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Abstract 

1. Given the existing and foreseeable threats to the water quality of the ecologically important Tung 

Chung River (TCR), Green Power conducted a study on stream water quality within TCR 

catchment and surveyed various locations in the upper and lower sections of TCR between 

2018 – 2022. Sewage outfalls were also regularly observed near existing villages. The current 

study aims at providing an updated snapshot of the water quality condition of TCR, and 

identification of potential pollution sources that need to be eliminated, thus informing decisions 

regarding the conservation of TCR’s biodiversity and water quality. 

2. The study revealed clear trends of deterioration in water quality with decreasing altitudes. 

Stream water at locations near human settlements in the lower catchment was characterized 

by lower levels of dissolved oxygen, higher levels of specific conductance and nitrates, as well 

as abnormal levels of pH. Stream sections with altered channel environments were also 

observed to be higher in stream water temperature. Sewage outfalls were observed near two 

villages, namely Shek Mun Kap and Ngau Au. Alarming levels of pollutants were frequently 

recorded at these outfalls. 

3. Existing water pollution sources are already threatening the biodiversity of TCR, while pollution 

stress on the sensitive river would be intensified as the population is expected to escalate under 

the Tung Chung New Town Extension (TCNTE) scheme. We urge for stringent control and 

elimination of pollution sources, minimization of impervious surface coverage, as well as 

prudent design and management of the Sustainable Urban Drainage System planned under 

TCNTE. The current water quality standards should also be reviewed to better protect the health 

of our freshwater ecosystems. 
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1. Introduction 

1.1. Tung Chung River 

Tung Chung River (TCR) is situated in the southwest of the current Tung Chung New Town on Lantau. 

It has two major branches: the west branch, referred to as the “West Stream” herein, originates from 

the northern slope of Lantau Peak; the east branch, referred to as the “East Stream” in the following 

texts, originates from the west of Sunset Peak. The two branches of this 5th-order river drain its 

catchment of about 11 km2, flow through several lowland villages, then merge at the end of the valley 

near Ngau Au and finally flow into Tung Chung Bay. 

Often referred to as the “last remaining large-scale natural river in Hong Kong”, the river courses of 

TCR are mostly pristine from its sources to its estuary and bay, except for a section of about 600m 

along the lowest reach of the East Stream which was channelized for flood prevention. The East and 

West Streams are highly biodiverse, each having a section being designated as Ecologically 

Important Stream (no. 27) by the Agriculture, Fisheries and Conservation Department (AFCD). 

Together with the estuary, different sections of TCR are home to many important species, and TCR 

has been regarded as the second richest in freshwater fish diversity (the first being Tai Ho Stream) 

within the territory (Chong & Dudgeon 1992). The water quality of Tung Chung River has also been 

rated as “Excellent” between 1999 and 2021 under the grading scheme of Water Quality Index (WQI) 

established by authority (EPD 2022). However, signs of deterioration in water and habitat qualities 

have been detected as village and new town development encroach and expand within the valley. 

1.2. Threats to Water Quality of TCR 

Traffic restriction implemented through a closed road system (CRS) has long been accounted for the 

preservation of natural environments on Lantau, including water quality of TCR catchment (GP et al. 

2016). Since the relaxation of the CRS in 2007, which allows unrestricted vehicle access to the lower 

TCR catchment via the northern part of Tung Chung Road, non-green areas, many of which have 

been filled with construction wastes, increased by three folds within a decade (GP et al. 2016). Areas 

covered by new village houses and brownfields, which are common sources of water pollutants, 

continued to expand over the years (author pers obs.). 

In 2012, the Planning and Engineering Study on the Remaining Development in Tung Chung – 

Feasibility Study was commissioned (CEDD 2015). The development proposal for Tung Chung New 

Town Extension (TCNTE) was subsequently announced following public engagement, environmental 

impact assessment (EIA) and planning processes. Part of the TCNTE scheme, namely Tung Chung 

West, covers the lower catchment of TCR. Large areas for village type development and residential 

uses have been designated under statutory plans (Figure 1.1) to accommodate population increase 

planned under TCNTE. 

The ecological value of TCR was recognized during the formulation of the TCNTE scheme, which 

includes several conservation measures, one of which being the first Sustainable Urban Drainage 

System (SUDS) in the territory to control pollution discharge into TCR via surface runoff. A River Park, 

which will also be the first of its type in Hong Kong, is planned along the lowest section of the East 
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Stream for restoration and conservation of stream habitats important for aquatic life. In spite of this, 

the TCNTE scheme would undoubtedly largely alter the existing natural habitats and landscape within 

the lower TCR catchment, and intensify water pollution stress associated with population increase. 

Whether the SUDS and River Park can operate as planned and effectively protect the fragile river 

system remains a question. 

1.3. The Current Study 

The current study aims at providing an updated snapshot of the water quality condition of TCR, and 

identification of potential pollution sources that need to be eliminated, thus informing decisions 

regarding the conservation of TCR’s biodiversity and water quality. Later sections of this report 

describe the materials and methods used in the study, survey results, overall water quality conditions 

of TCR, and discuss the corresponding recommendations for preserving TCR’s pristine water quality 

that forms the basis of biodiversity conservation of this fragile river system. 

Three other concurrent studies, namely the Ecological Baseline Study of Tung Chung River 

Catchment (the “Catchment Ecological Study”, GP 2023a), the Ecological Baseline Study of Tung 

Chung River Park (the “River Park Study”, GP 2023b), and the Evaluation of Partial Stream Water 

Release Trial at Tung Chung Au Water Intake (the “Water Release Study”, GP 2023c), provide 

complementary and more detailed investigation on specific issues within the TCR catchment. 

