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Anthropogenic activities are most likely to alter the natural composition of waters. Extensive phosphate
mining in Huangbaihe River Basin (HRB), China, has resulted in the reduction of the self-purification
capacity of freshwater reservoirs in the basin. Based on a three-year (2014-2016) water quality
monitored data and the application of three pollution index assessment (PIA) methods: Single Factor
Pollution Index (SFPI), Nemerow’ Pollution Index (NPI), and W ater Quality Index (W Ql), the main objective
of this study was to determine the water quality standards of surface water in the river basin.
Research findings indicated that a holistic approach, a combination of a single factor and multi factor
pollution indexes (MFPIs) method was able to distinguish pollutant characteristics and used to classify
water quality of the river system. Comparison of the results showed that the SFPI classification is

more conservative and highly influenced by the worst evaluated index. On the other hand, the MFPlIs:

the NPI and the WQI methods classified the water quality into a more reasonable grade because they
J integrate the effects of different impacting factors. The most impaired pollutants affected the water
quality classification were total phosphorus (TP) and total nitrogen (TN). Application of the PIA result
for the water quality management purpose in the basin showed that there is a direct causal relationship
between the TP concentration and water quality of reservoir water; low water quality reservoirs
were correlated with high TP. On the other hand, the reservoir water quality did not show any
significant dependence on TN. A linear regression equation was proposed to determine WQI of
reservoirs’ water using measured TP. The equation may be used to characterize the pollution level of
reservoir water for prioritizing water quality management measures in HRB.

Phosphate mining
\Water quality

INTRODUCTION ferent methods have been developed and applied to charac-
terize water quality. Kowalkowski et al. (2006) used
multivariate techniques to assess water quality of Brdariver,
Poland; Giirsoy (2016) applied remote sensing technology
to classify water quality of Kizilirmak River’s water, Tur-
key; and Zhu & Hao (2009) proposed fuzzy neural network
to classify surface water quality in Suzhou, China. How-
ever, neither of these methods has a predefined evaluation
criteria to control the analysis. Predefined evaluation crite-
ria is helpful for the comparison of experimentally deter-
mined parameters with existing guidelines and may also be
useful for checking legal compliance.

Water is the essential substance for survival of all forms of
living beings on the earth. Freshwater from streams, rivers
and lakes is a finite resource, essential for human existence
(Adeosun et al. 2016). Freshwater, however, is increasingly
under threat mainly due to anthropogenic influences such
as population growth, unmanaged industrialization and ac-
celerated urbanization etc., which are directly induced by
human activities (Huo et al. 2014). As knowledge about the
importance of water, especially freshwater for human be-
ings and aquatic life is increasing, the need to understand
water quality is also increasing (Kannel et al. 2007). Many
ecologists and environmental scientists are striving to find
management solutions to global environmental issues, in-
cluding environmental pollution and contamination, eco-
system health, and climate change (Siddig et al. 2016). Dif-

The best approach for water quality classification is us-
ing application of Pollution Index Assessment (PIA) meth-
ods (Mazurek et al. 2017). PIA method is an assessment
method based on the physical and chemical properties of
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monitoring data and the application of index assessment
method. The monitoring data, divided by the evaluation
criteria, provides sub-indices that can be used as a water
quality evaluation scale (Meng et al. 2015). PIA method
can be divided into Single Factor Pollution Index (SFPI)
and Multi-Factor Pollution Indices (MFPI) based on the
number of evaluation projects selected by the monitoring
data (Zhang et al. 2017). The SFPI method is one of the most
recently applied pollution assessment methods used in dif-
ferent studies such as water pollution assessment (Yan et al.
2015) and heavy metal pollution assessment (Wang et al.
2013). SFPI analysis can help us to identify the dominant
pollutant in a particular region (Singh et al. 2014). How-
ever, because contaminants are more likely to have a con-
current effect on the environment, the SFPI method alone
may not be adequate for addressing the collective impact of
pollutants on the environment (Duodu et al. 2017, Zhang et
al. 2017). MFPI such as the Nemerow’ Pollution index (NPI)
(Nemerow 1991) and Water Quality Index (WQI) (Brown et
al. 1970) methods can take into account the concomitant
effects of different pollutants and are frequently used in
pollution and contamination studies (Pesce & Wunderlin
2000, Sanchez et al. 2007). The NPI is used to assess the
impacts of several pollutants on a particular water body and
to analyse the extent of pollution of a single water quality
parameter with reference to the standard values. WQI assess-
ment allowed us to look into more comprehensive water qual-
ity indicators such as eutrophication indicators, demand in-
dicators and industrial wastewater discharge indicators
(Oliveira et al. 2007). The method has been applied for water
quality classification of different regions in China such as
Lake Poyang (Wu etal. 2017) and Yellow River, China (Hou
etal. 2016) indicating the application of the WQI method for
different surface water bodies. Pesce & Wunderlin (2000) ap-
plied water quality indices (WQI) to assess the water quality
from multiple measured parameters and conclude that the use
of WQI could be of particular interest for developing coun-
tries, because they provide cost-effective water quality as-
sessment as well as the possibility of evaluating trends.

