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Study on water ecological evaluation method of urban river water with
regenerated water recharge

LI Daiging ~ XIA Shasha ™ ZHANG Zhensong Ll Jie LI Honghua

(Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing, 100085, China)

Abstract The health of urban river is very important to the sustainable development of the city and
the quality of life of the residents. With the promulgation and implementation of the Action Plan for
Water Pollution Prevention and Control, the water quality of urban river in China has been
significantly improved. Urban rivers in arid cities in the north are generally replenished with
regenerated water, which are more susceptible to human activities. Currently, the water ecological
evaluation technology system is gradually shifting from a single water quality evaluation to a
comprehensive evaluation of water ecological quality, but it still needs to be further improved,
especially for rivers replenished with regenerated water. It is particularly important to establish and
select multi-factor, more suitable comprehensive evaluation systems and methods for such rivers.

This study conducted a comprehensive evaluation of water ecological quality, including water
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quality, habitats, and aquatic organisms, for two rivers with different types of riverbanks in a water-
scarce city in the north, and discussed the differences in the comprehensive evaluation results with
different aquatic organism evaluation indices. The study found that although the water quality of the
two rivers was similar during the high-water period and the normal-water period, the water quality of
the hard armor protection river was slightly better, but the softbank protection river performed better
in terms of habitat conditions and the evaluationindices of zoobenthos; in particular, the biological
diversity was more abundant in the softbank protection river during the normal-water period. The
comprehensive evaluation results showed that the water ecological quality of the softbank protection
river was overall better than that of the hard armor protection river. In terms of the selection of
aquatic organism evaluation indices, the biotic index (BI), the biological pollution index (BPI), and
the Shannon-Wiener diversity index (H) could all reasonably reflect the comprehensive water
ecological quality of the study area's urban rivers. The study suggests that more softbank protection
rivers should be adopted in river embankment and design to improve habitats and biodiversity and
achieve the integration of beautiful rivers and natural environments in cities.

Keywords surban river, evaluation indices of zoobenthos, comprehensive evaluation of water

ecological quality.
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B SE LAAE 5 U 5 DX 1 2T 3 R 1), 256 5 IR K BT L AR SRR AR AR ) = R EEER, RS AR A
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1 MRS 7 (Materials and methods)

1.1 WS IXHEAL

WSS XA FAL S TR IX (JB 26 39°53'—40°09', A48 116°03'—116°23"), J& Tl 18 2 T 5
KBl 2 XU, AR AR 12,5 °CL 7 AR 25.8 °C, 9 A FHRR 19.5 CL AFE YRR A
600—700 mm, [ M fAE N A AN, 75% FEm AR Th7E 6—8 H {7, X NTRIE TAts /K & . e
N T D DX L B A A 3 A R SR BRRE 24, ELAUT AT N B R A T3 IR . 7K B BICR B AR — B i i A
TN G2, WG AT A LUK | AR KT KR 32, YRR I 5 /K B HER, JK R 4140 7 Ja RS
1.2 FEACREES W

AU ST XK BT AR FK AR AR W A7 [) 20 9 A W, 78 2023 4F 7 A 91 (k) F 9 A dh N A)
AR 28 W 1y, e 638 0% S 35 7 R AN T 95 K T3 (CHL) |« R 30 19 Ok B 547 52 ] 95 K] i
(H2). 43 T 20 S8 3 AW AL ST, S2. S3, I ARSI A2 K Py, B R4 50 m 23 51 R%
AEFE S W 7 an A 1 R,
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KB WSS AR AL 46 pH. Wl BRI ER T 8. b dm . L H AT A& A . S8k, #lik
Y. mAR . R AMEE L BT RIS B AR L WL B R L BEL LB SR AR
21 JEHR.

