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Abstract

Based on 2005-15 water quality data and measured flood data in 2006-12 at Tongguan Bridge Section,

storm-period water-quality characteristics and different time-scale water-quality characteristics have been

analyzed for the Weihe River and its basins. The interannual and quarterly mean concentrations of COD,

NH,-N, DO, and river pH value are calculated to evaluate pollution characteristics. Water quality in flood

and non-flood periods were monitored to explore the relationship between peak flows and water quality

in stormwater. The results showed that in the stormwater period, index concentrations and their fluctuation

ranges decreased and were reduced gradually with the increase of peak flow. When peak flow was in the

range of 480-680m?*/s, concentrations of COD and NH,-N had the same trend of increasing and decreasing in

general. During 2005-15, river pH value fluctuated in the range of 7 to 8, and pH value in the second quarter

was slightly higher than in the other three quarters. Water quality of the Weihe improved significantly after

2010.
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Introduction

Surface water quality is a matter of serious concern
today so that the monitoring of environmental parameters
is one of the highest priorities in the evaluation
of environmental status of water resources and in

*e-mail: 3030610133@qq.com

environmental protection policy [1-2]. There are complex
pollution sources of nitrogen (N) discharges into many
river basins worldwide [3]. Excess nitrogen export may
result in harmful algal blooms and hypoxia adversely
affecting biodiversity and fisheries [4]. Water quality and
its enhancement have a close connection with the presence
of chemical oxygen demand (COD). Oxygen concentration
acts as an important indicator of water quality, so hypoxia
occurs when waters become undersaturated in dissolved
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oxygen (DO), causing organisms to suffer adverse and
potentially lethal effects [5-6]. Consequently, researching
variation characteristics of topical pollutants in a river,
such as COD, NH-N, DO, and pH value, is necessary and
useful for watershed management. According to previous
research, the concentration of NH -N subjected to runoff
volume is high in winter and spring, and mild in summer
and autumn [7-9]. COD values fluctuate seasonally
[10]. Meantime, hydrology has the greatest influence on
pH [11]. In the Weihe, the concentrations of SS, COD,
TP, and TN in the raw samples from flood events were
higher than those from normal discharge events. The
peak time of concentration of COD and TN in the raw
samples were close to or lagged behind the time of peak
flow [12]. The highest concentration of NH,-N in the
Weihe was in the dry season, which was followed by the
mean-flow period and wet season [13-14]. During
2006-10, the average annual rate of COD emissions
decline was 5.8% in the Shanxi Section of the Weihe
[15]. Dissolved oxygen (DO) was the main influencing
factor to total phosphorus (TP) and total nitrogen (TN) in
summer and winter [16]. The dilution effect of high-flow
flooding on NH_-N was significant [17].

Taking the Weihe River Basin as an example and
selecting the Tongguan Bridge Section (TBS; the section
where the Weihe flows into the Yellow River) as our
research area, depending on water quality monitoring
data published by the state and synchronous flood
measurement data of TBS, we analyzed the concen-
tration variation characteristics of typical indexes of
water quality followed by stormwater and its variation
characteristics on different time scales.

Materials and Methods
Generalization of Study Area

The Weihe is a primary tributary of the Yellow
River. The Weihe’s length is 818 km and its catchment
area is 134.8 thousand km?. It flows into the Yellow River
at TBS from west to east, and rises north of Niaoshu
Mountain in Gansu Province. The climate of the Weihe
Basin is continental, warm, and semihumid as controlled
by the East Asian monsoon climate [18]. The annual
average temperature of the basin is about 13.3°C and
annual rainfall is in the range of 558-750 mm, with a
general increasing trend from north to south. The mean
annual precipitation of this basin area is 31.16 billion m?,
and about 78% of the rainfall concentrates during May to
October, among which the rainfall from July to September
accounts for 47% of the annual total. The basin elevation
increases gradually from east to west. The major soil type
is cultivated loessial soils and major land uses include
farmland, grassland, and woodland. Downstream of the
Weihe Basin is Guanzhong Plain — the main wheat- and
cotton-producing area in China and that is intensively
irrigated from various surface and groundwater resources
[19].
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Fig. 1. The Weihe River and Tongguan Bridge Section.