Figure 1.1. Gazetted land use patterns within lower the TCR catchment and adjacent areas. Adapted from TCTCOZP (S/I-
TCTC/23), TCVOZP (S/I-TCV/2) and with reference to DevB & CEDD (2022). The basemap is provided by the Hong Kong 
GeoData Store and intellectual property rights are owned by the Government of the HKSAR. Land use data are retrieved 
from the Town Planning Board Statutory Planning Portal 2 website: https://www1.ozp.tpb.gov.hk/gos/default.aspx, with 
intellectual property rights owned by the Town Planning Board.

https://www1.ozp.tpb.gov.hk/gos/default.aspx
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2. Materials and Methods 

2.1. Ambient Water Quality along Major Sections and Tributaries 

We carried out survey on stream water quality at 15 locations within TCR catchment monthly between 

April 2018 - March 2021, and bimonthly between April 2021 and September 2022. Five locations along 

the East Stream (E1-E5) and another five along the West Stream (W1-W5), were designated for water 

quality sampling, thus covering the upper and lower major sections of both branches (Figure 2.1). 

Four tributaries of the West Stream, each with one survey location respectively (WT1-WT4), as well 

as the river mouth (RM) were also surveyed during the study (Figure 2.1). 

During each survey, dissolved oxygen (DO), pH, specific conductance (SC), and temperature, which 

are common indicators of quality and pollution status of stream water, were measured using a 

multiparameter meters (Pro Plus or ProQuatro, YSI Inc., USA) at these locations. Starting from April 

2020, an ion-selective electrode (ISE) sensor (accuracy ±10% of reading or 2mg/L, whichever is 

greater, Pro Series 1006, YSI Inc., USA) was added to the multiparameter meter for additional 

measurement of nitrate concentration at all locations except for RM, as the ISE sensor was designed 

for use in freshwater only (YSI 2009). All water quality measurements of these 15 survey locations 

were taken far away from or immediately upstream of any apparent outfalls (see the section below), 

the results thus represented the ambient water quality conditions at these locations. As salinity affects 

SC, pH and DO (Covington & Whitfield 1988, Wetzel 2001), thus masking the effect of pollution on 

stream water, we conducted surveys on dates when measurement at the lowest sections of the East 

Stream and West Stream (thus E5 and W5) could be taken with receding tides, so that the results 

represented water qualities with minimal tidal influence. No surveys were conducted within three days 

after rainstorms. 

We summarized the water quality data by season, as some water quality parameters are known to 

vary with seasons with different flow conditions (Dudgeon 1999). Data taken between April and 

September were taken as wet season samples, while those collected between October and March 

were considered as dry season samples. Means and ranges of water quality parameters were 

visualized via boxplots to identify any spatial and temporal patterns. Although we attempted to avoid 

tidal influence on parameter readings, salinity between 0.3 – 22.6ppt (SC 715-35766 µS/cm), which 

indicated the potential presence of seawater, were still observed in one survey at E5 and six surveys 

at W5. Data from these two locations collected on these survey dates were excluded when calculating 

the means and ranges of the water quality parameters to avoid confounding effects of seawater. No 

other locations were observed to be under seawater influence.
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Figure 2.1. Locations of water quality survey within TCR catchment between 2018 and 2022. The basemap is provided by 

the Hong Kong GeoData Store and intellectual property rights are owned by the Government of the HKSAR.



Gree
n Power

5 

 

2.2. Water Quality of Major Outfall Discharges 

Two major outfalls, including a small tributary and a stormwater drain lining the boundary of Shek Mun 

Kap Village and some active farmlands, were found draining directly into the lower East Stream 

(immediately downstream of location E3). The small tributary is referred to as E3 Outfall 1 (Plate 1), 

and the storm drain as E3 Outfall 2 (Plate 2) hereafter. Another effluent discharge point was also 

observed immediately downstream of WT4 near Ngau Au Village and some active farmlands (WT4 

Outfall, Plate 3), with sewage found seeping through a gabion wall before discharging into the stream. 

We sampled the same water quality parameters of effluents from these outfalls as in the 15 survey 

locations. Additional measurements of ammonia and orthophosphate concentrations were taken at 

these outfalls and their immediate upstream reference locations (thus locations E3 and WT4, 

respectively) with 8-11 supplementary surveys conducted between August 2019 and January 2021 

using self-filling ampoules test kits (K-1413 and K-8513, CHEMetrics Inc., USA) and a portable multi-

analyte photometer (V-2000, CHEMetrics Inc., USA). Each supplementary survey was separated by 

at least 20 days to ensure data independence. Data from all supplementary survey dates were pooled 

for the calculation of means and ranges for outfalls and their reference locations. 

The Environmental Protection Department (EPD) adopts effluent discharge standards for inland 

waters designated for four types of beneficial use, namely “abstraction for portable water supply” 

(Group A), “irrigation” (Group B), “pond fish culture” (Group C) and “general amenity and secondary 

contact recreation” (Group D), with each type evaluated by individual set of standards under the Water 

Pollution Control Ordinance (Cap. 358). Each set of standards covers individual set of parameters 

evaluated under different flow conditions, with those corresponding to the lowest flow rates being 

easiest to comply with. We compared the measured parameters of the effluents with those listed in 

the standards and calculated the percentage of exceedance among surveys. As flows of discharges 

from these outfalls were observed to be low, and that we would like to provide a conservative measure 

of exceedance, standards corresponding to the lowest flow categories were used for comparison 

(Table 2.1). 

 
Group A 

(≦10m3/day) 
Group B 

(≦200 m3/day) 
Group C 

(≦100 m3/day) 
Group D 

(≦200 m3/day) 

DO (mg/L) ≧4 - - - 

pH 6.5-8.5 6.5-8.5 6-9 6-10 

NOx - N (mg/L) 15 30 30 50 

NH3 - N (mg/L) 1 5 2 20 

PO4
3- - P (mg/L) 1 10 10 10 

Table 2.1. Standards for effluents discharged into inland waters at assumed lowest flow rates (in parentheses) of respective 
categories (Group A-D) retrieved from Technical Memorandum - Standards For Effluents Discharged Into Drainage And 
Sewerage Systems, Inland And Coastal Waters (Cap. 358 AK). All figures are upper limits unless otherwise indicated. 
Streams which enter the sea at gazette beaches are considered as Group D inland waters. 
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3. Results 

3.1. Ambient Water Quality along Major Sections and Tributaries 

The surveyed parameters showed clear trends of water quality deterioration with decreasing 

altitudes. 