XoF W05 ) A5 A7 JR 0 O R A B R A, e RSB L AR AR 2t | A AR B A B R | T R AR M L T
Ak KR IR A T R K BRIRO . AN TR SR A | R R PR R AR 10 WA SR AR AR,

TA] YL 7K AR A= Wy WA 32 D X6 A 455 i o A BRI L RIS T ME Bl (LT T RR IS 3l )
A EC i TR AR T T B8 . N TGRSR, TR 3 ) A T shyu A [ € L 75
AR | 2 AN T A D S5 223, BRI DU sh W o AR XK A LR W AT A= ) 2 0F
B, 2 L TR A 7K AR AR ) M D K A S IR B i PP O 7L A SR e AR s ) K A AR )
WEINRE G, 308 32 2 PR it SR R RN TR SR AR, 0 S0 50 3 I Jie S o AT, I 3330 R A U B P b B o
FA A BB
1.3 Fdaab s 5554

Bl ot 5 2 HI/ER F Excel #1 Origin2021 456 A
1.3.1 KB

SR FH (b 7K A5 5 i A of ) (GB 3838—2002) HA A AL AL 1A 75191,
132 A

RIS FR RSB 0—20, B SSAL I A 35 B0 DL b 10 T AR 548 bm 20 (8 2 im0,
133 JEMShYITFHr

VIR Bl B 0 AP B A AR %% B2, I FH A 2 W I AR DG 5 AR 22 L 18 F TR 3 4
1 4 FhPEU 38 BT PR . B A -4k 94 Z2 R4 8 £ (Shannon-Wiener diversity index, H) 7] LIXT ¥ #h 2+
P I FEVEAN, A= 946 21 (Biotic index, BI) 1Ak 4 Wi il T4 £ il 43 ( Biological monitoring working party,
BMWP) 53 S A 415 2 £ 0 P W0 500 37400 JEAPG 2l 1 S R X 35 e 0 vy it 32 1l AR v 22 5, AR 20
Y4 45 %1 ( Biological pollution index, BPI) FJ L [z W Ji& 46 20 ) 48 7~ 28 B 19 25 4 R ik 43 511148 Shannon-
Wiener ZAEPESEEL(H) | AEWHEE(BD) | A= 9)2¢35 G 48 % (BPD) A= W) s DU T AR 232 73 (BMWP) . 1155
N I

n; n;
H:_Zﬁlogzﬁ (D



12 R R A PR KRR BT AR A S PR T i AN T Y 4115

Ny
n.
2N
BPI = lg(m +2) (3)
lg(n, +2) +1g(n; +2)
N,
BMWP = Z F, (4)

K, Ng FREG i 05 i AR n RN RS REG N A RSB ¢ SRR T S (R
ny EFEBS | I PE LA HAMEEL n, B2 EIE Woeds, BRERIcLl d LA ) HoAl K A B i i Ak
B ng BBARSIY B N, IR BT, BMWP F8 8054 i e i R FOoRRE B934
134 ZRBITFH

T I K L AR B R K AR A W A FE AR T I A 4 R R A SR RN, ALK AR S TR S e
(WEQD), AT

n

WEQI = Z W, (5

K, x; FIFM BRI s w; A PEN R AR, 2 UK LS bR 0.4, A BE35 45 0.2, /KA AEWIHEFR 0.4.
4 WEQI 7 E, K5 K A S BT B IR S5 943 h 5 9, KB, A58 . KA A 045 F8 BR DA R 431
A WEQI 432817 3 1 L 2% 191,

R RASIRET BRI 55 2R b i

Table 1 Water eco-environment quality assessment levels and scoring standards

i
RUEEI Scoring standards
Parameters 5 4 3 B 1
i LI 1 v Y 5V
A4 >150 120-150 90-120 60-90 <60
H H>3.0 2.0< H<3.0 1.0< H<2.0 0< H<1.0 H=0
BI BI<3.9 3.9<BI<5.4 5.4<BI<7.0 7.0<BI<8.5 BI>8.5
BPI BPI<0.1 0.1<BPI<0.5 0.5<BPI<1.5 1.5<BPI<5 BPI>5
BMWPCARH]#E7K) BMWP>86 65<BMWP<86 43<BMWP<65 22<BMWP<43 BMWP<22
BMWP(H]#7K) BMWP>146 110<BMWP<146 73<BMWP<110 37<BMWP<73 BMWP<37
WEQI WEQI=5 4<WEQI<5 3<WEQI<4 2<WEQI<3 1<SWEQI<2
PN SR 75 KA hég o R

