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Abstract

The Biological CO, assimilation process using marine phytoplankton and marine bivalve was evaluated by carbon
assimilation of the green mussel Perna viridis fed with Tetraselmis suecica under laboratory condition. Incorporation of
carbon dioxide into phytoplankton biomass was performed through aeration. The experiment consisted of three treatments
i.e. mussels without feeding (Control), mussels fed with 7. suecica cultured with air (Treatment 1: T-Air), and mussels fed
with 7. suecica cultured with 1.5% CO, in air (Treatment 2: T-CO,). The results showed that growth of mussels in T-Air
and T-CO, was 22.4+4.0 mg/individual/day and 28.9+12.3 mg/individual/day, respectively, which was significantly higher
than control (mussels without feeding). Growth of mussels in T-Air was significantly lower than in T-CO,. Carbon content
in shell (15.59+0.57% D.W.) and meat (38.28+1.72% D.W.) of mussels fed with aerated 7. suecica (T-Air) was significantly
higher than that found in mussels fed with 1.5% CO, T. suecica (14.240.47 and 36.61+0.43% D.W. in shell and in meat,
respectively) (p<0.05). With T-Air, 1.95+0.27 and 9.36+1.24% of carbon from 7. suecica cells was assimilated into shell and
meat of the mussel, respectively, while in T-CO,, carbon assimilation from 7. suecica cells in shell and meat was 2.1940.55

and 11.22+2.76% respectively.
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1. Introduction

Attempts to reduce CO, emission to the environ-
ment is presently one of the most popular topics of
climate change environmental research (Houghton,
2004). Trapping CO, by biological processes is gener-
ally through photosynthesis in which CO, is fixed into
carbohydrate. Apart from terrestrial plant, phytoplank-
ton have been intensively studied for CO, removal
process (Field ef al., 1998). However, the bottleneck
of this process is how to utilize or deposit the phyto-
plankton biomass produced from the process (Hayashi
et al., 1995; Yue and Chen, 2005). The green phyto-
plankton Chlorella, the most common phytoplankton
for CO, removal research, has a very small cell size
(4-5 microns). Harvesting Chlorella biomass hence
cannot be performed by simple filtration but requires
the expensive centrifugal process. Moreover, utilization
of phytoplankton produced is still limited. In fact, use
of phytoplankton biomass as fertilizer might not appli-
cable because decomposition of phytoplankton finally
releases CO, back to the atmosphere while extraction

of lipids from algal biomass for biodiesel production
is still not economical feasible (Chisti, 2007).

The purpose of this study is to evaluate the CO,
assimilation process using phytoplankton and bivalve
under laboratory conditions. The general concept of
the process is to trap CO, by a CO, fixation process
(photosynthesis), then carbon is further transferred to
deposit in plankton feeding bivalve which is the next
level in aquatic food chain. Finally, the conversion
rate of carbon transfer from CO, to bivalve was evalu-
ated.

2. Materials and Methods
2.1. Algal medium and culture conditions

T’ suecica strain was obtained from Plankton col-
lection, Marine Science Department, Chulalongkorn
University. Guillard medium (F/2) for 7. suecica cul-
tivation was 30 psu seawater enriched with 8.82x10™
M NaNO,, 3.62x10° M NaH,PO, H,0, 1.06x10"* M
Na,SiO, 9H,0, 1.17x10° M FeCl, 6H,0, 1.17x10° M
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Na,EDTA 2H,0, 3.93x10™*M CuS0, 5H,0, 2.60x10* M
Na,MoO, 2H,0, 7.65x10™ M ZnS04 7H,0, 4.20x10™
M CoCl, 6H,0, 9.10x10” M MnCl, 4H,0, 2.96x10”
M thiamine HCI (vit. B,), 2.05x10” M, biotin (vit. H),
and 3.69x10"° M cyanocobalamin (vit. B,,) (Guillard
and Ryther, 1962).

Stock culture of 7. suecica was maintained under
continuous illumination at 5,000 lux with aeration.
The temperature was 29+1°C. Scaling up of 7. suecica
culture to 5 L was performed using aeration by either
air or 1.5% CO, in air. Biomass of 7' suecica was finally
used as live food for green mussel culture. Carbon,
hydrogen and nitrogen (CHN) contents of 7. suecica
dried biomass were determined after cell drying at 80°C
for 24 hr and analyzed with CHN analyzer (CHNS/O
Analyzer, Perkin Elmer PE2400 Series II) at Scientific
and Technological Research Equipment Center, Chula-
longkorn University, Thailand.