3.1.1. Dissolved Oxygen 

DO levels were generally higher during the dry season at all sites (Figure 3.1), and were generally 

high (mean >7.5mg/L) at upstream locations (i.e. E1, E2, W1 and W2), as well as E3 and E5 during 

both seasons, although occasional low readings were recorded (Appendix). The level of DO 

decreased gradually from W1 to W5 along the West Stream, and was the lowest at E4 along the East 

Stream during both seasons (Figure 3.1). Among the West Stream tributaries, DO levels were 

relatively low at WT1 during both seasons and at WT3 during the wet season (≤7mg/L in >50% of all 

survey occasions) (Figure 3.1). Occasional high DO levels (>10mg/L) were recorded at most of the 

sites only during the dry season, except for E5 and WT4 which had such readings recorded also 

during the wet season. DO levels of RM were found to be high, and observed to reach 13.1mg/L 

during the wet season and 20.1mg/L during the dry season (Appendix). 

3.1.2. Specific Conductance 

Stream water at locations along major upper sections and tributaries generally have low SC (values 

around or below 50µS/cm), although sparse high records of above 100µS/cm were observed at 

locations nearby human settlements (e.g. E3 and W1 adjacent to or downstream of villages and active 

farmlands) (Figure 3.1). SC of stream water was high at locations along lower major sections and 

tributaries, especially at E4, E5, W5, WT3 and WT4 which had mean values ranging between 55-

93µS/cm during both seasons, and occasional extreme values of above 100µS/cm (the highest being 

301µS/cm at W5, thus about six-fold of those in upper sections) recorded (Figure 3.1 & Appendix). 

SC at tidal RM was high with seasonal mean ranging between 31049 and 39648µS/cm (Appendix). 

3.1.3. pH  

Stream water along most major sections and tributaries of TCR were slightly acidic or close to neutral, 

with the mean pH ranged between 6.2 to 7.1 (Figure 3.1). Locations E5, however, had mean pH of 

stream water attained levels above 8.0, while WT1 had mean pH levels close to 5 during both seasons 

(Figure 3.1 & Appendix). Occasional pH values below 6 were also observed at E1, E2, W1, W2, W3, 

W4, WT2, WT3, and WT4 (Figure 3.1 & Appendix). 

3.1.4. Nitrate 

Mean levels of nitrate-nitrogen recorded at the most upstream sites (E1 and W1) ranged between 

0.2-0.9mg/L, while those of other lower locations ranged between 0.1-8.8m/L (Figure 3.1). Readings 

at E5 were apparently higher than other sites, with dry season maxima reaching 40.8mg/L (wet 

season mean = 2mg/L, dry season mean = 8.8mg/L) (Figure 3.1). 
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3.1.5. Water Temperature 

Water temperatures were low in uppermost sections of the East and West Streams (mean ~25°C or 

below in wet seasons and <19°C in dry seasons) and were similar among most other sites, with mean 

values being below 27°C during wet seasons and 22°C during dry seasons for most of the sites 

(Figure 3.1 & Appendix). Stream water at E5, however, was warmer than that at other locations, with 

mean temperatures being at least 3°C and 2°C higher than other sites during wet and dry seasons, 

respectively (Figure 3.1 & Appendix). 

3.2. Water Quality of Major Outfall Discharges 

Frequent sewage discharge from both outfalls at E3 was observed during the study, with surveyed 

parameters showing signs of pollution (obvious deviation of readings from those of location E3 taken 

on the same day) in more than 90% of all survey occasions. Both discharges were low in DO 

(seasonal mean = 4.6-5.8 mg/L) and high in SC (seasonal mean of Outfall 1 = 120.0 – 140.5µS/cm; 

that of Outfall 2 = 222.7-231.2µS/cm) (Figure 3.2 & Appendix). Results of supplementary surveys 

suggest the discharge at Outfall 1 was slightly higher in mean ammonium-nitrogen and phosphate-

phosphorus concentrations than that of the main channel, but that at Outfall 2 reached 8.0mg/L in 

ammonia-nitrogen and 1.0mg/L in phosphate-phosphorus, both being more than 1000 times of levels 

observed in the stream water of the main channel (Figure 3.2 & Appendix). 

Discharge was also observed at the outfall downstream of WT4 in more than 85% of all surveyed 

occasions. Although stream water at WT4 already showed some level of pollution (seasonal mean 

SC = 78.9-79.4µS/cm), the outfall discharge was lower in DO (seasonal mean = 6.1-6.4 mg/L), higher 

in SC (seasonal mean = 121.0-134.9µS/cm), ammonium-nitrogen (mean = 7.5mg/L) and phosphate-

phosphorus (mean = 1.3mg/L) (Figure 3.2 & Appendix). 

If the levels of water quality parameters from the above three outfalls were compared against local 

standards for effluents discharged into various groups of inland waters (Table 2.1), all outfalls had at 

least one of the parameters exceeding the standards within each of Group A, B and C in some of the 

survey occasions (Table 3.1). In particular, discharges at E3 Outfall 2 and WT4 Outfall had their levels 

of ammonium-nitrogen exceeding standards of the above three groups in 60 to 100% of all survey 

occasions, and that at E3 Outfall 2 had levels of nitrate-nitrogen exceeding 100mg/L in three surveys, 

thus exceeding the standards of all groups of inland waters in 16% of the survey occasions (Table 

3.1). DO standard (≧4mg/L) is only established for Group A inland waters. All of the three outfalls had 

DO readings lower than the threshold in some of the surveys, with E3 Outfall 2 having the highest 

percentage of exceedance (39%, Table 3.1).
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Figure 3.1.  Boxplots showing distribution of values of dissolved oxygen (DO), specific conductance (SC), pH, nitrate-

nitrogen concentration (NO3
--N) and water temperature (Water Temp) at 14 survey locations within TCR catchment during 

the wet and dry seasons between 2018 and 2022. The lower and upper bounds of the boxplots show the first and third 

quartiles (the 25th and 75th percentiles), the middle lines show the medians, whiskers above and below the boxplot indicate 

inter-quartile ranges, and points beyond the whiskers indicate outliners.
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Group A Group B Group C Group D 