Based on a three-year (2014-2016) water quality moni-
toring results and the application of three PIA methods, the
main objective of this study was to determine the water
quality standards of surface water in Huangbaihe River Ba-
sin (HRB). The result of the analysis was related to the man-
agement practices by identifying the most sensitive indica-
tors. The identified indicators will be used to identify pol-
luted zones for prioritizing water quality management meas-
ures in the river basin.

MATERIALS AND METHODS
Study Area

Gebrehiwet Reta et al.

HRB is one of the tributaries of Yangtze River, China, lo-
cated between latitudes 31°00°18” N and 31°29°06” N and
longitudes 111°03°54” E and 111°27°34” E (Fig. 1). HRB
has been serving as first-class drinking water source protec-
tion zone with water supply amounting to 775,000 tons per
day, serving a population of 2.269 million around Yichang
City (Qu et al. 2016). The river has four cascaded reservoirs:
Xuanmiaoguan, Tianfumiao, Xibeikou and Shangjiahe lo-
cated at the upstream, middle stream and downstream of the
river basin (Fig. 1). The total storage capacity of the cas-
caded reservoirs is: Xuanmiaoguan, 40.54 x 10°m?,
Tianfumiao, 64.2 x 10°m?, Xibeikou, 210 x 10°m?’, and
Shangjiahe, 16.46 x 10°m?.

Phosphate mining in the region is on large scale, cover-
ing more than 260 km? (28%) of the study area including
the four reservoirs (Wang et al. 2016) (Fig. 1). The mining
activity includes exploitation, exploration and pre-
beneficiation of phosphate ore. Mining effluent and reused
process water, which was directly discharged into nearby
streams and reservoirs, was the main water quality risk asso-
ciated to the mining activities in the river basin (Bao et al.
2018, Wang et al. 2016).

Water Quality Sampling and Analytical Procedure

Water samples were collected from twelve stations (Fig. 1),
once a month between 2014 and 2015. After 2015, some of
the stations were put into an automatic real-time water qual-
ity monitoring system (Zhu et al. 2010), therefore, the fre-
quency of water quality data collection was increased to
three times a month between 2015 and 2016. Water sample
preservation, transportation and analysis were according to
the methods stipulated in the State Environmental Protec-
tion Administration, China (SEPA 2002) and the Environ-
mental Quality Standards for Surface Water of China (China
2002). Analytical methods of the selected water quality
parameters are given in Table 1.

Pollution Index Assessment Method

Single-factor pollution index: The single factor pollution
index (SFPI) method is determined according to the princi-
ple of maximum membership grade. The category of the
most affected assessment factor is used as the comprehen-
sive water quality classification (Ji et al. 2016). The method
is simple and convenient and can be used directly to under-
stand the relationship between the water quality status and
assessment standards (Ji et al. 2016, Yan et al. 2015).

