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Water Quality Assessment of Yellow River Based on Multivariate Statistical Analysis
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Abstract;In order to find a new approach for water quality assessment which could be useful for the monitoring of large—scale ,long—term and
many sections, hierarchical cluster analysis was applied to group 90 water quality samples into 7 clusters. The samples generated from five
monitoring sections of Yellow River during 3 years (2000~2002). The main procedures of this approach included: (1)analyzing the spatial
differences of independent samples according to multivariate analysis of variance, and recognizing the samples which were statistically signifi—
cantly different between each others;(2 )grouping the former samples into clusters on the basis of similarities with in a cluster and dissimilari—
ties between different clusters based on hierarchical cluster analysis( HCA );(3 )modeling the appropriate discriminatory analysis neural net—
works to evaluate the surface water quality of each class, then feeding back this results to every original samples. Moreover, its particular
characteristics were that it could reduce the workload in assessment and comprehensively represent both holistic condition and individual and
its result was objective and discriminative. The results were assigned to the five sections.Water quality of the Yellow River belonged to class
I and II in Ningxia and Lanzhou section could meet the need of drinking water resource.But water quality of the Huayuankou to Luokou
section mostly belonged to class Il and IV.
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Table 1 One—way multivariate analysis of variance

=3 B AR BHE Lo Ay
ZH 18] (PRI R FE ) B=Y" " (y-y)(yy.) m-1
HP(RE) LEDINDIMCICAE n-m V”ﬂ%%}r

B T=W+B=Y " ¥ " (=) (3y.)’ n-1




55 30 5% 6 i

DI S

1195

HSRAFEZ M REREE, UBRKEEGH T, B
RIS RS E—R, ERIRB—2. MURER
THAEFEAE AR (8] HE B AN (R R B P 28, B Al
75 ¥ A B G IE B \Mahal FE 251 Cityblock FEBS %5, J5
H W EA B Ok BRI
AHSE R SAS 9.1.2 SEBURIS /M, FEASEIEES 4
FIR FBR FQ B BS SF 5 FIES 22707 2 Pl ik
1.3 BEESFIRI 4721

BN T R AR SR 1 —Fp 20 ge i ik, 7T
PLX AR AR —ANFI A R B ¢ MBI e
7, BB ARG Fi(x), -, F,(x) BB AR A H
MARFAE , AP AN Fi(x) p TTRREL. XoF 45 28 BT AE i
x, TR EHIRE » 2ok B — N B,

FEHATHIANEZEET , B ARTEE HI AN AR TE K
i E S NN EE S P NEE E apza it N
Bayes 3 5| \Fisher 31 51| 5l #2750 1) 5] & 5 H1 51 5 5
FIRNEE, ARSCRAR N BTSRRI B

ZA BB R BE B R B EA B AR A ¢ 1
SR, m~(u®, X)) i1, g0 BRI A EMFTHREA «
HEATHI

2 Y=Y RAMIEIE o ML s AR AR
pO FEAET: w® FE AR

womy TatSe L S

Hp A= Z(xo x0)(xP—x D)’ i=1,
Zijcﬁﬁ_%fﬁ@&
Wy(x)= xX—

2_(50)“—6(;)) Sz 5 0)

FIXE RY %153 RP{_IJRi,;a;cP

R={x:W ;=0,i BE WA j#~i | AN

JEIRREA BERA

YrxeR B}, Hlxem,
14 BERKF

RSk , B F 2 g it K BN 7 A
BRI 1,

2 RHIEAR

2.1 RIS RS

AR R IRFEATE 25 T3 T SRR
IABE 6 W, AL B b W T R A A B
(1) 22 B (S2) ; BTt el i e M AR el 1 B2 (S3)
RAEE(S4); BT AT U A 0 L AR B (S5)
PR BE(S6)
2.2 ERi¥EmALE

2 3SR A K BT B8 A B SR 6 A I T
2000—2002 # %% 3 4F CODy,,.BODs . NH;—N. DO Fl1#5
R 5 153 R AR 37K 5 i B , K B A 4t
90 1>, BRIEM LR 2,

RTINS BE T A BT 7K R, A SO FE
FOKIEE TR ARE) (GB 3838—2002) ARIEHATIE
W 5535, BOFH 0 b5 F A E(CODy,)  FLH
A AL E & (BOD;) &= A (NH-N) E i A (DO ) Fi#E
K3t 5 MBH

ZEFKRER R ER L 225 W IR BRI T
AL, (HHISE R 0, 7 2R 1, ABFRBEEE 53T
T gm AR R A )4k Mathworks 2 5] B8 Matlab 2010
F1 SAS 9.1.2081
23 HiR=BREZTTHESHT

