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Abstract: Chinese has experienced unprecedented urbanization over the last several decades. Rapid urbanization led to
dramatic increasing of urban impervious surfaces which caused dramatically increasing of the surface runoff and peak flows.
Excessive runoff volume coupled with increased peak flow can easily wash accumulated dust off impervious urban surfaces
and transport it into receiving water bodies, which can seriously affect public health and threaten environmental quality. The
urban non-point source ( NPS) pollution has been recognized as a critical cause of water quality degradation and aquatic
ecosystem deterioration. In the process of Chinese rapid urbanization, the urban agglomeration has become a new
characteristic in urbanization development. Most of urban agglomerations are located in the same watershed. The

superimposed effects of the urban NPS pollution caused by cities in a same basin became more and more important, playing

E£WA . EE A RFEIEATH (32071580, 41871192, 41730647) ; M3 AR2#3L4: 5 H (318052161)
s HEE.2021-12-06; 3% Fi B #7:2022-03-01
# WIRAER Corresponding author. E-mail ; lium@ iae.ac.cn

http ://www.ecologica.cn



24 4 B A L P AR T AR s RS e G A DAl 10139

A

one of the key factors restricting the sustainable development of urban agglomeration watershed. The urban NPS pollution
have been widely studied at a small city or community scale, few attentions have been paid to watershed scales, especially
in an urban agglomeration watershed. In this study, the Central Liaoning Urban Agglomeration in the Hun-Taizi River
watershed, was chosen as the study case. The rainfall runoff data was observed in different functional zones and underlying
surfaces in Shenyang city. The urban NPS pollutant loads were quantitatively estimated by coupling the event mean
concentration ( EMC) method and the Storm Water Management Model ( SWMM ). The resulis indicated that the EMC
values, urban NPS pollutant loads and per unit area yield in road runoff were higher than those in roof runoff and pervious
surface. The average annual urban NPS pollutant loads of total phosphorus (TP ), total nitrogen (TN), chemical oxygen
demand (COD) and total suspended solids (TSS) were 91.01, 280.83, 783.95 and 47212.34 t/a, separately. The average
annual urban NPS pollutant loads of cadmium (Cd) , nickel (Ni), lead (Pb), chromium (Cr), copper (Cu) and zinc
(Zn) were 347.99, 9932.62, 25861.29, 28360.41, 36068.30 and 138840.42 kg/a, separately. Shenyang city had the
highest urban NPS pollutant loads while with the lowest per unit area yield of six cities in the Central Liaoning Urban
Agglomeration. In this study, a refined approach was presented to accurately estimate the urban NPS pollution by
considering the different functional zones, underlying surfaces and rainfall intensities in an urban agglomeration watershed.
The method was proposed in this study could provide scientific guidance for urban NPS pollution control and water

environment comprehensive management in highly urbanized basins.

Key Words: urban non-point source pollution; event mean concentration; SWMM model; Central Liaoning Urban

Agglomeration
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Fig.3 The land use map of the built-up area of six cities in the Central Liaoning Urban Agglomeration
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®1 SWMM #EEKASHEUE
Table 1 Optimal parameters of the hydrological module in the SWMM model

ZHATE Rt 24 ZHAFR R4
Parameters Optimal parameters Parameters Optimal parameters
VI X 8 9 5 B R AL Width-K 4 B il % T Z % Conduit roughness 0.012
AKX 8T R AL N-Impervious 0.013 % K F 3% Maximum infiltration rate 40
KX 2 T REL N-Pervious 0.15 /N T B % Minimum infiltration rate 5

R IXEHEE IR Destore-Impervious 1 B35 T H BL Decay constant 7

B K XIEE TR Destore-Pervious 3 SEA TR TR KRB Drying time 7

SWMM ; £ W b /K & B AY Storm water management model

R2 SWMM #EEKRSHEE
Table 2 Optimal parameters of the water quality module in the SWMM model

ZH4 FR Parameters TSS TN TP COD
% T Fie K BB Road max buildup 370 4 0.2 96
% 10 E B H H AL Road rate constant 0.5 0.7 0.1 0.2
% T P 222X Road coefficient 0.003 0.07 0.02 0.002
[ T MR PR X Road exponent 1.9 1.7 1.8 1.8
JZ i K B BUE Roof max buildup 300 2 0.14 54
J= 1) EFHH R H AL Roof rate constant 0.4 0.5 0.2 0.3
J2= 1w 22X Roof coefficient 0.005 0.001 0.003 0.009
J2 T 4P 46 %X Roof exponent 1.4 1.3 1.9 1.5
Lt R B Green max buildup 100 9 0.4 25
2 BAHFHEL Green rate constant 0.3 0.5 0.3 0.1
23 v il 22X Green coefficient 0.005 0.004 0.001 0.01
L R4S X Green exponent 1.6 1.2 2 1.3