P =(Pz')(MAX) (1)

Where, P is classification of surface water body (at the
location of water use, or station) according to (China 2002),
P, is classification of parameter i, (P)__ is the maximum

max
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Fig. 1: Location map of monitoring stations and mining infrastructures: Stations 7 and 8 are stream water quality stations located in
Xuanmiaoguan reservoir watershed, stations 12, 13, 14 and 15 are stream water quality stations located in Tianfumiao reservoir
watershed, stations 21 is stream water quality station located in Xibeikou reservoir watershed, stations 23 is stream water quality

station located in Shangjiahe reservoir watershed. Monitoring stations 10, 17, 22, and 26 are reservoir water quality stations

located at the outlets of Xuanmiaoguan, Tianfumiao,

classification for all the parameters (the most polluted pa-
rameter)

Nemerow’ pollution index: NPI has been proposed by
Nemerow (1971) on behalf of the US Environmental Protec-
tion Agency (EPA). NPI takes the effect of SFPI index into
account and is frequently used in water quality assessments
around the world (Ji et al. 2016, Liu et al. 2017). The math-
ematical formula of NPI has the form (Nemerow 1971):

(2

Where, NPI is the Nemerow Pollution Index; n is the
total number of water quality parameters; P, is the relative
pollution index of parameter i; and (P),,, is the maximum
classification for all the parameters.

..(3)

Where, C, is the measured value of parameteri and C is the
permissible level of i at location of water use, P, is the relative
pollution contributed by the water quality parameter i.

For cases where contaminant level decreases in value as
pollution increases such as DO, the relative value is com-
puted as follows.

Xibeikou, and Shangjiahe reservoir respectively.

‘CDOf -G
CDOf - Co

Where, C,,  is the maximum value that DO can attain
(dissolved oxygen concentration level at saturation).

DO

)

For the case where the contaminant has permissible level
ranging from C min to C max, such as pH,

(€)= (C.)..
N [(Cha—(Cu]

2

" (€ )

Py =

-0)

Weighted arithmetic water quality index: The water qual-
ity index method was initially developed by Horton (1965)
in the United States under the supervision of Environmen-
tal Protection Agency EPA. Recently, many modifications
have been considered for WQI concept through various sci-
entists (Tyagi et al. 2013). The weighted arithmetic water
quality index method, hereafter, the water quality index
(WQI), ranges from clean (0-25), slightly polluted (26-50),
moderately polluted (51-75), heavily polluted (76-100), and
seriously polluted (=100) (Tyagi et al. 2013). The method
has been widely used in different studies (Bora & Goswami
2017, Rao et al. 2010) and the calculation of WQI was made
by Brown et al. (1972) using the following equation:

Nature Environment and Pollution Technology ® Vol. 18, No. 3, 2019
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Table 1: Analytical methods and water quality parameters.

Gebrehiwet Reta et al.

Parameters Abbreviation Units Analytical methods Detection limit
pH pH mg/L Glass electrode -
Dissolved Oxygen DO mg/L Iodimetry (Modified Winkler method) 0.2
Permanganate Index COoD, | mg/L Acidic potassium permanganate method 0.5
Biological Oxygen Demand BOD, mg/L Five days incubation test 2.0
Ammonium Nitrogen NH,* mg/L Auto discrete analyzer 0.025
Total Phosphorus TP mg/L Molybdenum blue method 0.01
Total Nitrogen TN mg/L Ultraviolet spectrophotometer method 0.05
Fluoride F mg/L Fluoride selective electrode method 0.02
Table 2: Standard surface water quality classification criteria.
Water Clean Slightly Moderately Heavily Seriously Reference
quality grade polluted polluted polluted polluted
(GB 3838-2002) Class 1 Class 11 Class III Class IV Class V (China 2002)
NPI < 0.7 07<NPI<10 10<NPI<2 2<NPI<30 >3.0 (Yan et al. 2015)
WQI 0-25 26-50 51-75 76-100 > 100 (Tyagi et al. 2013)
Table 3: Surface water quality standard in China (GB 3838-2002).
DO pH F CODmn BODS NH4+ TPS TPR TN (GB 3838-2002)
>17.5 6.0-9.0 <1.0 <2.0 <3 <0.15 <0.02 <0.01 <0.2 Class 1.
> 6.0 6.0-9.0 <1.0 <4.0 <3 <05 <0.1 <0.025 <05 Class II.
>5.0 6.0-9.0 <1.0 <6.0 <4 <1.0 <0.2 <0.05 <1.0 Class III
>3.0 6.0-9.0 <15 <10 <6 <15 <03 <0.1 <15 Class IV
>2.0 6.0-9.0 <15 <15 <10 <2.0 <04 <0.2 <2.0 Class V
TPS = TP from streams, TPR = TP from reservoirs and lakes
24, "
WOl = —— = —
@ S, (6) K {1 > 5 } e)
n=1 n
Where, = Quality rating of the nth water qualit o e
g, = Q y g 4 Y Assessment Criteria