2 25 59718 (Results and discussion)

2.1 KA BT AN

HRYEA BT 0 W 0 235 5 o, WFSE I Bt H A1 H2 78 E 7K 31 . 7Kk 351 B9 7K J5 25 5 247 55 381 2 7K 34
B2 bR ifE ) (GB 3838—2002) H A IV /K 5. 21 T00 W5 38 b v, T 45 J8 A58 5 Ye W Y R AG Y, 52 e Tl
FB LKA BT 7K A AR PR B AR ) S EAR AR R S (DO) | R R R $h 75 AL (CODy,)  fh22 7 it
(COD) ., A bTHEHA R (BOD) . A (NH,-N) | B (TP) B (TN) A5 A T Bk 525 Wi 45 5 4n 15 2
iz, AT AR H, JK B e = 7K RN Pk 0 B9 A2 Ak 22 S SR AR K, H2 B /K 5 F8 A R 3 ARG 441G L K
JERCEEARIS G- HT AT H2 ] Be X UK 2 | FAE 2K T 4K Sk 3, 17 BE /K B BUIR B R FE B E S50 A B T4
IKIK BT TARAEAH G
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Fig.2 The concentration changes of water quality indexes in different river types during high and normal water periods

2.2 AEBTIEA PN

HR 4 H1 AT H2 (I 2 A0 BT A W I (o 174 A 35 V8 25 0 0 RN B R AR A5 40 a6 2 . HIL 3] Bt
JERTE YR, T R L2 R . A SR A A IR B AR SR MR R AR S b R IR X, BB T 4y R
L IR] R 4 SR AR TE FUK AR Ak, AU R 7K AR HF, 38 REXT K (446 52 R AR 25 2 1 A 48 P 81 AU
Y, SR A B3 1 0 T . 12 Y] B S0 477 2, Ry YRR - R0 i A o S R S A e s A %) BT S
TR, LA 5 a8 1) 45 4 58 B RIRS A 1, T LA AR AR A T 1) vl (X 32 Tl 3 X3 ) 7K A A G S b 2
T BRI, HYAT S B A2 ) 22 REE AN B Al R AT i R e,

R 2 WFSE DRI A 4 A A 4 2R

Table 2 River habitat survey results in the study area

A5 5 WA AR IR
WA 57 Habitat survey scores Average River habitat level Scores
Sampling FoKi oK FoIH kI FoKi oK FoIH SR
sites High-water ~Normal-water ~ High-water =~ Normal-water ~ High-water ~Normal-water ~ High-water ~ Normal-water
period period period period period period period period