2.2. Green mussel culture system

Green mussel (Perna viridis) was collected from
Bandon Bay, Suratthani province, Thailand, and trans-
ferred to Suratthani Rajabhat University where the
experiments were conducted. Mussels were separated
from clumps by cutting their byssus thread to obtain
individuals. Each mussel was affixed on a bamboo
stick using epoxy glue, hence it could be handled and
weighted individually during the experiment. Green
mussels were acclimated for one week under laboratory
conditions (29+1°C, 30 ppt. salinity seawater and pH
8.2+0.04). The experimental unit was the closed recir-
culating aquaculture system made from plastic tanks,
each tank contained 10 L of 30 psu seawater and 5 mus-
sels. Production of 7! suecica as live food for mussels
was accomplished under batch culture in 5 L bottles
as previously described. At late exponential growth
phase, T suecica cells were transferred to a dripping
bottle that hanged over the mussel tank. Algal cells,
0.5-1.1x10° cells/ml, were continuously dripped into
the mussel tank at approximately 120 ml/hr. Wastewter

106 CO, +120 H,0+16 HNO, + H,PO, — (CH,0),,,(NH,), PO, +1370,

Carbon in 7'.suecica fed by mussel (g) =

from mussel tank was removed and treated in a 50 L
seaweed tank (Gracilaria sp.) to eliminate nitrogen
waste before being returned back to the mussel tank.
Calcification rate of the bivalves was evaluated from
decreasing of calcium in the water using EDTA titration
(APHA, 1998).

With the experiment, treatments consisted of green
mussel culture tanks fed with 7. suecica from an air-
culture system (T-air) and a 1.5% CO, culture system
(T-CO,) while green mussel without 7. suecica feed-
ing was assigned as control (C), all with 3 replicates.
Number of phytoplankton and water quality i.e. pH,
temperature, ammonia and alkalinity were monitored
on a daily basis. Shell length and weight of the mussels
were measured every 10 days. At the end of experiment,
fresh weight, dry weight and C:H:N content in dry mass
of the mussels were analyzed.

2.3. Evaluation of CO, assimilation of the phytoplank-
ton-bivalve system

According to Redfield’s Stoichiomethic equa-
tion (1), 106 mole of CO, is converted to 1 mole of
phytoplankton. Hence, in theory, the carbon content in
phytoplankton cell is 35.8% and 1 g of CO, is converted
to 0.76 g of phytoplankton. With this study, evaluation
of carbon dioxide fixation was based on carbon analy-
sis (CHN analyzer) in biomass of phytoplankton (7.
suecica) cells and in shell and meat of the mussel. Initial
carbon transferred from phytoplankton to mussel was
estimated from carbon content in dry weight of phyto-
plankton cells consumed by mussel throughout 30 days
of the experiment (2). Thereafter, carbon assimilation
in mussel weight gain was evaluated by an increase of
carbon content in dry meat (3) and in shell (4) during the
experiment. Due to the fact that carbon deposit in shell
came from two sources in which 10% is from feed and
90% is from surrounding water (90%) (McConnaughey
etal., 1997; Gillikin et al., 2006), so the dry shell weight
gain (g C) from dietary organic carbon and from water
was calculated by equation 5 and 6.

Carbon gain in mussel' s meat (g) =

Carbon gain in mussel s shell (g) =

)
g D.W. of T.suecica fed by mussel x %C m cells
2
100
g Dry meat weigh t gain x %C in meat
100 @)
g Dry shell weight gain x %C in shell @)
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100
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Carbon from T .suecica deposited in shell (g) = g Carbon of

shell weight gain x10

100 ©

g Carbon of shell weight gain x 90

Carbon from water deposited in shell (g) =

The experiment data were presented as mean and
standard deviation of three replicates. Significant differ-
ent of means was determined by either t-test or ANOVA
with Duncan’s multiple range test at 95% confidence
interval.

3. Results and Discussion
3.1. Growth and biomass of Tetraselmis suecica

Growth of T. suecica cultured with air or 1.5%
CO, is shown in Fig 1. We found that growth perfor-
mance of 7. suecica dramatically increased by 187%
with maximum cell density of 2.39x10° cells/ml or
0.71 g dry weight/L when supplemented with 1.5%
CO,. In contrast, T. suecica cultured with pure air had
significantly lower density of 1.27x10° cells/ml or 0.38
g dry weight/L. Hence, CO, fixation rate of T. suecica
could be enhanced by 315% as the carbon fixation rate
increased from 3.54 g-CO*/m’/h to 11.16 g-CO,/m’/h
when 1.5% CO, was applied instead of pure air.

