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Abstract-Dongjiang River is the major source of drinking water
supply for the Pearl River Delta in South China. In order to
assess the spatio-temporal changes of water quality in the
watershed, the water quality index (WQI) was applied to
calculate scores based on water characteristics data from 2008 to
2010, and then water qualities were classified as excellent, good,
medium, bad and very bad. The results indicated good water
quality in the upper parts of the watershed. Medium water
quality was shown in the middle and lower parts, mainly due to
increasing population, frequent anthropogenic activities, sewage
discharges and non-point pollution from agriculture in the
Dongjiang basin. The applicability of WQI was satisfactory for
evaluating the global variations of water quality on spatial and
temporal scale in the river.
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. INTRODUCTION

Water quality and water pollution have become critical
issues in many developing countries, coupled with the
worldwide concern that fresh water will be a scarce resource in
the future [1]. And these countries have developed a water
quality monitoring program for the protection of fresh water
resources [1-2]. Traditional approaches to evaluate river water
are usually based on the comparison of the parameter values
monitored with the local normative. The analysis including
one or some parameters grouped according to a common
feature may give partial information on the overall quality of
water. It is difficult in integrating many parameters via the
traditional approaches to providing a global water quality of a
watershed  [3].  Although  mathematical-co mputational
modeling of river water quality is useful for the assessment of
the overall quality, the applications of the models were often
restricted by the prerequisite knowledge of hydrodynamics and
extensive validation [4-6].

The water quality index (WQI) has been recommended as
a simple method to overcome many limitations mentioned for
the global water quality. This index is a mathematical number,
which is calculated fromthe transformation of a large quantity
of water characterization data into water quality levels [7]. A
WQI value not only gives a simple and reasonable profile of
water quality for the public and decision makers to understand
easily, but also provides a spatial and temporal trend of water

quality [8]. Therefore, the method has been applied to describe
the water quality of surface water in many countries, including
the United States of America [9], Argentina [1], Taiwan [10],
Chile [3], Spain [7], Nepal [8], and India [11-12].

The Dongjiang River is the major source of drinking water
supply for Hong Kong (account for 80% water supply) and
several main cities (e.g. Huizhou, Dongguan, Shenzhen, and
Guangzhou) in the Pearl River Delta of South China. In recent
decades, rapid industrialization, intensive urbanization, and
agricultural fertilizer abuse coupled with increasing industrial
and domestic sewage discharges [13] in the Pearl River Delta,
inevitably result in the deterioration of water quality in the
main stream and the tributaries by introducing inorganic and
organic pollutants [14]. It is noted that the highlighted
sustainability of the water supply from the Dongjiang River
with acceptable quality and sufficient quantity is of
significance to human welfare and the developments of Hong
Kong and the Pearl River Delta. Hence, the use of WQI for
assessing the water quality may be a cost-effective way to
keep the safety of drinking water in the Dongjiang River.

In this study, the water quality index (W QI) was applied to
evaluate the spatial and temporal changes of surface water
quality in the Dongjiang River, the scores caculated were used
for classifying the water quality and assessing the impacts of
industrial and rapid urbanization on the overall water quality
along the river basin.

Il. MATERIALSAND METHODS

A. Description of Study Area and Sampling

The Dongjiang River is one of the three main tributaries of
the Pearl River system located in South China, originates in
Xunwu county of Jiangxi Province. Its journey is running
through the cities of Longchuan, Heyuan, Huizhou, and
Dongguan in Guangdong Province, then converges into the
eastern delta of the Pearl River, and ultimately enters into the
South China Sea. The watershed covers a total area of about
35,340 km? with the annual runoff of 32.4 billion m*; and the
resource is the principal water supply for 40,000,000 residents.