ZIEBINEA R 2 8] 4 S S AR SO R T R
ZILHEMNR 2 PR TS MR E I 550
(3K 3). GERFEFY, N 4 MG BMERE 6 T
T S1.S2.S3.54.S5 F1 S6 7E 2000—2002 3 4 N FEAR
i CODy,.BOD; NH;-N.DO Fl4% & By BB & 4315 T

Yk
S

B S H

> FHI

=P bk oo J W
v
P SN

REhA

1 RIERF

Figure 1 Operating procedures



1196 PNEIZLSE T ZUS T A R TR B 5 vk

201146 A

& 2 2000—2002 £F 2 i % B 7K B M U B R e v I (mg- L)
Table 2 Statistical descriptive of different water quality parameters at different siteson the Yellow River during 2000~2002( mg-L™)

Wi . CODy, BODs NH:-N R DO
WIME AR WSE R PHE R PME AR PIME ARMEE
S1 2000 2.45 1.08 1.28 0.82 0.45 0.23 0.003 0.001 9.80 2.29
2001 2.08 1.74 1.03 1.47 0.29 0.41 0.002 0.001 9.45 1.93
2002 1.80 153 0.80 0.96 0.37 0.32 0.002 0.001 8.60 1.63
S2 2000 2.57 1.68 1.48 2.30 0.62 0.56 0.004 0.002 8.70 2.82
2001 226 1.29 1.98 191 0.56 0.28 0.003 0.002 8.93 3.17
2002 2.29 1.72 1.88 1.42 0.64 0.39 0.002 0.001 8.84 1.59
S3 2000 3.77 2.28 3.56 1.78 1.09 0.47 0.003 0.002 7.65 3.74
2001 529 1.84 3.43 1.94 0.90 0.35 0.002 0.001 7.87 1.81
2002 4.73 1.71 4.58 2.73 0.85 0.58 0.001 0.001 8.25 2.40
S4 2000 3.60 1.08 2.00 1.59 0.69 0.59 0.001 0.00 8.33 3.67
2001 3.70 1.93 2.04 1.08 0.86 0.30 0.001 0.00 7.73 2.80
2002 3.58 2.52 1.77 1.29 1.07 0.64 0.001 0.00 8.54 1.64
S5 2000 3.80 1.61 2.30 0.92 1.08 0.76 0.002 0.001 543 2.39
2001 4.15 1.39 3.08 1.56 1.26 0.72 0.003 0.002 5.02 1.82
2002 4.72 2.82 3.70 1.74 0.97 0.68 0.006 0.001 6.00 2.04
S6 2000 4.59 1.30 341 1.03 1.24 0.92 0.005 0.002 5.36 1.36
2001 4.56 1.61 3.53 2.20 1.35 0.95 0.004 0.001 7.60 1.60
2002 5.38 1.85 5.10 1.26 1.04 0.61 0.007 0.001 4.10 1.09

R3 RERZTHETHESN

Table 3 One-way multivariate analysis of variance

Statistic Value F Value Num DF Den DF  Pr>F
Wilks’ Lambda  0.0002  11.94 25 3122  <.0001
Pillai’s Trace 3.17 4.17 25 60.00 <.000 1
Hotelling-Lawley ~ 96.53 27.74 25 12.13  <.000 1
Roy’s Greatest Root  85.20  204.48 5 1200 <.0001
7 *#P<0.05, L N,
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Y1=-270.139 9+2.058 6x,+4.997 2x,+8.623 Tx;—
18.172 4x,4+49.661 4xs.

Y2=-129.684 6+2.121 6x,+4.817 9x,+59.750 9x;—
4.212 4%44+32.064 1xs.

Y3=-186.433 7+4.901 6x,+11.115 7x,+140.786 2x5+
28.401 1x44+25.926 6xs.

Y4=-313.326 5+7.035 9x,+15.720 3x,+237.836 4xs+
80.811 1x,+18.476 Txs.

Y5=-594.016 149.799 3x,+25.152 1x,+334.533 x5+
588.826 5x,+11.026 5xs.