TSS: BB TR UK Total suspended solids; TN ; F1% Total nitrogen; TP ; 1 Total phosphorus; COD ; {b2% 75 % & Chemical oxygen demand

3 HREHSM

3.1 EMC $:iE5r#r

BETHAE I A TP TN ,COD 1 TSS B EMC B K TREAW (K 4) . FE/NREIET TP TN Fl TSS 78 #% [
R EMC {43514 1.03.3.50 373 mg/L, ZERMIEIE T H EMC {H5391°0 0.7 .2.25 422 mg/L, ¥t (b3
IKERES AR B V 2 F K HEOPRE (TP 0.4 mg/L, TN 2.0 mg/L) ( GB3838—2002) Fl{ ¥5 /K £ & HEM b
) T Z R ObR T (TSS 200 mg/L) (GB8978—1996) , 7 RIfH &L T, B 142 U TSS #Y EMC {H K
1208.07 mg/L, @it EZARHER 5 f5% . 7/, FRTFIR RIS IE T @K AR m o TP () EMC {EX8 E Z bRk,
HAB M 51J2 0.54 1,83 .0.86 mg/L, REHEAAHH TN 1 EMC {H#5 , X Ui R AT e B —E
BRI

ANFIRERR SR T, B AR A 8 0TS Wk B2 v TR AR (B 5) o IORTRIRE 3 R A, /NI B
T E 4R T YR B R, IR, R Y 4 T T Yk B AR, 3K 10 B i A R R A R, AR T A AR
K, AR T V5 YW A B, 3 1T BB Fh 400 303 kil R4 0z 1 1) . e/ DNR AR T TE T, B AR L P 1 EMC
{EL 5390 168.28 wg/L F1119.93 pe/L,Cr 1Y EMC {E35120 154.78 wg/L A1 107.62 pg/L, it T (2K FFEL
FUEBRAEY 1V 2R ACHE R UE (100 pe/L) (GB3838—2002)
3.2 IR AR ARG G B B AR

AL TR T RE 6 T TP TN, COD H1 TSS 1Y 22 48 - 4 3l i I AU T 3% 17 fr 0 0l O 265.52,852.89
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Fig.4 The average event mean concentration values of the non-point source pollutant constituent under different rain intensities and
underlying surfaces
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Fig.5 The average event mean concentration values of the heavy metals under different rain intensities and underlying surfaces

F3 ARTEEFEHETIERRSRAE

Table 3 The average annual urban non-point source pollutant loads under different underlying surfaces in six cities of the study area

59 JE41] BT KT 159 JE410) T

Pollutant Roof Road Pervious surface Pollutant Roof Road

TP/t 12.42 184.22 68.87 Pb/kg 231.6 25629.69
TN/t 153.26 655.23 44.41 Cr/kg 1233.7 27126.71
COD/t 435.7 1631.42 182.58 Cu/kg 1045.83 35022.46
TSS/t 3790.76 184669.24 4036.74 Ni/kg 265.93 9666.68
Cd/kg 16.68 331.31 — Zn/kg 2157.2 136683.22

3.3 IR ST Y ss [R] A

AL TR TTRE 6 T AR AL IR Y 0928 (8] 23 A > 7 T BT AR 30T Al s U5 G 0 for B K, A IR L BH AN
B AR RS Y AR (B 6.3 4) o SR, M 6 T s R T5 Y4 i 57 1 AR DT R K T P A B A7 T AR
DURRAS B AT, PO B 1Ly ) B T AR SRR AR5 s (BT 7) o 3k B0l TP 3 v AR I T e 6 17 % T 48 1 i AR A
RO T AN () P S 35000 BB T 8 3L 40 DR T A e W B T AR 67 fir 0 vy 1 R T AR R K AR I . PR BH K T R
T FIZS 7K T 7 B X TR 31.1% 30.0%F11 38.9% (3% 5) , AHXT T LA T A 156, A BH T 38 % T AR o b AN 15
117 375 7K T TR RRASE K, 3 2 B0 BH B0 1T FR BT R AR % S R AT e L % S v 8 o 5% i o X ALY

