L2 IR BB B

JAPAN INTERNATIONAL COOPERATION AGENCY

MINISTRY OF SCIENCE, TECHNOLOGY AND ENVIRONMENT
PLOPLE'S COMMITTEE OF QUANG NINH PROVINCE
THE SOCIALIST REPUBLIC OF VIETNAM

THE STUDY
ON
ENVIRONMENTAL MANAGEMENT
FOR
HA LONG BAY

FINAL REPORT

VOLUME V
DATA BOOK

SEPTEMBER 1999
JIEA LIBRARY

L L

Jri53832 (9]

' NIPPON KOEI CO., LTD.,
METOCEAN CO., LTD.

[No.2 ]

S §S

J R

99 -139







RHEr

JAPAN INTERNATIONAL COOPERATION AGENCY

MINISTRY OF SCIENCE, TECHNOLOGY AND ENVIRONMENT
PEOPLE’S COMMITTEE OF QUANG NINH PROVINCE
THE SOCIALIST REPUBLIC OF VIETNAM

THE STUDY
ON
ENVIRONMENTAL MANAGEMENT
FOR
HA LONG BAY

FINAL REPORT

VOLUME V
DATA BOOK

SEPTEMBER 1999

NIPPON KOEI CO., LTD.
METOCEAN CO., LTD.



LIST OF YOLUMES

Volume | Executive Summary
Volume 11 Main Report
Volume 111 Supporting Report 1
Volume 1V Supporting Report 2
Volume V Data Book
EXCHANGE RATE

US$ 1 = VND 13,927.5 (as of July 25, 1999) = Yen 121.46

DAV

1153832 (9]




THE STUDY
ON
ENVIRONMENTAL MANAGEMENT
FOR
HA LONG BAY

FINAL REPORT

Volume V. Databook

Table of Contents
PART 1 RESULIS OF FIELD SURVEY
Final Report of Iicld Survey
Data
I Hydrology Survey
2 Watcr Quality Survey
3 Bottom Scdiment Quality Survey
4 Dust Survey
5 Biological Indicators Survey

PART H QUESTIONNAIRE SURVEY ON WILLINGNESS TO PAY FOR
ENVIRONMENTAL VALUE

PART HI QUESTIONNAIRE SURVEY ON POLLUTION SOURCE
INVENTORY

PART 1V PHOTOS

APPENDIX TORs OF FIELD SURVEY AND DUST SURVEY



PART I
RESULTS OF FIELD SURVEY



P
B

Final Report of Field Swvey

"TABLE OF CONTENT

FRIPOAUCHION o e 1-1

L Background .. ..o [-2

L1 Geopraphical SCOPC ..ot I-2

1.2, ISSUES SCOPC cvreririnirie st b s -2

1.3, ODJCCHVES .. cuncreiiian s s et b 1-3

Lo, TASKS 1 ouieeee e v ceie et en b ereer st s s ea s s s a e e -3

1.5, Implementing Organization o I-4

1.6. The Survey ProduetS e I-6

2. MOEROAS. et e s -7

2.1, THAAL CUITENY ccvveecrenrr e ettt s ettt sna e ce s e -7

2.2, Water Quality SUIVEY .. coviviiiiin e -12
2.2 L BAYS. it e s [-12
2.2.1.1. Ambicnt Water Quality in the Bays...o [-12
2.2.1.2. Pollution Mechanism in the Bays . I-14
2. 2.2, RAVETS covvesireeeeeisns i reeeressaaras e s vme s ninasabasaeaboanstsansraasssneesaenanben s 117
2.2.3. POIUEION SOUTCES cotitntier e ienrbe sttt n s sna s e 1-19
2.3, Botlom Scdiment SUIVEY .ot 1-26
2.4, DUSESUIVEY et e et 1-28
2.5. Biological INGICators SUVEY ...covm it s -3t
2.5.1. Terrestrial Vegetation ..o I-31
2,52, MANEIOVC ooiiiiiieierinns et 132
2.5.3. Phyloplankton. oo 1-32
2.5.4. Zooplanklon. ..o [-34
2.5.5. Z0OBCRIROS 1..veiviieiee e e 1-38
2. 5.6, Fisha vt ces e a e e I-42
2.5.7. AZAC ottt e e s 1-43
2.5.8. Coral RCCIS viivivrieeieieereresecsne et e e b 1-47
3. Achicyement of 1he SHEVEY ..ot e, 1-48
3.1. Ficld Survey Implementation ..o eeecninc i s 1-48
3.2, COMMENS cecuiininirrrrnrevren et s s bt b -52
3.2.1. Hydrology SUIVEY..ovi i -52
3.2.2. WALEE QUAlIY cvoeecensinrnsimsississsssessssessse st 1-53
3.2.3. BOUOM SCHMEN o vovecvirerrsrirnessieressissi st e [-56
3.2.4. Sciiled Dust .....c..... SO O E OUE OO UEUURSOUOO I-56
3.2.5. Biological Indicalors. ... Feresrne e s 1-57
Relerences......ooonennnnnes eevenrrernen s ereer e e e et ae et n e ene e raenae e ne [-61

L T L1011 RO ST O PP e I-606






FINAL REPORT

BELD SURVEY OF TRE STUDY ON ENVIRONIVENTAL MANAGEMENT PLAN FOR HA LONG BAY, VIETIAN

INTRODUCTION

[n connection with the importance of the HHa Long Bay area, the
study on environmental management plan for Ha Long Bay, Vietnam,
has been carried out under sponsor of Japan Intemational Cooperation
Agency (JICA). The Project Stecring Committee includes MOSTE and
Quang Ninh People’s Committee, Vietnam and JCA Sfudy Team {JST).
The field swrvey in Ha Long Bay and the adjacent area is one of the
project's activities. It is implemented by the Work Team of Hai Phong

Institute of Oceanology (HIO) according to the countract signed belween
JST and HIO on June 27, 1998.

In connection with the above contract, the main activities are
conducted as follows:

- The 1™ step: Reconfirmation of the sampling sites and points, field trip

and taking the film rolls pictwes by helicopter on July 20, 1998 (JST with
HIO).

- The 2™ step: Conducting the Technical Traiming - Seminar on Marine
Environment Monitoring Design and Field Sampling (July 5-6, 1998) for
Quang Ninly DOSTE staff, BIO Work Team (HIO experts).

- The 3" step: Conducting the field survey in the Ha Long Bay area,
meluding the watershed and Cat Ba islands (all Work Team, from July 10
- August 9, 1998).

- The 4™ step: Conducting LAB - Works, data processing and reporting,.

The survey activities in the ficld were carried out under the
inspection of the JST experts. The Quang Ninh DOSTE stalf also
participated in the ficld survey with the purposes of practical attachment
under technical assistance of the Work Team.

The above mentioned activities of the field survey were presented
in HIO’s progress report to JST on July 31, 1998.

- This report is the swrvey results and major findings and has been
completed after the draft final report was considered and commented by
IST, but it is stil not to be conclusive.

akmg this opponumty, we would llke to cxplcss sincere thanks to
IST for the kind cooperation and lechmcal assistance; to the National

Steering Commiittee and  to Quang Ninh DOSTE f0| their help and
hclhhnon during this survey operation.

Hai Fhong Insfifute of Oceohofogy '
246 Da nang Street, Hai Phong Cify
Tel : 84-31-846523 ; Fox : 84-31-846521 I-1
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FIELD SURVEY OF THE STUDY ON ENVIRONMENTAL MANAGEMENT PLAN FOR HA LONG BAY, VIETNAM

1. BACKGROUND
1.1. Geographical Scope

Ha Long is located in Quang Ninh province, Northern Vietmam. It
is associated with Cat Ba island in the South and Bai Tu Long Bay in the
North, to fornn a natural system rich in ecotourism potentials. Thercfore,
the bay has became a famous beauty not only of Vietnam, but nlso of the
world as Nawmal Heritage recognised by UNESCO on its 18" Annual
Meeting. Ha Long Bay-Cat Ba island arca is also rich in unique tropical
ccosystems with economically valuable resources such as coral reefs,
mangroves, scagrasses, small limestone islands, tidal wetlands and
tropical forest etc. So, this arca has been adopted by Asia Burcau for
Conservation {ABC) as a proposed Marine Protected Area (MPA) by
1995.

This area is also situated within a dynamic economic triangle Ha
Noi - Hai Phong - Quang Ninh in Vietnam. Therefore, the human
activities are more and more increased and the multiple use is strongly
developed. The benefit conflicts relating to the multiple development
activities are created and emerged. At the same time, the bays

environment will be degraded in the new context of open door policy of
Vietnam GOV.

It is necessary for the conservation of Ha Long Bay area to develop
an environmental management plan. Therefore, the study on such a plan
for the Ha Long Bay area is conducted by JST. Within the framcwork of
the study, the scope of the field suwivey is defined:

- Ha Long Bay, the portion of Bat Tu Long Bay, Bai Chay Bay (or called
the bays with hundreds of chert and limestone islands).

- Cat Ba island area and Cam Pha district.

- Terrigenous rocky hill area in the west as coastal land area including
watersheds. '

1.2. Issue Scope

The field survey for the study on environmental management plan
in Ha Long Bay is involved with the main issues as follows:

- To study on hydyological conditions in the bays and in the rivers.

- To understand the state of the environmental contamination in Ha Long
Bay, its changes and the sources of the contaminants.

- To understand the mechanism of pollution in Ha Long Bay. |

Haol Phong Institute of Oceonology
246 Do nang Street, Hai Phong City
el : 84-31-846523 ; Fox ; 84-31-848521 12
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- To understand the threats (stress) of coastal development on the bays
environment.

- To assess the impacts from development activities on biota systems in
this area.

1.3. Objectives

In order to solve the above mentioned issues, this field survey is to
be addressed on major objectives as follows:

e Short-Term:

To provide the swvey data and information on cnvironmental
quality, dynamic and bmpact for devclopment of environmental
management plan in Ha Long Bay area in the framework of JST Tasks.

o Jong-Term:

- To contribute to seiting up the environmental database for the Ha Long
Bay area.

- ‘To maintain the ecological function of this area and the natural systems.

- To conduct the natural conservation and biodiversity in the context of
the balance with the development activities.

I.4. Tasks

The ficld survey for study on environmental management plan for
Ha Long Bay is involved with the main tasks as follows:

» Hydrology Survey in the rivers and in the bays, mcluding current
measurement {curcent direction and velocity by 2 layers - surface and the
bottom); sea level measurement; wind direction and velocity at the survey

points; and hydrology survey in the rivers implemented by measuring
flow section and velocity.

» Wafer Q'uality Surveys:

- Ambient water quality in the bays with measwred and analyzed
parameters such as: Temperature, Salinity, pH, DO, COD,,,, Coliform,
faccal coliform, BODg, TDS, SS, turbidity, NH;-N, NO,-N, NO;-N, T-N,
PO,-P, T-P, Oil-grease; 'phenol, CN, As, T-Hg, Cr, Cu, Mn, Zn, Pb, Cd,
Fe, Ni, transparency, Chl-a.

- Pollution mechanism in the bays: productivity test (primary
productivity rate by phytoplankton); decamposition test (decomposition
rate of organic matters); settlement test (settling velocity/flux of organic
particles such as detritus); and elution test (1clease rate from boltom

- sediment).

Hai Phong Institufe of Oceanalogy
244 Do nang Stieet, Hai Phong City
Tol : 84-31-845523 ; Fax : 84-31-846621 -3

fIELD SURVEY OF THE ST00Y ON ENVIRONMENTAL MANAGERENT PLAN FOR HA LONG BAY, VIETNAM
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FIELD SURVEY Of THE STUDY ON ENVI'?ONVEI\IAL MAI\AGEMENT PLAN FCOR HA LONG BAY, Vil INANS

- Pollution sources: domestic and indusirial wastewater measured and
analyzed with water discharge survey.

o Bottom Sediment Survey: the items to be surveyed and analyzed such
as: temperature, smell, sediment quantity, color, mixed matter, water
content, pH, COD, ORP, grain - size composition, ignition loss, T-C, T-N,
T-P, H,S, Pb, As, Mn, T-Hg, Zn, Cr and Cd.