E3_O1 E3_O2 WT4_O E3_O1 E3_O2 WT4_O E3_O1 E3_O2 WT4_O E3_O1 E3_O2 WT4_O 

DO (mg/L) 
20% 

(8/41) 
39% 

(16/41) 
10% 

(4/41) 
- - - - - - - - - 

pH 
17% 

(7/41) 
0 

(0/41) 
70% 

(29/41) 
17% 

(7/41) 
0 

(0/41) 
70% 

(29/41) 
0% 

(0/41) 
0% 

(0/41) 
2% 

(1/41) 
0% 

(0/41) 
0% 

(0/41) 
2% 

(1/41) 

NO3
- - N 

(mg/L) 
0% 

(0/19) 
16% 

(3/19) 
0% 

(0/18) 
0% 

(0/19) 
16% 

(3/19) 
0% 

(0/18) 
0% 

(0/19) 
16% 

(3/19) 
0% 

(0/18) 
0% 

(0/19) 
16% 

(3/19) 
0% 

(0/18) 

NH3 - N 
(mg/L) 

33% 
(3/9) 

100% 
(10/10) 

80% 
(8/10) 

0% 
(0/9) 

60% 
(6/10) 

60% 
(6/10) 

22% 
(2/9) 

80% 
(8/10) 

70% 
(7/10) 

0% 
(0/9) 

0% 
(0/10) 

0% 
(0/10) 

PO4
3- - P 
(mg/L) 

0% 
(0/10) 

50% 
(5/10) 

56% 
(5/9) 

0% 
(0/10) 

0% 
(0/10) 

0% 
(0/9) 

0% 
(0/10) 

0% 
(0/10) 

(33%) 
3/9 

0% 
(0/10) 

0% 
(0/10) 

0% 
(0/9) 

Table 3.1. Percentage of exceedance (no. of surveys with exceeding values recorded / total no. of surveys) of parameter standards for effluents discharged into inland waters 
at assumed lowest flow rates (see Table 2.1) of respective categories (Group A-D). E3_O1=E3 Outfall 1; E3_O2=E3 Outfall 2; WT4_O=WT4 Outfall.
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Figure 3.2.  Boxplots showing distribution of values of dissolved oxygen, pH, specific conductance, nitrate-nitrogen, 
ammonia-nitrogen and orthophosphate concentrations at major outfalls and their reference locations between 2018 and 
2022. The lower and upper bounds of the boxplots show the first and third quartiles (the 25th and 75th percentiles), the middle 
lines show the medians, the crosses show the means, whiskers above and below the boxplot indicate inter-quartile ranges, 
and points beyond the whiskers indicate outliners.
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4. Discussion 

4.1. Current Water Quality of TCR 

Results of the current study reveal generally good water quality in upper sections of the East and 

West Streams but deteriorating quality in the lower TCR catchment. Stream water in natural or semi-

natural stream sections away from human settlements was generally high in DO (~7.5mg/L or above), 

slightly acidic (pH ~ 6-7), low in SC (~50µS/cm or below), nutrient levels and temperature, which 

accorded with observations from other natural streams in the region (Dudgeon 1999). Lower sections, 

which are also among the most ecologically important sections in TCR catchment (GP 2023a), are 

found to be most affected by human activities as their water qualities deviated strongly from these 

characteristics. 

4.1.1. Dissolved Oxygen 

There was a decreasing trend of DO with decreasing altitudes along the West Stream, and an obvious 

low at location E4 of the East Stream. Occasional low DO level below 6mg/L were observed in lower 

course locations. Low DO conditions generally reflect higher level of pollution as oxygen is depleted 

during the breaking down of contaminants in water, and can be detrimental to lotic aquatic life which 

requires decent amount of DO to sustain. They can also increase the toxicity of chemical substances 

(ANZECC & ARMCANZ 2000), with acute toxicity of some common toxicants roughly doubled when 

DO concentration dropped from 10mg/L to 5mg/L (EIFAC 1973).  

High level of DO could also be observed along sections with signs of pollution observed. For instance, 

WT4 near Ngau Au Village which drained into the lower West Stream and E5 at the lowest point of 

the East Stream had DO levels comparable to or only slightly lower than those of less polluted sections. 

This may be a result of excessive algal growth, particularly during the dry season when algae flourish 

under low flow conditions (Biggs 2000, Biggs & Close 1989, Stevenson 1990), and during the day 

when algae carry out photosynthesis and release oxygen into water. At night, however, the levels of 

DO may drop to levels possibly detrimental to aquatic organisms as the algae carry out respiration 

and consume oxygen in water. The regular survey of this study was carried out during the day, and 

we anticipate large diel fluctuation of DO along these overgrown sections. A single night survey carried 

out during Feb 2021 showed that the level of DO can drop by 3.73mg/L within 1.5 hours after dusk at 

WT4 when compared with readings taken in the afternoon on the same day (GP, unpublished data), 

and it was expected to drop continuously until dawn. Excessive growth of algae is promoted by 

abundant supplies of sunlight and nutrients (N and P compounds), the latter being limited in natural 

conditions (Dudgeon & Corlette 2011). It is thus common in streams with relatively low canopy 

coverage and high nutrient input, which is the case at lower course sections such as those of WT4 

and E5 (Plate 4). Concrete steps of various heights established along the channelized section of the 

East Stream may also contribute to the relatively high DO level observed at E5 through aeration. 

