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Pearl River Estuary
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earl River Estuarine Coastal Plume




Pearl River Estuary & Hong Kong
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Hong Kong Setting

= Spatial and temporal variability

= Spatial Components
> Pearl River
» Pearl River Estuary
> Victoria Harbor
> Eastern waters (e.g. Mirs Bay)
> Offshore from South China Sea




Temporal Components

1) Dry Season
- low rainfall, lower T, higher S, clear water

2) Wet Season

- high rainfall, high T, lower S, turbid water
- high Pearl River discharge + other runoff
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Estuarine Circulation in the Pearl River Estuary and
Coastal Waters of Hong Kong
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Marine Coastal Ecosystem
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Temporal and Spatial Progression of P Limitation
Across the Estuarine Coastal Waters
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Hong Kong Agencies

Agriculture, Fisheries, and Conservation Dept (AFCD)

- Fish culture zones monitoring
- Red tide management

Environmental Protection Dept (EPD

- widespread monitoring — 25 stations in 9 WQZ
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- Figure 1.9 Fish and shellfish culture zones and marine conservation sites in Hong Kong in 2001
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Figure 1.1 Water Control Zones in Hong Kong



/ 1 T

® Wiater quality monitoring station (monitored monthly)

----- Boundary of the Hong Kong Special Administrative Region | .

[ ]
\ e
\ L y
\ \ & ¢°
- 22210m “
w <§ SM17 SM18 sMi9
> © & L] *

\ HFB0E 140E

1!4:10‘53 1 14“;20'E

g"‘lﬂlm?\m;,m"_
b 22300 ,"’
o Bows
-
-
’,f @ D4
/’,
i New Territories
] & Dms
I
I
I
i NS P
& 5
R ; 0
i (o
¢ ® NM2 2 <
: '? 9 PME P PMO® ¢
. / S gL e
AN ;! R Kowloon D e i ﬁ >
] A : (}
’f a . o m
I ﬂf VM 28
1 o
P e QR 259 emn
J Lantau Island = L
/ EM2 [ﬁ d
/
,I {_\5 EM.;‘
/
‘\ o e Sz

o MM1S

& 1

L3 k]

Figure 1.2 76 water quality monitoring stations in open waters of Hong Kong in 2001
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Figure 1.3 45 sediment monitoring stations in open waters of Hong Kong in 2001




Sewage Suspended
Treatment Flow BOD Solids
Works (x1000myr) (tonnelyr) (tonnefyr)
1. Aberdeen 27000 6500 5500
2. Ap Lei Chau 12000 2900 2400
. Pl 3. Central 34000 8200 6900
¢ o New Territories 4. Chai Wan 21000 4900 4100
{ s 5. Kwai Chung 52000 15000 12000
i Sl 6. Kwun Tong 91000 22000 18000
| < 7. North Point 27000 6500 5400
I 8. Pillar Point 50000 14000 12000
| 9. San Wai 29000 6900 5800
| ? 7 / 10. Sandy Bay 1400 330 270
| 2 & N i 11. Shau Kei Wan 25000 5900 5000
i 8 : H 12. Shek © 380 92 77
Jets i 13. Siu Ho Wan 7500 1800 1500
| Y H 14. To Kwa Wan 72000 17000 14000
I 0 H 15. Tseung Kwan O 28000 6700 5600
Rt / i 16. Tsing Yi 15000 3500 3000 i
E / 17. Wah Fu 3900 940 790
! 18, \Wanchai East 22000 5300 4400
! 19. Wanchai West 19000 4500 3800
/ 20. Cheung Chau 3900 350 250
/ 21 Tai O 380 17 16
/ 22 Stonecutters Island 170000 6600 6500
J 70 S 23. Mui We 520 16 29
\ 24. Peng Chau 110 0.3 0.8
5 Lantau Island Hong 26. Sai Kung 3800 16 23
e 26. Sha Tau Kok 470 23 24
; 27. Sha Tin 80000 480 1700
/ 28. Shek Wu Hui 26000 120 220
/ 29. Stanley 2700 10 1"
/ 30. Tai Po 30000 150 410
‘\ g oy 31. Yuen Long 16000 140 180
\\ Q i Total 890000 140000 120000
» [ P - Screening (Preliminary)
o &:’3 & D G ‘ S - Sedimentation (Primary)
e My < 7] C - Chemical :
“ (ﬁ B B - Biological (Secondary)
o ” ®— Submarine outfall
“'.._._'-‘“,’__-' ““““““ *"—; ______ —"**“H”_-___-___‘%u,--"*—'k —a---- Discharge into inland water >
: 5 10km
\ ‘13;50'5 !14‘:00'5 |1-(:10'E 11-@:20'E I1d:3€|y

