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TCIYRRAY . REAE S KA AR 10 Ml X A FH - 49828
BN E KR (RS |, R,
FHEEY EE NGBS, RERAXCHRE, A, &
BRSNS G P . SRR 1 a P 3 2,
SENEHARS R LA HUIE B8 R K EAE NN, 5
VEWDIE Pt A B 7E 800~ 1 600 kg/hm® 2 [8], B34 K 1
PR AN FEREAE 1~2 K, Hfe 7y =X 3R 2 Rt Al sk 7<
Jiti, BAELLE G RN E, ASFE AR R OB DL N
P i34tz By 112~150 Al 52~76 kg/hm®.

N
B B WK 5 200 VA @ B I W . AR SCHE D& T R 1) 0100 200 m f
AL 2R A0 01 PP 5 4 28 (R G 2 10, 3 A "o )
S X SR AT R KA, ST - % i
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S A K R 2 VEL ARI=A Yozt ST AN T N ) !
'%2&???%%@ﬁﬁwﬁﬁif?ffilﬁﬂﬁmﬂﬁ A1 RS AR A B
g, DU RHRAR ML RS Gefrin fe 625 Fig.1 Study area and sampling site layout
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Table 1 Ditch sampling location, characteristics and covered water area
VR 8 T R VIR _ 'r’r’r‘;fﬂ EHEN Zi%?ﬂf Ditch characte‘ris‘ti::s KR
Ditch unit Unit position Ditch type K i TR JEC B W Covered water area/hm?
Length/m Width/m  Depth/m Sediment thickness/m Slope/(°)

1 Wit 1~W7TH 2 EHARAERIER 1334.75 0.40 0.20 0.005~0.03 2.29 15.56

2 e 2~Wrii 3 oA da AR 230.70 0.50 0.30 0.005~0.01 1.00 2.48

3 Wi 3~Wili 4 EHRAERIEER 603.52 0.35 0.10 0.005~0.04 1.24 8.48

4 T 4~ S TRk 307.07 0.85 0.40 0.05~0.1 0.55 3.24

5 T 5~Wri 6 TRk 310.76 0.45 0.75 <0.005 1.14 0.72
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A, SrAHER S AN FICAKFIHIK . RSN 1 IR/,
T3 T U AH B 3G IR AR, SRAE I [R]FE 14:00—16:00
28], BILEURE 24 fitvk. FH 250 L R 2R AE T R K I
172 JeHATEURE, KB FIRIR R IRAR 6647, 24 h WIEAT
SIS S AR BRI AT o 7K FE AR 28 U fF %A (dissolved oxygen,
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V53000 17 TET Monitored section
a AR

a. Nitrogen change trend

7E: K TN, TP. COD. TDP FI PP 4}l A &

V53000 K7 TET Monitored section
b. R

b. Phosphorus change trend

S EFEE. ETE R BEATERERE. E

V53000 K7 TET Monitored section

c. COD AL s
¢. COD change trend

Note: TN, TP, COD, TDP and PP are total nitrogen, total phosphorus, chemical oxygen demand, soluble total phosphorus and particulate phosphorus, respectively. Same

as below.
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Fig.2 Dynamic change of N, P and COD along sections of ditch
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VHEEK TN A1 NO5-N ¥R FER I BT 1 21 Wy SN 29.44%~66.39%1 18.68%~40.11%. TN 75 4Lk
4 Pk hn, MBI 4 B 6 LZIEEK, NOy-N KkE REEVE IR N o 32 S, COD V5 4L miik R
5 TN [ 55.82%~88.20%. VAIE/K/5 TP A1 TDP ¥ M Bl VA BRI R PR AR, NH, =N 75 e Tk AR E 5 COD #H AR
Wi 1 B 6 [FD R E I KA BL TDP WX TP Tt 20 KESRMERE

R 7 55.50%~71.00% . PP < FEA77E H FH AR B2 385 i At A Table 2 Contribution rate of water pollutants

IR FEACHIRAE . Y SR/KA NH,-N 5 COD ¥ AA %
A FH AR 5 BT RR HA RS FE AR B 3 0 (AR AE , 7K AR NH,™-N Al LT ™ TP NH,/N DO CoD

N . Monitored section

COD 4519 0.32~0.77 mg/L 71 63.38~116.93 mg/L, ; YT ————
NH, N AR T Ha, A B st K d NH, N 5 2 5488 993 973 051 2294
COD 23| 7 — & NI AEM, NH, -N fl COD &% 5 3 6198 773 1.92 518 2318
T EIR 13.43%~57.88%M1 2.88%~19.33%, HAFEHE 4 6639 7.6 241 485 18.68
A2V 227K 48 NH, -N 5 COD = R . 5 6331 837 234 443 21.56
2.2 HARKRTEMEENERITETIE 6 64.57 826 1.94 445 2079

