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ABSTRACTS In the Vietnamese waters, the value of Chlorophyll a concentration ranged from 0.29 to 
2.58mg.m-3, average value of 1.20  0.76mg.m-3 for the shallow waters and from 0.05 to 
1.24mg.m-3, average value of 0.37  0.37mg.m-3 for the continental shelf waters. In the 
offshore, the Chlorophyll a concentration is relatively lower, ranged from 0.13 to 0.24 
mg.m-3. 
The assimilated carbon index in the waters of Vietnamese continental shelf ranged from 
0.84 to 4.25 mgC.mgChl-a-1.day-1, average value is 1.66  0.95 mgC.mgChl-a-1.day-1. In the 
culture pools, bay and coastal waters, the assimilated carbon index is highest, average value 
of 121.59  25.99mgC.mgChl-a-1.day-1. 
Using the Chlorophyll a concentration to assess primary production with the experimental 
equation showed that primary production ranged from 100 - 500mg.m-3.day-1 in coastal 
waters. In the offshore, primary production value is lower, ranged from 0.07 to 30 mgC.m-3. 
day-1.  
The studied results argued that ecological conditions in the coastal zone give facility for the 
process of primary production and phytoplankton development. 
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TOÙM TAÉT Trong vuøng bieån Vieät Nam, haøm löôïng Chlorophyll a coù giaù trò dao ñoäng trong khoaûng 0,29 

– 2,58 mg.m-3, trung bình laø 1,20 0,76 mg.m-3 ñoái vôùi vuøng nöôùc noâng ven bôø. Coøn vuøng 
theàm luïc ñòa dao ñoäng töø 0,05 –1,24 mg.m-3, trung bình laø 0,37  0,37mg.m-3. ÔÛ vuøng ngoaøi 
khôi, haøm löôïng Chlorophyll a töông ñoái thaáp, dao ñoäng trong khoaûng 0,13– 0,24 mg.m-3. 
Chæ soá haáp thuï carbon trung bình ôû vuøng theàm luïc ñòa Vieät Nam dao ñoäng trong khoaûng 0,84 
– 4,25, trung bình laø 1,66  0,95mgC/mgChl.a, ngaøy. ÔÛ caùc ao ñaàm nuoâi troàng haûi saûn vaø 
caùc vuøng vònh noâng ven bôø, chæ soá haáp thuï carbon coù giaù trò cao hôn, trung bình ñeán 121,59 
 25,99mg/mgChl.a, ngaøy. 
Söû duïng haøm löôïng Chlorophyll a ñeå ñaùnh giaù naêng suaát sinh hoïc sô caáp baèng caùc bieåu thöùc 
thöïc nghieäm, cho thaáy naêng suaát sô caáp vuøng bieån ven bôø Vieät Nam dao ñoäng trong khoaûng 
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100 - 500mgC/m3, ngaøy, ôû vuøng theàm luïc ñòa laø 1 - 100mgC/m3, ngaøy vaø vuøng ngoaøi khôi, 
naêng suaát sô caáp coù giaù trò thaáp, dao ñoäng trong khoaûng 0,07 ñeán 30mgC/m3, ngaøy. 
Caùc keát quaû nghieân cöùu ñaõ chöùng toû, vuøng bieån ven bôø Vieät Nam coù ñieàu kieän sinh thaùi 
thuaän lôïi cho quaù trình saûn xuaát sô caáp vaø phaùt trieån cuûa thöïc vaät noåi. 

 

 
 
INTRODUCTION 
 
 Although, the Chlorophyll a concentration 
varies strongly, it influences ecological 
conditions and the physiological state of 
phytoplankton. However, it remains a 
quantitative index to study the primary 
production process and ecological environment 
quality in seawaters. In addition, the 
Chlorophyll a method is relative to assess 
phytoplankton biomass which is an important 
parameter when studying the organic cycle 
and the power of ecological systems. 
 The Chlorophyll a concentration in 
coastal waters of Vietnam had been studied 
from 1979 -1980 in the "Thuanhai - Minhhai 
Sea Study" program. After that, it was still 
studied continuously in Vietnam - Russia Co-
operation Program (1980 -1985) and in marine 
organism resources exploitation and 
environmental protection projects in coastal 
provinces (1988 - 2000), in Vietnam - France 
Co-operation Program (1994 - 1997), Vietnam 
- Sweden Co-operation (1996 - 2000), 
Vietnam - EU (1996 -1998) and Vietnam - 
Japan (1999 -2000). 
 Usually, Chlorophyll a is a parameter that 
was studied by Bien Dong Periodical 
Investigation Program (1999-2003) and 
Marine Environmental Monitoring Program, 
every year (from 1996). The Chlorophyll a 
was not only analyzed in seawater, but also in 
sediment. 
 Based on the results investigated in the 
fields and using conversion methods, the paper 
is aimed to analyze characteristics of 
Chlorophyll a distribution in Vietnamese 
waters and to use the ability of the Chlorophyll 
a to assess primary production and 
environmental quality in coastal waters.       

