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Water environmental risk assessment across different periods in the Henan section of the Wei River basin
ZHANG Yan"?, ZOU Lei’, DOU Ming™*, LI Ping"’, LIANG Zhijie'

(1. Farmland Trrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 2. School of Water
Conservancy and Civil Engineering, Zhengzhou University, Zhengzhou 450001, China; 3. 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; 4. School of Ecology and Environment, Zhengzhou University, Zhengzhou 450001, China; 5. Laboratory of Quality and Safety Risk
Assessment for Agro—Products on Water Environmental Factors, Ministry of Agriculture and Rural Affairs, Xinxiang 453002, China)
Abstract: In order to evaluate the water environmental risk in the Henan section of the Wei River basin across different periods, monitoring
data on three kinds of water quality indicators[chemical oxygen demand (COD), ammonia nitrogen (NHs=N) and total phosphorus (TP)]

were selected at four monitoring sections. The appropriate three—dimensional joint risk probability distribution model of water pollutants
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was constructed by establishing the marginal distribution function and the optimal Copula function, and the combined risk probability of

water pollutants in different periods was analyzed. The results showed that the Gaussian Copula function was the best three—dimensional
Copula function for the water pollutants in the monitoring sections of Weihui Huangfu (non—flood season and flood season), Xunxian
Wangwan (non—flood season) and Daming Longwangmiao (non—flood season and flood season), and ¢ Copula function were the best three
dimensional Copula function for the water pollutants at Xunxian Wangwan (flood season) and Tangyin Wuling (non—flood season and flood
season). The maximum joint probabilities were respectively 26.30% and 21.61% in non—flood season and flood season at Daming
Longwangmiao when the water pollutants were in the I —IlI water quality standard, while the maximum joint risk probabilities were
52.34% and 56.53% in non—flood season and flood season at Weihui Huangfu when at least one index of the water pollutants was in the
inferior V water quality standard. The joint risk probabilities of the water pollutants in non—flood season were 25.68%, 22.94%, 24.68%
and 13.47% at Weihui Huangfu, Xunxian Wangwan, Tangyin Wuling and Daming Longwangmiao, respectively when only NH;-N was
under the quality standard of inferior V , while the joint risk probabilities of the water pollutants in flood season were 28.01%, 10.31%,
6.16% and 4.12%, respectively. The monitoring sections of Weihui Huangfu and Xunxian Wangwan were mainly affected by industrial
wastewater and domestic sewage pollution during the non—flood and flood seasons, and the dominant water pollutant was NH;=N. The
monitoring sections of Tangyin Wuling and Daming Longwangmiao were mainly affected by agricultural non—point sources of pollution

during the flood season, and the dominant water pollutant changed from NH3—N during the non—flood season to TP in flood season. The

joint risk probabilities of water pollutants in the Henan section of the Wei River basin were different in different periods.

Keywords: Wei River basin; Henan; Copula function; water pollutant; environmental risk assessment
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Figure 1 Distribution of water pollutant monitoring sections at the Wei River basin
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Figure 2 Marginal distribution of the water pollutants at the Daming Longwangmiao station
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Table 1 Goodness of fit evaluation of the two—dimensional joint probability distribution of the water pollutants
at each monitoring section in different periods
At WS R T Gaussian Copula t Copula
Period Monitoring section 2% Parameter D RMSE AlC BIC ~ Z%{Parameter D RMSE AlC BIC
B[tk MER 358 p=0.4102  0.0836 0.0339 -285.12 -281.60 p.,=0.5422 0.0802 0.0342 -284.21 -280.68
Non-flood season ~ Weihui Huangfu p1:=0.434 1 pi=0.5517
p»=0.784 1 p»=0.8457
REFE p=0.4820 0.0988 0.0367 -277.56 -274.04 pp=0.5823  0.0977 0.0385 -274.11 -270.59
Xunxian Wangwan £1:=0.598 4 01:=0.674 6
02=0.689 2 p»=0.7722
% p»=0.6153 0.0890 0.0374 -276.57 -273.04 p=0.7293  0.0833 0.0370 -277.52 -273.99
Tangyin Wuling  , ~ 5200 p1=0.644 2
p=0.646 8 p2=0.747 2
K4 e T p=03531 0.0961 0.0381 -275.01 -271.49 pp=0.5126  0.0980 0.0402 -270.38 -266.85
L nl;ir;l:;%n o pum05107 01:=0.647 4
p»=0.423 7 p=0.568 6
I MR p»=02251 0.1098 0.0440 -137.60 -13533 p;,=0.3403 0.1143 0.0455 -136.05 -133.78
Flood season Weihui Huangfu =040 3 pi=0.460 4
0=0.803 9 p2=0.8727
REFD p=02854 0.1425 0.0555 -126.92 -124.65 p;,=04006 0.1389 0.0546 -127.68 -125.41
Xunxian Wangwan 015=0.398 4 01:=0.498 2
0=0.696 4 p=0.768 9
VLR p=0.5310 0.1079 0.0396 -142.42 -140.15 pi=0.6956  0.0964 0.0384 -143.89 -141.62
Tangyin Wuling ) _0 692 0 £5=0.580 0
02=0.562 2 p=0.570 0
K2 E i p=02532 02006 0.0497 -132.03 -129.76 pp=04341 02370 0.0530 -129.07 -126.80
Daming pi5=0.252 0 pi=0.4413
Longwangmiao
p»=0.639 5 p2=0.747 4