Y6=-1140+12.679 0x,+39.384 7x,+431.100 0 x5+1 614
x4+3.303 3xs.
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Figure 2 Dendrogram from cluster analysis based on Euclidean distance and Ward’s method
R4 7 AEARRBIRFHAER X R KRR
Table 4 Characteristics of 7 groups from CA and their corresponding samples
me CODy/mg _ L BODy/mg- 1;1 NH3—N/mg-—L‘1 ﬁ?’iﬁﬁ/mg;r' DO/mg-L—“ S
WHME bR WIE R WWE R VWIE R FHIE D e

Gl 223 0.32 1.54 0.54 0.55 0.12 0.003 0.001 8.77 0.15 $21,822,520,812
G2 3.62 0.51 1.94 0.15 0.87 0.19 0.001 0 8.20 0.42 540,541,842
G3 227 0.26 1.16 0.18 0.37 0.11 0.006 0 9.63 0.25 S10,811
G4 4.59 0.48 3.86 0.63 0.95 0.13 0.002 0.001 7.92 0.30 S30,531,832
G5 3.98 0.96 2.69 0.55 1.10 0.07 0.003 0.001 523 0.29 $50,851
G6 4.62 1.67 3.55 0.15 1.21 0.32 0.003 0.001 6.32 1.15 $52,560, 561
G7 5.38 — 5.10 — 1.04 — 0.007 — 4.10 — S62

TR Sxy FORGE x ANWTTET 200y FFAK BRREA

IR IR IIAE A XS 7 AR A BEATPEARY
HI5IFREE R GT>65>G6>G4>G3>G2>G1 (£ 8),
HYEREkE, U ARSI SESR BRI

5 5 GB3838—2002 iR KIREFREIRAE (mg- L)
Table 5 National standard of surface water quality (mg+L")

Ea I I i I\ \
CODy, 15 15 20 30 40
BODs 3 3 4 6 10
NH;-N 0.15 0.5 1.0 0.5 2.0
DO 75 6 5 3 2
HER B 0.002 0.002 0.005 0.01 0.1

(GB 3838—2002)EA—3(, H MIHEZRKE, i
BARAUAREL T REAS BARSRAE , B BE R 43 HE R AU X 434
IERFREAS (U0 G1~G3), [R] B 3 4 T BRI 48 B0 LA U
AP A AR

W RPN 5 5 A B4 W TG FT 0, BRI A
FH M R UE LB B T WS RE Uk B KT B AR B
R TS, Bk E—h 1 ~M38, o7 A
SRR FHK K IR 23R 5 T HP IR T K AR R IV
~ VAR VIS, BLAH K= FRE S Ul F K i —
T K IR AR K XK . B B s AT DA
B, BB KR A TRIRIE B A K B4y



1198 PAELLSE  FE T ZICGH TR BRK R PR 5 vk 201146 A
R 6 KEFIHIEE
Table 6 Linear discrimiant function
Variable 1 2 3 4 5 6
Constant —-270.139 9 -129.684 6 -186.433 7 -313.326 5 -594.016 1 -1 140
X1 2.058 6 2.1216 4.901 6 7.0359 9.799 3 12.679 0
X2 4.997 3 4.8179 11.115 7 15.720 3 25.152'1 39.384 7
X3 8.623 7 59.750 9 140.786 2 237.836 4 334.533 9 431.100 0
Xa -18.172 4 -4.212 4 28.401 1 80.811 1 588.826 6 1614
Xs 49.661 4 32.064 1 25.926 6 18.476 8 11.026 5 33033
7 EFHBITHEEKRAERENER(FHE)
Table 7 Results of water quality assessment based on discrimiant analysis for 2000~2002 years(mg-L™)
i) Efhy CODy, BODs NH;-N HE/ DO 2551
S1 2000 245 1.28 0.45 0.003 9.80 1
2001 2.08 1.03 0.29 0.002 9.45 1
2002 1.80 0.80 0.37 0.002 8.60 2
S2 2000 2.57 1.48 0.62 0.004 8.70 2
2001 2.26 1.98 0.56 0.003 8.93 2
2002 2.29 1.88 0.64 0.002 8.84 2
S3 2000 3.77 3.56 1.09 0.003 7.65 3
2001 5.29 3.43 0.90 0.002 7.87 3
2002 4.73 4.58 0.85 0.001 8.25 3
S4 2000 3.60 2.00 0.69 0.001 8.33 2
2001 3.70 2.04 0.86 0.001 7.73 2
2002 3.58 1.77 1.07 0.001 8.54 3
S5 2000 3.80 2.30 1.08 0.002 5.43 4
2001 4.15 3.08 1.26 0.003 5.02 4
2002 4.72 3.70 0.97 0.006 6.00 4
S6 2000 4.59 341 1.24 0.005 5.36 3
2001 4.56 3.53 1.35 0.004 7.60 3
2002 5.38 5.10 1.04 0.007 4.10 3

& 8 HRIAHT SERHETHERIE LR
Table 8 Results of water quality assessment based on

discrimiant analysis

i Gl G2 G3 G4 G5 G7
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