   MATERIALS AND METHODS 
 

Analyzing and treating statistic data are 
published or preserved about Chlorophyll a 
distribution in Vietnamese waters (Fig. 1). The 
Chlorophyll a concentration has been 
measured following the classical methods [11, 
12, 14]. The sample water collected by Niskin 
bottle at standard depths and 2 litres were 
filtered through a 0.45m membrane. To 
prevent membrane from tearing acid content 
was increased while it was extracted. 
Membrane is covered by MgCO3 on surface 
with ratio: 10mg/1cm2 membrane. Samples 
were filtered with a vacuum pressure about 2/3 
atmosphere. After that, samples were 
extracted by acetone 90%, in the case of 
keeping samples and taking samples to be 
analyzed in the laboratory, the membrane was 
prevented from the light and kept in 
refrigerator (not over 1oC) with silicagel. The 
time of keeping is not exceeded 2 months. 
When samples are kept from 2 weeks to 2 
months then pigment concentration decreases 
about 10 -15 % [13]. Extraction of a sample 
(volume about 5-10ml) is separated by 
centrifugation at a speed of 4000 – 5000 
cycle/minute. After that, the samples are 
measured on spectrophotometer at 630, 645, 
665 nm wavelength such as the equation: 

Chl-a = 11.9 D665    (1) 

(Chl-a: Chlorophyll a concentration; unit: 
mg/ml extraction solvent D665: Absorption at 
665 nm wavelength) 

The equations are (2):  

Chl-a = 11.6.D665 - 0.14D630 - 1.31D645 (2) 

Chl-b = 20.7.D645 - 4.34D665 - 4.42.D630 

Chl-c = 55.0.D630 - 16.3.D645 - 4.64.D665
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Thereto, Chlorophyll a concentration is 
directly analyzed in seawater by using 
fluorescence method [12] and " Shuttle" 
instrument with sensors to measure different 
parameters. The results as salinity, 
temperature, light quantum intensity... are 
studied with a computer. The instrument could 
study Chlorophyll a concentration with many 
other parameters and it could assess primary 
production ability, resources of base power 

and ecological environment quality of 
seawaters. 
 
RESULTS AND DISCUSSION 

1. The distribution of Chlorophyll a and 
primary production in Vietnamese waters 

Chlorophyll a concentration ranged 
widely with space and time (Tabs. 1, 2, 3). 
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                      Fig1: The map of sampling stations in Vietnam sea ( 1979 -1999)
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Figure 1: The map of sampling stations in Vietnamese waters (1979-1999) 
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In the lagoons, Chlorophyll a 
concentration ranged from 1.89 to 4.40mg.m-3, 
average value is 3.02  0.74mg.m-3 (Tab. 1). 

In shallow waters, Chlorophyll a 
concentration ranged from 0.29 to 2.58 mg.m-3, 
average value is 1.20  0.76mg.m-3 (Tab. 1) 
and in the continental shelf waters Chlorophyll 
a concentration ranged from 0.05 to 1.24 
mg.m-3, average value is 0.37  0.37mg.m-3 

(Tab. 2).  
In the offshore, Chlorophyll a 

concentration is relatively lower. It ranged 
from 0.13 to 0.24mg.m-3 (Tab. 3). The 
Chlorophyll a is maximal in culture pools.  

In estuaries and coastal shallow waters 
Chlorophyll a value is from 5 to 7 mg.m-3 [4]. 
However, Chlorophyll a concentration could 
be maximal about 8mg.m-3 in continental shelf 
and hydrographical front areas as: Mekong 
river estuaries, Honthu island. This related to 
the ability of phytoplankton to centralize with 
characteristic distribution of plankton 
following a leopard skin form in coastal 
waters. 