¢ Dust Survey: measurement of settled dust quantity, determination of
wind direction and velocity, determination of dust sources impacting on
the bay environment.

o Biological Indicator Survey: the items of this task are implemented as
follows:

- Terrestrial vegetation (distribution, cover, rare and precious species,
community structure and threaten level).

- Mangrove (species composition, cover, density, height, size, square arca
and threats by human activities).

- Plankton (species composition, cells density of phyloplankton in surface
and bottom layers including microfiagellates, settling volume and density
of zooplankton).

- Zoobenthos (species composition of benthic taxonomic groups, biomass )
: 2
and density pey m’),

- Marine fish ( species composition, distribution, habitat).
- Algae and scagrass (species composition, distribution and cover).

- Coral and coral 1eefs (species composition, distribution and siatus of
coral reefs).

1.5. Implementing Organization

implementing orgamization structure is presented in the below
scheme 1.

s An office has been rented by. HIO in Ha Long City (Van Nam Hotel,
31 Vuon Dao street, Bai Chay) during the field survey time in ondel 10
keep comespondence between HIO (Wo:k -Team) and JST.

o The Coordinating Body of the field survey has also been established
including the members as follows: :

- Prof. Dr. Nguyen Chu Hoi (Team Leadenr).
- MSc. Tran Dinh Lan (SClentlﬁc Secretarat in Ch{u%} . _ : : s
- MSc. Do Dinh Chien (Assssmnt - Secnemnﬂt) '

Hai Phong Institute of Oceanology
245 Da nang Streed, Hat Phong City
Tel : 84-31-846523 ; Fax : 84-31-846521 I-4
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- Dr. Nguyen Duc Cu (Member).
- Dr. Nguyen Huy Yet (Member).

Scheme 1 Implementing Organization Structure

HIO Work Team
Survey Feam

IST DA .

Surve'y (“roups

Hydrology Water Bottom Dust survey Biological
quality sediment indicators
- Hydrology |- Wastewater | - Sediment - Settled - Terrestrial
- Modelling - Seawater - Geochemistry | dust vegelation
- Pollution - Mangrove
mechanism - Phytoplankton
- Zooplankion
- Zoobeuthos
- Fish
- Seagrass beds
and seawceds
- Coral reefs

o The field survey wotks are caried out unde: Ieade:shlp of one
expeitised specnahsi of the group:

Hyd;ology survey gnoup (Dn Nguyen Minh Son)
- Dust survey gloup (Dl Hoang Xuan Co)
- Water qualtly suevey group (Dr. Nguyen Duc Cu).

Hai Phong Instiute of Oceanology _
246 Da nong Streef, Hai Phong Cily 15
Tetl: 84-31-846523 ; Fox : 84-31-846521 B
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FIELD SURVEY OF THE STUDY ON ENVIRONMENTAL MANAGEMENT PLAN FOR HALONG BAY. VIEINAM

- Bottom sediment survey group (MSc. Tran Dinh Lan). /
- Biological indicator group (Dr. Nguyen Huy Yet). -
¢ Some groups were also devided into the special subgroup:

- Wastewater subgroup (Dr. Dinh Van Huy and MSc. Do Dinh Chicn).

- Seawater quality subgroup (Dr. Nguyen Duc Cu).

- Pollution mechanism subgroup (Dr. Luu Van Dicu).

- Sediment subgroup (MSc. Tran Dinh Lan).

- Geochemistry subgroup (MSc. Nguyen Phuong Hoa).

_‘Tenrestrial vegetation subgroup (Prof. Di. Nguyen Khae Khoi).

- Mangrove subgroup (MSc. Le Thi Thanh).

- Plankton subgroup (MSc. Chu Van Thuoc).

- Zoobenthos subgroup (Dr. Pham Dinh Trong).

- Algae - scagrass subgroup (Dr. Nguyen Van Tien).

- Coral reef subgroup {Dr. Nguyen Huy Yet).

1.6, ‘The Survey Products

Some kinds of survey products are formed, including HIO technieal §
proposal for ficld survey, the HIO technical fraining document, the HIO
progress repott, the survey data reports, the photo reports and the final
report (a copy in diskettes attached). They are prepared and written by
HIO Coordinating Body in Vietnamese and English. The HIO
Coordinating Body and Team Leader are responsible for the fietd survey
results and the quality of all reports submitted to JST.

The list in detail of the survey products is provided as follows:
» Progress report (already submitted),
e Final report of field survey,
e Data report set including maps of the location of sampling points.
Part I: Hydrology in the bays repoit (38 pages) and a'ppendix,
Part 11: Water quality.
Tome |. Field survey records,
Tome 2. Analysed parameter at each survey pomt,
Tome 3. Integrated tabie of analysed parémeter. : o - !,
Part 111: Bottom sediment data (17 pages),

Haoi Fhong tnsﬁfufe of Obeono!ogy
246 Do nong Street, Hal Phong Cily 6
Tel: 84-31-846523 ; Fax : 84-31-846521 I-
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Part 1V: Scttled dust,
Part V: Biological indicators with:

Tome 1. Terrestrial vegetation, Mangroves, Phytoplankton,
Zooplankton (183 pages and 18 photos),

Tome 2. Zoobenthos (109 pages and 16 photos),

Tome 3. Fish, Algae, Coral and coral reefs (145 pages and 08 pages) and
anncx (111 pages).

¢ Terrestrial vegetation map of the whole catchment arca of the bays
and the Cat Ba island, 1/200 000,

» Map of locations of stations of hydrology strvey, Ha Long and Bat Tu
Long Bays, 07/1998,

e Map of water quality and bottom sediment survey poiwt in the bays
and rivers,

e Map of domestic wastewater survey point,

» Map of plankton sampling peints in Ha Long Bay (7/1998),
e Map of survey sites and fishing ground in Ha Long Bay,

¢ Map showing survey site of macroalgea in Ha Long Bay,

¢ Map of mangrove areas on the Hoang Tan island and survey sites in
771998,

* Map of survey points and distribution of zoobenthos in Ha Long Bay.
¢ Map of coral reef survey sites and the coral reef areas in Ha Long Bay,
e Documents:

- Technical Training-Seminar documents,

- Photos plates,

- Video tape.

Final report and data set have sent to JST in DOS text format
diskettes.

2. METHODS
2.1. Tidal Current

o Field Survey. The main objective of the hydiology survey is to
conduct the current measurement at three stations simultaneously in the
Ha Long Bay and Bai Tu Long Bay. These stations were identified by JST

Hai Phong Institute of Cceanclegy
246 Da nang Streel, Hai Phong City [-7
Tel: 84-31-846523 ; Foax:84-31-84552]
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experts and the current measurement was done as required in TOR and
agreed at the meeting in Quang Ninh in Junc 1998, The co-otdinates and

depths of the hydrology survey stations are shown in table 1 and on the
map.

‘I'ablc 1. Co-ordinates and Depths of the Stations

Cualuc ] 107°03°037,20°57°27" | 160
CuabDua ) 107008037, 2049’21 | 115
| Cam Pha - Cua Ong | I07020’55_1_20‘-‘58’25"_m 154 |

At each station, the current measurement (direction and velocity)
has been conducted by sclf-recording current meters of which installed
record periods every fiftcen minutes at the surface and bottom layers
within fifteen days. As required, the current meters were hung and left at
cach layer by using buoys and anchors to keep them at the exact depth.

The mode of the equipment installation is illustrated on the figue 2 (for '

Cua Luc and Cam Pha - Cua Ong stations) and figure 3 (for Cua Dua
station). In order to ensure safety of the survey, the buoys (with a light or
a flag as a sign) are connected with the meter set in the bays.

Survey equipment and tools have served for hydrology survey in
table 2.

Table 2: Survey Equipment and Tools

Sltemn

Self-recording cirrent meter DNC-2M (UK) 6
Anemometer 3

Compass 3

Global Positioning System KGP 912 (Japan) ]

Buoy for current meters 12
Security jacket, hat and attire

Flashing lamp 9

| Other, such as leads, rope, ete.. _

FELD SURVEY OF THE STUDY ON ENVIRONMENTAL MANAGENENT PLAN FOR HA LONG BAY. ViETNAM

Hai Phong nstifufe of Oceanology
246 Da nang Streef, Hal Phong City 8
Tl 84-31-846523 ; Fox : 84-31-846521 I-
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Figure 2. SCHEME OF INSTALLATION OF CURRENT METERS
AT CUA LUC AND CAM PHA-CUA ONG STATIONS

S48 FLASHING LAMP

PR 5UBVERGED BUCY

T L e e T L

Nota: The depth (refecred to Chart daturn)
At Cua Luc station: 16.0m
Al Cam Pha-Cua Ong station: 15.4m

Figure 3: SCHEME OF INSTALLATION OF CURRENT METERS
AT CUA DUA STATION

e FLASHING LAMP

SUBMERGED BLOY

SN 9, veoyr) % CURRENT METER DNC-2M

. SUBMERGED BUOY

10,0m 52@{;1-;{{:; % CURRENT METER ONG-2M

Hele: The degpth (refefred to Cherl datum]) at Cua Dua station: 11.5m

1-10
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The curreit meters for Lottom current measurement were fixed at

i' the depth of 2m above the bottom at all stations, while those for surface
current measurement were hung at 0.8m below the water swface at the
Cua Luc and Cam Pha - Cua Ong stations and it was fixed at 10m above
the bottom at the Cua Dua station (the water depth at this station is 13.5m
referred to as the Mean Sea Level) due to the presence of wave in this
area.

The wind direction and velocity was meastired every three houwrs (af
1k, 4h, 7h, 10h, 13k, 16h, 19h and 22h) by anemometers with the aid of a
compass at the altitude of about 3m above the sea surface at the thiee
stations during the suwrvey time period. The measwed six-hourly (at 1h,
7h, 13h and 19h) water levels al Bai Chay and Cua Ong stations during
this time have been collected from the Bat Chay Hydro-meteorological
Station.

The measurement activity started from 14 July and ended at 14h30,
30 July, 1998.

» Data Processing

The current data collected in the survey at all stations at each layer

T have been derived from the vecording cards of all six self-recording

g current meters with the aid of Space Technology System Ltd. Software.
Two computer programmes have been used:

- CRUS, ver. 1.6, 1991 for producing the data in the ASCH format,
and,

- 2MSDL, ver. 2.1, 19892 for transformation of data mto the text
formmt.

The data was updated by using the Scanner {Sconlet 4c, HP) for
creating the files containing the needed information to prepare the data
file for harmonic analysis. The data for hanmonic analysis has been
created by using a software written in FORTRAN language.

The obtained current data and collected wind data have been
preliminary processed by wvsing the statistic method, which applied for
calculating the frequency (%) of the current speed in ranges and
directions and the frequency tables of the wind. Based on the results
obtained, the wind and current roses have been drawn by using some
software written in the PASCAL language.

Hai Phong Institute of Oceanology
246 Do nang Street, Hai Phong City
Tel : 84-31-846523 ; Fox : 84-31-846521 I-11
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2.2, Water Q_uatlily Survey

Ficld Survey

2.2.1 Bays

2.2.1.1. Ambient Water Quality in the Bays

27 sampling points were decided by JST's cexperts based on the
discussion with HIO experts in the joining trips for location checking of
sampling points. There were 3 points implemented by HIO supplementary
after discussion with JST (fig. 4). A field swivey was done as required by
JIST (in TOR).

