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Abstract. Locating in Khanh Hoa provincc, Cam Ranh bay is a typical bay for Southern Middle of 
Vietnam. The system of Cam Ranh bay has a plentiful natural resources, that divides into non- 
biotic resources and biotỉc resources because o f  interaction between climatc, hydology, geology, 
and topography conditions. The first one includes position, vvetỉand. mineral and geotopc 
resources. The second one involves the diversity o f  ecosystems such as mangrove, seagrass, coral 
reef and tidal vvetland. However, all of them have been over exploiting for development of local 
economic, thereíòre, make them being dcgraded. The pressure o f  economical development arc 
threating to the sustainable o f  naturaỉ environment. Water has been contaminated by oil and liable 
to conmminate by Pb, Hg, Mn, Sb. Sediment has been contaminated by As, PCBs, DDT and liable 
to contaminate by Hg. Thereíore, it is necessary to orient for sustainable use o f  natural resourccs 
and environment system o f  Cam Ranh bay. Base on characteristics o f  naturaỉ resources and 
environments in Cam Ranh bay, sollutions in sustainable use o f  natural resources for the 
development o f  economies such as tourism, marine habours, fisheries, national security, industriaỉ 
zone, mineraỉ exploiting has been proposed. Apart from the natural resources exploiting, sollutions 
in natural resources protection has also been considered such as to estabỉish  o f  protection areas; to 
protect sensitive ecosystems, íisheries resources and to prevent environmental polỉution and 
natural hazards.
Keywords: Bay, geotope, position resource, over exploited, sustainable development.

Inỉroduction

There are som e deíinitions on bay [1-3] but 
the main idcas that bay is a part o f  a sea 
indenting the shoreline bctween two capes. The 
bay is larger than a cove but smaller than a gulf.
Cam Ranh Bay is a depth  bay located on the 
S o u th ern  c o a s t  o f  Khanh Hoa Province,
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Vietnam, and  its mouth opens into the South 
China Sea. A ccording to the deíìnition, Cam 
Ranh Bay does not include Thuy Trieu lagoon 
that is on the  northern. Thuy Trieu lagoon, 
hovvever, is the sources to support ữeshvvater, 
nutrients, m inerals to the bay, furthermore is a 
spawn area and habitat for many species in the 
Cam Ranh bay, thereíore it should not separate 
from the C am  Ranh bay. Those are considered a 
uniíìed area and the tcrm Cam Ranh Bay in this
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paper vvill involves Thuy Trieu lagoon. The 
location o f  this region is from 11°05' to 12° 10' 
Northern latitude and from 109° to 109°20' 
Eastem longtitude (Fig. 1).

Fig. 1. Map shoNving study area.

The C am  R anh bay has an abudant biotic 
resources that is a good  basis for develop»ment 
o f  aquaculture and  production o f  aquatic. O th e r  
natural resources in this area are minerals, 
toursim, especially  w ith  the position resources, 
Cam Ranh bay  is a good place for íìsh ing  
vessels storm she lte r  areas, for sea-port bui lding 
and for military. Because o f  those, Cam Ranh 
Bay plays an  im portant role in social - 
economical developm ent and security o f  
national d e fe n c e . Hovvever, th ese  resou rces  
have been over explo iting , thereíòre, protection 
o f  biodiversity and  cnvironmental should be 
considered for a  sustainable development.

1. N a tu r a l  c o n d i t io n s

Cam Ranh B ay  covering 119 km2, is about 
19 km in length, 8 - 10 km in wide, and 16 m in 
depth [4]. The bay  reciprocates to the sea vvith a 
big moulh o f  3.5 km  in vvide at the Southern 
part o f  B inh B a Island and a smaller mouth o f  
250 m in w ide a t  the  northern part o f  Binh Ba 
Island. T huy T rieu  lagoon is about 18 km  in 
length from C am  H oa to M y Ca bridge. The 
lagoon is characterized by a narrovv width, shallow 
water and a large tidal flat at the top (Fig. 1).