The Chlorophyll a distribution ranged 
widely at different depths. It actually depends 
on seawaters. In the offshore, Chlorophyll a 
concentration distributed from photosynthesis 
layers from 140 to 160m deep (Fig. 3). But this 

distribution is not even, maximal concentration 
is searched out in 5 - 20m layers where light 
intensity is about 1000 - 4000lux and the light 
illumination is suitable for phytoplankton 
development [4, 6] or at cline layers (Fig. 3). 
Characteristics of Chlorophyll a distribution in 
the depths are attached to characteristics of 
temperature - salinity structure in the coastal 
waters and this is the rule for many regions 
and oceans in the world [5, 6, 16]. 
 The third characteristic is the close 
correlation of Chlorophyll a concentration in 
the surface with primary biological production 
(Fig. 4). The correlative coefficient ranged 
from 0.62 to 0.85. Using the least square 
method, we determined the experimental 
equation to represent the primary production 
force of culture waters  (P1 mgC.m-3.day-1) 
with Chlorophyll a concentration (C1a mg.m-3) 
(Fig. 4).   

Lg P1 = 1.118lg C1a + 1.571   
with n = 55;    R = 0.73    (3) 

For the continental shelf waters, the 
primary production force (P2) correlated with 
Chlorophyll a concentration following the 
equation (4): 

Lg P2 = 1.210LgC2a + 0.280        
with  n=17    R= 0.77    (4)

 

Table 2: The distribution of Chlorophyll concentration and primary production 
in offshore (Vietnamese waters, 6 -7/1983) [5] 

 

Long. – Lat. P (mgC.m-3.day-1) Chlorophyll (mg.m-3) AC (mgC.mgchl-a1.day-1) 
  a b c  

4o5’-106o05’7 0.31 0.222 0.029 0.174 1.396 
9o39’-108o32’ 0.24 0.164 0.048 0.263 1.463 

10o15’5-107o05’3 1.65 1.24 0.180 0.950 1.331 
9o52’-107o00 1.1 0.542 0.103 0.555 2.029 
9o51’-107o00 1.6 0.741 0.131 0.711 1.159 
9o45’-107o09 0.98 0.434 0.061 0.406 2.258 
8o47’-107o01 0.13 0.099  0.128 1.313 
9o04’-108o44 0.07 0.081 0.015 0.115 0.864 

9o51’-107o01’3 3.1 0.729 0.127 0.684 4.252 
13o24’-110o050’7 0.07 0.082 0.202 0.446 0.854 

17o40’-116o25 0.08 0.045   0.842 
19o35’-119o15’ 0.25 0.115 0.006 0.034 2.174 

Average 0.80  0.94 0.370.37 0.090.07 0.410.29 1.660.95 
Max. 3.10 1.24 0.20 0.95 4.25 
Min. 0.07 0.05 0.01 0.03 0.84 
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Table 3: Chlorophyll concentration, primary biological production 
and nutrients in Vietnamese waters [7] 

 
Latitude Chlorophyll a Total Chlorophyll 

(a+b+c) 
Primary 

production 
Nutrients 

(mg at.m-3) 
 mg.m-3 mg.m-3 mgC.m-3.day-1 PO4 NO3 SiO3 

Lat. North –20 0.240.06 1.630.60 4.120.50 0.410.02 7.501.50 20.191.63 
15 -20 oN 0.200.08 1.880.76 2.891.45 0.370.06 2.831.73 10.820.99 

Lat. South 15oN 0.130.01 1.280.50 1.870.13 0.270.11 2.740.67 31.7324.24 
 

 

Using equations (3) and (4), we can 
estimate the primary production of field with 
the results of Chlorophyll a concentration in 
surface water. Thereto, we used the model 
from the relationship between photosynthesis 
and light. In our representation, the 
dependence of primary production P (I) per 
unit mass of Chlorophyll a (mgC.mgChl a]-1h-1) 
on available light is given by photosynthetic 
light saturation curve [1]. 

P (I) = Pmtanh (I/Pm) -R   (5) 

- I is the irradiance (PAR - photosynthetically 
active radiation)  -w.m-2. 