TBS, which is the only important automatic monitoring
section in Shaanxi Province set by the Ministry of
Environmental Protection of the People’s Republic
of China, was used to monitor the Weihe, and its basin
water quality in the Yellow River Basin, meanwhile, was
selected as a control section to research typical pollutant
concentrations and river pH values of the Weihe. All told,
the data from TBS can reflect on water quality when the
Weihe flows into the Yellow. The location of the Weihe
Basin and TBS are shown in Fig. 1.

Study Materials

TBS water quality data was used to research
variation characteristics at time scales of water quality
index concentrations, as provided by weekly TBS water
quality published by the Ministry of Environmental
Protection from February 2005, including four indexes:
dissolved oxygen (DO), chemical oxygen demand (COD),
ammonia nitrogen (NH,-N), and river pH. DO is a basis of
water self-purification ability. When the water is polluted
by organics, oxygen is consumed excessively and the
anaerobic bacteria that makes water black and smelly will
multiply quickly in the water. DO is different from other
indexes of water quality as the better the water quality of
the river, the greater the value of DO [20]. COD is usually
used to indicate the degree of water pollution, and it is also
an important indicator of total emissions control [21-22].
Ammonia nitrogen (NH,-N) refers to the presence of free
ammonia (NH,) and ammonium ions (NH,") in the form
of nitrogen. NH,-N is the nutrient in the water that can
cause the phenomenon of eutrophication. It is also toxic
to fish and some aquatic organisms as a major oxygen-
consuming pollutant. The pH value used as an indicator
of acidity and alkalinity in aqueous solution is one of
the most important physical and chemical parameters of
aqueous solution.

Flood peak flow data on TBS from 2005 to 2012, used
for researching the relationship between peak flow and
river water quality, is supplied by extracts of hydrological
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elements of “Hydrological Data of the Yellow River
River Basin (2005-12),” including data for eight flood
peak flows (2006-07), six flood peak flows in 2008, 11
flood peak flows in 2009, 10 flood peak flows in 2010,
eight floods peak flows in 2011, and seven flood peak
flows in 2012. Correspondingly, the concentration of
water quality indexes at peak flow time were measured
by the Department of Environmental Science of Xi’an
University of Technology.

According to “Water quality - Determination of the
chemical oxygen demand - Dichromate method (GB
11914-89)” in the People’s Republic of China, COD
concentration was measured by sealed digestion method,
in which a water sample was sealed and heated at 165°C
for 15~20 min [23]. Due to the sealed situation, volatile
organic compounds cannot escape, which ensures
results becoming more accurate [24]. Depending on
“Water quality — Determination of ammonia nitrogen —Ne
ssler’s reagent spectrophotometry (HJ 535-2009)” in
the People’s Republic of China, NH,-N concentration
was measured by Nessler’s reagent colorimetric method
[25]. DO concentration and pH value were measured by a
dissolved oxygen-determining meter and pH tester.

Study Methods

In terms of river water quality in a storm period, the
appropriate time and its water quality index concentration
must be found by aiming at peak flows. A scatter diagram
reflecting the relationship between peak flows and
water quality index concentrations should be shown.
Subsequently, the linear fitting equation and correlation
coefficient calculated by least square method for long-term
variation are necessary to be done as meaningful statistics.
The least squares method is used to solve the problem of
how to find a reliable value from a set of measurements,
which is widely used in data analysis and statistics
[36-30].