The topography  o f  the studying area is 
diversiíy and  s trong  differentia. Low mountains 
and hills m ain ly  distribute along the national 
road 1A at the  W estern. Coastal sandy dunes 
locate at the C am  Ranh peninsula. Westem 
coastline is qu itc  s im ple  in shape, straight at the 
top and arc shape  at the  end. Eastern coastline is 
more com plicated . It is seperated by upliíting 
block to form head lands  between narrow sandy 
beach. Furtherm ore , the mouth o f  the bay is 
protected by igneous rocks islands such as Co 
Trong, C o  N goa i,  Chut. Coastline developing 
on unconsolodated sedim ent is quite even and
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Hat. Topography o f  the bottom vvhere coastline 
devcloping on hard rock is changeable  in dcpth.

Geological formations in this area could be 
divided into three groups base  on physical 
properties and capacity o f  storablc toxic. The 
Hrst gronp is a  bedrock, íh a í can be strong  
loading  a n d  ỉo\\' toxic e lem en í s to rab le  capacity  
belongs to La N ga formation CVrt), N h a  Trang 
formation (K/7/); Dinh Q uan  com plex, phase 2 
(GDi/Jự/ế/2); Deo C a com plex , phase 2
(GSy/Kí/c2); Ca N a com plex , phase 1
(C1/K 2cni). The second one  is U nconsolidated  
sedim ent thai can be \veak load ing  a n d  loxv 
toxic elem ent síorabìe ca p a c ity  includes sandy 
scdiments lbrmed in P leistocene, Holocene. 
These sediments range from the  North  o f  Thuy 
Trieu lagoon to the Bai C an  bcach in the 
vvcstcrn, and distribute only  at C am  Ranh 
peninsula in the eastern. This  group involves 
also sandy, gravelly sand scdim cnts at the 
bottom o f  the bay. T h e  third one is
U ncom uliciaíed sed im ent th a t can be w eak  
loading a n d  m edium  to  h igh  tox ic  elem ení 
storabìe C apacity  including íìe lds  o f  muddy 
sand, sandy mud at the center o f  the bay (Fig. 1).

The Cam Ranh bay  lies in the  tropical 
monsoon belt and experiences considerable 
seasonal variation. A nnualy  rainy season 
stretchs from M ay to D ecem bcr and the rest 
time is dry season. Annual precipitaion is belovv 
1,200 mm/year, mainly in rainy season(80 %). 
Annưal mean tem perature at this area is about 
25 -  26 ° c .  With a  lot o f  sunny days, annual 
total sunny hours is about 2 ,400  - 2,500 h/year. 
Annual mean humidity is about 80 % .

The Bay is iníluenced by tvvo rivers: Can 
river and Trau river. T he  valley o f  these rivers 
i s  STiall an d  s te e p  c o n s e q u e n t l y  vvater in th e  

rainy season contributes to 80 %  o f  annual total 
flow. This area is characterized by irregular 
sem -diurnal tide with m ean am plitu te  is about 
1.5n. Due to the Bay is quite close, the w ave’s

energy is fairly weak consequent the w ave’s 
hieght is usually lovv. The distribution o f  
suríace currents in the bay is quite complicated 
in direction, but the velocity o f  current ranges 
ussually in 6-46 cm/s at the center o f  the bay.

2. D istributation  and current uses o f  natural 
resources

2.1. Positioìĩ resources

First o f  all> no military experts can negate 
the strategical values o f  the Cam  Ranh bay. 
Vietnam coastline is long, there íòre it is 
necessary to protect the coasts. This area is 
ideal place to make a military area that can be 
seperated the mainland into tvvo distinct regions 
and from this site naval íbrces can control 
vvhole territorial sea o f  Central Vietnam.

In addition to the strategical role, the Cam 
Ranh bay is a lso  knovvn as a good place for 
building sea-port. C am  Ranh Bay locates at the 
center in the intemational seavvay to  Singapore, 
Hong Kong, Shanghai, Yokohama. In 
comparision to the other sea-ports o f  Vietnam, 
the distance from C am  Ranh Bay to the 
International seavvay is shortest. Together with 
other islands, the  Binh Ba Island locating at the 
Southern o f  the  bay, served as a screen for the 
bay. The islanđ systems, mainly is a convinient 
place for building lighthouse and maritime 
radar. The f!at bottom o f  the bay, mainly 
composed o f  sand mix with mud, is very 
convinient for droping anchor.