parameter, W = Unit weight of the nth water quality
parameter.

Quality Rating Calculation (g,)
g, =0, -v.)/(s, -v,)lx100 (7)

Where, V is the measured value of the nth water quality
parameter at a given sample location; V. is the ideal value of
the n™ water quality parameter in pure water; S is the per-
missible level of the n" water quality parameter (V,= 7 for
pH; V.= 14.6 mg/L for DO; and V.= 0 for all other parameter
(Rao et al. 2010).

Calculation of unit weight (W )
The unit weight (W) is calculated using the expression
W, =K/S, ..(8)

Where, S is the standard permissible value of n" water
quality parameter; and K is the constant of proportionality
calculated as:

The Environmental Quality Standard for Surface Water
China (China 2002) referred to as (GB 3838-2002), applies
to all usable surface waters within the territory of China. Ac-
cording to (GB 3838-2002) standards, surface water bodies
are classified from Class I to Class V, analogous to clean to
seriously polluted water source. Class I is mainly applicable
to the water from sources, and the national natural reserves;
Class II is mainly applicable to first class of protected areas
for centralized sources of drinking water; Class I1I is mainly
applicable to second class of protected areas for centralized
sources of drinking water; Class IV is mainly applicable for
industrial use; and Class V water bodies mainly applicable
for agricultural use. Generally, water quality Class I-Class I1I
is described as “good” and Class IV-Class V is described as
“poor” and water quality worse than Class III is no longer
suitable for drinking water. The environmental quality stand-
ards (Table 2) are taken as the assessment criteria in this re-
search. The level Class IIT of (GB 3838-2002) is taken as the
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convenient permissible limit (see Sn, Equation 7) for the evalu-
ation of surface water status in HRB (Yan et al. 2015). Data
analysis was conducted using SPSS V20 (Norusis 1986).

RESULTS

The single factor pollution index (GB 3838-2002) result:
The result of eight experimentally determined parameters
pH, DO, COD_ ,BOD,, NH,*, TP, TN and F were compared
with water quality standards for surface waters in China
(GB3838-2002), (Table 3), to determine the water quality
classification for each water quality parameter. The station
average concentration value was used for the water quality
assessment. The worst individual evaluated pollutant, based
on the (GB3838-2002) guidelines establish the water qual-
ity grade for the station (Table 4).

According to the (GB 3838-2002) and the monitoring
results (Table 4) the water quality at the monitoring station
can be classified as Class IV (33%) and Class V (67%), indi-
cating the worst water quality grades in China surface water
quality standard (China 2002). Out of the eight water qual-
ity parameters considered for this study, the most impeach
parameter is TN.

Numerous pollution index results: The Numerous Pollu-
tion Index (NPI) was calculated for all parameters (Table 1)
at the twelve monitoring stations (Fig. 1). The first step was
to calculate the relative pollution index (pi) of each param-
eter according to Equation 3. The second step is to calcu-
late NPI according to Equation 2. The Pi result indicated
that all monitoring locations were under various degrees of
pollution during the monitoring period (Table 5). The domi-
nant water quality classification according to the NPI analy-
sis was Class III (except station 22 which was Class II). The
most impaired parameter triggering NPI was again TN.

Water quality index analysis result: The Water Quality
Index (WQI) was calculated for all parameters (Table 1) at

Table 4: Single factor pollution index classification result.