- Depth of water, weather, wind direction and veloeity (by anemometer
and the aid of a compass), air temperatuse, water color, existence of oil
slicks or floating matters were recorded at the sampling time.

-field measurement: water temperature, salinity, pH and DO were
measured by meters right for each just after opening the water sampler
taken out of the layer and transparency - by Scechi disk at sampling
points. All meters were calibrated before every working day.

Vertical distribulion of water temperature and salinity at each

sampling point was measured by means of STD meter provided by JST at
the sampling time.

- Sampling:

Samples at each point were taken by two layers, 0.5 m deep from
the surface and Im above from the bottom.

Van Don water samplers and the equivalents were used for

sampling. They were cleaned and washed with seawater at the sampling
poinl.

Sasuple for nutrients analyses (PO,4, NO,, NO,;} werse preserved with
ten drops of chloroform in PE container of 0.5 litres and stored in cooling
box at 3-5°C. This sample would be filtered and preserved again with the
same amount of chloroform right after the sampling time.

Sample for COD, T-N, T-P, NH, analyses was prcscrved with iml

concentrated H,50; in PE bottle of 0.5 lll;es and stoned in cooling box at
3-5°C. :

%mplc for BOD analysis was contained in PE bottle of 0.5 litres |
with water amount of 8/10 bottle volume.

Sample for heavy metals analyses was preserved with 2.5 m! of |
concentrated and pure HCL in 0.51 PE container.

Sample for phenol and CN analyses was contained in 0.51 PE bottle.

Hai Pho};;g institute of Ocean clogy
246 Ba nang Stieet, Hai Phong City ‘
Tel: 84-31-846523 : Fax : 84-31-846521 t-12
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Sample for SS analysis was preserved with Iml HgCl, (50g/!
concentration) in 1litre PE container and filtered just after the sampling
time with weighed filter paper.

Sample for oil analysis was contained in | live glass botile and
treated with n-heexan right after the sampling.

Sample for coliform analysis was contained in clean glass bottle of
250mt and analysed just after the sampling time (within 24 howrs).

Sample for chlorophill analysis was contained in 1 litic container
. . LIPS - . .
and stored i cooling and dark box at 3-4 °C, then filtered by membranc
and extracted by acetone.

Sampling performances were donc in a shaded, cool and clean
place. The sample collector had to put gloves on and was not permitted Lo
smoke or cat whilst performing. The containers were washed three times
with seawater at the layer of the sampling point and were given samyple
ID's. Replicate and blank were taken for every 12 samples taken. All
items mentioned above, as well as the current status of the sea, were
writien down on the sampling point record.

2.2.1.2. Pollution Mechanisn in the Bays

Five pollution mechanism testing points were identified by JST and
HIO experts in combination trips with the aid of GPS and chart (fig.).
Field survey and testing equipment installation were done as required
from JST (in TOR). The ficld test items were implemented at the 5 points
from July 13 to August 1, 1998. The scheme for pollution mechanism test

installation is illustrated on the Rigures 5, 6 and 7. The detailed methods
of each test are below.

Productivity Test: Light and Dask (LD) bottle method in situ. Light
oxygen bottles of 250ml were transparent ones and Dark oxygen bottles

of the same volume as the light ones were covered with aluminium foil to
protect them from light.

Water samples were taken by Van Don water sampler by two
layers, at 0.5 m depth and § m below from the Secchi disk reading depth
which was in large range, minimum 0.6 m at point 6 (Tuan Chau) and
maximum 3.0 m at point 14 (Cua Dua).

Three Light and Dark oxygen bottles filled up with Sam'plesl from
each layer were tied on the frame, and were then submerged, hung and

left at their original depths for about 5 - 7 hours.

Field measurement: Transparency was measured by Secchi disk
firstly to determine the sampling layers and the distance of frame bar at
test points. Water temperature, pH and DO of samples in each bottle were

QNAENTAL MANAGENENT PLAN FOR HA LONG BAY VIiETNAM
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measured by smeters before submergence and again after pulling them up
promptly. Also, vertical distribution of water temperature and salinity at
cvery 0.5m depth at cach sampling point were recorded by STD meter
provided by JST al the time of test setting up.

Decomposition Test: Dark bottle method in laboratory

The Dark oxygen bottles of | litre covered with alummium {oil
were used.

Water samiples were taken by Van Don water sampler of 8 litres by
two layers, at 0.5m deep and Im above from the bottom. A lotal of seven
(7) Dark oxygen bottles, including the resesves filled up with water
samples from each layer. A boitle of sample was used for measuwring and
analysing of parameters in sife such as: water temperature, pH, DO,
CODyy,,, T-N, T-P, NH,, NO,, NO,, PPO,. Six (6) remaining ones from

cach layer were conserved and kept in the box at 25°C and then were
brought mto HIO laboratory within 6 hours. The mentioned paramecters
were measured again after 1, 5, 10 and 20 days at the faboratory.,

Scttlement Test: Sefttement sample method in siti.

A scttlement sampler set composes a stainless steel frame keeping
4 plastic cylindrical tubes with an internal diameter of 0.1m and a height
of 0.5m.

Water samples were taken by Van Don water sampler by two
tayers, 0.5m above from the Secchi disk reading depth and Im above from
the bottom. The tubes filled up with water samples from each above layer
were fixed on the steel frames of the test sampler set installed, hung and
left at the determined depth within 22 - 24 hours. Four sampling tubes
were set at each layer. One test consisted of five imes samplings (five
days). The setting and sampling were implemented by HIO's SCUBA
divers to guarantee the test accuracy.

- Water temperature, pH, DO of samples and transparency were measured
by meters at the test points.

- The 'unlysed parameters consist of SS CODy,,,, T-N, T-P, PO,, NO,,
NQO;, NH,, ignition loss of the samples which before and after setting up
would be analysed .

- Sample for CODy,, T-N, T-P analyses was presewed with Imi
concentrated HZ,SO4 in PE bottle of 0.5 litres and stored in cooling box at
3-5°C.

S'lmp!e f(n dlssolved nutrients 'unlyses (P04, NO,, NO;, NH 4) were
- preserved with ten drops of chloroform in PE container of 0.5 litres, then

Hai Phong Institute of Oceanology
245 Da nang Streel, Haof Phong City
Tel: 84-31-846523 ; Fox : 84-31-84652) 15
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were filtered to remove suspended matters and stored i coohng box at 3-
4°C right aflter the sampling time.

- Sample for S§S analysis was preserved with Imi HgCl, (40g/l
concentration) in 1.5 litte PE contamer.

Etution Test: Experimental waler tank method at laboratory.

- Five experimental water glass tanks (the Tanks) with 0.5m in width,
fm in length, and 0.75m high were used for the elution test.

- Boltom sediment samples at all 5 points were taken from the bottom
by 11O SCUBA divers with resin receptacles of 20 litres. Three full resin
receptacles of bottom sediment were taken at each point.

- Water samiples at Im from the bottom were taken by pump with the
tip of the pipe at 1m above from the bottom. Two hundred and sixty (260)
littes of water were contained in vessel at each point.

- Both sediment and water samples were conserved and kept in the
place at 25°C and then were brought into HIO laboratory immediately.

- Bottom sediment samples were put on the bottom of the Tanks gently
with sediment depth of 0.Im. The Tanks filled up with water taken at

sampling points were kept at 25°C with aceration at laboratory. DO value
would basically be equal to that at the sampling time during experimental
time with the aid of acration pumps.

- Water temperatures, pH, DO, CODyy,, T-N, T-P, NO,, NO,, NH,, PO,
were measured immediately after sampling, and after 1, 5, 10, 20 days.

2.2.2. Rivers

15 sampling poiuts were identified by experts from JST and HIO n
combination trips (fig.4). Field survey was done as required from JST (in
TOR).

- River water discharge amount (1113/3) is the product of flow velocity and
area of flow section. Flow velocily was measured by rivey cumrent meters
typed SL-25 or float at three positions of each flow. Area of flow section
was obtained by multiplying the depth and width of the flow. At each
point, depth was measured at many positions with measvrement intervals
of 0.5mor lm.

- Wind direction and velocity were measured by anemometer and with the
aid of a compass. Air temperature, water color, existence of oil slicks and
floating matters were recorded at the time of sampling.

Hai Phong nstifute of Qceanclogy
246 Do nong Street, Hai Phong City
Tel : 84-31-846523 ; Fax : 84-31-845521 I-17
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- Feld measurement: Water temperature, pH, DO and TDS were
measured by meters right for cach af the sampling time. Al meters were
calibrated before every working day.

- Sampling: The collector with clean rubber gloves used a clean plastic
container of 15 litres for swiface layer sampling. Sharing sample into pants
for analyses were done in a shaded, clean and dust free environment.
Sample containers were washed three times with water from the flow at
sampling point.  Sample for nutrients analyses was preserved with ten
drops of chloroform in PE boitles of 0.5 litres. Samples for analyses COD,
T-N, T-P and NH, were preserved with Iml concentrated H;50, n PE
container of 0.5 litres. Sample for heavy metals analyses was preserved
with 2.5 ml of pure and concentrated HCL in PE container of 0.5 litres. SS
sample was contained in containers of | litte with 1ml HgCl, solution
{50g/1 concentration) and filtered within 24 howrs. Samples for BOD, CN,
phenol were contained in PE containers of 0.5 litres (3/10 volume of the
bottle for BOD). Coliform sample was contained in glass bottle of 250 ml
and analysed within 24 hours. Oil sample was put into glass container of
I litve. Samiples were stored in cool and dark boxes. Replicate and blank
were sampled every 12 samples taken. Containers were given sample ID's,
All of the above mentioned items were written down on the sampling
point record.

2.2.3. Pollution Sources

20 sampling points of industrial wastewater and 14 ( 8 for 2
times/low tide and 6 for 4 times/24 hours) of domestic wastewater (f1g.8)
were decided by experts of JST and HIO in joining trips. Field smrvey was
done as required from JST (in TOR).

-Wastewater discharge (m’/s) was calculated by the same way for river
discharge (mentioned above). However, for some points the wastewater
discharge was not calculated because it was impossible to measwre the
flow sections (points at Vung Duc coal port and at the dock of ship
building factory, for example).

-Field measurement and sampling were done the same way as for the
rivers. (described above).

Analysis _ _

Analyses are followed methods described in the books "Standard
Methods of AWWA, 1992" and " Standard Methods of ASTM, 1992"
. S o |
-Filter membréué of 0.45 minipore is washed by 20 ml distilled water
when applying vacuum. Remove the filter and place it on the aluminium

Hal Phong institute of Oceanclogy S
246 Da nang Street, Hai Phong Cify [-19
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planchet, Dyy it in oven at 103-105°C for hour. Stare the membrane in
desiceator wntil used, Weigh it before use.

“Take 1000ml of sample (or large volume if total residue is fow). Filter
the sample wnder vacuum. Wash the filter carefully with distilled water
until all races of CI ton are completely removed. Put the filter o
aluminium planchet and dry it in oven at 103-105°C for onc hour. Cool it
in desiccator and then weigh. Repeat the drying until gelting constant
weight.

S =+ 5.2mg/l at 15mg/l
MDL. (method detection limit)= 3.6 -15.6mg/l
Standard material: waste water.
e TDS:
A well mixed sample is filtered through the filter. The filtrate is

evaporated in a weighed dish and dried at 180°C until getting constant
weight.

& =% 52mg/l at 15mg/l

MDL =15.6mg/l

Standard material: waste water.
e CODy,e

Sample is distressed Cl jon by using silver salt, then acidifted with
11,50, and digested with a known excess of potassium pennanganate.