2.2. ÌVeíland resources

Wetland in the C am  Ranh bay that involves 
nine types cover 15,584 ha excep t mangrove 
íorest and coral reef. The w idest wetland types 
is Bays (Ab) vvith 6,907 ha; and the next in turn 
are Salty/brackish aquaculture ponds ( l a )  vvith
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3,159 ha; Beaches (Ea) with 1,968 ha; lagoons 
(J) vvith 1,522 ha, M arine sub-tidal aquatic 
beds, includes kelp beds, sea grass beds, 
tropical marine meadovvs (B) vvith 800 ha [5] 
by the V ietnam ese W etland  Classiíìcation 
System [6]. VVetland is not on ly  valid in 
ecological aspect, in environm ental protection 
and disaster prevention but also good basis for 
íìshing & aquaculture, m arine transportation, 

• tourism ...

2.3. M ineraỉs resources

There are several mines and  mineral 
deposit, that havc been  exploited , distribution 
around Cam Ranh bay such as peat in Ba Ngoi 
Tovvn, molybden in Hon San and  Hon Rong, 
ilmenitc in Cam  Ranh m ine and hot mineral 
vvater in Ba Ngoi. G lass sand  is the most 
com m on mineral being exploited , mainly from 
several mines including Cam  Ranh and Thuy 
Trieu vvith total capacity o f  abou t 42  milions o f  
tons. Besides, anom aly  o f  heavy  minerals 
including ilmcnite, rutil, anataz, zircon, 
monazite, casiterite vvas also  d iscovercd at the 
bottom o f  the bay.

2.4. G eoíope

There are a lot o f  fam ous landscapc at the 
C am  Ranh bay such as  Hon Rong, Hon Qui, 
C am  Linh mountain, Cam  Ranh lake.. .  The 
beauty  o f  Bai Dai beach is neglected with 16 
km long o f  smooth w hite  sandy beach. Sandy 
bars are characterized by special interesting 
structures and strange shapes o f  granite hill 
resulted from weathering. These  geotopes 
together vvith their ecological and humanity 
values contribute to the  developm ent o f  marine 
tourism, ecological tourism  ...

2.5. B iological resources

The revievv o f  researches, investigations and 
the result o f  survey in 2007, 2008 shovvs a

d iv e r s i í ì e d  a n d  a b u n d a n t  s o u r c e s  o f  b ioloigical 

income at the C am  Ranh Bay. 217 specũes o f  
phytoplankton, 60 species o f  seavveed, 6 sptecies 
o f  seagrass, 30  species o f  mangrove, 129 
species o f  zooplankton, 234 species o f  benithos, 
117 species o f  coral, 147 specics o f  coral reef 
íishes and 87 species o f  fish in seagựass. 
M angrove forest, coral ree f  and seagrass are 
typical ecosysteins o f  the bay. Coral rcef m^inly 
distributes at C huong  beach (7.3 ha), Giai N anh  
headiand (4.4 ha) and Hon Noi (5.4 ha)„ but 
associated vvith low covcrage rate, in average 
the coverage rate only íigured 12% for hard 
coral and  1% for soft coral. The are;a o f  
u n d a m a g e  m a n g ro v e  fo re s t  a t M y Ca C oasta l 

line is about 60  ha and nevv planted forest o f  
R tĩizophora  sp. is about 0.5 ha at Thuy Tricu 
lagoon and N uoc Ngot ham lct (Cam Lap). 
Seagrass vvell developes al T huy Trieu lagoon 
w ith total area o f  800  ha. Seagrass ecosystem at 
T huy Trieu lagoon contains o f  87 species o f  
m arine fish, 13 spccies o f  crustacean. 12 
species o f  echinoderm , 31 spccies o f  mollusca.

