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Characteristics of spatio—temporal differences of water pollutants in the Henan section of the Wei River basin
ZHANG Yan'*?, ZOU Lei’, LI Ping'?, DOU Ming™’, HUANG Zhongdong', LIANG Zhijie'?, QI Xuebin"*"

(1.Institute of Farmland Irrigation, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 2. School of Water Conservancy
Engineering, Zhengzhou University, Zhengzhou 450001, China; 3. Laboratory of Quality and Safety Risk Assessment for Agro—Products on
Water Environmental Factors, Ministry of Agriculture and Rural Affairs, Xinxiang 453002, China; 4. Key Laboratory of Water Cycle and
Related Land Surface Processes, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing
100101, China; 5. School of Ecology and Environment, Zhengzhou University, Zhengzhou 450001, China)

Abstract: To reveal the spatiotemporal difference characteristics of water pollutants in the Henan section of the Wei River basin, the
monitoring data of water pollutants COD, NH3—N, and TP from nine monitoring sections in the Wei River basin were collected, and the
change trends, spatio—temporal distribution, and differences of water pollutants in different periods were analyzed using the Mann—-Kendall
test, Pettitt mutation test, cluster analysis, and discriminant analysis. The results showed that the water quality was relatively poor in the

main stream of the Wei River, Communist canal, and Tang River, while those of the Qi River and Anyang River were relatively good. NH;—N
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was the main water pollutant in the Henan section of the Wei River basin. Most of the water pollutants in the monitoring sections showed a

significant decreasing trend across different periods; the mutation times of COD and NH3—N were mostly concentrated in 2016 and 2017,
whereas those of TP were mostly concentrated in 2017 and 2018. The proportion of COD and NH3—N in class IV and above water quality
standards showed non—flood season > flood season, while TP showed flood season > non—flood season. The spatial clustering results of
water pollutants were effective and relatively good in different periods: the fluctuations of COD concentration in Hebi Gengsi and TP
concentration in Xunxian Qianfangcheng in different periods were small, while the fluctuations of COD and TP concentrations in the other

monitoring sections were relatively large, and the fluctuations in NH3—N concentration in different monitoring sections in different periods

had certain similarities. The water pollutants in the Henan section of the Wei River basin show obvious spatio—temporal differences.

Keywords: Wei River basin; Henan; spatio—temporal difference; cluster analysis; discriminant analysis
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Figure 1 Distribution of water pollutant monitoring sections in the Wei River basin

s 1] 3 1 5000 0 AR Al i A, LA T A 15 B DL 225 Sk
[2]e T340, 8 X B AT UF N
Lse = E(si)]

[k =

UF,= \/m (kzl,z,"',n) (1)
‘ L I % >x;
fCEP:SkZiZI,Z,az:f(kZZJ,“',n);%: 0 xin/j,lSjSi;

E(s)=k(k+1)/4;Var(s,)=k(k-1)(2k+5)/72,
ARBTG5« 4 K P RS PR X (D) 3

B TRl fi
UBk Z—UBk'
=1,2, 2
k,:n-l-]—k k b b 7n ( )

W43 HT UFFN UB AR LA BT 15 5 )
PARE NG AR 15, 24 UF A UB, (1) ih 2888 3 B 1 X 1]
[-1.96, 1.96]8] , UL HZK BT 7411 el T R i 3 L A
.35 524 UF AN UBL ) T AE 8 AR DX R N TR AR AE I
PRSI L 22 T3 91 58 A8 TF R R 21
1.2.2 Pettitt 28725 K6 56 7

Pettitt 282845 5010 & — PP AR S B05AR S kil i)
e, TR AR HL A2 SR E R AN T2 KUK
G LA KoK T ] 2R 40 ) 2228 43 B, W] 1] it dak ]
P B K AR G g iy 58 A S ke g, BLAR T B R
s,

