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Summary of
Marine Water Quality
In Hong Kong in 2004

In 2004, the overall compliance with the marine Water Quality Objectives
(WQOs) in the territory was maintained at the record level of 87%, similar to
that in the previous two years. On the other hand, the water quality in Inner
Deep Bay remained very poor, with low dissolved oxygen (DO) and elevated
levels of nitrogen and phosphorus, highlighting the pollution problem in the bay.

The water quality of Port Shelter and Mirs Bay continued to be excellent, with
low bacteria, organic matter and highDO. InVictoriaHarbour, theimprovements
following the commissioning of the Harbour Area Treatment Scheme (HATS)
Stage 1 were sustained in 2004. Theseincluded anincreasein DO and reduction
in nutrients in the eastern and central parts of the harbour. While the eastern
harbour experienced areduction of E. coli bacteria, the higher levelsin the central
and western harbour persisted.

The water quality in Tolo Harbour followed its upward trend with declinesin
organic and inorganic pollutants. The conditioninDeep Bay further deteriorated
in 2004 with increasesin ammoniaand nitrogen and areduction in the compliance
with the WQOs.

Someincrease of anmonianitrogen was observed in the Southern, Western Buffer
and North Western Water Control Zonesin 2004. On the other hand, there was
awidespread increase of DO of around 9% in the eastern and southern waters,
probably related to natural fluctuation and the lower baselinein the previousyear.
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1 INTRODUCTION

Chapter 1 - Introduction
I ntroduction

11 The Hong Kong Special Administrative Region (HKSAR) hasaland area of 1,104
km? and 1,651 km? area of marine water. It haslong coastlines, including 456 km in the Kowloon
Peninsula and New Territories and 722 km in Hong Kong I sland, Lantau Island and 260 small
islands.

1.2 With apopulationof 6.9 million, Hong Kong reliesheavily onmarinewater for recreation,
fish culture, cooling, toilet flushing, transport and effluent disposal. Hong Kong’ s coastal water is
under the influence of Pearl River, supporting arich diversity of life ranging from microscopic
plankton, sponges and corals to dol phins and porpoises.

1.3 To protect the ecology and human uses of marine water, the HK SAR Government has
established Water Quality Objectives (WQOs) (Table 1.1) for the 10 Water Control Zones (WCZs)
(Figure 1.1). Theaimisto achieve the WQOs by implementing measures to reduce pollution and
improve water quality. In order to assess the health status of the marine environment, detect long-
term water quality changes and measure compliance with the WQOs, the Environmental Protection
Department (EPD) implements acomprehensive marine monitoring programme.

Marine Monitoring Programme

1.4 The current marine monitoring programme hasbeen in operation since 1986. Monitoring
is mostly conducted onboard a 26-metre vessel, the Dr. Catherine Lam. The vessel is equipped
with an advanced Differential Global Positioning System (DGPS) and an el ectronic navigation chart
for precise location of monitoring stationsin the sea.

15 A conductivity-temperature-depth (CTD) profiler linked to a computer -controlled
rosette water sampler is used to measure field parameters and collect water samples. Bottom
sediments are collected by a sediment grab. The water and sediment samples are analysed by
EPD’ s laboratories and the Government Laboratory (http://www.govtlab.gov.hk) for over 80
physical, chemical and biological parameters(Tables 1.2 and 1.3).

1.6 In 2004, atotal of 94 water quality stations were monitored (Table 1.4): 76 in open
water sampled once amonth and 18 in typhoon shelters sampled bi-monthly (Figures 1.2 and 1.4).

MARINE WATER QUALITY IN HONG KONG IN 2004 P12



1 INTRODUCTION

Sedimentswere collected twice ayear at 60 stations: 45 in open waters and 15 in typhoon shelters
(Figures 1.3 and 1.4).

Uses and Characteristics of Marine Water

1.7 The magjor uses of Hong Kong marine water and ecologically important areasinclude:

7/
L X4

Bathing beaches and secondary contact recreational areas (Figure 1.5);

Fish and shellfish culture zones and marine conservation sites (Figure 1.6);

Marine dumping groundsfor dredged spoil, public filling areas and mgjor reclamation
sites (Figure 1.7);

> Effluent disposal and outfalls of maor public sewage treatment works (Figure 1.8).

7/
L X4

7/
L X4

The Marine Water Quality Report for 2004

1.8 Thisis EPD’s 19" annual Marine Water Quality Report. Inthereport, the Hong Kong
marinewater isdivided into four large water bodies (eastern, southern, central and western), each
with distinct characteristics (Figure 1.9). The eastern waters are located in the eastern coast of
Hong Kong, under greater oceanic influence and with high salinity. They include the Mirs Bay,
Port Shelter, and Tolo Harbour and Channel WCZs. The southern waters cover the Southern
WCZ where the impact of Pearl River is more pronounced in the west and north while diminishing
towards the eastern end. The central waters consist of four WCZsin the urban area: the Victoria
Harbour, Eastern Buffer, Junk Bay and Western Buffer WCZs. The waters generally have strong
tidal flow and are heavily used for effluent disposal and navigation. The western waters cover the
North Western and Deep Bay WCZs which are more estuarine and turbid, especially during the
summer wet season.

1.9 Thisreport summarisesthe monitoring datacollected in 2004 and detects any significant
water quality changes during the year. It also reports on the compliance with the key Water Quality
Objectives (WQOSs). The Seasonal Kendall statistical test was used to reveal long-term water
guality trends, and increases or decreases of pollutants since 1986.

1.10 The 2004 Marine Water Quality Report (CD-ROM version) is kept in many public
libraries (http://www.hkpl.gov.hk) and EPD’ s Environmental Resource Centres. The report and
the monitoring data are al so available on EPD’ s website (http://www.epd.gov.hk) for public’s
viewing and download.

MARINE WATER QUALITY IN HONG KONG IN 2004 P13
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Figure 1.2
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Figure 1.3
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Figure 1.4
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Figure 1.5 Bathing beaches and secondary contact recreational areas in Hong Kong in 2004
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Fish and shellfish culture zones and marine conservation sites in Hong Kong in 2004
(Sources: Agriculture, Fisheries and Conservation Department)

Figure 1.6
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Figure 1.7 Marine dumping grounds, public filling areas and major reclamation sites in Hong Kong in 2004

(Sources: Civil Engineering Development Department and Environmental Protection Department)
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Figure 1.8 Major public sewage treatment works, outfalls and pollution loads in Hong Kong in 2004

(Sources: Drainage Services Department and Environmental Protection Department)
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Figure 1.9
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INTRODUCTION

Table 1.1
Summary of Water Quality Objectives (WQOs) for marine waters of Hong Kong

Parameter

Dissolved Oxygen
(bottom)

Water Quality Objective

Not less than 2 mg/L for 90% of samples ;

Water Control Zone (WCZ) / Part(s) of zone /
Subzone to which the WQO applies

Marine waters of all WCZs except Tolo Harbour & Channel
wcz

Dissolved Oxygen
(Depth-averaged)

Not less than 4 mg/L for 90% of samples ;

Marine waters of all WCZs except Tolo Harbour & Channel
wcz

Dissolved Oxygen
(bottom)

Not less than 2mg/L
Not less than 3mg/L
Not less than 4mg/L

Harbour Subzone in Tolo Harbour & Channel WCZ
Buffer Subzone in Tolo Harbour & Channel WCZ
Channel Subzone in Tolo Harbour & Channel WCZ

Dissolved Oxygen
(surface to 2m above bottom)

Not less than 4mg/L

Harbour Subzone and Buffer Subzone in Tolo Harbour &
Channel WCzZ

Dissolved Oxygen

Not less than 4mg/L

Channel Subzone in Tolo Harbour & Channel WCZ

nitrogen not to exceed 0.4 mg/L
Annual mean depth-averaged total inorganic

nitrogen not to exceed 0.5 mg/L
Annual mean depth-averaged total inorganic

nitrogen not to exceed 0.7 mg/L

(all depths)
Annual mean depth-averaged total inorganic .
Marine waters of Southern WCZ and Port Shelter WCZ
nitrogen not to exceed 0.1 mg/L
Annual mean depth-averaged total inorganic Marine waters of Mirs Bay WCZ, Junk Bay WCZ, North Western
nitrogen not to exceed 0.3 mg/L WCZ (Castle Peak Subzone)
- Annual mean depth-averaged total inorganic Marine waters of Eastern Buffer WCZ, Western Buffer WCZ,
utrients

Victoria Harbour WCZ.
Marine waters of Deep Bay WCZ (Outer Subzone) and North

Western WCZ (Whole zone except Castle Peak Subzone).

Marine waters of Deep Bay WCZ (Inner Subzone)

n-_-"'-h..

Unionised ammonia

Annual mean not to exceed 0.021 mg/L

All WCZs (whole zone) except Tolo Harbour & Channel WCZ

Annual geometric mean not to exceed

610 cfu/100mL

Secondary contact recreation subzones in Tolo Habour &
Channel WCZ, Southern WCZ, Port Shelter WCZ, Mirs Bay WCZ,
Deep Bay WCZ, North Western WCZ, Western Buffer WCZ.

£. coli Fish culture subzones in Tolo Habour & Channel WCZ,
Annual geometric mean not to exceed
Southern WCZ, Port Shelter WCZ, Junk Bay, Mirs Bay WCZ,
o 610 cfu/100mL
Deep Bay WCZ, Eastern Buffer WCZ, Western Buffer WCZ.
2 To be in the range 6.5 - 8.5, change due to Marine waters of all WCZs except Tolo Harbour & Channel
iy . waste discharge not to exceed 0.2 wcz
Change due to waste discharge not to be
Harbour Subzone in Tolo Harbour & Channel WCZ
H greater than 0.5
] P Change due to waste discharge not to be .
Buffer Subzone in Tolo Harbour & Channel WCZ
greater than 0.3
Change due to waste discharge not to be .
Channel Subzone in Tolo Harbour & Channel WCZ
greater than =0.1
- Change due to waste discharge not to
- | All WCZs (Whole zone) except Tolo Harbour & Channel WCZ
1 - exceed 10% of natural ambient level
Salinity )
Change due to waste discharge not to be
Tolo Harbour & Channel WCZ
greater than +3%o
Change due to waste discharge not to exceed 2°C  All WCZs (Whole zone) except Tolo Harbour & Channel WCZ
- Temperature

Change due to waste discharge not to exceed 1°C

Tolo Harbour & Channel WCZ

Suspended solids

Waste discharge not to raise the natural ambient
level by 30% nor cause the accumulation of
suspended solids which may adversely affect

aquatic communities

Marine waters of all WCZs except Tolo Harbour & Channel
wcz

Toxicants

Not to be present at levels producing

significant toxic effect

All WCZs (Whole zone)

Chlorophyll-a

Not to exceed 20mg/m?3 (ug/L) calculated as
running arithmetic mean of 5 daily

measurements for any location and depth
Not to exceed 10mg/m?3 (ug/L) calculated as

running arithmetic mean of 5 daily

measurements for any location and depth
Not to exceed 6mg/m?3 (ug/L) calculated as

running arithmetic mean of 5 daily

measurements for any location and depth

Harbour Subzone in Tolo Harbour & Channel WCZ

Buffer Subzone in Tolo Harbour & Channel WCZ

Channel Subzone in Tolo Harbour & Channel WCZ
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INTRODUCTION

Table 1.2
Summary of marine water quality parameters
Reportin

Sampli

Analysed

ard Method / Techniques used 2°

Depth

Temperature! Depth Profiling™® Instrumental (themistor), SEACAT 19+ CTD and Water Quality Profiler MMT/EPD®
Salinity 8 ) 01 Depth Profiing Instr.umental (electrical conductivity), SEACAT19+ CTD and Water Quality MMT/EPD
Profiler
Di ved O " mg/L 0.1 Denth Profi Instrumental (membrane elelectrode), SBE23Y dissolved ox ygen sensor MMT/EPD
Issolved Oxygen % saturation ® 1 epth Frofiing linked to SEACAT19+ CTD and Water Quality Profiler
i - " Instr tal helometric / infrared back scattering), OBS-3 turbidi
Physical and gy 2 NTU 01 Deph Profiing " (ephelomenc infared back scateing) O8SSWBAY -y pyeppy
Aggregate sensor linked to SEACAT 19+ CTD and Water Quality Profiler
Properties oH! ) 01 Depth Profiing Instrumental (electrot.iemetri.c)SBEIS pH sensorlinked to SEACAT19 + MMT/EPD
CTD and Water Quality Profiler
Secchi Disc Depth? m 0.1 Manual MMT/EPD
Suspended Solids? mg/L 0.5 S,M,B% In house method GL-PH-23, based on APHA 20ed. 2540D (weighing) GL®
Volatile Suspended o
Solids® mg/L 0.5 S,M,B In house method GL-PH-23, based on APHA 20ed. 2540E (weighing) GL
0|
Aggregate 5-day Biochemical
Organic Oxygen Demand mg/L 0.1 S,M,B In house method based on APHA 18ed. 52108 EML/EPD*
Constituents  (BOD,)*
Ammonia Nitrogen® mg/L 0.005 S,M,B In house method GL-IN-15, based on ASTM D3590-89 B (FIA) GL
Unionised Ammonia® mg/L 0.001 S.M,B By calculation’? MMT/EPD
Nitrite Nitrogen® mg/L 0.002 S,M,B In house method GL-IN-18, based on APHA 20ed. 4500-NO2- B (FIA) GL
Nitrate Nitrogen® mg/L 0.002 S\M,B In house method GL-IN-18, based on APHA 20ed. 4500-NO3- F & I (FIA) GL
Total Inorganic Nitrogen® mg/L 0.01 S,M,B By calculation’? MMT/EPD
Nutrie nt_s and  Total Kjeldahl Nitrqgen5 mglL 0.05 SMB In house method GL-IN-14 & GL-IN-15, based on ASTM D3590-89 B (FIA) 6L
Inorganic (soluble; soluble & particulate) & APHA 20ed 4500-N A&D (FIA) :':i":
Constituents  Total Nitrogen® mg/L 0.05 SM,B By calculationt® MMT/EPD
Orthophosphate mg/L 0.002 S,M,B In house method GL-IN-16, based on ASTM D515-88 A (FIA) GL
Total Phosphorus5. miL 0.02 SMB In house method GL-IN-14 & GL-IN-16, based on ASTM D515-88 B (FIA) & oL
(soluble; soluble & particulate) APHA 20ed 4500-P G (FIA)
Silica (as SiO,) )
mg/L 0.05 S,M,B In house method GL-IN-17, based on APHA 20ed. 4500-Si02 C&E (FIA) GL
(soluble) ®
Inh thod GL-OR-34, based on APHA 20ed. 10200H 2
Chlorophyll-a® gL 0.2 SMp ressemenodt asedon ° 6L
(spectrophotometric)
Escherichia coli Inh thod, membrane filtration with CHROMagar Liquid E. coli -
Biological and . count100mL 1 SMB n 'ouse method, membrane filtration wi agar Liquid E. coli EML/EPD
X X X (E. coli)’ coliform culture'4
Microbiological —— — .
Examination Faecal Coliforms” count/100mL 1 SM.B In house method, membrane filtration with CHROMagar Liquid E. coli - EML/EPD
coliform culture*
Phy toplankton cellimL 1 S ‘In house nTethod, 10 ml settled sub-sample using plankton chamber and WSL/EPDY
inverted microscope!®

Note: 1. Indicate general oceanographic conditions of marine water

2. Low transparency and light penetration would affect aesthetic value and photosynthesis in marine water

3. Indicate the amount of particulate organic matters in marine water

4. Indicate the amount of organic pollutants in marine water

5. Major nutrients (nitrogen, phosphorus, silica) promoting algal growth in marine water

6. Indicate the amount of algal biomass in marine water

7. Sewage bacteria indicate the extent of faecal pollution in marine water

8. Measuring and reporting of Salinity (S) is based on the Practical Salinity Scale and International Equation of State of Seawater (UNESCO Technical Papers in Marine

Science No. 30 (1981) ; No. 36 (1981) and No. 45 (1985))
9. Percent saturation of dissolved oxygen is calculated from dissolved oxygen in mg/L based on Weiss R.F. (1970); The solubility of nitrogen, oxygen ad argon in
water and seawater. Deep Sea Res. Vol. 17, pp.721-735

10. Depth profiling - continuous measurements at downcast are processed and presented at 1m intervals from 1m below the surface to 1m above the seabed

11. If water depth is 6m or above, sampling is taken at three depths during upcast: S - Tm below water surface; M - mid-depth of water column; B - 1m above
seabed. If water depth is 4 to 5 m, ‘M’ is skipped; If water depth is 3m or less, ‘M’ and ‘B’ are skipped.
. i) Bower C.E. and Bidwell J.P. (1978), lonization of ammonia in seawater: Effect of temperature, pH and salinity. J. Fish. Res. Board Can. Vol.35, pp.1012-1016;

ii) K., Russo R.C. & et. al. (1975), Aqueous ammonia equilibrium calculations: effect of pH and temperature. J. Fish. Res. Board Can. Vol.32, pp.2379-2383
. Total Inorganic Nitrogen = Ammonia Nitrogen + Nitrite Nitrogen + Nitrate Nitrogen ; Total Nitrogen = Total Kjeldahl Nitrogen (soluble & particulate) + Nitrite
Nitrogen + Nitrate Nitrogen
i) DoE, DHSS & PHLS (1983); The Bacteriological Examination of Drinking Water Supplies 1982, Sec.7.8 & 7.9;
ii) B.S.W. Ho and T.Y. Tam (1997), Enumeration of E. coli in environmental waters and wastewater using a chromogenic medium. Wat. Sci. Tech.Vol.35, No.11=
12, pp.409-413; method adopted in 1997.
15. MMT/EPD - Marine Monitoring Team, Waste & Water Science Group, Environmental Protection Department.
16. EML/EPD - Environmental Microbiology Laboratory, Waste & Water Science Group, Environmental Protection Department.
17. WSL/EPD - Water Sciences Laboratory, Waste & Water Science Group, Environmental Protection Department
18. GL - Environmental Chemistry B Section, Environmental Chemistry & Other Scientific Services Group, Government Laboratory.
19. i) Lund, J.H., Kipling, C. and Le Cren, E.D. 1958. The inverted microscope method of estimating algal numbers, and the statistical basis of estimations by
counting. Hydrobiologia Vol. 11, pp. 143-170.
ii) Utermohl, H. 1958. Zur Vervollkommung der Quantitativen Phytoplankton-Methodik. Mitt. Inter. Verein. Lim. Vol. 9, pp. 1-38.

20. Mention of brand names and commercial products does not constitute or imply endorsement or recommendation by the Environmental Protection Department.
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Table 1.3
Summary of marine sediment' parameters
Reporting Analysed
Parameter Unit 2 Standard Method / Techniques used &
Limit by
) ! o In house method, sieving and weighing ; 8 fractions : >4000pm, <4000pm, <2000pm, <1000pm, <500pum, <250pm,
Particle Size Fractionation % wiw 1 MMT/EPD ©
. <125pum and <63pm
Physical and - e - .
Aggregate Electroch.emmal Potential mv 1 Instrumental, Orion Model 250A pH/Redox Meter (electrodeme.tnc.) MMT/EPD
Properties Total Solids (TS)* % wiw 0.1 In house method GL-PH-22, based on APHA 20ed 2540G (weighing) GL7
Total Volatile Solids (TVS)* % TS 0.1 In house method GL-PH-22, based on APHA 20ed 2540G (weighing) GL
Dry Wet Ratio - 0.01 In house method GL-PH-22, based on APHA 20ed 2540G (weighing) GL
Aggregate Chemical Oxygen Demand (COD)  mglkg 2 In house method GL-OR-38, based on ASTM D1252-00 A (open reflux) GL
g(r)?]as::fuents 3 Total Carbon (TC) % wiw 0.1 In house method GL-OR-33, based on APHA 20ed 5310 B (FIA) GL
Ammonia Nitrogen (NH,-N) mg/kg 0.05 In house method GL-IN-15, based on ASTM D3590-89 B (FIA) GL
Nutrients and Total Kjeldahl Nitrogen (TKN) mg/kg 05 In house method GL-IN-14 & GL-IN-15, based on ASTM D3590-89 B (FIA) & APHA 20ed 4500-N A&D (FIA) GL
Inorganic Total Phosphorus mg/kg 0.2 In house method GL-IN-14 & GL-IN-16, based on ASTM D515-88 B (FIA) & APHA 20ed 4500-P G (FIA) GL
X Total Sulphide mg/kg 0.2 In house method GL-IN-45, based on APHA 20ed 4500-S2- D (FIA) GL
Constituents 3
Total Cyanide mg/kg 0.1 In house method GL-IN-44, based on APHA, 20ed., 4500 CN -A&E (distillation and colorimetric) GL
Aluminium (Al) mg/kg 1 In house method GL-TE-60, based on USEPA method 6010B (ICP-AES) GL
Arsenic (As) mg/kg 0.1 In house method GL-TE-64 & GL-TE-66, based on USEPA method 6020 (ICP-MS) GL
Barium (Ba) mg/kg 0.2 In house method GL-TE-60 & GL-TE-64, based on USEPA method 6010B (ICP-AES) and USEPA method 6020 GL
Boron (B) mg/kg 5 In house method GL-TE-60, based on USEPA method 6010B (ICP-AES) GL
Cadmium (Cd) mg/kg 0.1 In house method GL-TE-64, based on USEPA method 6020 (ICP-MS) GL
Chromium (Cr) mg/kg 0.2 In house method GL-TE-60 & GL-TE-64, based on USEPA method 6010B (ICP-AES) and USEPA method 6020 GL
Copper (Cu) mg/kg 0.2 In house method GL-TE-60 & GL-TE-64, based on USEPA method 6010B (ICP-AES) and USEPA method 6020 GL
mz:::i)zs . Ion(Fe) mglkg 5 In house method GL-TE-60, based on USEPA method 60108 (CP-AES) oL
Lead (Pb) mg/kg 0.2 In house method GL-TE-60 & GL-TE-64, based on USEPA method 6010B (ICP-AES) and USEPA method 6020 GL
Manganese (Mn) mg/kg 1 In house method GL-TE-60, based on USEPA method 6010B (ICP-AES) GL
Mercury (Hg) mg/kg 0.05 In house method GL-TE-64 & GL-TE-66, based on USEPA method 6020 (ICP-MS) GL
o Nickel (Ni) mg/kg 0.2 In house method GL-TE-60 & GL-TE-64, based on USEPA method 6010B (ICP-AES) and USEPA method 6020 GL
-.n""' Silver (Ag) mg/kg 0.2 In house method GL-TE-64, based on USEPA method 6020 (ICP-MS) GL
Vanadium (V) mg/kg 0.1 In house method GL-TE-60 & GL-TE-64, based on USEPA method 6010B (ICP-AES) and USEPA method 6020 GL
Zinc (Zn) mg/kg 0.2 In house method GL-TE-60 & GL-TE-64, based on USEPA method 6010B (ICP-AES) and USEPA method 6020 GL

Polychlorinated Biphenyls (PCBs)

18 PCB congeners : PCB 8, 18, 28, . . X
In house method GL-OR-25, based on Reference Method for the Analysis of Polychlorinated Biphenyls,

44,52, 66, 77, 101, 105, 118, 126, ugkg 2 . . . ] GL
Environmental Protection Series: Report EPS 1/RM/31, March 1997, Environment Canada (GC-MS)

128, 138, 153, 169, 170, 180, 187

Polyaromatic Hydrocarbons (PAHs)

- Acenaphthene Hakg 50 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
- - Acenaphthylene ugkg 50 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
| - Naphthalene Hakg 60 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
- Fluorene ugkg 10 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
Trace Organic - Phenanthrene Hakg 5 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
] Compounds - Anthracene ugkg 5 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
- Fluoranthene Hakg 5 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
- Pyrene ugkg 5 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
-Benzo(a Janthracene Hakg 3 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
- Chrysene ugkg 5 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
’ -Benzo(b fluoranthene Hakg 1 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
A -Benzok Yfluoranthene ugkg 1 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
-Benzo(a )pyrene Hakg 1 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
- Dibenzo(a,h )anthracene ugkg 5 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
- Benzo(ghi )perylene Ha/kg 1 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
- Indeno(1,2,3-cd )pyrene Hg/kg 5 In house method, GL-OR-15, based on USEPA method 610, 1984 (UV-FLUO) GL
Note : 1. Birge-Ekman (0.023m?) grab / Van Veen (0.1m?) grab / Smith-McIntyre (0.1m?) grab is employed to collect sediment samples from the top 10cm of seabed.
2. All parameters are reported on a dry weight basis unless otherwise stated.
3. Determinants are reported on a wet weight basis.
4. Electrochemical poten allfl.Eﬂ“'ls measured ‘on-site’ at 3cm below the surface of freshly collected sediment samples (Reference : Handbook of Techniques for

Aquatic Sediment Sampling. By A. Mudrock & S.D. MacKnight, 1994, CRC Press).

- Digestion procedure for metals and metalloids in sediment follows In house method, WC-ME-2 (3.5 hours digestion in conc. HCl/conc. HNO, ; 3:1 v/v)

. MMT/EPD - Marine Monitoring Team, Waste & Water Science Group, Environmental Protection Department.

. GL - Environmental Chemistry B Section, Environmental Chemistry & Other Scientific Services Group, Government Laboratory.

. Mention of brand names and commercial products does not constitute or imply endorsement or recommendation by the Environmental Protection Department.
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Table 1.4
Location of marine water and sediment monitoring stations

Station cation Depth (m)
Sediment Latitude Longitude approx.
T™2 22°24.744' N 114°13.085' E 4
™3 T3 22°26.857' N 11412181 E 7
T™M4 TS2 22° 25.964' N 114°13.176' E 8
Tolo Harbour and Channel ™S 22°27.426'N 114°13.456' E 4
T™6 TS4 22°26.631' N 114°14.506' E 12
™7 22°26.907' N 114°16.057' E 11
™8 TS5 22°28.392' N 114°18.003' E 22
“TT1 “TS7 22°27.270'N 114 12.717'E 6
SM1 ss1 22°12.738' N 114°13.885' E 14
SM2 ss2 22°13.447'N 114°10.691' E 14
SM3 22°13.527'N 114° 8.980' E 33
SM4 22°12.758' N 114° 8315 E 11
SM5 22°12.141'N 114° 6.728'E 8
SM6 ss3 22°11.500' N 114° 4743 E 14
SM7 SS4 22°13.740'N 114° 4743 E 8
SM9 22°16.420' N 114° 4.024'E 8
Southern Water SM10 22°18.125'N 114° 1.919'E 5
SM11 S5 22°15.443'N 114° 1.078' E 8
SM12 22°12.861' N 114° 0.869' E 7
SM13 SS6 22°12.957'N 113°57.724' E 6
SM17 22° 9211'N 113°57.727'E 12
SM18 22° 9211'N 114° 4.746' E 21
SM19 22° 9211'N 114°13.077'E 24
SM20 22°10.448 N 113°52.932' € 7
*STI *S5S7 22°12.607' N 114° 1.345'E 5
*ST3 S8 22°14.734' N 114° 1.928'E 6
PM1 22°23.242'N 114°17.145' € 6
PM2 22°22.643'N 114°16.687' E 8
PM3 PS3 22°22.156'N 114°16.910' E 13
PM4 22°22.940'N 114°18.819'E 6 .
PM6 22°21.102'N 114°16.213'E 11 }
Port Shelter PM7 PS5 22°20.453' N 114°17.703' E 17 |
PM8 PS6 22°19.168' N 114°18.745' E 20
PM9 22°20.529' N 114°20.196' E 15
PM11 22°19.240'N 114°20.163' E 21
*PT2 22°22.798' N 114°16.540' E 3
*PT3 *PS2 22°22.790' N 114°18.400' E 6
“PT4 PS4 22°21.728' N 114°15.879' E 5
junk Bay M3 52 22°17.490' N 114°15.657' E 10
M4 22°16.873'N 114°15.378' E 16
DM1 DS1 22°29.769' N 114° 0.644' E 2
DM2 22°30.454' N 113°59.549' E 2
Deep Bay DM3 DS2 22° 28.680' N 113°57.551"E 3
DM4 DS3 22°27.335'N 113°55.937' € 4
DM5 DS4 22°25.561' N 113°53.388' E 8
NM1 22°20.877'N 114° 1.286'E 34
NM2 NS2 22°21.130'N 113°58.815'E 11
NM3 NS3 22°21.324'N 113°56.783' E 14
North Western NM5 NS4 22°23.051' N 113°53.972' 20
NM6 NS6 22°19.281'N 113°53.908' E 5
NM8 22°16.695' N 113°51.886' E 8
*NT1 NS5 22°22.475'N 114" 58.353' € 4
MM1 MS1 22°32.984' N 114 14.271' € 6
MM2 Ms2 22°32.626' N 114°16.648' E 1
MM3 Ms3 22°33.714'N 114°18.615' E 16 f
MM4 MS4 22°33.817'N 114°21.483' € 18
MM5 MS5 22°31.233'N 114°23.633' € 20 i
MM6 MS6 22°27.334' N 114°20.997' E 12 ¥ g
Mirs Bay MM7 Ms7 22°31.409' N 114°17.824' € 13 s .|,_.
MM8 Ms8 22°12.021'N 114°19.345' € 31 -
MM13 MS13 22°13.000' N 114° 26.920' E 28 =i
MM14 MS14 22°17.560' N 114° 26.920' E 25 X
MM15 MS15 22°22.120'N 114° 26.920' E 24 ﬁ
MM16 MS16 22° 26.670' N 114° 26.920' E 22 3
MM17 MS17 22°30.192' N 114° 20.960' E 17 %
MM19 22°15.921'N 114°19.411" € 28
WM1 ws2 22°15.044' N 114° 7.363' E 35
wM2 22°17.074' N 114° 5.730'E 13
Western Buffer wM3 ws1 22°19.203' N 114° 5.826' E 20
WM4 22°20.940' N 114 4.256' E 26 :
WT1 22°14.584' N 114 9.588'E 7 -
WT3 22°14.900' N 114° 8.770' E 10
EM1 ES4 22°16.506' N 114°15.335' € 16
EM2 ES1 22°15.732'N 114°15.971' € 21
Eastern Buffer EM3 ES2 22°14.237'N 114°16.144' E 21
*ETI *ES3 22°16.203' N 114°14.624' € 6
*ET2 *ESS 22°17.078 N 114 13.783' € 12
VM1 22°17.280' N 114°13.839'E 38
VM2 22°17.862' N 114°12.619'E 12
Vs3 22°17.631'N 114°12.526' E 8
VM4 22°17.860' N 114° 11.654' E 12 i
VM5 22°17.266' N 114°10.510' E 11 -
VS5 22°17.077'N 114° 10.600' E 8
VM6 22°17.371'N 114 9.665' E 14
VM7 Vs6 22°17.771' N 114° 8.416'E 10
VM8 22°17.564' N 114 7.175'E 1
Victoria Harbour VMI12 Vs9 22°19.757'N 114" 7278 E 14
VM14 VsS10 22°21.935' N 114° 6.527'E 11
VMI5 22°18.579' N 114° 8.539'E 13
WT2 *WS12 22°17.194' N 114°11.304' E 5
T3 *S13 22°17.448 N 114°14.250' E 5
T4 WS14 22°18.734' N 114 12.814' € 6
T8 WSs17 22°21.360' N 114° 6.867' E 5
*VT10 *S19 22°18.590' N 114° 9.430'E 5
T *S20 22°18.981' N 114 11.814' € 6
*VT12 *S21 22°19.429' N 114° 8.587' E 5

Note : 1. All locations are based on WGS84 datum
2. Water quality and sediment monitoring stations in typhoon shelters are marked with an asterisk *
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2 EASTERN WATERS MIRS BAY WCZ PORT SHELTER WCZ
TOLO HARBOUR & CHANNEL WCZ

Chapter 2 — Eastern Waters

Water Quality in 2004

2.1 The eastern waters cover an area of 900 km?2. They include three Water Control Zones
(WCZs) i.e. the Mirs Bay, Port Shelter and Tolo Harbour & Channel WCZs. Mirs Bay isthe
eastern most water of Hong Kong and isunder considerable oceanic influence. While Port Shelter
opens to the southern part of Mirs Bay, Tolo Harbour is connected to northern part through a
narrow channel. Port Shelter, Tolo Harbour and Crooked Harbour in Mirs Bay are gazetted
secondary recreational waters. The general water quality of the eastern watersisgood, supporting
avariety of marinelifeincluding corals. There are three marine parksand 21 fish culture zonesin
the eastern waters (Figure 1.6).