3.2. Growth of Perna viridis under laboratory condi-
tion

—e— control (air)
-0 air+1.5% CO,

Cell density (x10° cells/ml)

100 ©

Growth performance of green mussels measured
every 10 days is illustrated in Fig 2. The average initial
weight of green mussel of control, T-air and T-CO,
condition was 1.83+0.09, 1.79+0.13 and 1.76=+0.09
g respectively. Environmental parameters during the
experiment were 26.3-28.3 °C, pH 8.1-8.3, 0-0.5 mg-
NH, /L and 110-120 mg/L alkalinity. During the 30
days experiment, the weight of mussels in T-air and
T-CO, was increased to 2.46+0.17 and 2.63+0.36 g,
respectively. In control without feeding, the weight of
mussels increased only in the first 12 days, thereafter
growth was clearly declined.

With 30 days cultivation, the growth rate of mus-
sels without feeding (control) was only 7.4+3.5 mg/
individual/day which was significantly lower (p<0.01)
than treatments. Statistical analysis revealed that growth
of green mussels in T-air (22.4+4.0 mg/individual/day)
was significantly lower (p<0.05) than T-CO, (28.9+12.3
mg/individual/day). This growth rate was rather similar
to 29 mg/individual/day of P. viridis in flow-through
system supplemented with Chaetoceros, Skeletonema
and microencapsulated feed (Havanont and Chaikul,
1999). In fact, bivalve in nature feed on a variety of
suspended particles such as bacteria, phytoplankton,

Figure 1. Growth of Tetraselmis suecica cultured with air (®) or 1.5% CO, (J) under laboratory condition. Each data point

was mean = SD from 3 replicates.
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Figure 2. Growth of mussels fed with 7. suecica cultured in air (T-Air), 1.5% CO, (T-CO,) and control without feeding
under laboratory condition. Each data point was mean+ SD from 3 replicates. Trend lines were derived from regression

analysis.

micro zooplankton or detritus (Gosling, 2003). The
results in our study suggested that the culture condi-
tion was appropriate for growth of the mussel, at least
equally with the flow-through system.

Due to the fact that the main composition of bi-
valve shell is calcium carbonate, Bevelander (1952)
demonstrated that calcium in the water could be rapidly
incorporated into the mineral component of the marine
and freshwater bivalve shell. Deposition of carbon-
ate ion in bivalve shell, as described in Furuhashi
et al. (2009), could be another carbon sink for the
carbon dioxide assimilation process. The results from

this study showed that the calcification rate of green
mussel without feeding was 5.04+4.36 mg-Ca/indi-
vidual/day. This value was significantly lower (P<0.01)
than 17.63+4.36 and 23.5+4.07 mg-Ca/individual/day
for T-air and T-CO,, respectively.

Carbon hydrogen and nitrogen content in 7. suecica
cells and in mussels are shown in Table 1. We found
that the carbon content of 7 suecica cells was 38.73%
and 42.72% for T-air and T-CO,, respectively. These
values were higher than theoretical value of 35.8% ac-
cording to Redfield’s equation (1). CHN analysis results
indicated that the C:H:N ratio of 7. suecica cultivated

Table 1. C,:H, and:N content (Means+ SD) of Tetraselmis suecica and green mussel (Perna viridis) under various culture

conditions.

CHN composition (g/100g dry weight)

Sample
C H N

T. suecica (cultured with air) 38.73+0.22° 6.64+0.18" 4.37+0.12°
T. suecica (culture with 1.5% CO,) 42.72+0.28° 7.4+0.22' 2.47+0.14°
Green mussel meat from nature 42.11+1.01° 6.93+0.42° 10.23+0.28¢
Green mussel meat

fed with T suecica-air [T-air] 38.28+1.72° 6.46+0.37% 9.82+0.62"
Green mussel meat

fed with 7. suecica-1.5% CO, [T-CO,] 36.61+0.43¢ 6.29+0.35° 9.44+0.15°
Green mussel shell from nature 16.31+0.74° 1.28+0.34° 2.05+0.44°
Green mussel shell

fed with 7 suecica-air [T-air] 15.59+0.57° 1.19+£0.2° 1.81+0.3°
Green mussel shell

fed with T, suecica-1.5% CO, [T-CO,] 14.2+0.47" 0.84+0.16° 1.14+0.23°

Remark: Different superscript letters in each column indicate significant different (P<0.05) after ANOVA-Duncan

analysis.
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Phytoplankton
(T. suecica)
cultured with air
0.704 g D.W.
=0.2727 g-C
=100 %C