Figure 1.7 Major public sewage treatment works, outfalls and pollution load in Hong Kong in 2001



HAB Data Types - AFCD

Routine monitoring
- fish culture zones (11) —weekly for phytoplankton
- every 2 weeks for water quality
- offshore/channel stations — every 2 weeks

1) Field Observations — weather sea surface conditions

2) Phytoplankton — species, cell concentration

3) Water Quality — Secchi depth, T, S, DO, turbidity, BOD5
suspended solids, all nutrients, chl

Red Tide Investigation

1) Field investigation — date, place, color of water,
# dead fish, fish behavior
2) Phytoplankton and water quality — as above
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Fig. 1. Number of red tide incidents in Hong Kong from 1975 to 2002.
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Plate 1. Potentially narmful red tide causauve species in Hong Kong tromi 1975 10 2002

a, Alexandrium catenella

b Alexandrium tamarense

¢. Chationella marina

d. Chattonella ovata

. Cochiodinium polykrikoides

f Gonyaulax polygramma

g. Gymnodinium sp. X

h. Heterocapsa circularisquama

i. Heterasigma akashiwo
| Karenia digitata

k. Karenia mikimotol

. Noctiluca scintilians

m. Phaeocystis globosa
n. Prorocentrum balticurmn
0. Prorocentrum dentaturm
p. Prorocentrum micans

q. Prorocentrum minimum

I. Proracentrum sigmoides

s. Prorocentrum friestinum

t. Pseudo-nilzschia pseudodelicatissima
u. Psaudo-nitzschia pungens

v. Skeletonema costatum

w. Thalassiosira mala

x. Trichodesmium erythragum



Table 142  Occurrence and distribution of red tide species in different Water Control Zones (WCZs), 1980 - 2001

Number of occurrences
Tolo Mirs Eastern Port  Junk Victoria Southern North Western Deep Total
Hasbour Bay Buffer Shelter - Bay Harbour Waters Western Buffer  Bay

Species e Chanmel WOZ WCZ WCZ Wcz A Wez  Wez  Wez  wez  wez
WCZ N

Noctiluca scintillans 57 38 . 1 4 7

‘Skeletonema:costatun: Dz L S T 7

Gonyaulax polygramma 6 12 2

Mesadinium rubrunt : i 4 5y S I

Frcrocuntmm mlnimum 32 1

Karenia mlklméml
Prorocentrum: dentamm =

hia. pseudadelicstisslma i

campia zadiacus:
‘Gulnardia dallcatula

it adils
Haemaracoccus pluwalls
| Katodinfum rotunidatum::

Pedinomanadaceae species . i
Proracentrum baiticum

Protoperidinium quinquecome - i i £
Pseudo-nitzschia spp 1 1

i Thalalssomonas:sp:: : : i B : EHth o
Total : 70 species 325 "7 1 85 5 13 88 19 2 674

Note: a red tide incident may invoive more than ona causative species.
Source: Agﬂcultun. Fisheries and Conservation Dep and Envir P Department




Table 2

Red tide incidents associated with fish kills or shelifish contaminations

in Hong Kong from 1975-2002.

