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Abstract 

A six-year river data water quality set obtained by the Hong Kong 
Environmental Protection Department (HKEPD) at 82 monitoring sites are used 
to study, at the regional scale, the spatial controls and influences upon water 
chemistry in HK rivers. Univariate statistics and factor analysis of the elements 
have been applied to analyze 27 determinands of surface water quality (pH, 
water temperature (Temp), flow, Salinity (Sal), Total Solids (TS), Conductivity 
(COND), Cl, TOC, BOD5, COD, DOmg/L, DO%, NH4, NO2, NO3, TKN, TP, 
PO4, Al, Fe, Zn, Mn, Pb, Cd, Cr, Cu, Ni). The statistical results show that 
nutrients, aggregate organics and metals have greater variation than physical 
parameters which are less influenced by anthropogenic factors. These 
determinands can also be explained by four principle factors, representing 
nutrient and organic contamination, marine influences and heavy metal 
contamination. Finally, the local rivers can be classified into four groups, based 
on the factor scores derived from the factor analysis. These results may 
contribute to the improvement of landuse planning and sewerage design in the 
future.  
Keywords:  river-water chemistry; marine influence, nutrient and heavy metal 
contamination. 

1 Introduction 

It is well recognized that the water-quality determinands in rivers can reflect 
many factors and processes functioning in the drainage basins and catchment 
systems, such as atmospheric deposition, soil erosion, weathering of crustal 
minerals, biomass characteristics and anthropogenic inputs (Berner and Berner 
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[2], Markrich and Brown [11], Meybeck [12]). Furthermore, previous studies 
have shown that the regional monitoring and research of water-quality elements 
in rivers can contribute to the reduction of river contamination, the formulation 
of water resources management programs, the design of effective monitoring 
networks and the investigation of environmental effects brought by socio-
economic components, such as the change of landuse (Gueguen et al. [7]; 
Meybeck [12], Pekey et al. [14]). Therefore, river research and monitoring in a 
regional context is common in most countries, such as the Joint Danube Survey 
(JDS) in Europe (Woitke et al. [17]). 
     Hong Kong is a metropolitan city with a high population density and intense 
land competition. Although more than a hundred of streams and rivers are 
observed in this small area (1102km2), river research at the regional scale is rare, 
except three pieces of research conducted by Binnie & Consultant Engineers in 
1974, the Environmental Protection Agency in 1981 and Li et al. [10]. However, 
the researchers ignored most water-quality determinands except organic and 
nutrient content. Also, these studies did not apply multivariate statistical 
techniques to investigate the spatial variation and the factors governing the 
relationship/association of these elements.  
     In this regard, the primary aim of this study is to examine the inter-
relationship between water-quality determinands and to identify the spatial 
controls upon water quality at the  regional scale. This study helps to fill in the 
research gap of a regional river study in Hong Kong, and provide a basis for 
contamination- abatement and may help formulate a better management plan for 
the local river environment.  

2 Materials and methods 

2.1 Study sites 

Hong Kong (HK, latitude: 22o9′ ~ 22 o37′N; longitude: 113 o52′ ~ 114 o30′E) is 
located at the South East coast of China in Guangdong Province. It consists of 
Hong Kong Island, Kowloon Peninsula, the New Territories, and 235 islands. Its 
population is over 6.8 million and the land area is 1102 km2. The geology in HK 
is straightforward as it is dominated by volcanic rocks and granites. About 20% 
of total land area is developed while the remaining 80% is steep hillsides covered 
with secondary grasslands and shrublands (Lee et al. [9]). Major rivers in HK 
number only 10, but there are around 600 small streams or creeks. Most rivers 
and streams originate in the mountains and hills, then flow through the built-up 
area and/or alluvial plain in the North and West. There is no natural lake in HK, 
but some man-made storage reservoirs exist (UNESCAP [16]).  
     In 2003, more than half of the monitored rivers were recorded as ‘excellent’ 
or ‘good’ in terms of the Water Quality Index (EPD [6]). However, the 
mainstreams in HK are still under the pressure of channelisation (DSD [4]), 
sewage disposal (Sin et al. [15], sedimentation (Peart [13]) as well as different 
kinds of contamination.  

 
 www.witpress.com, ISSN 1743-3541 (on-line) 

© 2006 WIT PressWIT Transactions on Ecology and the Environment, Vol 95,

92  Water Pollution VIII: Modelling, Monitoring and Management



2.2 Description of dataset 

The Hong Kong Environmental Protection Department (HKEPD) has carried out 
a river monitoring programme since 1986, but the dataset in this research covers 
the 1998 – 2003 period (6-years), which are available on the EPD’s website. For 
each of the sites, samples are normally collected on a monthly-basis, so the 
sampling number is 72 (except two stations with N=56) 
     To date, the HKEPD’s dataset potentially contains 46 water-quality 
determinands for each sample. Owing to the problem of missing values, only 27 
determinands, each of which have at least 30% of total possible observations, are 
selected for use in this study. These determinands include physical properties, 
aggregate organics, nutrients and total fraction heavy metals. The list of these 
determinands is given in table 1, and the details of field and analytical methods 
are provided in the HKEPD’s annual report (EPD [6]). 