1067

the twelve monitoring stations (Fig. 1). The first step in the
WQI calculation was to estimate the ‘unit weight’ assigned
to each parameter considered in the calculation (Table 6).
By assigning unit-weights, different units and dimensions
used by each parameter is transformed to a common scale.
From the unit weight assignment (Table 6), it can be ob-
served that the maximum weight, i.e., 0.571 is assigned to
TP, which marks that the key significant parameter in the
water quality index assessment was TP.

The WQI analysis result is presented in Table 7. Ac-
cording to this result, water quality standared at the moni-
toring station can be classified as Class II (25%), Class III
(50%), and Class IV (25%). The contribution of the indi-
vidual pollutant was calculated based on the relative pol-
lution of individual parameters and the total pollution from
all parameters (Table 7). Result indicated that TP influ-
enced classification of 67% of monitoring stations (Sta-
tions: 8, 10, 13, 14, 15, 17 22 and 26), and TN influenced
classification of 33% of monitoring stations (Stations: 7,
12, 21 and 23) (Table 7) emphasized the role of TP to the
water quality variation in HRB.

DISCUSSION

Water quality classification of Huangbaihe river basin:
The Environmental quality standard for surface water (GB
3838-2002) (Table 3), is the basis to provide indexes need
to be controlled and the limits for water quality in China
(China 2002). The SFPI is the basic criteria for the evalua-
tion of (GB 3838-2002) in China (Zhang 2017).

The SFPI classification result (Table 4) indicated that
the water in the river basin is generally “poor”, 33% of
monitoring stations were classified as Class IV (heavily pol-
luted) and 67% of monitoring stations were classified as
Class V (seriously polluted) implies the water quality re-
quires treatment before use for drinking water supply. Out

Stations pH DO COoD,_ BOD, NH,* TP TN F (GB 3838-2002)
Classification
7 8.459,1 9.136,1 0.978,1 2.86,1 0.094,1 0.068,11 1.76,V 0.386,1 Class V
8 8.509,1 8.849,1 2.08,I1 3.232,I11 0.223,11  0.084,I1 1.531,V 0.34,1 Class V
10 8.543,1 9.015,1 1.466,1 2.736,1 0.097,1 0.037,I11 1.31,IV 0.374,1 Class IV
12 8.423,1 9.153,1 1.233,1 2.853,1 0.117,1 0.046,11 1.676,V 0.37,1 Class V
13 8.44,1 9.087,1 1.087,1 2.94,1 0.107,1 0.082,I1 1.17,1IV 0.506,1 Class IV
14 8.465,1 8.957,1 1.557,1 2.69,1 0.151,IT  0.068,I1 1.297,1V 0.378,1 Class IV
15 8.523,1 9.05,1 1.159,1 3.3,111 0.125,1 0.108,III 1.566,V 0.329,1 Class V
17 8.518,1 8.928,1 1.755,1 2.945,1 0.114,1 0.04,111 1.701,V 0.35,1 Class V
21 8.555,1 9.025,1 1.525,1 2.802,1 0.115,1 0.036,11 1.484,1V 0.29,1 Class IV
22 8.459,1 8.926,1 1.498,1 2.928,1 0.082,1 0.03,111 1.569,V 0.27,1 Class V
23 8.346,1 9.14,1 1.487,1 2.847,1 0.106,1 0.034,11 1.513,V 0.301,I Class V
26 8.339,1 8.937,1 1.78,1 2.879,1 0.097,1 0.029,I11 1.755,V 0.279,1 Class V

In the column pH: The value "8.459,I" represented; 8.459 is the station average and 1 is the classification result, Class I