H1-S1 128 126

H1-S2 122 129 125 141 R4 RA4F 4 4

H1-S3 124 169

H2-S1 92 105

H2-S2 92 102 92 107 ais 2is 3 3

H2-S3 91 113

2.3 KA AT
23.1 W2 o3 AR
KA A ) B AR AR RT DA B U SR B IR 85 o i (AR Ak, RR R R sh ) B A K e | flEE L e
PEAEGEIAE T W25 TR0 H1 A H2 #5200 S/ 01 Rl sl 5 =E K 305 A R 30 H 3G 3
PR B H2 B (18] 3). TG s 45 2 8 B o L i R B Y gl s o 2 2= (R 4) - H2 ZEF A
7J<ﬂ;ﬁiﬁxz®\ﬁizjl%j7£%§§ﬁ$ 7 HE 2 A 2 73% F68%; HI A 3 A28 & He e AR K & A4 T
ARAk, FE K AR S R RS R 3=, AR B 52% T 46%, TSk IS S LA Csh e b L
HCLQIJ 57%. WeAMEF oK B8 A, H1 [ B & 30 T 9 FR 9 <“EPT #0745 H (Ephemeroptera) P4 7 1%
B Rl iR Fp RT3 H (Trichoptera) 801 BB, EPT Py ki i K (38 /- W B, X SR 35 45 4k,
SRR, T TN 2K A A A AR 2,
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S AR Mollusca
i sh¥ Arthropoda
222 3845 24 Annelida

25

T

Species quantity

7/
olzzaz V277 sk

HI1 H2 H1 H2
(High-water  (High-water (Normal-water (Normal-water
period) period) period) period)

3 AN[E)IT BE A I 40  #5 EAE  Ah c AE fl

Fig.3 Changes of speciesquantity in different river types during high and normal water periods

7z ERHi 54 Annelida i 54 Arthropoda AR Mollusca

D
SN

RFRSR HI) R (H2) RIFAPR (H) BRI (H2)
Fk Fk Ak AR
Softbank protection(H1) Hard armor protection(H2) Softbank protection(H1) Hard armor protection(H2)
High-water period High-water period Normal-water period Normal-water period

B4 SRS A5 KR T 5 L
Fig.4 Distribution of community densities for zoobenthos
2.32 IR TSRS
WIS 2 R 48 B R R (36 3), AR VEH 58 BRI 1 PPAN S5 90 A 22 5, (H A%
PRt — S, BT R B (HD) A8 TR B 2 ) B (H2), ~F Km0 T K . 23 B Heh 5L IR, 4
JRC AP RS 7K AR SR o e A AR 2 22 R D7 T A AT BRI ZK AR TRk R, TR AR RS R SR T )
FR i A\ G R, I B AL TS B, AT AR R A s e S R B B I B 7 i,

T3 IKRAEY AN HE R AN 175 L

Table 3 Assessment levels of evaluation indices and scores for aquatic organisms

BB R (HL) T B4 (H2)
PR Rarllling e Softbank protection(H1) Hard armor protection(H2)
Evaluation indices Periods FRHUE PR Wit 53 FRHUE PEM AL, ivsan
Values Levels Scores Values Levels Scores
Fk 23 RiF 4 22 RiF 4
H

Sk 32 7 5 2.0 4 3
FK 59 rhsg 3 5.6 rhsg 3

BI
Pk 5.6 e 3 5.6 e 3
Fk 0.4 R 4 0.4 R 4

BPI
kI 0.3 KA 4 0.4 KA 4
Fk 33 LE 2 32 R 1

BMWP R

K 57 s 3 38 ek 2

SRR SR A 19 22 57, ARORARBE LR i 2 5 TH 58 0 A [R) 2 B A . DR 284 08 AP A9
H 5 AN [A], Shannon-Wiener Z2AF P45 £ (H) M E Ty Fh 241, SZIRWI S R MR i 5 o W 5 2
P46 (B AR ¥y 27 15 G 45 B (BPD) AN [R] 2R 36 X0 75 e Wy vt 52 P4 F 46 75 SERE 50 A 7 T 2 A7 P74
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H1 A1 H2 0] BE] i 7K 52 o0 N TR B2, 32 K30 A0S 2K 3 K B A8 AU AS K, RS A sl 40 o 288 PG 345 b 45 A A
o1, i35 Y 52 v JC IR B 24 55 AR I TAEZH 0 20 (BMWP) PEM 45 5 o0 vh 45 AR 2%, 20 U A
LAt R JRCATE 20 40 e 0 K000 45 5 RC AV Sl A 2 ) BB B A 7 303 T BB LR, RAS [
Sl PG AT B0 ) SRR i G i) R BE I A R i — AP RS R B AR R DT R A 3 R BIL
BPI. H WA AT A 5L b .
233 JKIER T 5 REE S A EOC R