52.8% 1 59.8% , FoJz 10 1 AR (5 4% T 2 DX T AR 6.6% F1 8.4% | 375 /K THI T AR /N (6 5) o BRI, B T T AR
FLik 3 67.8% 178 11, Hrp s T AR AR 25 IR TS G G far HE A 55 10 SR DR 2 il 1 HL R RR R AR
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Fig.6 The spatial distribution of the urban non-point source pollutant loads of the built—up area of six cities in the Central Liaoning Urban

Agglomeration

R4 TTHEETH 6 TEHWHERBETRAR

Table 4 The average annual urban non-point source pollutant loads of six cities in the Central Liaoning Urban Agglomeration

IR City TP/t TN/t COD/t TSS/10% t Cd/kg Ni/t Pb/t Cr/t Cu/t Zn/t
YEFA 91.01 280.83 783.95 47.21 88.16 2.41 6.08 7.07 8.79 33.02
i 49.54 166.93 420.57 41.61 75.54 2.18 5.72 6.17 7.92 30.68
ARIZ 18.46 60.35 166.00 15.06 27.29 0.78 2.06 2.19 2.82 10.96
e/ 46.74 149.76 405.94 39.30 70.19 2.03 5.36 5.68 7.32 28.48
g E| 27.38 86.55 223.40 22.26 40.67 1.17 3.09 3.29 4.25 16.54
Ho 32.38 108.48 249.85 27.06 46.14 1.36 3.55 3.95 4.96 19.17
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Fig.7 The spatial distribution of the per unit area yield of the urban non-point source pollutant loads of the built-up area in the Central

Liaoning Urban Agglomeration
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Table 5 The area of different underlying surfaces and rainfall of six cities in the Central Liaoning Urban Agglomeration

) =t iz il K e T 2
City Roof/km? Road/km? Pervious surface/km? Rainfall/mm
K 136.59 141.53 177.23 671.93
LA 16.13 114.33 60.72 702.96
RE 7.42 35.87 31.51 768.10
E7 3 11.84 94.38 72.60 769.97
T BH 5.57 60.56 45.22 701.54
BHO 8.15 88.33 33.72 620.71
4 itig

4.1 LT PRI T R T I A RS Y e

LT PRI T A 6 T I 1% i A S VR T Y 67 A B SH A7 R 67 A v TR A K IR, 3 R R
T TS YRR A G, TS e BN R 40 R ASCHE A AR 15 G R AN R 3 s 4, 5 e ok
U5 H R R K 1= T A5 e T ORI TR URE , 15 Qe i RAR R /D s T T B gk, H A SERTAR A
MR R LIRS G gy, RUL, 38 s 00 IR s DR TS e i 2 i TR i, X S A st A g i g gk
BA—E(F6) . HEDT P ABFFEEs R SIRA TR IT 45 A — 3, FLAFoT & BUE DT R T0 A9 3 i 1 5 U8
V5 Yo AL TR B Ao v I 1 G A — B0 SR AT R 2R A XA W A% TSR A5 T LT Bh el
A, RR LB X AR L AR e A i SHL R T A R A S R R A5 A AR 36, B0 T TS Y AR e R o
BE T, DRI T B 2= T 3 I R T G B T AR A A i T IS

AL AR T RE 6 T TSS TN TP A1 COD Bz 1 FRL 6 fuf b st ) Fpe ™ i 00 R &Y i 4Ig,
HE AR5 YK TR FERK " (F6), — AR R SAW A RKTH —EMXR,
IEAFSRIL T T R R IR R A T R AT R R ACE IR AN A s F BRI, 5 — 5 IE ]
ST R T R AR TS IR T U5 Y A 3R 3h g, HS e 6 fr 5% b BRI B SRR E R, BRI
AEFENTE 1200 mm DL L BN S m TAFSEIX 6 T, Bk IR ] G S 852 X 6 17 TSS TN TP ,.COD 1
4 1) R T AR 670 A e AU T T PN LAl T g S
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Table 6 Comparison of per unit area urban non-point source pollutant loads obtained in this study and previous publications