RM was also observed to be high in DO, with dry season maxima reaching 20.1mg/L. This was also 

likely a result of algae (mainly Ulva sp., formerly belong to Enteromorpha sp.) found flourishing and 

covering the bottom of the estuary extensively during the dry season. The blooming of algae is a result 

of nitrogen and phosphorus enrichment through human sewage in tropical and temperate coastal 
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waters (Teichberg et al. 2010). Although nitrogen and phosphorous concentrations were not 

measured at RM in the current study, and the growth of algae might be regulated by factors other than 

nutrient input (Ye et al. 2011), the observation accorded with trends of pollution observed in lower 

sections of TCR, as well as casual observations from a local resident, who described the deterioration 

of the algal bloom at TCR estuary in recent years (Chan K.W. pers. comm.) 

4.1.2. pH 

Most surveyed locations had slightly acidic or close to neutral stream water during the study, except 

for that of E5 which was consistently more alkaline (pH 8) than the more upstream sections. Pollutants 

such as spent detergent and alkaline electrolytes increase the pH value of stream water, and these 

contaminants likely exist in urban sewage and enter the lower East Stream via outfalls along the 

section. Low pH values below 6 were also observed along various sections, which were mostly in 

proximity to or downstream of active farmlands and human settlements. Such low pHs may be due to 

runoff draining acidic farmed soil (Sposito 1989) or other types of human activities. Stream water with 

extreme pH values not only causes direct impacts on aquatic organisms, such as production and 

hatchability of freshwater fish eggs and emergence of aquatic insects (ANZECC & ARMCANZ 2000, 

Alabaster & Lloyd 1982), but also increases the toxicity of other substances. For example, low pHs 

can increase the toxicity of cyanide and aluminium (ANZECC 1992), while high pHs increase the 

toxicity of ammonia, which is 10 times more toxic at pH 8.0 than at pH 7.0 (EIFAC 1969). 

4.1.3. Nutrients and other contaminants 

High levels of SC were observed in lower major sections and tributaries (E4, E5, W5, WT3 and WT4). 

SC is a measure of the electrical conductivity of a solution at 25°C, which is directly related to the 

amount of ions it contains (Wetzel 2001). In stream water which is soft (such as that in natural streams 

of Hong Kong, Dudgeon and Corlett 2011) and not likely under tidal influence, high SC implies 

abundance of materials in the form of ions, which has been considered one of the major ecological 

stressors on aquatic life in urban landscapes as it disrupts osmotic regulation of the organisms (Griffith 

2017). A lot of such materials are also contaminants, and may originate from various sources, 

including pollutants from industries or businesses (e.g. battery electrolytes from garages), domestic 

or agricultural sewage, or weathered materials transported by surface runoff. Level of SC increases 

with impervious area (Baker et al. 2019, Roy et al. 2003), and is thus likely to elevate in TCR when 

build-up area increases under TCNTE. 

Nitrates, ammonia and phosphates in stream water are among the major contributors of high SC, and 

may originate from leached chemical or organic fertilizers, or domestic wastes including spent 

detergents and decomposed organic substances such as human excreta (Lusk et al. 2011, Toor et al. 

2011) discharged illegally via storm drains or leaking septic systems. The presence of these pollutants 

in stream water increases the availability of nutrients normally limited to algae and causes their 

excessive growth (Biggs 2000, Correll 1998). High level of nitrates and ammonia are also toxic to 

aquatic life, especially when mediated by other changes in water quality such as pH and salinity 

(Camargo et al. 2005, Randall & Tsui 2002, USEPA 2013). Such changes may wipe out sensitive 

species and promote the dominance of more tolerant species. The highly invasive Mosquito Fish 
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(Gambusia affinis) which was found along lower sections of TCR (GP 2023a), for example, was found 

to be much more tolerant to ammonia (acute value=219.3mg/L total ammonia nitrogen (TAN), USEPA 

2013) than Rice Fish (Oryzias sp.) (acute value=20.59mg/L TAN, converted from mean LC50 value in 

Wang & Leung (2015) normalized at pH 7 and 20°C according to USEPA 2013). Moreover, high levels 

of these substances also indicate potential presence of other harmful contaminants in domestic 

sewage discharged into the natural stream system which also poses public health risks. 

High levels of nitrate-nitrogen recorded at location E5 (up to 40mg/L), as well as those of the three 

pollutants frequently recorded from outfalls at E3 and WT4, suggested TCR is under continuous 

threats from point source and non-point source pollution from the nearby human settlements. Data of 

parameters such as nitrate-nitrogen, ammonia nitrogen and E. Coli. collected by EPD at locations 

TC1 (thus W5 in the current study) and TC2 (E5 of the current study) also suggested deteriorating 

water quality of TCR in recent years (EPD 2023), although it has been ranked as “excellent” at both 

stations in the past two decades under the current grading scheme of WQI (EPD 2021). 

4.1.4. Water Temperature 

Water temperatures were generally low at most surveyed locations, except for E5 which was obviously 

warmer than other sites. The higher temperature at E5 was likely a result of the over-widened concrete 

channel along the lower East Stream, which greatly increased the surface area-to-volume ratio of the 

water column, leading to rapid heating up of stream water by sunlight. The lack of shades provided 

by riparian vegetation also intensify the increase in water temperature. The warm stream water at 

WT3, especially during summer months, may be a result of low flow volume of this tiny tributary. The 

warmer conditions along these locations may affect the aquatic ecosystem in various ways, including 

altering community structures (Dudgeon et al. 2020). 

4.1.5. Other Remarks 

Unusual readings of parameters were observed at WT1, which was constantly dry during the dry 

season and had abundant plant litter and sediment accumulating behind a small dam at the water 

intake managed by WSD. Low pH values of about 5 or below were also frequently recorded during 

both the wet and dry seasons, while low DO levels below 6mg/L were observed at the location, 

particularly during the dry season. Such attributes in water quality may be a result of high rates of 

decomposition of plant litter and respiration of microbes during the process due to the low flow 

conditions (Dudgeon 1999).
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4.2. Recommendations 

4.2.1. Control of Pollution Sources 

Land uses such as brownfields and village houses are expanding within the catchment, and some 

active farmlands persist along lower major sections and tributaries of TCR. Together with the expected 

population increase in lower TCR catchment under the TCNTE scheme, the potential impacts of point 

source and non-point source pollution on this sensitive river system would certainly be intensified. 