-  is  the initial slope of light saturation 
curve – mgC [Chl a]-1. W-1.m2.h-1 

- Pm is the assimilation number – mgC [Chl 
a]-1.h-1 

- R is measure of dark respiration mgC [Chl 
a -1.h-1. The magnitude of R is generally  
0.1 in water itself and small enough to be 
ignored in equation (5), the validity of  
and Pm is used in tropical sea, that is 
Pm=3.7;  =0.08 [1]. 
Absolute production profile in units of 

(mgC.m-3.h-1) is obtained by multiplying the 
production P(I) of equation (2) by the 
Chlorophyll a profile (units of mgC.m-3) as 
measured with the pump profile and is given 
by: 

Pv (z) = P (z). B (z)   (6) 

- B (z): is the Chlorophyll concentration and 
z is the depth in meters. The daily primary 
production profile, Pd in unit of (mgC.m-3. 
d-1), can be obtained by integrating 
equation (6) over time t: 

      24hr 

Pd (z) = Pv (z,t)dt    (7) 
      0  

The real primary production per day in 
the water column Pa (mgC.m-2.day-1) can be 
measured by integrating equation (8) over 
depth:    
       Zf    24hr 

Pa (z) =        Pv(z,t)dt   (8) 
       0    0  

- Zf: is photosynthetic depths  
- Pa: primary production 

Using equations (3) and (4), with value of 
Chlorophyll a ranged from 0.2 to 5.3mg.m-3, 
primary production ranged from 100 to 
500mgC.m-3 in sea product culture pools. With 
Chlorophyll a concentration ranged from 0.04 
to 0.77mg.m-3 and intensity light is from 8.6 to 
387 W/m2 [10], equations (7) and (8) give a 
primary production ranged from 0.24 to 79.83 
mgC.m-3. day-1.  

Additionally, the nutrients concentration 
is lower in offshore (Tab. 3), average values of 
PO4 ranged from 0.27 to 0.41 g at.m-3, NO3 
ranged from 2.83 to7.50 g at.m-3, SiO3 ranged 
from 10.82 to 31.73 g at.m-3. These are 
accordant with the primary production values 
in offshore which ranged from 1.87 to 4.12 
mgC.m-3. day-1. 

Although, nobody can deny the reality 
that with the same Chlorophyll a 
concentration, one can give many values of 
primary production. It must not be forgotten 
that there are ability of error and no perfect 
analysis methods, measures, studies of 
phytoplankton such as: class status of species, 
quantity, biomass, concentration of 
Chlorophyll, primary production, … in condition 
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" in situ ". On the other hand, production of 
phytoplankton depends on quantity cells, 
concentration of Chlorophyll … and depends on 
the mass of ecological factors monitoring, 

physiology such as: physiological state of 
phytoplankton cell, nutriments equilibrium, 
light intensity … [1, 2, 3, 4, 5]. 

   
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Ecological significance of Chlorophyll a 

Concentration of Chlorophyll a is studied 
and used to estimate physiological - ecological 

characteristics of seawaters. The studied 
results showed that the coastal waters of 
Vietnam contain an average concentration of 
Chlorophyll a of 0.14% wet weight of 
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Fig 2 :The map of chlorophyll a distribution  in Vietnam seawaters (mg/m3)
                    ( from the data of investigation on M/V Seafdec's,1999) by[7]
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Figure 2: The map of Chlorophyll a distribution in Vietnamese waters (mg/m3) 
(from the data of investigation on M/V Seafdec’s, 1999) [10] 
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phytoplankton … (ranged from 0.05 to 0.48%). 
The value is lower than that found by other 
scientists in the world: about 0.16 to 0.25% 
[17]. This can explain the special 
characteristics of species classification status 
of phytoplankton in waters of Vietnamese 

tropical zone. Thus, biomass of phytoplankton 
(B-mg wet weight/m3) in the waters of 
Vietnamese coastal zone can be estimated 
approximately with experimentation by index 
of Chlorophyll a such as: 

B = 700 x Ca    (9) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3: Chlorophyll a distribution followed the depths in offshore of Vietnamese waters 
a- 19o30’N – 116o54’E; b- 15o26’N – 116o57’E; c- 13o27’N – 117o01’E 