il T A TP ™ coD TSS cd N Pb G Cu n
City Underlying surface t/km2 ke/km?
LT TR TH 0.34 1.22 3.05 345.18 0.62 18.07 4791 50.70 65.46  255.48
i;giiez‘ﬂng Urban TR 0.07 0.83 2.35 2041 009 143 125 664 563 1162
Jemet! W 0.24 11.88 182.31 145.78 S — —
JRT 0.08 17.05 127.99 24.02 - - = = = —
E B 1.0£0.8 8542 4042204 589342 50 630 124 600
R 02:0.14 5519 7626 6136 49 — 558 — %0 320
R W 0.45 5.15 99.6 62.2 - - - - = —
R 0.85 8.8 83 7 — — — — — —
g (31] — — 0.2 0.39 27 0.1 — 11— 13 9.8

ERAE RIS R RO IR A (TKN)

AL T A 4 R U5 /RO e T L AR Y SORTZR R A PR B | e A ) LA B 4 R 1 e Y
KA K, BP0 T IO 30T R i A 19 S SR AR, (EAR R T LR U, Lk Ty

http ; //www.ecologica.cn



10148 xR 24

KK S R BB B, 1L 7 R T R TEAL T2 5 % B B AL D B e B Tl Rt 2 — LS
PAAT AR R A U, I Sl B T e ORI RO A R B LA S AR AR S
TRPERES . BT ABEIEIX 6 HATIRAFfE—E R I mT5 4t
4.2 HOA R A4 3R T AR DR R T AR AR TS Y S A 50

AR R, 3T D RE DX ] | HA T 2SR R R X T A R e A R 2 TR
T ARG QR R [N 3R S 2 H R sl AR RS D RE DX WIR Rl T S48 T T 995 e B an gl 47534 74 31— 2L
L5 B IR AETPAR ST A A RS Y 6707 B DR 22 % ot R R SR B S5 P R 2R B 5 SR 2 1 2003
RORF S MR RS Qe Ay B PEAT RS R . FRATIBR T 2845 75 IR T D BE XA | 448 1 218 0 1 o3 R o 38 26 P K
G, 30T o SRR A AR R T SR IR o3, B e S AR RS Qe AT A PR B AT S i 2 R R
P AL 7 R AR A © T A DX ) R R | It — 20 B O SR A8 R R R i M) P R Rt R
Y Se B RN ES &  JERTFEIX 6 T AT SR T2 R S D B R T 2R HURUKAR TR RERE 4 Ja KO
T HORTARA R I T R R A )Tk AT T R R A SR T AR AT R PEAG R X
A ORI G T AR SRS R EOR Y E R S
4.3 AHETE T

ABIEFER T SRR EMC {E AR T AR AR B AR T ST S IR s ety . A BF5EAL
TEVLPHBEAT T B IAR T A RAE P SE X AR 5 AT B ACSRAE , FIREBH TS W0 ) EMC (A ST IX Y
TSYDIUSE . XM T 6 AT A s Te] 22 5k, R Pl Al it v, R DT -5 P9 it O PR R
257, PV Bt D5t AR 3 10 075 S 0L, ok 2 2 Sl Tl A s D55 e B 1) T B0 o — SR s 1 7
AN WX AFAE R A 2Rl T BRGR , (ER HERAE I RME , AR 5E 20 1 AR 2 5 7 A i M R AR Ui i il R 1
JERT S

IR TEAFAE— € AN E T (R AL T S ARG 40 A T T 2 a4 o3l i 235 25 T DO REIX &) LR
HTHT S AL R T 5 B A R R KL T S DB 19 EMC J7 2R SWMM BEBUARZE & 4 8 17 3 i A O el
TR A APPSR I . BT TS A RERE T B RMITIE N 5 5 A PP A SR T AR O R T AR i IR 75 e iy, il HLAY
B RO 2 ] B O A R AR R IR TS YA BERG

5 i

ABFFEEET 2018 4FAN 2012 4F AU FE T AR TSN | 22 508 SR AN GIS HoAR , B HIZK Gt BB AY SWMM, 25
B 2% BRI T D RE DX T T S A RN R TR 5 R A DN 2R T T AR A0 Ak T R T AR R4y, R s AR PEAR A T
TA] AT A B 3mSR ) 3 T IR S RS G ey AR B E IR E