3 = £ 0.5mg/l at COD = 5mg/l
MDL =1.5mg/l
e CODg,:

Sample is digested in strong acid solution with a known excess of
potassium dichromate for two hours. After that, the remaining potassium
dichromate is titrated with ferrous ammonium sulphate o determine the
amount of potassium dichromate consumed and the oxidizable matter is
calculated in terms of oxygen equivalent.

o=t O.Smgfl at Smgfl
MDL =1.5mg/l
Sténd:\rd material: KHP.
e BOD:

There are three methods as follows.

Hai Phong Institute of Cceanology
246 Da nang Street, Hal Fhong Cily
Tel : 84-31-846523 ; Fox ; 84-31-846521 1-21
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1} Direct method for relatively unpolluted water (BOD< 8mg/liter).
BOD is determined by measuring the dissolved oxygen before and after

incubation period of five days at 20°C + 1 (used for sea water and viver
waler),

2) Unsceded dilution method for polinted water (BODg > 8mg/l). Sample
is diluted with water satmated with oxygen. The dissolved oxygen content
is determined immediately after dilution and afier incubation. This
method is for domestic waslewater.

3) Seeded dilution method for polluted water which contains bactericidal
substances like industrial wastewater.

BOD; of seawater is determined by using the direct method; of
domestic wastewater - dilution method; and of industrial wastewater -
secded dilution method.

& = 4 0.7mg/l at Smg/l
MDIL. = 1. lmg/l
e NH;-N:
Indophenol biue method is used.

Sample s treated in an alkatine citrate mediom with sodium
hypochlorite and phenol in the presence of sodium nitroprusside which
serves as a catalyst, The blue idophenol color formed with ammonia is
measured by spectrophotometer at 640nm.

& =+ 0.4ng/l at 10pgfl
MDL =12pg/l
Standard material: nutrients (QC SPEX.NUT).
¢ NO,-N:
Nitrite of sea water is allowed to react with sulfanitamide in an acid

solution. The resulting diazo compound is reacted with N- (1-naphtyl)-

cthylenediamine and forms a highly colosed azo dye. The extraction of
the dye i1s measured at 543nm.

Accuracy: £ 0.1pgN/l at 15mgN/i

MDL = 0.15ug/

Standard material: nutiients (QC SPEX.NUT).
* NO;-N:

Nitrate of seawater is reduced almost quantitatively to nitrite when
sample is run through a column containing cadmiun filling coated with

Haoi Priong institute of Ocebnb:’ogy
244 Do nang Streel, Hai Phong City -
Tel : 84-31-846523 ; Fox : 84-31-846521 [-22
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copper metal. Nitvite is  determined by diazo dye method on
spectrophotometer. Previous nitrite of sample is recorded.

Accuracy: £ 2.5ughN/
MDL = 0.7pg/l
Standard material: nutrients (QC SPEX.NUT).

e I'-N:

In the presence of sulfurtc acid, potassinm sulphate and catalyst
(sulphate), organic nitrogen is converfed to ammoniuvm sulphate. The
ammaonia is distilled from an alkaline medium and absorbed in boric acid
when using kieldahl apparatus. Anmmonia is determined by colorimeter.

& = £ 4pgN/l at 10pgN/i
MDL =12pgN/l
Accuracy: 1.9ughN/
Standard material: nutrients (QC SPEX.NUT).
s PO,-P:
The method is based on the yeaction of the phosphate ions with
molybdate reagent to a phosphomolybdate complex. The heteropoly

complex is reduced by stannous (1) chloride ( newly prepared). The blue
solution 1s measured at 885nm.

o =+ 0.5ugP/l at 10ugp/l

MDL =1.5ugP/l

Standard material: nutrients (QC SPEX.NUT).
 T-P:

Sample is digested by potassium persulfate. After that phosphate is
determined by molybdate method (inentioned above).

8=+ 1.2ugP/l at 10pgP/l

MDL =3.6ugP/I

Sl'mdmd material: nutr ients (QC SPEX.NUT).
J (,hlornphll A:

1.5 litres of seawater sample are filtered on to a synthcnc filter.
Pigments are extracted from filter in 90% acetone and their concentration
is estmnted by using spcctlophotomctel at the extinction of the following

Hai Phong Instifute of Oceonelogy
245 Da nang Street, Hoi Phong City
Tel: 84-31-846523 ; Fox : 84-31-846521 (-23
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wavelength: 750,664,647 and 630. The 750nm from 664, 647 and 630nm
absorption correct each extinction for small turbidity by substracting.

8 =+ 0.07 I‘:]gf11]3
MDL = 0. 7mo/m
e Phenols

Determination of Phenol-type substances which are capable of
coupling, in natural waters, with p- nitroaniline.

The water sample of 200 ml (or an appropriately smaller volume
which is then made up to 200 ml with distilled water) is treated with 30
mi Im sodium carbonate solution in a 500 ml separating funnel and the

pil brought to approx. 1 by adding 30% sodium hydroxide 60 drop by
drop. :

After adding 20 ml diazotized p-nitroanaline solution the mixture is
allowed to stand for 20 min. and the coloured substance which has been
formed is then extracted by shaking with 50 ml n-butanol.

After a further 10 min., the aqueous phasc is separated off and
extinction of the butanol extract is measured against a blank test which is
carried out in parailel.

e (yanide:
Method for determination of CN™ concentration.

Spectrophotometric method of analysis using acid - pyridine in the
distillate.

This method can be used after preliminary distillation to measure
cyanide concentrations of between 0.005 and 0.05 mgCN /I in surface

water. This range corresponds to a cyanide content of 2.5 to 25 nug n 10
mi absorption solution.

Where the total cyanide concentration in the water sample is

higher, it is necessary lo dilute the sample or use smaller quantities of
sample.

Transfer 10 m! of the absonption solution from the 25 ml measuring
flask to another 25 ml measuring flask and in tum exactly 2 ml buffer
sofution pH 5.4; 4ml - Im hyd:ochlouc acid and. 1 ml chloramine T
solution, but not more than 5 min.. Now add 3 wd barbituric acid -
pyridine reagent, top up to the 25 ml mark with distilled water and shake

well. After 20 min., carry out photometric an‘ﬂysns at 578 nm using a
reference solution which is prepared.

Hai Phong Institute of Oceano;‘bg 'Y
246 Do nang Street, Hoi Phong City
Jef : 84-31-846523 ; Fax:84-31-846521 ' 1-24
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e leavy metal of scawater:
Determination of seluble metals: Cu, Pb, Cd, Zn, Fe, Ni, Cv, Mn.

- This method describes the determination of solution copper, lead,
cadmium, zinc, chromium, nickel, mangancse and iron in seawater and
other saline water by the simultancous extraction of their complexes with
ammoniwm pyrirolidine dithiocarbamate to methyl isobutyl ketone and
by the atomic absoiption spectiophotimetry with the graphite tube
technique.

- Filter the seawater sample through 0.45um millipore {ilter and acidify
with HNO; to a pH of 4 - 5. Place a 750 ml aliguot of the filtered,
acidified seawater into a 1 - litre - polypropylene flask. Add 35 mli of
MIBK followed by 7 mt of 1% APDC mechanical shaker. Separate the
organic layer in a separatory funnel and storc in a polypropylene bottle.

The extracts should be analysed within 3 hrs.
Save the aqueous layer for the preparation of standard solution.
e Arsenic
Determination of arsenic using the hydride AAS technique.,

Using sodium borhydride, arsenic ions are reduced to arsenic
hydride, transferred to a heated quartz cuvette with the aid of a current of
mert  gas, decomposed thermally and the absorption spectrophotometer
PE - AAS 3300 USA, by using of MHS - 10.

e Mercury

Mercury AAS with cold vapour method mercury ions are reduced
to metallic mercwry with NaBH, The metallic mercury is transferred into
a quarlz cuvette with the aid of a current ineit gas and the absorption of
the atoms is measured in the beam of the PE - AAS - 3300, USA by using
of MHS - 10.

EDL : 0.00tng/l.
Detection Limits for Analysis with AAS
With Cijuphﬂe Furnace Atomic Absorption:
- Cd 0;003.]_lg/l

Cr: 0.01 ng/l

Cu: .02 ugﬂ

Fe: 0.02 pg/i

Pb: 0.05 g/l

Hai F'hong Institute of Oceonotogy
245 Do nong Street, Hoi Phong City o
Tel : 84-3]1-846523,; Fax : 84-31-846521 l-25
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Ni: 0.1 g/
Mn: 0.01 ngfi
Zn: 0.05 ng/l
With hydride:
As: 0.003 pg/l
Hg: 0.003 ng/l
Equipment: PERKIN - ELMER AAS 3300 USA.

o (Coliform/Faccal Coliform

Perform analysis within the holding time, i.c. in the field

For total coliform analysis use m-Endo media with the membranc
[ilteration method and confinm results using Lauryl Tryptose and BGB
media

For Faecal coliform analysis use m-FC media with the membran
filteration method and confirm results using Lauryl Tryptose media

For wastewater sample dilute the sample with sterile water and
analyse. (So as to keep the total colonies less than 200).

2.3. Bottom Sediment Survey

o Field Survey: 10 sampling points were decided by JST experts. There
were 3 points implemented by HIO supplementary after discussion with
the JST (fig. 4). Ficld survey was cartied out as required from JST.

- Sampling point positioning: using GPS.

- Equipment: stainless steel grab branded Petite Ponar, plastic trays,

plastic sample containers, cooling boxes, plastic spoons for sample
mixture, casks and brushes.

- Field measuring meters: pH meter for pH and ORP measurement,
thermo-meter and distitled water for cleaning electrodes and tools.

- Sampling process:

Three grabs of sample at each point were taken. Field measusing
parameters (pH, Eh, temperature, color, smell, sediment quantity, mixed
matter) were measured immediately by using meters, vista and smelling
in the shade. After mixing sediments from the three grabs, sediment
sample was divided into parts and put into containers for analyses of
different parameters. Samples were in cooling boxes during survey time. Q
Field description, numbering and characterizing at each sampling point "
were done. Grabs, other tools and meters were always washed and

Haf Phong Institute of Océonofogy
245 Da nang Street, Hoi Phong Cily
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cleaned when the sampling at each point had been finished. Meters were
calibrated before cvery working day.

One replicate sampling at point 22 was done for QA/QC.

The sampling botlom sediment in the bays mecls JICA
requirements in technique and on schedule.

¢ Analysis

- Grain size composition was analyzed by using sicving and pipette
method (Anderson method) in combination. Five to ten grams of sediment
sample are taken for analysis. After treating sample with NaOH IN - at
about 80 - 90 °C for an hour and waiting for sample to be at laboratory
temperature, sample is sieved by the sieve with mesh of 0.1nun to get two
portions (larger than 0. Imm one and less than 0. Lmm one). Portion larger
than 0. lmin is analyzed by vsing sieving set with mesh of Imm; 0.5mm;
0.25mny; 0. 1lmm. The rest portion is analyzed by using pipette system.

- Water content was determined by drying sample in oven at 105°C for 24
hours.

- 1gnition loss was determined by igniting sample in oven at 500°C until
getting constant weight of the ignited sample.

- TOC by Walkey - Black methed.

- T-N was analysed by method in "Standard Methods of ASTM, 19927
Digest sediment sample with catalyst mixture (K,50, + Se) and of
concentiated sulphvric acid. Determine the ammonium Nitrogen in
solution by distitlation.

- T-P was analysed by method in "Standard Methods of ASTM, 1992
Digest sediment sample with H,50, +HCIO,. Determine the phosphorus
in solution by colorimeter methods, reduction of Mo*® by potassium
antimontartrate and asscorbic acid mixture.

- Heavy metal: digest sediment sample with HNO,; + HCL + H,0, in
normal condition for 4 hows and then in heat condition for 8 hours.
Determine elements in solution by AAS. Use AAS Perkin-Elmer 3300
with detection limit as follows.