95 FE KT G ) n ASFEAS B B R] 7 4] L i=1, 2,

3,.nn, EXGI AR U
Ur,anrfl,n'I'Vz,n (3)
Vl,llZESgn (x’ - x/) (4)
i=1

Pettitt & SLHETT R K AR R 25 1) AT RESR AL A

1% WHART]

IR <)

AR

0 20 40 km

Rl

T T 5 7

K=max U, | (5)
FIRGET 4 P E AR S 1505 40 8 i & 1k
7J(q2:
-6K?
P=2exp( FERA ) (6)

1 P<0.05 RN AFTEGE T I BB R A8 R
1.2.3 RENHr

RS HTIE—FI R R R GR BN A, Horp )2
PRI HT (HCA) 15 H RGN FACh & UL, 2 2R 5%
AN TR] W D0 T (] g A RLRE B R R R A BRI R —
2 AR I ST R B A B AR AT e R A N s ]
LAV 000 DR T P A B A T RS R A3 A T 3
TR BOK AR5 YL i B 25 AR AR R AR
1.2.4 F5155Hr

) 43 B 2 SR M Al SR IS A3 A s SR e T U
A E VR AT AR bR, HOR 44 B — 2 i ) 1)
D 2 7 ) 53] R, A0 T 30 3 K A S Y e 2R A
PR ZEL, IR, H 5 R EERIE AN -

(7)

(6D 955 2R P 3 R B85 GO s R T A5
8050 S Z 5 5 3 M B8 8 BR800y S AR L 44 531
F B py S LR R ARMEL

HRE5S

2.1 KRR GIHE RS
T ST g B B SR A TR S K AR
PG o e RANR 1 s o i 3Ral A, e

2



SR, S « T e p B K AT e e s 22 S AR AE 0B 135

AR, T A 32 SCRANA I Y COD Ji
TR R I (ELAE IV 2K bR E LA L NHL-N 5 i
FT 45 VIR AR LR A2 B ) COD 1 NHs—
N T Y B A (B A F T 28K bR e LA, Herp A= 2
S COD J5t ot Vi JiE 408 78 TN 38 31 i K, Ty 33.96
mg - L™, 3770 NH,—N J5t £ e 3 349 0 7 AR TR 38 31 i
K, K348 mg- L7 I3 ™ 32 U ] FlEE
BE] TP Joi 5 v B S 08 A8 IV 28K b i LA b, 390] TP
iU BE Y AL T 2K BTARiELL T bt~ 42 2
TP T vk B A AE U IR B i K, 0.33 mg- L5
T3 A1, i COD Fl NHs—N 5 e ¢ B 7 VR0 A TR
A S5 AL R f /M 8] 22 (B fe R, o W LU Bl PR K
HR | AE AR TN I NHL—N A 52 e B (e A X 5 0k
FETRH I TP 7 JoT o B (B AR X 950K, COD Jig £ vk
AN o TLIAT S T R B K A e ELYRT A 4E BH T
B K R BCEL AT, T 9 2™ 32 SR A ] () 7K
FECHR AR 3 2% o T 3kl me B P NHL-N {5 e
B o
2.2 AEIEHAAKETT YT EBR S0

HLHE M=K A 56 7 1 Pettitt 28 25 K6 6 v %F TN 3
S8 i B 9 A4 M) D 1 K A4 T G 1 B s R A R A T
A3, A5 30 45 W DN T T K A4 5 YL P AEAS R Bk B A AR Ak
RAS L RAR G (R 2) o ARSUALS H T g 2 B
V00 T T A 2 e D AR AAR TS e A [T R M- KR 5

