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Spatiotemporal Variation Analysis and Identification of Water Pollution Sources

in the Zhangweinan River Basin

XU Hua-shan'?, XU Zong-xue' , TANG Fang-fang', YU Wei-dong’, CHENG Yan-ping’

(1. Key Laboratory of Water and Sediment Sciences, Ministry of Education, College of Water Sciences, Beijing Normal University,
Beijing 100875, China; 2. Institute of Resources and Environment, Henan Polytechnic University, Jiaozuo 454003, China;
3. Zhangweinan Canal Authority of Haihe River Water Conservancy Commission, Ministry of Water Resources, Dezhou 253009,
China)

Abstract: In this study, several statistical methods including cluster analysis, seasonal Kendall test, factor analysis/principal
component analysis and principal component regression were used to evaluate the spatiotemporal variation of water quality and identify
the sources of water pollution in the Zhangweinan River basin. Results of spatial cluster analysis and principal component analysis
indicated that the Zhangweinan River basin can be classified into two regions. One is the Zhang River upstream located in the northwest
of the Zhangweinan River basin where water quality is good. The other one covers the Wei River and eastern plain of the Zhangweinan
River basin, where water is seriously polluted. In this region, pollutants from point sources flow into the river and the water quality
changes greatly. Results of temporal cluster analysis and seasonal Kendall test indicated that the study periods may be classified into
three periods and two different trends were detected during the period of 2002-2009. The first period was the year of 2002-2003, during
which water quality had deteriorated and serious pollution was observed in the Wei river basin and eastern plain of the Zhangweinan
River basin. The second period was the year of 2004-2006, during which water quality became better. The year of 2007-2009 is the
third period, during which water quality had been improved greatly. Despite that water quality in the Zhangweinan River basin had
been improved during the period of 2004-2009, the water quality in the Wei River ( southwestern part of the basin) , the Wei Canal
River and the Zhangweixin River (eastern plain of the basin) is still poor. Principal component analysis and multi-linear regression of
the absolute principal component scores showed that the main pollutants of the Zhangweinan River basin came from point source
discharge such as heavy industrial wastewater, municipal sewage, chemical industries wasterwater and mine drainage in upstream.
Non-point source pollution such as agricultural pollution and runoff pollution caused by heavy rainfalls also showed considerable impact
on water quality in the Zhangweinan River basin during flood seasons. These results provide useful information for better pollution

control strategies in the Zhangweinan River basin.
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Fig. 1 Sampling sites in the Zhangweinan River basin
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Fig. 2 Dendrogram of sampling periods based on cluster analysis
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Table 2 Matrix of rotated factor loadings in spatial analysis during flood and non-flood seasons
~ A LI
EELD
F1 F2 F3 ¥4 F5 Fl F2 F3 F4
EC 0.422 0. 902 -0.045 -0.013 -0.012 0. 946 0.029 -0.18 -0.053
DO -0.877 -0.275 0.063 0.206 -0.086 -0.91 -0.049 -0.002 0.33
TR R R HR 4 0. 866 0.052 -0.226 0.304 0. 195 0.9 -0. 146 0.228 0.19
BOD; 0.83 0.033 -0.14 0.511 0. 081 0. 863 -0.026 0.22 0.377
TH 0.557 0.787 -0.022 -0.11 -0.059 0. 898 -0.091 -0.018 —0.348
TSS 0.107 -0.061 0.003 -0.021 0.978 0. 385 -0.026 0.525 0.09
cl- 0. 147 0.971 0.018 -0.026 -0.042 0. 865 -0.107 -0.212 -0.017
S02- 0.4 0. 831 -0.258 -0. 005 0.022 0.795 -0.021 -0.551 -0.048
TN 0. 869 -0.15 0.289 -0.302 -0.026 0.677 0. 696 0.188 —0.054
NH, -N 0. 888 -0.094 0.173 -0.371 0.007 0. 684 0. 669 0.147 -0.208
NO; -N -0.381 -0.15 0.031 0. 863 -0.088 0.014 -0.095 0. 002 0. 899
TP 0.774 0.256 0. 062 0.252 0.203 0. 847 0.158 0. 056 0.253
F- 0.716 0.231 -0.033 -0.26 -0.164 0. 646 0.709 -0.216 -0.098
V-ArOH 0.796 -0.004 -0. 081 0. 506 0.197 0.819 0.09 0.161 0. 466
T-CN - -0.257 0. 055 0.914 0.021 0.16 0.084 0.976 0.02 0.014
Hg 0.768 0.132 -0.333 -0.011 -0.172 0. 688 0.155 -0.398 0.16
As 0. 865 0.277 -0.034 -0.215 -0.156 0. 853 0. 149 0.133 -0.399
Cr®* -0.082 -0.347 0.84 -0.043 -0.188 -0.375 0.111 0. 853 -0.05
FEIEA 7.735 3.541 1.922 1. 820 1.246 9. 692 2.534 1.795 1.754
TEHkE/ % 42.972 19. 674 10. 680 10. 109 6.9221 53. 845 14.076 9.972 9.747
SRR/ % 42.972 62. 646 73.326 83.434 90. 356 53. 845 67.922 77. 894 87. 641
F3 BNEEEFSS
Table 3 Scores at different monitoring sections