Element Detection limit
Pb ' . 0.19 ppm
cd . 0.028ppm
Cr S o 0,078ppm

Hai Phong institute of Oceanofogy :
246 Da nang Streel, Hai Phong City :
Tel: 84-31-846523; Fox : 84-31-84652) 1-27
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7n 0.018ppm
Mn 0.067ppm
As 0.95ng
Hg 4.70ng

- CODyy,: analysis methed refersed to JIS hand book, 1995, p, 1892-1895
- H,S: analysis method refered to APHA. Standard Method. p. 4-126

o Data Computation: Data was computed by TUBO PASCAL
programming

2.4. Bust Survey
o Iield Survey: 5 sampling points decided by IST were taken.

Sampling was cartied out with the same method at all sampling
points. In order to get more detail on the change of settled dust quantity
versus time, at some sampling points, five-day and daily sampling were
carried out parallely. At some other points, based on preliminary tests,

only five-day sampling was taken due to low quantity of daly settied
dust.

Wind divection and velocity at sampling points were also measured
stailemously, four times (obs.) per day, at 1,7, 13 and 19 h.

Detailed procedure for the measurement of settled dust and wind is
as foltows:

Measurement of Setiled Dust

- The measurement is followed TCVN (Vietnam Standards) 5498 - 1995:
- Height of measurement: 1.5m.

- Put and collect the dish at 7an daily and every five days as follows:

- Cover the dish to be collected with its upper part. Clean the extemal
surface of the dish with tissue.

- Put the dish into plastic bag and seal.

- Open a new dish and put it on the same place of the former one. The
upper part of the new one is put back into the plastic bag,

- Record the number of dishes to be collected and newly plhced.

- Place vertically collected dish in a safe, cool place. Do not touch
anything on the intemal surface of the dish.

- Give samples to designated staff when requested.

Hal Phong institute of Oceanofogy
246 Da nong Street, Hai Phong Cify -
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Stop sampling when vausual things such as rain, fire, elc occur.
Sampling can only be resumed when unusual things have completely
finished.

- Record the peried of unsamipling time.
- Check metering equipment daily.
Measurement of Wind
Wind is measured following the World Meicorology Organization:
- Height of measurement: 2m above the ground.
- Portable wind meter.
The direction of wind is determined by sclf-made equipment.
- Period of measurcment: 4 obs/day at 1,7, 13, 1%h every day.

- Five minutes before the observation, put wind meter in required place
and record initial number of the meter.

- Record the direction of wind.

- At the right time, start the wind meter and timer. Keep them operating
for about 100 seconds and then stop them at the same thime. Record final
number of the wind meter and interval of sampling time.

- Stop sampling when unusual things such as rain, fire, efc occur.

Sampling Point Locations are Described as Follows:
Bui Chay Point (Point 1) is located on a plain area of Bai Chay beach.
- South East: Ha Long Bay, 70 m from the Beach No. D of Bai Chay.

- North West: 60 m from the road No. 18A and 100 m from Khe Dot
hill.

- South West: 1500 m from Reu 1stand.
- North East: 80 m [rom the construction sitc of Royal Company.

It can be seen that, sources of settled dust which can have effect on
this s*:mplm point are local and low ones, mainly from construction and
transportation activitics. In some cases, the sampling point  may be
affected by far sources such as factories in Gieng Day area, coal mining
activities m Ha long city and vicinities.

Hong Gai Point (Point 2) is located in the galden of the Ci!l(unl Hall of
Quang th plovmce

-Nonh West: I5Sm fnom the road no. ISA

Hai Phong Institute of Oceanology
246 Da nong Streel, Hal Phong Cily
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- South East: 10 m from the sea.
- North East: 50 m from petrol station.
- South West: 60 m from the read entering the Cultural House.

Sources of scttled dust which can have effect on this sampling point
arc mainly from local constinction and transportation activitics. Besides
that, farther sources such as Hon Gai coal processing factory and coal
mining activities in the region can also affect the sampling point.
However, during sampling period, these sources were lecated at the
downsticam of prevalent wind directions.

Cam Pha Point (Point 3) is located in the garden of Cam Pha Hospital.
- East: 15 m from Thanh Nicen road.

- Noith: 30 from thice-storey building of the Hospatal.

- West: 20 from two-storey building of the Hospital.

- East: 20 m from low trees.

At present, construction and transportation activities are low n this
arca. Other sowmces of sctiled dust, which are located far from the
sampling point and at the downstream of prevalent wind directions, did
not affect the sampling point significantly.

Cua Ong Point (Point 4) is located on a hill.

- South East: 40 m and 55 m from road No. 18A and the railway. Next is
sea.

- Fast: 300 m from the waste site of Cua Ong coal screening factory.
- North West: 30 from the local residence.
- South:15m from low trees.

In general, coal exploitation and transportation activities from the
West and North West to the East in this region are strong, while roads are

m bad quality. So the sampling point may be significantly affected by
these sources.

Cua Ong Temple Point (Point 5) is located in front of the Cua Ong Low
Temple. |

- North: 50 m from a motorway.
- East: 10 m from low tiees.
- South: 20 mn from the residence.

- West: 50 m from The Low Temple.

FIELD SURVEY OF THE STUDY ON ENVIRONMENTAL MANAGENVENT PLAN FOR BA LONG BAY. VIETNAM

Hai Fhong Institute of Obeono!dgy
246 Da nang Street, Hai Phong City
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This sampling point was located not far from Cua Ong Coal Port so
coal transportation activities can affect it. However, the affect can be
reduced by (rees nearby.

s  Analysis

The preparation of Petri dishes and the anpalysis settled dust
quantity after sampling were done at the Laboratory of Standard,
Measurement and Quality Branch, Departinent of Science, Technology
and Environment of Quang Ninh province.

Meteorological data related to the survey was obtained from the
Meteorological Station of Quang Ninh province.

2.5. Biological Indicators Survey
2.5.1. Terrestrial Vegetation
e Gathering Available Data and Documents.

- Data and documents from the investigations in recent years and some
records and specimens preserved in the Herbarium of Institute of Ecology
and Biological Resources.

- Data and documents on vegetation and forest from dissertations, from
the Institute of Agriculture and the Forest Investigation and Planning
Institute, Institute of Geography and reports for Cai Lan Port and Hoanh
Bo electricity building plans (1996 - 1997), in which aerophotographs
(1995) and SPOT satellite images (1995 and October 27, 1996) were used.

e Additional Investigation

- Investigations for the examination of species cemposition, vegetation
formations and distribution (in order to show how they have any change)
and  the comrection of vegetation formation delimitation through
consulting the Hoanh Bo and Cam Pha Forest Protection Boards and
making lines based on a newly delineated draft of vegetation map were
conducted by HIO experts in July 1998.

- Analﬂis

- All data and documents on plant are inventoried and assembled in order
of taxons, associated with descriptive information on their distribution,
values and threats.

- Vegehhon formations are described and mapped tn a scale of 1/200 (00
according to UNESCO's lntematlonal Cl"tSSlflCalan of vegetation cover

, 1ssued in 1973,

- che(atlon formation pex centage is examined and estimated on the spot

- in the additional investigation with vista and quadrat methods.

Hai Phong Institute of Oceanology
245 Do nang Street, Hal Phong City
Tef : 84-31-846523 ; Fax : 84-31-846521 I-31
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- Mapping with computer.

2.5.2. Mangrove

e Gathering Available Data and Documents
The data and documents of previous studies axe:
- "Ha Long Bay biological study” of HIO in 1994

- "Assessment of exploitation ability of marine ccasystems for tourism
activities in Ha Long - Cat Ba" of HIO in 1997.

- According to JICA tecam request, this survey would be concentrated in

Hoang Tan Island area. Besides, a checking survey in Bai Chay Bay area
o] L&)

was made.

o Field Survey: 3 sites with 3 quadrats on each.

- Quality sampling method: To collect the leaves, flows, roots and
observation of trees and root systems.

- Quantity sampling method: at Hoang Tan Island, the quantity sampling

processes were done on 3 transects on East, South - East and North of the

island. The transects were perpendicular to the shore line. The quantity

samples were collected on 3 quadrats: two at high tidal band and one at

middle tidal belt. The quadrat have a size of 3m x 3m. On quadrats, we g
collected the following parameters:

Species composition,

Dominant species,

Salinity tolerant species from mainland,

Mainland species taking part in mangrove forests,

chétation cover,

Number of trees of every species,

To measure a size (height and diameter) of trees,

To determine the vertical distribution of mangroves.
e Analyzing of samples

The species identification follows the guide book of Dr. Phan
Nguyen Hong (1970, 1971).

2.5.3. Phytoplankton

o Field Survey: 10 sites, in combination with Ambicnt'waler quality ;
swrvey in the bays (fig. 9). :

Hai Phong Institute of Oceanclogy
246 Do nang Street, Hai Phong City
Tel : 84-31-846523, Fax :84-31-846521 [-32
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- Quantitative Sampling: The samples were collected by water sampler of
one litre from surface layers (0.5m bLelow suiface) and bottom layer (Im
above the bottom). Then, the samples were prescrved by jugol (2- 4ml

lugol/tlitre water sample) immediately and transported  back fo the
laboratory.

The phytoplankton samples were collected at the same time of
water quality samples.

e Analysis

- Transfer the samples into cylindrical bottle, Allow the fixed
speciimen to settle down on the boltom of the bottle for ane night.

- Take ot supernatant water slowly, using a siphon. Distal end of the
siphon n water should be bent upward 2 to 3em. This step must be done
carefully enough not to resuspend the specimens retained on the bottom
of the bottle. Siphonation should be ceased when resuspension occurs.

- Transfer remaining water in the bottle to the smaller size bottle.
Allow the fixed specimens to settle down on the bottom. Again, take out
supernatant water by using siphon until water amount of the sample

becomes very small (10, or 20 mi depending on the density of ccllfwater
sample).

- Take out Iml concentrated water sample from bottle to Sedwick -
Rafier by pipette for counting cell in the part, or half of counting room, or
whole of counting room depending on density of cells. The density of

cells are counted by inverted microscope (LEICA) with zoom range 40 -
400 times.

- The taxon 1dentification was based on some taxonomy documents, such
as: "Taxonomy of Bacillariophyta plankton in marine waters of Vietnam"
(Truong Ngoc An (1993); "llustrations of the marine plankton of Japan
(Isamu - Yamaji, 1973); Atlas of phytoptankton in Japan sea by G.V.
Konovalova et all ("Nauka” publishing house, 1989), Identifying marine
Diatom and Dinolageliates {(Carmelo R. Tomas, 1996), etc.

2.5.4. Zooplankton
o Field Survey: 10 points, in combination with Ambient water quality
survey in the bays (fig. 9).

- Sampling: zooplankton samples were collected at the same time of water
quality samples by plankton net NGG 54 drawn vertical from the bottom
to the swiface to collect qualitative and quantitative samples. Samples
were preserved in the plastic bottle of 0.5 1 volume with formalin of 5 %.

o Analysis

Hai Phong Institute of Oceanofbgy '
246 Da nong Stieet, Hai Fhong City
fel - 84-31-846523 . Fax: 84-31-8446521 1-34
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FIELD SURVEY OF THE STUDY ON ENVIRONMENTAL MANAGENMENT PLANFOR HA LONG BAY, VIETNAM

- Qualitative Analysis : Concentrate sample to 50 ml volume and put it on
Peti  disk under stercomicroscope to identify groups. Species
identification was done by microscope with reference on monographs of
Nguyen Van Khoi (1994) "Subclass Copepoda in the Tonkin Gulf”, Isamu
Yamaji (1973) "lusteation of the marine plankton of Japan™, W. J. Dakin

and A. N. Colefax "The plankton of the Australia Coastal Waters off New
South Wales", etc.

- Quantitative Analysis:

Mix regularly SO ml samples, take out 3 - 5 ml concentrated
samples by pipette, put it into counting room.

Count the number of individuals by stercomicroscope 3 times. If
number of individuals was few, the counting would be made with the
whole samples.