Nine sampling sites were selected to describe the water
quality status and the spatial changes along the river. From
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these, six sites were defined on the main stream, while the
other sites were located on tributaries (Fig. 1). The first
sampling site was located on upstream at Longchuan county
where the region underdeveloped in economics. The second
site was located near the center of Heyuan city, while the third
site Guzhu is a small town downstream from Heyuan about
30.2 km. The fourth site was located at the city center of
Huizhou in which the river receives the water and urban
discharges from the Xizhi River. The fifth and sixth sites were
near the well-developed towns of Dongguan city, Qiaotou
town, and Shilong town respectively. The seventh site was
located on the Tributary Xinfengjiang River near the intake of
the drinking water supply for the city of Heyuan. The eighth
site was located on the Tributary Xizhi River near Huizhou
city, while the last site was located on the Tributary Danshui
River receives industrial and do mestic sewage discharges from
Shenzhen and Huiyang city.

B. Water Chemical Analysis

Water samples were analyzed for temperature, pH,
dissolved oxygen (DO), ammonia, nitrite, nitrate, and
chemical oxygen demand (COD). Temperature, pH and DO
were measured by the Universal Pocket Meter Multiline P4
(Universal-Taschenmebgerat, Germany). Ammonia, nitrite,
nitrate and COD were detected using Nessler’'s reagent
colorimetric method (according to the Chinese standard
method GB7479-87), spectrophotometric method (according
to the Chinese standard method GB7493-87), and
spectrophotometric method with phenol disulfonic acid
(according to the Chinese standard method GB7493-87) and
potassium permanganate oxidation method (ISO8467),
respectively.

C. Calculation of Water Quality Index

For the calculation of the WQI, the weights and
normalization factors of the parameter were adopted from
various literatures ([1], [3], [7-8]) and listed in Table I , the
following equation was used:

ZCiPi

WQI =Kk ——=—
Q z Pi
1

where Kk is a subjective constant within the range of 0.25~1,
the value of 1, 0.75, 0.50 and 0.25 for the visual impression of
river contamination: 1.00 = water without apparent
contamination (clear or with natural suspended solids); 0.75 =
light contaminated water (apparently), indicated by light
non-natural color, foam, light turbidity due to no natural
reasons; 0.50 = contaminated water (apparently), indicated by
non-natural color, light to moderate odor, high turbidity (no
natural), suspended organic solids, etc.; 0.25 = highly
contaminated water (apparently), indicated by blackish color,
hard odor, visible fermentation, etc. Ci is the normalized value
of the parameters and Pi is the relative weight of each
parameter in terms of its importance for aquatic life
conservation (Table I ). The WQI in the range of 0-25, 26-50,
51-70, 71-90, 91-100 represent the level very bad, bad,
medium, good, and excellent of the water quality, respectively.

D. Statistical Analyses

Pearson’s correlation matrix for chemical and physical
properties of water samples was calculated using SPSS 16
software, and the resulting matrix was used to determine linear
relationships and their strength among the water quality
variables at p < 0.01 and 0.05. (Table II)

Legend
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—

Fig. 1 Locations of sampling stations at the maingream and thetributaries of the Dongjiang River with Number 1-9 for sampling sites: Longchuan, Heyuan,
Guzhu, Huizhou, Qiantou, Shilong, Xinfengjiang River, Xizhi River and Danshui River, repectively
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TABLE | RELATIVEWEIGHTS(P1) AND NORMALIZED VALUES (CI) TO DIFFERENTWATER QUALITY VARIABLES

Variable Pi Normalization Factor (Ci)
100 90 80 70 60 50 40 30 20 10 0
Temp 1 2116 225 2414 26/12 2610 305 320 36/2 40/4 45/-6 >45/<6
pH 1 7 7-8 785 79 65-7 695 5-10 4-10 3-12 2-13 1-14
DO 4 >7.5 >7 >6.5 >6 >5 >4 >35 >3 >2 >1 <1
NH:;~N 3 <001 <005 <01 <02 <03 <04 <05 <075 <1 <125 >125
NO;-N 2 <0005 <001 <003 <005 <01 <015 <02 <025 <05 <1 >1
NOs™-N 2 <05 <2 <4 <6 <8 <10 <15 <20 <50 <100 >100
COD 3 <5 <10 <20 <30 <40 <50 <60 <80 <100 <150 >150

All values are in mg L™, except for pH, water temperature (Temp, °C)

TABLE Il PEARSON’S CORRELATION MATRIX FOR CHEMICAL AND PHY SICAL PROPERTIESOF WATER QUALITY IN THE DONGJIANG RIVER FROM 2008 T0 2010