Currently, septic tanks and soak-away (STS) systems are the only way of sewage treatment in village 

areas within TCR Valley (Tung Chung Valley Outline Zoning Plan Explanatory Statement, Section 

9.3.6), as in other rural areas in Hong Kong (Audit Commisson 2016). Such systems, however, have 

been proven to be ineffective and prone to leakage in floodplains (Audit Commisson 2016) where 

water tables are high (Toor et al. 2011), and leakage is common yet hard to detect, and enforcement 

against pollution caused by such leakage is also difficult (Audit Commisson 2016). A walk-through 

survey of outfalls along lower sections of the East and West Streams was attempted during the study, 

yet not every section with signs of pollution detected was found to be affected by distinct outfalls (e.g. 

section upstream of WT4, GP unpublished data). This may be a result of surface runoff from nearby 

farmlands or leakage of STS systems from nearby village houses. The leakage of STS system should 

be tackled, such as through mandatory licensing of STS systems and frequent inspection of private 

premises suspected to be pollution source carried out by EPD. 

Protection of water quality for conservation of TCR and the future River Park, which will be established 

along the lower section of the East Stream, is one of the focuses of TCNTE. Existing outfalls, including 

storm drains which are assumed to collect “clean” rainwater and surface runoff from urban and village 

areas, have been proven to be regular point sources of effluent in the current study. Discharge at the 

storm drain downstream of E3, for example, had levels of ammonia-nitrogen violating EPD’s inland 

water effluent discharge standards in up to 100% of all surveyed occasions, and the River Park will 

be located immediately downstream of these outfalls in the future. Although the SUDS will be 

implemented to treat surface runoff from the urban and village areas, underestimating the loading of 

the runoff poses high risk of overloading and thus malfunctioning of the system (see sections below). 

Surface runoff should be considered a type of sewage, and sewage treatment within the sensitive 

TCR catchment should be handled with great caution. For high-risk areas such as villages, wet 

markets and dining places where illegal discharge of sewage through runoff collection systems is 

prevalent, surface runoff should be collected and treated in sewage treatment facilities, rather than 

collected by the SUDS or traditional storm drains. Other types of illegal outfall, such as underground 

pipes suspected to be originating from garages or open storage places, were also observed in lower 

TCR catchment during the study (GP 2018). These types of illegal act should be closely monitored 

and controlled by EPD, and any outfalls should be eliminated once detected. 

Large-scale development works, including site formation for and construction of infrastructures, will 

likely produce polluted runoff during the construction phase of TCNTE. In particular, the restoration of 

the lower East Stream and establishment of the River Park, although expected to be ecologically 

beneficial during their operational phases, would inevitably be carried out within or immediately 
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adjacent to the river channel and result in ecological and water quality impacts (e.g. sediments created 

during the demolition of the concrete bed, construction site run-off, etc.). Prudent work procedures 

and preventive measures, including but not limited to strict prohibition of works within the channel 

during wet seasons and proper redirection and treatment of sewage away from the main channel, in 

addition to those listed in the approved EIA report, should be strictly implemented and monitored. 

All management practices of TCR and its riparia must include ecological considerations, including 

those related to the protection of water quality. Application of insecticides in natural streams and storm 

drains for mosquito control, for example, is a common practice carried out by the Food and 

Environmental Hygiene Department. Such practice not only affects aquatic organisms sensitive to 

toxins, but also poses public health risk, as the authority plans to promote a “water-friendly” culture 

and allow citizens to enjoy stream water in the future River Park. Effective communication and 

coordination among government departments are essential, and the principles of conserving the TCR 

ecosystem and promoting public enjoyment should be made clear among departments to avoid 

actions incompatible with these principles. 

4.2.2. Treatment of Surface Runoff 

Under the TCNTE scheme, the SUDS would be designed and implemented to control the quality of 

surface runoff discharged from urban and village areas into TCR. Ideally, the runoff will be treated by 

filtration (e.g. through bioswales and permeable pavements), sedimentation, treatment wetlands and 

attenuation before being discharged into TCR (PDev 2020, DevB & EnB 2020). However, the 

efficiency of the system depends heavily on its design and the way it is managed. The system is going 

to be the first of its type in Hong Kong, and its actual efficiency is still uncertain. 

Currently the locations and sizes of the facilities are more or less restricted by land use zonings, 

topography and institutional reasons, and controllable factors which dictate the efficiency of the 

system are now limited. Also, some villages might not be served by SUDS, and this would highly 

undermine the effectiveness of the system. To effectively protect the vulnerable TCR, the SUDS, as 

a suite of stormwater control measures (SCMs), should have the capacity to accommodate rainfalls 

for all storms that “would not have produced widespread surface runoff in a predevelopment state”, 

and should ideally treat runoff from all impervious surfaces of the catchment (Walsh et al. 2016). The 

design of the SUDS, including capacity and coverage, affects the overall amount of surface runoff it 

can treat, the target of which should ideally be designated base on realistic loadings of contaminants 

carried by the runoff. More research is needed to explore how the efficiency of the treatment system 

varies with different variables, and the implementation of other SCMs in public and private 

development lots is strongly recommended to reduce untreated surface runoff from impervious 

surfaces within the catchment.  

It is also important to reiterate that the SUDS should be complemented by an effective sewage system 

which collects surface runoff with potentially high loading to a proper sewage treatment facility. The 

management and contingency operation of the system are also critical, as its failure would allow direct 

and significant amount of untreated runoff discharge from the future densely populated new town into 

TCR. Frequent maintenance and monitoring of conditions of filtering medium, plants in treatment 
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wetlands as well as attenuation ponds are essential. Long periods of low rainfall are expected during 

the dry season while prolonged inundation with high water depth will occur during the wet season. 