Clean zooplankton individuals out of waste matters, individuals of
Coclenterata. Samples are filtered by filter paper, then lotal weight of
every sample is balanced by electric balance to measure their biomass.

2.5.5. Zoobenthos
e Gathering Previous Doecunments

Since 1994, there have been many survey activities on zoobenthos E
living on littoral, sublittoral and coral reefs in the Ha Long arca. In 1697,
a small project entitled “Assessment on exploitation ability of marine
1ypical ecosystems for towvism aciivities in Halong - Catba” was catried
out. This project consisted mostly of data from previous surveys and new
swrvey results, so it is a valuable reference document for this JHCA

project.
e Choosing of survey poinis

Because Ha Long Bay is diverse in biotopes, the zoobenthos study
was cairied out on these biotopes as follows:

- Soft bottom liltorai in mangroves {in shortcut: littoral - mangrove).
These biotopes distribute at Hoang Tan, Dai Yen and Cua Luc inlet. Here,
6 points from I to VI were surveyed.

- Hard bottom ittoral (rocky littoral) with 3 points surveyed at Bu Xam,
Co Ngua and Con Meo et ( equal point name: VII, VIl and 1X).

- Coral reefs: Zoobenthos was swiveyed at 10 points with separate
coordinates (table 3).

- Soft bottom sublittoral: Zoobenthos was surveyed at 10 po'ints‘with ' | 3
sepasate coordinates (table 4). - '

Hal Phong institute of Ocedno!bgy
246 Da nang Sireet, Hal Phong City _
Tel: 84-31-846523 ; Fax:84-31-846521 {-38
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All points are shown on the map (fig. 13).

‘Table 3. Point - Coordinates of Coral Reefs Survey

6. HonHamgCao  20°60°13”-107°09'20"
7 ... _HonCongbo  20°5235”.107°10°52"
2 CubaTo o 20%50°157 - 107°15°20"
IS HonGieng - 20°52407 - 107°16'33”

S c g Pong Nam  20°52°06” - 107"15718”
10 GianMuwop o 20°527127- 1077137107
8 ComgTmSm_ 20%SIs- 10712247
5 pauBe(Cong Ln) o 20%s 10"‘- 107“08 36

4 _Hangrlrmn__ 20"48°03” - 107°07°26"

Table 4, Sublittoral Soft Bottom Avea

2 ?0 '59°02" - 107“04 02",” -
R .,,,20 57 06”_- 107 02 57
25 20"53'38” m7 020°59"

Hed Phong Institute of Oceanology
246 Da nong Street, Hol Phong City
Tl 84-31-845523 ; Fox : 84-31-846521 1-40
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FIELD SURVEY OF THE STUDY ON ENVIRONMENTAL MARAGEWENT PLAN FOR HA LONG BAY. ViETIRAN

o Field Survey

In general, survey methods were discussed in Technical training
course. But every ccosyslem was carried out in detail as follows:

- Soft bottom littoral - mangrove: surveyed at 0 pomts. Of those, 4 points
in Hoang Tan - Dat Yen; and 2 points in Cua Luc inlet. On every point, at
least | station must be located in the widdle of a mangrove forest with the
marks such as: [, TH,, ctc. The rest of the stations are out of mangroves.

Qlialltlt’ﬂl\’b samples were sampled for 4 times with quadiats of
square of 1/16m°.

- Rocky littoral: at the points VII, VIIE, X that 1s at inlets 1. Co Ngua, H.
Bu Xam and H. Con Meo, specimens were observed and collected with
the same methods of the mangrove - littoral.

- Soft - bottom sublittoral: samples were sampled 4 times by Grab Ponar
dredge with its opening squave of 0. 05m’.

The unit of density and biomass of Zoobenthos conmmunities in 3
above hxotopcs is calculated by the number of individuals and wet weight
per m’ of substratum.

- Coral reefs: Based on methodology of David Dudgeon and Brian Morton
{1998), the coral masses were collected and then they were scaled and
broken to pick out specimens. Density and biomass of Zoobenthos
coral reefs are calculated by unit of individuals and wet weight per kg of
coral pieces.

All quantitative samples were fixed in alcoho} of 70°,
o Analysis
According to the methed of Institute of Hoang Hai Sea Product,

China (1972) for calculating wet fresh weight of zoobenthos, it is
described as follows:

It is difficult to weigh and identify dircctly the specimens in the
ficld condllions up to every species, so they were fixed by alcohol etanol
solution of 70" after anacsthetizing. In this sotulion, some water in the
body of specimens would be lost with various rates depending on the
body structure of species groups. The lost water quantity ol somc
zoobenthos groups are as follows:

Amphipoda: 66.7%
Anomura:  15.77%
Isopoda:  33.7%
Brachywra: 6.9%

Hai Phong institute of Oceanclogy
246 Da nang Street, Hai Phong City
Tol: 84-31-844523 ; Fox : 84-31-846521 {-41
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Lamellibranchia: 16.4%
Gastropoda: 11.1%
Opisthobranchia: 65%
Ophiuroidea: 25.7%
{lolothureoidea: 44.4%
Polychacta: 18.1%

Based on specimens weight in alcohol, the wet weight would be
calculated by formula:

The weight of specimen in alcohol
The fresh weight =

I - lost water quantity of fresh specimen
5.6. I'ish

e Gathering previous data and documents was done (fig. 10) as JST’s
suggestion.

o [ield Survey: In combination with coral reef study group in collecting
data from the photographs and videotape of coral reef (fishes. g

Questionnaire to the local agencies and fishenmen to collect the following
information:

1. What types of fishing gear do you use ?

[

. Hlow do you use the fishing gear ?

. When is the fishing season ?

. What are the fishing hours ?

. How many days do you go fishing a month ?

. What kinds of fish and shellfish do you catch ?

. How much volume of fish and shelifish do you catch a day ?

Lo~ On o B W

- Where is the fishing ground ? Please specify it on the map by
target species ?

9. What is the depth in the fishing ground ?
0. What size of fish and shellfish do you catch ?

tl. Do you have any information about the spawnmg area and
nursery of yous target species ? '

2. Have you ever seen dugons (sea cow) or sea turtles in Ha Long s
Bay ?

Ho; Fhong institute of Oceanology
246 Do nang Street, Hoi Phong City '
Tef: 84-31-846523; Fax : 84-31-846521 142
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If yes, which species 7
Where ?
When ?

How many ?

13. Do you think the fishing catch is changing i quantity ?
If yes, which species ?
Increasing or decreasing ?
Since when ?
Causcs that you suppose ?
2.5.7. Algace

o Gathering previous data and docranents was done and given in Part
V, Tome 3.

o Field Survey:

- Qualitative sampling: Several methods from Guidelines for surveying
and sampling macroalgac issued by the State Commiittee for Scientific and
Technical Management (now Ministry of Science, Technology and
Environment), 1981 have been used to collect specimens with references
of other authors’ Research Methods (Loya 1978, Phillips et al 1990,
English et al 1994 ctc. )

At each site (fig. 11), macroalgae from 3 replicate vertical transects
and | contour transect (parallel to the shoreline) are studied. In cach
vertical transect, the sampling is made from 3 belts of littoral: upper,
middle, lower and from sublittoral at 13 sites. Contour transects will help
to collect completely macroalgae specimens. For species identification,
specimens collected should have full elements (demography) : holdfast,
stalk, mam stem, branches, branchlets and proliferations. Additionally,
specimens of Sargassim species should have leaves, vesicles, receptacles.
All gathered specimens are fixed dryly on herbarium papers or
preservative in 5% solution of formalin in seawater.

8

The Sorrenson index (S) is calculated as follows:
S=C/A+B
Where A, B : Species number at sites Aand B
~ C: Common species humber to both sites A and B

% - Quantitative sampliﬁg

Hail Phong institute of Oceanology
2456 Da nang Sireet, Hoi Fhong City .
lTet: 84-31-846523 ; fax : 84-31-84652} £-43
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+ Biomass: At ecach sfation (upper, middle, lower belt of littoral) s
quantitative specimens are collected from 0.25 m’ gridded quadrats
randomly placed along transcet {at least 4 quadrats) for calculating

average biomass with the help of diving equipment (SCUBA) and
underwalter cuneras, videos.

Following procedures should be taken:
- Samples should be collected completely mside quadrats.

- To clean adhering debris off the samples and to weigh all species tnside
quadrats.

- To soit the collected samples into species and to weigh every species
separately,

- To combine all data from the 4 quadrats samples at each station and to
. 2 - . .

transfer into 1 m". The mean value of 12 replicate quadrats is the average

biomass for the studied transect. Do the same way for every transccts.

+ Cover: The 0.25m’ quadrat should be subdivided mto 25 sectors (10 x
10 cm). Each sector is the 10 centimetre grid (10x10cm). Classes of
percemtage cover are defined on table S (English et al, 1994):

o

Table S: Classes of Percentage Cover

S Meal 080000 TS
A oAy 2880 BS
2o e 62s02s 938 L
Ao lessthan jie <625 33
0 absent 0 ' 0

The coverage (C) of each species in each quadrat is calculated as
follows: ‘ :

c - L(Mixfi) o - B
5t

Hai Phong Institute of Oceanology
246 Da nang Streel, Hoi Phong City ‘
Tel : 84-31-846523 ; Fox : 84-3]-846521} 1-44
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Where Mi: mid point of class i

f: frequency of sectors with the same class 1

+ Distribution area

- Use large scale Navy maps (1/25,000) to preliminary determine the
distribution area of algac vegetation. It is better to have Aecrial
photographs.

- Field trip will help to identify the real distribution and extent of algae,
after defining cover.

+ Reserve (stocks)

The reserve (W) of macroalgae in studied region is calculated as
follows:

W=B.S
Where W: reserve
B: average biomass
S: real distribution arca of macroalgae.

Average biomass:

Where by, b, , .., b,: randomly biomass in each 0.25 m’ quadrat 1,2,..,
n

1 : Total quadrats counted

Some main ambient parameters (transparency, salinity, sediment
ete. in relation to macroalgae growth are recorded for each transect during
ficld trips. The distribution by depth of macroalgae is defined, basing on
tidal Lelt division criteria of Feldmann (1937), Stephenson (1949), Pham
Hoang Ho (1962), Gurjanova (1972).

in the laboratory, the species identification was based on outer
morphology and inner anatomy dissections, with the help of lens and
optical microscope “Studio I1” of 1350 magnitude.

References for species identification of macroalgae are a series of
taxonomic guides {taxonomic books, illustrations, atlas.), some of which
are of Vietnamese algologists (Nguyen Huu Dinh et al 1993, Pham Hoang
Ho 1969), many othess are of foreign researchers (Okamura 1936, Segawa

1962, Taylor 1960, Zheng C.K 1983, Setchell 1936, Kylin 1956, Zinova
19067, Vinogradova 1974. etc. ' ' .