Nature Environment and Pollution Technology ® Vol. 18, No. 3, 2019




1068 Gebrehiwet Reta et al.
Table 5: Nemerow pollution index classification result.

St Relative pollution index (P,) NPI

pH COoD,_ BOD, NH,* TP TN F

7 0.114,1 0.25,1 0.563,11 0.069,1 0.225,1 1.81,II1 0.303,1 1.329, III
8 0.111,1 0.549,11 0.854,11 0.389,1 0.601,11 1.65,111 0.366,1 1.255, 111
10 0.127,1 0.285,1 0.716,11 0.109,1 0.836,11 1.455,111 0.346,1 1.103, III
12 0.082,1 0.317,1 0.775,11 0.195,1 0.366,1 1.932,I11 0.212,1 1.425, 111
13 0.112,1 0.150,1 0.75,11 0.16,1 0.911,11 1.703,I11 0.389,1 1.280, III
14 0.115,1 0.276,1 0.689,11 0.217,1 0.341,1 1.611,I11 0.392,1 1.202, III
15 0.105,1 0.250,1 0.808,11 0.136,1 0.683,11 2.078,1V 0.241,1 1.535, 111
17 0.125,1 0.331,1 0.748,11 0.090,1 0.706,11 1.617,I11 0.313,1 1.211, III
21 0.129,1 0.327,1 0.732,11 0.136,1 0.202,1 1.378,I11 0.231,1 1.029, III
22 0.098,1 0.217,1 0.663,11 0.061,1 0.700,I1 1.163,I11 0.245,1 0.884, 11
23 0.096,1 0.512,11 0.808,11 0.052,1 0.245,1 2.27,1V 0.362,1 1.665, 111
26 0.095,1 0.366,1 0.695,11 0.126,1 0.373,1 1.75,111 0.399,1 1.299, 111
Table 6: Water quality index: Unit weight calculation result.

Parameters (GB3838-2002) Ideal value of the Unit weight % Parameter

Standard permissible parameter in pure (Wn) Contribution
value (Sn) water (Vi)

pH 7.500 7.000 0.015 1.524

DO 5.000 14.6 00 0.023 2.286

COoD,_ 6.000 0.000 0.019 1.905

BOD, 4.000 0.000 0.029 2.857

NH,* 1.000 0.000 0.114 11.429

TP 0.200 0.000 0.571 57.143

TN 1.000 0.000 0.114 11.429

F 1.000 0.000 0.114 11.429

> w, =1.000

of the eight parameters considered TN, TP and BOD, were
influencing the water quality classification but TN was the
worst evaluated parameter determining the total water qual-
ity classification in the river basin. Evaluation of the differ-
ent results (Table 4) showed that the SFPI classification is
more conservative and highly influenced by the worst evalu-
ated index while the effect of the other factors is concealed.
In many cases, application of SFPI for water quality assess-
ment may be helpful for the comparison of the experimen-
tally determined parameters with existing guidelines and
may also be useful for checking legal compliance. How-
ever, because the method only considers the single most
significant factor, it is limited in its ability to characterize
the total conditions of surface water quality. SFPI has been
applied to different big rivers in China such as Haihe River
Basin in 2006 (Liu et al. 2010) and Wen-Rui Tang River in
eastern China (Ji et al. 2016), however, there were also criti-
cisms that the method is aiming at overprotection of water
use function (Yin & Xu 2008).

For an area like the HRB where large parts of the water-

shed is affected by extensive human activities such as the
phosphate mining (Fig. 1) (Bao et al. 2018; Wang et al.
2016), a number of elements are expected to co-exist and
their negative impacts often result from the combined ef-
fects between them (Brady et al. 2015). The SFPI do not
adequately reflect the synergistic effect of multiple-pollu-
tion factor (Duodu et al. 2017). As multi factor pollution
indicators (MFPIs), the NPT and WQI were used to assess the
impacts of several pollutants on a particular water body and
to analyse the extent of pollution of a single water quality
parameter with reference to the standard values. The NPI
method compromised between the worst evaluated pollut-
ants (the effects of the SFPI) and the average evaluated pol-
lutants in a weighted environmental quality index (Ji et al.
2016), therefore, each station index reflects both the high-
est relative evaluated value and the average of all relative
values. The NPI results (Table 5) indicated that the river
water is generally Class III (moderately polluted). The most
impaired pollutants triggering water quality grade was TN.
The NPI and SFPI were applied to analyse the water quality

Vol. 18, No. 3, 2019 e Nature Environment and Pollution Technology
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Table 7: Water quality index analysis result.