Controlling water level with reference to seasonal cycles of natural wetlands is a critical yet 

challenging step in sustaining functional treatment wetlands (Thullen et al. 2005). The SUDS should 

also be well equipped with an effective alarm system which detects instantaneous abnormal water 

qualities before endpoints and triggers immediate responses, such as redirection of problematic runoff 

to sewage treatment plants. The Biosensing Alert System currently adopted by the Water Supplies 

Department (WSD) to monitor drinking water quality (WSD 2020) could be a reference. 

It should be emphasized that research in other areas (mostly temperate regions) have shown that 

stormwater treatment facilities, even when distributed around catchments and covering most 

impervious areas, are not sufficient to rectify impacts of development on water quality of nearby 

freshwater systems when implemented alone (Hopkins et al. 2022, Walsh et al. 2016). The challenge 

of tackling water pollution from tropical Asia is likely more difficult as annual precipitation is high and 

intense events are frequent (Hamel & Tan 2022). Measures which mitigate such impacts at their 

sources, including controlling the areas of impervious cover, land grading, elimination of point-source 

and nonpoint-source pollution, as well as protection of riparian vegetation buffer strips, should be 

implemented in concert to safeguard stream health during urbanization (Hopkins et al. 2022). 

4.2.3. Review of Water Quality Standards 

Although clear signs of pollution were observed in TCR, the deterioration of water quality was not 

reflected under the current WQI grading scheme. In addition, the Water Quality Objectives for rivers 

adopted by EPD were established without specific reference to the requirements of local freshwater 

flora or fauna. 

Water quality standards for the health of aquatic life have long been adopted around the world, 

including North America (CCME 1991, Environment Canada, 2001, USEPA 1986), Europe (CEC 

2000), Australia and New Zealand (ANZECC & ARMCANZ 2000), and recently in mainland China 

(PRCMEE 2021). Such standards are established base on toxicology (acute and chronic) data of a 

wide range of local taxa and determination of limits through statistical methods or application of safety 

factors on maximum thresholds tolerated by sensitive taxa concerned. Such standards are also highly 

regional specific as intrinsic water qualities can vary greatly among regions with distinct lithological 

and biological characteristics, and that water quality thresholds vary among taxa and habitats 

(ANZECC & ARMCANZ 2000, CEC 2000, USEPA1986). For example, the guideline trigger values of 

nitrogen oxides (NOx - N) for lowland rivers can vary between 0.004mg/L to 0.15mg/L in different parts 

of Australia, while the lower threshold of pH can vary between 7.2 in New Zealand to 4 in Tasmania 

(ANZECC & ARMCANZ 2000). Extensive research and experiments are needed to establish a set of 

water quality standards for aquatic life suitable for the local context. 

EPD has conducted a review of local Beach Water Quality Objectives in 2008, with consideration of 

using target organisms to establish such standards (EPD 2021). We urge the review should be 

extended to the WDO for rivers, as they are critical for the conservation of our lotic ecosystems, 

including the sensitive but vulnerable TCR. 
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Plates 

Plate 1. E3 Outfall 1 near Shek Mun Kap Village. Plate 2. E3 Outfall 2 near Shek Mun Kap Village. 
 

Plate 3. WT4 Outfall near Ngau Au Village. Plate 4. Excessive growth of algae at location E5 
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Appendix 

Site Season DO (mg/L) SC (µS/cm) pH Temp (°C) NO3
-
 - N (mg/L) NH3–N (mg/L) PO4

3--P (mg/L) 

E1 
Wet 

7.5 
(5.3-8.7) 

45.1 
(37.8-60.1) 

7.1 
(6.0-7.7) 

25.3 
(19.5-29.8) 

0.4 
(0.1-0.9) 

- - 

Dry 
9.3 

(6.7-15.7) 
44.3 

(36.4-52.9) 
7.0 

(5.9-7.6) 
18.9 

(10.3-23.4) 
0.9 

(0.0-3.1) 
- - 

E2 
Wet 

7.9 
(5.9-9.5) 

45.6 
(35.5-65.7) 

6.8 
(6.0-7.2) 

26.3 
(21.5-30.0) 

0.3 
(0.0-1.3) 

- - 

Dry 
9.6 

(8.0-15.0) 
43.2 

(35.8-50.0) 
6.7 

(5.9-7.3) 
20.6 

(14.2-26.0) 
1.8 

(0.0-9.2) 
- - 

E3 
Wet 

7.7 
(4.6-9.5) 

55.0 
(36.7-183.6) 

6.8 
(6.3-7.1) 

26.3 
(20.9-29.7) 

0.2 
(0.0-0.6) 0.007 

(0.000-0.021) 
0.001 

(0.000-0.005) 
Dry 

9.2 
(6.9-11.1) 

43.9 
(35.4-54.2) 

6.8 
(6.2-7.1) 

20.6 
(15.0-26.7) 

0.5 
(0.0-2.2) 

E4 
Wet 

6.8 
(4.5-8.4) 

78.0 
(51.8-118.3) 

6.5 
(6.1-6.9) 

26.7 
(22.5-30.0) 

0.4 
(0.1-0.7) 

- - 

Dry 
8.1 

(5.8-10.4) 
68.4 

(50.5-89.7) 
6.5 

(6.1-6.8) 
20.9 

(13.8-25.1) 
0.8 

(0.0-4.6) 
- - 

E5 
Wet 

8.3 
(7.3-10.6) 

92.6 
(57.2-187.7) 

8.5 
(7.2-9.8) 

30.0 
(25.5-35.4) 

2.0 
(0.5-4.5) 

- - 

Dry 
9.0 

(6.6-11.6) 
90.1 

(61.1-292.8) 
8.3 

(7.2-9.3) 
24.1 

(17.5-30.2) 
8.8 

(0.2-40.8) 
- - 

W1 
Wet 

8.3 
(6.5-10.3) 

42.2 
(31.1-70.2) 

6.5 
(5.7-7.2) 

23.4 
(18.4-25.4) 

0.2 
(0.0-0.7) 

- - 

Dry 
9.7 

(8.1-12.0) 
48.8 

(29.0-103.6) 
6.5 

(5.9-7.3) 
18.3 

(11.4-22.6) 
0.3 

(0.0-0.9) 
- - 

W2 
Wet 

7.8 
(5.9-9.6) 

