRIz BT T R PP 25 R4+ A RE” KT, RAEHLEIFAARTE IV (A RR) A1
V (R &8) IR, Vo B AU BER OO R, (B AR RS T R A1 “AMER” (A i %
A, HOIRBLT BRI BERS AR g BRI, Wom i g B B AR AR B W74 RAHR AR
ST AT AR (4 TR i BREDR 85 AT 175 B PO 9T e A R Oy 5 Bt R A FL L S 25 A0
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