Mirs Bay Water Control Zone

2.2 MirsBay hasgood and stablewater quality, withrhigh
dissolved oxygen (DO), low turbidity, nutrientsand sewage bacteria.
Starling Inlet in the northern part bordering Shenzhen is subject to
localized effects of Sha Tau Kok town and has slightly higher
pollutant levels. In 2004, Mirs Bay hasexperienced an increase of
DO by 16% on average, in particular at the northern stations, e.g.
g E MM1- MM7, alsoat MM 13, MM19 (Table 2.4). The mean annual
ammonianitrogen (NH,-N) concentration in the bay was found to have increased by 57% (similar
to some other waters). However, there was no marked increase in total Kjeldahl nitrogen (TKN)
or total inorganic nitrogen (TIN), and the chlorophyll-a level remained relatively stable indicating
that there was no marked increase in phytoplankton biomassin the'bay.

Port Shelter Water Control Zone

2.3 The water quality in the Port Shelter WCZ is amongst ; v
the best in the territory with high DO, low turbidity, nutrients and =S
E. coli bacteria. In 2004, the mean DO and NH-N levelsin the G
Port Shelter WCZ increased by 10% (0.6 mg/L) and 61% (0.009
mg/L) respectively (Table 2.5). No marked increase in other
nitrogenous compounds or chlorophyll-a, however, was noted.

A ek al rd i i
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Tolo Harbour & Channel Water Control Zone

2.4 In the Tolo Harbour and Channel WCZ, there isagradient of improved water quality
from the inner and more densely populated Harbour Subzone to the outer Channel Subzone. In
2004, DO in the outer Tolo Harbour and Tolo Channel (TM6, TM7 and TM8) showed a 20%
increase from abelow normal level in2003. NH,-N at these stations
increased by 23-53%, similar to other parts of the eastern waters
(Table 2.6). On the other hand, some reduction in NH,-N was
seen in the inner harbour (TM2-TM4), indicating that the general
increase of NH -N (especially in open eastern waters) was probably
not related to land-based pollution. Within the Tolo Harbour and
Channel WCZ, the levels of total phosphorus and chlorophyll-a
remained largely stablein 2004.

Compliance with Water Quality Objectives

25 The Mirs Bay WCZ enjoys an excellent record of compliance with the Water Quality
Objectives (WQOs), and full (100%) compliance with the WQOs was again achieved in 2004
(Figure 2.1). The secondary contact recreation subzones in Crooked Harbour (MM 2), Long
Harbour (MM6) and Double Haven (MM 7) had very low E. coli counts and fully complied with
the WQO for bacteria.

2.6 In 2004, the Port Shelter WCZ fully complied with the WQOs, including that for
E. coli, indicating itssuitability for secondary contact recreation (Figure 2.2). Inthe Tolo Harbour
and Channel WCZ, the compliance of the DO objective increased from 63% in 2003 to 71% in
2004 due to an increase of DO at most stations (Figure 2.3). Asin previous years, the WCZ
achieved a 100% compliance with the E. coli WQO. Being alargely enclosed water body with
weak tidal flushing, Tolo Harbour is susceptible to nutrient enrichment. Inthelast few years, TIN
and unionised anmonia(NH ,-N) have been maintained at low levels (Figure 2.5), and the compliance
with the WQO for chlorophyll-ain 2004 was high at 92% (Figure 2.4).

L ong-term Water Quality Trends

2.4 Mirs Bay has experienced a significant decrease in nutrients (e.g. total phosphorus,
total nitrogen) since the early 90s (Table 2.1). On the other hand, an increase in chlorophyll-a,
indicating enhanced algal productivity, wasfound at many northern stations(MM 1-5, MM7) (Figure
2.6).
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2.8 Thewater quality of Port Shelter showed notabl e improvements since the mid-80s due
to provision of sewage infrastructure and implementation of pollution control measuresin the
catchment. Decreasing trendsin total Kjeldahl nitrogen, total nitrogen and total phosphorus were
noted at most monitoring stations of the bay (Table 2.2 and Figure 2.6).

2.9 Asaresult of theimplementation of the Tolo Harbour A ction Plan, the pollution problems
in Tolo Harbour have been controlled and the water quality showed steady improvementsin the
last two decades. Significant decreasesin BOD_(organic pollutants), E. coli, nitrogen and phosphate
were evident (Table 2.3 and Figure 2.6), while chlorophyll-ain the harbour remained relatively
stable.
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Figure 2.1 Level of compliance with key Water Quality Objectives in the

Mirs Bay WCZ

Dissolved Oxygen (DO) Dissolved Oxygen (DO)
(bottom) (depth-averaged)
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95 96 97 98 99 00 01 02 03 04 95 96 97 98 99 00 01 02 03 04
Year Year
100% e pe—ag=—o=—r0 ——3 p— r——3 wao 100% wQo
MM2 MM2
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95 96 97 98 99 00 01 02 03 04 95 96 97 98 99 00 01 02 03 04
Year Year
100%  |p——g——a—————— ——g—=—===F==F==3 WO 100%
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95 96 97 98 99 00 01 02 03 04
Year Year
100%  pe——ge————————— ——o———F==F==%==3 wao 100%
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95 96 97 98 99 00 01 02 03 04
Year Year
=
-ﬁ.—\...__._':_‘__
= 100% po—mrm—————r——— ——g======F==F==3 woo 100%
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0% 0%
95 96 97 98 99 00 01 02 03 04
Year Year
100% boogo—oeeemesEs=assg==Se==F==3==3 W0 100% wao
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95 96 97 98 99 00 01 02 03 04 95 96 97 98 99 00 01 02 03 04
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100% po—mp—————— __ ——g======F==3==3 woo 100% o wQo
MM7 o MM7 S
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95 96 97 98 99 00 01 02 03 04 95 96 97 98 99 00 01 02 03 04
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Dissolved Oxygen (DO)

1. Bottom

100%
WQO: 90% sample with bottom DO > 2 mg/L

|:| % sample with bottom DO > 2 mg/L 0%

2. Depth-averaged

WQO: 90% sample with depth-averaged 100% - = =~ WQO
_—— DO > 4 mg/L
- % sample with depth-averaged 0%
DO >4 mg/L

® Non-compliance
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Figure 2.1
(continued) Mirs Bay WCZ

MIRS BAY WCZ

Level of compliance with key Water Quality Objectives in the

Dissolved Oxygen (DO)
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®
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Figure 2.1

EASTERN WATERS

(continued) Mirs Bay WCZ

MIRS BAY WCZ

Level of compliance with key Water Quality Objectives in the
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Figure 2.1 Level of compliance with key Water Quality Objectives in the
(continued) Mirs Bay WCZ
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Figure 2.1 Level of compliance with key Water Quality Objectives in the

(continued) Mirs Bay WCZ
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Figure 2.2

Port Shelter WCZ

Dissolved Oxygen (DO)
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Level of compliance with key Water Quality Objectives in the
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Figure 2.2 Level of compliance with key Water Quality Objectives in the

(continued) Port Shelter WCZ
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Figure 2.2
(continued) Port Shelter WCZ

Level of compliance with key Water Quality Objectives in the
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EASTERN WATERS

Figure 2.2

Level of compliance with key Water Quality Objectives in the

(continued) Port Shelter WCZ
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EASTERN WATERS

Figure 2.2
(continued) Port Shelter WCZ

Level of compliance with key Water Quality Objectives in the
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EASTERN WATERS TOLO HARBOUR & CHANNEL WCZ

Level of compliance with key Water Quality Objectives in the
Tolo Harbour and Channel WCZ
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EASTERN WATERS TOLO HARBOUR & CHANNEL WCZ

Figure 2.3 Level of compliance with key Water Quality Objectives in the

(continued) Tolo Harbour and Channel WCZ
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EASTERN WATERS

Figure 2.3
(continued) Tolo Harbour and

TOLO HARBOUR & CHANNEL WCZ

Level of compliance with key Water Quality Objectives in the
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EASTERN WATERS TOLO HARBOUR & CHANNEL WCZ

Figure 2.4 Level of chlorophyll-ain the Tolo Harbour and Channel WCZ
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EASTERN WATERS TOLO HARBOUR & CHANNEL WCZ

Figure 2.5 Levels of total inorganic nitrogen and unionised ammonia in the

Tolo Harbour and Channel WCZ
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MIRS BAY WCZ PORT SHELTER WCZ

EASTERN WATERS TOLO HARBOUR & CHANNEL WCZ

Figure 2.6 Marine water quality trends in the Eastern Waters
(based on the Seasonal Kendall Test significant at p<0.05)

Increasing trend in depth-averaged Chlorophyll-gat MM2, 1991 - 2004
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EASTERN WATERS MIRS BAY WCZ

Table 2.1
Results of the Seasonal Kendall Test for water quality trends in the
Mirs Bay WCZ, 1986 - 2004

Monitoring Station MM1 MM2 MM3 MM4 MM5 MM6 MM7

1991 1991 1991 1991 1991 1991 1991

Monitoring Period | | | | | | |
2004 2004 2004 2004 2004 2004 2004
Parameter Water Dept

Surface o o o = = - -
Temperature (°C) Middle 2 R _
Bottom o o -
Average o o -
Surface - R -
Salinity Middle - - - - R - R
Bottom - - - - - - R
Average - - - - - -
Surface 3 3 N N 3 N 3
[Dissolved Oxygen (mg/L) Middle 5 . = . f 8
Bottom o o o - -
Average o o o - -
Surface - ) N L) L)
|Dissolved Oxygen (%) Middle - - - R R
Bottom - - - - - - -
Average - - - - - - -
Surface o o o = = - -
IpH Middle - - - - - - -
Bottom o o o o - -
Average = = o 5 R

Secchi disc depth (m)
Surface
Turbidity (NTU) Middle
Bottom
Average
Surface
Suspended Solids (mg/L) Middle -
Bottom 2
Average -
Surface 2 o o = - -
Total volatile solids (mg/L) Middle 5
S - T Bottom - - - R R - R
: Average - - - N . R _
Surface - - - - - - R
5-day Biochemical Oxygen Demand (mg/L) Middle - - - - R - R
Bottom - - - - - - -
Average - - - - -
Surface o K] N - ) N )
Ammonia nitrogen (mg/L) Middle o o 8 a N
Bottom o o o - -
Average o o o - 3 8 -
Surface - - - R R -
INitrite nitrogen (mg/L) Middle - - - - - R .
Bottom - - - - - - R
- Average - - - - - - -
Surface o o o - - - R
INitrate nitrogen (mg/L) Middle - - - R R - R
Bottom o R
Average o o
Surface - 8
Total inorganic nitrogen (mg/L) Middle - -
Bottom -
Average -
Surface o
Total Kjeldahl nitrogen (mg/L) Middle 5
Bottom o
Average o
Surface -
Total nitrogen (mg/L) Middle -
Bottom
Average
Surface
Orthophosphate phosphorus (mg/L) Middle
Bottom
Average
Surface
Total phosphorus (mg/L) Middle
Bottom
Average
Surface
Silica (mg/L) Middle
Bottom
Average
e Surface
Chlorophyll-a (ug/L) Middle
Bottom
Average
Surface
E. coli (cfu/100mL) Middle 5 5 5 5
Bottom o o o o - -
Average o o o o o - -
Surface - - - R R - R
Faecal coliforms (cfu/100mL) Middle - - - R R - -
Bottom - - - - - - -
Average - 2 - - - - -
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NN

e
¢

¢

¢

KKK LLLLKE
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KKK

gk
g
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K Keee:
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KLreeweee .
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Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 4. 7 represents a significant increase over time
2. - indicates no significant trend is detected 5. N represents a significant decrease over time
3. Test applied to past 19 years’ data from each monitoring station unless stated otherwise
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EASTERN WATERS MIRS BAY WCZ

Table 2.1 (continued)
Results of the Seasonal Kendall Test for water quality trends in the

1991 1991 1994 1994 1994 1986
| | | | | |
2004 2004 2004 2004 2004 2004

Parameter Water Dept
Surface
Temperature (°C) Middle
Bottom
Average
Surface
Salinity Middle
Bottom
Average
Surface
IDissolved Oxygen (mg/L) Middle
Bottom
Average
Surface
IDissolved Oxygen (%) Middle
Bottom - - - - - 2
Average - - - - - -
Surface o o o = - -
IpH Middle - - - - - _
Bottom o o o o - -
Average o o o o - -

"N NNNNYN

KKK

Secchi disc depth (m)
Surface
Turbidity (NTU) Middle
Bottom
Average
Surface
Suspended Solids (mg/L) Middle - R - R -
Bottom R - - - -
Average - - - - -
Surface o o 5 R -
Total volatile solids (mg/L) Middle - - - - R
Bottom = o o - -
Average o o o - -
Surface - - - R -
5-day Biochemical Oxygen Demand (mg/L) Middle - - - - - R
Bottom - - - - - - #
Average - i
Surface 3 o o = - -
Ammonia nitrogen (mg/L) Middle N
Bottom o
Average ] o o o - -
Surface -
INitrite nitrogen (mg/L) Middle - - - - - -
Bottom - - - - - -
Average B B - - - R
Surface o o o = - -
INitrate nitrogen (mg/L) Middle - - - R - R
Bottom = o o o - R
Average o
Surface N
Total inorganic nitrogen (mg/L) Middle -
Bottom -
Average
Surface
Total Kjeldahl nitrogen (mg/L) Middle
Bottom
Average
Surface
Total nitrogen (mg/L) Middle
Bottom
Average
Surface
Orthophosphate phosphorus (mg/L) Middle
Bottom
Average
Surface
Total phosphorus (mg/L) Middle
Bottom
Average
Surface
Silica (mg/L) Middle R R
Bottom
Average
Surface
Chlorophyll-a (ug/L) Middle
Bottom
Average
Surface
E. coli (cfu/100mL) Middle
Bottom = o o o - R
Average o o o o - -
Surface - - - - - R
Faecal coliforms (cfu/100mL) Middle - - - - R .
Bottom R - - - - R
Average B B - - - R
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KeKeeee
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I
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Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 4. MM19 has four years’ data only, which is insufficient to perform
2. - indicates no significant trend is detected Seasonal Kendall Test
3. Test applied to past 19 years’ data from each monitoring station unless stated otherwise 5. 7 represents a significant increase over time
6. N represents a significant decrease over time
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EASTERN WATERS PORT SHELTER WCZ

S ————.

Table 2.2
Results of the Seasonal Kendall Test for water quality trends in the
Port Shelter WCZ, 1986 - 2004

Monitoring Station PM1 PM2 PM3 PM4 PM6 PM7 PM8 PM9 PMI1
1986 1986 1986 1986 1986 1988 1986 1986 1986

Monitoring Period | | | | | | | | |
2004 2004 2004 2004 2004 2004 2004 2004 2004

Parameter Water Dept
Surface 2 2 2 2 2 2 2 2
Temperature (°C) Middle 2 2 2 2 2 2 2 2
Bottom 2 2 2 2 2 2 2 2 -
Average 2 2 2 2 2 2 2 2
Surface - - - - R - R -
Salinity Middle - - - - - - R - R
Bottom - - - - - - - - R
Average - - - - - -
Surface 3 3 A 3 3 A 3 p ] p ]
IDissolved Oxygen (mg/L) Middle - - R
Bottom = = FJ o o o - -
Average
Surface
|Dissolved Oxygen (%) Middle
Bottom
Average
Surface
IpH Middle
Bottom o o o o
Average o o - -

N g
PN K
N K
PN K
-
LN K
-
PN K
"4

7
o
"A"

Secchi disc depth (m)
Surface
Turbidity (NTU) Middle
Bottom
Average
Surface
Suspended Solids (mg/L) Middle
Bottom - R
Average -
Surface 3 3
Total volatile solids (mg/L) Middle - N
Bottom o ]
3
3

o NNNN
o NNNN
‘KK KKENNNN
KKK KKLNNNNNK:
N £NNNN
' N

¢

Average ]
Surface -
5-day Biochemical Oxygen Demand (mg/L) Middle -
Bottom - - - - - - - - -
Average - - - -
Surface o o o o = 5 - - -
Ammonia nitrogen (mg/L) Middle o o o - - - - R _
Bottom o o o o o - - - N
Average o o o o o o - - -
Surface - - - - - - - - R
INitrite nitrogen (mg/L) Middle - - - R R - R - -
Bottom - - - - - - - - -
Average - - - - - - - - R
Surface o o o o = 5 - - -
INitrate nitrogen (mg/L) Middle - - - R R - R - R
Bottom = = o o o o 5 - R
Average = = o = o o 5 5 R
Surface - - - - 8 - R - R
Total inorganic nitrogen (mg/L) Middle - - R .
Bottom - - - -
Average
Surface
Total Kjeldahl nitrogen (mg/L) Middle
Bottom
Average
Surface
Total nitrogen (mg/L) Middle
Bottom
Average
Surface
Orthophosphate phosphorus (mg/L) Middle
Bottom
Average
Surface
Total phosphorus (mg/L) Middle
Bottom
Average
Surface
Silica (mg/L) Middle
Bottom
Average
Surface
Chlorophyll-a (ug/L) Middle .
Bottom - 2
Average -
Surface o
E. coli (cfu/100mL) Middle R
Bottom =
Average ]
Surface -
Faecal coliforms (cfu/100mL) Middle - - R .
Bottom - - - - R
Average - - - - K] - - - -
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Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 4. 7 represents a significant increase over time
2. - indicates no significant trend is detected 5. N represents a significant decrease over time
3. Test applied to past 19 years’ data from each monitoring station unless stated otherwise
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EASTERN WATERS TOLO HARBOUR & CHANNEL WCZ

Table 2.3
Results of the Seasonal Kendall Test for water quality trends in the
Tolo Harbour & Channel WCZ, 1986 - 2004

TM2 TM3 TM4 TMS TM6 TM7 TM8
1986 1986 1986 1986 1986 1986 1986

| | | | | | |
2004 2004 2004 2004 2004 2004 2004

Parameter Water Dept
Surface 2
Temperature (°C) Middle NA
Bottom 2
Average ]
Surface -
Salinity Middle NA
Bottom R
Average -
Surface N
IDissolved Oxygen (mg/L) Middle NA
2
NA
2
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N
NN
NN
T NNNN
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>

A
E
.)Z>¢

NN
E
g

Bottom
Average
Surface
[Dissolved Oxygen (%) Middle
Bottom
Average
Surface o
IpH Middle NA
Bottom o
Average o
Secchi disc depth (m) -
Surface 2
Turbidity (NTU) Middle NA
Bottom =
Average 2
Surface -
Suspended Solids (mg/L) Middle NA
Bottom
Average
Surface
Total volatile solids (mg/L) Middle
Bottom
Average
Surface
5-day Biochemical Oxygen Demand (mg/L) Middle
Bottom
Average
Surface
Ammonia nitrogen (mg/L) Middle
Bottom
Average
Surface
INitrite nitrogen (mg/L) Middle
Bottom
Average
Surface
INitrate nitrogen (mg/L) Middle
Bottom
Average
Surface
Total inorganic nitrogen (mg/L) Middle
Bottom
Average
Surface
Total Kjeldahl nitrogen (mg/L) Middle
Bottom
Average
Surface
Total nitrogen (mg/L) Middle
Bottom
Average
Surface
Orthophosphate phosphorus (mg/L) Middle
Bottom
Average
Surface
Total phosphorus (mg/L) Middle
Bottom
Average
Surface
Silica (mg/L) Middle
Bottom
Average
Surface
Chlorophyll-a (ug/L) Middle
Bottom
Average
Surface
E. coli(cfu/100mL) Middle
Bottom
Average
Surface
Faecal coliforms (cfu/100mL) Middle
Bottom
Average

P NNNEK
K NNK
PR
K NNK
KK N ¢
K NNK

CANNNNC
CANNNNN
sz
CANNNNN
CNNNNNE

g
eeee: o
S TS
kKK
KKK  LENNNN

K
©
¢
¢

teveeee
727
)Z)
o
7

¢
¢

KLeeeee .
KKK LLLLLLLL
K Kee .

KKK LLLLLLLLLLLLLL
KKLKLKLLLLLLL L
KKK

KKK LLLLL L

KKK
KKK

NA N - -

P z P P P4 4 P4 z z z P4 z P4 z
o ZeeZe E.  Z eeZeweviveeZveeveiveeveiveefeveeiee e Ee  Z.

Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 5. SM20 has six years’ data only, which is insufficient to perform
2. - indicates no significant trend is detected Seasonal Kendall Test
3. NA (Not Applicable) indicates the measurement was not made due to shallow water 6. A represents a significant increase over time
4. Test applied to past 19 years’ data from each monitoring station unless stated otherwise 7. N represents a significant decrease over time
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EASTERN WATERS

MIRS BAY WCZ

Table 2.4
Summary water quality statistics of the Mirs Bay WCZ in 2004
Starling Inlet Crooked Island Port Island Mirs Bay North
Parameter MM1 MM2 MM7 MM17 MM4
Number of samples 12 12 12 12 12 12 12
Temperatire (°C 240 37 236 29 232 230 229
AR {7 (15.7 - 30.6) (15.8-29.4) (15.5-29.9) (155-28.2) (15.9-28.3) (16.0-28.2) (15.4-27.6)
Salini 23 27 329 33 332 334 334
inity (28.6-33.9) (29.7-34.1) (30.1-33.9) (31.2-34.4) (315-34.2) (3L.7-35.3) (31.6-35.1)
) 8.0 7.0 66 6.5 73 6.9 6.9
D) e i) (5.3-10.6) (5.7-89) (55-8.2) (5.3-8.1) (6.0-10.3) (6.8-8.1) (55-8.3)
Botom 8.2 7.0 6.6 6.1 72 6.9 6.5
(5.7-10.8) (5.7-84) (4.8-8.3) 4.4-82) (5.8-9.8) (6.7-8.0) (54-7.9)
) ) 17 99 9% 91 102 97 96
0,
Diesiys) OieEn b SAUEE) (77-158) (82-136) (79-126) (82 -106) (88-153) (89-111) (83-109)
Botom 117 a7 91 84 100 9% 90
(83-160) (84-126) (68-125) (62-104) (84-140) (86-111) (78-102)
" 8.3 8.2 8.2 8.1 8.2 8.2 8.2
p (8.1-85) (8.0-8.4) (8.0-83) (8.0-8.3) (8.1-83) (8.1-83) (8.0-83)
o 17 28 32 46 39 41 48
Secchi Disc Depth (m) 1.0-2.7) (1.8-49) 1.9-4.7) @2.1-73 (1.3-55) (@5-7.5) (2.4-95)
o 100 81 76 74 8.0 7.2 8.2
S (G (7.7-13.1) (65-9.8) (49-103) 4.6-9.7) 48-11.2) 43-82) (6.0-11.9)
i 6.0 29 36 20 45 21 49
Suspended Solids (mg/L) 24-83) (15-51) (1.2-135) 0.7-49) (1.2-22.0) 06-4.1) (1.2-23.0)
: : 22 11 10 08 13 08 08
sk HeEiee) CoeED REnee (e 08-43) 04-26) 04-17) 02-16) 03-3.0) 03-17) (03-15)
A i Nib " 0.08 0.04 0.03 0.03 003 0.02 0.02
mmonia Nitogen (mg/L) (0.02-0.27) (0.02-0.08) (0.02-0.08) (0.01-0.06) (0.01-0.09) (0.01-0.05) (0.01-0.06)
Unionised A ; " 0.006 0.003 0.002 0.002 0.002 0.001 0.002
AOISE AER (L (0.003-0.020) (0.001 - 0.007) (0.001-0.004)  (<0.001-0.003)  (<0.001-0.008)  (<0.001-0.003)  (<0.001-0.005)
Nitite Nt I <0.01 001 <0.01 0.01 001 <001 0.01
ivite Nitrogen (mg/L) (<0.01-0.02) (<0.01-004) (<0.01-0.02) (<0.01-0.02) (<0.01-0.05) (<0.01-0.02) (<0.01-0.02)
Nitate Nir " 001 0.0L 001 0.01 001 0.01 001
irate Nitrogen (mg/L) (<0.01-0.02) (<0.01-002) (<0.01-0.02) (<0.01-0.06) (<0.01-0.05) (<0.01-007) (<0.01-0.06)
o 0.10 0.05 0.04 0.04 005 0.04 0.04
Total Inorganic. Nitrogen (mg/L) (0.03-0.28) (0.02-0.09) (0.02-0.08) (0.01-0.10) (0.02-0.12) (0.02-0.11) (0.02-0.10)
: : 030 015 015 011 014 041 0.10
Vi (el imgen (o) (0.12-053) (0.11-0.20) (0.11-0.20) (0.07-0.14) (0.08-0.37) (0.07-0.15) (0.07-0.13)
Total Nt L 031 0.16 0.16 0.3 0.16 013 012
0 irogen (mg/L) (0.13-054) (0.12-0.23) (0.11-0.21) (0.08-0.22) (0.09-0.38) (0.08-0.20) (0.08-0.20)
001 0.01 001 0.01 001 0.01 0.01
Orthophosphate Phosphorus (mg/L) (<0.01-0.05) (<0.01-001) (<0.01-0.02) (0.01-0.02) (<0.01-0.02) (<0.01-001) (<0.01-0.0)
0.03 0.02 0.02 0.02 003 0.02 0.02
Total Phosphorus (mg/L) (0.02-0.07) (0.02-0.03) (0.02-0.06) (0.02-0.03) (0.02 -0.05) (0.02-0.03) (0.02-0.03)
” : 06 05 05 0.6 06 06 06
il ek <l i 01-19) 01-18) 01-19 01-19) 01-20) 01-17) 01-15)
107 36 32 20 35 20 20
Chlorophyll-a. (g/L) (1.8-20.7) (1.8-6.7) (1.3-5.7) (0.9-45) 17-11.3) (0.8-4.6) (1.0-5.0)
: 44 2 1 1 2 1 1
= 6 (et 2-360) @-11) 1-2) @-1) (L-40) @-1) @-1)
. 79 3 1 1 3 1 1
Faecal Coliforms (cfu/100mL) 3-510) (1-130) 11 1-3) 1-82) 1-2) 1-1)
Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three
depths: Surface (S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli and faecal coliforms
which are annual geometric means.
3. Data in brackets indicate the ranges.
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2 EASTERN WATERS MIRS BAY WCZ

Table 2.4 (continued)
Summary water quality statistics of the Mirs Bay WCZ in 2004

Ninepin Waglan Mirs Bay Mirs Bay (Central) Long Harbour
Group Isalnd (South)
Parameter MM19 MM8 MM13 MM15 MM6
Number of samples 12 12 12 12 12 12 12
. re (G 28 230 21 230 230 27 231
BT () (15.7-276) (15.6-27.6) (152-275) (152-275) (156-275) (157-276) (15.4-295)
Salin 86 36 87 37 336 336 331
alinity (32.9-343) (33.0-34.4) (33.0-34.4) (32.9-343) (32.9-345) (32.6-35.6) (306-34.0)
. 68 66 67 68 65 66 65
DEsnes) O et) (5.6-856) 6.4-75) (5:8-7.6) (65-8.) (656-7.3) 65-7.7) 62-77)
Botlo 6.4 6.1 63 63 63 64 65
otom 62-77) (44-73) (62-7.4) (6.0-75) (62-75) 63-75) (6.1-80)
9% o % 9% ) 93 o1
. . .
Diseiey Qe (U SEEL e 84-124) (81~ 101) (8- 114) (83-120) 84-105) (82-114) (71-113)
Bot 89 8 87 87 88 83 90
otom (78-102) (62-9) (73-95) (73-105) (78 - 106) (79-102) (69-116)
" 81 81 81 82 81 81 81
P ©0-83) 80-82) ©0-83) (80-83) 7.9-83) 7.9-82) (80-83)
o 37 38 48 44 49 56 40
Secchi Disc Depth (m) (L8-85) (2.1-100) 2.0-856) (23-75) @2-110) 2.9-10.) L8-58)
» 85 83 83 87 83 79 71
TRty L) 47-120) (4.4-108) (40-113) (48-128) G1-11) 4.9-956) (48-82)
. 31 29 86 30 30 22 18
Suspended  Solids (mg/L) (L1-64) L0-4.7) L0-7L3) L1-62) 08-58) L1-35) (06-35)
. . 08 06 05 07 06 07 10
Gty st Qg bl (e ©5-17) (03-14) 02-14) (03-14) ©3-1.1) 05-14) (01-31)
Ammonia. Nit L 002 002 002 002 002 0.03 003
mmonia. Nitogen (mg/L) 0.02-0.04) (0.01-0.03) (0.01-003) 0.01-0.04) (0.01-005) 0.01-0.07) (0.01-005)
R 0001 0001 0001 0.001 0001 0.001 0002
Sl il (L (<0.001-0003)  (<0.001-0.003)  (<0.001-0.002)  (<0.001-0.003)  (<0.001-0004)  (<0.001-0004)  (<0.001-0.004)
Nitite. Nitogen (mall 001 001 001 001 001 001 <001
iriteNirogen (mg/L) (<0.01-0.02) (<0.01-0.3) (0.01-0.02) (<0.01-0.02) (0.01-0.02) (<0.01-0.02) (<0.01-0.02)
A ——— 002 002 002 002 002 001 0.01
d ogen (mg/L) (<0.01-0.05) (<0.01-0.05) (<0.01-0.05) (<0.01-0.05) (<0.01-0.05) (<001-006)  (<0.01-0.02)
o 005 005 004 005 005 005 003
Total Inorganic Nitrogen (mg/L) (0.03-0.10) (0.02-0.08) (0.02-0.09) (0.02-0.09) (0.02-0.09) (0.02-0.08) (0.02-0.06)
. . 009 009 009 009 009 0.09 013
Tl [l iz i) 0.06-0.12) (0.05-0.14) (0.06-0.17) (0.06-0.14) (0.05-0.12) (0,05 -0.14) (0.08-0.22)
Total Nitogen (malL 012 011 041 011 011 0.12 014
iwogen (mg/L) 0.07-0.17) (0.06-0.19) (0.07-0.18) (0.06-0.15) (0.07-0.16) 0.07-0.17) (0.09-0.23)
001 001 001 001 001 001 0.01
UHEEREEPIEE Fespes (sl (0.01-0.01) (0.01-0.01) (0.01-001) 0.01-0.01) (0.01-0.02) (0.01-0.01) (<0.01-0.02)
002 002 002 002 002 0.02 002
Total Phosphorus (mg/L) 0.02-0.02) 0.02-0.02) (0.02-006) 0.02-0.02) (0.02-002) (0.02-0.03) (0.02-0.05)
" . 05 04 04 04 04 05 05
Sl s 210l 02-08) 01-07) 0.1-08) 02-0.7) 02-08) 02-09) 01-16)
18 19 16 16 12 15 29
Chiorophyll-a. (g/L) (06-43) 05-69) 06-5.0) (05-36) ©5-19) 06-37) L1-90)
. 1 1 1 1 1 1 1
E. coli (cfu/100m) - -9 -y - -y - -2
. 1 1 1 1 1 1 1
Faecal Coliforms (cfu/100mL) 1-2) 1-5 -1 1-2) -1 1-1) 1-3)

Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three
depths: Surface (S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli and faecal coliforms
which are annual geometric means.
3. Data in brackets indicate the ranges.
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Table 2.5
Summary water quality statistics of the Port Shelter WCZ in 2004
Inner Port Shelter Hebe Haven
Parameter PM1 PM2 PM3 PM4 PM6
Number of samples 12 12 12 12 12
T e (°C 247 249 24.2 247 24.2
AR {7 (152-30.7) (15.2-30.6) (152-29.4) (15.3-310) (15.4-29.0)
Salini 29 328 332 29 330
alinity (29.6-34.3) (29.6-34.1) (30.7-35.8) (29.1-34.8) (30.3-34.6)
. 6.3 63 65 6.2 6.2
BEatEl e (el (5:6-80) (61-75) 67-82) (56-76) (61-7.9)
Bot 6.5 6.4 6.6 6.4 6.3
otiom (55-82) (5.2-7.8) (55-8.7) (6.0-8.0) 4.9-85)
) ) 92 91 94 90 89
Dissolved Oxygen (% Saturation) (@0- 108 (@0-109) (@0-107) (75-%9) 71-109
Bot 93 93 94 92 89
otiom (80-110) (81-112) (82-114) (77-105) (68-110)
H 8.2 82 8.2 8.2 81
p 8.1-83) (8.0-85) 8.1-83) (8.0-84) 8.0-83)
- 31 29 35 31 37
Secchi Disc Depth (m) (L7-42) (18-39) 22-51) (18-43) 2.3-5.0)
- 7.6 74 75 75 72
i 7 () (55-9.9) (5.8-8.1) (6.3-9.9) 4.9-89) 4.9-9.2)
. 21 24 20 22 19
Suspended Solids (mg/L) (L2-34) (L1-7.2) (0.7-55) (L6-32) 0.9-3.6)
. . 10 10 09 0.9 09
5-day Biochemical Oxygen Demand (mg/L) 05-29 04-29) 05-22) 05-18 03-17)
. 0.02 0.03 0.03 0.02 0.03
Ammonia. Nitogen (mg/L) (0.01-0.04) (0.02-0.06) (0.02-0.07) (0.01-0.04) (0.01-0.06)
_ ) 0.002 0.002 0.002 0.002 0.002
Ustariss) Ao ) (0.001 - 0.004) (0.001 -0.009) (0.001 - 0.008) (0.001 - 0.004) (0.001 -0.005)
Nitrite Nitr L <0.01 <0.01 <0.01 <0.01 <0.01
irite Nitrogen (mg/L) (<0.01 -<0.01) (<0.01 -<0.01) (<0.01 - <0.01) (<0.01 -<0.01) (<0.01-0.01)
Nitae Nin " <0.01 <0.01 <0.01 <0.01 <0.01
ity iz (el (<0.01 - <0.01) (<0.01-0.02) (<0.01-0.02) (<0.01-0.01) (<0.01-0.02)
o 0.03 0.04 0.04 0.03 0.04
Total Inorganic Nitrogen (mg/L) (0.02-0.04) (0.02-0.06) (0.02-0.08) (0.01-0.04) (0.02-0.08)
) . 011 0.12 012 011 0.12
Tzl RS i En (L) (0.08-0.18) (0.07-0.20) (0.07-0.21) (0.07-0.17) (0.07-0.18)
. 012 0.12 012 012 013
Total Nitrogen (mg/L) (0.08-0.18) (0.08-0.20) (0.07-0.22) (0.08-0.18) (0.08-0.20)
001 0.01 0.01 0.01 0.01
Orthophosphate: Phospharus (mg/L) (<0.01-0.01) (<0.01-0.02) (0.01-0.01) (<0.01-0.02) (0.01-0.01)
0.02 0.02 0.02 0.02 0.02
Total Phosphorus (mg/L) (0.02-0.03) (0.02-0.04) (0.02-0.04) (0.02-0.02) (0.02-0.03)
. . 0.4 04 05 0.4 04
Sl 8 SE) (el 01-08) (01-08) 02-08) 0.1-09) 01-07)
19 24 24 20 30
Chiorophyll-a. (g/L) (L0-35) (0.7-5.3) (0.6-6.0) 0.8-28) (1L1-6.4)
: 2 8 2 1 2
= 6 (et 1-10) (L-1000) 1-13 1-2) L-20)
. 3 30 3 2 3
Faecal Coliforms (cfu/100mL) 1-15) (1-3600) (1-20 (1-6) 1-25)

Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three
depths: Surface (S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli and faecal coliforms
which are annual geometric means.
3. Data in brackets indicate the ranges.
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EASTERN WATERS

Table 2.5 (continued)

Summary water quality statistics of the Port Shelter WCZ in 2004

Parameter
Number of samples

Temperature (°C)
Salinity
Dissolved Oxygen (mg/L)
Bottom
Dissolved Oxygen (% Saturation)
Bottom
pH
Secchi Disc Depth (m)
Turbidity (NTU)
Suspended Solids (mg/L)
5-day Biochemical Oxygen Demand (mg/L)
Ammonia Nitrogen (mg/L)
Unionised Ammonia (mg/L)
Nitrite Nitrogen (mg/L)
Nitrate Nitrogen (mg/L)
Total Inorganic Nitrogen (mg/L)
Total Kjeldahl Nitrogen (mg/L)
Total Nitrogen (mg/L)
Orthophosphate Phosphorus (mg/L)
Total Phosphorus (mg/L)
Silica (as SiO,) (mg/L)
Chlorophyll-a (pg/L)
E. coli (cfu/200mL)

Faecal Coliforms (cfu/100mL)

Quter Port Shelter

PM7

12
238
(15.3-28.9)
335
(32.3-345)
6.7
(5.6-8.4)
6.8
(5.6-8.6)
9
(84-117)
95
(84-115)
81
(8.1-8.3)
49
(25-8.7)
79
(4.7-14.0)
17
(0.6-5.5)
0.8
(0.1-19
0.02
(0.01-0.04)
0.001
(<0.001 - 0.004)
<0.01
(<0.01-0.01)
0.01
(<0.01 - 0.06)
0.03
(0.02-0.10)
0.10
(0.05 - 0.15)
011
(0.06 - 0.19)
0.01
(0.01-0.01)
0.02
(0.02-0.03)
0.5
(02-11)
19
(0.8-37)
1
t-2
1
t-2)

PM8

12
234
(15.6 - 27.5)
336
(32.7-35.1)
6.7
(5.6-8.1)
6.8
(5.2-8.6)
94
(85-107)
94
(77-115)
8.1
(81-82)
5.6
(25-11.0)
7.6
(5.0-10.9)
19
(09-56)
0.7
(0.1-16)
0.02
(0.01-0.04)
0.001
(0.001 - 0.003)
<0.01
(<0.01-0.01)
0.01
(<0.01 - 0.06)
0.04
(0.02-0.10)
0.09
(0.06 -0.13)
0.11
(0.07-0.19)
0.01
(0.01-0.01)
0.02
(0.02-0.02)
0.5
01-12)
1.6
(06-31)
1
¢-9
1
(-1

Rocky Harbour

PM9

12
236
(15.4-28.4)
335
(31.7-347)
65
(57-82)
6.7
(56-88)
92
(85-106)
9
(85-114)
8.2
(81-83)
44
(16-89)
75
(52-109)
19
09-42)
07
02-14)
0.02
(0.01-0.04)
0.001

(<0.001 -0.004)

<0.01
(<0.01-0.02)
0.01
(<0.01-0.05)
0.04
(0.02-0.09)
0.10
(0.06 - 0.14)
0.11
(0.07-0.19)
0.01
(0.01-0.01)
0.02
(0.02-0.02)
0.5
(02-12)
16
(05-25)
1
(t-9
1
(t-2)

Bluff Island
PM11

12
23
(15.6-275)
336
(32.7-345)
66
(58-78)
6.7
(5.4-82)
94
(87-105)
93
(80-107)
8.1
(8.1-83)
52
22-11.0)
78
(59-11.4)
22
1.1-50)
09
(0.1-4.0)
002
(0.01-0.04)
0.001
(<0.001 - 0,003)
001
(<0.01-0.02)
0,02
(<0.01 - 0.06)
0.04
(0.02-0.10)
0,09
(0.06-0.13)
011
(0.06-0.17)
001
(0.01-0.01)
002
(0.02-0.02)
06
02-1.1)
17
(05-3.0)
1
-1
1
-1

Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three
depths: Surface (S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli and faecal coliforms

which are annual geometric means.
3. Data in brackets indicate the ranges.
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EASTERN WATERS TOLO HARBOUR & CHANNEL WCZ

Table 2.6
Summary water quality statistics of the Tolo Harbour & Channel WCZ in 2004
Harbour Subzone Buffer Subzone Channel Subzone
Parameter ™3 TM5 T™M6 ™7 T™8
Number of samples 12 12 12 12 12 12 12
E——— 238 239 236 22 233 233 230
AR {7 (135-29.1) (14.3-29.0) (13.9-288) (14.2-29.1) (14.1-28.1) (14.2-289) (14.1-276)
Saliri 315 321 321 321 326 328 332
inity (285-338) (29.0-33.7) (29.6-34.) (29.7-336) (29.1-347) (309-35.2) (32.1-35.4)
. 6.1 6.8 6.6 65 6.8 69 6.5
Dl O ) (36-79) (53-78) 49-78) @7-84) (55-85) (55-10.4) (55-78)
Boto 59 6.9 6.7 6.7 6.6 6.9 6.0
otiom (38-78) 43-88) (45-85) (5.0-838) 48-94) (56-11.0) (36-78)
: : 84 9% % 92 % 9% 90
LERE R e ) sal gl (55-107) 61-112) (76-109) (73-129) (84-115) (84 -159) 84-99)
Boto 82 9% % 9 91 95 82
otiom (59 - 105) (66-123) (69-117) (79-136) (73-126) (83-167) (51-95)
7 8.1 8.2 82 82 8.1 82 8.1
p (76-84) (80-8.4) (80-85) (7.9-85) 79-83) 7.9-83) (79-83)
. 21 24 25 26 30 33 42
Secchi Disc Depth (m) 13-31) (14-30) (15-35) (15-35) @2-39) 1.7-50) (28-6.0)
. 71 71 6.9 74 6.9 6.7 6.8
sy (GO @7-91) (22-92) (22-92) (19-114) (25-88) @7-87) (19-83)
' 31 24 22 33 18 19 19
Suspended Solids (mg/L) (14-61) 0.8-4.1) (12-46) (13-8.0) 09-26) 0.7-43) 07-386)
: : 24 21 19 18 14 14 11
Sk TR e Dannent (/L) (L5-39) 13-3) (13-28) (L1-24) 09-2.0) 09-29) (05-25)
. 0.05 0.04 0.04 0.04 0.04 0.03 0.04
Ammonia Nitrogen (mg/L) (0.01-0.09) (0.01-0.07) (0.01-0.07) (0.01-0.09) (0.01-0.07) (0.01-0.06) (001-0.14)
—— ) " 0,003 0.003 0,003 0.003 0.002 0.002 0.003
T B AT (T (<0.001-0.009)  (<0.001-0.008)  (<0.001-0.006)  (<0.001-0.010)  (<0.001-0007)  (<0.001-0.007)  (<0.001-0.019)
Nitrite it I <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
irite Nivogen (mg/L) (<0.01-0.03) (<0.01-0.02) (<0.01-0.03) (<0.01-<0.01) (<0.01-0.02) (<0.01-0.03) (<0.01-0.02)
- " 0.04 <0.01 001 <0.01 <0.01 <001 0.01
1723 iy (el (<0.01-0.22) (<0.01-0.01) (<0.01-0.03) (<0.01-0.02) (<0.01-0.01) (<0.01-0.01) (<0.01-0.02)
. 0.09 0.05 0.05 0.05 0.05 0.04 0.05
Total Inorganic Nitogen (mg/L) (0.04-0.24) (0.02-0.08) (0.02-0.07) (0.01-0.10) (0.02-0.08) (0.01-007) (002-0.15)
: : 028 023 021 021 017 017 014
I gs e Ny ek (0.23-0.35) (0.16-0.29) (017-0.26) (0.19-0.24) (0.14-0.21) (0.12-0.27) (0.09-0.26)
Total it " 033 0.23 023 0.22 018 017 0.15
otal Nirogen (mg/L) (0.23-052) (0.16-0.29) (0.18-0.29) (019-0.25) (015-0.21) (0.14-027) (0.10-0.26)
001 0.01 001 001 001 0.01 0.01
e esiEie Pesgams () (<0.01-0.01) (<0.01-0.01) (<0.01-0.01) (<0.01-0.02) (0.01-0.01) (0.01-0.02) (0.01-0.02)
003 0.03 0,02 0.03 0.02 0.02 0.02
Total Phosphorus (mg/L) (0.02-0.04) (0.02-0.11) (0.02-0.03) (0.02-0.03) (0.02-0.03) (0.02-0.05) (0.02-0.05)
» : 09 07 08 07 08 08 07
Slieafas €0 el 01-17) 0.1-15) 02-14) 0.1-16) (05-17) 02-17) (02-20)
125 85 7.3 5.6 4.6 41 25
Chiorophy i (ug/L) (43-43.0) (42-169) (34-187) (24-13.0) 22-109) 14-78) (11-59)
. 2 5 3 3 2 1 1
= Gel (ALl (3-120) (1-59) (1-16) 1-12) 1-3) -1 -1
' 180 28 14 9 4 2 1
Faecal Coliforms (cfu/100mL) (30 - 2500) (3-540) (3-96) (-51) (1-40) (1-24) -2

Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three
depths: Surface (S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli and faecal coliforms
which are annual geometric means.
3. Data in brackets indicate the ranges.
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CHAPTER 3

DANGAN  SHUDAO

| SOUTHERN WCZ |




3.1 The southern waters of Hong Kong include one Water Control Zone - the Southern
Water Control Zone (WCZ). They cover an area of 400 km? |ocated in south of Hong Kong
Island and east of Lantau Island. The southern waters are affected by the Pearl River flow, coastal
sewage discharges and marineworks. Theriverineinfluenceisgenerally stronger in the western
and northern parts of the southern waters and decreases towards the east end.

3.2 A summary of the 2004 water quality datafrom the 15
monitoring stationsin the Southern WCZ isshownin Table 3.2. In
2003, the levels of inorganic nitrogen in the southern waters were
below normal; whereas in 2004, a general rise was detected. The
mean ammonianitrogen and total inorganic nitrogen (TIN) increased
from 0.040 to 0.062 mg/L and from 0.140 to 0.172 mg/L
respectively. Highest increases (by 0.05 - 0.06mg/L) were noted
at two stations (SM7, SM9)directly impacted by discharges from the Stonecutters I sland Sewage
Treatment Works. The mean annual orthophosphate phosphorus al so increased by 15% (0.011 to
0.013mg/L). Despitetheincreasesin nitrogen and phosphorus, the level of chlorophyll-a (indicates
algal biomass) in the southern waters remained largely stable in 2004.

3.3 The mean dissolved oxygen (DO) level in the southern waters in 2004 increased by
10% (0.6 mg/L) from that in the previous year. Thiswas more evident at the western stations
SM12-13 and SM17-18 where theincreases were statistically significant.

3.4 Thelevel of sewage bacteriain the southern waterswas generally low, similar to that in
2003. Thehighest E.coli count (310 cfu/100mL) was found at the northern station SM9 closer to
the Stonecutters Island Sewage Treatment Works (SCISTW) outfall and waslikely to be impacted
by the discharge.

3.5 In 2004, the Southern WCZ attained an overall 79% compliance with the Water Quality
Objectives (WQOs), slightly lower than that in the previous year (83%). Full compliance (100%)
was achieved with the WQOs for DO, unionised anmoniaand E. coli (Figure 3.1). However, the
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compliance for TIN fell from 44% in 2003 to 31% due to an increase of ammonianitrogen. The
overall compliance rate, however, was still higher than that in 2002 and the previous ten years
(1992-2001) which were below 20%. The stations which complied with the TIN objective were
mostly located in the eastern part of the WCZ where influence from the Pearl River was |ower.
Generally Pearl River flow hasaprofound influenceintheTIN levelsin the western part of Hong
Kong coastal waters.

3.6 Asin previousyears, the secondary contact recreation subzones (stationsSM1, SM2,
SM10 and SM 11) achieved full compliance (100%) with the E. coli objective in 2004, indicating
their suitability for wind surfing, boating and other water sports activities.

3.7 Since the mid-1980s, long-term decreasing trends in total Kjeldahl nitrogen, total
nitrogen and total phosphorus were detected in two areas: a) Southern coast of Hong Kong Island
(SM1-3) and b) Southern edge of the territorial waters (SM17-19) (Table 3.1, Figure 3.2). On
the other hand, significant increasesin nitrate nitrogen (NO,-N), nitrite nitrogen (NO,-N) and TIN
were found along the eastern coast of Lantau Island (SM10-13) (Figure 3.2)

3.8 The level of E. coli in the southern waters has remained low and stable with a few
exceptions such asthe stations SM4 and SM9 which showed long-term increasing trends (Figure
3.2). Whilethe increase at SM9 may be related to the SCISTW outfall discharges, that at SM4
may indicate bacterial pollution from Sok Kwu Wan in Lammalsland.
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Figure 3.1

Southern WCZ
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SOUTHERN WATERS

Figure 3.1
(continued) Southern WCZ
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SOUTHERN WCZ

Figure 3.1 Level of compliance with key Water Quality Objectives in the

(continued) Southern WCZ
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3 SOUTHERN WATERS

Figure 3.1

(continued) Southern WCZ
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Figure 3.1 Level of compliance with key Water Quality Objectives in the
(continued) Southern WCZ
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Figure 3.1
(continued) Southern WCZ

SOUTHERN WCZ

Level of compliance with key Water Quality Objectives in the

Total Inorganic Nitrogen (TIN)
(depth-averaged)
TIN (mg/L)
0.3
0.2
SM10 |
0
95 96 97 98 99 00 01 02 03 04
Year
TIN (mg/L)
0.3
0.2
SM11 |
0
95 96 97 98 99 00 01 02 03 04
Year
TIN (mg/L)
0.3
0.2
SM12 |,
0
96 97 98 99 00 01 02 03 04
Year
TIN (mg/L)
0.3
0.2
SM13
0
96 97 98 99 00 01 02 03 04
Year
TIN (mg/L)
0.3
0.2
SM17
0
96 97 98 99 00 01 02 03 04
Year
TIN (mg/L)
L |
0.3
0.2
SM20 |
0

wao

waQo

waQo

Unionised Ammonia (NH;-N)
(depth-averaged)

NH3-N (mg/L)
0021 |rememccccccccccce e e e e e e e ————-——— WQo
SM10°-0t |
0 I I I I i
95 96 97 98 99 00 01 02 03 04
Year
NH3-N (mg/L)
0.021
SM110-01
0
NHa-N (mg/L)
0021 pemmmemem e e e e e e m———— WQo
SM120.0| r
o CC—I I — I I | I ]
95 96 97 98 99 00 01 02 03 04
Year
NH3-N (mg/L)
0021 prececceccccsceec e e e r e e e e e e —————— WQO
SM130-01 |
eI 7 ]
95 96 97 98 99 00 01 02 03 04
Year
NHa-N (mg/L)
0.021 pememeeee e e e e e e e e —— = wQo
SM170.0| F
0 ] T O e
95 96 97 98 99 00 01 02 03 04
Year
NH3-N (mg/L)
0.021 peeeccccccecerec e e e e r e e - ——-- WQo
SM200 .01
0 ® s ® s ® s ® P o S——(— S
95 96 97 98 99 00 01 02 03 04
Year
Total Inorganic Nitrogen (TIN)
TIN (mg/L)

WQO: annual mean for depth-averaged

TIN <0.1 mg/L 0.1 - === WQO
annual mean for depth-averaged
TIN 0

Unionised Ammonia (NH,-N)

WQO:

NH3-N (mg/L)

0.021 - WQo
0 .

No data ; monitoring of
SM20 started in 1999

annual mean for depth-averaged
NH3-N < 0.021 mg/L

1]
()

annual mean for depth-averaged
NH5-N

®

Non-compliance

MARINE WATER QUALITY IN HONG KONG IN 2004

P39



SOUTHERN WATERS

Figure 3.1

(continued) Southern WCZ
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Figure 3.2 Marine water quality trends in the Southern WCZ
(based on the Seasonal Kendall Test significant at p<0.05)
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Table 3.1
Results of the Seasonal Kendall Test for water quality trends in the
Southern WCZ, 1986 - 2004

Monitoring Station SM1 SM2 SM3 SM4 SM5 SM6 SM7 SM9
1986 1986 1986 1986 1986 1986 1986 1988

Monitoring Period [ [ | | | | | |
2004 2004 2004 2004 2004 2004 2004 2004

Parameter Water Dept
Surface o o 2 2 2
Temperature (°C) Middle 2 2 2 2 2
Bottom ] 2 2 2 ?
Average ] 2 2 2 ?
Surface - - R - -
Salinity Middle - - - - - R R R
Bottom R - - - - - - R
Average - - - -
Surface R] - A A] o o - -
IDissolved Oxygen (mg/L) Middle o o - R - - - .
Bottom o o
Average o -
Surface N R
|Dissolved Oxygen (%) Middle - -
Bottom - - - - - - - -
Average - - - - - - - -
Surface o o o o 5 - R -
IpH Middle o o - - - - - R
Bottom o o o o o o - -
Average - - - o o o o -
Secchi disc depth (m) R R
Surface 2 2
Turbidity (NTU) Middle 2 2
Bottom ] 2
Average ] 2
Surface - -
Suspended Solids (mg/L) Middle R R
Bottom - R
Average -
Surface N
Total volatile solids (mg/L) Middle N
Bottom o R
Average N N - N - o o o
Surface R R
5-day Biochemical Oxygen Demand (mg/L) Middle - - - - - R R R
Bottom - - - - - - - -
Average - - - - - - - -
Surface o o o o 5 - R -
Ammonia nitrogen (mg/L) Middle o o - - - - - R
Bottom o o o o o o - -
Average - - - o o o o -
Surface - - - - - - R R
INitrite nitrogen (mg/L) Middle - - R - - R R .
Bottom - - - - - - - -
Average - - - - - - - -
Surface o o o o 5 - R -
INitrate nitrogen (mg/L) Middle o o - - - - - R
Bottom = o o o o = - R
Average o o o o o - - -
Surface - - - - - R R R
Total inorganic nitrogen (mg/L) Middle - - - - - R R R
Bottom - - -
Average
Surface
Total Kjeldahl nitrogen (mg/L) Middle
Bottom
Average
Surface
Total nitrogen (mg/L) Middle
Bottom
Average
Surface
Orthophosphate phosphorus (mg/L) Middle
Bottom
Average
Surface
Total phosphorus (mg/L) Middle
Bottom
Average
Surface
Silica (mg/L) Middle - - - - - R R
Bottom o o o o o - -
Average - - - o o o -
Surface - - - - - R R
Chlorophyll-a (ug/L) Middle - - - R 2 . ;
Bottom - - - - - - -
Average - - -
Surface o - -
E. coli (cfu/100mL) Middle - R R
Bottom o o R
Average - o -
Surface R 2 2
Faecal coliforms (cfu/100mL) Middle R R R
Bottom - - R
Average - F ] -

T NNNN

N

g
"4

KKK LLL
KKK LLL
KKK

¢
¢

KKK
KKK

kK
kK

CNN

ANNNNNNN
ANNNNNNN

Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 5. SM20 has six years’ data only, which is insufficient to perform
2. - indicates no significant trend is detected Seasonal Kendall Test
3. NA (Not Applicable) indicates the measurement was not made due to shallow water 6. 7 represents a significant increase over time
4. Test applied to past 19 years’ data from each monitoring station unless stated otherwise 7. N represents a significant decrease over time
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Table 3.1 (continued)
Results of the Seasonal Kendall Test for water quality trends in the
Southern WCZ, 1986 - 2004

Monitoring Station SM10 SM11 _SM12 SM13 SMI17 SM18 SMI19

1986 1986 1986 1986 1989 1989 1989

Monitoring Period | | | | | | |
2004 2004 2004 2004 2004 2004 2004

Parameter Water Dept
Surface 2 2 2 2 2 2 R
Temperature (°C) Middle NA 2 2 2 2 2 2
Bottom 2 2 2 2 2 2 2

Average 2 2 2 2 2 2 -

Surface - - - - - R

Salinity Middle NA - - - - R -
Bottom - - - - - - R

Average - - - - - - -
Surface o o o - - - N
IDissolved Oxygen (mg/L) Middle NA - R R R ; Y
Bottom = o o o o - R
Average o o o - - - N
Surface - - - - - R R
|Dissolved Oxygen (%) Middle NA - - - - R -
Bottom - - - - - - -
Average - - - - - - -
Surface o = -
IpH Middle NA o ) - - R R
Bottom o o o o o - -
Average o o o o o - -

Secchi disc depth (m) -
Surface 2
Turbidity (NTU) Middle NA
Bottom 2

} Average 2
Surface 2
Suspended Solids (mg/L) Middle NA
2

ANNN
ANNN
R R
CNNNN

Bottom

L NN
NN

o2 Average
Letead ] Surface
= Total volatile solids (mg/L) Middle NA -

Bottom = o o o o - R

“ Average o o o o - - -
E Surface - - - R R . _
5-day Biochemical Oxygen Demand (mg/L) Middle NA - - - - . R
Bottom

Average

Surface

Ammonia nitrogen (mg/L) Middle
Bottom

Average
“: Surface
INitrite nitrogen (mg/L) Middle
— Bottom
Average
Surface

NA
2
NA
2
2
2
INitrate nitrogen (mg/L) Middle NA
- Bottom 2
2
2
NA
2
2
3
NA

NN
NN

X

Average
Surface
Total inorganic nitrogen (mg/L) Middle
Bottom
__f Average
= Surface
HTotal Kjeldahl nitrogen (mg/L) Middle
Bottom
Average
Surface - - - -
Total nitrogen (mg/L) Middle NA - - -
Bottom - - - -
| Average - - - -
Surface o - - -

1 Orthophosphate phosphorus (mg/L) Middle NA R - -
; Bottom o o - - -

Average o o - -
Surface N N - )
Total phosphorus (mg/L) Middle NA R - _
I P f,"l Bottom - . . Ny
™ J Average ] -
Surface o o - -
Silica (mg/L) Middle NA - R R R
Bottom o o o - -
Average o o - -
Surface 2 - - 2 2
2

T NNANNNNNNNNNN
4"

CNNNNNNNNNNNN

KKK kKeee
KKKk LLLL
kKKK

Kreeeee .

L NE

Chlorophyll-a (ug/L) Middle NA . R
Bottom - - -
Average - -
Surface 3 3 o - - R R
E. coli (cfu/100mL) Middle NA a

Bottom o R
Average o ] o o o - -
Surface - -

Faecal coliforms (cfu/100mL) Middle NA . R
Bottom - - -
Average - - -

AN

Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 5. SM20 has six years’ data only, which is insufficient to perform
2. - indicates no significant trend is detected Seasonal Kendall Test
3. NA (Not Applicable) indicates the measurement was not made due to shallow water 6. 7 represents a significant increase over time
4. Test applied to past 19 years’ data from each monitoring station unless stated otherwise 7. N represents a significant decrease over time
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Table 3.2
Summary water quality statistics of the Southern WCZ in 2004

Hong Kong Island (South) East Lamma Channel
Parameter SM1 SM2 SM19 SM3 SM4

Number of samples 12 12 12 12 12

238 3.1 335 329 27
Salinity
(28.7-34.2) (29.4-34.1) (31.4-34.4) (29.4-34.1) (27.8-33.9)
Botiom (56 8.1) (51 8.1) (32 7.9 4.3-8.1) 4.4-78)
Botiom (86 105) (76 105) (46- 103) (62- 106) (65-102)
Secchi Disc Depth (m (18 6.5) (L4-43) (12 6.0) (1.3-4.6) (1.1-29)

32 35 42 55 36
(15-76) (19-66) (13-86) 2.8-10.4) (20-83)

Suspended Solids (mg/L)

0.03 0.04 0.03 0.05 0.07

Ammonia Nitrogen (mg/L) (0.01-0.05) (0.01-0.08) (0.01-0.04) (0.01-0.13) (0.02-0.13)

0.01 0.01 0.01 0.02 0.02

Nitite Nirogen (mg/L) (<0.01-0.03) (<0.01-0.04) (<0.01-0.03) (<0.01-0.06) (<0.01-0.06)

0.06 0.09 0.06 0.12 0.14

Total Inorganic Nitrogen (mg/L) (0.03-0.15) (0.04-0.25) (0.02-0.15) (0.06-0.29) (0.07-0.31)

013 0.18 0.13 020 0.23

Total Nitrogen (mg/L) (0.08-0.26) (0.12-0.33) (0.07-0.23) (0.13-0.37) (0.15-0.39)

0.02 0.02 0.02 0.02 0.02

Total Phosphorus (mg/L)

(0.02-0.02) (0.02-0.02) (0.02-0.02) (0.02-0.03) (0.02-0.03)
24 28
Chlorophyll-a (ug/L) 06-68) 05-78)
) 3 55 2
Faecal Coliforms (cfu/100mL) (1-340) (10-1100) (1-760)

Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by ta
depths: Surface (S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli a
which are annual geometric means.
3. Data in brackets indicate the ranges.
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Table 3.2 (continued)
Summary water quality statistics of the Southern WCZ in 2004

West Lamma Channel

Parameter

SM5

SM6

SM7

SM9

SM18

Number of samples 12 12 12 12 12

sal 28 25 21 3Ll 29
alinity (281-342) (261-342) ©72-338) (230-33.4) (287-343)
Botom (55 95) (51 85) (38-87) (34-80) (52 81)
Botom (62-134) (77 111) 055 114) (48 117) (79 106)
Secchi Disc Depth (m) (L4-56) (05-10.0) (12-35) (12-25) (09 60)
]
. 47 53 95 11 41
Suspended Solids (mg/L) (21-88) (13-207) (28-443) (33-203) 09-89)
o 004 005 011 014 004
Ammonia. Nitogen (mg/L) 002-006) 002-008) 0.02-019) 0.05-029) (0.01-0.06)
i R Nirogen (mg/l) 001 002 003 004 001
(<0.01-0.04) (<001-0.04) 001-007) 0.02-0.10) (<001-003)
= - i
' o 009 013 025 037 008
Total Inorganic Nitrogen (mg/L) 003-025) (0.03-040) (0.11-048) 0.23-066) 003-023)
w
. 018 023 037 051 016
Total Nifrogen (mg/L) (0.09-037) 0.11-052) 021-063) 0.37-087) (0.08-0.32)
002 002 004 005 002
Total Phosphorus (mg/L) 002-0.02) 002-0.03) (0.02-0.06) (0.03-0.06) 002-0.02)
37 43 50 28
ChlorOphy"'a (HglL) 08-119) 06-10.9) (08-153) (06-149) 06-87)
. 2 3 2 560 2
Faecal Coliforms (cfu/100mL) (1-610) 1-170) 2-1900) (64 - 16000) (1-190)

"'r fied, data presented are depth-averaged (A) values calculated by taking the means of three
Mid-depth (M), Bottom (B).

are annual arithmetic means of the depth-averaged results except for E. coli and faecal coliforms

al geometric means.

ackets indicate the ranges.
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Table 3.2 (continued)
Summary water quality statistics of the Southern WCZ in 2004

Lantau Island (East) Lantau Island (South) Soko Islands
Parameter SM10 SM11 SM12 SM13 SM17 SM20

Number of samples

Salin 30.7 31.2 311 312 322 314
Y (22.3-335) (24.6-33.7) (22.7-33.9) (22.3-33.9) (27.5-34.2) (26.8 -34.0)

Bottom

(4.8-10.6) 43-97) 43-98) (49 10.2) (40 10.4) (41 8.6)

Bottom

(72 154) (63-148) (64-138) (72 157) (58 146) (60 131)

Secchi Disc Depth (m

(08 2.3) (11 2.8) (08 27) (10 4.4) (10 30) (07 33)

10.2 71 103 76 74 18.9

Suspended Solids (mg/L) (6:3-20.0) (5.0-10.8) (3.0-408) (3.0-27.0) (34-25.7) (3.1-106)

0.11 0.09 0.08 0.06 0.03 0.04

Ammonia_Nitrogen (mg/L) (0.04-0.23) (0.04-0.21) (0.03-0.18) (0.03-0.15) (0.01-0.06) (0.01-0.11)

0.04 0.03 0.03 0.03 0.02 0.03

Nitite Nirogen (mg/L) (0.01-0.08) (<0.01-0.08) (<0.01-0.07) (<0.01-0.07) (<0.01-0.06) (<0.01-0.07)

0.32 0.26 0.23 021 013 0.20

Total Inorganic Nitrogen (mg/L) (0.13-0.56) (0.10-0.49) (0.09-0.48) (0.05-0.46) (0.03-0.32) (0.03-0.41)

0.51 0.44 0.40 035 0.24 0.34

Total Nitrogen (mg/L) (0.35-0.86) (0.31-0.65) (0.21-0.70) (0.47-0.71) (0.14-0.44) (0.14-051)

0.04 0.04 0.03 003 0.02 0.04
(0.02-0.07) (0.02-0.05) (0.02-0.05) (0.02-0.04) (0.02-0.03) (0.02-0.10)

Total Phosphorus (mg/L)

95 10.7 9.8 8.2

Chiorophyl-a (g/t) (L7-35.0) L7-333) (L0-29.0) @1-217)

23 6 25 5

Faecal Coliforms (cfu/100mL) (3-230) (L-100) (5-260) (1-450)

Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by ta
depths: Surface (S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli a
which are annual geometric means.
3. Data in brackets indicate the ranges.
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Chapter 4 — Central Waters

Water Quality in 2004

4.1 The central waters consist of four Water Control Zones (WCZs) : the VictoriaHarbour,
Eastern Buffer, Western Buffer and Junk Bay WCZs. In the past, wastewater from both sides of
VictoriaHarbour was discharged directly into the harbour after simple screening, resulting in poor
water quality with high nutrientsand sewagebacteria. Toimprovethewater quality, the Stonecutters
I sland Sewage Treatment Works (SCISTW) under Stage 1 of the Harbour Area Treatment Scheme
(HATS) was commissioned in 2002. It receives 1,400,000 cubic meter per day of wastewater
from Kowloon and parts of Hong Kong Island for Chemically Enhanced Primary Treatment and
disposal in the western harbour area (Figure 1.8).

