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Characteristics of surface water environment and source identification of water pollutants in
the downstream of Fenhe River

LI Jiao, SUN Congjian’, CHEN Wei, ZHANG Qifei, LIU Xian, ZHOU Sijie, LIN Ruojing
School of Geographical Sciences, Shanxi Normal University, Taiyuan 030031, China

Abstract: Background, aim, and scope As an important water resource, surface water plays a significant role in
the economic and social development of the region. Fenhe River is the second largest tributary of the Yellow River
and is considered the mother river of the Shanxi people. Due to global climate change and rapid urbanization,
the water environment of the river basin has deteriorated significantly, and as a result of water pollution, the
economy and society of the region have been seriously hindered in their efforts to develop sustainably. This study
investigated the characteristics of the surface water environment and the sources of pollutants in the downstream
of the Fenhe River. Materials and methods An analysis of 16 parameters from 15 monitoring sections in the study
area during 2013—2017 was conducted using the water pollution index (WPI), hierarchical cluster analysis (HCA),

discriminant analysis (DA), and factor analysis (FA). Results The value of the multi-year average of WPI varies
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between 74.1 and 636.2. In accordance with GB 3838 —2002, environmental quality standards for surface water,
the water quality of 66.7% of monitoring sections is generally worse than that of Class V. In Zhaocheng, the WPI
value is the highest and the water pollution is the most severe. Discussion Among the interannual variations in
water quality, 2015 had the lowest quality, with 93% of Class V and inferior Class V water. As a result of the
water treatment of Fenhe River, major pollutants such as COD.,, NH;-N, TP and COD,,, have been significantly
reduced in surface waters after 2015. In the downstream of the Fenhe River, water environment treatment and
ecological restoration will be focused on sections of Daomei Bridge, Zhaocheng, Hongtong, Ganting and Gaohe
Bridge where water quality fluctuates significantly from year to year. Water quality of the monitoring sections
located upstream of Yaodu section of Fenhe River and Laoju River is affected by the spatial distribution of
geographical locations, with high nutrients (TP and NH;-N), high oxygen-consuming organic matter (COD,,,
and COD,), and high toxic organic matter (VP and CN) and low DO concentrations. Surface water is typically
polluted by TP, F, DO, and oxygen-consuming organic matter, followed by Hg and NH;-N, which are also
affected by heavy metal pollution. The pollution degree gradually weakens from north to south and from upstream
to downstream. The downstream of the Fenhe River is heavily polluted by domestic sewage and agricultural
non-point source pollution, while industrial pollution has the greatest impact in Huozhou and Hongtong, where
the water quality is the worst. Conclusions The research results demonstrate that the water environment of the
downstream of Fenhe River is seriously polluted. More attention should be given to the restoration of the water
environment along the Daomei Bridge— Yaodu section of the trunk stream of the Fenhe River and Laoju River.
Recommendations and perspectives The results of this study can serve as a scientific basis for the comprehensive
management of the water environment in Fenhe River Basin.

Key words: water environment; temporal-spatial characteristics; pollutants source; downstream of Fenhe River
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Tab. 1 Statistical description of water quality parameters in the downstream of Fenhe River from 2013 to 2017

ESNANE] JKJFiFEFR  Water quality parameters

Statistics pH DO COD,, COD, NH,N TP  Cu  Zn F As Hg cd o Pb  CN VP
e/ ME
Minimum
L
(X3

Lower

734 0 2.1 10.0 0.15 0.043 0.0020 0.001 042 0.0001 0 0.0010 0.0020 0.004 0 0

772 3.7 5.4 23.0 0.85 0.101 0.0020 0.002 0.97 0.0001 0.00001 0.0010 0.0020 0.008 0.0003 0.0009

quartile
GRvAS
Median
gy
i
Upper

788 4.8 13.4 56.1 4.00 0257 0.0035 0.011 1.15 0.0003 0.00002 0.0010 0.0020 0.010 0.0010 0.0019