2.6. D istr ibu ía tion  a n d  using  sta tus o f  naiurcil 
resources

Total annual aquacultural productivity in 
the bay area is about 3,000 tons/year, among 
vvhich 337 ha for lobster, 180 ha for seaweed 
(K appaphycus aỉvarezii). W ithin the small area 
o f  the  C am  Ranh bay, there are 17 different 
exploitation types. The highest productivity is 
white herring surrounding and  the lovvest 
productivity  is exploitation o f  cuttle-fish, crab. 
Total annual productivity o f  seafood 
exploitation is 6 ,044.7  tons/year. The main 
m eans in exploitation are handicraft, íìshing 
equipm ent and low  capacity ship. Exploitation 
productivity  o f  g lass sand at T huy Trieu mine 
by the FICO  glass sand enterprise is about
150,000 tons/year.
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Enterprises o f  agricultural, silvicutural and 
aquaitic  p ro d u c t  P ro c e s s in g  a r e  s t ro n g ly  
deve loped in the system o f  C am  Ranh Bay. The 
o th e r  developed  Industries  a re  c ra f ts ,  sew ing, 
shipbuilding. Sugar refinery (Cam  Thanh Bac), 
sh ỉpbuilding yard (Cam  Phuc N am , C am  1’liu), 
ccm ent plant (Cam Thinh Dong), aqua-product 
P r o c e s s in g  e n te r p r i s c s  a n d  í r u i t  Processing  
enterprises (along the vvcstern coast) are some 
large factories oppcrating in th is  area. Together 
with Cam Ranh port and Ba Ngoi port. two 
m ajo r  ports for marine transporta tion and 
military. smallcr ports arc explo ited  for íìshery. 
M arine transportation m ainly takes place at Ba 
Nuoi port. Development o f  m ilitary activities 
are being priorly invested at the  South o f  Cam 
Ranh peninsula in the íiclds o f  seagoing vessel 
rescue. military shipbuiiding and  repairing...

3. E n v iro n m e n ta l  s ta tu s

3.1. O il pollu tion

Oil content in the all o f  tw elve  water 
samples collected over the bay is about 0.15 - 
0.22 mg/l w ith  the mean content o f  0.16 mg/I. 
Tliree days monitoring rcsults at a  fixed station 
shows the presentation o f  oil in the sea vvater 
with contcnt-range from 0.14 to 0.17 mg/l. In 
comparision to V ietnam  S tandard on 
Environment 5943 -  1995, w ater  in the  Cam 
Ranh bay is polluted to all using  purposes by 
oil.

3.2. Xíelalic po llu tion  risk

Heavy metal analysis o f  w ater  samplcs in 
the Cam Ranh bay shovvs tha t w a te r  has not 
pollutcd by heavy mctals (in com parison  to 
Vietnam Standard on Environm ent 5943 - 
1995) but pollution potential is implicit (>  3 
times o f  average content o f  heavy  metal in 
C oasta l  vvater o f  the vvorld) by Pb, H g and Mn.

Pb content in vvater ranges from 0.2 to 0 .5 .1 0 '  
mg/l, about 6 .7-16.7 t im es  o f  the average 
c o n te n t  o f  P b  in C o asta l w a te r  o f  th e  vvorld 

(0 .03.10 mg/l (T ab le  1)).

Table 1. Pollution risk o f  sca water by Pb

. Content (10- Intensity
Regi0n _______ 3mg/i) (Ttc)
From Xuan Ninh to Cam A . t A c A ,  ,  ,

' É‘ . ' \  0 .4 1 -0 .5  4 .6 -5 .6
Linh (0-15m )
Cam Ranh port (0-5m) 0.41 -0 .4 5  4 .6 -5 .0
Can beach (0 - 5m) 0 .4 1 -0 .4 3  4 .6 -4 .8
Thuy Trieu lagoon 0 .4 0 -0 .4 5  4 .4 -5 .0

Noíe: T(íc) = measured content/risk content or 
polluled contení

Hg vvas s trongly  accum ulated in the vvater 
vvith mean con ten t o f  0 .07.10 ' mg/1. The 
highest content o f  H g  vvas measured at some 
places is about 0 .0 9 .10'3 mg/1 (3 times o f  the 
average con ten t o f  H g  in Coastal vvater o f  the 
w orld) (Table 2), the  vvarning level causing 
potential pollution b y  Hg in water. In the Cam 
N inh coast, M n con ten t in vvater ranges from 
0 .8 .10'3 to 10.0.10'3 mg/1 w h ile  average content 
o f  M n  in  C o a s ta l v v a te r  a l l  o v e r  w o r ỉd  is  o n ly  

0 .2 .10°  mg/1. In conclusion, vvater in the Cam 
Ranh Bay is not on ly  pollutcd by Pb and Hg on a 
large scale but also is in potential pollution by Mn 
in Cam  Ninh area.