The principles of the least squares method are:

For a given set of data {(x,, y), (i=1, 2,..., m )} and
fitting curve model y = f(x), error distance to i is f(x)-y,
and all points sum of squares is:

SN -5,T
! (1)

If parameters of Eq. (1) can be obtained, fitting curve
y = f(x) can be obtained. F is a function class consisting
of polynomials with all times not exceeding m. The value
of Eq. (2) should be obtained to make sure that I can reach
the minimum (min). The necessary condition of Eq. (3)
reaching min is the value of I partial derivative getting
zero, which are as Eq. (4) and Eq. (5) show. Finally, fitting
curve y = f(x) can be confirmed after unique solution a,
is obtained.
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Regarding Eq. (2), if k = 1, the relationship is regarded
as linear fitting; if k>1, it is polynomial fitting. If the
function model is a nonlinear function, it should be
transformed into a linear form first, and then calculated as
the above process.

According to flood peak flows from many years,
different ranges of flood peak flow should be divided into
different classes to make the trend obvious in different
flood classes. The trends of water quality indexes in flood
and non-flood periods can be shown though the averages
of COD, NH,-N, DO concentration, and pH value during
July to October and other months. In addition, water
quality variation can be seen from the interannual and
quarterly means of COD, NH,-N, DO concentration, and
pH value. Moreover, different indexes in every quarter
and each water quality value in different quarters can be
observed significantly in line graphs.

Results and Discussion

Water Quality Variation Characteristics
Followed by Peak Flow

In some cases, the critical characteristics of flooding
are hydrochemical parameters related to changes in the
chemical composition of water rather than just hydraulic
parameters related to the rise in water levels [31].

In order to explore the relationship between water
quality on control section and river flood peak flow during
a stormwater period, every flood matching corresponding
synchronized measured water quality and quantity data
in 2005-12 was found from extracts of hydrological
elements of “Hydrological Data of the Yellow River River
Basin (2005-2012)” to make a scatter diagram with DO
concentration, COD concentration, NH,-N concentration,
and pH value and fitting the correlation. From this,
the quantitative relationship between peak flow and
water quality can be determined. Meanwhile, variation
characteristics of pollutants can be analyzed.
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Table 1. Peak flow and corresponding water quality.

Peak time Peak}ﬂow oH DO | COD |NH/N| o, . | Peakflow oH DO | COD | NH,-N

(m?/s) (mg/L) | (mg/L) | (mg/L) (m¥/s) (mg/L) | (mg/L) | (mg/L)
200266?07605 : 208 |7.73] 135 | 22.00 | 827 | 2010.04.04 622|741 472 | 930 | 10.60
200071 263 |758] 048 | 1500 | 561 | 20100606 | 260 | 7.86| 508 | 1250 | 243
200166.?07(517. 555 |7.46| 058 | 1020 | 2.68 | 2010.06.11 419|748 410 | 1120 | 123
200260'?07626' 267 [752] 089 | 1030 | 096 | 20100726 | 2218 | 7.84| 415 | 900 | 1.08
200817 615 |761| 112 | 1330 | 1se | V00 en 769 | 349 | 690 | 055
20000830 545 |756| 036 | 360 | o0 | V00N s e | 233 | 10 | 104
2000003 968|760 075 | 730 | 038 | D01 407 e | 280 | 740 | 190
20060529 919 |759| 040 | 770 | 037 | 221 ;30 765 | 414 | 870 | 026
20002 945 |777| 023 | 920 | sas | 200001 see 71| 369 | 860 | 121
20070727 662|765 oas | 9so | Lo [ V0N 30 s | 223 | 850 | 102
20Ot 1076 |795| 019 | 780 | 092 | VOO aea k7| sm | 600 | 365
2007080 508 |745| 019 | 90 | 122 | PO wrr s | oass | 00 | 260
oI 1840 (733|020 | 530 | o2r [PV sge | 430 | 630 | 092
20070 1205 |746| 020 | 740 | 093 [ 2NN ase e 230 | 570 | 059
2007190 1033 (795 014 | 760 | o7 | PNLONO 2197 {703 | 342 | ad0 | 047
20 920 |803| 350 | 930 | rog | 2O g0 708 | 32 | 450 | 04
20080723 943 |636| 203 | seo | Les | NP0 sass 797 404 | 360 | 0m2
200808 1. 250 [728) 224 | 1090 | 196 | 20 997 koo | 498 | 600 | 063
200805 18 a6l [727| 284 | 940 | 149 | PVOTM o Hgio| 611 | se0 | 148
20080830, a5 |729| 338 | sso | 179 | PV a5 770 ] a5 | ss0 | 32
200800t 152 |778] 40 | 730 | 231 | POD0OTFE 0 q04 823|625 | 510 | 05
20080930 807|714 413 | sss | owes | 020200 o3 fos | a6s | 460 | 042
2000013 366 |757| 477 | 1070 | eas | 200001 2300 703 | s08 | 390 | 036
20000 16 549 |809| sos | 830 | 477 | 2RO 603 707 556 | 560 | 045
20 01 (773|284 | 620 | 417 | 01 ea0 7ma | 446 | 350 | 0.0
2 191 |758] 256 | 580 | 7.32
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Table 1. Continued.