(1) B HAR G P A5 YR EMC H & T2 mAR RS KRR, /N AR B Y T B2+ TP TN
FITSS 1) EMC {8, i#/K ARG T TP /9 EMC &, H RS IE T B4R+ TSS #9 EMC {E LA KNS IE T E i
W TN (19 EMC {8, Yl B R e, o T 00 30 op o 2500, 50 4 J 75 Y Wy 1% vk B i o o W o 9 385 K V5
Yk FEREAIG

(2) W3R 2 BTG | 36 A0 3 T B 5 40 1 e VR 4 07 g B L By T AR 67 o e v, DAL 77 # s 3
6 T 3 T A A RS Y B0 A 1423 8] A0 A R A, T BETTT 8 0 T S i U5 % £ g e K, L R By o AR 67 fr S I, 3K
St TR BT B K T T AR, S AR AR L 3T TR A 6 T TSS TN TP #1 COD 15 J2/KF- A&,
BfFE—E R E A B TS YL,

(3) FEPR IR T AL TS 50T TR R IR T AL B A 3 . AR B T T SAokS 40 i T T ER TR A3 SE e 2R
G T D RE DR | BTSSRI A DR KSR T SR 9 EMC YA R SWMM A RUAHZE & 1
PG L 7 H I T B S T IR S RS e g, RSN B FARMIFIE N B2 KRR | 5 AL PR I
T AR SRS Yt T, 1 LA B s ) B A 5 K B R A B SR I X S S T R R SR LA

http ; //www.ecologica.cn



24 4 B A L P AR T AR s RS e G A DAl 10149

A

B,
23301k ( References ) ;

[ 1] ZAk, S, X8, s, INE. S e 05 R pr Tt . 2520, 2013, 32(2) : 492-500.
Fang C L. Important progress and future direction of studies on China&apos;s urban agglomerations. Journal of Geographical Sciences, 2015, 25
(8): 1003-1024.

[3] Mz, R, SRR BT i 4 0 U PR B8 7R 280 00 TR AR AIE S K 3 DR 3R T — LA OG P P S i B R 461 BRBE R 2224k, 2022, 42
(2): 1-10.

(4] A8, 28 JETWm B AR DAL T K TR SR R B 2387, RS2, 2019, 35(11) ; 91-98, 136.

[ 5] ChenL, Dai Y, Zhi X S, Xie H, Shen Z Y. Quantifying nonpoint source emissions and their water quality responses in a complex catchment: a
case study of a typical urban—rural mixed catchment. Journal of Hydrology, 2018, 559 110-121.

[ 6] Zhang L, Lu W X, Hou G L, Gao HY, Liu H Q, Zheng Y N. Coupled analysis on land use, landscape pattern and nonpoint source pollution loads
in Shitoukoumen Reservoir watershed, China. Sustainable Cities and Society, 2019, 51 101788.

[ 7] Kim G, Yur]J, Kim J. Diffuse pollution loading from urban stormwater runoff in Daejeon City, Korea. Journal of Environmental Management, 2007,
85(1): 9-16.

[ 8] ZfRay, By, BRI HUKR A AR T TS Y 0 fmf BT sl RO F 5. T E 25K HEK , 2010, 26(18) : 59-63, 87.
Bian B, Cheng X J, Li L. Investigation of urban water quality using simulated rainfall in a medium size city of China. Environmental Monitoring and
Assessment, 2011, 183(1/2/3/4); 217-229.

[10] YiQ, LiH, Lee ] W, Kim Y. Erratum to “Development of EMC-based empirical model for estimating spatial distribution of pollutant loads and its
application in rural areas of Korea” [ J. Environ. Sci. 35(1 September 2015) 1-11. Journal of Environmental Sciences: China, 2018, 64. 353.

[11] Wang Q R, Liu R M, Men C, Guo L J. Application of genetic algorithm to land use optimization for non-point source pollution control based on
CLUE-S and SWAT. Journal of Hydrology, 2018, 560 86-96.

[12] Wang G B, Chen L, Huang Q, Xiao Y C, Shen Z Y. The influence of watershed subdivision level on model assessment and identification of non-
point source priority management areas. Ecological Engineering, 2016, 87: 110-119.

[13]  Z=EpR, X8, BRCHE, MR, RSOMK, X, IMRZ . J6T 2% M4 A BIASE AL ( SWMM ) P T: 200 8 717 ARG M 4 15 4 i A RS i
FHAZ M, 2017, 28(8) ; 2405-2412.

[14] R bk, BB, X0, Z26M, B, S, PNz, 25T SWMM A A o BH LI/ N X s TS Ye i bl 2B B 2p4Rak, 2017,
36(2) : 491-498.