Station Contribution of parameters for the total pollution WQI

pH DO COoD, BOD, NH,* TP TN F

7 4.480 1.599 0.476 1.607 0.793 12.857 20.686 3.464 45.962,11
8 4.389 1.656 1.045 2.439 4.449 34.349 18.852 4.184 71.362,I11
10 1.774 0.525 0.200 0.754 0.460 70.434 6.127 1.456 81.729,1V
12 3.657 1.636 0.603 2.214 2.223 20.917 22.082 2.417 55.750,I11
13 4.419 1.627 0.286 2.143 1.831 52.077 19.467 4.442 86.293,1V
14 4.510 1.548 0.526 1.968 2.481 19.457 18.414 4.475 53.379,111
15 4.236 1.631 0.476 2.309 1.549 39.049 23.749 2.758 75.757,1V
17 1.752 0.489 0.232 0.787 0.379 59.469 6.808 1.317 71.234,111
21 4.876 1.435 0.622 2.092 1.558 11.529 15.744 2.639 40.496,11
22 1.493 0.434 0.152 0.697 0.255 58.947 4.897 1.031 67.906,111
23 4.023 1.501 0.975 2.309 0.590 13.983 25.943 4.137 53.461,111
26 1.471 0.559 0.257 0.732 0.529 31.394 7.368 1.682 43.992,11

Table 8: Summary water quality classification result of Huangbaihe river basin.

Stations Pollution Index Assessment Highest grade Lowest grade
SFPI: (GB 3838-2002) NPI WQI
7 Class V Class III Class 11 Class 11 Class V
8 Class V Class III Class III Class III Class V
10 Class IV Class III Class IV Class III Class IV
12 Class V Class III Class III Class III Class V
13 Class IV Class III Class IV Class III Class IV
14 Class IV Class III Class III Class III Class IV
15 Class V Class III Class IV Class III Class V
17 Class V Class III Class III Class III Class V
21 Class IV Class III Class 11 Class 11 Class IV
22 Class V Class 11 Class III Class 11 Class V
23 Class V Class III Class III Class III Class V
26 Class V Class III Class 11 Class 11 Class V

of Taihu Lake, China (Xu et al. 2014) and found that the
NPI method was more suitable for reflecting the compre-
hensive situation of water quality. However, neither of them
were ready to give an overall view of the spatial and tempo-
ral trends in the overall water quality nor do they allow all
stakeholders to receive information on the overall water
quality (Debels et al. 2005; Tomas et al. 2017).

The WQI provides overall summaries of water quality
and potential trends on a simple and scientific basis (House
1990; Kaurish & Younos 2007). The WQI classification re-
sults indicated that 75% of water in river is classified as
“good” and can be applied for drinking water supply pur-
pose. The most impaired pollutants with the highest contri-
bution to the WQI classification at the monitoring stations
were: TP influenced the classification of 67% of monitor-
ing stations and TN influenced the classification of 33% of
monitoring stations (Table 7), marks that the key signifi-
cant parameter to the water quality classification was TP.
The spatial trend of water quality in the four sub basin of
HRB (Fig. 1) is analysed in (Fig. 2). According to the result,

the water quality status in HRB has a downstream increas-
ing trend corresponded with a decreasing trend of TP in the
river and reservoirs water (Fig. 2).

Water quality classification results of HRB based on the
three PIA methods is summarized in Table 8. The summa-
rized results indicated that water in the river basin can be
classified from highest grade Class II to lowest grade Class
V. Comparison of water quality standards in HRB with simi-
lar river basins in different parts of China, the statistical
analysis result by Xia et al. (2011), showed that 66% water
quality in China is within (Class I- Class III), 18% within
(Class IV-Class V) and 16% are still under the worst water
quality (below Class V). A national survey of seven major
rivers in China in 2012 demonstrated that water quality
measurements in 12.3% of 577 monitored sections were
below Class V (Huo et al. 2014). The same survey of 177
major lakes in China, carried out in 2010, revealed the same
result that 3% of lakes were oligotrophic, 45% mesotrophic,
and 52% of lakes eutrophic; the three major lakes including
Lake Tai, Lake Chao and Lake Dianchi are the most pol-
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Fig. 4: Spatial variation of the water quality index (WQI) and total

nitrogen (TN) at the four reservoirs; Xuanmiaoguan (station 10),

Tianfumiao (station17), Xibeikou (station 22), and Shangjiahe (station 26).

luted with water quality below Class V (Jiang 2009). This
indicated that our present findings are in agreement consid-
ering the general water quality standard in China. Cheng et
al. (2009) observed that main rivers in China have a similar
pollution structure, mostly associated with industrial dis-
charge and municipal wastewater.