20009()-?386-06~ 740 [730] 329 | 550 | 2.90
2001951018;8' 443 |780] 136 | 660 | 2.02
200097-?;21' 665 |757| 152 | 510 | 145
200097-?182-31' 174|781 187 | 470 | 1.79
20%%;009611' 232|772 298 | 430 | 242
200095':039616' 1010 |7.64| 283 | 470 | 1.66
200090'?09622' 757 |7.50| 353 | 510 | 1.74

As can be seen from Fig. 2(a-b), as river flood peak
approaches, concentrations of COD and NH,-N were
in the range of 2-16 mg/L and 0-8 mg/L. Meanwhile,
concentrations of COD and NH,-N decreased first with
the increase of the peak flow, then with the increase of the
peak flow, COD in progressive and NH3-N concentration
approached to infinitely low.

Fig. 2c¢) shows that the Weihe, whose pH value was
between 7 and 8.5, was weakly alkaline during the peak
coming in the river. And river pH value did not change
regularly with peak flow, which was showed by the
very small R? of the fitting curve. As can be seen from
Fig. 2d), there was no apparent fitting relationship
between peak flow and DO concentration. When peak
flow was under 2,000 m?/s, DO concentration was in the
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Fig. 2. Relationship between peak flow and water quality.

range of 0~7 mg/L. On the other hand, when peak flow was
more than 2,000 m%/s, corresponding DO concentration
was higher than usual.

In order to analyze the relationship between
concentration of water quality indexes and different peak
flows, through observing fluctuation range and variation
characteristics of indexes of water quality concentration in
different peak flow ranges, all floods in 2006-12 should
be graded according to the peak flow size. Floods in TBS
grading result and corresponding concentration range of
typical pollutants were shown in Table 2. The changing
trend of typical water quality index concentrations
following flow are shown in Fig. 3.

As can be seen in Table 2 and Fig. 3, when peak
flow was 150-400 m?/s, the concentrations of COD and
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Table 2. Water quality concentration ranges in different ranges
of peak level.

Range (orfl}p;:)ak flow COD,, (mg/L) | NH,-N (mg/L)
140~380 430-22.00 0.96-8.30
400~600 3.60-11.20 0.60-4.77
600~780 5.10-13.30 0.45-2.90
800~1,000 3.50-9.30 0.37-2.61
1,000~1,800 4.60-7.80 0.21-1.90

More than 2,100 3.60-4.10 0.26-1.08

NH,-N were in the range of 3~18 mg/L and 0.5~3 mg/L;
when peak flow was 600-800 m?/s, their concentrations
were in the range of 5~13 mg/L and 0.45~2.9 mg/L;
when peak flow was more than 2,000 m¥/s, their
concentrations were in the range of 3.5~4 mg/L and
0.2~1 mg/L. These showed that with the increase of the
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peak flow, indexes of water quality concentration in TBS
were decreased gradually and the fluctuation range of
indexes of water quality concentration in TBS were also
reduced gradually.