Hal Fh oﬁg instifute of Oceono?ogy
246 Da nang Streef, Hai Phong City
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e Gathering previous data and docrments: mainly of HIO. Based on
these, the studying sites for this survey were detennined.

o Field Survey: 17 sites

Table 6. Survey sites of coral reef

N

1]

12

e
15

H. Dam Nam

H. Cong Go

H. Ba Tram

20°51'40" - 107°04'00"

20°51'23" - 107°05'38"

20°47'37" - 107°06'00"

Lbro

H. Hang Trai

H. Cong La

H. lHang Cao

H. Cong Po

H. Cong Tra

20°48'03" - 107°07°26"

20°45'30" - 107°08'36"

20°50'13" - 107°09'20"

20°52'35" - 107°10'52"

20°51'51" - 107°12724"

L9 HTaSan
10

H. Gian Muop

H. Cat Ba To

13 H.Congbam _
_H.vanGio

H. Gieng .:

H. Cong
...bong Nam

20°52'12" - 107°13'10"
20°52°06" - 107°15'18"

20°50'15" - 107°1520"

20°52'40" - 107°16'33"

Species composition,

_living and non-living cover

Species composilion,

_living and non-living cover

Species composition,

~living and non-living cover

Spceies composition,

_living and non-living cover

Species composition,

_living and non-living cover

Species composition,

_living and non-living cover

Species composition,

~living and non-living cover

Species composition,

- hving and non-living cover
20752'07" - 107°12'45"

___Species composition

Species composition,

_living and non-living cover

Species composition,

_living and non-living cover

Species composition,

e hving and non-living cover
20°51'08" - 107°16'22"
20°51'19" - 107°17'07",

_There are not corals

. Species composition

Checking, all c‘ora'l_s are
dead

Haoi Phong Institute of Oceanology
244 Da nong Street, Hal Phong Cify '
Te! : 84-31-846523 ; Fox : 84-3]1-84652) 1-47
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_‘.l(?._ H. Mﬂl Mcﬂ ) 20“‘3”""" 107‘“”‘34” . There are not corals

17 Cong Tay  20°52'25"-107°18'50"  Specics composition,
~hiving and non-living cover

- In the field: the Quadrat - transect method was used. A detailed
description of this method is as follows:

One 50 - 150 meters transect with marked meter number will be
perpendicular to shoreline. One or two coral expeit-divers will be
swimming along the transcct to identify species composition of the corals.
One or two expert-divers will use quadrat frame (Im x 1m), divided in to
25 parts 1o detennine substrate composition (coral, algae, mud, sand ...
cover) by randomly placing on 10 - 15 points of the transect depending on
length of transects. The total percent of cover of living corals will be
calculated from all the parts covered by living corals. Based on living
coral cover, the quality of coral reef will be identifiecd according to 4
categories:

0.0-<25% - poorreef;

25.0 - <50 % - fair reef;

50.0 - <75 % - good reef;

75.0 - 100 % - excellent veef.

The coral reef distribution will be identified by survey; by
morphological maps of large scale (1/50,000); and by inquirtes to local

fishermen and persons working at institutes and agencics. The data would
then be drvawn up on the map.

3. ACHIEVEMENT OF THE SURVEY
3.1. ¥Field Survey Implementation

To mplement the field survey as scheduled, a lot of work had been
done such as meetings with the JST experts lo detail the items; to confirm
methods for field surveys and lab analyses; HIO and JST’s field trips for
sampling point reconfirmation and getting an overview of the survey area;
testing and calibration of meters; purchase of equipment, tools, chemicals,
malterials and protective clothes; and office rental for running field survey.
On July 10, 1998, the first themic groups started the field survey. Up to
July 13, 1998, all issues of the field survey, including tidal current, water
quality, bottom sediment, dust and biological indicators, were lo be
implemented (table 7). Some adjustments of samplln points were noticed
and accepted by p'nlnels hmely The progress report was completed and

Hai Phong Institute of Oceahé!ogy
246 Da nong Sheel, Hoil Phong Cify ‘ ‘
Tel: 84-31-846523 ; Fox : 84-31-846521 {-48
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sent to JST on time. HIO responded promptly the requests from IST on
conduct faccal coliform in the bays and river survey on rainy days (from
August 6-9, 1998).

Laboratories arrangement for analyses in accuracy included
preparing places for the tests {decomposition and chision) and getting
touch with other standard laboratories in Hanoi for some parameter
aalyses,

Data obtained was arranged in data tables and presented by data
report sel.

Hai Phong Institute of Oceanology
246 Da nong Streel, Hol Phong City
Tel: 84-31-846523; Fax : 84-31-846521 1-49
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3.2. Comnents

3.2.1. Hydvology Survey

Water FLevel: 'The measured sca water levels on July at the Bai Chay and
Cua Ong Stations are presented in tables 1.1 and 1.2 in Part L Hydrology
Suwrvey.  The tidal levels in July at the stations derived from the Tidal
Table, 1998 are shown in table 1.3 and 1.4 in the same Pat. The
comparison of these levels during the survey time from 14 to 30 July is
illustrated in figures 1.2 and 1.3 i the same Part. It can be scen that the

difference is small in general and it is larger at Bai Chay compared with
that at Cua Ong.

Wind: The wind data measured dming the survey period is given in
tables 1.5, 1.6 and 1.7 n Part I. Hydrology Survey. The analysis on the
wind roses has been conducted. Tables 2.1 - 2.3 and figuwes 2.1 - 2.3 n
the same Part are the frequency tables and wind roses at the three stations
for the period from July 14 to 30, 1998, It is shown that the wind
direction and magnitude are in agreement with the South and Southeast
dominant summer wind field in the study area. The direction with the
highest frequency of occursence is the S composed of 51.9% at the Cua
Luc, 71.9% at Cam Pha-Cua Ong and 65.1% at Cua Dua Station. The
wind magnitude increases scaward. g

‘T'able 8: Velocity and Direction

_.C\"‘ Luc N L T T
Cam Pha - C‘Uﬁ Ong U7 D BT
Cua Dua 11.0 S

Current: The data series were obtained with the frequency of 15 minutes.

From the data series recorded by the current meters, the current roses

have been drawn. Like for the wind roses, the statistic method has been
applied for calculating the frequency (%) of the velocity ranges in
different directions and then the total frequency (Total %) for cvery
direction and total frequency for velocity ranges (F%). - Besides, the
average and maximum current speeds (Vmed, Vmax) for the directions

were also derived. Some results of analysis are given in tables 3.1 - 3.6

and figures 3.1 - 3.6 in the Part I, which represent the frequency table and '
current roses at three stattons . and at swface and bottom layers. Due to -
the morphological feature of the avea, the curvent has two dominant

Hai Phong Institufe of Oceanology
246 Do nang Steet, Hai Phong City ‘
Tel - 84-31-846523 ; Fox : 84-31-846521 1-52
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contravesary directions. The flow regime is strongly affected by tide.
Cuwrrent speed deercases from the surface to the bottom.

s At Cua Luc Station: The swmface current was vather strong. The
stiongest one has been recorded of about 130cm/s during the ebb tide in
SW direction. Two dominant flow directions are N and SW at the surface
and N and S at the bottom (see the tables 3.1, 3.2 and figures 3.1, 3.2 in
Part 1),

o At Cam Pha - Cua Ong Station: The average current speed is about
20cm/s at the bottom and 45 cmy/s at the surface. The maximum value is
81.1 cmy/s in SW direction at the surface and 47 cm/s at the boltom. The
dominant flow directions are B, SE, N and SW (sce tables 3.3, 3.4 and
figumes 3.3, 3.4 in Part I).

e At Cua Dua Station: The flow has two main directions N and S with

Vmax of 65 cmy/s at the surface and 35 cm/s at the bottom (sec tables 3.5,
3.6 and figures 3.5, 3.6 in Part I).

In general, the recorded flow in the study area is the combmation of
tidal and non - tidal components with the main role being the tidal one.
Therefore, the flow direction varies in time during a day and has two
contravesary dominant dircctions depending on the ‘tide phase. The
current speed also varies in time and decreases from the swrface to the
bottom. In space, the variation level of the current speed depends on the
morphotogical character of the locality where the station is. At the Cua
Luc Station, the strong current has been recorded (130 cm/s), which is the
result of the discharging water through the Cua Luc inlet.

The results of current analysis for the harmonic analysis at three
stations and two layers are given in the Appendix of the Pat 1
Hydrology survey.

3.2.2. Water Quality
3.2.2.1. Bays
The field survey was carried out in the ebb tide with a lttle tidal

range of 0.3- 0.6m, so water quality parameters obtained were quite
different from each other from area to area.

Salinity increased from Hoang Tan area (4-5%o) to Cua Ong (23-
24%0) and seaward but decreased outside of the bays waters. For
example, at point 22 salinity was 21%o, at point 23 - 16%o, at point 14 -

'23%o, and point 15 - 18,7%o (surface layer). Salmity of the bottom layer

which was higher than that of the surface layer showed the strong cffect
of the Red River water on the watess of the bays, particularly in spring
tide in rainy season. '

Hai Phong inslitute of Oceonoilogy
246 Do nang Steet, Hai Pheng Cily
Tel: 84-31-846523 ; Fax : 84-31-846521 1-53
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The contaminants concentration of the bays water was not high. Ol
content, coliform and faccal coliform of the swiface layer were much
higher than those of the bottom layer. It can be said that contaminants
sources mainly come from the hinter land. CN” concentration was high,
from 5.5-10.5ug/l on average. Because CN° of the botiom layer was
higher than that of the surface layer, it is said that CN' concems some
human activities in the bays and ambient areas.

Heavy metals concentration was low. However, it was higher at the
bottom layer compared to that of the surface one. Perhaps heavy mictals
mainly come out by elusion.

Pollution Mechanism in the Bays

From the results of the decomposition test, it is stated that the sclf-
cleaning mechanism in the bays is quite strong. Inorganic process of
organic malters becoming inorganic notrients (- NOj, NO,, NH,)
creased 2-5 times at all 5 points and CODyy, was 2-3 times decreased.

Settlement test results showed the same status of sclf-cleaning

mechanism. After 24 hours, the amount of SS organic matters as well as

the concentration of nutrients and COD,,, were much remarkable at 5

pomts g
Pollution level was low at all points when looking at the results of

the productivity test. The productivity was on average of 0.8-

1.25tg/Corg.L.h and lower than that derived from modelling outcome.

The polential elusion of substances to bays water s considerable.
After 20 day elusion test, all parameters incveased. For example,

inorganic nutrients were 5-10 times accelerated, organic nulrients - 2
times, CODyy, - 1.5-2 times.

3.2.2.2. River
On Fine Days
Discharge was low at all sampling points. Particularly, at Yen Lap

Dam point (point i) water discharge was very much dependent on the

gates opening or closing controlled by people who are responsible for Yen
Lap Lake.

Water was clear with no garbage at point 3,4,5,6,7,8 and 9
pH value was around 7 except for point 9 with pH of round 3
On Rainy Days -

Because the precipitation was very little, river water status was not B
so different from that on fine days during the first field survey for rivers,

Hal Phong Institute of Oceanology
246 Da nang Steet, Hal Phong City
fo!: 84-31-846523 ; Fax: 84-31-846521 |.54
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But this status was quite different for the second ficld swrvey after one
night heavy raining of Aug. 8, 19938. Comments on rivers on rainy days
bascd on the second survey are as follows:

e
vl

Discharge of rivers in north area of Bay Chay bay was rematkably
increased. Flow velocity was high (> 2m/s at point 3).

Water of rivers in north Bai Chay Bay arca became reddish brown
with a lot of garbage (grass, leaves and branches of trees...). Meanwhile,
most rivers i Hon Gai and Cam Pha-Cua Ong  areas got dark (cotor of

coal) with plenty of suspended matters (mainly coal debris) coming from
coal mine areas.

Water quality of rivers in north Bai Chay Bay is good (points of 1-
7). Pollutants concentration was quite low. Meanwhile, water quality of
the remain rivers (points of 8-15) was bad. At points 8-15, SS was high
and pH was low (acid media). Heavy metals ( Fe, Mn, Cu, Pb, Zn, Ni,
Cr,) at these points were high, especially Zn concentration of 1,132ug/l at
poit 13 and 1,632ng/i at point 14. Pollutants of river water on rainy days
were higher than those on fine days.

3.2.2.3. Pollution Sources
g Industrial Wastewater

Discharge was minimal at most sampling points during the
sampling time.

Wastewater from coal mines and coal processing factorics was
black, turbid and contained a lot of mixed matters. Meanwhile, it was
very stinky, fishy and dirty, containing organic matters at sampling points
from beer factorics, markets, hospital, hotels and a frozen seaproduct

pracessing factory. At other points, it was clear in general, sometimes
with rubbish or oil slicks.