2.3 KIS LBRE KU 53 1
2.3.1 AT K ARTS YLk & IXUBS A 25

FEFHE B Copula R N7 1 TR 45 W 0 W g
IS Y AR bR E] 1) = AR A o AT AR A5 2K A5
YL WIHE b (B] A BR A 43 A MES P (X<, Yy, Z<2) W& 4
FEoR , HEBE A RS ARE R AN 6 2 i /s o 1 45 M 3000 bR 1 7k
TS YL W95 b 1) B A IXURG: 285 21 (3 2) ml 0, 78 JE TH
el A TTER s S S e e 7] SE I i - DN 22
F i K475 4L (COD \NH.-N 1 TP) #4940 F T ~ 11
25 K T bR v 0 BK S BE 2 0 00 ol 14.35% . 9.25%
21.61% F126.30%, Mi 14k F45 V 2K 5 bR o 1 B¢ A
JRURGABE 5 4 ) K 3.51% . 2.14% . 2.52% 1 0.44% ., 4
KRS G (COD \NH,=N FI TP) i 2/ — A 45 b5
AbF45 V2R AR HER W W T R R B
T 7 W e AR A4 T e K AR5 e 0 R B A DR AR
F 0K 52.34% .42.04% .42.89% F124.42% .,

AN, GAL COD kb F45 V 2K FRARERT, Wi 7
T M 2 H R B EVE B B UK 4 e K
15 YL A I5E A JRURS: Ak %43 531 54 0.95%,0.79% . 0.12%
F10.28% ; 44 NHs=N b F45 V 27K BT M BsF, s )
W TaT LR ST R H T 1 B b R 4% K
AT e W 10 B 5 JRU RS ME 232 43 331 O 25.68% . 22.94%
24.68% F1 13.47% ; 4L TP kb F45 V 2K J5i % i B
WM BT T DM R R B AR
Jek K AT G P 30 B IR AE 238 433 Sk 1.709% .2.92%
2.17% M15.48%, FHILATIL, YU NH,-N AL F45 V3
KB AR TR, 5 S T DRI 1A 7K 1A 5 e ) R B IR Ak 23
P HRe A, U I A A TR T 37 3T R B ) = oK Ak TS
Yed Sy NHs-N
2.3.2 WK ARTE YA AU HE %

FEF I 1 Copula PR N7 A A5 W I Wi 1T 7K
PRT5 G AR BR ] ) = AR5 A A AR AR BIK AR TS G
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Figure 3 Fitting figure of the theoretic and empirical joint frequency between the water pollutants
at each monitoring section in different periods
2 AETLER & T BT TET K R TS SR 18] 9 = BR S KU 2R (%)
Table 2 Three dimensional joint risk probability between the water pollutants at each station in the non—flood season (%)
KL TP
et JA TRERE REEE RN R E I
COD NH;-N Weihui Huangfu Xunxian Wangwan Tangyin Wuling Daming Longwangmiao
I~ N~V EAY [~ v~V EAY [~ V~V %V [~ N~V EAY
I~ [~ 14.35 8.07 0.15 9.25 4.20 0.02 21.61 11.25 0 26.30 15.89 0.84
V~V 2.84 3.09 0.35 1.89 1.47 0.07 2.12 1.23 0 1.16 1.01 0.24
£HV 2.15 6.96 2.71 0.70 1.40 0.15 0.94 2.54 1.85 221 2.89 0.50
N~V [~ 8.10 3.40 0.32 13.52 10.82 0.66 7.15 2.63 0.67 11.06 15.68 3.12
Vv~V 2.90 491 0.88 4.01 12.80 2.17 4.58 6.54 1.50 1.57 2.91 1.28
£V 1.64 14.93 16.06 2.49 18.35 11.65 3.54 17.66 9.57 1.04 7.33 3.70
£V [~ 0.25 0.24 0.02 0.05 0.25 0.07 0 0 0.40 0.04 0.15 0.17
V-~V 0.12 0.34 0.10 0.04 0.45 0.27 0.01 0.11 0.05 0.01 0.08 0.11
£V 0.15 1.46 3.51 0.02 1.09 2.14 0.17 1.36 2.52 0.02 0.25 0.44