— bt LTI

W3 W T 5 y T y
Y1 Y2 Y3 Y4 Y5 LZiefEs AT Yl Y2 Y3 Y4 GE0S By

XK -4.31 -2.88 2.34  0.96 2.69 -2.09 15 -4.49 -1.77 2.09 1.16 -2.68 16
PR -4.22 -2.63 1.22 1.1 -1.26 -2.41 16 -4.11 -1.33 0.44 1.17 -2.56 15
ETm -4.7  -2.85 239 0.97 -1.04 -2.54 18 -4.67 -1.07 0.96  0.92 -2.83 17
WM& -4.59 -2.86 1.8 0.83 -0.52 -2.54 17 -4.72 -1.61 0.71 1.12 -2.95 18
EWUkE -43  -2.36 -0.76  0.12 -1.38 -2.74 19 —4.41 -2.02 -0.2 0.2 -3.03 19
/NS 2.2 0.41 -0.71  0.23 1.35 1.18 5 -0.94 -1.16 -1.32 -1.52 -1.08 14
s .34 0.43 -0.94 -1.02  1.84 0.65 8 1.25  0.23 -0.46 -0.68 0.68 7
vl 205 -0.37 3.3 -1.25 0.01 1.15 6 1.77 1.82  3.86 -—1.24 1.68
E%3 2.05 -0.48 1.25 -2.01 -1.25 0. 70 7 0.8 .06 1.61 -1.51 0.68 7
T F )i .21 0.18 -0.57 -0.64  1.27 0.57 9 0.99 0.19 -0.85 -0.7 0. 46 10
dviE kg 0.97 0.28 -1.2  -0.82 -0.09 0.28 12 0.52 -0.04 -0.2 -0.71 0.21 11
R 233 0.74 -1.44 .96  0.92 1.39 4 3.45  0.04 -0.03 1.53 2.29 3
e 1.07 0.17 -1.32  1.27  0.38 0.56 10 1.27 -0.05 -0.86 1.75 0. 87 5
DY £ < i) 0.97 0.54 —1.41 -0.22 -0.69 0.33 11 1.2 -0.19 -1.07 -0.27 0.55 9
5B=05 2.68 1.87 0.78 -2.31 -0.81 1.45 2 3.63 6.57 -1.12 -1.19 3.03
I -0.79 0 -0.79 -0.8 -0.96 -0.63 14 -0.29 -0.78 -1.09 -0.94 -0.53 13
Mt i) 4.52 2.8 -1.71  3.27  0.66 2.99 1 6.33 1.11 -0.19  3.07 4.39
EEH 0.71 0.6 -1.33 -0.37 -0.41 0.24 13 1.41 -0.1 -0.33 -0.52 0.75 6
AR 0.8 6.31 -0.9 -1.26 -0.72 1.45 3 1.0l -0.9 -1.93 -1.63 0.08 12
3 Wi BAFIIREE T T — A 15PN (2002 ~ 2003 4F)

3.1 JKJFER As I AR B R A A
Vi 10 a2 YA 3 e K A A B A ) R 2 AR S
fiE. ABFEIERZE R 25 R &, Tl 2001 ~ 2009 4F[E]

FIZEA IS (2004 ~ 2009 4E ). 2003 ~ 2009 4F[H] 7
T5PE Kendall #3504 45 R AR SE 1 I /K BT B 44
Sl L 3B JE R A T LT A4 T e 4 AE 2004
SRR S A AR SR RE ST 2 x 10* t LT B4 K 2
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Table 4  Source contribution for each variable/%