I Pettitt 28 28K 56 P (T 2) o R 40 W bR T e 7 A4
15 YA TG RA - E TR 1 52 00 2 sl N e 34,
DU BT 1T A = 1 9 COD £ TR 2 301 i 25 A 385 i
A, W TN DT 1T TR LR RN K 44 e F A COD A 1L
WS E 5 1Y TP 7E TN A A5 1k fa S5 34 A8 (5, W by
THI A7 2 FE () COD 7 TR 52 5 35 T B 3, 16 0 by
T T 2236 i COD 7 U AT TRIT B 28 Al Fa 3 28 R i
555 TELTT 00 DR T VR B iR 3 COD A TP ZETRIBI AN
AETRHA , B NH;-N AE TR i AR (b S A g 25, X nf
FE A R T3 W0 DT T K BT — LA . AR M-K A %
T Pettitt 28 78 A6 56 1 75 21 14 45 W 00 0B 1T 7K AR V5 G
Py ) 5 A8 I ) B A | HAT — 3k, KR TS 4445 COD
FNH,=N By 548 Bif [1] 2248 TR 7E 2016 4 F1 2017 4F, Tl
IKAAR TS YL By TP 14 58 28 Bif (8] Z2 4 WP AE 2017 4712018
A FETRIN, K AR TS Ge By COD 2 A8 InF ] 22 85 v AE 7
1, NHs=N Fil TP (1) 5 A5 i [8] 78 A [7] 155 1000 Do 177 52 0 448
K225, W AE AR KA TS Gy 4 1) 53 A2 s [i] £ AN ]
AV bR LA AR B 2 R
2.3 R[EEEAKETS L0 B = 5 R HHE

5 M 000 DR T KA T e A AN T B A A K B2 i
o7 HC AN 3 BT o e TR I b T BH B R B
VIR I B RERKSFE COD AbF IV K L K
PRI & HE 4 31 R 64.29% . 78.57% .78.57% .67.86%,
T AE A TR B 416 BT 84, 439914 66.07% . 89.29%

&1 TAmisin fa R A B R EA 7K AR 5 R M E S it (mg- L)

Table 1 Mean value statistics of water pollutants in different periods in Henan section of Wei River basin (mg-L™)

. . b2 44 COD A NH;-N S TP
T Szt - — - — - —
River Index I Ak I I Ak T IR}
Flood season Non—flood season Flood season Non—flood season Flood season Non—flood season
MERTIS B/ e/ ME 7.00 9.00 0.02 0.02 0.06 0.07
KA 50.50 70.00 9.75 11.00 1.19 1.30
B 24.92 27.56 2.22 2.82 0.29 0.26
PR I/IMA 13.00 9.00 0.03 0.05 0.03 0.04
KA 65.25 61.10 8.46 12.03 1.22 0.67
Bifig 33.96 31.39 2.17 3.22 0.33 0.24
RG] I/IMA 6.00 2.00 0.02 0.02 0.01 0.01
RME 33.00 33.00 0.72 0.97 0.12 0.12
¥ 13.51 12.06 0.19 0.19 0.04 0.04
e f/MA 9.00 5.00 0.04 0.03 0.03 0.06
RME 124.00 127.00 12.20 14.20 0.79 0.89
B 29.15 33.20 2.56 3.48 0.27 0.28
2 9] f/IMA 8.50 7.03 0.04 0.03 0.04 0.04
oM 32.50 40.55 2.58 4.69 0.91 0.46
B 17.50 21.02 0.50 1.09 0.26 0.22
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Table 2 Variation trend and mutation point of water pollutants in different periods
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Note: [ indicates that the increasing or decreasing trend is not significant, V indicates a significant decreasing trend, A indicates a significant

increasing trend , and — indicates that the mutation time is not significant.
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Figure 2 The inspection chart of the water pollutants in Daminglongwangmiao section in different periods
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Figure 3 Proportion of water quality types in different monitoring sections in different periods
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Figure 4 Spatial scale cluster analysis of water pollutants in different periods
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Table 3 The statistical test of discriminant analysis on spatial scale of water pollutant indexes in different periods
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Table 4 The cross validation accuracy of discriminant analysis on spatial scale of water pollutants in different periods (%)
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Figure 5 Differences of water pollutant indexes of different groups in different periods
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Figure 6 Discharge statistics of water pollutants in Henan section of Wei River basin
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Figure 7 Discharge statistics of agricultural fertilizers and pesticides in Henan section of Wei River basin
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