2.3 Statistical treatment of data  

Univariate statistics (arithmetic mean, geometric mean, standard deviation, 
relative standard deviation) are calculated for each variable. For the multivariate 
analyses, the geometric mean is used for minimizing the influences of extreme 
outliers (Pekey et al. [14]).  
     The dataset has also been standardized using Z-score transformation, so as to 
remove the scaling effects among different determinands and to fulfill the 
assumption of cluster and factor analysis (Helsel and Hirsch [8]). 
     Before the Q-mode factor analysis was carried out, the dataset were examined 
by two tests: the Karser-Meyer-Olkin Measure (KMO) of Sampling Adequacy 
and Barlett’s Test of Sphericity. Then, varimax rotation and regression factor 
scores are conducted on the factor analysis results. 

3 Results and discussion  

3.1 General characteristics of water-quality determinands in HK 

The summary descriptive statistics (arithmetic and geometric means) of water-
quality determinands for the 82 monitoring stations are given in table 1. For 
nutrients, the total average of PO4, NO3, and NH4 in the sampled rivers/streams 
are 0.645 mg/L, 1.006 mg/L and 3.189 mg/L respectively, which are higher than 
other rivers/streams in the world based upon literature cited in Markich and 
Brown [11] and Zhang et al. [18]. For heavy metals, the total average of Cu, Zn, 
Pb, Cd and Ni are 8.80 µg/L, 79.79µg/L, 6.34µg/L, 0.61µg/L and 7.00µg/L 
respectively, which are also higher than those rivers in other countries, based 
upon the literature cited in Audry et al. [1], Gueguen et al. [7], Markich and 
Brown [11]. These results may highlight the problems of excessive nutrients and 
metals in HK rivers.   
     The extent of variation among the various water-quality determinands is also 
different. Table 1 gives the relative standard deviation (RSD) of each 
determinand. It is found that the RSD for the majority of physical elements 

 
 www.witpress.com, ISSN 1743-3541 (on-line) 

© 2006 WIT PressWIT Transactions on Ecology and the Environment, Vol 95,

Water Pollution VIII: Modelling, Monitoring and Management  93



(6.691 % ~ 277. 618 %) is lower than that of most nutrients (123.173 % ~ 
290.762 %), aggregate organics (178.143% ~ 231.869 %) and heavy metals 
(159.183% ~1172.461%). This result confirms that the concentrations of these 
water-quality determinands are highly variable among the inland rivers and 
streams, even though the land area of HK is not large. It is believed that this 
variability may reflect anthropogenic and other impacts, which are discussed in 
the following section. 

Table 1:  Descriptive statistics of physiochemical variables among 82 
monitoring stations in HK. 

 

3.2 Factor Analysis on water-quality determinands 

Factor analysis has been carried out to examine the inter-relationship among the 
water-quality determinands. All 27 parameters were included in the preliminary 
stage of analysis, but the Measures of Sampling Adequacy (MSA) indicated the 
need for the variable selection, which reduced the dataset to 17 determinands 
(Table 2). The factor analysis shows good results, explaining 85.881% of the 
total variance of the whole dataset. Reflected by the extracted communities, 
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these factors can solve 59.20% ~ 98.94% of variance in each variable. Finally, 
the KMO test and Barlett’s Test of Sphericity confirm that the standardized 
dataset is adequate for conducting factor analysis (KMO=0.755) and subject to 
the normal distribution (Approx Chi-sq= 3284.269, p-value =0.000). 
     The results of the factor analysis are summarized in table 2. Factor 1, 
explaining 43.192 % of factor variance, has a high factor loading of TKN, TP, 
PO4, NH4, TOC, COD, and BOD5. Factor 2, explaining 26.318 % of variance, 
includes Sal, COND, Cl. The third and fourth factors, accounting for 10.270 % 
and 6.100 % of factor variance, contain Al, Pb, Cr, Mn, Zn.  

Table 2:  Factor analysis result of 17 water-quality determinands on four 
factors after Varimax rotation with Kaiser Normalization (Bold-
faced values represent strong loadings). 

 
 

     Factor 1 is related to nutrient and organic contamination. In unpolluted rivers, 
the concentration of PO4 and NH4 are very low (<0.020 mg/L and <0.2mg/L 
respectively; Chapman and Kimstach [3]); therefore, very high concentrations of 
N and P may indicate that there are excessive nutrients coming from 
anthropogenic inputs, including agricultural runoff with fertilizers, livestock 
wastes and municipal wastes. Similarly, in rivers with high organic loading (one 
example is TOC), the biodegradation of organic matter by bacteria or chemical 
oxidants will consume dissolved oxygen; therefore, in sewage or industrial 
effluents, the TOC, BOD and COD may be over 100 mg/L while DO may reduce 
to 0% (Chapman and Kimstach [3]).  
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Table 3:  The classification of Hong Kong rivers/streams and their stations 
based on Q-mode factor analysis. 