In addition, as can be seen from Fig. 3(b-c), when
peak flow belongs to the medium flow in the range of
480~680 m’/s, the concentrations of COD and NH,-N
had the same change trend of increase and decrease in
general.

Characteristics in Flood and Non-Flood Period
of Water Quality Indexes

For exploring the variation and differences of DO,
COD, NH,-N concentration, and pH value in flood
and non-flood periods, water quality data of TBS from
July to October in every year was regarded as flood
period data, and the other months’ data in every year
was taken as non-flood periods. Then the water
quality index concentration values of flood and non-
flood periods were averaged in every year as the annual

—~—COD  -+e- NH3-N
d)~ 2
= 10.0 - ~3.0 E
& =
g 3
a z
O (ad]
20 . ] . . 0.0 &
800 840 880 920 960 1000
Peak flow (m3/s)
e) ——(COD  -+e: NH3-N
E L]
. F15 g
5 F10 £
§ L0s §
[ Z
s )
S 40 . . . . 0.0 Z
1000 1200 1400 1600 1800
Peak flow (m3/s)
f) ——COD e NH3-N
=y a
= 46 - ~12 5
= L1.0 =
= 4249 =
= 08 2
E 33 06 £
= Lo4 £
g 34_ o
o 102 Z
@] [at]
D30 . T . 00 Z
2150 2200 2250 2300 2350

Peak flow (m3/s)

Fig. 3. Relationships between index concentrations and different ranges of peak flow.
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mean value in flood and non-flood periods. The results
of annual mean value and its change trend are shown in
Fig. 4.

As can be seen in Fig. 4(a-b), water quality index
concentrations in the non-flood period were higher
than in the flood period. During 2005-15, the non-
flood period concentration of COD and NH,-N showed
a significant drop, and COD and NH,-N concentration
decreased from 30 mg/L to 10 mg/L, and from 5~8 mg/L
to less than 2 mg/L. COD flood period concentration
decreased year by year from 2006 to 2012, and then had a
small rebound; after 2010, the flood period concentration
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Fig. 4. Variation trend of water quality index concentrations in
flood and non-flood periods.

of NH,-N was significantly lower than in non-flood
periods before 2010.

Fig. 4c) shows that DO concentration variation trends
in flood and non-flood periods were roughly the same, as
they both had an obvious rise after 2007; DO non-flood
period concentration increased more evidently than in flood
periods in the study years, which means DO concentration
in base flow of the Weihe significantly increased. As
can be seen from Fig. 4d), river pH value on TBS had
a fluctuation between 7 and 8 in both flood and non-
flood periods. Meanwhile, the fluctuation of pH value in
the flood period was more evident than in the non-flood
period.
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Fig. 5. Water quality in different quarters.
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Water Quality Variation Characteristics
on Time Scales

Quarterly Variation of Water
Quality Indexes

In order to research the quarterly variation
characteristics of water quality index concentrations on
TBS, the concentrations from February to April were
taken as first-quarter concentration, concentrations from
May to July were taken as second-quarter concentration,
concentrations from August to October were taken as
third-quarter concentration, and concentrations from
November to the following January were taken as
fourth-quarter concentration. Subsequently, based on all
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Fig. 6. Index concentration characteristics in different quarters.

weeks, water quality data in every quarter of every year,
concentration average value of indexes of water quality
in every quarter were calculated and then the variation
characteristics of index of water quality concentration
in different quarters could be analyzed (Fig. 5); different
water quality index variation trends in the same quarter

also could be researched (Fig. 6).