Temp pH DO NH:"-N NO2-N NO3™-N COD

Temp 1.000 -0.142 -0.617 0617 0533 0.217 0533

pH -0.142 1.000 0.192 -0.318 -0.259 -0.008 -0.351
DO -0.617 0.192 1.000 -0.967+* -0.933** -0.600 -0.950**
NH.-N 0617 -0.318 -0.967** 1.000 0.933** 0517 0.983**
NO,-N 0533 -0.259 -0.933** 0.933** 1.000 0.750* 0.900**

NO5-N 0217 -0.008 -0.600 0517 0.750* 1.000 0467

CcoD 0533 -0.351 -0.950%* 0.983** 0.900** 0467 1.000

**CORRELATION IS SIGNIFICANT AT THE 0.01 LEVEL (2-TAILED)

*CORRELATION IS SIGNIFICANTAT THE 0.05 LEVEL (2-TAILED)

TABLE [I] DESCRIPTIVE STATISTICS OF WATER QUALITY PARAMETERSALONG THE DONGJIANG RIVER FROM 2008 T0 2010

LC HY GZ HZ QT SL XF xXZ DS
Mean std  Mean std  Mean std  Mean std Mean std Mean std Mean std Mean std  Mean std
Temp 2384 630 2512 605 235 560 2474 613 2516 665 2502 641 1852 309 2508 552 2484 587
pH 702 022 7.10 022 696 038 6.79 0.29 701 012 703 020 746 027 6.77 029 703 043
DO 6.87 096 666 118 783 082 658 222 542 024 454 172 9.04 084 508 159 3.06 172
NH,~N 086 055 119 121 103 068 3.00 128 314 217 353 242 0.30 019 911 655 1414 590
NO.,-N 0021 0012 0048 0055 0049 0035 008 0063 0.166 0119 0244 0138 0020 0016 0142 0040 0427 0286
NOz-N 092 044 076 0.39 103 028 081 043 106 034 142 052 0.37 005 063 030 211 124
COD 223 045 340 121 327 107 593 321 370 170 799 687 163 025 1250 885 1620 991

SITELC, HY, GZ, HZ, QT, SL, XF, XZ, AND DSSTAND FOR LONGCHUAN, HEYUAN, GUZHU, HUIZHOU, QIANTOU, SHILONG, XINFENGJIANG RIVER, XI1ZHI RIVER
AND DANSHUI RIVER RESPECTIVELY

1JEP \0l. 2 Iss. 5 2012 PP. 16-21 www.ij-ep.org © World AcademicP ublishing

-18 -



International Journal of Environmental Protection

IJEP

I1l. RESULT SAND DISCUSSION

Water properties, including water temperature, pH, DO,
ammonia, nitrite, nitrate and COD, were determined in the
Dongjiang River during the wet seasons and the dry seasons
from 2008 to 2010 (Table III). The averages of water
temperature were 24.4+0.8°C  with the exaction of
Xinfengjiang River, in which the average of water
temperature was lower than 20°C. The average temperature in
the mainstream was higher than the mean over years (20.4°C),
and aslight increase in temperature contributes to an increase
in the biological activity on the degradation of pollutes in the
water [7]. The pH of surface water was predominantly neutral
with the averaged pH 7.02, but acidic pH was also presented
in some locations (e.g., Huizhou, Xizhi River, and Guzhu).
Most of the water samples in this study recorded a pH range
of about 6.36-7.82, for each site the pH value was fluctuate
around 7, which seemed to be a relatively stable parameter
similar to the Chini Lake [15]. The averaged pH values of
natural waters usually ranged from 6.0 to 8.5, which had no
immediate direct effect on human health [12]. However,
considering that the pH variation regulates most of the
biochemical and chemical reactions affecting water
composition [16] and the safe for drinking water, pH 6.5-8.5
for drinking water is recommended by the Chinese standard.
The average concentratlon of DO at each site ranged from
3.06 to 9.04 mg L'L. The Iower DO values were observed in
Danshui River (3. 06 mg L ) Shilong (454 mg L ) In the
other sites, DO values were all higher than 5 mg L* and the
higheslt DO value was detected in Xinfengjiang River (9.04
mg L ).