8.01 57 22.4 95.0 8.83 0469 0.0040 0.042 1.33 0.0008 0.00006 0.0020 0.0020 0.010 0.0020 0.0032

quartile
SN[
Maximum
HE
Mean
hrifEZE
Standard  0.21 1.6 40.9  214.8 109.58 0.428 0.0030 0.033 0.70 0.0012 0.00023 0.0012 0.0002 0.011 0.0041 0.0039
deviation
Coefficient 0.03 0.4 1.7 1.7 331 1.144 0.8172 1.289 0.57 1.4986 2.24253 0.8142 0.0973 1.071 1.5591 1.2362
of variation
pH TGS, HAKTHER AR mg L

pH is dimensionless, and other water quality parameters are in mg-L .

840 7.5 250.0 1272.0 727.00 2.135 0.0220 0.129 541 0.0080 0.00130 0.0100 0.0030 0.100 0.0220 0.0219

789 45 24.5 124.0 33.12 0374 0.0037 0.026 1.24 0.0008 0.00010 0.0015 0.0020 0.010 0.0026 0.0032

2.2 MK AR M VK BRAE BT WP A 1155
22,1 KIGYAEEOL EWAK (D). Hr: 6<pH<9Kf, WPI;=20;
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mﬁﬁ$£ 2019) , ATLAG A2 DY R K BE 61, WPIL,=100+6.67 X (6—pH); pH>9 K],
BF T8 Ko 1% 7 6T I (GB 3838 —2002,  WPI,=100+8.00 % (pH-9); DO<2 mg-L™" i,
f@%m%fﬁ FRHEGRIE ) KRS S WP (R wpp, =100+(2—Cho)+2 x40 (XIFEEE, 2013) .
) AL AR VR TR I T RS 2 oK
B H i WPTAE,  HCH R R ELAE Dy i B i 7
WPI . ), C.<C=C, (1)

WPL=WPI, +(WPI, —~WPI, )+ (C, —C,) X (C,~

DOI: 10.7515/JEE222014



384 H BRI 4R

WPL=WPL, +(WPL, ~WPI,)+(C, ~C,) % (C, -
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Tab. 2 WPI and water quality classification in GB
3838—2002, environmental quality standards for
surface water (Liu Y et al, 2013)

Ve

Water quality classification W
[2% Class| 20
125 ClassIl 20<WPI<40
2% Class I 40<WPI<60
IV Class IV 60<<WPI=<80
VZ Class V 80<<WPI<100
4V Inferior Class V WPI>100

222 BT

R4 B (cluster analysis ) & HR #5 X 4 #i
B 3 SO RN AT 3 2 e ST O
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S, DN IR BIAR R 0 HREAS 1 23 S5 15 LR 1 B ok
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Tab. 3 Evaluation results of water pollution index method for monitoring sections of the downstream of Fenhe River
W T T Wit K BTEEsR 2017 4E7K 5
il - KB (i
K5 S T el o .
Monitoring . . 2017 4 Water quality Water quality in
No. . River Multi-year average .
sections Year of 2017 requirements 2017
from 2013 to 2017
“é‘ V) \»b] 2~ V
1 ST i) 3160 332.0 v e
Daomei Bridge Fenhe River Inferior Class V
X ¥ “Il 2 V
2 I 6}{7, 636.2 255.0 \Y ,%
Zhaocheng Fenhe River Inferior Class V
»‘:,HE\' [ N \‘u 2 V
3 B &}{T, 4442 232.0 A% . =
Hongtong Fenhe River Inferior Class V
% YT %V
4 HT gikh 367.7 182.0 A _%
Ganting Fenhe River Inferior Class V
= ¥ »‘u 2 V
5 2 6}”, 262.4 204.0 A . o4
Yaodu Fenhe River Inferior Class V
i YA 5V
6 - i il 218.4 196.0 A E
Chaizhuang Fenhe River Inferior Class V
= YT £V
7 i o 2133 236.6 v o
Houma Fenhe River Inferior Class V'
g YRR Y
8 SR s 4340 292.0 i =
Gaohe Bridge Laoju River Inferior Class V
= oy
MAEATE ] 74.1 612 it v
Quting Reservoir Quting River
W7 Wi
10 PRIk . o j_ 74.1 60.4 I v
Laohe Reservoir Laohe River
BT ET)
11 ke . . 83.9 70.0 I v
Juhe Reservoir Juhe River
AREIDNG) A R T .
LAk - %V
12 o . Fenhe River and 106.6 111.2 \% .
Qiyi Reservoir L Inferior Class V
Longzici Spring
AN 1K o
. =
13 Xiaohekou . . 103.3 94.0 IIr A%
. Huihe River
Reservoir
e ]
14 = X7 , = 82.5 80.0 A v
Huihe Reservoir Huihe River
T .
- Wiy £V
15 Huihe Second . . 91.5 111.0 \% .
X Huihe River Inferior Class V
Reservoir