P& 2018 A 6— 10 JJ ¥ # yAt 8 gt 2 0 v R UK
COD. TN. TP. NH,-N 1 DO %4, FIHK (1D 2.3 ‘A’ RERIRANREIKREE ST
LR TG R MUR RS S IG Y I T AL KI5 etk 2.3, 1 RAGHIB L FMLE
I 20 VIR G I K P TS Y Y STk R A ATTREEIISL, R (6) A (7)), AR
TN>COD>TP>DO>NH,"-N, 7EFFA Wi T TN F1 COD & Ml W7 1 7K 5§75 G 552 o ) 65 240 460 Ak A 2 7K B 855
PR ARV IR S BB Y, HAEKR s etk Ry PUEAREIRERAT A, SHEESIM LB K 3.

x3 HREERMRKREREPZEIRTENLER

Table 3 Dimensionless result of each index of water in ditch section and surface water standard value

TS EE WS T Monitored section K KT EEARAE Surface water quality standards
Evaluation index 1 2 3 4 5 6 I 1l i I\ vV
TN -1.76 -0.94 0.30 0.75 0.74 0.91 -1.29 -0.83 -0.06 0.70 1.47
TP -1.77 -0.78 0.10 0.42 0.97 1.06 -1.35 -0.77 -0.03 0.71 1.44
NH, N 1.87 -1.28 -0.82 0.23 0.28 -0.27 -1.32 -0.80 -0.05 0.71 1.46
DO -0.56 1.92 -0.63 0.39 -1.21 0.09 1.41 0.65 0.15 -0.85 -1.36
COD -0.92 -1.68 0.62 -0.07x10 1.00 0.98 -1.17 -1.17 -0.65 0.39 1.43
2.3.2 IR IR BRI AT AR S, & HBORE T THD K 0T K 8 RO 8 s FR 0 il oA

DLARFEV S b 1 ], =0 (8) X 2.53. 2.01. 3.98. 4.06. 4.99 F1 4.93, [FAK 6 A>WMAH
SEBBIATANS 2 AT ARIESR (O IFEINE JRIFKBRAIAIT. T, V. V. V. V, EEEL
FRASCE s AR AR AR T S T TR K S SR IBE BE SR AN K £ HK TR AAE T8 Bk, KRS 15 Y rE i ™ 5
CEOTREL ARIER 40 WK 4 PEHEAE, VRN £4 HPEEE | KETHER

1 KB GC=2.53, KA GC MKBURGLIEAT PHATI Table 4 Water quality evaluation results of ditch section 1

GC B KN S, Bm/MER 1, “EFRFRIGIER] T FoKE R JKIiZE5 Water quality classification

KIF, GC=1: P fatr Rl s TV FOKE KRN, Evaluation criterion I I 11 v s

GC=s"", HIVARITIAT 1 /K 55 SR TSR RS BIART S Relevancy 075 071 078 066 047
e R SRR BA S S AT (K17 FRE om om om o 006

AT BT KIS A0 SR B 62, B, Onymembentip

% 5. GRS A SO K RT AR S _Grey composite index -

RS ETARRGERDREEKBITO SR LB

Table 5  Comparison of water quality evaluation results of ditch sections based on different methods

SUEVEAN 73 Improved evaluation method FEG - 7515 Traditional evaluation method
”’W}”Uﬂ*ﬁﬁ 52 At ST AN SEAT A 422 A LS R .
M mtl d secti IRt PR IR T Hz:jﬁjj(@ﬂ"iﬁfﬁ:ﬁl %?ﬂ:bl EZNE) E*?E@Z P B 55 e
omifored section P X Traditional grey relational Single factor Comprehensive .
Grey composite index ~ Water quality type f . L Nemero index
evaluation evaluation pollution index
1 2.53 m 11 4V 1.78 3.05
2 2.01 1I il #HV 2.45 4.96
3 3.98 v v #HV 420 9.44
4 4.06 v A% kA 4.60 11.04
5 4.99 \Y% A% %V 4.83 11.06
6 4.93 Vv ) EA 4.99 11.64
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R 5 Al BEF PPN EAE AR VR T A R
ZHWMEE R AT, SEFELTEN, SOl ikg R
FINATH . B . R SO N 777 5 45 G K B R T
A B, TEAR T A% S8 K ORI A 6 7K B 2 BN
HEARER I, A 15 K PR 45 5 8 e /K it B S 1
Bls SOV T IR X SR A TS Y Fe SO AR 5 4R B
X2 FhOTVE b, TERAGRKR VELRAS (b ) B A B EOW
IR R R BCOY, 8 3 A DAAH N 0 2 7K 5 2 591 AN AR
SR A e B 45 A VA R KT V5 Yo FE AT VA, W
FRIVKE By 22 B H AR b AR 7= AR e K AR AL RS I, (R AF
SO VAN 5 1238 T SR 2 TR T PR 4 R A
SR, AREL T KR AR Ak A