The samples showed high variations in averaged ammonia
(NH;*-N) contents, from the Iowest concentration in
Xinfengjiang River (0.30 mg L") to the highest one in
Danshui River (14.14 mg L*). Among the nine sampling sites,
Xinfengjiang River was the only site satisfied with the
drinking water quality standard of ammonia (Chinese
National Water Quality Grade II), while the other sites,
especially in the lower reach, were far above the standard. The
concentrations of nitrate were lower than the drinking water
quality standard (10 mg L' for nitrate), so were those
concentrations of nitrite in all samples. Although nitrogen
contamination in waters was an important contributor to the
deterioration of the water quality and the aquatic ecological
systems, compared to the other rivers and lakes in China,
including the Yangtze River [17], the Yellow River [18],
Haihe River [19], Huaihe River [20], Taihu Lake [19] and
Chaohu Lake [21], the overall water quality in the Dongjiang
River is still better, and the water in the mainstream is
generally good enough to meet the drinking water quality
standard [22].

The hydro-chemical relationships were clearly expressed
by the results of correlation matrix for the complete three year
data set (Table IIT). In the case of dissolved oxygen, negative
correlations were observed between DO and ammonia, nitrite,
or COD (p <0.01). The ammonia and nitrite were oxidized by
oxygen to yield nitrite and nitrate, respectively; COD (organic
matter) partially oxidized by oxygen. Therefore, such kinds of
correlations were expected [11]. Positive correlations between
ammonia and nitrite (p < 0.01), or nitrate (p < 0.05) were
observed, which indicated the contamination of insoluble
inorganic matter and the biotransformation of nitrogen among
inorganic compounds. COD showed positive correlations with
ammonia (p < 0.05) and nitrite (p < 0.05), suggesting that

organic matter contamination often occurred with nitrogen
loading in the river. The increase of nutrients in surface water
is responsible for eutrophication, which further results in the
increasing concentration of organic matter, and eventually
deteriorates the water quality [23].

The WQI was used to classify overall water quality as
excellent, good, medium, bad, and very bad based on the
critical scores of 90, 70, 50 and 25. The water quality of
sites Longchuan, Heyuan and Guzhu in the mainstream and
the tributary Xinfengjiang River in upper reaches were
good, and the highest score was obtained from the
Xinfengjiang River (87.5). While the water quality was
medium in middle and lower reaches such as sites Huizhou,
Qiaotou and Shilong, and very bad water quality in site
Danshui (Fig. 2).

Geographically, water quality showed a decreased trend
in the mainstream in the Dongjiang River. For example,
there were twenty units of water quality deterioration at the
site of Shilong compared with the site Longchuan.

As the river enters the big city area from Longchuang to
Heyuan, there was a slight water quality drop of 3.7 units;
from Guzhu to Huizhou, there was a significant water quality
drop of 11.1 units (p < 0.05). These were associated with the
city sewage discharges and wastewater treatment plant
effluents. In addition, the Dongjiang River mainstream in
Huizhou city receives the medium polluted tributary Xizhi
River, which merged the highly polluted tributary Danshui
River. This situation was partially contributed to the water
quality significant drop in the mainstream in Huizhou city.
Such deterioration of the river water quality proceeds as the
river journey moves downstream. At Qiaotou and Shilong in
Dongguan where populations increase significantly, the water
quality indices dropped 3.8 and 5.6 units, respectively. It was
noted that the overall water quality deteriorated along the
mainstream, yet there was 3.7 units increased from Heyuan to
Gu zhu. The reason for the quality increase might be due to the
smaller populations in Guzhu compared with Heyuan city.