4.2 The implementation of HATS Stage 1 in 2002 has brought significant water quality
improvements especially in eastern Victoria Harbour, the Eastern Buffer and Junk Bay WCZs.
Some increase of bacteria, however, was observed in the western harbour areas.

Victoria Harbour Water Control Zone

4.3 In 2004, the marked improvements in eastern Victoria Harbour (VM1 and VM 2) and
moderate improvements in the mid harbour area (VM4 and VM5) and northern part of Rambler
Channel (VM 14) since HATS Stage 1 was commi ssioned were generally sustained (Table 4.5).

4.4 The depth-averaged and bottom dissolved oxygen (DO)
inthe VictoriaHarbour WCZ were 5.4-5.9 mg/L and 5.3-6.0 mg/L
respectively. No hypoxia (i.e. DO<2 mg/L) was observed at the
bottom layer. TheE. coli countsinthe WCZ in 2004 were largely
comparableto those in the previoustwo years, lower at the eastern
end (VM1 and VM?2) (ranging 480-630 cfu/100mL) and higher in
the middle (VM5-VM7) and the western parts (VM 12, VM 14,
VM 15) of the harbour (3400-8300 cfu/100mL and 1300-2300 cfu/100mL respectively).

4.5 In 2004, areduction of nitrate nitrogen (NO,-N) (averaged 13%) was noted in the
Victoria Harbour WCZ, resulting a slight decrease of total inorganic nitrogen (TIN) (by 5%).
Unlike other waters, a generalised increase of anmonia nitrogen (NH,-N) was not observed in
VictoriaHarbour. The level of orthophosphate phosphorus (PO,-P) also was largely similar to
that in 2003.
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Eastern Buffer Water Control Zone
4.6 The Eastern Buffer WCZ has the best water quality among the central waters due to
removal of sewage dlscharge in HATS Stage 1 and greater oceanic flushing. In 2004, DO in the
= Eastern Buffer WCZ further increased by 4% (from 5.9 in 2003 to
6.2mg/L) (Table 4.6). Themean E. coli (10 cfu/200mL) and TIN
(0.11 mg/L) levelswerelow. It was noted that total nitrogen (TN)
and total Kjeldahl nitrogen (TKN) have reached their lowest levels
since the mid-80s. On the other hand, NH,,-N showed a 23%
increase from 0.042 to 0.051 mg/L, similar to many areas in the
eastern and southern waters.

Junk Bay Water Control Zone

4.7 The water quality of the Junk Bay WCZ in 2004 was
stable and improvements since HATS Stage 1 were sustained. A
further decrease of E. coli (to 41 cfu/100mL) was observed,
reaching.its lowest level in 10 years (Table 4.7). While TIN and
PO,-P in the WCZ remained low, NH,-N experienced a 30%
increase (from 0.06 mg/L in 2003 to 0.08 mg/L in 2004) in the bay.
The mean DO level in Junk Bay at 6.0 mg/L was similar to that in
2003.

Western Buffer Water Contrel. Zone

il 48 The water quality in the Western Buffer WCZ in
2004 was largely stable with an increase of E. coli at the southern

~ part of the WCZ (Table 4.8). Thismay berelated to the increased

~ dischargesfrom the sewage treatment worksin the western part of
Hong Kong Island.

4.9 In 2004, while the mean DO level increased by 12
% (5.4 t0 6.1 mg/L), the WCZ also experienced a 19-105% increase of NH -N (like many parts
of Hong Kong waters) in particular at the two southern most stations (WM 1 and WM2). On the
other hand, other nitrogenous and phosphorus compounds, e.g. TIN, PO,-Premained largely stable
intheyear.

Compliance with Water Quality Objectives

4.10 In 2004, the Eastern Buffer, Junk Bay and Western Buffer WCZs achieved full
compliance (100%) with the key Water Quality Objectives (Figures4.2-4.4).
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411 The WQO compliance of the VictoriaHarbour WCZ was 87%, slightly lower than that
in 2003 (93%). Whilethe compliance with the objective for unionized anmoniawas 100%, that
for DO and TIN were both at 80% (Figure 4.1).

Long-term Water Quality Trends

4.12 Thelong-term water quality changesin the VictoriaHarbour WCZ are summarised in
Table4.1. For E. coli bacteria, the increasing trends observed in the eastern harbour area were
arrested in 2002 after the implementation of HATS Stage 1, whilethosein mid harbour al so ceased
in 2003. A significant declinein TKN and TN was generally observed, except at the two western
stationsVM5 and VM8. On the other hand, an increase of nitrate nitrogen (NO,-N) was detected
in the western part of the harbour. Signs of water quality improvements: an increase in DO,
decreases in nutrients (TN, total phosphorus (TP)) and organics (5-day Biochemical Oxygen
Demand (BOD,)) were also evident in the north Rambler Channel (VM 14).

4.13 In the Eastern Buffer and Junk Bay WCZs, all monitoring stations showed significant
improving trendsin TKN, TN and TP (Tables 4.2 and 4.3). Long-term increasesin E. coli bacteria
were generally observed in the Western Buffer WCZ (Table 4.4). On the other hand, significant
declinesin TKN, TN, TPand silicawere noted at most monitoring stations since the 80s.
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Figure 4.1 Level of compliance with key Water Quality Objectives in the
Victoria Harbour WCZ
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Figure 4.1 Level of compliance with key Water Quality Objectives in the
(continued) Victoria Harbour WCZ
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Figure 4.1 Level of compliance with key Water Quality Objectives in the
(continued) Victoria Harbour WCZ
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Figure 4.1 Level of compliance with key Water Quality Objectives in the
(continued) Victoria Harbour WCZ
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Figure 4.2 Level of compliance with key Water Quality Objectives in the
Eastern Buffer WCZ
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Figure 4.2 Level of compliance with key Water Quality Objectives in the

(continued) Eastern Buffer WCZ
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Figure 4.3 Level of compliance with key Water Quality Objectives in the
Junk Bay WCZ
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Figure 4.4

WESTERN BUFFER WCZ

Level of compliance with key Water Quality Objectives in the

Western Buffer WCZ
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Figure 4.4 Level of compliance with key Water Quality Objectives in the
(continued) Western Buffer WCZ
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CENTRALWATERS VICTORIA HARBOUR WCZ

Table 4.1
Results of the Seasonal Kendall Test for water quality trends in the

1988 1988 1988 1986 1988
| | [ [ [
2003 2003 2003 2003 2003

Parameter
Surface 2 2 2 2 2
Temperature (°C) Middle 2 2 2 2 2
Bottom 2 2 2 2 2
Average 2 2 2 2 2
Surface - - R R R
Salinity Middle - - - R R
Bottom - - - - R
Average - - - - -
Surface o - - R
IDissolved Oxygen (mg/L) Middle - - - 2
Bottom o o - -
Average o -
Surface -
IDissolved Oxygen (%) Middle 2
Bottom 2 2
2

NN

Average
Surface
IpH Middle o A
Bottom o o = -
Average

CNNN
CNNN

N
p ]
N

Secchi disc depth (m)
Surface
Turbidity (NTU) Middle
Bottom
Average
Surface
Suspended Solids (mg/L) Middle
Bottom
Average
Surface
Total volatile solids (mg/L) Middle
Bottom
Average
Surface
5-day Biochemical Oxygen Demand (mg/L) Middle - - - R R
Bottom - - - - R
Average - - - - -
Surface o o - R R
Ammonia nitrogen (mg/L) Middle o - - - -
Bottom ] o o - -
Average o o o - -
Surface - - - R R
INitrite nitrogen (mg/L) Middle - - R R R
Bottom - - - - - i
Average - - -
Surface o - R
INitrate nitrogen (mg/L) Middle 5 5 =
Bottom o o -
Average o o -
Surface - - R
Total inorganic nitrogen (mg/L) Middle
Bottom
Average
Surface
Total Kjeldahl nitrogen (mg/L) Middle
Bottom
Average
Surface
Total nitrogen (mg/L) Middle
Bottom
Average
Surface
Orthophosphate phosphorus (mg/L) Middle
Bottom
Average
Surface
Total phosphorus (mg/L) Middle
Bottom
Average
Surface
Silica (mg/L) Middle 5 - - R R
Bottom B o o - -

" NNNNNKLLLNNN

C NN

KKK

K K Kekeeeee: ¢
KK 'Kk
© KKK
' KKK KKK
[}

gk

Bottom - - - - R
Average - - -
Surface o 5 -
E. coli (cfu/100mL) Middle 5 5 =
Bottom o o -
Average o o -
Surface - - -
Faecal coliforms (cfu/100mL) Middle - - 2
Bottom - - 2
Average - - 2

ANNNNNNN

ANN

Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 4. 7 represents a significant increase over time
2. - indicates no significant trend is detected 5. N represents a significant decrease over time
3. Test applied to past 19 years’ data from each monitoring station unless stated otherwise
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CENTRALWATERS VICTORIA HARBOUR WCZ

Table 4.1 (continued)
Results of the Seasonal Kendall Test for water quality trends in the
Victoria Harbour WCZ, 1986 - 2004

Monitoring Station

1986 1986 1986 1986

Monitoring Period | | | |
2004 2004 2004 2004

Parameter Water Dept
Surface 2 2 2 2
Temperature (°C) Middle 2 2 2 2
Bottom 2 2 2 2 -
Average 2 2 2 ?
Surface - - R -
Salinity Middle - - - - R
Bottom - - - - R
Average - - - - -
Surface
|Dissolved Oxygen (mg/L) Middle
Bottom
Average
Surface
|Dissolved Oxygen (%) Middle
Bottom
Average
Surface
IpH Middle
Bottom
Average o

CNNN NN
£NNNNNNN

Secchi disc depth (m)

NNk

Surface 2
Turbidity (NTU) Middle 2
Bottom 2
Average 2
Surface -
Suspended Solids (mg/L) Middle - R .
Bottom - - -
Average - -

Surface R A

Total volatile solids (mg/L) Middle a a
-'H- Bottom . a .

Average N 3N
Surface - - R
5-day Biochemical Oxygen Demand (mg/L) Middle - - N
Bottom - - R
Average - - -
Surface o o N
Ammonia nitrogen (mg/L) Middle 5 2 8
Bottom o o -
Average = = 3 - -

Surface - - R

~_~ [Nitrite nitrogen (mg/L) Middle - - R - R
— 1 Bottom -
Average -
iy Surface 2
*_ |Nitrate nitrogen (mg/L) Middle 2
2
2

NN
CNNC N
CNNNNNEE

LENNNAN

K

kKKK LLKLL
g

NN

T Bottom
Average
H Surface
Total inorganic nitrogen (mg/L) Middle -
'- Bottom -
Average
Surface

Total Kjeldahl nitrogen (mg/L) Middle
Bottom

3

3

3

— Average N

| -\.ﬁ Surface N
i 3
3

N

3

TN NN
o NNNN
N NNV

gk
keeeee

% | Total nitrogen (mg/L) Middle
7l Bottom

. Average
Surface

~ Orthophosphate phosphorus (mg/L) Middle

E—1 Bottom
Average o -

Surface ) -

Total phosphorus (mg/L) Middle R R
Bottom - -

Average - -

Surface o o

Silica (mg/L) Middle - -
= Bottom o o - -
Average o o - -

f Surface . . B .
Chlorophyll-a (ug/L) Middle _

Bottom - -

Average

Surface

E. coli (cfu/100mL) Middle
Bottom

= Average

h:{ E, - Surface

KKK LLLLLLLLLLL

kKKK

N LLLLLLLLLLL

Faecal coliforms (cfu/100mL) Middle
Bottom
Average

AANNNNNN
AANNNNNN
AANNNNNN

Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 4. 7 represents a significant increase over time
2. - indicates no significant trend is detected 5. N represents a significant decrease over time
s 3. Test applied to past 19 years’ data from each monitoring station unless stated otherwise
P

FE
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CENTRALWATERS

Table 4.2

EASTERN BUFFER WCZ

Results of the Seasonal Kendall Test for water quality trends in the

1986 1986

[ [
2004 2004

Parameter Water Dept
Surface 2 2
Temperature (°C) Middle 2 2
Bottom 2 2
Average FJ 2
Surface - -
Salinity Middle - R
Bottom - R
Average - -
Surface o o
|Dissolved Oxygen (mg/L) Middle = =
Bottom o o
Average o o
Surface - R
IDissolved Oxygen (%) Middle - -
Bottom - R
Average - -
Surface o o
IpH Middle - -
Bottom o R
Average o o
Secchi disc depth (m)
Surface
Turbidity (NTU) Middle
Bottom
Average
Surface
Suspended Solids (mg/L) Middle - -
Bottom - -
Average - -
Surface 3 3
Total volatile solids (mg/L) Middle 3 3
Bottom ] ]
Average ] ]
Surface - -
5-day Biochemical Oxygen Demand (mg/L) Middle - -
Bottom - -
Average - -
Surface = -
Ammonia nitrogen (mg/L) Middle o o
Bottom o -
Average o -
Surface - R
INitrite nitrogen (mg/L) Middle - -
Bottom - -
Average - -
Surface o o
INitrate nitrogen (mg/L) Middle - -
Bottom o R
Average o -
Surface - -
Total inorganic nitrogen (mg/L) Middle - -
Bottom - R
Average
Surface
Total Kjeldahl nitrogen (mg/L) Middle
Bottom
Average
Surface
Total nitrogen (mg/L) Middle
Bottom
Average
Surface
Orthophosphate phosphorus (mg/L) Middle
Bottom
Average
Surface
Total phosphorus (mg/L) Middle
Bottom
Average
Surface
Silica (mg/L) Middle
Bottom o -
Average o o
Surface - -
Chlorophyll-a (ug/L) Middle - .
Bottom - -
Average - -
Surface o o
Middle = .
Bottom o ]
Average o o
Surface - R
Faecal coliforms (cfu/100mL) Middle - -
Bottom - R
Average - -

KKK

KKK

E. coli (cfu/100mL)

1986
[
2004

3
3
3
3
3
3
3
3

Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05
2. - indicates no significant trend is detected

MARINE WATER QUALITY IN HONG KONG IN 2004

3. 7 represents a significant increase over time
4. N represents a significant decrease over time
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CENTRALWATERS JUNK BAY WCZ

Table 4.3
Results of the Seasonal Kendall Test for water quality trends in the
Junk Bay WCZ, 1986 - 2004

Monitoring Station k] IM4
1986 1986

Monitoring Period | |
2004 2004

Parameter Water Dept
Surface 2 2
Temperature (°C) Middle 2 2
Bottom 2 ?

Average 2 ?

Surface - R

Salinity Middle - R
Bottom - -

Average - -

Surface N -

IDissolved Oxygen (mg/L) Middle R -
Bottom o o
Average o -
Surface - R
|Dissolved Oxygen (%) Middle - -
Bottom - -
Average - -
Surface o o
IpH Middle - R
Bottom o o

Average o -

Secchi disc depth (m) - -
Surface 2 2

Turbidity (NTU) Middle 2 2
Bottom 2 2

Average 2 2

Surface - R

- Suspended Solids (mg/L) Middle - -
Bottom - R
. Average -

Surface N

Total volatile solids (mg/L) Middle a

Bottom N o

ﬁ Average 3 N
Surface - R

5-day Biochemical Oxygen Demand (mg/L) Middle - -
Bottom - -

Average - -

Surface o o

Ammonia nitrogen (mg/L) Middle - -
Bottom o -

Average o o

o "rH Surface - -
~ _ [INitrite nitrogen (mg/L) Middle _ B
- Bottom R _
Average - -
Surface o o
INitrate nitrogen (mg/L) Middle - -

i Bottom - -
Average o o

Surface - R

Total inorganic nitrogen (mg/L) Middle - -
- Bottom - -

r Average - B

Surface ] N

Total Kjeldahl nitrogen (mg/L) Middle 8 8

Bottom N N

- Average 3N 3N
A -\a Surface N N
e Total nitrogen (mg/L) Middle ) )
'\-:!—‘l Bottom 3 8

. Average ] ]

4 Surface o o

~ Orthophosphate phosphorus (mg/L) Middle - -

e o= Bottom a .
Average o -
Surface A N
Total phosphorus (mg/L) Middle ] ]
Bottom N 3N

s Average N ]
Surface o o

Silica (mg/L) Middle R _
p— Bottom - R
Average o -

ﬂ Surface - -
Chlorophyll-a (ug/L) Middle

Bottom - -

Average - -

Surface o o

E. coli (cfu/100mL) Middle - R
Bottom o R

| I } o Average - R

. Surface - -
l Faecal coliforms (cfu/100mL) Middle - R
Bottom - R
Average - -

Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 3. A represents a significant increase over time
5 2. - indicates no significant trend is detected 4. N represents a significant decrease over time
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CENTRALWATERS WESTERN BUFFER WCZ

Table 4.4
Results of the Seasonal Kendall Test for trends in water quality parameters measured in the

Western Buffer WCZ, 1986 - 2004

Monitoring Station WM2 WM3 WM4

1988 1988 1986 1986

‘Monitoring Period | | | |
2004 2004 2004 2004

Parameter Water Dept
Surface FJ 2 2 2
Temperature (°C) Middle 2 2 2 2
Bottom 2 2 2 2
Average 2 2 2 2
Surface - - R R
Salinity Middle
Bottom
Average
Surface
IDissolved Oxygen (mg/L) Middle 5 = = =
Bottom o o - -
Average o o - -
Surface - - R R
IDissolved Oxygen (%) Middle - - - -
Bottom - - - R
Average - - - -
Surface o o - -
IpH Middle o = R R
Bottom o o - -
Average o o - -
Secchi disc depth (m)
Surface
Turbidity (NTU) Middle
Bottom
Average
Surface
Suspended Solids (mg/L) Middle
Bottom
Average -
Surface N
Total volatile solids (mg/L) Middle 5 R 3 R
Bottom o o -
Average o o - -
Surface - - - R
5-day Biochemical Oxygen Demand (mg/L) Middle - - R R
Bottom - - - R
Average - - - -
Surface o o - -
Ammonia nitrogen (mg/L) Middle 5 R R R
Bottom 3N o - -
Average o o - -
Surface - - - R
INitrite nitrogen (mg/L) Middle - - - .
Bottom - - - R
Average - -
Surface o o
INitrate nitrogen (mg/L) Middle o o
Bottom o o
Average o
Surface -
Total inorganic nitrogen (mg/L) Middle -
Bottom -
Average
Surface
Total Kjeldahl nitrogen (mg/L) Middle
Bottom
Average
Surface
Total nitrogen (mg/L) Middle
Bottom
Average
Surface & s ¥
Orthophosphate phosphorus (mg/L) Middle
Bottom
Average
Surface
Total phosphorus (mg/L) Middle
Bottom
Average
Surface
Silica (mg/L) Middle
Bottom
Average
Surface
Chlorophyll-a (ug/L) Middle
Bottom
Average
Surface
E. coli (cfu/100mL) Middle
Bottom
Average
Surface
Faecal coliforms (cfu/100mL) Middle
Bottom -
Average -

NN
NN

C NN

.
AN

NN
NN
NN

Keee:
KKK
""" A"

KKK
KK

&

KKK
Keee .
KKK

NN
¢
NN
.

¢

x
AANNANNNNNNNNE

ANNNNNNN
ANNNNNNN

Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 4. 7 represents a significant increase over time
2. - indicates no significant trend is detected 5. N represents a significant decrease over time
3. Test applied to past 19 years’ data from each monitoring station unless stated otherwise
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A

CENTRALWATERS VICTORIA HARBOUR WCZ

Table 4.5
Summary water quality statistics of the Victoria Harbour WCZ in 2004
Victoria Harbour (East) Victoria Harbour (Central)
Parameter VM1 VM2 VM4 VM5 VM6
Number of samples 12 12 12 12 12
N - 24 235 236 27 236
afsaitye {1 (15.9-28.0) (15.9-28.0) (16.0-28.0) (16.0-28.1) (16.0-28.0)
Salini 329 325 324 322 321
alinity (305-34.0) (286-33.8) (29.2-33.9) (285-33) (27.1-336)
: 56 54 54 54 54
Clvieel e gL (34-77) (34-7.9) (39-75) (39-75) (%0-75)
Bott 55 54 54 53 53
otom (33-78) (32-79) (89-75) (38-76) (39-75)
: : 77 75 75 74 74
0
e e Dy S ) (51-101) (51-102) (59-104) (60- 104) (60-102)
Bot 76 74 74 72 72
otom (50-102) (49-102) (59-96) (58-98) (57-93)
" 8.1 8.1 80 8.0 8.0
P 79-82) 79-82) (79-82) (79-82) 79-82)
o 26 25 24 22 22
Secchi Disc Depth (m) (L5-40) (12-38) 16-32) (14-35) (12-31)
. 101 8.9 95 96 94
217 (T (41-123) (55-12.1) (6.7-126) (74-124) 71-113)
' 57 52 54 57 52
Suspended  Solids (mg/L) (21-108) (21-128) 22-83) 22-108) @4-89)
: ; 08 08 09 11 11
5-day Biochemical Oxygen Demand (mg/L) 03-17) 03-19) 04-19) 05-23) 05-26)
o 0.11 0.13 0.15 0.19 0.20
Ammonia Nitrogen (mg/L) (0.05-0.21) (0.06-0.28) (0.06-0.28) (0.09-032) (012-032)
- ; 0.005 0.006 0.007 0.008 0.009
Ll Aot s (0.002-0.013) (0.003 - 0.014) (0.003-0.015) (0.004-0.018) (0.004-0.019)
L 0.02 0.02 0.02 0.02 0.02
Nitite Nirogen (mg/L) (<0.01-0.05) (<0.01-0.05) (<0.01-005) (0.01-0.05) (0.01-0.05)
: : 0.06 0.07 0.08 0.09 0.09
el (¥ (el (0.01-0.12) (002-0.15) (0.02-0.18) (0.03-0.21) (0.04-0.25)
. 0.8 0.22 0.25 031 032
Total Inorganic. Nivogen (mg/L) (0.07-030) (0.08-039) (0.08-0.37) (0.13-0.43) (017-0.45)
: : 021 0.25 0.28 0.35 035
il (e ey ) (0.09-0.34) (012-0.45) (0.11-0.46) (019-053) (0.20-050)
. 028 0.33 037 047 047
Total Nitrogen (mg/L) (011-043) (015-055) (0.14-0.56) (0.23-061) (0.25-0.61)
0,02 0.03 003 0.04 0.04
CivenesiEle PiEsmons (e (0.01-0.04) (0.01-0.05) (0.01-0.05) (0.02-0.06) (0.03-0.06)
0.04 0.04 0.05 0.05 0.05
Total Phosphorus (mg/L) (0.02-0.06) (002-007) (0.02-0.06) (0.04-0.08) (0.04-0.07)
» : 07 07 07 08 08
Slieaes ) (e (02-15) (02-15) (02-15) 02-14) (02-15)
24 24 23 28 29
Chiorophy i (ug/L) (06-59) 06-7.3) 0.4-93) (05-96) (04-81)
: 480 630 2400 6200 3400
= Gl (eimal ) (65 - 3900) (27 - 3300) (510 - 9600) (1800 - 15000) (970 - 15000)
. 940 1400 4700 12000 6800
Faecal Coliforms (cu/100mL) (130 - 9000) (41 - 13000) (2100 - 15000) (2700 - 34000) (1300 - 36000)

Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three
depths: Surface (S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli and faecal coliforms
which are annual geometric means.
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A

CENTRALWATERS VICTORIA HARBOUR WCZ

Table 4.5 (continued)
Summary water quality statistics of the Victoria Harbour WCZ in 2004

Victoria Harbour (West) Stonecutters Island Rambler Channel
Parameter VM7 VM8 VM15 VM12 VM14
Number of samples 12 12 12 12 12
T e (°C 238 237 237 236 240
Bz ELE (T (16.1-29.0) (163-28.7) (16.0-28.0) (16.1-28.8) (16.1-29.3)
Salini 316 317 321 315 299
alinity (26.7-33.5) (27.2-339) (26.5-33.6) (25.8-33.7) (20.3-33.8)
: 58 59 5.4 56 59
Ll Qe L) (43-75) (40-9.0) (39-75) (33-75) 44-15)
Bott 57 6.0 53 5.4 58
ofom (4.2-75) (39-10.9) (39-75) (34-75) (4.6-75)
. : 80 83 73 77 82
0,
EsEER] EEn (SRS (64-98) (59-128) (58-100) (49-107) (65-102)
Bott 78 84 72 74 80
otom (63-91) (58-155) (58-91) (49-93) (67-97)
" 8.0 8.0 8.0 8.0 81
P (7.9-82) (7.9-82) (7.9-82) (7.9-82) (8.0-82)
- 20 22 22 18 18
Secchi Disc Depth (m) L1-31) (1.0-36) (14-35) 11-28) 06-27)
. 102 108 109 139 116
VUL () 8.1-12.4) (8.4-14.8) (65-15.7) (9.9-17.7) (8.6-17.3)
i 59 7.0 95 105 8.1
Suspended Solids (mg/L) (2.8-88) (36-13.0) 29-31.1) (4.7-137) (35-15.7)
: : 14 09 09 08 1.0
5-day Biochemical Oxygen Demand (mg/L) 08-47) 03-24) 05-14) 03-12) 03-18)
o 0.24 0.18 020 017 0.16
Ammonia Nirogen (mg/L) (0.13-0.35) (0.09-0.45) (0.12-0.35) (0.11-0.26) (0.09-0.23)
o : 0011 0.008 0.008 0.007 0.007
Ve e Al () (0.004 -0.027) (0.004 - 0.023) (0.004 - 0.016) (0.004 - 0.010) (0.003-0.013)
G 0.03 0.03 0.02 0.04 0.05
Nivite Nivogen (mg/L) (0.01-0.06) (0.01-0.08) (0.01-0.05) (0.02-0.08) (0.01-0.10)
; : 014 013 0.10 0.16 023
DTS BTiegan (e ) (0.05-0.30) (0.04-0.29) (0.05-0.29) (0.06 -0.33) (0.07-0.58)
- 0.41 0.34 033 037 043
Total Inorganic. Nivogen (mg/L) (0.20-057) (0.17-0.59) (0.19-0.51) (0.27-0.49) (0.24-0.73)
. : 041 031 034 0.30 031
VEE) [gEE) MUEgEn et (0.23-0.60) (0.20-0.64) (0.22-051) (0.21-0.37) (0.24-0.43)
. 0.58 0.47 0.46 0.50 058
Total Nivogen (mg/L) (029-0.72) (0.26-0.77) (0.28-0.64) (0.38-0.63) (0.35-0.90)
0.04 0.03 0.04 0.03 0.03
OIS (LSS (i) (0.03-0.07) (0.02-0.07) (0.03 -0.05) (0.02 -0.04) (0.01-0.04)
0.06 0.05 0.05 0.05 0.05
Total Phosphorus (mg/L) (0.04-0.09) (0.04-0.08) (0.04-0.07) (0.04-0.06) (0.04-0.06)
» : 08 08 08 09 11
SUERVES (e (03-13) (0:2-16) (02-16) 02-18) 03-22)
42 30 26 2.7 57
Chlorophyll-a. (Lg/L) (03-16.8) (05-10.9) (0.4-6.6) (0.4-63) (0.4-25.0)
. 8300 4000 1500 2300 1300
= el (oL (540 - 26000) (620 - 56000) (280 - 5400) (760 - 5800) (330-5900)
. 19000 7900 3300 5100 2800
Faecal Coliorms (cfu/100mL) (1600 - 95000) (1000 - 160000) (410 - 12000) (1600 - 14000) (600 - 17000)

Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three
depths: Surface (S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli and faecal coliforms
which are annual geometric means.
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4 CENTRALWATERS EASTERN BUFFER WCZ

Table 4.6
Summary water quality statistics of the Eastern Buffer WCZ in 2004

Chai Wan Tathong Channel
Parameter EM1 EM2 (=K}

Number of samples

Sal 334 335 335
alinity (32.7-339) (32.7-340) (32.7-34.)
Botom 4.7-8.0) cso 8.2) (38-8.0)
Botom (68-104) (74 106) (55 103)
Secchi Disc Depth (m) (15-45 17-53) 17-58)
b
. 39 58 40
Suspended Solids (mg/L) 12-108) 13-229) 17-142)
o 0.07 0.05 0.03
Ammonia_Nitrogen (mg/L) (0.03-0.17) (0.02-0.10) (0.01-0.07)
0.02 0.02 0.01
} N'"'te Nitrogen (mg/L) (<0.01-004) (<0.01-0.04) (<001-0.03)
- Ak
1 -
013 011 0.07
—— Total Inorganic Nitrogen (mg/L) (0.05-022) 004-018) 003-013)
021 0.18 014
Total Nitrogen (/L) (0.13-0.35) (0.11-0.28) (0.08-0.26)
0.03 0.03 0.02
Total Phosphorus (mg/L) (0.02-0.05) (0.02-0.04) (0.02-0.03)
24 24 17
ChIorophyII a (ug/L) 07-63 05-55) 05-55)
) 84 38 5
Faecal Coliforms (cfu/100mL) (1-400) 1-270 1-89)

—
—-——"""'.-F 'f fied, data presented are depth-averaged (A) values calculated by taking the means of three
Mid-depth (M), Bottom (B).
are annual arithmetic means of the depth-averaged results except for E. coli and faecal coliforms
al geometric means.

ackets indicate the ranges.
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4 CENTRAL WATERS JUNK BAY WCZ

Table 4.7
Summary water quality statistics of the Junk Bay WCZ in 2004

Junk Bay
Parameter JM3 JM4

Number of samples

Salinity = o
(326-33.9) (32.3-340)
Pt ovmony G e
Bottom 46-17) 4.8-8.1)
R
Botom (61 100) (72 -118)
e R
Secchi Disc Depth (m) (19 -41) (0.5-45)

36 38

Suspended Solids (mg/L) 15-70) 20-7.7)

0.09 0.07

Ammonia Nitrogen (mg/L) 004-017) 003-013)

0.02 0.02

Nirite Nirogen (mg/L) (<0.01-0.05) (<0.01-0.05)

0.15 013

Total Inorganic Nitrogen (mg/L) 009-026) 006-020)

0.25 022

Total Nitrogen (mg/L) (0.16-041) (0.12-0.33)

0.03 0.03

Total Phosphorus (mg/L) 0.02-0.05) (0.02-0.04)

Chlorophyll-a (ug/L) 0 72'_66 0
Faecal Coliforms (cfu/100mL) 130
(8-1100)

Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by ta
depths: Surface (S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli a
which are annual geometric means.
3. Data in brackets indicate the ranges.
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Table 4.8
Summary water quality statistics of the Western Buffer WCZ in 2004
Hong Kong Island Tsing Yi Tsing Yi
(West) (South) (West)
Parameter WM3 WM4
Number of samples 12 12 12 12
. 235 238 234 234
ez aiie ) (16.4-28.3) (16.1-29.1) (15.9-285) (15.8-28.7)
Salini 326 316 322 317
alinity (29.3-34.1) (24.8-339) (27.9-338) (26.1-33.6)
) 62 63 59 58
Dissolved Oxygen (mg/L) 50-75) @9-79) “8-75) @0-75)
Bot 57 6.0 58 56
otiom (38.7-76) (4.9-75) (4.6-75) (36-75)
) ) 87 88 8 80
0,
Dissolved Oxygen (% Saturation) (72100 (71-121) (72-100) (59-96)
Both 80 84 81 77
otiom (53-99) (71-98) (69 - 96) (52-95)
H 8.1 81 80 80
P (7.9-83) (7.9-83) (7.9-82) (7.9-82)
. 26 22 20 22
Secchi Disc Depth (m) (15-63) (12-45) (L0-27) (15-37)
- 106 103 119 137
i (L) 60-132) 7.0-143) 61-149) ©3-220)
. 6.1 57 80 106
Suspended  Solids (mg/L) (3.0-14.7) (20-11.1) (2.8-12.0) (39-24.0)
) . 09 11 09 08
T ————— 5-day Biochemical Oxygen Demand (mg/L) 05-15) 05-19) 02-14) 03-13)
. 0.07 012 0.14 012
Ammonia_Nitrogen (mg/L) (0.04-0.13) (0.06-0.19) (0.08-0.26) (0.05-0.20)
L ) 0.004 0.006 0.006 0.005
Uiy iz s (L) (0.002 -0.008) (0.004-0.013) (0.003-0.014) (0.002 - 0.008)
L 0.02 0.03 0.03 0.03
Nitite Nitrogen (mg/L) (<0.01-0.07) (<0.01-0.08) (0.01-0.08) (0.01-0.09)
. . 0.07 0.12 012 015
i e (e (0.01-0.20) (0.01-0.40) (0.05-0.31) (0.04-0.34)
. L 0.16 0.28 0.29 0.30
Total Inorganic Nitrogen (mg/L) (0.05-0.28) (0.07-0.55) (0.19-0.46) (0.18-0.45)
. . 0.17 025 025 023
it LR DT i) (0.10-0.21) (0.11-0.32) (0.17-0.37) (0.14-0.34)
) 0.26 040 0.40 041
Total Nirogen (mg/L) (011-0.37) (0.13-0.70) (0.30-0.58) (0.31-0.55)
0.01 0.02 0.02 0.02
CivdesiEles Figsgees (e (0.01-0.02) (0.01-0.03) (0.01-0.04) (0.02-0.04)
0.03 0.04 0.04 0.04
Total Phosphorus (mg/L) (0.02-0.04) (0.02-0.05) (0.03-0.06) (0.03-0.06)
o ) 07 07 08 09
Silica (as IO J(mg/L) 01-13) 0.1-15) (0.2-1.4) (0.1-16)
33 45 28 31
Chlorophy l-a. (g/L) (0.5-8.6) (0.5-13.6) (0.5-7.4) (05-8.1)
) 220 1100 2400 1300
E. coli (cfu/100mL) (20 - 4700) (18 - 11000) (770 - 25000) (260 - 19000)
. 430 2000 5000 2700
Faecal Coliorms (cfu/100mL) (35 -9700) (37 - 31000) (1800 - 50000) (520 - 77000)

S (OTE": . Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three
depths: Surface (S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli and faecal coliforms
which are annual geometric means.
3. Data in brackets indicate the ranges.
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Chapter 5 —Western Waters

Water Quality in 2004

5.1 The western waters of Hong Kong comprise the Deep Bay and North Western Water
Control Zones (WCZs). Bordering Shenzhen, Deep Bay is a shallow and sediment-laden water
body with the ecologically important Mai Po and Inner Deep Bay Ramsar site, and an area of
oyster production. TheNorth Western WCZ is heavily influenced by the Pearl River and isthe
home of the Chinese White Dolphins. A summary of the monthly data of the western watersin
2004 isshown in Tables 5.3 and 5.4.