Co,
1gCO,

CO,in water ==p

Mussel meat 0.067 g D.W.
=0.0255 g-C
=9.36 %C

Mussel shell 0.034 g D.W.
=0.0053 g-C
=1.95 %C

Mussel shell 0.308 g D.W.
=0.0480 g-C
=17.59 %C*

Figure 3. Carbon assimilation in phytoplankton and bivalve fed with aerated cultivation of Tetraselmis suecica (T-air),

*carbon content in comparison with carbon in phytoplankton

in air was 8.9:1.5:1 while growing 7. suecica in 1.5%
CO, resulted in an increase of C:H:N ratio to 17.3:3:1.
This could be implied that phytoplankton exposed to
high CO, concentration had higher carbon assimilation
efficiency. This results were somewhat similar to those
found in Skeletonema costatum (Burkhardt et al., 1999)
and Spirulina platensis (Gordillo et al., 1999). More-
over, Burkhardt and Riebesell (1997) and Andersen and
Andersen (2006) suggested that the increase of CO,
concentration altered C, N and P content in microalgal
cells at different magnitude depending on microalgal
species.

In green mussels, several factors affecting the
biochemical composition such as diet, water temperature,
maturation and culture area have been mentioned (Li
etal.,2007; Dunstan et al., 1999; Linehan et al., 1999).

Phytoplankton

(T. suecica)

co, cultured with 1.5% CO,
1 g CO, 0.638 gD.W.
=0.2727 g-C
=100 %C

CO, in water ===

With our results, the highest carbon content in meat,
42.11+1.01 g/100g dry weight, was found in green
mussel collected from natural source. This was fol-
lowing by carbon content in T-air (38.28+1.72 g/100g
dry weight) and T-CO, (36.61+0.43 g/100g dry weight)
respectively (Table 1).

3.3. Efficiency of biological CO, assimilation using
phytoplankton and bivalve

The biological carbon dioxide assimilation process
was evaluated with carbon deposition from phytoplank-
ton into bivalve. As illustrated in Fig. 3, from 1 g of
CO,, the percentage of carbon assimilation in mussel
was 11.31%, of which 9.36% was incorporated in meat
and 1.95% was in shell. With T-CO, (Fig. 4), carbon

Mussel meat 0.084 g D.W.
=0.0306 g-C
=11.22 %C

Mussel shell 0.042 g D.W.
=0.0060 g-C
=2.19 %C

Mussel shell 0.379 g D.W.
=0.0539 g-C
=19.75 %C*

Figure 4. Carbon assimilation in phytoplankton and bivalve fed with 1.5% CO, cultivation of Tetraselmis suecica (T-CO,),

*carbon content in comparison with carbon in phytoplankton
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deposited in mussels was 13.41% (11.22% in meat
and 2.19% in shell). In general, it could be presumed
that approximately 11.21-13.38% of carbon supplied
to T. suecica culture was incorporated into mussel
biomass.

However, source of carbon assimilated in the shell
was not only came from feeding but it also came from
water through calcification process. Results illustrated
that 17.59-19.75% of carbon in the shell was assigned
as unaccounted source in which the major part was
came from calcification process. The carbon from
water must be included when considering the overall
CO, assimilation process of phytoplankton and bivalve.
Other unaccounted carbon was presumably referred to
respiration and other processes. The energy loss through
trophic levels of the food chain are rather similar to the
ordinary food chain which is approximately 90% (Odum
and Barett, 2005). In addition, carbon loss as CO, from
shellfish respiration might be recycled as CO, supply
in phytoplankton culture.

In conclusion, our study illustrated that supplying
1.5% CO, with aeration increased the carbon content
of T. suecica. Green mussel was successfully cultivated
in the recirculating system and growth of the mussel
indicated the success of carbon fixation process. It was
found that the percentage of carbon assimilation from
T suecica into mussel was 11.31-13.41%. Within the
mussel biomass, approximately 9.36-11.22% of carbon
was deposited in meat while 1.95-2.19% was found in
shell. Larger carbon deposition, 17.59-19.75%, was
from surrounding water through the calcification pro-
cess. As meat of the mussel can be utilized as food and
carbon can be stored long-term as shell, hence carbon
assimilation using phytoplankton and bivalve could
be considered as an alternative way of carbon dioxide
mitigation process.
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