As can be seen from Fig. 5, in each year after 2010
the concentration of COD and NH,-N had an obvious
decrease. At the same time, the DO concentration and
river alkalinity had an obvious rise, which meant Weihe
water quality in the first and second quarters saw evident
improvement after 2010. In addition, river alkalinity
had an obvious rise after 2010. Compared with the first
two quarters, the concentration of COD and NH,-N
had a decrease — but not an obvious one — in the third
quarter, indicating a flood period. In the fourth quarter,
DO concentration had an obvious increase, which was
possibly caused by the high solubility of gases in winter,
and NH,-N concentration had a trend of decreasing year
by year after 2008. In the meantime, COD concentration
after 2008 was significantly lower than before 2008.

As can be seen from Fig. 6:

Variation trends of COD concentrations in different
quarters were roughly the same, especially after 2009,
and their fluctuation trends were very similar; COD
concentration in the first quarter fluctuated more
obviously than in the other three quarters.

Fluctuation range of NH,-N concentration in the first
quarter was larger than in the other three quarters. In
addition, NH,-N concentration in the third quarter was
the highest, which means NH,-N concentration was
significantly affected by runoff.

pH value on TBS in the second quarter was slightly higher
than the other three quarters, and comparing with the
other three quarters, simultaneously, pH value on TBS
in the second quarter fluctuation amplitude was very
small.

Changes in DO concentrations in all four quarters had a
roughly similar trend.

Therefore, the concentration variation ranges
of NH,-N, COD, and DO in the first quarter were
obviously greater than in the other quarters. Although
the concentration variation of COD and DO was not
influenced significantly by variation of quarter, NH,-N
concentration was significantly affected by quarter, which
showed that the more runoff in the quarter, the lower the
NH,-N concentration.

Interannual Variation Characteristics
of Water Quality

The water quality of all 52 weeks (44 weeks in 2005)
in each year from 2005 to 2015 at TBS were averaged
as annual average of indexes of water quality in order
to research the trend of interannual variation of water
quality. The results are shown in Fig. 7.

As can be seen in Fig. 7, pH value on TBS during
2005 to 2015 was between 7 and 8, which meant the
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Fig. 7. The average concentration of water quality indexes on
TBS.

Weihe was weakly alkaline at the time of flowing into
the Yellow. Weihe pH before 2010 was lower than after
2010. During 2005 to 2012, COD concentration had
an obvious downward trend, decreasing from nearly
25 mg/L to nearly 5 mg/L. Although COD concentra-
tion rebounded slightly in 2012-14, it was still under
10 mg/L. NH,-N concentration on control section
roughly showed a downward trend year by year after
2009. A study by Wang [32] also showed that the
concentrations of COD and NH,-N were decreasing year
by year from 2007 to 2011. There was a marked rise of DO
concentration at TBS from 2007 to 2012. It was visible
that, in recent years, the pollution control taken by relevant
departments of the Weihe administration was effective.

Variation of Water Quality Class

Referring to “Environmental Quality Standards for
Surface Water,” (Table 3), water quality at TBS can be
seen:

1. When flood peaks were approaching, COD
concentration was kept in the range of water quality
class I-II; with the increasing peak flow, COD
concentration trended to class I. When peak flow was
more than 1,000 m*/s, NH,-N concentration could
be kept under class V, and the higher the peak flow,
the closer the NH,-N concentration reached the class.
NH,-N concentration was higher than the standard of
class V, when peak flow was under 1,000 m%/s.

2. During the flood period, COD concentration can reach
the standard of class I or class II; during the non-flood
period, COD concentration improved from class IV in
2005 to class I in 2008 and was kept at the class until
2015. NH,-N flood period concentration belonged to

the standard of class V and even worse before 2010,
and it improved to class IV after 2010; during the non-
flood period in 2005-13, though NH,-N concentration
was in a declining state it remained at the standard
of poor class V. During 2005-07, DO concentration
remained at the standard of poor class V, and then DO
concentration increased year by year so that after 2010
in both flood and non-flood periods DO concentration
could reach the standard of class I or class II.