From To Location Causative species
29 May 77 29 May 77 Tai Po Hoi Gymnodinium sp.
18 Apr 80 18 Apr 80 Crooked Harbour, Double Haven, Prorocentrum micans
Long Harbour
27 Apr 80 27 Apr 80 vYim Tin Tsai, Ha Hang, Sham Wan, Undetermined
Wu Kai Sha, Tap Mun, Tai Mei Tuk
28 Apr 80 28 Apr 80 Kau Sai Undetermined
28 Sep 80 28 Sep 80 Inner Tolo Harbour Karenia mikimotoi
14 Feb 81 14 Feb 81 Hang Hau Karenia mikimotoi
22 Jan 82 22 Jan 82 Silver Mine Bay, Shap Long Undetermined
7 Feb 82 7 Feb 82 Kau Sai Karenia mikimotoi
15 Mar 82 15 Mar 82 Sai Kung, Lap Sap Chau Gymnodinium sp. X
12 May 82 12 May 82 Sai Kung, Lap Sap Chau, Kau Sai Gymnodinium sp. X
18 Oct 83 18 Oct 83 Tai Po Hoi Karenia mikimotoi
2 May 84 24 May 84 Tai Po Hoi (East) to Tap Mun Prorocentrum dentatum
3 Jun 86 12 Jun 86 Tai Po Hoi Prorocentrum triestinum
28 Jul 87 28 Jul 87 Three Fathoms Cove Heterocapsa
circularisquama
8 Apr 88 12 Apr 88 Yim Tin Tsai (East) FCZ Gonyaulax polygramma
19 Apr 88 9 May 88 Tai Po Hoi, Tolo Chanel Gonyaulax polygramma,
Skeletonema costatum
10Mar89 21 Mar 89 Junk Bay Alexandrium catenella
21 Apr92 28 Apr92 Junk Bay, Port Shelter Noctiluca scintillans
6 Mar 95 16 Mar 95 Tolo Harbour Prorocentrum minimum
18 Mar98 30 Mar 98 O Pui Tong, Kat O Hoi, Yan Chau Tong Karenia digitata
23 Mar 98 26 Mar 98 Leung Shuen Wan, Kau Sai Karenia digitata
3 Apr 98 3 Apr 98 Kat O FCZ, O Pui Tong FCZ Karenia digitata
3 Apr 98 4 Apr 98 Kai Lung Wan FCZ, Tai Tau Chau FCZ Karenia digitata
9 Apr 98 16 Apr 98 Cheung Sha Wan FCZ, Man Wan FCZ, Karenia digitata
Sok Kwu Wan FCZ
10 Apr 98 16 Apr 98 Sham Wan FCZ, Tap Mun FCZ Karenia digitata
11 Apr 98 17 Apr 98 Yim Tin Tsai FCZ, Yim Tin Tsai (East) Karenia digitata,
FCZ, Yung Shue Au FCZ Prorocentrum minimum
14 Apr 01 3 May 01 Kat O FCZ, O Pui Tong FCZ, Dictyocha speculum,
Yan Chau Tong, Sham Wan FCZ, Chattonella marina,
Kau Lau Wan FCZ Chattonella ovata
21 Apr 01 27 Apr 01 Leung Shuen Wan Hoi near north east Chattonella ovata,

of Kau Sai Chau, Tai Tau Chau,
Kau Sai FCZ, HKUST Pier,
Silverstrand Beach

Dictyocha speculum




Red Tide Information Network
Red Tide Red Tide Reporting Network AFCD/EPD FEHD Seafood & DH
in Mainland LCSD, EPD, MD, MP, GFS Routine Phytoplankton Intoxication
Mariculturists & Public Monitoring Surveillance
Y
Initial assessment by AFCD ]

Yes No
Inform Bureau(s) where necessary Initiate ACW
P Yes
v v v
Harmful Algal Bloom/Seafood Red tide at/near gazetted Human Intoxication/Seafood
o - toxicity detected at/near to fish beach toxicity detectedfoccurrence of
r culture zone =L CSD/EPD Beach algal species with suspected
=AFCD Mariculture Action Plan Action Plans health implicationffish killed by
toxic algae
=FEHD Seafood Biotoxin Action
Plan
=DH enhance Surveillance for
Human Intoxication

Y

» Inform public & provide appropriate advices
+ Continue monitoring the situation

Ty

v

End of incidents?

 Inform fish farmers End of Case
» Lift ban on seafood & return to routine surveillance + Data record & compilation
+ Re-opening of beach

Y

Fig. 4. Hong Kong SAR Government red tide management operational master plan.