[15] Yang Y, Chui T F M. Incorporating external green infrastructure models into storm water management model (SWMM ) simulations using interface
files. JAWRA Journal of the American Water Resources Association, 2020, 56(6) : 1083-1093.

[16] EXPHEL, €5, M35, RILT, ERE. U KORE T 82 R ISR R8T, RIS, 2010, 30(9) : 1249-1256.

[17] Wang SM, He Q, Ai HN, Wang Z T, Zhang Q Q. Pollutant concentrations and pollution loads in stormwater runoff from different land uses in
Chongging. Journal of Environmental Sciences, 2013, 25(3) . 502-510.

(18] EM4l, W&, XI5, BELE, XX K, TR, TR, 22588, U £ TEREmRRR TS R 0ms o, BRERE4R, 2019, 39
(6): 1860-1867.

[19] Ah, 95, BN, ST T GIS IFIT L ipu i sl IS B A . KBTI IR, 2020, 36(3) : 60-66, 97.

[20] LiuM,LCL, HiYM, SunFY, XuY Y, Chen T. Combining CLUE-S and SWAT models to forecast land use change and non-point source
pollution impact at a watershed scale in Liaoning Province, China. Chinese Geographical Science, 2014, 24(5) . 540-550.

[21] Zhao Q, Jia X B, Xia R, Lin J N, Zhang Y. A field-based method to derive macroinvertebrate benchmark for specific conductivity adapted for small
data sets and demonstrated in the Hun-Tai River Basin, Northeast China. Environmental Pollution, 2016, 216, 902-910.

[22]  EFRIAEEA LR KRR AW 5347 055 ) e 4. KA K Wi 4347 i (BB DU AR . db . v RS RR 2 ik, 2002.

[23] LiuM, Hu Y M, Li C L. Landscape metrics for three-dimensional urban building pattern recognition. Applied Geography, 2017, 87. 66-72.

[24] AREZF, EAR, #ivk, BHES, B, SRR TR R R s g, A%, 2005, 25(12) : 3225-3230.

[25] Zhi X S, Chen L, Shen Z Y. Impacts of urbanization on regional nonpoint source pollution: case study for Beijing, China. Environmental Science
and Pollution Research International, 2018, 25(10) : 9849-9860.

[26] LRIt S A UeER. WA R B E B-IGE RIT R TK R, Jbat: ST d At 2014,

[27] AFERG, BULIL, SIS, M2 PRI EOK FOAR S HI B prsE. P IEFREI, 2012, 28(2) : 70-76.

(28] Z=HEM, XIE, ML, Raa, NS, BRIE. RIRTITRE R AR bl 0. A 252F 4, 2013, 33(18) : 5952-5961.

[29] ZEHM, X, BmW, H6, NS, B4, IR TR TS Ry HE AR, A2 Ae, 2014, 33(5) ; 1327-1336.

[30] Zhao J W, Shan B Q, Yin C Q. Pollutant loads of surface runoff in Wuhan City Zoo, an urban tourist area. Journal of Environmental Sciences,
2007, 19(4) . 464-468.

[31] Kafi M, Gasperi J, Moilleron R, Gromaire M C, Chebbo G. Spatial variability of the characteristics of combined wet weather pollutant loads in
Paris. Water Research, 2008, 42(3) : 539-549.

[32] LiCL, LiuM, Hu Y M, Shi T, Qu X Q, Walter M T. Effects of urbanization on direct runoff characteristics in urban functional zones. Science of
the Total Environment, 2018, 643, 301-311.

[33] ST, 4, RARME, JTULE, 2UE0R. PRI KRR TS Qe ORI R BCHPRN . K ARl , 2003, 23(5) : 35-38.

[34] sksfk, M, MR, HIETRER TG RIS, HEZKHEK, 2006, 22(21) : 57-60, 63.

[35] e, XU, SR3ERF, T 45, PR Hh FIEL S AR 00 K VRS e ks e RS T R IE DTS R 27 B ARRRA 24, 2021, 37(4) : 68-78.

[36] ERMI, Eoli, XEMH, FE, D730, W RACHIX R 20 S5 W4k SO0TS g GUmr Al 05 76 B . 4Ol BRIE R 22 4L, 2012, 31
(4) . 807-812.

http ; //www.ecologica.cn