Deep Bay Water Control Zone

5.2 In 2004, the water quality of Deep Bay remained
poor, in particular in the Inner Deep Bay, characterised by high
organic and inorganic pollutants and low dissolved oxygen (DO).
The 5-day Biochemical Oxygen Demand (BOD,), suspended solids
and nitrogenous nutrients showed adistinct increasing gradient from
the outer Deep Bay to the inner part. .The levels of nitrogen
compoundsinDeep Bay continued to bethe highest in theterritory.
In 2004, while the mean ammonia nitrogen (NH,-N) at DM 1 and DM2 were 5.7 mg/L and 4.0
mg/L respectively, total nitrogen (TN) reached 7.6 mg/L and 5.7 mg/L (showing a 13 — 26%
increase). Although the mean BOD, (2.6 mg/L) and DO (4.7 mg/L) levels were comparable with
those in 2003, hypoxiain the water (DO < 2 mg/L) was detected during the months of June and
July. Dischargesfrom livestock farms and unsewered villages werethe maor pollution sourcesin
the Hong Kong side of the Deep Bay catchment.

North Western Water Control Zone

5.3 In 2004, the water quality in the North Western WCZ
was largely stable. While the western stations (NM3, NM6 and
NM8) experienced a decrease of E. coli bacteria (by 22-86%),
the eastern side (NM1 and NM 2) showed some increases (by 40-
70%). The bacterial increase at NM2 may be related to the
discharges from the Stonecutters | sland Sewage Treatment Works
(STW) and the Siu Ho Wan STW. Similar to other waters of Hong
Kong, there has been a 40% rise of NH,-N in the WCZ. On the other hand, other nitrogenous
compounds, i.e. total inorganic nitrogen (TIN), total Kjeldahl nitrogen (TKN) and TN did not
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show acorresponding increase during the year. The levels of orthophosphate phosphorus (PO,-
P) and total phosphorus (TP) were largely stable in 2004.

Compliance with Water Quality Objectives

54 In 2004, the Inner Bay (DM 1-3) failed to comply with the DO objective (Figure 5.1)
while the whole Deep Bay WCZ failed to meet the TIN objective. Of all the monitoring stations,
only DM5 in the outer bay met the WQO for unionized ammonia (NH_-N), which is toxic to
marine organisms. The overall WQO compliancein theDeep Bay WCZ deteriorated further from
27% in 2003 to 20% in 2004, being the lowest ever recorded.

55 TheNorth Western WCZ achieved an overall 89% compliance with the Water Quality
Objectives (WQOs) in 2004, higher than that in 2003 (78%). All stations except that at the
eastern end (NM 1) complied with the WQO for DO (Figure 5.2). The western-most station
NM5, nearest to Deep Bay and Pearl River, was the only station which did not meet the WQO for
TIN. Full(100%) compliance with the NH,-N objective was achieved in the North Western WCZ.

L ong-term Water Quality Trends

5.6 The water in Deep Bay showed along-term increase in nitrogenous nutrients and a
decline in DO since 1986 (Table 5.1). Rising E. coli and BOD, were also detected at most
stations (Figure 5.3). Deep Bay is facing serious pollution problems of increasing nutrient and
organic enrichment, hypoxia, anmoniatoxicity and bacterial contamination which threaten the
sensitive ecosystem in the bay.

5.7 In the North Western WCZ, long-term increases in NH,-N and TIN were detected at
the stationsNM2, NM 3 and NM5 which may be related to local discharges as well as Pearl River
flow. Theincreasing trend of E. coli at NM1 could be due to the impact of Victoria Harbour,
whereas the increase at NM5 may be related to the flow from the San Wai sewage treatment
works nearby (Table 5.2 and Figure 5.3).
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Figure 5.1

DEEP BAY WCZ

Level of compliance with key Water Quality Objectives in the

Deep Bay WCZ
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(bottom)

DM1 DO (bottom) not measured, water depth < 3m
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- % sample with depth-averaged 0%
DO >4 mg/L
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Figure 5.1 Level of compliance with key Water Quality Objectives in the
(continued) Deep Bay WCZ
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Figure 5.2 Level of compliance with key Water Quality Objectives in the
North Western WCZ
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Figure 5.2
(continued) North Western WCZ
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Figure 5.3 Marine water quality trends in the Western Waters

(based on the Seasonal Kendall Test significant at p<0.05)

Increasing trend in depth-averaged Total Inorganic Nitrogen at NM5, 1988 - 2004
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Table 5.1
Results of the Seasonal Kendall Test for water quality trends in the
Deep Bay WCZ, 1986 - 2004

Monitoring Station

1986 1986 1986 1986 1991

Monitoring Period | | | | |
2004 2004 2004 2004 2004

Parameter Water Dept
Surface o o - FJ -
Temperature (°C) Middle NA NA NA NA -
Bottom NA NA NA 2 -
Average - - - FJ -
Surface N N R - R
Salinity Middle NA NA NA NA
Bottom NA NA NA - -
Average N 3N - - -
Surface R R R A 3
|Dissolved Oxygen (mg/L) Middle NA NA NA NA N
Bottom NA NA NA N N
Average N N N 3N N
Surface R R N N 3
IDissolved Oxygen (%) Middle NA NA NA NA 3
Bottom NA NA NA 3 3
Average N N N 3N N
Surface - A - p ] -
loH Middle NA NA NA NA -
Bottom NA NA NA N
Average o 3N o a8 -
Secchi disc depth (m) NA NA NA - -
Surface FJ 2 2 - 2
Turbidity (NTU) Middle NA NA NA NA 2
Bottom NA NA NA - -
Average 2 2 2 - -
Surface 2 2 2 - -
Suspended Solids (mg/L) Middle NA NA NA NA -
Bottom NA NA NA - -
Average 2 2 2 - -
Surface o o o o o
Total volatile solids (mg/L) Middle NA NA NA NA -
" l.-_—h_.-_._': Bottom NA NA NA o ©
- Average o o o o o
Surface 2 2 - 2 2
5-day Biochemical Oxygen Demand (mg/L) Middle NA NA NA NA R
Bottom NA NA NA 2 -
Average 2 2 - - -
Surface 2 2 2 2 2
Ammonia nitrogen (mg/L) Middle NA NA NA NA 2
Bottom NA NA NA 2 2
Average 2 2 2 2 ?
Surface - 2 2 2 2
INitrite nitrogen (mg/L) Middle NA NA NA NA 2
Bottom NA NA NA 2 2
. Average - 2 2 2 2
Surface o o 2 2 2
INitrate nitrogen (mg/L) Middle NA NA NA NA -
Bottom NA NA NA ? o
Average - - 2 2 -
Surface 2 2 2 2 2
Total inorganic nitrogen (mg/L) Middle NA NA NA NA 2
Bottom NA NA NA 2 2
Average 2 2 2 2 2
Surface 2 2 - - -
Total Kjeldahl nitrogen (mg/L) Middle NA NA NA NA =
Bottom NA NA NA -
i Average 2 2 - - -
Surface 2 2 2 2 -
Total nitrogen (mg/L) Middle NA NA NA NA -
Bottom NA NA NA - -
Average 2 2 2 2 -
Surface o o - 2 -
Orthophosphate phosphorus (mg/L) Middle NA NA NA NA -
Bottom NA NA NA ? o
Average - - - 2 -
Surface - - - - N
Total phosphorus (mg/L) Middle NA NA NA NA N
Bottom NA NA NA - 3
Average - - - - N
Surface o 2 - - -
Silica (mg/L) Middle NA NA NA NA =
Bottom NA NA NA - -
Average - 2 - - -
E— Surface - _ B i 2
Chlorophyll-a (ug/L) Middle NA NA NA NA 2
Bottom NA NA NA - 2
Average - - - - 2
Surface o FJ 2 2 2
E. coli (cfu/100mL) Middle NA NA NA NA 2
Bottom NA NA NA 2 2
Average - 2 2 2 2
Surface - 2 2 2 2
Faecal coliforms (cfu/100mL) Middle NA NA NA NA 2
Bottom NA NA NA 2 2
Average - 2 2 2 2
Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 5. Z represents a significant increase over time
2. - indicates no significant trend is detected 6. N represents a significant decrease over time

3. NA (Not Applicable) indicates the measurement was not made due to shallow water
4. Test applied to past 19 years’ data from each monitoring station unless stated otherwise
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Table 5.2
Results of the Seasonal Kendall Test for water quality trends in the

1988 1986 1986 1988
| | [ [
2004 2004 2004 2004

Surface o o 2
Temperature (°C) Middle - - 2
Bottom - - 2
Average o 5 2
Surface - - R
Salinity Middle 2 - - - -
Bottom - - - - -
Average - - - - -
Surface A] - - N p ]
Dissolved Oxygen (mg/L) Middle 5 ) R R _
Bottom B o - -
Average o o - .
Surface N - ) -
|Dissolved Oxygen (%) Middle - N R R
Bottom - - - - -
Average - - - -
Surface R - R
pH Middle - - -
Bottom o o -
Average o -
Secchi disc depth (m) - 2
Surface o 2 2
Turbidity (NTU) Middle o 2
Bottom o -
Average o o - -
Surface - - - R
Suspended Solids (mg/L) Middle - - - - R
Bottom - - - - -
Average - -
Surface o N - N -
Total volatile solids (mg/L) Middle - -
Bottom o N o = -
Average - N
Surface - -
5-day Biochemical Oxygen Demand (mg/L) Middle - - - R -
Bottom - q-?'-.
Average -
Surface o
Ammonia nitrogen (mg/L) Middle 2
Bottom 2
2

Average
Surface
INitrite nitrogen (mg/L) Middle -
Bottom -
Average -
Surface o
INitrate nitrogen (mg/L) Middle o
Bottom o
Average o
Surface -
Total inorganic nitrogen (mg/L) Middle -
Bottom -
Average -
Surface ]
Total Kjeldahl nitrogen (mg/L) Middle 8
3
N

NNNNNN
ANV
ANV

NN
AR R
L NN

©

NN
NN

"KL NNNNN
N

Bottom

Average

Surface -
Total nitrogen (mg/L) Middle N

Bottom -

Average - - - - -

Surface o o = - -
Orthophosphate phosphorus (mg/L) Middle - R - . R

Bottom o o - -

Average o o - -

Surface - - R R
Total phosphorus (mg/L) Middle -
Bottom N N - R

3

KKK N

Average
Surface
Silica (mg/L) Middle 5 - R R
Bottom o o - -
Average o o - -
Surface - -
Chlorophyll-a (ug/L) Middle - N R R
Bottom - - - -
Average
Surface
E. coli (cfu/100mL) Middle
Bottom
Average
Surface
Faecal coliforms (cfu/100mLlI) Middle
Bottom
Average

KKk

CNNNNK K

NANNNNNN
PR R R R R R

Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 4. NM8 has six years’ data only, which is insufficient to perform
2. - indicates no significant trend is detected Seasonal Kendall Test
3. Test applied to past 19 years’ data from each monitoring station unless stated otherwise 5. 7 represents a significant increase over time
6. N represents a significant decrease over time
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Table 5.3
Summary water quality statistics of the Deep Bay WCZ in 2004
Inner Deep Bay Outer Deep Bay
Parameter DM1 DM2 DM3 DM4 DM5
Number of samples 12 12 12 12 12
T ure (°C 243 243 242 2.2 240
ELEELERE) (13.0-30.6) (133-30.7) (139-30.2) (15.1-30.1) (155-29.1)
Salini 185 203 239 2.1 219
alinity (6.0-25.6) (7.4-26.8) (113-30.2) (12.3-324) (19.7-33.0)
: 33 38 52 5.4 55
Dissolved Oxygen (mg/L) (L6-7.0) 25-7.9) 24-90) (38-7.) (¢3-75)
Boto NM NM NM 53 52
otom (38-80) (38-6.9)
: : 44 52 74 74 7
Dissolved Oxygen (% Saturation) 22-%) 34-10) 9-116) (54-99 (61-98)
Boto NM NM NM 73 73
otom (53-104) (55-90)
" 7.7 7.7 8.0 8.1 8.2
p (7.2-83) (72-8.7) (75-8.9) (7.6-8.7) (7.8-8.6)
A 03 05 0.6 0.9 14
Secchi Disc_ Depth (m) (0.1-05) (0.3-08) (03-1.2) (05-15) 0.9-18)
o 69.0 457 230 173 151
V.17 (1) (20.1-163.8) (105-139.1) (10.0-44.4) (7.1-322) (95-31.2)
' 743 469 21 18 107
Suspended Solids (mg/L) (19.0-180) (9.8-150) (10.0-53.0) (4.6-235) (45-20.2)
: : 55 38 15 11 09
5-day Biochemical Oxygen Demand (mg/L) (20-140) (16-92) 05-54) 04-23) 02-25)
- 5.68 4.03 0.87 0.41 025
Ammonia_Nitrogen (mg/L) (2.50-8.50) (2.10-6.50) (0.09 - 1.80) (0.08-0.83) (0.03-0.43)
- . 0162 0.156 0.045 0.022 0.016
LaESen e e (0.022-0.521) (0.018 - 0.760) (0.009 - 0.255) (0.007 - 0.065) (0.003 - 0.045)
L 0.27 037 0.20 0.14 0.09
Niite Nitrogen (mg/L) (0.06 - 0.66) (0.12-1.10) (0.10-0.36) (0.03-0.36) (0.02-0.21)
. . 0.32 0.40 0.64 0.58 0.42
LEL B el (0.10-0.60) (0.22-0.62) (0.23-1.20) (0.12-1.20) (0.07 -0.90)
- 6.26 4.79 170 114 077
Total Inorganic. Nitrogen (mg/L) (2.98-897) (2.59-7.93) (0.86 - 2.44) (0.49-1.80) (0.32 - 1.40)
. . 7.00 4.9 113 0.61 041
e ERE REEn (e (330 -11.00) (2.60-8.00) (0.30-2.00) (027-1.25) (0.19-0.66)
. 7.59 5.68 1.97 133 092
Total Nivogen (mg/L) #VALUE! (3.09-9.43) (1.07-257) (0.68-2.20) (0.48 - 1.64)
0.55 0.42 012 0.06 0.04
RS [HRETTTS () (0.29-0.86) (0.26-0.76) (0.07-0.22) (0.04-0.13) (0.03-0.05)
0.79 0.56 0.17 0.09 0.06
Total Phosphorus (mg/L) (0.42-1.20) (0.33-0.86) (0.10-0.28) (0.06-0.16) (0.05-0.08)
” . 6.1 52 31 27 20
<1 (8 e (el @.1-110) (15-9.7) (L1-55) (10-5.) 07-38)
16.3 9.2 6.1 24 26
Chiorophy i (ug/L) @2.1-71.0) (0.8-71.0) (0.5-55.0) (0.9-10.6) 0.7-122)
: 3600 820 81 480 660
=, Gl (Gl (70 - 37000) (21 - 7400) (20-690) (74-2100) (390 - 1200)
. 5300 1300 140 770 1100
Faecal Colforms (cfu/100mL) (170 - 39000) (43 -7900) (35-800) (180 - 4800) (450 - 2800)

Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three
depths: Surface (S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli and faecal coliforms
which are annual geometric means.
3. Data in brackets indicate the ranges.
4. NM - not measured
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Table 5.4

Summary water quality statistics of the North Western WCZ in 2004
Pillar Point

Parameter
Number of samples

Temperature (°C)
Salinity
Dissolved Oxygen (mg/L)
Bottom
Dissolved Oxygen (% Saturation)
Bottom
pH
Secchi Disc Depth (m)
Turbidity (NTU)
Suspended Solids (mg/L)
5-day Biochemical Oxygen Demand (mg/L)
Ammonia Nitrogen (mg/L)
Unionised Ammonia (mg/L)
Nitrite Nitrogen (mg/L)
Nitrate Nitrogen (mg/L)
Total Inorganic Nitrogen (mg/L)
Total Kjeldahl Nitrogen (mg/L)
Total Nitrogen (mg/L)
Orthophosphate Phosphorus (mg/L)
Total Phosphorus (mg/L)
Silica (as SiO,) (mg/L)
Chlorophyll-a (ug/L)
E. coli (cfu/200mL)

Faecal Coliforms (cfu/100mL)

Lantau Island

(North)
NM1

12
231
(16.0-27.5)
317
(28.0-334)
53
@7-7.4)
52
(35-7.4)
73
(54-93)
71
(51-87)
80
(78-82)
19
14-22)
143
(#5-21.7)
11.0
3.7-25.7)
07
03-11)
0.14
(0.04-0.26)
0.006
(0.002 - 0.009)
005
(0.01-0.12)
017
(0.04-0.37)
035
(0.18-0.54)
0.24
(0.16-0.34)
046
(0.31-067)
0.03
(0.01-0.04)
0.05
(0.03-0.06)
10
02-2.)
19
06-6.1)
1400
(460 - 4600)
2900
(1100 - 14000)

Pearl Island

NM2

12
234
(156-285)
304
(20.1-33.4)
56
@1-7.4)
56
41-7.4)
7
(62-96)
76
(59-95)
8.0
(79-82)
19
(15-25)
118
(4.7-21.8)
7.0
(4.0-12.6)
08
(03-15)
013
(0.05-0.28)
0.006

(0.003 - 0.009)

0.06
(0.01-0.17)
0.23
(0.03-0.66)
042
(0.15-0.87)
0.25
(0.20-0.38)
0.54
(0.27-1.05)
0.03
(0.01-0.04)
0.04
(0.03-0.06)
12
03-29)
26
(06-10.5)
540
(160 - 1300)
1100
(480 - 2400)

NORTH WESTERN WCZ

NM3

12
25
(15.6-28.7)
30.2
(21.7-333)
58
42-74)
57
(36-78)
79
(63-106)
77
(54-110)
8.0
(7.9-82)
18
12-23)
14.2
(6.8-20.0)
94
(6.9-13.7)
08
0.3-1.4)
0.14
(0.05-0.28)
0.006

(0.002 - 0.010)

0.06
(0.01-0.19)
0.24
(0.03-0.76)
045
(0.15-0.99)
0.26
(0.20-0.37)
057
(0.26-1.14)
003
(0.01-0.05)
0.05
(0.03-0.06)
13
02-33)
24
06-73)
340
(160 - 1800)
720
(230 - 4800)

Urmston Road

NM5

12
236
(155-29.2)
291
(18.7-333)
57
4.1-83)
56
(39-7.4)
1]
(60-118)
76
(59-102)
80
(7.9-82)
15
1.0-25)
165
(7.3-27.5)
121
(5.4-28.7)
07
03-1.1)
018
(0.03-0.40)
0.007

(0.002-0.013)

0.08
(0.01-0.17)
031
(0.04-0.81)
057
(0.18-1.02)
031
(0.19-0.50)
0.70
(032-1.20)
003
(0.02-0.05)
0.05
(0.04-0.06)
15
(05-3.4)
23
(0.6-85)
440
(140 - 900)
870
(330 - 1800)

Chek Lap Kok
(North) (West)
NM6 NM8
12 12
236 234
(15.1-29.4) (15.4 - 28.6)
294 30.6
(20.4-33.4) (23.7-335)
6.2 65
(45-8.2) @.7-81)
6.2 65
(4.5-8.9) (4.6-856)
85 90
(68 -116) (63-116)
86 91
(68 - 126) (63-123)
8.1 8.1
(7.9-8.3) (7.9-83)
16 15
(1.0-22) (1.0-25)
14.4 16.2
(9.7-245) (9.2-25.4)
10.7 116
(4.4-267) (5.9-282)
0.9 07
04-2.2) (0.4-15)
011 0.06
(0.02-0.33) (0.02-0.16)
0.005 0.003
(0.001 - 0.012) (0.001 - 0.006)
0.06 0.04
(0.01-0.13) (0.01-0.08)
0.27 0.47
(0.03-0.73) (0.02-0.50)
0.44 0.27
(0.08-0.89) (0.07 -0.60)
0.23 0.47
(0.13-0.43) 0.11-0.22)
056 0.38
(0.20-1.04) 0.17-0.77)
0.02 0.01
(0.01-0.04) (<0.01-0.02)
0.04 0.03
(0.02-0.06) (0.03-0.05)
13 11
04-3.3) 0.2-26)
33 30
(0.8-11.0) (0.8-7.8)
6 3
@-77) @-92
18 6
2-190) (1-150)

Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three

depths: Surface (S), Mid-depth (M), Bottom (B).

2. Data presented are annual arithmetic means of the depth-averaged results except for E. coli and faecal coliforms
which are annual geometric means.
3. Data in brackets indicate the ranges.
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O  SEDIMENT QUALITY

Chapter 6 — Sediment

6.1 Sedimentsin the sea bottom are often regarded as the ultimate sink of pollutantsin the
marine environment. They are also an important habitat for a variety of marine life, including
ecologically and commercially important species. Theorganic and inorganic pollutantsaccumulated
In sediments may pose apotential threat to marine organisms and human health, and therefore need
to be monitored regularly.

6.2 In 2004, the Environmental Protection Department
(EPD) monitored marine sediments twice, at 45 stations in open
waters (Figure 1.3) and 15 stationsin typhoons shelters (Figure 1.
4). Sediment samples were collected using agrab sampler. Field
measurements, e.g. el ectrochemical potential, were done on board
the monitoring vessel and laboratory tests were conducted on over
60 physical, chemical and biological parameters (Table 1.3). A
summary of the marine sediment quality in theterritory inthe past 5 years (2000—2004) is shown
in Tables 6.1-6.6.

6.3 The marine sedimentsin Hong Kong consist mainly of silt. The sedimentsin the eastern
waters, in particular the deeper and inshore water of Mirs Bay, are of afiner consistency, with
90% (w/w) of the sediment particles below the size of 63um (Figure 6.1). In areas with stronger
currents such as theNorth Western water and Victoria Harbour, the sediment particles are coarser
and only about 40-80% of the particles are smaller than 63um:

6.4 The marine sediments in Hong Kong are generally anoxic, i.e. with negative
electrochemical potential. Highly anoxic sediments (below -300mV) were found in the Victoria
Harbour WCZ (-326mV to -363mV), inner Mirs Bay, i.e. Double Haven and Crooked Harbour
(-326mV to -358mV), and Tolo Harbour (-310mV to -324mV) as
showninFigure6.2. Thelow electrochemical potential in Victoria
Harbour was mainly related to organic depesition from effluent
discharges. Double Haven and Crooked Harbour in Mirs Bay and
Tolo Harbour had many fish culture zones (Figure 1.6). Sediments
in these areas were subject to the long-term effects of organic
pollution from fish excreta, fishfeed and other sources.

6.5 I n assessing contami nation of marine sediments by contaminants, guidelinevaluesinthe
‘Environment, Transport and Work Bureau Technical Circular ETWB(W) No. 34/2002 -

MARINE WATER QUALITY IN HONG KONG IN 2004 P6.2
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O  SEDIMENT QUALITY

Management of Dredged / Excavated Sediment’ were used as bench marks. The Upper Chemical
Exceedance Levels (UCELSs) and Lower Chemical Exceedance Levels (LCELSs) of 12 individual
or groups of chemical contaminants are shownin Table6.7.

Metals, Metalloid and Trace Organics

6.6 Sedimentsin VictoriaHarbour (VS3, VS5 and V S6), Junk Bay (JS2) and Tsuen Wan
Bay (VS9 and VS10) had higher levels of heavy metals, in particular copper and silver, which
exceeded the UCELSs (Figures 6.3 and 6.5). Thiswas likely to be related to discharges from
printed circuit board, electroplating industries and photo-devel oping businessin the old industrial
areasi.e. Kwun Tong, To KwaWan, Yau Tong and Tsuen Wan between the 60s and 80s. Mercury
in marine sediments was generally low except at one station (V S6) in western Victoria Harbour
where the level exceeded the UCEL (Figure 6.4). Mercury contamination may be related to the
former dischargesfrom dental clinicsand industries.

6.7 Among the trace organic pollutants, the levels of polychlorinated biphenyls (PCBs) in
the marine sediments of Hong Kong were generally low, below the L CEL except at VS6 (Figure
6.6). The18 PCB congenersin over 90% of the sediment samples were below the reporting limits
(<2ug/kg dry weight). Eight PCB congeners (i.e. PCB 101, 118, 128, 138, 153, 170, 180 and
187) were detected in central and western Victoria Harbour (V S5, VS6, VS9 and VS10). The
levels of low and high molecul ar weight PAHs in the marine sediment samples were mostly bel ow
theL CEL swith the exception of one station inwestern VictoriaHarbour (V S6) where high molecul ar
weight PAHs exceeded the LCEL (Figures 6.7 and 6.8).

MARINE WATER QUALITY IN HONG KONG IN 2004 P6.3
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Figure 6.1 Particle Size Fractionation <63 pm in marine sediments
in Hong Kong, 2000 - 2004
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Figure 6.2 Electrochemical potential in marine sediments in Hong Kong,
2000 - 2004
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Figure 6.3 Copper in marine sediments in Hong Kong, 2000 - 2004
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Figure 6.5 Silver in marine sediments in Hong Kong, 2000 - 2004
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Figure 6.6  Total polychlorinated biphenyls (PCBs) in marine sediments
in Hong Kong, 2002 - 2004
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Figure 6.7 Low molecular weight polycyclic aromatic hydrocarbons (PAHs)
in marine sediments in Hong Kong, 2002 - 2004

Shenzhen

Low molecular weight
PAHs

(ng/kg dry weight)
>3160

NS . 7 i 551 - 3160
: a ' 7

New Territories

Figure 6.8 High molecular weight polycyclic aromatic hydrocarbons (PAHs)
in marine sediments in Hong Kong, 2000 - 2004
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Table 6.1
Summary statistics of marine sediment quality of the Tolo
Southern WCZs, 2000 - 2004

Tolo Harbour and Channel

Harbour and Channel and

Hong Kong Island

West Lamma

Parameter

Harbour Subzone

TS2

TS3

Buffer
Subzone
TS4

Channel
Subzone
TS5

Number of samples 10 10 10 10
) . o 72 69 63 91
0
Particle Size Fractionation <63um (%w/w) (14-86) 4385 3478 €0-%)
) ) 321 310 -324 312
Electrochemical Potential (mV) (376)-(212)  (364)-(183)  (390)-(198)  ((355)- (130)
) 34 34 40 30
0
U L) (30-40) (28-45) (32-54) (28-35)
! . 102 9.8 95 13
Total Volatile Soilds (%ow/w) ®6-120) (7.4-120) 65.0-120) ©7-130)
. 24000 22000 21000 19000
Chemical Oxygen Demand (mg/kg) (21000-28000) (15000 - 25000) (17000 - 23000) (16000 - 22000)
08 07 08 08
Total: Carbon (Yow/w) (0.7-0.9) (0.5-0.8) (0.7-1.0) (0.7-0.9)
) . 112 6.2 116 18
AaEreel e () L6-320)  (21-140)  (1-240)  (60-250)
) . 598 525 596 730
Total Kjeldahl- Nitogen (mg/kg) (470-720) (350 - 640) (460 -820) (620 -890)
182 165 191 207
Vel Fsspire B ey (160 - 220) (140 - 200) (140 - 230) (180 - 240)
) 215 167 170 175
Total Sulphide (mg/kg) (13 -400) (30-320) (17-330) (53-240)
) 02 01 01 01
] (EETEE (i) 01-03) 01-02)  (01-03)  (01-02)
) 9.2 9.3 83 638
Arsenic (mg/kg) (7.0-110) (5.9-13.0) (6.6-9.8) (56-82)
. 05 05 04 03
et () 04-08) 02-0.) 02-06) 02-03)
) 29 23 25 36
Chromium (mg/kg) (23-34) (14-35) (19-30) (30 -40)
47 38 26 24
e ) (37-60) 22-60) (15-39) 20-26)
89 98 68 54
Lead (mglkg) (76 - 100) (75-130) (55-82) (49 -62)
0.09 0.06 0.06 0.06
Mercury (mg/kg) (<0.05-017)  (<0.05-0.)  (<0.05-0.08)  (<0.05-0.12)
) 18 14 16 %
Nickel (mg/kg) (15-22) 8-22) (13-20) (22-28)
. 05 05 04 04
Silver (mg/kg) (0.4-1.0) (0.4-1.0) (0.2-1.0) (0.2-1.0)
) 200 201 142 126
Zinc (mg/kg) (140 - 270) (170-220) (75 - 220) (100 - 140)
Total Polychlorinated Biphenyls (PCBs) 18 18 18 18
(uglkg) @@ (18-18) (18-18) (18-18) (18-18)
Low Molecular Weight Polycylic Aromatic 91 91 90 %0
Hy drocarbons (PAHs) (ug/kg) ©©© (90-98) (90-94) (90-90) (90-93)
High Molecular Weight Polycylic Aromatic 60 43 53 58
Hy drocarbons (PAHs) (ug/kg) @ ® © (3L-120) (21-100) (20-137) (16 -90)

(South)
SS1 SS2
10 10
71 87
(57-92) (74-92)
142 147
(205)-(95))  ((-338)-(-32)
55 47
(48 -59) (43-51)
65 75
(5.9-76) (6.7-8.0)
11000 15000
(10000 - 13000) (13000 - 16000)
09 07
(0.6-1.0) 0.6-0.7)
63 11.2
(0.2-11.0) (0.4-37.0)
388 391
(260 - 490) (230-520)
219 193
(160 - 250) (150 - 240)
37 52
(10-70) (8-100)
<0.1 <01
(<0.1-0.2) (<0.1-02)
6.7 9.3
(4.6-82) (7.9-120)
<01 <01
(<0.1-<0.1) (<0.1-<0.1)
26 35
(17 -36) (28-39)
13 23
8-18) (19-27)
29 36
(21 -40) (28-41)
0.05 0.08
(<0.05-0.08)  (<0.05-0.11)
18 2
(12-23) (20-26)
03 0.4
(<0.2-1.0) 0.3-1.0)
75 102
(56 - 110) (93-120)
18 18
(18 -18) (18-18)
93 90
(90 - 106) (90-93)
58 66
(28-188) (30-133)

Channel

SS3
10
73
(52-93)
a73
(-280)- (91)
52
(47-59)
6.8
(6.0-73)
19000
(14000 - 25000)
0.9
07-14)
6.3
(1.6-16.0)
366
(240 - 460)
235
(200 - 270)
32
11-72)
<01
(<0.1-02)
74
(6.0-8.8)
<01
(<0.1-<0.1)
32
(25-38)
20
(15-23)
34
(23-41)
0.08
(0.06-0.11)
2
(17-26)
04
(<02-1.0)
87
(68-110)
18
(18-18)
91
(90-95)
61
(23-1293)

10
80
(49 - 96)
143
(192) - (84)
46
(42 -51)
74
(6.4-7.9)
16000
(14000 - 18000)
06
06-0.7)
48
(0.4-956)
366
(240 - 420)
193
(160 - 240)
49
(21-140)
<01
(<0.1-0.1)
89
(62-11.0)
<01
(<0.1-<0.1)
38
(26 - 44)
36
(20-43)
)

(25 -50)
012
(0.08-0.15)
23
(16-27)
05
(0.4-1.0)
11
(75-130)
18
(18-18)
91
(90-98)
110
(41-174)

Note : 1. Data presented are arithmetic means ; data in brackets indicate ranges.
. All data are based on the analyses of bulk (unsieved) sediment and are reported on a dry weight basis unless stated otherwise.
. The Technical Circular ‘ETWB (W) No. 34/2002 Management of Dredged / Excavated Sediment’ issued in 2002 has revised the definition of ‘Total PCBs’

w N

as the summation of 18 specific PCB congeners. Following the new definition, the monitoring of these 18 PCB congeners started in 2002 and the
Total PCBs results only refer to 2002 - 2004.
4. Total PCBs results are derived from the summation of 18 congeners. If the concentration of a congener is below report limit (RL), the result will be taken

as 0.5xRL in the calculation.

v

Anthracene, Fluorene, Naphthalene and Phenanthrene.
6. As the monitoring of Naphthalene only started in 2002, the Low Molecular Weight PAHs results are based on sediments samples collected in 2002 -

2004.