AFCD: Agriculture, Fisheries and Conservation Depariment
DH: Department of Health

EPD: Environmental Protection Department

FEHD: Food and Environmental Hygiene Department

GFS: Government Flying Services

LCSD: Leisure and Cultural Services Depariment

MD: Marine Department

MP: Marine Police




HAB Data Types -EPD

Routine monitoring

1) Stations — 94 in all 10 water quality zones (WQZ2Z)
- surface, middle, bottom samples
- 76 stns — open waters — monthly sampling
- 18 typhoon stns — once/2 months
- bottom sediments — 2x/year at 60 stations
- >50 parameters in water column and sediments

2) Phytoplankton — species, cell concentration

3) Water Quality — Secchi depth, T, S, DO, turbidity, BOD5
suspended solids, BODS5, all nutrients, chl, E. coli



HAB Data Types -EPD

Objectives of Routine monitoring

1) Assessment of compliance with water quality objectives

dissolved oxygen in bottom water

ammonium and total inorganic nitrogen conc’n
bacteria , E. coli and fecal coliforms
chlorophyll

2) Assessment of Long Term Water Quality Trends

- 17 year data set (started in 1986)
- DO, nutrients, chl — eutrophication indicators



Chlarophyll-a

. 2. Buffer Subzone

xxxxx
...........

Chlorophyll-a

1. Harbour Subzone .
\ | % sample (S, M, B) with
Chiorophyli-a < 20 pg/lL

WQO:  Chlorophyll-a <20 pg/L

* 2.Buffer Subzone

WX % sample (S, M, B) with
1 Chlorophyll-a< 10 pg/l. .

WQO: - Chlorophyll-a < 10 ug/l.
3. Channef Subzone

7 % sample (S, M, B) with

Chlorophyil-a <6 pgiL.

WQO: Chlorophyll-a < 6 pg/L

| Figure 2.2 Level of chlorophyll-a in the Tolo Harbour and Channel WCZ - .~




Table 2.1 Results of the Seasonal Kendall Test for trends in water quality parameters measured in
the Tolo Harbour and Channel Water Control Zone, 1986 - 2001

ronftoring Station | | M2 | 3 [ Tma [ Tms [ Twe | w7 | Tms |
[ 1986 | 1986 | 1986 | 1986 | 1986 | 1986 | 1936 |

I I 1 [ I | 1
2001 | 2001 | 2001

Monitoring Period
2001 | 2001 | 2001 | 2001

ramefer ) Water Depth
erature (" Surface E
el Middie NA
Bottom A
i Average A
Salinity Surface - =
Middle NA - - NA
Bottam 2

Average
Dissolved Oxygen (ma/L) Surface =
Middle NA
Bottom A
wSAverage =
Dissolved Oxygen (%) Surface =
Middie A
Bottom A

Average i
Surface E]
NA
=
b

=

>
HERRR
R

R R
e R RR
N

i

Sww

e

NN aNK!
P ENMNNECNNE
NNl N g

pH
Middle
Bottom

Average::

ecchi disc depth (m)

Turbidity (NTU) Surface = =

Middle WA - - *
Bottom - - |

- ‘Average 2 i i
Suspended Solids (mg/L) Surface — i =
Middle NA - - NA = -
Bottom - - - £ - _

iL Average:: o i s < S o :
Total volatile solids (mg/L) Surface = = = =
Middle NA
Bottom — -
_ Average s
5-day Biochemical Oxygen Demand (mg/L) Surface LI
Middle NA
Bottom -
Average i
Ammonia nitrogen (mg/L) Surface - -
Middle NA - NA - = s

1 eesel wEel

NNE
N
1

Lt

e get g
e e

Nitrite nitrogen (mg/L)

Average = =
Nitrate nitrogen (mg/L) Surface b E)
Middle NA o
N 5

b

Bottom
¥ Average N
Total inorganic nitrogen (mgi/L) Surface ]
Middle NA -
Bottom - - = - = = =
Average N i i g
Total Kjeldahl nitrogen (mg/L} Surface - £ z - = 2 s
Middie NA - - NA F= ~ -
Bottom - = - = -

E [Average Ry
Total nitregen (mg/L) | Surface
Middle

‘ Qrthophosphate phosphorus (mgiL)