3.3. Hecrvy m eía lic  p o llu tio n  a n d  risk  in sedim ent

Environm ental quality  o f  sedim ent in the 
C am  Ranh bay is assessed on the basis o f  
com parasion to the  C anad ian  Environmental 
S tandard on Sedim ent. H eavy metal analysis 
that surface sed im ent in the  bay vvas polluted by 
As and vvas potentially  polluted by Hg. The 
pollution by A s w a s  found at several areas 
including from  C am  Linh to military port; Cam 
Ranh port; Hon L uong  headland vvith pollution 
level from vveak to  m edium  (T ab le  3). Mean
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content o f  H g in the sediment is about 0.7 ppm. 
Concentrated coefficient o f  Hg is 2.6 
dem onstrates that means content o f  Hg in this 
area higher than that in the Coastal sea all over 
the vvorld and tha t Hg is strongly concentrated. 
High concenctration o f  H g causes potential 
pollution in the  sediment at several areas 
including from C am  Linh to military port; Cam 
Ranh port; Hon Luong headland (Table 4).

Table 2. Pollution risk o f  sea vvater by Hg

Region Conlcnt Intensity 
(10'3mg/l) (Ttc)

Hon Trung isỉand (20m water 
depth)
Ca Tien headland (25m water 
depth)
Xuan Ninh (8m water depth) 
Thuy Trieu lagoon

0.09

Region

Table 3. Pollution o f  sediment by As

Content Intensity
(ppm) (Ttc)

Cam Linh to military port 
(5-1 Om water depth)
Cam Ranh port (5-8m 
water depth)
Hon Luong headland (5- 
20m vvater depth)
Xung islet (0.5-lm  vvater 
depth)

8 .6 -9 .2  1.2-1.3

12.8 1.8

9 .4-  12.6 1.3-1.8

10.6 1.5

Table 4. Pollution risk o f  sediment by Hg

Region

Cam Linh to military port

Content Intensity
(ppm) (Ttc)

(5-1 Om water depth)
Cam Ranh port (5-8m 
water depth)
Hon Luong headland (5- 
20m water depth)
Xung islet (0.5-lm  water 
depth)

0.09

0.10

1.0

1.1

0.09-0.10 1.0-1.1

0.09 1.0

3.4. Pollution o f  P o lych loro  byphenyl (PiCBs) 
a n d  (OCPs) in  the  sed im ent

Sixtcen selected constituents o f  P C B s  for 
analysis were identiíied in all sedim ent sarnples 
o f  the Cam Ranh bay except in Xuan N in h  and 
Eastern o f  the B a Ngoi port only £10C I wa:s not 
identified. Total content o f  PCBs, ranging form 
8.91 to 29.10 ppb decreases from the North  
(29.20 ppb in H oa D o) to the South (8.91 p p b  in 
the south o f  Bai Tranh beach) (table 5). 
Hovvever, the com position  o f  constituenís is 
variation in different sediment cores. T he  most 
com mon constituents in analyzed sam ples  are 
constituents w ith few er C1 elemcnt in the 
íbrmula. This dem onstratcs that the main 
sourcess o f  these P C B s is lubricating oil from 
marine transportation. In comparision to TEL 
(21.5 ppb) o f  the Canadian Standard, the 
surface sediment at the Hoa Do was polluted by 
PCBs (29.1 ppb). Besides, pollution by PCBs 
was also found at the Ba N goi port at the depth 
o f  38 - 40 cm with total content o f  22.1 ppb.