AU FE B X 7K A5 K1 55 AT Sl A 2 A 1] () AR B DG R AT T 483 (141 5) . Pearson #H G4,
TR, K FRBE DR 7 X6 JEC WG 3h 40 8 B0 G L 28 B8 R K A 2 0 P 48 B AS R R B2 1 2, Hovh DO,
CODy,. NH,-N, TP I TN J& 3 Z 520 P 2. AS [R) W I 7K 01 A0 ] 47 e 2R AR, 52 PR 28 R B 56 &R
WAHHIA]. F KIS, NH,-N 595 B ah Y i 5% 2 10 35 IEAHOC(P<0.05), TN 5 H 5% i 2 1B A
K(P<0.05); “F-/KIIET, ZK F 35 K52 i 5 W e . HLSZ IR 5 ] R[], CODyy, o NH,'-N T TP 34 5 5k
A 2 Py i 8. %% B 2 I 3 60 R OG (P<0.05), TN 515 i 2 W 4 5 %% B2 . BMWP 458 45 &2 b 2 1E A ¢
(P<0.05). Xt FHJT P 5 (H1), 25 2 BEHG B B AR A 52 B /K A 858 [ 7 19 2. 35 52 0, {H BT A BMWP 48
#5057 515 DO Fll CODyy, 522 i 35 T AH 5 (P<0.05) 5 1717 A58 5 477 2 9 R BEAVE 5 2% 2 B B2 32 K IR B TRl 52 i)
BT K, CODyp,« NH,-N il TP 35 5 50 1A 2l Wi )5 9% 3 5 B 28 DA OC (P<0.05), TN 55 H 8% i 2 1E A
K (P<0.05) . {05 BPI #5402 % A5 (P<0.05) . LAl WL, 7EAS[R) Wa i 7K 399, 7K #1858 B X B 5 45
P I35 52, AR KA A 0 DA 8 B RS R AS S 35 AN R4 e R AL 30T B, K A B8 R T X6 H2 S
G 0 ) A % 245 P 1) 5 i B S8 03 1 L, BPAOB 4  Tl B JEC AV 0 9 1 P 45 4 52 K SR M S /0N, T HE R
]3] B K A AR PR 48 B s ) 1 e — B0 3.

7Kk # High-water period 7Kk # High-water period
1.0 1.0
Annelida . -0.17 0.0 -0.32 . 041 @ 0.8 H ‘ . = . . @ . 0.8
0.6 0.6
0.4 0.4
02 BI| o2 ‘ b “ @ . 02
Arthropoda| @ . 00 @ . 0.025 . 0 0
_02 BPI 0.16 0.40 . . -0.078 0.067 018 _02
04 0.4
Moll ) = -0.6 —0.6
ollusca| ogoss . 0078 ‘ 050 024 (039 08 B ‘ & e o e o . 08
~10 -1.0
+ T
DO CODyy, CODBOD NH;-NTP TN DO CODy,, CODBOD NH;-NTP TN, s
Pk B Normal-water period Pk B Normal-water period
1.0 1.0
Annelida| o.oss 032 ‘ ’ 0.31 0.25 -012 0.8 H| e . oo & . . . 08
0.6 0.6
0.4 P 0.4
02 BI e 0.032 ‘ 0.40 014 -0 (—u;i 02
Arthropoda| (o5 030 046 023 045 0.28 . 0 0
-0.2 ‘ ) . -0.2
BPI 028 029 -033 M
~0.4 LA ~0.4
Mollusca -0.6 B
002000 : .. ¢c0 - -@0o@l:
-1.0 1.0
DO CODy,, CODBOD NH; NTP TN p( o5 DO CODy,, CODBOD NH;NTP TN p( o5
AR Softbank protection type AR Softbank protection type
1.0 . 1.0
. 0.8 H| o 021 ’ ‘ 0.8
Amnelida| 014 0.093 . 013 . .
® ® - O, Y