Water pollution indicators in Huangbaihe river basin:
Key surface water pollution problems identified in a river
basin, lead to the need of developing a surface water quality
indicator system (Oliveira et al. 2007). Therefore, manage-

ment strategies can be best considered within a single re-
gion/single system (Liu et al. 2017). The most important
finding of the assessment results was that the nutrients TN
and TP were extremely high and influencing the water qual-
ity classification.

The main purpose of this analysis is to investigate if
there is any relationship between the WQI, TP and TN and
the location of monitoring stations and to apply that rela-
tionship for water quality management in the river basin. In
order to explore these relationships, WQI was calculated for
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samples with a common date of sampling and location for
TP and TN. All the samples were selected from reservoir
water samples (did not include stream water samples). The
reason why we prefer to use only reservoir monitoring sta-
tions is because the water in the reservoirs are stagnant,
thereby allowing the long term accumulation of nutrients
in sediments, resulting in a long response time after runoff
from the mining watersheds. Conversely, stream and river
monitoring stations have a faster response to changes in
nutrient loads due to shorter residence time and thus are less
important for this analysis.

The analysis results (Fig. 3) showed that the spatial vari-
ation of water quality (in terms of WQI) in the reservoir
water was closely related to the amount of TP concentration
in the reservoirs. A linear regression equation between the
WQI and TP concentration at the reservoirs (Equation 10)
revealed that there is a strong linear correlation (r*> = 0.995)
between the WQI and TP of reservoirs water; low water qual-
ity monitoring stations (high WQI values) are correlated
with high TP zones. On the other hand, the reservoir water
quality did not show any significant dependence (Fig. 4) on
TN (r2=0.001). This is because of the TN concentrations in
the monitoring stations were not significantly different
across the reservoir’s water.

WQI = 1680.8*TP + 11.476 ..(10)

Where, WQI is the water quality index in (%) and TP is
total phosphorus in (mg/L)

One of the characteristics of indicators is that the indica-
tor must characterize the main water protection problems,
being sensitive to management actions, so that its values
may reflect the political and management measures under-
taken (Oliveira et al. 2007). Therefore, although TP and TN
were identified as the most impeached pollutants due to their
strong sensitivity to the water quality, i.e. we see a direct
causal relationship between TP and water quality of the reser-
voirs, therefore, TP concentration and the WQI method can
be used to identify the most severely polluted zones for
prioritizing water quality management measures in HRB.

CONCLUSIONS

The current knowledge of the pollution index assessment
(PIA) approach for water quality classification of highly
human-impacted river system is limited. Anthropogenic
activities are most likely to alter the natural composition of
the water. We have applied three methods, SFPI, NPI and
WQI for surface water quality classification of a mining af-
fected river basin in China. We found that the holistic ap-
proach, a combination of a single factor and multi factor
pollution index methods, was able to distinguish pollutant
characteristics and used to classify water quality of the river

1071

system. Evaluation of the different results showed that the
SFPI classification is more conservative and highly influ-
enced by the worst evaluated index. On the other hand, the
NPI and the WQI methods classified the water quality into
more reasonable grades because they are integrating the
combined effects of different indices.

Application of the PIA result for the water quality man-
agement purpose in the basin, found that there is a direct
causal relationship between the total phosphorus (TP) con-
centration and water quality of reservoir water; low water
quality monitoring reservoirs (high WQI values) were cor-
related with high TP concentration reservoirs. On the other
hand, the reservoir water quality did not show any signifi-
cant dependence on TN. Therefore, TP concentration and
the WQI method can be used to characterize polluted zones
for prioritizing water quality management measures in HRB.
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