All o f  seven selected O C Ps (aB H C , PBHC, 
yBHC, 5BHC, D D E, DDD, D D T ) were 
identiíìed in three points (in total 5 collected 
sample points). A t the eastem o f  the Ba Ngoi 
and Hon Luong headland, only 5BHC w as  not 
identified. The total content o f  O C Ps is below  1 
ppb except the X uan Ninh arca with total 
content o f  O C P s  reachs 2.51 ppb (table 6). The 
trend indicates tha t there has been a decrease 
(1.44-3.92 tim es) in total content o f  O CPs from 
the North (H oa D o, X uan N inh) to the center o f  
the bay (the east o f  the Ba Ngoi port, Hon 
Luong headland) and the  South o f  the bay (Bai 
Tranh). The total content o f  O CPs at the 
shallow vvater a rea  (H oa Do, Xuan Ninh, Tranh 
beach) is h igher than that at the center o f  the 
Bay (the eastem  o f  the Ba Ngoi and Hon Luong 
headland). A m o n g  all constituent, content o f  
D DT is a lw ays the  highest (50 % o f  total 
content o f  O CPs), and content o f  ỖBHC is 
always the smallest. The highest o f  DDT
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conteent is 1.34 ppb in the sedim ent sample comparision to TEL (1.19 ppb). The sources o f
colleected at Xuan Ninh indicate the pollution o f  D DT and DDD com es from pesticide restricted
the sediment by D D T  at this area in for use.

Table 5. Distribution o f  PCBs in the suríace sediment o f  the Cam Ranh bay

Cconstituent Hoa Do XuanNinh BaNgoiport Hon Luong headland Tranh beach
2,*.4,4’ tricỉorobiphenyỉ 1.31 0.29 0.20 0.12 0.13
2J,2\5,5 ' -tetraclorobiphenyl 2.54 0.20 0.49 0.10 0.53

2V,2\4,5,5’ pcntaclorobiphenyl 0.42 1.03 0.40 0.40 0.46
2,.,3,4,4’,5 Pentachlorobiphenyl 0.66 2.44 0.78 1.13 0.43
2v,2'í3,4>5,6'-Hexachlorobiphenyl 0.96 7.26 1.77 4.96 2.56
22,2\3,4,4\5 hexaclorobiphenyỉ 0.71 0.65 0.07 0.12 0.14

2,.,2\3,4,4’,5,5’ heptaclorobiphenyỉ 2.28 1.14 8.57 4.64 3.81
I ;2 C 1 7.16 0.22 0.12 0 06 0.01
I ; 3 C I 1.31 0.29 0.20 0.12 0.13
I;4 C 1 3.6! 0.34 0.62 0.11 0.56
SÌ5CI 11.80 3.92 1.24 1.98 1.19
Z ;6C I 1.92 8.27 1.91 5.22 2.88
I Í7 C I 3.13 1.71 8.58 4.71 3.89
i ; 8 C ! 0.04 0.01 0.25 0.05 0.08
I ;9 C I 0.11 0.08 0.03 0.06 0.14
ì ;1 0 C 1 0.01 - - 0.02 0.01
i ; p c b 29.10 14.84 12.96 12.33 8.91

Table 6. Content (ppb) o f  OCPs in the surface sediment (0 - 5 cm) o f  the Cam Ranh bay

Area aBHC yBHC pBHC 5BHC DDE DDD DDT Total
Hoa Do 0.12 0.20 0.03 0.04 0.05 0.16 0.32 0.92
Xuan Ninh 0.11 0.17 0.04 0.02 0.07 0.76 1.34 2.51
Ba Ngoi port 0.05 0.06 0.01 - 0.04 0.12 0.23 0.51
Hon Luong headland 0.04 0.05 0.01 - 0.06 0.11 0.22 0.49
Tranh beach 0.07 0.09 0.01 0.01 0.04 0.13 0.29 0.64

4. O r ien ta tio n  in sustaỉnable use o f  natural 
rescnurces and cnvironm ent at C am  Ranh bay

4.1. D evelopm enta l orientation on the basis o f  
sustíainable use o f  na tura ì resources and  
enviironm ent

Base on characteristics on natural resources 
and environment, socio-economical developmental 
orie:ntation on the basis o f  sustainable use o f  
natuiral resources and environment at the Cam 
Ramh bay w as proposed as follow:

D evelopm ent o f  tourism , in v o lv e s  

ecological tourism and adventurous tourism, 
should be exploited at Bai Dai beach, granite 
hill along the coast, Rong island, G iang  island, 
Tai island, co ra l reefs , m an g ro v e  fo rest a t T huy  
Trieu lagoon, Sop island, N han island. Some 
main buissiness including building the  Center 
for toursim and relax at Bai Dai beach, Center 
for trade and intcmational conferences at the 
N orth o f  C am  Ranh peninsula, S e rv ic e  center o f  
hot mineral vvater at Ba Ngoi and im provement 
o f  the fourth bathing beach should be íocused.
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D evelopm ení o f  m aritim e econom ics  should 
be base Ort advantages ô f  the bay, especially 
concentrate on the system o f  sea-porls by 
uppgrading the Ba Ngoi port. Besides, building 
habours for íishery at Cam Lap. Binh Ba island 
and south o f  Bai Dai beach also should bc paid 
attention.

F isheries developm ent based on 
exploitation o f  rcsources in the tidal flats and 
vvihtin the bay. Ít is recom mended to implement 
the limitted m easures for fishing in the tida! 
areas at the N orth  o f  Thuy Trieu lagoon, since 
these are the habitats and spavvn-place o f  varied 
species. In addition it is recom mended to 
prom ote o íĩsho re  fisheries beyond the Cam 
Ranh bay to avoid  the degradation o f  the 
resources inside the bay. Provide more 
investment for shrimp harcheries and maintain 
the good environm ent conditions for these areas 
beside the dcvelopm ent intcnsive shrimp 
farming areas at Cam Loc, Cam Hai Dong, 
Cam Thinh D o n g .. . .  The cage culture o f  shrimp

raising also  should  be developed at the T huy 
Trieu lagoon w ith  reasonablc intcsiíìcation and 
to ensure not exceed  the environment capacity 
o f  the laeoon.

B uild ing  a n d  streng then ing  construcíions  o f  
navy inc luding m ilita ry  port, Cam Ranh airport 
and corresponding  scrvices for ensuring 
security.

E conom ic  zone, indusíria ỉ zo n e  a n d  exporí 
Processing zo n e  should  be built and developed 
together w ith developm ent o f  urban zone. 
Industrial zone should  be located in Ba Ngoi 
and C am  Thinh Dong, especially Ba Ngoi aqua- 
product P ro c e s s in g  factory for exporting and 
C am  T hinh  D ong  f o o d s tu f f  P ro c e s s in g  ía c to ry  
for shrim p and fish also  should be upgradcd. 
Besides, the systcm  o f  electric vvires and 
drainagc should be built and upgradcd. Economic, 
industrial and urban zone should not plan to 
develop at sensitive vvetland arca such as the 
North o f  T huy  Trieu  lagoon, mangrove forest.

E c o » « g i K u * u r «

E  c o - o q u a c u R u r e  

E c o - b y l v i c u l l u r e  

N a t i o n a l  S e c ư r t r y  A re*  

P o c t  D o - / e k > p m e n l  

C c o - » o o « i s n >

" y *  S u « l a m a b t e  M r v e r a !  E ir p k M la b o o

S t r a U i n a b l e  F r s h o r i C 5  E n p t o i l a l i o n  

A i r p o í l  D e v e l o p m e n t

Fig. 1. M ap show ing  the orientation in sustainable use o f  natural resou rces and  environm ent at Cam  Ranh bay.
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A b o u t m inerals exp lo ita tion  and  
prociessing , besides con tinu ing  o f  g lass sand 
cxploitation at several ĩĩìines including Cam 
Hai, Thuy Trieu, Cam Ranh, Cam  Thuan glass 
facto>ry also should be developcd. However, 
survey , assessment and application o f  m odem  
techmology should be done in natural resources 
cxploration. Protection o f  ccological 
cnviironment, reducing o f  environmental 
polluition and landscape destruction m ust be 
carri«cd out at the same tim e vvith exploration.