0.4 0.4
02 BI . © ‘ v @ ‘ . 02
Arthropoda . ‘ 0.056 . 024 . -027 0 0

0.2 BPI f-nw, 035 . 63 ou  b» (03 0.2

-0.4 o -04

Moll -0.6 -0.6
ollusca e 043 023 018 (04 ‘ 038 08 B & . o . . & . Iy
—~1.0 -1.0

DO COD,,, COD BOD NH;-NTP TN DO COD,,, COD BOD NH;-N'TP TN

P=<0.05
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TR 5 Hard armor protection type TR 5 Hard armor protection type
1.0 1.0
y - 08 H| o 023 043 00070 (042 023 0.8
Annelida . s 8 ' 015 012 e iy 0.6

02 BI g 011 . 021 -0.085 0.12

Arthropoda| oo (08 ‘ 0062 025 (041 (056 0

=02 BPI 0 027 . 036 .a{,a 027

|
<
%]

—0.4
—0.6 —0.6
Mollusca ‘ . 018 . . ‘ ‘ —0.8 BMWP| 0 o @ 019 00063 021 —-0.8
10 -1.0
+ ¥
DO COD,,, COD BOD NH;-N TP TN P<0.05 DO COD,,, COD BOD NH;-N TP TN P<005

B 5 JEAShYIRR S R T RE A K BRE A T Y Pearson A £
Fig.5 Pearson correlations between community densities/diversity indexand aquatic factors

2.4 JKASHEEFUELES TN

AWFFRE A LG TR BE X HT A H2 7 Bt AT K AR S B B i 25 5 PR, bk A= A= Wy 384 435l
R T AR RS W EAT R 4 R TR R, 1B TR RO 48 B ZR BT a5 R (R 4).

R HI BL, BPLSEG T WEQI I, ARl B A i e 42Kk 38 L K89 WEQI fEARTF] | 45 )8 T
555 KM H A BMWP 3155 WEQI I, P K W1 R4 2 1l B (HL) (9 WEQI 45 R Af B4y, nl LAFE H, R
AN YRGS Y PE 18 02 5 WEQI WA, PP 25 5 A 22 57, (H BV 3 — 3, RO AE W 2Rk | X
TSR BUENER , HA BT B S0 T 68 B = D, P K T 2Kk 3.

x4 ARENBEAF K WEQI #E4r45

Table 4 WEQI scores of different river types during high-water and normal-water periods

BsTdr i (H1) e (H2)
PE R %L W ] Softbank protection(H1) Hard armor protection(H2)
Evaluation indices Periods WEQIFF-43 PEM LR WEQII-43> R
WEQI values Levels WEQI values Levels
FKM 3.6 Ak 3.4 Ak
H

K1 4.0 RAF 3.0 &g
F K] 3.2 Th&E 3.0 i

BI
IR 3.2 i 3.0 hag
FK 3.6 % 3.4 g

BPI
Sk 3.6 Th&E 34 i
FK 2.8 B 22 B
BMWP o
Sk 3.2 HhaE 2.6 Lo

3 458 (Conclusion)

PR KA 3T AT T AR DA A 75 R A I T T A 2 19 B B R 2 —, A A s AT R
TR K A S PR LR S PN A R ARG 7 vk R AR 0 A0 B . AR AT S8 0 b 5t T TR GE XA P 25 AN [

P B PR AR K AN BRI EA T 1 R A S D, a5 KB AR SRR AR AR AR 3 07 DN WS
Bttty 7K AR ST BUR LA VAN, IE000T T 2K A AR 8 S 5L B IPM SR, 15 1 LUT 4518

(1) PIZEWT TS LK e - HA27K T 4K R 32, F2 A A K 30 9 K SO AR 25 AR, PR R 7KK
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