N

. Low molecular weight polyaromatic hydrocarbons (PAHs) include 6 congeners of molecular weight below 200, namely : Acenaphthene, Acenaphthylene,

High molecular weight polyaromatic hydrocarbons (PAHs) include 10 congeners of molecular weight above 200, namely : Fluoranthene, Pyrene, Benzo

(a)anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Dibenzo(a,h)anthracene, Benzo(g,h,i)perylene and Indeno(1,2,

3-cd)pyrene.

©

below report limit (RL), the result will be taken as 0.5xRL in the calculation.

MARINE WATER QUALITY IN HONG KONG IN 2004
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Table 6.2
Summary statistics of marine sediment quality of the Southern, Junk Bay and Deep Bay
WCZs, 2000 - 2004

Lantau Island Junk Bay Inner Deep Bay Outer Deep Bay
(East) (South)
Parameter SS5 SS6
Number of samples 10 10 10 10 10 10 10
) . o 94 71 82 71 78 87 70
()
Particle Size Fractionation <63pum (%w/w) (19-%9) #4-100) 56-%3) 6-99) 63-95) (68-96) @7-%)
Electrochemical Potential (mV) N 40 210 203 9 108 12
(299)- (71)) (207)- (41)) (323)- (98)) ((-366) - (-145)) (272)- (131) (237)- (61)) ((204)- (29))
) 37 61 45 46 46 46 53
0
Uzl S (T (35-39) (57 -65) (40-54) (34-53) (42-50) (43-50) (41-66)
! ) 85 47 73 71 7 71 6.1
0,
Total Volaile Soilds (Yow/w) 8.2-9.0) 4.1-52) (58-78) @7-92) (6.0-7.8) (6.5-7.6) 46-7.7)
Chemical Oxvaen Demand (ma/k 15000 11000 16000 21000 17000 15000 15000
yo (mg/kg) (13000-17000)  (9200-12000) | (11000-19000) | (15000-25000)  (12000-19000)  (12000-18000) (13000 - 19000)
06 05 07 06 05 05 05
0
Total Carbon (Yw /w) (05-06) (05-06) 06-08) 0.4-0.7) (0.4-0.6) (0.4-0.6) (05-08)
) . 131 8.9 8 26.2 6.3 33 44
AATETSE) (B e (e 02-340) 03-210) (#8-140) (25-650) 01-320) 02-73) 01-110)
) . 490 296 437 421 389 364 267
Total Kjeldahl Nitrogen (mg/kg) (350-870) (200 -370) (340 -520) (210-800) (160-510) (230-470) (110-490)
208 182 200 338 201 244 173
VeI PSRRI (1L (150 - 340) (130-220) (170 - 240) (200-620) (140-380) (140-320) (77 -270)
) 7 31 114 440 123 57 23
Total Sulphide (mg/kg) (9-110) (9-59) (19-230) (29-1200) (30-320) (3-160) (@-76)
) 01 <0.1 01 02 02 01 01
UEE] TR (M) (<01-02) (€01-02) (01-02) 01-04) (<01-06) (<01-03) (€01-03)
Arseni » 8.8 63 78 13 141 152 137
rsenic (mg/kg) (7.8-9.6) (5.4-7.6) (5.8-9.6) (85-20.0) (11.0-18.0) (13.0-17.0) (7.6-19.0)
) (<0.1) (<0.1) 02 04 03 02 <01
LR (e (€01-01) (<01-<01) 02-03) (<01-06) 02-04) 01-04) €01-02)
Chromium (mg/kg) 43 2% 53 44 43 47 36
(34-47) (20-32) (41-65) (28-57) (36-49) (39-53) (26-50)
Copper (malk 40 14 133 67 59 59 28
pper (mg/kg) (30-48) (a1-17) (98-190) 16-100) (51-70) (39-77) (15-57)
Lead (mak 52 27 54 64 60 57 Y]
ead (mg/kg) (41-60) @2-32) (35-110) (39-87) (46-87) (49-69) (29-59)
Mercurv (ma/k 015 0.06 024 013 0.14 0.14 0.07
v (mg/kg) (0.12-0.18) (0.05-0.09) (0.14-0.35) (<0.05-0.29) (0.11-023) (0.09-0.16) (<0.05-0.11)
) 27 16 2 2% 2% 31 20
Nickel (mgfkg) (22-30) (13-22) (17-38) (18-33) (23-29) (23-37) (15-30)
Siver (ma/k 05 03 23 08 06 06 04
(mg/kg) 06-10) (<02-10) (10-30) (<02-20) 06-10) 06-10) €02-10)
Ji m 138 7 145 237 190 167 103
inc (mg/kg) (110-160) (61-86) (100 - 200) (100-380) (140 - 240) (140 - 230) (60-180)
Total Polychlorinated Biphenyls (PCBs) 18 18 18 18 18 18 18
(g/kg) @ @ (18-18) (18-18) (18-18) (18-18) (18-18) (18-18) (18-18)
Low Molecular Weight Polycylic Aromatic 0 0 92 93 91 92 91
Hy drocarbons (PAHSs) (ug/kg) © ©®© (90-90) (90-90) (90-97) (90-104) (90-94) (90-96) (90-94)
High Molecular Weight Polycylic Aromatic 75 25 172 133 98 89 73
Hydrocarbons (PAHs) (uglkg) @®© © (44-131) (19-33) (121 -268) (18-355) (54-190) (54-120) (16-254)

Note : 1. Data presented are arithmetic means ; data in brackets indicate ranges.

All data are based on the analyses of bulk (unsieved) sediment and are reported on a dry weight basis unless stated otherwise.

. The Technical Circular ‘ETWB (W) No. 34/2002 Management of Dredged / Excavated Sediment’ issued in 2002 has revised the definition of ‘Total PCBs’
as the summation of 18 specific PCB congeners. Following the new definition, the monitoring of these 18 PCB congeners started in 2002 and the
Total PCBs results only refer to 2002 - 2004.

4. Total PCBs results are derived from the summation of 18 congeners. If the concentration of a congener is below report limit (RL), the result will be taken
as 0.5xRL in the calculation.

. Low molecular weight polyaromatic hydrocarbons (PAHs) include 6 congeners of molecular weight below 200, namely : Acenaphthene, Acenaphthylene,

Anthracene, Fluorene, Naphthalene and Phenanthrene.

6. As the monitoring of Naphthalene only started in 2002, the Low Molecular Weight PAHs results are based on sediments samples collected in 2002 -

2004.

High molecular weight polyaromatic hydrocarbons (PAHs) include 10 congeners of molecular weight above 200, namely : Fluoranthene, Pyrene, Benzo

(a)anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Dibenzo(a,h)anthracene, Benzo(g,h,i)perylene and Indeno(1,2,

3-cd)pyrene.

. Low and high molecular weight PAHs results are derived from the summation of the corresponding congeners. If the concentration of a congener is
below report limit (RL), the result will be taken as 0.5xRL in the calculation.
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Table 6.3
Summary statistics of marine sediment quality of the Port Shelter and Mirs Bay WCZs,
2000 - 2004
Inner Port Outer Starling Crooked Island Port Island  Mirs Bay
Shelter Port Shelter Inlet
(North)
Parameter PS3 PS5 PS6 MS1 MS3
Number of samples 10 10 10 10 10 10 10 10
) : o 87 40 83 86 %3 92 92 90
Particle Size Fractionation <63um (%w/w) (55-96) 6-68) 73-%) 78-92) @3-9) (#5-%9) ©4-%) 73-%)
Electrochemical Potential (mV) 231 1% e 526 49 58 23 243
((324)-(110)  ((249)-(51)  ((281)-(33) | ((379)-(230)  ((385)-(243)  ((388)-(319))  ((342)-(143)  ((346)-(135)
) 37 57 47 40 k) 30 36 38
UeLEl BB ) (32-53) (44-63) (43-51) (32-46) (30-35) (7-34) (34-42) (35-41)
) . 121 7.6 95 8.3 105 13 101 98
Total Volale Soilds (Yow/w) (8.2-14.0) (55-9.9) 8.8-110) (7.4-10.0) (9.2-120) (9.6-120) 9.1-110) (83-110)
Chemical Oxvaen Demand (malk 19000 12000 15000 20000 19000 19000 18000 18000
v9 (mglkg) (15000-22000)  (7200-17000) (L2000 -19000) | (14000 -22000) (17000 -20000) (17000-21000) (14000 -19000) (14000 - 20000)
1 13 1 07 07 08 08 08
Total Carbon (Yow/w) 05-1.2) 0.3-22) (0.4-13) (0.6-08) (0.7-0.9) (0.7-0.9) 07-1.2) 0.7-09)
: ) 81 9.2 6.6 176 16.7 119 8 52
AAITRITEE! beE D (L) (G7-150)  (38-150)  (2-140) | (02-500)  (50-250)  (13-180)  (02-160)  (02-1.0)
. . 635 366 469 549 658 686 633 593
Total Kjeldahl- Nitogen (mg/kg) (420-780) (300-510) (270 -600) (270 - 760) (510-720) (630-780) (420 - 760) (380 - 700)
208 165 193 188 205 201 217 202
Ve (RIS (I E) (170 - 240) (120-210) (110-250) (150 - 230) (180 - 240) (170 - 240) (190 - 270) (170 -230)
) 82 15 37 197 175 104 56 31
Total Sulphide (mg/kg) (44 -200) (3-36) (14-59) (31-350) (43-340) (64-190) (26-77) (10-55)
) <01 <01 <01 01 01 01 01 <01
Toel Cyanideimg/kg) (€01-01)  (01-01)  (01-02) | (01-02)  (01-02)  (01-02)  (01-02)  (01-02)
Arsenic (malk 6.6 46 6.3 95 75 7.3 6.9 73
senic (mg/kg) @7-9.7) 25-8.2) (5.1-9.3) (75-120) (5.8-94) (5.7-10.0) (5.3-88) (5.1-96)
. (<0.1) (<0.1) <01 03 02 02 <01 <01
Gl (L) €01-01)  (01-01)  (01-01) | (02-04) 01-03) 01-02) ©1-01)  (01-01)
Chromium (mark 28 2 2 29 35 35 36 34
omium (mgfkg) (20-35) (16-30) (23-34) (26-32) (28-40) (32-38) (28-41) (27-39)
‘ ” 24 10 14 i) 2 21 17 15
apperimg/kg) 19-31) 6-17) (1-21) (32-45) (19-26) (18-25) (13-20) 12-19)
Lead (malk 39 25 34 51 47 43 45 39
ead (mg/kg) (34-44) (18-37) (31-38) (38-55) (39-51) (36-49) (34-53) (32-49)
. " 01 <0.05 <0.05 0.09 0.07 0.07 0.05 0.05
ercury (mg/kg) (0.06-0.18)  (<0.05-007)  (<0.05-0.09) | (0.07-015)  (<0.05-0.09)  (0.06-0.11)  (<0.05-0.08)  (<0.05-0.07)
Nickel (malk 17 15 20 18 3 % 27 %
ickel (mg/kg) ©9-22) 9-24) 17-23) (15-21) (20-26) (21-26) (21-31) (19-28)
i " 0.4 0.4 03 07 04 0.4 03 03
15155 (/L) 02-10) 02-10)  (02-10) 08-10) 02-10) 02-10)  (02-10)  (02-10)
Zinc (malk 98 60 79 106 100 94 95 91
inc (mg/kg) (77 -130) (36-98) (67 -100) (80-120) (77-110) (78 -100) (66 - 120) (60 - 160)
Total Polychlorinated Biphenyls (PCBs) 18 18 18 18 18 18 18 18
(Mglkg) @@ (18-18) (18-18) (18-18) (18-18) (18-18) (18-18) (18-18) (18-18)
Low Molecular Weight Polycylic Aromatic 90 90 90 9% 91 90 90 90
Hy drocarbons (PAHs) (Hglkg) ©© @ (90-90) (90-90) (90-90) (90-90) (90 -95) (90-90) (90-90) (90-90)
High Molecular Weight Polycylic Aromatic 63 28 42 52 63 79 51 48
Hy drocarbons (PAHSs) (ug/kg) @ ® © (29-103) (19-37) (21-89) (29-93) (34-109) (32-200) (29-78) (21-94)

Note : 1. Data presented are arithmetic means ; data in brackets indicate ranges.

. All data are based on the analyses of bulk (unsieved) sediment and are reported on a dry weight basis unless stated otherwise.

. The Technical Circular ‘ETWB (W) No. 34/2002 Management of Dredged / Excavated Sediment’ issued in 2002 has revised the definition of ‘Total PCBs’
as the summation of 18 specific PCB congeners. Following the new definition, the monitoring of these 18 PCB congeners started in 2002 and the
Total PCBs results only refer to 2002 - 2004.

4. Total PCBs results are derived from the summation of 18 congeners. If the concentration of a congener is below report limit (RL), the result will be taken
as 0.5xRL in the calculation.

. Low molecular weight polyaromatic hydrocarbons (PAHs) include 6 congeners of molecular weight below 200, namely : Acenaphthene, Acenaphthylene,

Anthracene, Fluorene, Naphthalene and Phenanthrene.

6. As the monitoring of Naphthalene only started in 2002, the Low Molecular Weight PAHs results are based on sediments samples collected in 2002 -

2004.

High molecular weight polyaromatic hydrocarbons (PAHs) include 10 congeners of molecular weight above 200, namely : Fluoranthene, Pyrene, Benzo

(a)anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Dibenzo(a,h)anthracene, Benzo(g,h,i)perylene and Indeno(1,2,

3-cd)pyrene.

. Low and high molecular weight PAHs results are derived from the summation of the corresponding congeners. If the concentration of a congener is
below report limit (RL), the result will be taken as 0.5xRL in the calculation.
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Table 6.4
Summary statistics of marine sediment quality of the Mirs Bay WCZ, 2000 - 2004

Mirs Bay Long Waglan Mirs Bay Mirs Bay (Central)
Harbour Island
(North) (South)
Parameter MS4 MS5 MS6 MS8 MS13
Number of samples 10 10 10 10 10 10 10 10
) . S 94 89 93 9% 92 89 88 84
0
Particle Size Fractionation <63pum (%w/w) 65-99) 18-9%) 65-99) 63-99) €3-9) 77-%) 61-94) 71-9)
Electrochemical Potential (mV) 87 180 o 156 128 136 3 12
((282)-(100)  (246)-(95)  ((300)-(104)  (237)-(84)  ((195)-(28)  (202)-(77)  ((209)-(:32)  (-192)-(39)
35 40 34 47 49 50 52 52
i 0
[RaRse i) (33-36) (36 - 44) (31-37) (45-51) (48-51) (46 -54) (49-55) (46 -56)
! ) 95 86 113 7.3 6.7 6.8 6.4 6.6
Total Volatle Soilds (Yow/w) 8.3-10.0) (7.1-10.0) (10.0-120) (6.6-7.8) (6.1-75) (6.7-74) (6.3-7.0) (6.0-7.1)
Chemical O b d (malk 15000 15000 20000 12000 11000 11000 11000 12000
emical Oxygen Demand (mg/kg) (13000-17000) (14000 - 17000) ~ (17000-21000) (10000 -14000)  (9700-12000)  (9600-12000) (9500 - 13000) (9600 - 13000)
0.6 07 09 06 0.6 06 0.6 06
Total Carbon (Yow/w) (06-0.7) (0.6-0.9) 0.8-1.0) (0.5-0.6) (05-0.6) (05-07) (05-08) (05-08)
Pt Mg (el 8.8 938 102 41 10 106 41 9.4
(0.1-20.0) (0.1-21.0) (0.4-21.0) (0.3-9.3) (0.3-48.0) (0.1-69.0) (0.3-95) (15-37.0)
) ) 607 579 721 402 427 47 387 400
Total Kjeldahl Nirogen (mg/kg) (440 - 680) (360 - 670) (640 - 840) (320-520) (350 - 540) (280 - 560) (270 -540) (260 - 480)
Total Phosoh " 202 209 242 207 234 25 218 217
0 SRS (TE)e) (140-230) (140 - 240) (220-290) (180-230) (210 - 260) (190 - 260) (180 - 260) (160 - 260)
) 49 57 86 48 34 22 18 41
TotalSulphide (mglkg) (18-86) (5-180) (36 -210) (1-180) (9-130) (9-89) ©-27) (3-210)
) <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <01 <0.1
Vgl Syl (e (<0.1-0.2) (<0.1-0.1) (<01-0.2) (<01-02) (<0.1-0.1) (<0.1-0.2) (<0.1-02) (<0.1-0.1)
Arseni " 7 74 6.7 76 79 78 6.9 6.6
rsenic (mglkg) (4.9-9.0) (5.7-9.7) (5.0-88) (6.6-9.0) (6.4-9.3) (65-8.9) (5.6-8.1) (5.0-7.7)
. (<0.1) (<0.2) <0.1 <0.1 <0.1 <0.1 <01 <0.1
Catinbi gl (<0.1-0.1) (<0.1-0.2) (<01-0.1) (<0.1-<0.1) (<0.1-<0.1) (<0.1-<0) (<0.1-<0.1) (<01-<0.1)
Chromi " 37 34 2 33 3L 31 30 28
fomium (mg/kg) (30-43) (26-38) (27-35) (26-39) (29-34) (28-36) (25-35) (24-34)
Conper (malk 16 15 18 14 13 12 11 1
pper (mg/kg) (13-18) (11-18) (15-23) (11-20) (11-14) (10-16) (9-13) (8-14)
Lead (malk 41 43 42 34 31 31 31 k7]
ead (mg/kg) (33-47) (33-47) (36-47) (27-38) (26-34) (26 -36) (25-39) (26-39)
Mercurv (malk <0.05 <0.05 007 005 <0.05 <0.05 <0.05 <0.05
ry(mg/kg) (0.05-007)  (<0.05-0.07) (0.06-0.1) (<0.05-0.09)  (<0.05-0.06)  (<0.05-0.05  (<0.05-0.09)  (<0.05-0.05)
Nickel (mark 27 25 24 24 24 23 2 21
ickel (mg/kg) (23-32) (20-26) (21-28) (20-31) (21-26) (20-27) (18-26) (17-26)
Siver (ma/k 03 03 03 03 03 03 03 03
(ma/kg) (<0.2-1.0) (<0.2-1.0) (<02-1.0) (<02-1.0) (<0.2-1.0) (<0.2-1.0) (<02-1.0) (<0.2-1.0)
7i m 90 89 99 83 78 78 72 72
inc (mg/kg) (66 - 100) (62 - 100) (78 -110) (59 - 100) (56 - 95) (58-92) (53-94) (54-82)
Total Polychlorinated Biphenyls (PCBs) 18 18 18 18 18 18 18 18
(ug/kg) @ @ (18-18) (18-18) (18-18) (18-18) (18-18) (18-18) (18-18) (18-18)
Low Molecular Weight Polycylic Aromatic 90 ] 90 ] ] 90 90 90
Hy drocarbons (PAHS) (Hglkg) © © @ (90-90) (90-90) (90-90) (90-90) (90 -90) (90-90) (90-90) (90-90)
High Molecular Weight Polycylic Aromatic 49 43 68 55 34 32 30 27
Hy drocarbons (PAHs) (ug/kg) @ © ©) (28-79) (22-75) (35-123) (22-120) (21-498) (20-48) (19-512) (19-47)

Note : 1. Data presented are arithmetic means ; data in brackets indicate ranges.

All data are based on the analyses of bulk (unsieved) sediment and are reported on a dry weight basis unless stated otherwise.

. The Technical Circular ‘ETWB (W) No. 34/2002 Management of Dredged / Excavated Sediment’ issued in 2002 has revised the definition of ‘Total PCBs’
as the summation of 18 specific PCB congeners. Following the new definition, the monitoring of these 18 PCB congeners started in 2002 and the
Total PCBs results only refer to 2002 - 2004.

4. Total PCBs results are derived from the summation of 18 congeners. If the concentration of a congener is below report limit (RL), the result will be taken
as 0.5xRL in the calculation.

. Low molecular weight polyaromatic hydrocarbons (PAHs) include 6 congeners of molecular weight below 200, namely : Acenaphthene, Acenaphthylene,

Anthracene, Fluorene, Naphthalene and Phenanthrene.

6. As the monitoring of Naphthalene only started in 2002, the Low Molecular Weight PAHs results are based on sediments samples collected in 2002 -

2004.

High molecular weight polyaromatic hydrocarbons (PAHs) include 10 congeners of molecular weight above 200, namely : Fluoranthene, Pyrene, Benzo

(a)anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Dibenzo(a,h)anthracene, Benzo(g,h,i)perylene and Indeno(1,2,

3-cd)pyrene.

. Low and high molecular weight PAHs results are derived from the summation of the corresponding congeners. If the concentration of a congener is
below report limit (RL), the result will be taken as 0.5xRL in the calculation.
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Table 6.5
Summary statistics of bottom sediment quality of the North Western and Western Buffer

WCZs, 2000 - 2004

Pillar Urmston Tsing Yi Hong Kong
Point Road Island
(South) ()
Parameter NS3 NS4 WS1 WS2
Number of samples 10 10 10 10 9 10
) . - 65 47 37 47 76 83
[
Particle Size Fractionation <63um (%w/w) @-79) 6-8) (12-85) 10-92) 7-%) 66-97)
Electrochemical Potential (mV) 13 18 168 58 8 8
((186)- (84)) ((-236)- (-18)) ((230)- (82)) ((-205) - (-115)) ((-263)- (-108)) (212)- (93))
54 60 64 63 48 46
i 0
U Lt ) (50-62) (51-69) (61-68) @7-73) (33-65) (41-54)
! . 6.2 55 51 48 6.6 6.9
Total Volatle Soilds (Yow/w) (5.0-7.0) (3.1-7.4) (45-5.9) (29-83) (4.0-9.0) (56-84)
. 14000 15000 14000 12000 15000 13000
Gzl O Pareis (e (10000 - 17000) (8400 - 19000) (12000 - 19000) (8300 - 17000) (11000 - 19000) (9800 - 17000)
0.6 0.6 05 05 07 06
0
Total Carbon (%w/w) (0.5-1.0) (0.4-08) (0.3-0.7) (0.4-08) (05-1.1) (05-0.6)
) . 3 6.6 145 5.7 17.6 6.4
ATET 3 RGEEED () 0.1-8.2) (0.1-16.0) (0.2-39.0) (0.1-16.0) (5.8-380) (0.9-11.0)
. . 303 285 245 244 397 355
Total Kjeldahl-Nitogen (mg/kg) (220-370) (120 - 440) (160-320) (140 -390) (200-570) (260 - 460)
182 182 148 159 183 183
VEE! S tB (e ) (130-220) (86 - 240) (92-210) (100 - 260) (110 -240) (140 - 220)
. 23 15 27 10 101 66
Total Sulphide (mg/kg) (2-64) (5-32) @3-77) (2-38) (13-210) (15-200)
) <0.1 01 <0.1 <01 01 <0.1
] (EETEE (i) (<01-01) (<01-05) (<01-01) (01-01) <01-03) €01-02)
Arsen " 10 104 103 106 9.4 1.7
rsenic (mg/kg) (75-140) (6.3-14.0) (9.1-130) (6.1-220) 4.7-130) (8.8-16.0)
. (<0.1) (<0.1) <01 <0.1 01 <0.1
et () (<01-01) (<01-03) (<01-01) (01-01) €01-02) €01-0.)
! 33 30 28 26 38 38
Chromium (mg/kg) (25-43) (16-41) (23-36) (15-45) (13-51) (32-45)
G el 31 30 23 16 46 27
(@7-42) (17-47) (18-42) (8-34) (9-85) (18-39)
37 36 38 29 38 39
Lead (mglkg) (32-50) (20-45) (29-46) (17-46) (15-49) (34-48)
. ” 0.09 012 007 005 016 01

I (e (0.06-0.15) (0.06-0.19) (0.06-0.1) (<0.05-0.13) (<0.05 - 0.49) (<0.05-0.26)

. 20 19 17 16 2 2%
Nickel (mg/kg) (15-27) (10-25) (14-22) ©-27) 8-27) (1-27)

) 05 0.4 0.4 0.4 09 04
e (e ) (0.3-1.0) (0.2-1.0) (<0.2-1.0) (<0.2-1.0) (05-20) (02-10)
Zinc (malk 94 87 98 69 102 102

(mglkg) (73-130) (48 -120) (67 -110) (34-120) (31-150) (82-130)
Total Polychlorinated Biphenyls (PCBs) 18 18 18 18 18 18
(uglkg) @@ (18-18) (18-18) (18-18) (18-18) (18-18) (18-18)
Low Molecular Weight Polycylic Aromatic 90 91 90 90 90 90
Hy drocarbons (PAHs) (ugrkg) ©©© (90-90) (90-94) (90-90) (90-90) (90-90) (90-90)
High Molecular Weight Polycylic Aromatic 44 62 55 23 9% 66
Hydrocarbons (PAHs) (ug/kg) @ ® © (27-65) (31-114) (22-139) (16-37) (22-187) (22-140)

Note : 1. Data presented are arithmetic means ; data in brackets indicate ranges.

All data are based on the analyses of bulk (unsieved) sediment and are reported on a dry weight basis unless stated otherwise.

. The Technical Circular ‘ETWB (W) No. 34/2002 Management of Dredged / Excavated Sediment’ issued in 2002 has revised the definition of ‘Total PCBs’
as the summation of 18 specific PCB congeners. Following the new definition, the monitoring of these 18 PCB congeners started in 2002 and the
Total PCBs results only refer to 2002 - 2004.

4. Total PCBs results are derived from the summation of 18 congeners. If the concentration of a congener is below report limit (RL), the result will be taken
as 0.5xRL in the calculation.

. Low molecular weight polyaromatic hydrocarbons (PAHs) include 6 congeners of molecular weight below 200, namely : Acenaphthene, Acenaphthylene,

Anthracene, Fluorene, Naphthalene and Phenanthrene.

6. As the monitoring of Naphthalene only started in 2002, the Low Molecular Weight PAHs results are based on sediments samples collected in 2002 -

2004.

High molecular weight polyaromatic hydrocarbons (PAHs) include 10 congeners of molecular weight above 200, namely : Fluoranthene, Pyrene, Benzo

(a)anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Dibenzo(a,h)anthracene, Benzo(g,h,i)perylene and Indeno(1,2,

3-cd)pyrene.