Turbidity, SS, COD, BOD;, oil, colifonm were 1.5-10 times higher
than those in bays water, particularly heavy metals and phenol contents.
Heavy metals of water from mining areas were increased and phenol of
water from hotels, markets, hospitals were also accelerated.

Domestic Wastewalter
Discharge in general was little.

There were a lot of solid wastes such as plastic containers, old

papess, picces of brick, organic matter from dead animals and hwnan
waste on the drainage channels.

Wastewater was mostly dark and dirty with a stinky and fishy odor.

Hai Phong institute of Oceanology
246 Da nang Street, Hai Phong City I
Tel : 84-31-846523 ; Fox : 84-31-848521 1-53
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Drainage channel beds were often covered with a very dark mud
layer.

g
e

The value of pH of wastewater ranged from 4-8. At cach pomnt,
however, this value was not so fluctuated.

DO in general was low at most sampling poinss, except for 3 points
al Cam Pha - Cua Ong area (point 1 and 3 of two sampling times and
point 3 of four sampling times). At these points, the DO value was of a
range from 5-6.5 mg/fl, similar to that in river water on {ine days.

88, COD, BOD;, oil, caliform and faecal coliform were so high.

Especially, nutrients (organic and inorganic) were 5-10 times higher than
those in bays water.

3.2.3. Bottom Scdiment

Bottom sediments taken at sampling points in the bays are muddy
samples with sandy fraction of from | to 30%, cxcept for points 29 and 30
where sandy sediment was observed. Particularly, sediments at pomt 29
are almost all coal debris of sandy grain size.

Most of the sediment samples constitute coal debris with different
concentration, shell fragments and organic matiers.

Al points 6, 3, 14, 15, 22, a very thin layer (0.5-2 mm) of semi- g
liquid mud covering the bottom sediment surface was recorded. Perhaps

this layer is formed during the rainy scason, with sediments discharged
from rvers.

At points 3, 10, 18, 7, small muddy lenses were found in bottom

sediment. These lcnscs contained a lot of black organic matter with stinky
odor.

Temperatures of samples taken in shallow waters were very similar
to water temperatures ranging from 32-33°C. ‘The rest of the samples
were lower than that, ranging from 30-31°C. Eh value was from - 300 to -

332 mv, except for pomt 29 with this value of +245 mV. Value of pH
was i the range of 7-7.35. '

3.2.4. Secttled Dust o
Field sampling and analysis were carried out paralelly from 'J:u'ly' 14

to August 13, 1998 at five sclected sapling points. In total, 142 settled
dust samples {daily and five-day sampling) were taken and analysed.

Wind direction and velocity were measured foun times (obs) pes |
day dm ing the whole period of sampling time. ‘

Comments in detail and data obhmed on scttled dust 1nd wind :ue
given in data set, part IV,

Hoi Phong instifufe of Oceor.otogy
246 Da nong Street, Hai Phong City
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oy

e

FiHAL REPORT

F3ED] cU?\.’E‘a‘ OF THE S1UDY ON ERVIROAMENTAL MANAGEMENT PLAN FOR HA LONG BAY. VIETNAN

3.2.5. Biological Indicators
3.2.5.1. Terrestrial Vegetation

In general, all over this area, close forest formation does not take
up a large arca, mainly on Cat Ba island, one part in Hoanh Bo and a
small area in Uong Bi, Cam Pha. Shrub formation takes up most of the
arca, particularly in Hoanh Bo, Cam Pha. Savammah formation has not a
large area and is dispersed.

In cultivated vegetation, Pinus and Eucalyptus formations take up
the most area. Other cultivated types of vegetation cover a small area but
are separated from each type, as well as altemating between each type.

On the other hand, there is protected and green vegetation only in
Cat Ba istand. Mainland vegetation cover (Uong Bi, Hoanh Bo, Cam Pha,
Bai Chay, Hon Gai) suffered serious damage and is exhausted. The main
reason is over exploited plant resowvrces and coal mining dating back
centuries ago.

This state has had a bad impact on the Ha Long Bay environment
such as climate, coastal erosion of the bay and islands, water, etc.

It is necded to give solutions to protect and restore vegelation cover
in this area.

Until now, 1,027 species belong to 171 families, 6 phylum were
recorded in the area, most of them belong to Magnoliopliyta, 143 families
(occupied 83% of total number of families) with 951 species (92% of total
species number). Others have a much less number.  They are
Polypodiophyta - 18 families (10%) and 58 species (5.5%); Pinophyia - 6
families (4.5%) and 11 species (1%); Lycopodiophyta - 2 families (1,5%)
and 5 species (0.5%); The last are Psilotophyta and (Equisetophyia) - 1
faomly and | species in each.

The result of the species study on distribution areas showed that
mainland community consists of 475 species (occupicd 47%). The highest
number was on Cat Ba islands community - 749 species (57%), mmong
them, many spccaes dlstubute on Cat Ba only.

The estimation on used values showed thal 35 % of the total has a
medicinal value; 1.7% (17 species) give an excellent wood; 6% of species
give ordinary woods; and 24% of species have various values such as
food, vegelables, oils, ornamental values. Among them, many species
belong to rare and endangered groups, especially 19 species were listed in
Vietnam Red Book {1996) which are under Ih]eat of (]]5‘1])]}L€lllng and
must be protected.

" Hai Phong Instifute of Oceonology

246 Do nang Street, Hal Phong City
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2.5.2. Mangroves

This study on mangroves has focused on Hoang Tan Island area,
the mangroves in Cua Luc was checked only (fig. 12). As a result, 19
species of mangroves were recorded in two areas, occupying 65.5 % of
the total number recorded in the Project Area up until now. Among them
are 16 species in Hoang Tan and 13 species in Cua Luc.

The resunit of the quantity survey on mangroves showed that the
percentage cover in Hoang Tan arca is high, reaching 75 - 100% on upper
tidal zone and 10 - 30% on middle tidal zone.

The preliminary survey on all of the Ha Long Area showed that the
mangroves here ave restored due to replant. For example, 500 ha of
mangroves are planted in Hoanh Bo and Yen Hung districts. At present,
the mangrove forest area in Yen Hung district is 1147 ha.

3.2.5.3. Phiytoplankton

The result of analyzing the samples collected at 10 points revealed
166 species of 6 phytoplankton phylams, among them the Bacillariophyte
has the highest number, 128 species (occupied 77.1% of total number);
then are the Dinopliyta - 33 species (19.9%); and Cyanophyta - 2 specics
(1.2%). 3 other phylmm: Chloropiyta, Euglenophyta and Chrysophytu
have only one species each (0.6%).

The quantity distribution of phytoplankton at points is different.
The highesl number is at point 22 (mean number is 114,090 cells/1), and
the lowest is at point 6 (only 14,650 cellfl). The density distribution by
layers has the same tendency as that of the density of cells in the bottom

layer is higher than the surface, but at point 2, maybe the depth here is
smaller, 2.4 m only.

Of Dirophyta, 10 species belong to harmful algae, but their density
is fow, the highest number is 800 cell/l belonging to Dinophysis caudata.

3.2.5.4. Zooplankiton

The analyzing result of samples collected in July 1998 reveated 47
species, occupying 44.7% of the total recorded number at Ha Long Bay
(105 species). Copepoda has the highest number, 25 species (occupymg
33.2% of total yevealed species); then are Crustacean larvae, 10 species
(21.3%); Cladocera and Mollusks larvae, 3 species (6.4%) in each; and
Chaetognatha - 2 species (4.3%). The others; Coelenterata, Ostracoda, _
Tunicata and fish larvae; have one specnes (2.1%) only.

The number of species is the highest at point 15 (28 s;)ec:es) and
the lowest - station 10 (6 species). |

Hoi Phong Institufe of_Oceanolégy
246 Da nang Street, Hai Phong City '
fel: 84-31-846523; Fax: 84-31-84652) [-58



FINAL REPORY

FIELD SURVEY OF THE STUOY ON ENVIRONMENTAL MANAGEMENT PLAN FOR HA LONG BAY. VIETNAM

Gy

The mean density a all stations is 140 individuals/m3, !hc highest -
at point 25, 429 ndiv. /m and lowest - poml 10, 6 indiv./m". The mean

biomass is 27.0 mg/m’; thu‘hlotmsl biomass is at point 2, 76.3 mg/m’ and
lowest - point 6, 1.1 mg/m” only.

3.2.5.5. Zaobenthos

From samples collected (fig.13), 208 species of zoobenthos were
recorded, occupying 68.8 % of the total number of known species from
the study area. In comparison with the previous dala, 26 new species were
recorded for the area. Among zoobenthos, the mollusks have the highest
number consisting of 92 species (occupied 44.2% of total number); then
are Annelids (Annelida) - 18 species (37.5%); Crustaceans (Crustaced) -

23 si)ecms (11.1%); and the echinodenn has the lowest number, only 15
species (7.2%).

The counting for various habitats showed that there are 169 specics

on fittoral - mangroves; 104 specics in soft boltom in sublittoral; and 99
species in hard coral reef.

The density of individuals on various ]11b1l'1ts were as follows: on
the littoral - mangroves, from | 10 to 4,242 indiv. /m in the soft bottom n

sublittoral: 85 - 530 indiv. /m ; and in hard coral reef bottom: 9 - 98
indiv./kg dead corals.

Of zoobenthos, 63 species are economic values and 12 species are
rare and precious but in the survey period, these were very rare.

3.2.5.6. Fish

From previous and present swivey data 189 species belong to 124
genera, 66 families were recorded for the Ha Long - Bai Tu Long - Cat Ba
Area.

There are 5 mnportant habifats for fishes. These are mangroves,
coral reefs, rocky reefs, bays and embayments and sandy - mud bottom
areas. Every habitat is characterised with some typical species.

Based on results of the questionnaires to fishermen and local
agencies, there are 7 fishing grounds in the Project avea. These are Dau
Be, Dau Go, Hon Soi Den - Ngoc Vung, Cua Dua- Cong Do, Tuan Chauy,
Cong Dong - Cong Tay and Hon Net - Hon Ong Cu.

- There are 3 spawning areas in the Project Area. These are Cua Luc
- Twan Chau - Dau Bé (for drift fishes) on coral reefs and adjacent waters

- {for bottom fishes) and Ngoc Vung - Cong Do (for groupers and

smppe:s)
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3.2.5.7. Algae

In JICA survey in July 1998, only 11 species of sea algac were
found from the 129 previously known species because the algae scason is
over.

31 specics with economic value and 11 dominant species were
known i this area from the previous data and documents.

3.2.5.8. Coral Reefs

The JICA survey in July 1998 on coral reefs (fig.14) revealed 122
species belonging to 41 genera of Scleractinians, occupying 71.8 % of
known species in this area (122/170).

Among 17 studying sites only two sites belong to excellent reefs
with a cover of living corals over 75 %; 2 sites belong to good reefs
(cover ranging from SO to 75%); 6 sites belong to fair reefs (cover varying
from 25 to 50%); and 4 sites belong to poor reefs (the cover is lowey
25%). Among them, only one site is covered with dead corals and at two
sites there have not been any corals,

In the studying period we found many hard, soft and gorgonian
corals which are dead recently. In some sites the percentage of dead
corals is very high, for example, at site No 8 the percentage of dead corals
is 58.8%: at site No 7 - 58.1%; at site No 1 - 58.4%; at sitc No 5 - 57.5%;
at site No 2 - 50.8%; and especially at site 15, where all of the corals are
dead.

There are important areas for corals at Hang Trai - Dau Be, South -
East of Cat Ba istand, Vung Ha - Bo Hung and Cong Po. The most
threatened recfs distributed at south Ha Long Bay, Van Gio - Cong Tay
and along the navigation channels.
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