sobi Y TR A FETR DTk

Y1 Y2 Y3 Y4 Y5 Y1 Y2 Y3 Y4
EC 1 96.7 1.2 0.4 — 88.8 — 2 —
DO 85.6 — — — — 81. 1 1.8 — 9.1
oo B PR R 15 AL 72.8 — — 15 — 7.1 7.3 10 —
BOD4 62.3 2.1 — 32.7 — 67.9 — 4.5 17.7
TH — 91.8 — — — 74.8 8.4 — 8.5
TSS 2.1 — — 2.9 91.7 — — — —
Cl- 15 78.4 2.5 — — 69.7 5.6 — —
S0%~ — 88.4 — — — 62.7 — 29.5 —
TN 57.9 6.7 22.7 6.4 — 3.6 91.3 2.9 —
NH, -N 65.9 10.3 13 6.2 — 4.1 90 2.1 1.3
NO; -N 7.9 — — 77.5 3 — — — 79.8
TP 62.5 — — — — 71.8 — — 5.6
F- 54.3 — — — — — 87.2 8.9 1.1
V-ArOH 55.1 3.2 — 32.7 — 64 — 2.6 24
T-CN - — 8.9 74.9 4.2 — 19.3 73.6 — 1.5
THg 61.1 — — — — 49 — 10. 4 —
As 81.2 — — — 4.4 72.5 — 3.5 14.4
Cr®* — — 76.2 — — — — 83.3 —

W PR 1T x 10* « LT BBE R A =4k, K
RT3 COD. [T g 4 I 4% B8 24 T 2 Je V5 7K A
R —2E I8 COD HE5 &
UK B2 (8] b4y A S, — 20 B pE L
T IZ XK BT 5 3 — 2 A T s # Y T
TAT AL S8 K St 3 P U 2R S S Y B | R A ]
T T, 3 — XK BT 22, AR #2 4 UK AR Ty
fE. 76 TP 0 04 TR0 3t B | AR T S A Tz T
B2 T KU TOFT] i A T LA 4 25 R T
AR 3 25 (B 3) . 3 sk s ) 22 S5 A it PRLAR
2. Ho— V] I Bl 380K AR DA A T Bk i
TR TAREARX D A —E I R, Ik
5 RS S AR XS T AR R R X /NS 22 K B iR
FE AR BR BEARRT N 3ok FEK B R . v
3z TA] Il R R B AR TR B X, RARAR T B/, 7K
BRI A B K, T T R A SRR T B S TR
PR B T R BT R GEAREE Tl AR5,
HEV5 S COD M A HEE &7 3 i s HE B 1Y
65% LA b (K 4 & 5) , 3 B TLIR0IA] 2K 7K 5T ¥ Gy ™
H. PG5 KER T € 5L A5 A Tz i 2]
VUL ], e T3E 1Y e B K BRR A — 2 1Y
U AR AL AR A IS T RHEA T RE AT
15K, T3 AT W K T — 2 AL TE BT Y
UL SR S G, B s TN T 1L AR A T
TR Tl R A AR 6 15 K, A 55 =) W 1 119
IKUEAL , N T M T R A Tl K, 7K

[t — 5 A, (%A $ 48 5 7K B R AR R T R s
TR R UK T 2L 4 1 2. 20 T Rl )4 ) i
AT TR 1L AR A8 N T B 5 4 Tollk J 7K HE A
BT (AR T T i %) T 2 T I A S
VBT TR 7K S5 T 9 e A D) B 1T 7K 0T A T B B
TR Tl R 7K AR 15 V5 7K HE TS Y inT i K o L
Ab, T FE R IR R K R A E K i
B AR T S /NS R WA, T s i) A
AT TR TR K K IR A T ARG, AN TR
TA] AR I et R TR AT T R 3 YT S K R 2 () S A
22 SR R 22— S 3K R R A R0
M T ) A28 B, T 2 M0 3 37K PR 255 o 52 M Y]
TLAK BT, A0 DY 2 <5 e 2K AR 21 TR 8 1y =R
PERS W R Ui R A | 2 A AR R R R
K.