4.2. iResources conservation  cm d p ro tec tion

C onservation  a rea  o f  \ve tland  landscape  in 
the Cam Ranh Bay, conservation area for 
specíes  in Thuy Trieu lagoon should be 
c s ta b l i s h e d .

P rotection  o f  sensitive  ecosystem s, 
including coral ree f  at Sop  Island, N han Island, 
Co Trong Island, and C o  N goai Island; sea 
grass  at Thuy Trieu Lagoon; m angrove forest at 
the N orth  o f  Thuy Trieu Lagoon and around the 
Cam Ranh Bay should  be strengthen and 
restored.

Protection  an d  deve lopm en t o f  fish e ries  
resources  in the Cam Ranh Bay should be 
conducted. The developm ent o f  planning, 
program  for exploitation o f  aquatic resources 
should be suitable to  the  developm ent o f  
sectorial planning according to m odem ization 
direction. Detail plan for protection o f  natural 
re-production areas o f  species, conservation o f  
natural seed resources o f  aqua-products  should 
bc built. Addition and re-generation  o f  marine 
secd resources by artiíìcial m e thods including 
indigenous species related to traditional 
livelihood o f  local com m unity  should be 
promoted. Exploitation o f  aqua-product by 
deslroyed fishing gears m ust be restricted. 
Fishing by low capacity  vessels  and fisheries 
exploitation in Thuy Trieu  lagoon and the Cam 
Ranh Bay should also be limited.

4.3. E nvìronm enta ỉ protection, disaster  
preventaíion

D egradaíion o f  environm enta ỉ at sen s i t iv e  

area such as Thuy Trieu lagoon should be 
prevented and reduced. Environmental vvork at 
pollution sites, industrial, econom ic, export 
P ro c e s s in g  z o n e s  a n d  se a -p o r ls  e s p e c ia l ly  in 

Cam Ranh town should be promoted by 
environmental sanction. Potential degradation 
o f  ecosystems bccause o f  rapid deposition in 
the North o f  the C am  Ranh bay by effective 
sollutions such as cut o f f  sources o f  
sedimcntary materials.

Construcểions f o r  C o a s ta l pro íec tion  such as 
deíending from erosion at Xuan Ninh and 
deposition at the N orth and South o f  the Cam 
Ranh Bay shoud bc considered.

M onitoring system  f o r  environm ent an d  
biodiversity  at Thuy Trieu lagoon, South o f  the 
Cam Ranh Bay and the  area around the Ba Ngoi 
port should be established.

Sew age collection  system s  from urban, 
industrial, econom ic and export P ro c e s s in g  

zones such as the C am  Ranh tow n, Cam Thinh 
Dong and Ba Ngoi industrial zone should be 
b u i l t  fo r  P ro cess in g .

Long-term  so lu tions fo r  g ỉoba l sea  ỉevel rise 
at high potentially affected areas such as Bai 
Dai beach, aquaculture areas, M y Thanh 
lovvland area, the C am  Ranh peninsula also 
should be found.

5. Conclusions

The Cam Ranh Bay has diverse natural 
resources, including space, eleven vvetland 
types, mineral mines, geotope and biological 
resources. Currently, natural resources and 
environment o f  the  system are being 
extensively exploited and used for
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socioeconomic dcvelopm ent in unsustainable 
and degraded status.

The unsustainable development caused the 
pollution and degradation o f  water and 
sediment. Water w as polluted by oil and 
potentially polluted by Pb, Hg, M n and Sb. 
Sediment was polluted by As, Polychloro 
byphenyl, D DT and potentially polluteđ by Hg.

On the basis o f  characteristics o f  natural 
resources and environment, the orientation in 
sustainable use o f  natural rcsources and 
environment at C am  Ranh vvas proposed 
including tourism, marine transportation, 
aquaculture and íìshery, sccurity o f  national 
deíence, industry and mincrals exploitation. For 
a sustainable development, conservation o f  
natural resources including establishing o f  
nature conservation, protcction o f  sensitive 
ecosystems and prevention o f  environmental 
pollution and disasters also should be step up.
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