. Low and high molecular weight PAHs results are derived from the summation of the corresponding congeners. If the concentration of a congener is
below report limit (RL), the result will be taken as 0.5xRL in the calculation.
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Table 6.6
Summary statistics of marine sediment quality of the Eastern Buffer and Victoria Harbour
WCZs, 2000 - 2004

Eastern Bulffer Victoria Harbour Rambler Channel
Chai Wan Tathong Channel (Central) (West)
Parameter ES1 ES2 ES4 VS5 VS6
Number of samples 10 10 10 10 10 9 10 10
) ) o 51 68 57 57 69 57 79 82
0,
FELES SHE AR Sl (5 (39-94) (15-92) (27-87) (10-91) (28-93) 43-79) (57-90) (29-97)
Electrochemical Potential (mV) 208 1ot 210 526 363 3 4 0
((246)-(151))  ((202)-(107)  ((349)-(187) | ((421)-(213)  ((409)-(258)  ((409)-(218)  ((-365)-(-100)  ((365)-(-148)
) 64 56 54 50 44 51 47 42
0
G Sl (G (51-70) (44 -66) (45 -66) (39-73) (31-66) (41-70) (40-53) (34-60)
) . 5 58 6.3 6.7 8.7 75 71 7.9
Total Volatle: Soilds (Yow/w) (38-6.6) (43-76) 4.9-8.1) (3.2-8.2) (5.2-12.0) (5.0-838) (6.0-8.4) (48-9.0)
Chemical Oxvaen Demand (malk 12000 13000 16000 17000 25000 25000 18000 20000
yg (mg/kg) (9400-27000)  (8000-21000)  (11000-21000) | (7300-23000) (L5000 -32000) (13000 -32000) (12000 -23000) (13000 - 27000)
1 07 07 07 08 1 0.7 06
Total: Carbon (Yw/w) (0.3-1.8) (05-0.9) 0.3-1.1) (0.5-0.9) (05-1.1) 0.7-16) (0.6-0.8) (0.4-0.8)
) . 102 6.2 8 108 343 153 183 155
AATET2E (D (el ey L5-220) 23-97) @5-170) | (04-220)  (15-860)  (53-420)  (11-490)  (33-340)
) ) 311 366 423 468 584 437 329 462
Total Kjeldahl Niogen (mg/kg) (190 - 430) (250 - 530) (290 - 620) (220-590) (360 - 690) (300 - 580) (160 - 460) (270-630)
155 183 178 174 19 226 164 215
U (HETAETS (ELE) (100-210) (130-230) (120 - 240) (120 - 220) (130 - 240) (190 - 280) (120-200) (150 - 260)
) 72 55 222 318 747 247 108 300
TotalSulphide (mg/kg) (3-140) (7 - 150) (15 - 360) (200-590) (170-1700) (120 - 490) (0.3-460) (110-1100)
) <01 0.1 02 01 03 02 01 03
UEE] e (M) €01-02)  (01-02)  (01-04) | (01-02  (01-08)  (01-03  (01-03  (0.1-05)
Arseni " 5.4 6.3 6 6 78 89 6.6 9.9
rsenic (mglkg) (35-7.0) 49-82) @.1-81) (0.9-9.4) (6.2-85) (6.6-11.0) 4.0-9.3) (6.6-11.0)
) (<0.1) (<0.1) 02 03 0.7 04 0.4 08
LR (e €01-02)  (01-<01)  (01-03) | (01-06) 03-10) 02-06) (<01-13) 04-24)
Chromi " 23 29 33 38 54 45 54 103
romium (mg/kg) (15-36) (20-38) (23-54) (12-70) (28-70) (32-60) (33-76) (56 - 190)
Conper (malk 41 27 78 111 177 130 122 217
pper (mg/kg) 7-87) (16-48) (52-140) 27-230) (84-250) 76-210) (11 -280) 130-760)
Lead (malk 25 29 36 4 61 97 45 63
ead (mg/kg) @1-32) (21-44) (23-69) (21-59) (42 -84) (51-130) (25-81) (@2-76)
Mercurv (ma/k 019 0.07 017 029 039 1.65 018 02
ry (mg/kg) (0.06-1) (<0.05-0.14) (0.09-0.3) (<0.05-0.72) (0.2-0.52) (0.29-8) (<0.05-039)  (0.13-0.29)
Nickel (malk 13 19 16 16 23 20 29 45
ickel (mg/kg) (10-18) (14-25) 8-22) 6-27) (12-31) (14-28) (19-43) (23-110)
Siver (ma/k 07 05 19 32 7.4 38 30 8.2
(mg/kg) (0.2-2.0) (<0.2-1.0) (1.0-30) (1.0-6.0) (3.0-11.0) (1.6-6.0) (0.9-8.0) (4.0-14.0)
Zine (malk 65 74 96 128 230 193 123 199
inc (mg/kg) (46 - 100) (54-110) (63 - 140) (17 - 210) (110 - 340) (120 - 250) (62 -210) (110 - 260)
Total Polychlorinated Biphenyls (PCBs) 18 18 18 18 19 28 19 22
(g/kg) @ @ (18-18) (18-18) (18-18) (18-19) (18-23) (18 -45) (18-23) (18-30)
Low Molecular Weight Polycylic Aromatic 96 91 9 102 119 141 90 92
Hy drocarbons (PAHS) (Hglkg) © © © (90-126) (90-94) (90-101) (90 - 124) (90-181) (113-169) (90-90) (90-99)
High Molecular Weight Polycylic Aromatic 120 58 147 324 548 1724 116 200
Hydrocarbons (PAHs) (uglkg) @© © (21-391) (30-132) (74 - 265) (66 - 689) (278 - 985) (357 -5780) (16-281) (119-339)

Note : 1. Data presented are arithmetic means ; data in brackets indicate ranges.

All data are based on the analyses of bulk (unsieved) sediment and are reported on a dry weight basis unless stated otherwise.

. The Technical Circular ‘ETWB (W) No. 34/2002 Management of Dredged / Excavated Sediment’ issued in 2002 has revised the definition of ‘Total PCBs’
as the summation of 18 specific PCB congeners. Following the new definition, the monitoring of these 18 PCB congeners started in 2002 and the
Total PCBs results only refer to 2002 - 2004.

4. Total PCBs results are derived from the summation of 18 congeners. If the concentration of a congener is below report limit (RL), the result will be taken
as 0.5xRL in the calculation.

. Low molecular weight polyaromatic hydrocarbons (PAHs) include 6 congeners of molecular weight below 200, namely : Acenaphthene, Acenaphthylene,

Anthracene, Fluorene, Naphthalene and Phenanthrene.

6. As the monitoring of Naphthalene only started in 2002, the Low Molecular Weight PAHs results are based on sediments samples collected in 2002 -

2004.

High molecular weight polyaromatic hydrocarbons (PAHs) include 10 congeners of molecular weight above 200, namely : Fluoranthene, Pyrene, Benzo

(a)anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Dibenzo(a,h)anthracene, Benzo(g,h,i)perylene and Indeno(1,2,

3-cd)pyrene.

. Low and high molecular weight PAHs results are derived from the summation of the corresponding congeners. If the concentration of a congener is
below report limit (RL), the result will be taken as 0.5xRL in the calculation.

w N

wi

N

©
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SEDIMENT QUALITY

Table 6.7

Sediment

Metals (mg/kg dry weight)

Cadmium (Cd) 1.5 4
Chromium (Cr) 80 160
Copper (Cu) 65 110
Mercury (Hg) 0.5 1
Nickel (Ni) 2 40 40
Lead (Pb) 75 110
Silver (Ag) 1 2
Zinc (Zn) 200 270

Quality Criteria for the Classification of Sediments'

Lower Chemical Upper Chemical

Contaminants
Exceedance Level (LCEL) Exceedance Level (UCEL)

Metalloid (mg/kg dry weight)

Arsenic (As) 12 42

Organic-PAHs (ug/kg dry weight) | ’
Low Molecular Weight PAHs 3 550 3160

High Molecular Weight PAHs * 1700 9600 R

Organic-non-PAHs (ug/kg dry weight) f

Total PCBs 23 180

Organometallics

(mg TBT/L in Interstitial water) )

¥
Tributyltin 2 0.15 0.15
F: . - —
Footnote : 1. The table is extracted from Appendix A of ETWB (W) No. 34/2002 Management of Dredge(f/ Excavated e ._.-'-"'-.
Sediment (http://www.etwb.gov.hk). - | e
2. When the LCEL and UCEL for a contaminant are the same, the contaminant Ieyel would exceed UCEff itis ; i

. Low molecular weight PAHs include acenaphthene, acenaphthylene, anthrac e, fluorene, naphthalene, ah'f

greater than the value shown.

- |

phenanthrene. \ _

. High molecular weight PAHs include benzo[alanthracene, benzola]pyrene, chrysene, dibenzol[a,h] acene, Pra
fluoranthene, pyrene, benzo[blfluoranthene, benzolk]fluoranthene, indeno[1,2,3-c,d]pyrene and zo[g,h,i] j L
perylene. ' - :

. Total PCBs include 18 congeners: PCB 8, 18, 28, 44, 52, 66, 77,101, 105, 118, 126, 128, 138, 153, 169, 170, T
180, 187. " e

MARINE WATER QUALITY IN HONG KONG IN 2004 P6.14
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[  TYPHOON SHELTER

Chapter 7 — Typhoon Shelter

Water Quality in 2004

7.1 Typhoon shelters are in embayments with low tidal
flushing and are vulnerabl e to pollution from the shore and marine
sources. 1n 2004, the Environment Protection Department (EPD)
conducted monitoring at 18 water and 15 sediment stationsin 17
typhoon shelters and boat anchoragesin theterritory (Figure 1.4).
A summary of the monitoring dataisfoundin Table 7.2 and levels
of the key water quality parametersareillustrated in Figure 7.1.

7.2 While EPD controls land-based discharges, the Marine Department is responsible for
controlling pollution from vessel s and cleaning up floating refuse in marine waters (http://www.
mardep.gov.hk).

Water Quality in 2004

"

= 73 In 2004, Yim Tin Tsai .and Hebe Haven Typhoon
6 . Sheltersin the Port Shelter Water Control Zone (WC2Z) had the
best water quality amongst the typhoon shelters. Kwun Tong
Typhoon Shelter had the highest levelsof E. coli, anmonianitrogen
(NH,-N) and total inorganic nitrogen (TIN) (Figure 7.1, Table
7.2). Causeway Bay, Yau MaTel, Rambler Channel, Aberdeen
= (West) and Sam Ka Tsuen Typhoon Shelters also had higher
E. coli (1 400 - 10,000 cfu/100mL) indicating faecal contamination.

7.4 Thewater inthetyphoon sheltersisgenerally well oxygenated, with the mean dissolved
oxygen (DO) varying between 3.9 mg/L in Kwun Tong Typhoon Shelter and 7.2 mg/L in Hei Ling
Chau Typhoon Shelter. No serious hypoxia (<2 mg/L) occurred in 2004 while an increase of DO
by over 20% was observed in the Yau Ma Tei Typhoon Shelter.

7.5 The typhoon sheltersin eastern Victoria Harbour, e.g. Chai Wan, Aldrich Bay (Shau
Kei Wan), Sam Ka Tsuen, To Kwa Wan experienced a marked reduction of E. coli and NH -N'in
2002 after the commissioning of the Harbour Area Treatment Scheme (HATS) Stage 1. These
water quality improvements were sustained in 2004.

MARINE WATER QUALITY IN HONG KONG IN 2004 P72


iwp12
印章

iwp12
印章

http://www.mardep.gov.hk
http://www.mardep.gov.hk
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Long-term Water Quality Trends

7.6 Significant long-term improvementsintermsof decreasing trendsintotal nitrogen, TIN,
orthophosphate phosphorus and total phosphorus were observed in many typhoon sheltersin the
VictoriaHarbour area, e.g. Causeway Bay and To KwaWan (Table 7.1). AnincreaseinDO and
decreasesin 5-day Biochemical Oxygen Demand, E. coli and NH,-N were also observed in Kwun
Tong and Sam Ka Tsuen Typhoon Shelters.

Sediment Quality

7.7 Bottom sedimentsin many typhoon sheltersin the VictoriaHarbour and Eastern Buffer
WCZswere contaminated by heavy metals. Kwun Tong Typhoon Shelter had the highest levels of
cadmium, chromium, copper, lead, nickel and zinc in the sediments (Table 7.3).

7.8 Using the guideline values in *ETWB(W) No. 34/2002 - Management of Dredged /
Excavated Sediment’ as a bench mark, the typhoon shelters in the Victoria Harbour, Eastern
Buffer, Tolo Harbour and Channel and Southern WCZs often exceeded the Upper Chemical
Exceedance Levels (UCELs) for copper (110 mg/kg) and silver (2 mg/kg); whereas Yau Ma Tei
Typhoon Shelter and the Government Dockyard exceeded the Lower Chemical Exceedance Level
(LCEL) for copper (65 mg/kg) and silver (1 mg/kg) respectively (Figures 7.2 and 7.3). For zinc,
while six typhoon sheltersin eastern Victoria Harbour, Rambler Channel and Tolo Harbour and
Channel exceeded the UCEL, three typhoon sheltersin the central and western harbour exceeded
the LCEL (Figure 7.4). The contamination of typhoon shelter sediments by heavy metals was
likely to berelated to dischargesfrom printed circuit board, el ectroplating and el ectronic industries
inold industrial areas between the 60s and 80s.

7.9 The highest level of total Polychlorinated Biphenyls (PCBs) in the sediment, which
exceeded the UCEL wasfound at Kwun Tong Typhoon Shelter. Thiswas probably related to the
use of PCB transformers and capacitors which have now been largely phased out. (Figure 7.5)

7l Thelevelsof high and low molecular weight Polycyclic Aromatic Hydrocarbons (PAHS)
in the typhoon shelter sediments were all below the LCEL s with the exception of To KwaWan
Typhoon Shelter (Figures 7.6 and 7.7), where the concentrations exceeded the UCELs. The
presence of PAHs at this site may be related to contamination by aviation fuel from the former Kai
Tak Airport.

MARINE WATER QUALITY IN HONG KONG IN 2004 P73
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Figure 7.2 Copper in typhoon shelter sediments in Hong Kong, 2000 - 2004
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Figure 7.4 Zinc in typhoon shelter sediments in Hong Kong, 2000 - 2004
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Figure 7.5

Total polychlorinated biphenyls (PCBs) in typhoon shelter

sediments in Hong Kong, 2002 - 2004
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Figure 7.6 Low molecular weight polycyclic aromatic hydrocarbons (PAHs)
in typhoon shelter sediments in Hong Kong, 2002 - 2004
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Figure 7.7 High molecular weight polycyclic aromatic hydrocarbons (PAHs)
in typhoon shelter sediments in Hong Kong, 2000 - 2004
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Table 7.1

Results of the Seasonal Kendall Test for water quality trends in typhoon shelters, 1986 - 2004

Monitoring Station WT3 WT1 VT8 VT10

1986 1986 1986 1986 1986 1993

Monitoring Period | | | | | |
2004 2004 2004 2004 2004 2004

Parameter Water Dept
Surface o
Temperature (°C) Middle
Bottom
Average
Surface
Salinity Middle
Bottom
Average
Surface
|Dissolved Oxygen (mg/L) Middle
Bottom
Average
Surface
IDissolved Oxygen (%) Middle
Bottom
Average
Surface
IpH Middle
Bottom
Average

=
>

NN NN

¢

Secchi disc depth (m)

N .%.gg%ggg%g..%...

"NKKEEKZLNNN

Surface
Turbidity (NTU) Middle
Bottom
Average
Surface
Suspended Solids (mg/L) Middle
Bottom
Average
Surface
Total volatile solids (mg/L) Middle
Bottom
Average
Surface
5-day Biochemical Oxygen Demand (mg/L) Middle
Bottom
Average
Surface
Ammonia nitrogen (mg/L) Middle
Bottom
Average
Surface
INitrite nitrogen (mg/L) Middle
Bottom
Average
Surface
INitrate nitrogen (mg/L) Middle
Bottom
Average
Surface
Total inorganic nitrogen (mg/L) Middle
Bottom
Average
Surface
Total Kjeldahl nitrogen (mg/L) Middle
Bottom
Average
Surface
Total nitrogen (mg/L) Middle
Bottom
Average
Surface

z
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NN

K

Average
Surface
Total phosphorus (mg/L) Middle
Bottom
Average
Surface
Silica (mg/L) Middle
Bottom
Average
Surface
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MARINE WATER QUALITY IN HONG KONG IN 2004

Surface - - -
Faecal coliforms (cfu/100mL) Middle NA R R
Bottom - - -
k Average - 2 - -
Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 5. ST3 has five years’ data only, which is insufficient to perform
2. - indicates no significant trend is detected Seasonal Kendall Test
v 3. NA (Not Applicable) indicates the measurement was not made due to shallow water 6. 7 represents a significant increase over time
4. Test applied to past 19 years’ data from each monitoring station unless stated otherwise 7. N represents a significant decrease over time
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Table 7.1 (continued)
Results of the Seasonal Kendall Test for water quality trends in typhoon shelters, 1986 - 2004

Monitoring Station ET2
1987 1986 1993 1986 1986 1986 1986 1986

Monitoring Period | | | | | | | |
2004 2004 2004 2004 2004 2004 2004 2004

Parameter Water Dept
Surface o 5 -
Temperature (°C) Middle -
Bottom o
Average o
Surface -
Salinity Middle - - - - NA NA R .
Bottom - - - R
Average
Surface
IDissolved Oxygen (mg/L) Middle
Bottom
Average
Surface
|Dissolved Oxygen (%) Middle
Bottom
Average
Surface
IpH Middle
Bottom
Average

AANNNNNNN
" NNNNNNNN
R RN

T NN

N

Secchi disc depth (m)
Surface
Turbidity (NTU) Middle
Bottom
Average
Surface
Suspended Solids (mg/L) Middle
Bottom
Average
Surface
Total volatile solids (mg/L) Middle
Bottom
Average
Surface
5-day Biochemical Oxygen Demand (mg/L) Middle
Bottom
Average
Surface
Ammonia nitrogen (mg/L) Middle
Bottom
Average
Surface
INitrite nitrogen (mg/L) Middle
Bottom
Average
Surface
INitrate nitrogen (mg/L) Middle
Bottom
Average
Surface
Total inorganic nitrogen (mg/L) Middle
Bottom
Average
Surface
Total Kjeldahl nitrogen (mg/L) Middle
Bottom
Average
Surface
Total nitrogen (mg/L) Middle
Bottom
Average
Surface
Orthophosphate phosphorus (mg/L) Middle
Bottom
Average
Surface
Total phosphorus (mg/L) Middle
Bottom
Average
Surface
Silica (mg/L) Middle
Bottom
Average
Surface
Chlorophyll-a (ug/L) Middle
Bottom
Average
Surface
E. coli(cfu/100mL) Middle
Bottom
Average
Surface
Faecal coliforms (cfu/100mL) Middle
Bottom
Average
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Note 1. Results of the Seasonal Kendall Test shown are statistically significant at p < 0.05 5. VT12 has five years’ data only, which is insufficient to perform
2. - indicates no significant trend is detected Seasonal Kendall Test
3. NA (Not Applicable) indicates the measurement was not made due to shallow water 6. 7 represents a significant increase over time
4. Test applied to past 19years’ data from each monitoring station unless stated otherwise 7. N represents a significant decrease over time
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Table 7.2
Summary water quality statistics of typhoon shelters in 2004

Hei Ling Aberdeen Aberdeen Rambler

Chau (South) (West) Channel
Parameter E] WT1 WT3 VT8
Number of samples 6 6 6 6 6 6
n wre (°C. 25 24 23 238 237 234
SIIEEIEE (1E) (156 - 29.4) (19.3-29.0) (19.3-288) (18.0-275) (180-27.7) (16.1-27.7)
Salii 284 307 308 20 320 310
alinity (19.2-33.) 231-337) (25.1-335) (28.4-34.) (28.0-34.) (26.1-332)
. 66 68 72 6.1 59 54
DB e e ) ) (43-85) (4:8-9.0) (3.9-10.0) @.1-75) @47-75) 23-74)
Boto NM, 69 72 59 59 54
otiom (6.0-9.4) (38-10.1) 43-75) (.0-75) @2-74)
88 9% 102 84 81 70
. , .
Dissolved Oxygen (% Saturation) (65-125) 72-133) (57-149) (61-99) (71-9) (34-85)
Boto NM, 9% 100 81 81 7
otiom (74-139) (56.- 151) (63-94) (73-89) (33-86)
" 80 81 81 81 81 80
P (7.9-84) (7.9-85) (7.9-84) ©0-83) 6.0-83) (7.9-8.1)
. 15 18 20 26 26 17
Secchi Disc Depth (m) 08-23) (10-33) 11-34) (12-53) (16-42) (L0-38)
i 159 115 101 84 86 127
Lrt AT ©4-337) ©.4-13.4) 85-122) (67-99) (69-105) (85-198)
. 116 94 6.1 38 38 142
Suspended Solids (mg/L) (55-18.0) (45-202) (3.4-95) (13-69) (L8-6.) ©2-250)
. . 13 15 15 09 11 09
-—-"'"h-u 5-day Biochemical Oxygen Demand (mg/L) 06-32) 05-28) 04-37) 05-17) 05-17) 04-16)
o 0.14 012 o1 009 009 021
Ammonia Nitrogen (mg/L) (0.04-032) (0.04-0.19) (0.05-021) (0.05-0.13) 0.07-012) (0.08-037)
Unionised Ammonia (malL 0006 0006 0.006 0005 0005 0008
IETSE A (L (0.003-0013) (0.004 - 0.006) (0,004 -0.007) (0.002-0012) (0.003-0.011) (0.003-019)
o 008 002 0.03 001 001 004
o [Nirite Nirogen (mg/L) (0.01-0.19) (<0.01-0.05) (<0.01-0.07) (<0.01-002) (<0.01-0.03) (0.01-0.09)
—— " 037 016 0.6 005 006 020
- 0l bz il (0.05-083) (0.03-0.29) (0.03-029) (0.01-0.16) (0.02-019) (0.06-038)
-~ o 059 030 031 0.5 017 045
Total Inorganic Nitrogen (mg/L) (0.18-108) (0.11-0.48) (0.11-0.48) (0.06-0.30) (0.09-031) (0.26 -055)
. . 030 028 027 049 021 037
| T (R 1 [egen (L) (016 -0.43) 0.23-037) (0.19-0.38) (0.13-025) (0.16 -0.25) 0.26-061)
Totl it " 076 046 046 025 028 061
otal Nirogen (mg/L) (029-118) 0.25-0.69) (0:30-0.63) (0.15-041) (0.18-0.42) (0.35-0.80)
003 002 002 001 001 003
OB oo (e (<0.01-0.05) (0.01-0.03) (<0.01-0.03) 0.01-0.02) (0.01-002) (0.01-0.06)
- | 0.05 0.04 0.04 0.03 0.03 0.06
P Total Phosphorus (mg/L) (0.03-0.06) (0.03-0.05) 0.02-0.05) 0.02-0.03) (0.02-003) (0.04-009)
. . 14 09 08 04 04 09
Silica (as Si0,) (mg/L) 0.1-34) 0.1-26) 01-25) 02-09) 02-06) 03-14)
62 76 94 21 25 47
= .
Chlorophyll-a. (pg/L) (11-180) (L4-27.0) (16-30.0) 04-43) (0.4-48) (06-143)
. 120 120 4 220 1800 1900
B ) (10- 1300) (71-220) (L-14) (79-960) (510 - 13000) (730- 3400)
. 440 270 6 610 3000 4400
Faecal Coliforms (cu/100mL) (60- 8800) (140- 480) (L-45) (170- 3800) (720 - 23000) (1000 - 18000)

ﬂ_.uote': 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three depths: Surface
(S), Mid-depth (M), Bottom (B).
2. Data presented are annual arithmetic means of the depth-averaged results except for E.coli and faecal coliforms which are annual
geometric means.
3. Data in brackets indicate the ranges.
4. NM - not measured
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Table 7.2 (continued)

Summary water quality statistics of typhoon shelters in 2004

Parameter

Government
Dockyard

VT12

Yau Ma
Tei
VT10

Causeway

Bay
VT2

Number of samples

Temperature (°C)
Salinity
Dissolved Oxygen (mg/L)
Bottom
Dissolved Oxygen (% Saturation)
Bottom
pH
Secchi Disc Depth (m)
Turbidity (NTU)
Suspended Solids (mg/L)
5-day Biochemical Oxygen Demand (mg/L)
Ammonia Nitrogen (mg/L)
Unionised Ammonia (mg/L)
Nitrite Nitrogen (mg/L)
Nitrate Nitrogen (mg/L)
Total Inorganic Nitrogen (mg/L)
Total Kjeldahl Nitrogen (mg/L)
Total Nitrogen (mg/L)
Orthophosphate Phosphorus (mg/L)
Total Phosphorus (mg/L)
Silica (as Si0,) (mg/L)
Chlorophyll-a (ug/L)
E.coli (cfu/100mL)

Faecal Coliforms (cfu/100mL)

3
238
(16.1-28.2)
313
(27.3-329)
54
43-7.4)
54
43-7.4)
69
(61-86)
70
(61-87)
78
(7.7-8.0)
16
06-3.0)
140
(8.1-20.6)
103
(53-22.5)
10
04-26)
028
(0.11-041)
0.008

(0.004 - 0,010)

0.04
(0.02-0.06)
0.16
(0.09-0.21)
048
(0.36-0.62)
0.45
(035-057)
0.65
(047-0381)
0.05
(001-0.07)
0.07
(0.06-0.09)
09
01-20)
6.0
(06-245)
490
(300 - 1600)
1000
(360 - 4000)

3
25
(16.1-28.0)
313
(@7.7-33)
45
@2-7.4)
44
2.0-7.4)
55
(33-74)
54
(31-74)
78
(7.7-19)
16
1.0-26)
122
(9.7-14.7)
117
(71-16.8)
13
0.7-25)
0.40
(0.19-052)
0.010
(0.005-0.017)
0.03
(0.02-0.05)
0.14
(0.08-0.22)
0.57
(0.42-0.66)
0.64
(050-0.81)
081
(0.66-0.95)
0.06
(0.02-0.07)
0.09
(0.07-0.10)
08
01-15)
57
(06-21.3)
3800
(920 - 13000)
12000
(2500 - 51000)

3
234
(159-28.1)
315
(280-33.2)
50
(80-7.4)
49
29-7.4)
59
(39-81)
58
(38-82)
7.9
(78-8.0)
19
12-36)
98
(39-138)
6.9
(3.7-123)
15
1.0-29)
032
(0.12-0.49)
0.009
(0.004-0.017)
003
(0.02-0.04)
013
(0.08-0.19)
047
(0.34-0.65)
0.58
(0.42-0.87)
0.73
(052-1.03)
0.06
(0.01-0.09)
0.08
(0.06-0.13)
08
01-13)
48
(0.6-19.5)
10000
(3800 - 50000)
26000
(5000 - 110000)

3
2.4
(15.8- 28.0)
321
(28.7-336)
57
42-7.4)
58
(39-7.4)
76
(64-101)
7
(60-102)
80
(7.9-82)
22
17-37)
86
3.7-117)
55
4.0-75)
11
05-2.8)
0.20
(0.05-0.29)
0,008
(0.004 - 0.016)
0.02
(0.01-0.03)
0.09
(0.06-0.11)
031
0.17-0.42)
0.36
(0.29-0.50)
047
(0.37-0.63)
004
(<0.01-0.05)
0.05
(0.03-0.06)
05
0.1-0.8)
49
(0.8-15.3)
730
(200 - 1300)
1900
(710 - 4000)

6
235
(164-27.9)
304
(26.6-32.2)
39
23-75)
39
@2-7.4)
45
(34-74)
46
(33-79)
78
76-79)
17
(05-38)
93
(4.6-19.8)
28
(15-39)
18
09-39)
0.70
(0.41-1.33)
0,014
(0.009 - 0.021)
011
(0.03-0.27)
0.20
(0.07-0.64)
1.01
(058-1.82)
0.97
(0.60-1.43)
1.28
(0.76-1.93)
0.24
(0.13-0.39)
0.28
(0.15-0.51)
14
08-2.1)
86
(10-35.0)
10000
(3600 - 25000)
20000
(8200 - 69000)

3
233
(159-28.1)
318
(286-333)
55
(32-15)
55
(32-7.4)
71
(48 -84)
72
(49 - 81)
8.0
(78-81)
22
1.7-4.0)
86
(35-12.3)
50
21-102)
13
04-29)
018
(0.05-0.30)
0,007
(0.003 - 0.017)
0.02
(0.01-0.03)
0.08
(0.06-0.12)
0.28
(0.19-0.42)
034
(0.28-0.47)
0.44
(0.36-0.59)
003
(<0.01 - 0.05)
0.05
(0.04-0.08)
05
01-08)
44
(0.7-135)
1400
(1100 - 1900)
3200
(2200 - 6600)

Note : 1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three depths: Surface

(S), Mid-depth (M), Bottom (B).

2. Data presented are annual arithmetic means of the depth-averaged results except for E.coli and faecal coliforms which are annual

geometric means.

3. Data in brackets indicate the ranges.

4. NM - not measured
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~ Note:

Table 7.2 (continued)

Summary water quality statistics of typhoon shelters in 2004

Parameter

Aldrich Bay
(Shau Kei Wan)

ET2

Number of samples

Temperature (°C)
Salinity
Dissolved Oxygen (mg/L)
Bottom
Dissolved Oxygen (% Saturation)
Bottom
pH
Secchi Disc Depth (m)
Turbidity (NTU)

Suspended Solids (mg/L)

_-—-"'"h-u 5-day Biochemical Oxygen Demand (mg/L)

Ammonia Nitrogen (mg/L)
Unionised Ammonia (mg/L)
Nitrite Nitrogen (mg/L)

Nitrate Nitrogen (mg/L)

Total Inorganic Nitrogen (mg/L)
Total Kjeldahl Nitrogen (mg/L)
Total Nitrogen (mg/L)
Orthophosphate Phosphorus (mg/L)
Total Phosphorus (mg/L)
Silica (as SiO,) (mg/L)
Chlorophyll-a (pg/L)

E.coli (cfu/100mL)

Faecal Coliforms (cfu/100mL)

6
20
(185-255)
327
(31.2-336)
48
26-75)
50
29-75)
60
(39-82)
63
(41-87)
8.0
(78-82)
30
(15-53)
68
(28-83)
20
11-36)
08
04-14)
018
(0.10-0.26)
0.006
(0.004 - 0.009)
0.02
(0.01.-0.06)
0.09
(0.04-0.16)
0.29
(0.16-0.38)
0.30
(0.16-0.40)
041
(0.29-052)
0.04
(0.02-0.05)
0.05
(0.03-0.06)
1.0
(03-19)
16
06-31)
740
(290 - 1600)
1400
(410 - 3900)

6
2.4
(185-27.3)
27
(31.5-336)
58
45-7.4)
58
@7-7.4)
7
(65-91)
7
(67-90)
8.1
(79-82)
25
13-4.0)
76
(2.6-126)
25
(2.0-35)
12
06-28)
015
(0.06-0.29)
0.008
(0.002 - 0.025)
002
(0.01-0.05)
007
(0.03-0.11)
0.24
(0.11-0.34)
0.30
(0.13-0.52)
0.39
(0.25-0.56)
003
(0.01-0.06)
005
(0.03-0.08)
08
02-15)
58
(0.6-165)
280
(170-570)
730
(330 - 1600)

3
249
(18:8-29.1)
26
(284-338)
57
@47-156)
59
48-76)
82
(68-100)
86
(71.-100)
8.2
(8.0-83)
24
(14-3.0)
76
(55-8.7)
31
20-7.0)
10
05-2.1)
0.03
(0.02-0.06)
0.002
(0.001 - 0.008)
<001
(<0.01 - <0.01)
<001
(<0.01-0.01)
0.04
(0.02-0.07)
013
(0.10-0.21)
0.14
(0.10-0.22)
001
(<0.01-0.01)
0.02
(0.02-0.04)
03
02-0.6)
32
(15-55)
3
1-23)
9
2-53)

3
2.6
(18.6-289)
331
(30.4-34.1)
59
@7-74)
6.3
(5.0-7.)
85
(70-98)
89
(73-102)
81
(8.0-8.4)
32
(2.4-456)
93
(6.4-17.8)
42
(15-123)
10
(05-26)
0.03
(0.02-0.05)
0.002
(0.001 - 0.006)
<0.01
(<0.01 - <0.01)
<0.01
(<0.01-001)
0.04
(0.02-0.05)
041
(0.07-0.19)
012
(0.08-0.19)
0.01
(0.01-0.01)
0.02
(0.02-0.03)
05
0.2-08)
17
(05-256)
1
-7
2
1-10)

6
2.9
(18.8-29.2)
27
(29.3-339)
65
(65-95)
70
(56-10.0)
9%
(82-125)
%
(85-131)
8.1
(8.0-8.4)
23
15-3.0)
72
(5.4-92)
29
15-4.0)
10
03-23)
0.04
(0.01-0.07)
0.003
(0.001 - 0.010)
<001
(<0.01 - <0.01)
0.01
(<0.01-0.02)
0.05
(0.02-0.08)
012
(0.09-0.18)
013
(0.10-0.19)
0.01
(0.01-0.01)
0.02
(0.02-0.03)
04
01-09)
30
0.7-47)
%
(1-270)
110
2-700)

6
43
(17.8-28.7)
324
(30.9-33.6)
6.1
@47-78)
6.3
(50-78)
83
(72-108)
86
(75-113)
8.2
(8.0-83)
24
17-33)
77
(5.1-11.0)
37
19-118)
19
12-24)
0.07
(0.04-0.10)
0,004
(0.002 - 0.009)
<001
(<0.01-0.02)
0,01
(<0.01-0.01)
0.08
(0.05-0.11)
0.26
(0.21-0.35)
0.27
(0.21-0.35)
0,01
(0.01-0.02)
0.04
(0.03-0.05)
07
04-11)
9.2
(3.4-16.9)
2
(7-110)
7
(24 -330)

(S), Mid-depth (M), Bottom (B).

1. Unless otherwise specified, data presented are depth-averaged (A) values calculated by taking the means of three depths: Surface

2. Data presented are annual arithmetic means of the depth-averaged results except for E.coli and faecal coliforms which are annual

geometric means.