T – water temperature (oC); - density (g/l); Ca- Chlorophyll a (mg.m-3) 
(followed the data of  the Oceanographic Institute – Taiwan, N2, 1972) [7] 

 
Initial result shows that, in shallow 

waters, biomass of phytoplankton ranged from 
203 to 4270mg wet weight/m3; in the waters of 
the continental shelf it ranged about 49 to 
2255mg wet weight/m3; in offshore waters it 
ranged about 14 to 280mg wet weight/m3. 
These results are absolutely accordant with 

direct measurements by calculating volume of 
phytoplankton cells in the coastal zone [6, 8]. 
Though, there is no complete accuracy about 
classification, but studying different variations 
of Chlorophylls a, b, c in coastal zone, one can 
estimate a preliminary development of 
phytoplankton species. In Vietnam coastal 
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zone, average concentration of Chlorophyll c 
is 0.352  0.304mg.m-3, Chlorophyll b is 0.071 
 0.071mg.m-3. Concentration of Chlorophyll c 
is higher than Chlorophyll b which proves the 
main diatom phytoplankton presence. This is 

accordant with some results of marine 
biological studies in Vietnam [15], while 464 
species of algae are acknowledged in 
Vietnamese coastal zone, 72% are mainly 
diatoms [6, 15]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: The relationship between Chlorophyll a concentration  

and primary production in the culturing pools [7] 
 
Assimilation carbon index over unit 

Chlorophyll a (AC-mgC.mgChl-a-1, day-1) is 
very important in processing of studying ability 
production of zone waters. Results show that 
average absorption carbon index in the 
continental shelf of Vietnam ranged from 0.84 
to 4.25, average is 1.66  0.95mgC.mgChl.a-1. 
day-1 which is lower than the average value in 
tropic coastal zone [1]. In the culture pools, 
bay and coastal waters, the assimilation carbon 
index is very high, average value ranged from 
99.25 to 157.44 mgC.mgChl.a-1day-1. This 
result is 140 - 300 times higher than the 

assimilation carbon index of phytoplankton in 
continental shelf region, but they correspond to 
results of published authors [1, 16]. 
 Above results prove that the coastal 
waters of Vietnam have ecological and 
advantageous conditions to generate 
photosynthetic process of phytoplankton.    
 
CONCLUSION 

 
 Results of studies on distribution of 
Chlorophyll a in coastal waters of Vietnam in 
twenty years ago showed that: 
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Chlorophyll a concentration changes 
widely with space and time: in the shallow 
waters, concentration of Chlorophyll a ranged 
from 0.29 to 2.58mg.m-3, average value of 1.20 
 0.76mg.m-3. In the continental shelf, it 
ranged from 0.05 to 1.24mg.m-3, average value 
of 0.37  0.37 mg.m-3. In the offshore, 
concentration of Chlorophyll a has relatively 
lower value, ranged from 0.13 to 0.24 mg.m-3. 

In the offshore, Chlorophyll a 
concentration distributes all over the 
photosynthetic layers, deeper than 140 to 
160m. However, maximum concentration of 
Chlorophyll a is between depths of 5 to 20m 
where the light intensity is between 1000 to 
4000 lux and temperature - salinity variations 
characterize the structure of the layers. 

Average concentration of Chlorophyll a 
appropriates 0.14% wet weight of 
phytoplankton (ranged about 0.05 to 0.48%).  
 Average value of assimilation carbon 
index in the waters of Vietnamese continental 
shelf ranged from 0.84 to 4.25 mgC.mgChl. a-1. 
day-1, average value of 1.66  0.95 
mgC.mgChl.a-1.day-1. In the culturing pools, 
bay and coastal waters, the assimilation carbon 
index has higher value, average value ranged 
from 99.25 to 157.44 mgC.mgChl. a-1 day-1. 
 The results showed that primary 
production ranged from 100 to 500 mgC. m-3. 
day-1 in shallow waters. In the continental 
shelf, it is from 1 to 100mgC.m-3.day-1 and in 
the offshore the primary production has a low 
value, it ranged from 0.07 to 30mgC.m-3.day-1. 
 Results of studies on Chlorophyll a 
concentration distributed in the shallow 
waters, continental shelf and offshore prove 
that ecological conditions of Vietnamese 
waters are suitable for photosynthetic process 
and phytoplankton development. 
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