3. This can be seen from the annual average of
concentration and pH value: In addition to COD
concentration in 2005-07 in the standard of class
III or class IV, COD concentration in the following
several years reached the standard of class I or class
II. In addition, NH,-N concentration remained in the
standard of poor class V, and until 2014-15 it reached
the standard of class IV or class V. During 2005-07,
DO concentration remained at the standard of poor
class V, then increased in 2008 and reached class III
every year after 2009.

Discussion

1. In the period of huge rainfall and runoff, the
concentrations of COD and NH,-N were generally
lower, mainly because the increase of rainfall and
runoff made diluted pollutant concentrations. Li [33]
and Yang [34] also showed that in the Shanxi section
of the Weihe, the concentration of NH,-N in the dry
season was significantly higher than in the wet period,
and COD concentration was not obviously affected
by runoff; the average concentration of nitrogen
was negatively correlated with rainfall, duration of
rainfall, maximum rainfall intensity, and average
rainfall intensity. In the dry season, runoff from the
Minjiang River is small and the density of NH,-N is
high —in contrast to the rainy season [35]. Also, in main
stream of the Zhujiang River, higher total contaminant
concentrations were observed in samples collected in
the dry season compared to those in the wet season
[36]. Anna [37] seemingly found the reason why few
flood events are responsible for nearly 60% of the
total annual N load: because when most of the basin
is covered by vegetation, soils are generally wet, and
runoff generation is mainly due to “saturation excess”
in wet season.

2. Indifferent quarters, water quality index concentrations
have different variation ranges. Between March and
May, the ratio of total nitrogen (TN)/total phosphorus

Table 3. Standard for surface water environmental quality standards (mg/L).

Class I Class I Class IIT Class IV Class V
Chemical oxygen demand (COD) 15 15 20 30 40
Ammonia nitrogen (NH,-N) 0.15 0.5 1.0 1.5 2.0
Dissolved oxygen (DO) 7.5 6 5 3 2
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(TP) was different from other months [38]. The N input
of wet deposition during the rainy season could not
be neglected in the basin ecosystem [39]. Especially
DO concentration in the fourth quarter is remarkably
higher than in the other quarters, which is similar to the
result that DO concentration is significantly correlated
with seasons, and the highest concentration is in winter
[40]. Also, the low DO values in summer were possibly
due to high water temperature and considerable
activities of microorganisms, which consumed oxygen
as a result of metabolizing activities and the decay of
organic matter [41].

3. Weihe water quality saw obvious improvement after
2010. Li [33] also showed that the comprehensive
pollution index of the Weihe had been decreasing
from nearly 20 in 2010 to less than 20. Theoretically,
if COD concentration is higher, then the water is
considered polluted — especially organic pollution
[42-43]. And industrial activities can lead to high COD
concentration [44-47]. However, because of a series of
programs issued by the government (including “Action
Plan of Weihe Basin Water Pollution Prevention and
Control in three years (2012-2014)”), the emission
of pollutants by industrial and other forms of pollution
activities were controlled. Meanwhile, wastewater
treatment capacity improved.

Conclusions

1. With the increase of peak flow, not only water
quality index concentrations on TBS decreased
gradually, but also their fluctuation range was reduced
gradually. When peak flow belonged to medium flow,
480~680 m’/s, the concentrations of COD and NH,-N
had the same change trend, which was the same trend
of increase and decrease in general.

2. In the period of huge rainfall and runoff, the
concentrations of COD and NH,-N were generally
lower than their concentrations in the period of light
rainfall and runoff.

3. Concentration fluctuation range of COD and NH,-N
in the first quarter was larger than in other quarters.
River pH value at TBS in the second quarter was
slightly higher and had a more stable fluctuation than
in the other three quarters.

4. Weihe River water quality improved significantly after
2010, which was shown by the evident concentration
increase of DO and the evident concentration decrease
of COD and NH,-N.
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