M E G R Y AR PR AL LR E, 20174F
COD,. NH;-N il COD,,, /K15 G485 B 4L 2015
ARFT 2016 4FA TR K. I, X
SRR TE 5 (NN e O N Sl o8 e o8-S /L8 7/ )
WHE, AREE T 1 iR B o

X% s 00 BB TR ) WP AL B9 4F P AR AR A T 20 A

(E3), KRBGEEH. B, #HR . H SR
WA, BEROKBUR 2, KEMAERS B2, &
TR I 32 B TR IR i K AR R, R

KA FRIREZ %, LA IR BEMEE R, 2
TE /KRB I BRI K A= 2508 2 W F 550, 7 s U8
5.

3.3

DARIFSE X 15 A W 00 D8 1 14 7K ot 2240 F- 2 {4
S FEmb R, PEAT K TR AR A R RO 1 J2 IR
OYHTe RS AT A RAEAT T DL 0 A, 2
YN TERER N 95.4%, 3 LHAMZEA9H HIE
WRH 90.7%, PRI, ZK BT s I e e vy >4 53 2 21
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Fig. 2 Interannual variations of water quality in the downstream of Fenhe River: proporition of sections
with different water quality categories (a) and main pollution indexes (b)
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Tab. 4 Loading of 16 variables on significant principal components for factor analysis

YINGEEL /A F  Common factor
Water quality parameters F1 F2 F3 F4 F5 F6
TP 0.94 0.05 0.07 —-0.02 0.08 —-0.06
F 0.92 —-0.02 0.00 —-0.01 —-0.06 —-0.01
DO —0.64 —0.42 —0.41 —-0.08 -0.23 0.08
VP 0.44 0.44 0.06 0.24 -0.27 0.16
CODy, 0.07 0.98 —-0.02 —-0.02 0.02 —-0.02
COD, 0.04 0.96 —-0.04 —0.06 —-0.03 —-0.07
Hg —0.06 —-0.10 0.86 0.05 —-0.02 —0.09
NH;-N 0.43 0.06 0.75 —-0.05 0.01 —-0.22
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Gd —-0.03 —-0.02 -0.20 0.83 0.25 -0.21
CN 0.12 0.05 0.42 0.62 -0.26 0.20
As 0.05 —0.09 —-0.11 —0.06 0.73 0.03
cr’ 0.02 0.16 0.31 0.05 0.70 0.14
Pb 0.06 0.09 0.29 0.16 —0.44 0.25
Cu 0.05 0.04 —-0.09 —-0.01 0.05 0.85
pH —-0.39 —-0.28 —-0.21 0.21 —-0.02 0.62
%ﬁﬁ 2.71 2.38 1.94 1.93 1.52 1.42
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The dark color in the figures mean that the factor score is high and the pollution level is serious, and light color in the figures represent low factor

score and slightly pollution.

E7 AT TP, F. DOFMVP (a); COD,, 1 COD:, (b) ; Hg MINH,-N (¢) ; Zn, GdFICN (d) ;
As, Cr" FIPb (e) ; CuflpH (f) REAISYHET (g) FMERZS 534
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