3.2 JGYRIRR]

K 5 K5 25 95T e I 1) TR~ 28 i B 2 A
M R s R R A K A S A FENE, AR
AT 4 A FZHEFE (£ 2). Lin F PN YH T
AT 439 >0.75.0.75 ~0.5 F10.5 ~0.3 B, fL
FERAF G | rP R AN A G BRI 5 A
TH L FL BTTRCE N 42. 97% , Hoh i R R 8 %
BOD, \NH, -N TN TP .F~ V-ArOH THg Il As fIf i
AT AR R, 5 F1 BamIEAEER, 5 TH f1
F- R IEA S, 5 DO S8 A 5E. MANH, -N,
TN TP iX 3 /K Bt br i R 7 8fms 141, F1 al L
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Fig. 5 Sewage constitute in the Zhangweinan River basin

BRARRA A5 . NH, -N TN [ TP 7E4 L HEK |
FERAE AL IR B AR b A R P TR
NH," -NTE& & F25H K b & e, TR B b 2 4%
THE AT XA — 2 FE B RAF & & SR A
e IS S TP AR A — AT 11 B B X — A, @]
DA ER SR AR AR AT DA AR AR A SR A T B
IKHERL, Tl B /K HEC, JE AR 32 A S + 1Rl
A H T BRI AR, AT R B R
NH, N RE L TRKHE ™ . AL, F1 54
FRERFEHUR BODy 3R IEA L E R, 5 DO Rk fi
FHOCOC R , XA HILT5 Yt b 196 BH i 4K Ak 32 2] e
RIS | 1T BOE K HE i Z R e 2 R
5 V-ArOH \THg Fl As 581EAHC, 5 F~ i IEAH
5. THg Ml As Z IR T 5 Tl KT, fh 5 il
Tl R T e | D 2 R A
YA T R K HE. V-ArOH 3R I T4 4% k2%

Tk R Tl R AR T BT LA R4y
B, F1ARZRZU S S i F 5 i B0Ts K L, Tl
1 K HERI A B Al 31 Bl e i) 15 .

F2 [ 5THRE N 19. 674% , 5 EC TH . .Cl~ ,SO;~
EEBRIEARSEME. X FEARREE A LI ST X
FIREAFAE AL 2% Tolk. F3 A9 5THk R R 10. 680% , 5
T-CN ™A1 Cr®* S IEAHCPE. G 1 T-CN - % WL F
P KRR A Tl B K HE . W I 8
Cr®* 3 YOl I #b 32 /K 1B R = Z5hR [ GB 3838-2002
(0.05 mg/L) ], HAR F TR L. T-CN ™ 11 iR
i % K [ K = 2K bR ofE [ GB 3838- 2002 (0. 05
mg/L) ], FrLL T-CN ™ Fil Cr®* A BESR VB T K AR V5 Y
TR, G R 3 KAk = A YRR S 3. 4 TR
Bk% K 10. 109% , 5NO; -NSRIEAH 5, 55 BOD,
HHE 02 TR Bl R0 b X 8 A A o5 U5 Y5 e ek
WFFE DX P AOl AR 7= Rt 0 5 AR T, i R 6 R0
SO 0 N O NT1:551 0 =3 b € N 1 I R 2
B s Tk HEK. FS B STHRR N 6. 922% , 5
SS SR IEAH G, SS & W AR I 455 4 AR K
I AR R S RAR TS5 G,

LA, WU TR ds I A AE 5 2815 QL8 4
— IR RIZ NS B W HEBOIR , an i BE K
Tl KA 1 B A i s e, 58 R Rk T
LK 5 =208 KR TS YL IR AR 1 2 5 R 115
JuWIHERL, 55 S R AR AR s JR R AT 1 Bh 5 R
TG R AW G R R R TR .

R, EC ., DO, /= % 2 £k 75 %k . BOD, |, TH |
Cl~ .SO;” \TN.NH, -N.TP F~ V-ArOH THg il As,
H R TR R 53.845% S — AN T, 5
EC., /& % B2 £ 8 %, BOD, , TH, C1~ | SO; ™, TP,
V-ArOHFI As H58IEAHDC, 5 TN NH," -N F~ 1 THg
EEIEMC, 5 DO 2 A, F1 5 &R
BEUF BOD SR IEAHIE, 5 DO 2R AHE, 5T
WL, F1 AR B K HERL. F1 i85 EC L TH,
Cl~ .SO:” . TP.V-ArOH F1 As 2B IFA &, 5 TN,
NH," -N F~ Fll THg £ EEAHDC , WX o5 & F1 AR
T EAKHERL. B L F1ARZE T By5 K Fn 8 Tk %
IKHERL. F2 A 5THR A 14. 076% , 5 T-CN ™ £ 58 1F
A TN NH,-N F ™ 2 i RS IE ARG, SR AR5 XA
f2f TALFETE. F3 I BTHRE R 9.976% , 5 Cr° " &2
SRIEAHDC, 5SS P EEIEA G, X T g 5 R0 G 3h
SRS R HENCE 5. F4 IITTRREN 9. 747% , 5
NO; -NZEIRIEAHC, X Al G852k T L e Ik
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