YIFEARA] IR G o3 AR P (X<, Yy, Z<) QNI S BT 35 L4 b ) 6 XU &5 23 (38 3) ml i, 3TN, i
N, LA MBS R AN 3 /s o 45 I IR T K pA BT TR 2 R B B I TR MR 4 e
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Figure 4 Joint probability distribution of the three—dimensional Copula functions between the water pollutants at each station

0.5
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(b) ¥ 5 ¥ Xunxian Wangwan

P(X<x, YSy,ZSz)EBéé’ﬁ?ﬁ Joint dis

0.5
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(d) K45 Je F )i Daming Longwangmiao
04 MOS5 0.6

0.7 M08 09

in the non—flood season

By K435 4 ) (COD \NHs—N I TP) #4940 F 1 ~ M 27k
bR AE I SRR A3 3N 12.92% .10.45% . 12.20% Fil
21.61%, M4 4b F 45 V 287K T b i i 156 XU M 2%
39N 1.45% . 1.57% . 2.10% F1 0.59%., >4 K {4 i5 Y
Y1 (COD \NHs-N FI TP) H & /DA — A 8hrkt F4 V
K TR HERST , WEIN T IR R R B VS A A
a2 K 44 . e KA T 2 0 P 1 IR R 543 1) o
56.53%.29.13% .46.36% F132.42%

AN, ML COD kbTF45 V 287K AR v, Wi b
T DR IR B 7 B LB MR & e T K A
15 YL ) I IR RIS A8k 2553 301 4 0.41% . 1.36%.0.18%
F11.28% ; 2440 NH;—N &b F 45 V 2K A5 HE I, W)

STTTIER (=G I = NE SR eI 7] S N | N 2 A Y | D
A5 Gy 1 1 B A RIS A8k 2% 43 531 Ry 28.01% . 10.31%
6.16% Fl1 4.12% ; 244 TP &b F45 V KK T bR it W
VR T TR R R BV I K A e T
IK AR5 Y 0 16 16 B XU ABE 5 43 301 Ol 1.44% . 3.81%
22.57% M115.43%. Lol W, 4{Y NH;-N4bF4 V
JEK AR, W T I 1R R B K A
YLy (R 10 IXURS AE S5 A5 A, T W AR VR 10 e 3k Tl
B3 A O U TR 19 R T RNR B VS Y 2 R KIS Y )
A NH3=N 5 7 244 TP 4b F45 V A B AR i, Wi by
1137 BH L8R AR 24 T i K AT G g (R Bk A DRSS MR
g R, U B AE TR 1T 8 3] e B W b T ¥ B
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Figure 5 Joint probability distribution of the three—dimensional Copula functions between the water pollutants

0.5

at each station in the flood season

3 OTLHAE ME T K TS R 1B B = 4K A B HE R (%)

Table 3 Three dimensional joint risk probability between the water pollutants at each station in the flood season (% )

S TP
feFden 2R PHEET RETEE LR K4 EJH

COD NH;-N Weihui Huangfu Xunxian Wangwan Tangyin Wuling Daming Longwangmiao
[~ N~V £V I~ N~V £V [~ N~V £V [~ N~V £V
I~ I~ 12.92 8.96 0.09 10.45 7.86 0 12.20 21.95 6.01 21.61 12.11 4.51
V-~V 1.18 2.45 0.21 0.93 2.19 0.28 0.52 1.90 1.06 0.54 1.03 1.12
%V 1.21 12.66 6.16 0.07 1.52 0.63 1.40 1.23 0.61 0.48 1.41 2.90
V-~V I~ 6.90 6.01 0.38 13.56 18.03 0.94 1.06 10.51 7.60 17.37 12.62 7.60
V-~V 1.04 4.01 0.76 1.75 16.10 2.59 0.42 5.08 7.90 0.69 1.61 2.20
£V 0.87 13.27 18.63 0.26 8.46 10.67 0.77 2.76 14.10 0.70 1.53 7.15
£V I~ 0.08 0.22 0.04 0 0.05 0.38 0.11 0.03 0.27 0.51 0.63 0.52
V-~V 0.01 0.10 0.07 0 1.31 0 0 0.04 0 0.04 0.10 0.19
£V 0.01 0.31 1.45 0.40 0 1.57 0.35 0.02 2.10 0.04 0.20 0.59
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