100 4
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0 Yy
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o 604 . Medium
= &

50 4

40 .
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30

20 & Very bad
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Fig. 2 Water quality indices (WQI) in the Dongjiang River: LC, HY, GZ, HZ,
QT, SL, XF, XZ, and DS represent for the sampling sites, Longchuan, Heyuan,
Guzhu, Huizhou, Qiantou, Shilong, Xinfengjiang River, Xizhi River and
Danshui River regectively

To elucidate the relationship between WQI and the
environmental parameters, the variation of selected
parameters and WQI at sampling sites were showed in Flg 3.
With the increase of TIN (sum of NH,*, NO,™ and N03 from
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Longchuan to Shilong in the mainstream, the water quality
got worse, suggesting that nitrogen compounds may cause the
deterioration of water quality. The distribution pattern, lower
concentration of TIN at upstream sites such as Longchua,
Heyuan and Guzhu while higher concentration in downstream
indicated that the increased TIN may be due to the larger
population, higher anthropogenic activities, more sewage
discharges and the non-point pollution from agriculture [13].
Among these three kinds of nitrogen compounds, the major
contribution to TIN was from NH,*-N (Fig. 3).

100 I

B

A
.
M, TIN

wol

10 ——WQl 4
- D0
—— NH,"-N
hli} —t— NOy'-N 1
——TIN j
(1] 0
IC HY G HZ QT SL XF X2 DS

Fig. 3 \ariation of selected parameters and WQI at sampling sites alongthe
Dongjiang River from 2008 to 2010: LC, HY, GZ, HZ, QT, SL, XF, XZ, and
DSrepresent forthe sampling site Longchuan, Heyuan, Guzhu, Huizhou,
Qiantou, Shilong, Xinfengjiang River, Xizhi River, and Danshui River
respectively

And the concentration of NH,*-N below 0.5 mg L'1 is
satisfied according to the drinking water standard in China.
The DO values were relatively high in sites such as
Longchuan, Heyuan, Guzhu, Huizhou and the tributary
Xinfengjiang River; this may be due to the great run-off,
lower nutrients concentration in the waters. The change trend
of DO was similar to that of WQI but dissimilar to TIN, and
these results were in a good agreement with the situation of
Bagmati River [8].

1004
WQI = 6.68*DO + 20.61
R =057

80+

60+

wal

404

20+

0 T T T
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Fig. 4 Regression diagram between WQI and DO inthe Dongjiang River

Based on the regression analysis, a high correlation
existed between DO and WQI in the Dongjiang River (Fig. 4).
Similar results were found by Kannel et al. and Sanchez et al.
[7-8]. The relationship between WQI and DO in this study
was summarized as: WQI = 6.68*DO + 20.61 (R2 =0.57).
As DO is a key environmental factor for aquatic lives, and is
easily determined in the situ, it can be used to predict the WQI

roughly. Kannel et al. applied their practical equation to
predict the water quality indices for sixty eight samples from
the Bagmati River, and 93% of total samples showed a good
coincidence with the calculation of WQI [8]. Although there
may be a high correlation between the overall water quality
changes and aseparate factor, it is still not easy to evaluate the
overall change trend over spatio-temporal scale [1]. Hence,
water quality index (WQI) is a useful way to display the
variation of the overall assessment by integrating the effects
of many environ mental parameters.

1V. CONCLUSION

The water quality in the Dongjiang River evaluated by
means of WQI showed a good general water quality in most
of the surface water sampling sites along the watershed. The
WQI scores in sites from Longchuan to Guzhu in the
mainstream and the tributary Xinfengjiang were higher than
70 (classified to good); scores in sites from Huizhou to
Shilong in the mainstream were range from 55 to 64.4
(classified to medium); the scores of the tributaries Xizhi
River and Danshui River were classified as bad and very bad,
respectively. These results indicated that serious pollution was
embodied in these two tributaries. Water quality in the
mainstream of the Dongjiang River showed a decreased trend,
for example, there were 20% decrease of water quality at
Shilong compared with the upstream sites Longchuan. The
water quality deterioration may be attributed to increasing
population, frequent anthropogenic activities, sewage
discharges, and non-point pollution from agriculture along the
Dongjiang River basin.

In conclusion, as a useful method for the classification of
water quality based on scientific criteria, the water quality
index (WQI) is effectively applicable for the assessment of
spatial and temporal variations of global water quality in the
Dongjiang River. And the results were easy to understand for
the non-scientific public and decision-makers. Moreover, the
evaluation of WQI is suitable for the water quality
assessments for developing pollution control strategies in
many developing countries with scarce budgets.
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