 
 

 

Figure 1: The classification and factor scores of 82 river monitoring stations 
in Hong Kong. 
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     Factor 2 may indicate the influence of seawater through marine aerosol 
deposition or seawater intrusion. Compared with river water, seawater has the 
following distinctive characteristics: strong ionic strength with high total 
dissolved solids (TDS) and COND (>1 mS/cm), high salinity with abundant Na 
and Cl. Furthermore, estuarine reaches which receive sediment and solids from 
both river deposits and tidal mixing particles, usually have higher total solids 
(TS) concentrations (Eisma [5]). Therefore, rivers or aquifers affected by 
seawater may show certain characteristics/endmembers of seawater. However, 
these endemembers are not enough to ‘certify’ the marine influences, because Cl 
and TS may also come from the primary sewage treatment plants which apply 
Ferric Chloride for waste removal (DSD [4]). Other determinands or indicators 
like Sodium (Na)/Cl, Cl/Iodine (I) may need to be adopted to confirm the 
influences of seawater (Sin et al. [15]), but they are not included in the 
HKEPD’s dataset.  
     Finally, factors 3 and 4 are composed of 5 types of heavy metals, indicating 
the potential of heavy metal contamination. Similar to nutrient and organic 
wastes, the concentration of heavy metals is low in unpolluted rivers (0.1 – 0.001 
µm) unless they are affected by domestic or industrial activities (Chapman and 
Kimstach [3]). For example, Cu, Zn, Pb, Ni, Cd, Cr are common materials in 
textile dyes, electroplating, galvanizing battery manufacture and plastic 
fabrication, which are also popular types of industry in HK (Zhou et al. [19]). To 
sum up, factors 1, 3 and 4 are mostly related to the anthropogenic inputs of 
chemical elements to the streams/rivers.  
     To examine the spatial controls of the anthropogenic influence governing the 
distribution of these determinands, the regression factor scores based on the 
results of the factor analysis are calculated for each individual monitoring site. 
Since factor 2 (the marine influences) may be caused by natural influences tidal 
effects, its factor scores are omitted. Also, as both the third and fourth factors of 
table 2 reflect the same type of human impact (heavy metal contamination), their 
factor scores are averaged. As a result, four groups of rivers and associated factor 
scores are identified, which are given in table 3 and shown in figure 1. The final 
groupings are discussed below. 
 
Group 1: Multiple types of contamination 
In this group, 10 river stations have positive factor scores for factor 1 and 
average scores for both factors 3 and 4, indicating that they are affected by 
multiple types of contamination (nutrient, aggregate organic and heavy metal 
contamination). These stations also have higher concentrations of most nutrients, 
aggregate organics and some heavy metals. In HK, they are mainly located at the 
edge of newtowns that receive diverse sources of contaminants.   
 
Group 2: High nutrient and organic values, less heavy metal contamination 
In this group, 14 river stations have positive scores for factor 1 but negative 
average scores for both factors 3 and 4. These results indicate that the 
dominating types of human impact in these stations are nutrient and organic 
contamination rather than heavy metal contamination; some peak concentrations 
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of nutrients and aggregate organics can be observed in the monitoring stations of 
this group.  Most of these stations are found in rural area or old-developed 
downtown of Hong Kong. 
 
Group 3: High heavy metal contamination, lower nutrient and organic 
contamination 
In this group, 14 river stations have positive average scores for both factors 3 and 
4 but negative scores for factor 1. These results mean that heavy metal 
contamination is more significant than nutrient and organic contamination at 
these monitoring stations, and the peak concentration of heavy metals may exist 
at these monitoring sites/rivers. Nearly all of these stations are located near to the 
factory areas and/or heavy traffic roads. 
 
Group 4: Less-contaminated rivers 
In this group, 43 river stations do not reveal the influences of nutrient, organic 
and heavy metal contamination, or these influences are masked by other factors 
such as seawater or geological minerals. All of them have negative average 
scores for both factor 1, factors 3 and 4. These streams/rivers, which have the 
lowest concentrations of nutrients, aggregate organics and heavy metals, are 
mainly found inside the remote area or country park of HK.  

4 Conclusion   

Although the land area in HK is small (1102 km2), the concentration of physical, 
nutrient, aggregate organics and heavy metal elements vary greatly among 
different watercourses. The factor analysis identifies marine and anthropogenic 
influences upon the interrelationship of water-quality determinands, and 
classifies the local watercourses into four groups: some of them either have 
nutrient and organic contamination (Group 2) or heavy metal contamination 
(Group 3), while the others either suffer multiple types of contamination (Group 
1) or have a low contamination problem (Group 4). The spatial location of the 
sites in each group supports the interpretation of the spatial controls upon the 
groups.  
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