WILER S AT, WA SRK IR T R KRR 2R K B
FEWTIH 5 R 6 (V28 S/ BLERTTH 2 (1125,
KR GC 8 HLE 2.01~4.99 2 [A1 A4k, ek AGC=2.99,
VS UK (V2R M TREK B (28 Kk
BIBRAR, HRMEERR, FEE T XMW RIBRER
N P i AR FEHES VA SR K AR S o 7578 4% v T T
1 BT 3 AH AR 2 (8] 7K 5 20 & AR B R AR A, AR AL
JE e KON 2 B 3, f 11 2R0K R T NIV 2EK R,
IK B RRAR 2 NEELE, AGC=1.97 JMARWT I 2 [a) &k, B
BHTEWTTHD 2 BIWTIE 3 2 (A1 /MNRYS S0 AH 5 N A BT
HABAHAL I 2 BRI 2, Hd TN I COD 45K
48.12%H01 42.01%, [FII W TET 4 BIWTIHE S A5 BLva Je /K i
FKAHIVERRE AV, FEHTHNEHNGEERZL
B0 LA A AETE TS AKAEAE “H. B . IR 8%,
Z AT K BRI NE, AE 1S /K TS Qe a3, n
ZVIRRIEIR SR, TR ARG, 18 N P DL
COD TR, /KBUERHI AR 2 A H BOB SR/ FR 2451
WiTHl 2 FHEGITIE 1 MITISRSRTF N T2, P T T 2 A] 7
WEERR, BRFERERIEY, 5F8E 850, Fl
FA VST NH, N PLK COD W48, HLK 5t S50 wif
# COD #&&EF, COD MIHITA R T A B 5 HIHE
Wik 3 FAMWTI 4 KRR FEIRIVEE, Wi 5 A 6 /K
JRBIFER V2, BT 2 7] GC HEF(EZ 5, @it
T2 18] GC F B /N o w] &l 3 FHWTTH 4 7K 52 5] &
[ A IV S, (HIBT 4 LRI 3 75 3ef2 5 i, GC 21854 0.08,
A 6 DR A T T 2 R) AR FE DA K Z0R0 K 25 o 75 B A A ol
foNE, FEERE 6 Shim 5 28 GC ZH N-0.07, it
BT 6 /KA EL TWiH 5 — e .
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Water quality evaluation of Erhai drainage ditch based on improved
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Abstract: this study investigated the comprehensive impacts of alternate distribution of farmland production and rural living
units on the water quality of irrigation and drainage channels and the contribution rate of pollutants in the Erhai Basin.
Different sections of typical irrigation and drainage ditches in the farmland of the Erhai Basin were selected for continuous
sampling observation. Chemical oxygen demand (COD), total nitrogen (TN), total phosphorus (TP), NH,"-N, NO5-N, total
dissolved phosphorus (TDP), and particle phosphorus (PP) concentrations of runoff in different sections of the ditch were
measured for water quality evaluation. The “centralization” method was used as dimensionless treatment method of data in the
gray pattern recognition model. At the same time, the correlation coefficient formula based on the point-to-interval distance
was introduced into the model, and the absolute difference in the model calculation was newly defined as intervals. The
comprehensive average pollution index was used to calculate the proportion and weight of pollutant pollution in the runoff
water quality of the ditch, and it combined the 2 models to objectively and accurately comprehensively evaluate the changes in
the water quality categories of different sections of the typical irrigation and drainage ditch in the farmland. The results showed
that the TP and TDP concentrations in the runoff from different sections of the typical irrigation and drainage ditch in the
farming area of the watershed were continuous increased along the direction of the ditch flow. The TN and NO;-N
concentrations in the runoff form different sections of the ditch showed a pattern of increasing first and then stabilizing. The
NH,"-N and COD concentrations in the runoff from the monitoring section of different farmland outlet sections in a typical
irrigation and drainage ditch were reduced by 13.4%-57.9% and 2.9%-19.3%. The concentration in the runoff from irrigation
and drainage ditches flowing through the monitoring sections of different village sections was increased by 22.85%-39.63%
and 17.10%-42.01%, respectively. The water quality of runoff from the different sections of the ditch along the direction of the
water flow were classified as III, II, IV, IV, V, and V. The calculation of water quality pollutants of the ditch by the
comprehensive average pollution index method showed that TN and COD in the ditch of the basin were the main factors
causing water pollution. The NO;-N was a main form of TN in water body. This study can reveal the sources and
contributions of nitrogen and phosphorus pollution in the Erhai Basin. By comparing 4 water quality evaluation methods of
traditional gray correlation evaluation method, single factor evaluation method, comprehensive pollution index method and
Nemerow pollution index method, we foud that improved water quality evaluation methods could objectively and accurately
evaluate water quality. The improved water quality evaluation method is suitable for water quality evaluation of farmland
irrigation and drainage ditches, and provides technological support for clarifying the main pollution factors of non-point source
pollution control.

Keywords: nitrogen; phosphorus; Erhai Basin; agricultural non-point source pollution; drainage ditch; Gray-mode
identification model; comprehensive mean pollution index