3. Data in brackets indicate the ranges.

4. NM - not measured

MARINE WATER QUALITY IN HONG KONG IN 2004

P7.13




TYPHOON SHELTER

Table 7.3
Summary statistics of bottom sediment quality of typhoon shelters, 2000 - 2004

Cheung Hei Ling Rambler Government Causeway
Chau Chau Channel Dockyard ] Bay
Parameter SS7 SSg 0 VS17 VS21 VS12
Number of samples 10 10 6 10 6 10 10
6715 66.32 93.56 72.68 96.66 75.65 79.29
) ) o o
Particle Size Fractionation <63um (%w/w) (2085) 797 €799) 426) (69-100) (5999) 2798)
Electrochemical Potenal (mV) -196.7 2202 -183 293 317.2 -366.6 -350.7
(-286)-(85)) (-300)-(-130) (278)(-25)) ((-366)--184)) ((-388)(97)) (-407)(-270)) (-407)-266))
475 452 38.7 454 36.8 492 419
it 0,
el il () (39-58) (34-68) (34-45) (4053) (31-44) (41-59) (33-68)
7 751 81 8.06 845 713 8.7
i i 0,
Total Volatle Soids (Yow/w) (5.88.4) (3885) (7.488) (7089 (7.49.4) (6.08.1) (3.911.0)
E— Demand (ma/k 18900 21200 14200 28500 16890 21400 29600
Bl Dbty Dmennd (gl (1500022000)  (10000-27000)  (13000-16000)  (20000-41000) (9900-21000) (13000-26000)  (26000-32000)
Total Carbon (%w/ 0.66 08 051 0.88 055 0.78 085
otal Carbon (Sw/w) (050.9) (0617) (0506) (0711 (0508) (0509) 0.7-1.0)
A ical Nitr " 8.78 10.86 1161 15.77 1252 317 36.6
mmonical Nitrogen (mg/kg) (0.1:28) (2:20) 222) (0.1:36) (2:29) (1148) (457)
) ) 344 7 430 485 358 42 606
Total Kjeldahl Nitrogen (mglkg) (170-580) (180-550) (290-540) (320-640) (310410) (300-570) (290-820)
— i 193 323 187 228 204 216 217
o osphors (mg/ko) (86-330) (230-510) (160-220) (160-300) (180-230) (160-240) (150-250)
) 1229 1792 108.8 863 197.32 3299 436
Total Sulphide (mg/kg) (1:370) (22:280) (48-200) (200-2500) (8.-630) (26:960) (180-960)
) 0.14 0.19 <01 0.39 0.14 01 017
[Tl Cynisle (gl (<0.1-03) (<0.10.3) (<0.102) (020.6) (<0.1-03) (<0.10.2) (<0.103)
Arseni Ik 8.88 841 825 8.15 88 6.37 8.34
rsenic (mg/kg) (6.811.0) (4.411.0) (6.912.0) (5210.0) 7.39.7) (4.08.8) 2.912.0)
Cadmi " 0.24 0.16 <01 1.08 031 0.46 094
admium (mgfkg) (<0.1:04) 0.103) <0.1:0.1) (0545) 0.1:05) 0109 0212)
J— n 343 5.8 29 1985 53.2 238 69.8
romium (mg/kg) (2649) (1470) (3458) (85310) (5056) (2654) (1592)
o " 452 1428 40 339 1279 97.9 2598
opper (ma/kg) (1383) (41-250) (33-55) (130490) (29-180) (33-160) (48-410)
Lead (mak 38 63.2 53.9 81.2 516 524 816
ead (mg/kg) (27460) (3999) @178) (54410) (3465) (2479) (24410)
" " 0.08 031 047 0.39 0.5 03 0.72
ercury (mglkg) (<0.050.12) (0.10-0.60) (0.120.39) (0.14-0.50) (<0.050.21) 0.10.74) (0.180.95)
Nickel (mafk 196 181 26.4 854 317 27 27
ickel (mgfkg) 1622) 7-23) 2233) (39-150) (2836) (1832) (7:39)
) 05 05 05 8.7 16 2 7
Siver (mgfkg) 0210) (0310) 0510) (3.0180) 1.020) 1037) 0890)
i " 1375 1625 141 204 210 2019 2026
inc (mglkg) (87-200) (65-210) (120-160) (170-380) (110-270) (99-340) (66-380)
Total Polychlorinated Biphenyls (PCBs) 18 18.17 18 34.17 2067 23.33 29.17
(uglkg) @@ (1818) (1819) (18-18) (1848) (18-25) (18-30) (1855)
Low Molecular Weight Polycylic Aromatic 0 100 20 1144 95.83 111.83 116.83
Hy drocarbons (PAHs) (uglkg) ©@©© (90-90) (90-118) (90-90) (96-142) (90-117) (98-132) (90-150)
High Molecular Weight Polycylic Aromatic 1359 563.06 80.76 9905 194.65 656 604.75
Hydrocarbons (PAHs) (ug/kg) @ ®©) (19-291) (128-1427) (38-150) (358-2141) (49-5284) (64-1409) (169-999)

Note : 1. Data presented are arithmetic means ; data in brackets indicate ranges.

2. All data are based on the analyses of bulk (unsieved) sediment and are reported on a dry weight basis unless stated otherwise.

3. The Technical Circular ‘ETWB (W) No. 34/2002 Management of Dredged / Excavated Sediment’ issued in 2002 has revised the definition of ‘Total PCBs’ as
the summation of 18 specific PCB congeners. Following the new definition, the monitoring of these 18 PCB congeners started in 2002 and the Total PCBs
results only refer to 2002 to 2004.

4. Total PCBs results are derived from the summation of 18 congeners. If the concentration of a congener is below report limit (RL), the result will be taken as
0.5xRL in the calculation.

5. Low molecular weight polyaromatic hydrocarbons (PAHs) include 6 congeners of molecular weight below 200, namely : Acenaphthene, Acenaphthylene,

Anthracene, Fluorene, Naphthalene and Phenanthrene.

6. As the monitoring of Naphthalene only started in 2002, the Low Molecular Weight PAHs results are based on sediments samples collected in 2002 to 2004.

7. High molecular weight polyaromatic hydrocarbons (PAHs) include 10 congeners of molecular weight above 200, namely : Fluoranthene, Pyrene, Benzo(a)
anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Dibenzo(a,h)anthracene, Benzo(g,h,i)perylene and Indeno(1,2,3-cd)
pyrene.

8. Low and high molecular weight PAHs results are derived from the summation of the corresponding congeners. If the concentration of a congener is below
report limit (RL), the result will be taken as 0.5xRL in the calculation.
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Table 7.3 (continued)
Summary statistics of bottom sediment quality of typhoon shelters, 2000 - 2004

Sam Ka  Aldrich Bay

Tsuen  (shau KeiWan)

Parameter VS13 ES5
Number of samples 10 10 10 10 10 10 10 10
) . o 7292 7052 90.11 8197 7714 93.02 739 63.49
Particle Size Fractionation <63um (%w/w) 5394) (36.95) (7097) ©%9) (259 €59%) (1398) t581)
Electochemical Potential (mV 3778 3931 3755 3863 3328 267.2 -196.4 3445
ectochemical Potental (mV) (4121(321)  (MOTHSET)  (4IOM2T6)  (422M324)  (SOAM24T)  (GZSHI69)  (2B6H7H)  ((392+201)
) 472 382 4 328 22 366 494 39.9
[ (3463) (3343) (39-44) (30-36) (39-45) (34-46) (40-75) (2951)
! ) 7.86 103 9.96 1085 8.27 10 1008 8.72
Total Volatle Soids (Yow/w) (5.3-10.0) (89-11.0) 8.7-11.0) (9.7-12.0) (7492) (86-11.0) (4.3-12.0) (6.6-12.0)
T —— 32200 40600 27700 26500 24000 22300 18510 28200
(29000-37000)  (3700045000)  (22000-32000)  (18000-33000)  (18000-32000)  (18000-26000)  (7100-30000)  (25000-32000)
1.06 127 079 087 0.82 0.74 154 081
Total Carbon (Yow/w) (0.8-1.5) (L1-15) (0.70.9) (0.7-1.0) (0.7-1.0) (0.50.9) (0.6-4.4) (0.7-1.0)
) . 2301 433 19.58 317 9.66 6.84 1145 12.78
Ammonical Nirogen (mg/kg) ©53) (1266) (949) (1461) (@15) (214) (528) (425)
) ) 555 784 483 540 490 541 469 587
Total Kjeldahl Nirogen (mgfkg) (390-740) (680-950) (380-600) (470-640) (420560) (450-620) (180-630) (310-780)
220 296 239 215 243 192 1493 205
Vel PSS (6 (170-260) (250-360) (180-370) (150270) (210-270) (160-240) (48-200) (140-270)
. 360 1292 1174 1290 272.2 99.7 56.4 236.9
Total Sulphide (mg/kg) (100-1300) (180-2500) (770-2300) (710-2800) (22-680) (10-210) (18-110) (49-460)
) 017 0.34 0.27 017 0.21 0.16 <01 0.22
Vel SRt (i) 0.103) (<0.105) (0.206) (<0.1:0.2) (<0.103) (<0.10.2) (<0.10.2) (<0.1-04)
) 7.55 7.97 7.22 8.64 10.24 10.16 5.02 10.02
Arsenic (mg/kg) (6390) (5.9100) (6282) (69110) 6.412.0) (7.9120) 0691) (7.013.0)
) 099 407 0.73 0.76 0.59 021 <01 0.45
Cadmium (mg/kg) 0416) (3053) 0509) (0516) 0409) 0.103) (<0.1<0.0) (020)
) 936 380 508 741 1127 324 178 2.2
Chromium (mg/kg) (64-130) (250-560) (36-90) (63-89) (83-180) (24-41) (5-24) (15-33)
632 2470 176.7 326 329 49 148 1435
Copper (mg/kg) (410810) (1700-4000) (97-280) (290-390) (240-540) (31-58) (1-20) (52-310)
100.9 152 119.4 89.8 863 436 303 1037
Lead (mg/kg) 77130) (100-230) (84150) 6730) (63-140) (3852) ©39) (77-140)
1.09 1 052 037 0.47 0.5 0.059 0.14
Mercury (mo/kg) (0.65-1.40) (0.77-1.40) (0.340.84) (0.290.59) (0.42-0.55) (0.090.21) (<0.050.15) (0.07-0.21)
) 35.4 1044 19.2 287 306 8.8 115 116
Nickel (mg/kg) (2940) (66-170) (11:26) (2136) (2055) 712) 5:14) @17)

) 55 118 33 6.1 125 05 03 05
slhyter gl (309.0) 8016.0) 2040) (6.07.0) (60320) 0310) (<02:1.0) 0210)
) 256 520 279 372 298 155 745 293
Zinc (mg/kg) (180-310) (420670) (210-310) (310-480) (220-500) (120-170) (24-140) (170-440)

Total Polychlorinated Biphenyls (PCBs) 90.33 19317 3017 18.83 4217 18.33 18 18

(uglkg) @@ (18-120) (35292) (21-41) (1821) (34-56) (18-20) (18-18) (18-19)
Low Molecular Weight Polycylic Aromatic 8874.33 149.33 96.4 99.17 125 90.46 90 91.33
Hy drocarbons (PAHs) (pg/kg) ©© © (1752-17405) (116-191) (93-103) (90-113) (104-172) (90-93) (90-90) (90-98)
High Molecular Weight Polycylic Aromatic 69969 1356.65 41911 743,02 629.68 82.45 57.87 1065
Hydrocarbons (PAHSs) (ug/kg) @©© (2137-155620)  (1052-2026) (231-514) (524-993) (341-920) (59-103) (21-116) (46-193)

Note : 1. Data presented are arithmetic. means ; data in brackets indicate ranges.

2. All data are based on the analyses of bulk (unsieved) sediment and are reported on a dry weight basis unless stated otherwise.

3. The Technical Circular ‘ETWB (W) No. 34/2002 Management of Dredged / Excavated Sediment’ issued in 2002 has revised the definition of ‘Total PCBs’ as
the summation of 18 specific PCB congeners. Following the new definition, the monitoring of these 18 PCB congeners started in 2002 and the Total PCBs
results only refer to 2002 to 2004.

4. Total PCBs results are derived from the summation of 18 congeners. If the concentration of a congener is below report limit (RL), the result will be taken as
0.5xRL in the calculation.

5. Low molecular weight polyaromatic hydrocarbons (PAHs) include 6 congeners of molecular weight below 200, namely : Acenaphthene, Acenaphthylene,

Anthracene, Fluorene, Naphthalene and Phenanthrene.

6. As the monitoring of Naphthalene only started in 2002, the Low Molecular Weight PAHs results are based on sediments samples collected in 2002 to 2004.

7. High molecular weight polyaromatic hydrocarbons (PAHs) include 10 congeners of molecular weight above 200, namely : Fluoranthene, Pyrene, Benzo(a)
anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Dibenzo(a,h)anthracene, Benzo(g,h,i)perylene and Indeno(1,2,3-cd)
pyrene.

8. Low and high molecular weight PAHs results are derived from the summation of the corresponding congeners. If the concentration of a congener is below
report limit (RL), the result will be taken as 0.5xRL in the calculation.
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Chapter 8 — Phytoplankton & Red Tides

| ntroduction

8.1 Phytoplanktonisacritical component of coastal ecosystems -

and representsthefirst biological responseto the nutrient enrichment » - r :(\ »

problem. Phytoplankton monitoring can track the biological re : - .
_ _ _ PRy

conseguences of nutrient enrichment over time and thereforeformsan .. ,. e

essential part of coastal eutrophication management. ' 3 in‘ -

g Wl T
8.2 The Environmental Protection Department (EPD) conducts long-term monitoring of

phytoplankton at 25 stations covering nine Water Control Zones (WCZs) in theterritory (Figure
8.1). Monthly phytoplankton samples are collected from 1m below water surface. Detailed
identification and enumeration of phytoplankton taxa are carried out using light and electron
Mi Croscopes.

Composition of phytoplankton

8.3 A total of 84 phytoplankton species was recorded
in Hong Kong waters in 2004. Of these, 49 were diatoms (58%), 24
were dinoflagellates (29%), 11 were from other minor groups (13%)
including Cyanophyta, Chrysophytaand Prozotoa. The most dominant
diatom species were Skel etonema costatum, Chaetoceros spp. and
Pseudo-nitzschia delicatissima which constituted 60-82% of the
dlatom populatlon in the Eastern Buffer, Victoria Harbour, Southern, North Western, \Western
Buffer and Deep Bay WCZs(Table 8.1). Themost abundant dinoflagell ate specieswere Scrippsiella
spp., Gymnodinium vestifici and Prorocentrum micans comprising more than 60% of the
dinoflagellate populationsin 8 out of the 9 WCZs (i.e. Mirs Bay, Eastern Buffer, Port Shelter,
Victoria Harbour, Southern, North Western, Western Buffer and Deep Bay) (Table 8.1). The
magjority of the other phytoplankton groups were made up of small flagellates (>65%) in all the
WCZs (Table 8.1).

8.4 Of the samples examined in 2004, diatoms constituted the largest component of
phytoplankton in term of species number (i.e. 48-65%) followed by dinoflagellates (22-37%) and
other phytoplanktons (13-17%) (Figure 8.2). In terms of cell density, diatom was al so the largest
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phytoplankton group in five WCZs, i.e. Western Buffer (71%), Southern (66%), Victoria Harbour
(62%), Mirs Bay (58%) and Tolo Harbour & Channel (48%) (Figure 8.3). Other minor
phytoplankton groups formed the majority in three WCZs, i.e. Deep Bay (63%), Eastern Buffer
(57%) and North Western (54%). The general pattern was similar with that recorded in 2003.

Abundance of phytoplankton groups

8.5 Figure 8.4 showsthe annual mean densitiesof total phytoplankton at 25 sampling stations
in 2004. In general, the total phytoplankton densities were 2-6 times higher at stationsin Tolo
Harbour & Channel than thosein other WCZs. Diatom densities were found to be higher at stations
in Tolo Harbour & Channel (Figure 8.5); whereas dinoflagellate densitieswere generally higher in
Eastern in-shore waters (Figure 8.6). Like diatoms, other minor phytoplankton groups were also
more abundant in Tolo Harbour & Channel than other watersin Hong Kong (Figures 8.7).

@ccurrence of red tides

8.6 Red tides and algal blooms are natural phenomenawhich s C
occur in beth polluted and unpolluted waters. In Hong Kong, red tides v ]
occur morefreguently inthe eastern waters and southern waters (Figure
8.8). From 1980 to 2004, some 297 of 709 red tides (42%) occurred

in the Tolo Harbour and Channel WCZ, and 130 (18%) in the Mirs -'.
Bay WCZ, 93 (13%) in the Port Shelter WCZ and 117 (17%) in the w
Southern WCZ respectively.

8.7 Red tides increased significantly in the 80s and reached apeak in 1988, when atotal of
88 incidents was reported (Figure 8.9). In the last ten years, red tides fluctuated between 19 and
45 incidents per year. A total of 34 red tides was recorded in 2004 (14 more than in 2003). Of
these, 20 occurred in the eastern waters and 9 in the Southern WCZ. There was no red tide
related fish kill in 2004.

8.8 Among all red tide cases recorded between 1980 and 2004, 451 were caused by
dinoflagellates (64%); 124 were by diatoms (18%) and 111 were by other minor phytoplankton
groups (16%) (Figure 8.10) (Note: The causative species of some red tides were unknown). Red
tides caused by dinoflagellates formed a peak in spring, i.e. between March and May; whereas
those caused by diatoms occurred more frequently in summer, i.e. between May and August. Red
tidesformed by other minor phytoplankton groups mostly occurred in the winter and spring months
(Figure 8.10).
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Red tide causative species

8.9 A total of 80 red tide species have been identified from Hong Kong waters since 1980
(Table 8.2). The most common species was the dinoflagellate Noctiluca scintillans, which
accounted for 28% of the reported red tides. The diatom Skeletonema costatum and dinoflagellate
Gonyaulax polygramma were al so frequently encountered. The number of red tide speciesvaried
considerably between different WCZs: ranging from 54 speciesin Tolo Harbour and Channel to
six speciesin Deep Bay.

8.10 A total of 17 red tide species was recorded from different watersin 2004. Of these,
Prorocentrum micans, Skel etonema costatum and Trichodesmium erythraeum were more widely

distributed than others. The speciescompositionsin the Tolo Harbour & Channel WCZ and Southern
WCZ were more diverse (i.e. there were more species) than in other WCZs.

"
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Figure 8.1
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Figure 8.4 Annual mean densities (cell/mL) of total phytoplankton at 25 monitoring stations in

Hong Kong waters in 2004
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Flgure 8.5 Annual mean densities (cell/mL) of diatoms at 25 monltormg stations in Hong Kong
waters in 2004
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Figure 8.6 Annual mean densities (cell/mL) of dinoflagellates at 25 monitoring stations in Hong Kong

waters in 2004
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Figure 8.7 Annual mean densities (cell/mL) of other phytoplankton groups at 25 monitoring stations in

Hong Kong waters in 2004
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Figure 8.8 Frequency of red tides in 10 WCZs in Hong Kong, 1980 - 2004

(Sources: Agriculture, Fisheries and Conservation Department and Environmental Protection Department
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Figure 8.9 Occurrence of red tides in Hong Kong waters, 1980 - 2004

(Sources: Agriculture, Fisheries and Conservation Department and Environmental Protection Department)
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Figure 8.10 Seasonal occurrence of red tides caused by different phytoplankton
groups in Hong Kong, 1980 - 2004

(Sources: Agriculture, Fisheries and Conservation Department and Environmental Protection Department)
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Species % Abundance!' Frequency? Species % Abundance! Frequency?
Tolo Harbour & Channel Southern
Diatoms Diatoms
Chaetoceros SPP- 26.3 12 Chaetoceros SPP- 43.6 12
Leptocylindrus danicus 23.4 8 Pseudo-nitzschia delicatissima 18.1 11
Cylindrotheca closterium 13.9 11 Skeletonema costatum 13.6 11
Dinoflagellates Dinoflagellates
Prorocentrum minimum 49.3 7 Gymnodinium vestifici 27.4 12
Gymnodinium SPP- 9.6 12 Scrippsiella SPP. 20.1 12
Scrippsiella SPP- 8.8 12 Prorocentrum micans 19.3 3
Others Others
small flagellates 86.3 12 small flagellates 85.9 12
Plagioselmis prolonga 11.1 12 Plagioselmis prolonga 12 12
Teleaulax acuta 1.7 12 Teleaulax acuta 1.8 12
Mirs Bay North Western
Diatoms Diatoms
Dactyliosolen fragilissimus 33 11 Skeletonema costatum 35.7 11
Pseudo-nitzschia delicatissima 22.6 12 Chaetoceros SPP- 30.3 10
Skeletonema costatum 14.7 9 Thalassiosira SPP- 10.5 11
Dinoflagellates Dinoflagellates
r Prorocentrum micans 43.6 2 Scrippsiella SPP. 44.3 12
Scrippsiella SPP- 16.3 12 Gymnodinium vestifici 18.3 12
L Gymnodinium vestifici 10.9 12 Gymnodinium SPP- 13.8 12
Others Others
i small flagellates 87.4 12 small flagellates 73.8 12
Plagioselmis prolonga 8.9 12 Plagioselmis prolonga 19.1 12
“ Teleaulax acuta 2 12 Teleaulax acuta 5.4 12
Eastern Buffer Western Buffer
Diatoms Diatoms
Pseudo-nitzschia delicatissima 33.2 10 Skeletonema costatum 38 11
Chaetoceros SPP- 23.8 11 Chaetoceros SPP- 21.5 11
» Skeletonema costatum 12.2 10 Thalassiosira SPP- 12.3 12
. Dinoflagellates Dinoflagellates
Prorocentrum micans 56.4 1 Gymnodinium vestifici 30.3 10
iy Gymnodinium vestifici 11.9 12 Prorocentrum micans 19.8 1
Scrippsiella SPP- 10.1 11 Scrippsiella SPP- 15.5 11
Others Others
small flagellates 78.8 12 small flagellates 86.3 12
Plagioselmis prolonga 16.9 12 Plagioselmis prolonga 10.3 12
Teleaulax acuta 3.8 11 Teleaulax acuta 2.9 11
Port Shelter Deep Bay
. Diatoms Diatoms
Chaetoceros SPP- 28.8 10 Skeletonema costatum 33.8 12
- Dactyliosolen fragilissimus 22.5 7 Thalassiosira SPP- 33 12
F Pseudo-nitzschia delicatissima 16.2 11 Chaetoceros SPP. 28.2 8
Dinoflagellates Dinoflagellates
7 Prorocentrum micans 69.3 3 Scrippsiella SPP. 71.4 12
. --':_*'z‘_i Gyrr]not%lnlum spp. 8.6 12 Gymnodinium SPP- 11.5 11
Scrippsiella SPP- 6.8 11 Gymnodinium vestifici 5.7 5
Others Others
small flagellates 89 12 small flagellates 65.7 12
! " Plagioselmis prolonga 9.1 12 Plagioselmis prolonga 18.3 12
Teleaulax acuta 1.5 10 Teleaulax acuta 13.8 12

PHYTOPLANKTON
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Table 8.1

Abundance and frequency of the dominant phytoplankton species in different WCZs in 2004

- |Victoria Harbour

F Diatoms T %of species/group in diatoms, dinoflagellates and other phytoplankton
1 . Skeletonema costatum 55 12

Pseudo-nitzschia delicatissima 13.3 9 2 Number of occurrences out of 12 sampling occasions
i - Chaetoceros SPP- 13.2 11
Dinoflagellates
. Prorocentrum micans 66.6 3
- _— Gymnodinium vestifici 10.7 12
rT Gymnodinium SPp. 6.9 12
Others
small flagellates 84.9 12
I'j Plagioselmis prolonga 11.9 12
S Teleaulax acuta 2.7 11
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Table 8.2
Occurrence and distribution of red tide species in different WCZs, 1980 - 2004

Number of occurrences

Tolo Harbour Eastern Port Junk Victoria  Southern North Western Deep
irs Bay

& Channel Buffer  Shelter Bay Harbour Waters  Western  Buffer Bay
wWCz

wCz \ev4 wCz wcz wcCz wCz wCz wCz

v
~N
w
©o
v
o

Noctiluca scintillans 54
Skeletonema costatum 23
Gonvyaulax polyaramma 21
Prorocentrum minimum 44
Mesodinium rubrum 8
Prorocentrum triestinum 33 33
Ceratium furca 10
Scrippsiella trochoidea 14
Heterocapsa circularisquama 13
Prorocentrum sigmoides 14
Heterosiama akashiwo 10
Prorocentrum dentatum 7
Prorocentrum micans 4
Thalassiosira nordenskioeldii 2
Trichodesmium erythraeum
Karenia mikimotoi
Leptocylindrus minimus
Cryptomonas Sp-
Dactyliosolen fragilissimus
Thalassiosira mala
Chaetoceros Spp.

Karenia diaitata
Thalassiosira proschkinae
Akashiwo sanquinea
Gyrodinium instriatum 1 1 2 1 1
Thalassiosira spp-
Dictyocha speculum 2 1 1
Eutreptiella Spp.

Haematococcus pluvialis
Leptocylindrus danicus

Plagioselmis prolonaa
Pseudo-nitzschia pseudodelicatissima
Chaetoceros curvisetus 1 1 1
Chattonella ovata 2 1

Chattonella marina
Gymnodinium simplex
Karenia lonaicanalis
Pseudo-nitzschia seriata
Teleaulax acuta
Trichodesmium sp. 1 1 1
Alexandrium tamarense 2

Cerataulina pelagica 2

Chaetoceros socialis 2

Chattonella Sp. 1 1
Cochlodinium polvkrikoides 2
Cochlodinium Sp. 2

Eucampia zodiacus 1 1
Gymnodinium sp. X 2

Nitzschia lonagissima 1 1
Phaeocystis globosa 2
Prorocentrum balticum 1 1

Prorocentrum Spp. 1 1

Alexandrium catenella 1

Chaetoceros pseudocrinitus 1

Chaetoceros pseudocurvisetus 1
Chaetoceros sp.0105 1

Chaetoceros tenuissimus 1

Chlamydomonas sp-
Chlamydomonas uva-maris
Cyclotella caspia
Cyclotella spp.
Cyttarocylis Sp. 1

Cylindrotheca closterium 1

Guinardia delicatula 1

Guinardia striata 1

Gymnodinium Sp. 1

Gyrodinium spirale 1

Hermesinum adriaticum 1

Karlodinium micrum 1

Katodinium rotundatum 1

Leptocylindrus Spp. 1

Navicula sp. 1
Odontella mobiliensis
Odontella sinensis
Pedinomonadaceae species
Protoperidinium quinquecorne
Pseudo-nitzschia Spp. 1

Thalassiosira weissflogii 1
Thalassomonas Sp. 1

Trichodesmium thiebautii 1

Total : 80 species 358 130 1 92 7 13 112 21 18 7
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Note: a red tide incident may involve more than one causative species.
Source: Agriculture, Fisheries and Conservation Department and Environmental Protection Department
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Chapter 9 — Marine Water Quality in 2004

Water Quality in 2004

9.1 In 2004, the water quality of the Port Shelter and Mirs Bay Water Control Zones
(WCZs) in the eastern waters continued to be excellent with low bacteria, organic matter and high
dissolved oxygen (DO). Tolo Harbour showed steady improvement with significant reduction in
organic and inorganic pollutants. Within the southern waters, the eastern end was largely pristine
while the western side was under the influence of the Pearl River with higher inorganic nutrients.
In the western waters, the North Western WCZ was impacted by riverine flow as well as local
effluent discharges and had higher nutrient levels. Thewater quality intheDeep Bay WCZ wasthe
poorest in the territory, with low dissolved oxygen (DO) and elevated levels of nitrogen and
phosphorus, in particular in the inner bay area. The condition in Deep Bay deteriorated in 2004
with further increasesin ammoniaand nitrogen.

9.2 Withinthe central waters, thewater quality improvementsfollowing the commissioning
of the Harbour Area Treatment Scheme (HATS) Stage 1, i.e. increase in DO and reduction in
nutrients and bacteriain the eastern Victoria Harbour, Junk Bay and Eastern Buffer WCZs were
largely sustained in 2004. The higher levelsof E. coli inthe central and western Victoria Harbour
and the Western Buffer WCZ al so persisted.

9.3 A general increasein DO by 9% was observed in 2004, especially in the eastern waters,
i.e. Mirs Bay, outer Tolo Harbour, Port Shelter, and southern waters. This may be part of the
natural fluctuation from alower baseline in the previousyear. Significant increasesin ammonia
nitrogen were observed in many areas in the Southern, Western Buffer and North Western WCZs;
however, other forms of nitrogen, e.g. nitrate, nitrite, organic nitrogen and chlorophyll-a remai ned
relatively stable.

Compliance with Water Quality Objectives

9.4 In 2004, the overall compliance with the marine Water Quality Objectives (WQOSs) in
theterritory was maintained at ahigh level of 87%, similar to that in the previoustwo years (Figure
9.3). Among the ten WCZs, five achieved full compliance (100%) with the WQOs (Mirs Bay,
Port Shelter, Eastern Buffer, Junk Bay and Western Buffer). The Tolo Harbour, Southern, Victoria
Harbour and North Western WCZs attained 80-90% compliance with the WQOs; whereas the
Deep Bay WCZ had the lowest compliance rate of 20% (Figure 9.1).

MARINE WATER QUALITY IN HONG KONG IN 2004 P9.2



9

MARINE WATER
QUALITY IN 2004

9.5 Theoverall compliance with the WQO for DO intheterritory was 89%, slightly higher
than that in 2003 (87%) (Figure 9.2). The compliance with the TIN objective was maintained at
72%. Full compliance with the unionised ammonia objective was achieved with the exception of
the Deep Bay WCZ which showed a further decline to 20% in 2004. For E. coli bacteria, the
Tolo Harbour, Port Shelter, Mirs Bay WCZs and the secondary contact recreation subzonesin the
Southern WCZ fully achieved the objective indicating their suitability for secondary contact
recreational activities.

Long-term Water Quality Trends

9.6 L ong-term decreasing trends in the depth-averaged DO were observed in Deep Bay,
whileincreasing trends were evident in Rambler Channel and western Victoria Harbour in 2004
(Figure 9.4). Reductionsin 5-day Biochemical Oxygen Demand (BOD,) and E. coli bacteria
were detected in Tolo Harbour, while Deep Bay, North Western water as well aswestern Victoria
Harbour showed increasing trendsin bacterial pollution (Figures 9.5 and 9.6).

/. Interm of nutrients, Tolo Harbour showed long-term decreases in nitrogen (ammonia
nitrogen, nitrate nitrogen and total inorganic nitrogen) and orthophosphate phosphorus but
chlorophyll-a (algal biomass) remained largely stable (Figures 9.7-9.11). Increasing trendsin
nitrate nitrogen and total inorganic nitrogen were observed in the North Western and Western
Buffer WCZs, and the western part of the southern waters, reflecting the influence of Pearl River.
L ong-term increases in anmonianitrogen were largely confined to Deep Bay and North Western
waters (Figures 9.7-9.9).
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Figure 9.

Level of compliance with key marine Water Quality Objectives for
10 Water Control Zones in Hong Kong, 2000 - 2004
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Figure 9.2 Level of compliance with key marine Water Quality Objectives
in Hong Kong, 1995 - 2004
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Figure 9.3 Overall level of compliance with key marine Water Quality

s Objectives in Hong Kong, 1986 - 2004
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Figure 9.4 Long-term changes in dissolved oxygen in marine waters of
Hong Kong, 1986 - 2004
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Figure 9.5 Long-term changes in 5-day Biochemical Oxygen Demand in
marine waters of Hong Kong, 1986 - 2004
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Figure 9.6 Long-term changes in £ co/iin marine waters of Hong Kong,

1986 - 2004
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Figure 9.7 Long-term changes in ammonia nitrogen in marine waters of
Hong Kong, 1986 - 2004
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Figure 9.8 Long-term changes in nitrate nitrogen in marine waters of
Hong Kong, 1986 - 2004
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Figure 9.9 Long-term changes in total inorganic nitrogen in marine
waters of Hong Kong, 1986 - 2004
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Figure 9.10 Long-term changes in orthophosphate phosphorus in marine
waters of Hong Kong, 1986 - 2004
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Figure 9.11 Long-term changes in chlorophyll-a in marine waters of
Hong Kong, 1986 - 2004

Shenzhen

S

r

1

PR

MARINE WATER QUALITY IN HONG KONG IN 2004 P9.9



9 MARINE WATER

QUALITY IN 2004

Figure 9.12 Long-term changes in temperature in marine waters of
Hong Kong, 1986 - 2004
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Figure 9.13 Long-term changes in pH in marine waters of Hong Kong,
1986 - 2004
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