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Abstract; A long series of water quality parameters of Changdang Lake was analyzed using the Mann-Kendall
method, which is a non-parameter statistical test method. The water quality of the lake was evaluated with the fuzzy
comprehensive evaluation method, and the main factors influencing the water quality were determined. Trend
analysis shows that pH, EC, DO, BOD, COD, TP, COD,,,, and SS had an increasing trend, while SD, NH,-N,
TN, fecal coliform, and petroleum had a decreasing trend in the lake. Over the past eight years, SS has increased
sharply, SD has decreased, and oxygen consumption parameters have increased significantly, indicating that the water
quality of Changdang Lake has deteriorated. SS had an abrupt change point exceeding the exiremely significant
reliability line (a=0.01); BOD, COD, and SS had abrupt change points between the significant reliability line (a=
0.05) and the extremely significant reliability line (a=0.01) ; and the other abrupt change points were between two
significant reliability lines. Analysis of the abrupt change frequency and time shows that abrupt changes mainly
occurred in years 2006, 2008, and 2012, and the change of COD was most complex, while the change trends of SD
and petroleum were easiest to follow. Fuzzy comprehensive evaluation shows that the water quality of Changdang Lake
changed insignificantly during the period from 2005 to 2009. Since the year 2009, with the effects of BOD, COD,
TN, and COD,,, , the water quality of Changdang Lake has decreased from class III to class IV.

Key words: water quality change trend; impact factor; Mann-Kendall method; fuzzy comprehensive evaluation;
Changdang Lake

FEH RN R HEAT(1990—) , B iR, WA 55 A5 | 05805 7 KI5 et il BES B ] . E-mail ; zhaoweihang_888 @ sina. com
WASEMEH A5t , #18% . E-mail ; zhulianghhu@ 163. com

. 48 -



H AT K B 722 Ak a4 7 A A — il
T B AR HE T A > 7K B AR Ak R 3| i i
Btz PR E S ) — 07 R i K SR B
[P R FEATGETT o0 . A4 55h a8 T AR 258 2 A
T, Wk S0 N SR s AR SRR 30 12: 2 Filr
T RIRIK BRI B 21 1 A SCHE REALPE S 4
S HE RS EOR B0, 0 e R IR TA A ASBRAR 4T
W A K SR 1 S [ PP R 2 S e A iy R A
I HSEZE T Mann-Kendall 3%, & 0946 528 1 L
BEDTAETR) P 3 00 B8040 ok i 5 2= 15 1Y 52 i), {H 2 X T
D4R TR H 0 8048 A 42 19 e 90 I JG 125 A7 L340
B+, Daniel B3R5 A BN B L Eid it
i Spearman FkAH ¢ 2 B 2k 43 M PR 58 15 e AR 4k
FARTEG AT LR B EDS {0 Daniel #5546 50 5
ARABEIEATIEAL 1M

I Mann-Kendall 32 % B[] 15 51 19 7K J5t 2% £k
FARGEAT PRI, P s K A i T35 A
FEARATT B —E B 7341 A Z DR H AR
M, PRI Mann-Kendall 322 78 s} [8] 51 £ #4428 6 il
ARSI T LA W AR AT RO 25 A
B EA L RTEMW RGN R ARE AL, BT b A
W XL 0] R0, 365 5 ik e 25 b AR A 5 12k )
B, EHLEA T KW 2005—2012 48 1 7K 5T W
B , 27512 F Mann-Kendall 32 R 225 PR 12
X IX SRR AT 3 A, LUE T i 32 1 7K R 85 10 A2
feiass JKBURGL S FE 22w A -, B ERH 5 )
JE IR R S %

1 BEkRBRSSHAE

1.1 HEERE

A5 B A W52 K 5 1K 55 Jm AN A R Ry 4
() 4 AW A5 (X 4 A W 430 R AT 1 X T
JEIX B R X 1.0 X)) 2005—2012 4F By K08 75 ok,
A SR Rk i B, DL B B A S b W ) 1
2012 AE AR BORE, 29 AW H 5 K s R (A
255600 1>, N pH  H 2 F8 (EC) \DO i B
(SD) .BOD,COD \NH,-N TN TP Z& K T o 4L

BTEYI(SS) .CODy, A MZEX 13 DM EFRE R
IKIREE Y B SHOR AT KR A2 i o ir, 2
J B B ZE G PE AN 0 I SE AR K B AT VMY, O
e FHEOK AR FEZ A F

eSS ATE AL NSV & VIR
DAZE o500 W DU 504 o 3 BUAE SR S, K5
2005—2012 4F7K BT MEAL UL FE 1, $hdiE K U6k 2005—
2012 AEERAE R F 03 07K 5 e I Bl >k T 6 > H
() Bl - B EAE N S 4 1 AR X B F6 4
4 A W e P BSHE EL A AR R AR, RS R K
Vo W) DX R AA A 7K BRI, DRIt 7K 5 22 ke 3 43 Bt
DA A Z5 B VPN B AR AR S (R AT
1.2 SWAZE
1.2.1 A A Mann-Kendall &£ #7 7K AL AE 3

FIFH Mann-Kendall 723547 3E S 8050 11 W i B
AT LIAS: 55 Bsf (1] 7 4) 34 T8l T [ iR W] LA
VLI G AR R B | BEAR S b4 iR 1) 18] 32 51 7
PREAE , W 58 28 1 4R s 1) -4 Hh g AR a0
B EIEAR R

X EA n AFEAR I B TS «, 14 3E — 7k
751 .

k
dy= Ym (k=2,3,+,n) (1)
1

e m = I % > (2)
0 x sy

A m, e § I ZVBUE R T I 208U 0 5 s

Bid, M BT 2B KT 5 I 20 B0 A £ > 2

1) R,

F, =M (k=1,2,--,n) (3)

X F, R BERHE 80 o T 2, , %y, 00,0, T

MRS o R =05 E(d,) BB, 9

B ;var(d,) i BREd, WH 2%, TE « P54 %k

P AH A Sz H O RBEZE IS E(d,) Fl Var(d,)

RNy

n(n-1)
4

E(d,) = (4)
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EC/ p(DO)/
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2005 8.127 544.875 8.013 51. 875 3.729 18.70
2006 7.919 484.333 8.750 41.792 4. 088 17.296
2007 7.964 517.292 7.967 35.625  3.838 22.379
2008 8.320 515.917 9.358 35.625 3.829 21.733
2009 8.188 563.750 10.283 36. 250 4. 125 21.992
2010 8.340 554.833 8.271 19.917  7.079 29.579
2011 8.280 563.633 8. 400 22.333  6.058 40. 700
2012 7.965 603. 250 9.175 32.500 4.950 25.325

0.783 1. 659 0.163  1407.667 37.213  4.658 0. 146
1.236 2.020 0.124 1023.340 46.764  5.054 0.091
0.497 1.072 0.123  1030.500 40.034  5.267 0.015
0. 530 0.997 0.173 990.760 40.131  6.029 0. 023
0. 660 1.222 0.207 637.500 42.917  5.883 0. 024
0.759 1. 980 0.224 1750.000 47.292  6.879 0.023
0. 706 1.436 0.301 1025.000 54.083 5.791 0.010
0.395 1. 205 0.106 1816.670 111.500  4.925 0. 033
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