'ﬁml phosphorus (mg/L)

_ -~ Average -
Silica (mg/L) Surface - F Pl F.
Middle NA - - NA
Bottom - - = - =
— _ Average = s s ) A ity % 5
Chlerophyll-a (pa/L) Surface = - - = =
Middie NA - NA - =
Bottom - - - - - =
L _ SAvVerags: - Ziiand i s 2
E.coli (cfu/100mL) Surface ] s = = =
Middle NA - - NA | = =
Bottom - = = ¥a
L . o Averdge :
|Faecal coliforms (cfu/100ml) Surface =
Middle J Na

| Bottom
_ _ i Average
Note 1. Results of the Seasonal Kendall Test shown are stagstically significant at p< 008
2, —indicates ne significant trend Is detected
3. A represents a signifi Icrease over ime
4. represents a signific: Teass over tme
5. NA {Not Applicable) indi the measurement wa

made due lo
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s-day Biochemical Oxygen Demand (mg/L)
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Decreasing trend in depth-averaged Total Nitrogen at TM2, 1986 - 2001
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Figure 2.4 Marine water quality trends in the Tolo Harbour and Channel WCZ
(based on the Seasonal Kendall Test significant at p<0.05)
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Increasing trend in depth-averaged Total Inorganic Nitrogen at SM2, 1986 - 2001
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Figure 3.2 Marine water quality trends in the Southem WCZ
(based on the Seasonal Kendall Test significant at p<0.05)
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Red Tides in Hong Kong during 1983-98
(Yin et al. 2002)
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Monthly Distribution of Total Red Tides
In Hong Kong during 1983-98
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N. scintillans

Top 10 Red Tide Species



Noctiluca scintiflans
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Figure 14.4 The most frequently occurring red tide species in Hong Kong, 1980 - 1999

Source: Agricutture, Fisheries and Conservation Department and Environmental Protection Department
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Data Format - AFCD

Routine Phytoplankton and Water Quality Data

- prior to 1999 - data are digital and stored in MS Excel format
- after 1999 — data are digital and stored in Oracle database

Red Tide Investigation Records

- paper record from 1975-2001 and stored in MS Excel format
- after 2001 - stored in Oracle database
- spatial records — in GIS (ArcMap 8.0)



Data Sharing- AFCD & EPD

EPD and AFCD - provides data in format requested by inquirer

- data sharing based on intended use. Used for series
of publications.

- some information exchange with Mainland.

EPD - produced 16 Annual Marine Water Quality Reports
- printed and CD-ROM copies of report are available at

public libraries and
- monitoring data available on EPD’s web site

www.epd.gov.hk



HABs - EPD

1) Stations — 25 in 9 water quality zones (WQZ)
- surface samples - monthly
2) Phytoplankton species
- 75 species (44 diatoms, 24 dinos, 10 others
- diatoms — Skeletomema, Thalassiosira, Chaetoceros,
- dinos — Noctiluca scintillans, Scrippsiella spp.,
Gonyaulax polygramma
3) Occurrences
- spring most red tides
- dry season > wet season
- 20-45 incidents/year (40 in 2001)
- eastern waters > western waters
4) Fish Kills — Chatonella ovata, C. marina, Dictyocha
speculum
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Figure 14 1 Phytoplankton monitoring stations in Hong Kong waters in 2001
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Figure 14.3

Percentage contribution of phytoplankton groups to the total density in the nine Water Control Zones (2001)
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Figure 14 5 Annual mean densities (cell/mL) of diatoms at 25 monitoring stations in Hong Kong waters in 2001
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Figure 14.7 Annual mean densities (cell/mL) of other phyto

plankton groups at 25 monitoring stations in Hong Kong waters in 2001
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Spatial gradients from river to estuary to oceanic.

Temporal gradients wit

being the critical period.

N the wet season (summer)

Summer rains & river o

Ischarge —>stratification

which decreases transport of O, to deep water

Summer nitrogen loads

are high ->high algal

biomass and P and Si limitation

Most HABs occur In spring far away from the
Pearl River and nutrient load from Pearl River

IS low In spring.