37.1 
(31.4-49.0) 

6.4 
(5.5-7.0) 

25.7 
(20.3-29.3) 

0.1 
(0.0-0.4) 

- - 

Dry 
9.4 

(7.5-12.7) 
34.9 

(30.6-39.2) 
6.4 

(5.9-6.9) 
19.8 

(12.5-24.0) 
0.5 

(0.0-1.7) 
- - 

W3 
Wet 

7.4 
(4.8-9.4) 

41.2 
(32.6-62.2) 

6.5 
(5.7-7.0) 

26.4 
(22.3-30.5) 

0.1 
(0.0-0.3) 

- - 

Dry 
9.0 

(6.2-11.7) 
37.6 

(31.2-44.2) 
6.5 

(5.8-7.1) 
20.7 

(14.2-25.1) 
0.3 

(0.0-1.7) 
- - 

W4 
Wet 

6.7 
(3.9-8.8) 

40.9 
(32.7-53.7) 

6.2 
(5.6-6.7) 

26.6 
(22.2-29.9) 

0.2 
(0.0-0.4) 

- - 

Dry 
8.2 

(6.0-11.0) 
37.5 

(31.9-43.5) 
6.2 

(5.7-6.6) 
20.5 

(14.3-24.6) 
0.4 

(0.0-2.0) 
- - 

W5 
Wet 

6.8 
(5.5-7.8) 

86.1 
(45.1-257.6) 

6.7 
(6.0-7.3) 

26.6 
(21.8-28.9) 

0.2 
(0.1-0.5) 

- - 

Dry 
7.8 

(6.2-9.7) 
85.3 

(50.0-301.4) 
6.7 

(6.1-7.6) 
21.2 

(15.9-25.1) 
0.7 

(0.0-3.5) 
- - 

WT1 
Wet 

6.5 
(3.3-9.3) 

34.0 
(29.5-51.0) 

5.1 
(4.2-5.8) 

24.7 
(20.2-26.4) 

0.1 
(0.0-0.9) 

- - 

Dry 
6.7 

(3.2-13.6) 
34.8 

(27.7-46.0) 
5.3 

(4.5-6.6) 
20.8 

(13.3-24.5) 
0.3 

(0.0-1.1) 
- - 

WT2 
Wet 

7.8 
(6.1-9.5) 

32.4 
(28.0-40.0) 

6.3 
(5.6-6.9) 

25.7 
(20.4-29.3) 

0.1 
(0.0-0.4) 

- - 

Dry 
9.4 

(7.2-11.6) 
31.0 

(26.3-35.3) 
6.2 

(5.5-7.1) 
19.8 

(12.6-24.1) 
0.2 

(0.0-0.8) 
- - 

WT3 
Wet 

6.8 
(2.5-14.2) 

59.3 
(35.5-128.2) 

6.5 
(5.8-7.1) 

27.4 
(20.4-34.2) 

0.5 
(0.1-1.1) 

- - 

Dry 
7.9 

(4.8-10.0) 
54.6 

(35.1-84.7) 
6.4 

(5.8-6.7) 
21.6 

(15.1-26.8) 
0.7 

(0.1-3.1) 
- - 

WT4 
Wet 

7.7 
(5.5-14.5) 

78.9 
(45.9-177.1) 

6.3 
(5.6-7.7) 

26.5 
(22.5-32.1) 

0.2 
(0.1-0.6) 0.012 

(0.000-0.034) 
0.001 

(0.000-0.005) 
Dry 

9.0 
(6.9-13.1) 

79.4 
(45.7-160.2) 

6.2 
(5.6-7.2) 

21.8 
(14.9-25.9) 

0.4 
(0.1-2.1) 

RM 
Wet 

8.4 
(5.0-13.1) 

31048.6 
(2887.3-45381.3) 

7.9 
(7.0-8.4) 

29.0 
(22.7-33.0) 

- - - 

Dry 
10.7 

(4.8-20.1) 
39647.8 

(29312.0-44243.7) 
8.0 

(7.1-8.8) 
23.9 

(17.0-29.7) 
- - - 

E3 
Outfall 1 

Wet 
5.2 

(1.3-7.5) 
126.0 

(67.0-209.8) 
6.7 

(6.2-7.0) 
25.0 

(19.7-27.8) 
1.3 

(0.2-3.9) 0.785 
(0.119-2.098) 

0.151 
(0.053-0.318) 

Dry 
5.8 

(2.4-9.6) 
140.5 

(85.9-268.8) 
6.7 

(6.4-7.1) 
19.6 

(13.0-23.9) 
2.2 

(0.2-7.7) 

E3 
Outfall 2 

Wet 
4.6 

(0.5-7.4) 
222.7 

(75.8-549.0) 
7.0 

(6.6-7.3) 
26.2 

(21.0-29.5) 
2.1 

(0.6-6.3) 7.996 
(1.142-15.49) 

0.944 
(0.201-1.751) 

Dry 
4.9 

(2.4-8.0) 
231.2 

(76.8-351.0) 
7.0 

(6.5-7.4) 
21.0 

(15.3-24.5) 
65.3 

(0.3-300.0) 

WT4 
Outfall 

Wet 
6.1 

(0.4-7.9) 
121.0 

(50.9-425.8) 
6.4 

(6.0-7.1) 
26.6 

(22.6-31.6) 
0.6 

(0.1-2.1) 7.453 
(0.398-19.080) 

1.336 
(0.503-2.518) 

Dry 
6.4 

(0.9-10.5) 
134.9 

(48.6-367.1) 
6.4 

(5.9-7.1) 
21.9 

(15.9-25.2) 
1.7 

(0.1-4.0) 

Means (ranges) of dissolved oxygen (DO), pH, specific conductance (SC), water temperature (Temp), nitrate-nitrogen, 
ammonia-nitrogen and orthophosphate-phosphorus at 15 survey locations and major outfalls at E3 and WT4 recorded 
between 2018 and 2022. 

 


