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In the experiment, Caulerpa lentillifera, Caulerpa sertularioides, Caulerpa serrulata,
Halymenia microcarpa and Chaetomorpha valida were employed. The seawater utilized was
high in phosphate and nitrogen, and the macroalgae were cultured for 72 hours. We
assessed the capacity of five different species of macroalgae to remove nitrogen and
phosphorus from seawater by examining changes in the concentrations of ammonia
nitrogen, nitrate nitrogen and active phosphorus. The results of the experiment
demonstrated that five different types of macroalgae had noticeable removal effects on
nitrogen and phosphorus. Caulerpa sertularioides had the best removal effect on ammonia
nitrogen, with an absorption efficiency of 96.4%. Caulerpa lentillifera and Caulerpa
serrulata had the best removal efficiency of nitrate nitrogen, with an absorption
efficiency of 95.5%. Chaetomorpha valida had the best removal effect on active
phosphorus, with an absorption efficiency of 78.4%.

INTRODUCTION

The aquaculture industry has expanded rapidly in recent
times. Although aquaculture has made great strides, the
ecology and the environment as a whole have suffered
greatly as a result. Aquaculture produces a lot of tailwater
because of its high density and intense feeding. Unutilized
feed and aquatic product metabolites result in a large
amount of nutrients such as nitrogen, phosphorus, and
oxygen consuming organic matter in the aquaculture tail-
water. Water becomes eutrophic when tailwater from aqua-
culture is dumped into natural water bodies. An essential
step in ensuring the sustainable growth of aquaculture is
the efficient control and management of the nutrient-rich
tailwater.

At present, the methods for treating aquaculture tailwa-
ter and eutrophic seawater are mainly physical, chemical
and biological treatment. Using macroalgae to treat aqua-
culture tailwater and repair eutrophic waters is one of the
main topics for future research. By utilizing inorganic car-
bon for photosynthesis and absorbing large amounts of ni-
trogen and phosphorus from the surrounding environment,
macroalgae could effectively purify aquaculture tailwater.
Furthermore, macroalgae is an important aquatic product
that provides biological resources for the synthesis of algi-
nate or fertilizer.!"3 Certain financial advantages could be
attained when macroalgae was employed to cure aquacul-

ture tailwater, accomplishing two goals at once. Eutrophic
saltwater was restored by using Porphyra yezoensis Ueda.*>
The aquaculture tailwater was improved by using Ulva per-
tusa.®” Gracilaria lemaneiformis and Sebastodes fuscescens
were co-cultured to reduce the quantity of nitrogen in the
water body produced by ammonia.® A hybrid shellfish and
algae cultivation system was created to remediate eu-
trophic water.%10 Previous research has shown that
macroalgae remediation or improvement of aquaculture
water bodies had significant effects.

In ecological aquaculture systems, macroalgae act as a
biological filter that absorbs nitrogen and phosphorus nu-
trients. However, the effectiveness of this biological filter
depends on the initial concentration of nitrogen and phos-
phorus in macroalgae species and tailwater, as well as the
form in which these nutrients are already present. The abil-
ity to identify high-performing macroalgae species for
aquaculture tailwater purification and increase the effec-
tiveness of tailwater treatment depends on the evaluation
of the nitrogen and phosphorus absorption properties of
various macroalgae species in aquaculture tailwater. At pre-
sent, there is insufficient understanding of the ability of
various macroalgae to remove nitrogen and phosphorus nu-
trients, which has led to limitations in the selection of
macroalgae species for improving water quality. In order to
further the research in this field and serve as a guide for
the use of macroalgae for tailwater treatment, this experi-
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ment gathered five different types of macroalgae, including
Caulerpa lentillifera, Caulerpa sertularioides, Caulerpa serru-
lata, Halymenia microcarpa and Chaetomorpha valida, and
compared their effects on nutrient absorption.

MATERIALS AND METHODS

MATERIALS
EXPERIMENTAL MATERIALS

Caulerpa lentillifera, Caulerpa sertularioides, Caulerpa serru-
lata, Halymenia microcarpa and Chaetomorpha valida were
collected from the South China Sea Fisheries Research In-
stitute’s Shenzhen Test Base, according to the Chinese
Academy of Fisheries Sciences. The healthy macroalgae
were selected and pre-cultured in 10L seawater with the
same experimental environment for one week. Natural sea-
water that had been treated with sand filtering, dark pre-
cipitation, and UV sterilization for two weeks made up the
pre-cultured seawater. Salinity was 30+ 1 ppt, the seawa-
ter’s pH was 8.0+ 0.2, the temperature was 26 *1°C, the
light intensity ranged from 4000 to 6000 lux, the light cycle
was 12:12 light:dark, and air was constantly inflated for 24
hours. For the macroalgae to receive light uniformly, stired
the macroalgae three times a day.

CULTIVATION WATER BODY

The culture water were prepared by weighing an appropri-
ate amount of NH,Cl and KH,PO, and adding them to sea-
water that had been disinfected for 24 hours by sand filtra-
tion ultraviolet light. The ammonia nitrogen concentration
was 0.6 #0.05 mg/L and the phosphate concentration was
0.3+ 0.05 mg/L.

METHODS

REMOVAL OF NITROGEN AND PHOSPHORUS BY
MACROALGAE

Ten grams of each macroalgae were weighed before being
added to the culture container with test water. The water
container used in the experiment had a 4 L capacity. The
experiment called for three parallel samples. A 72-hour in-
cubation period was included. Three replicates were made
for each group, and samples were collected at 0, 2, 4, 6, 12,
24, 48 and 72 hours, respectively. 50 ml of water samples
were taken for each time period and measured 3 times.

DETERMINATION METHOD

The GB17378.4-2007 was used as a standard for water qual-
ity analysis methods. The active phosphorus was deter-
mined by using the ascorbic acid reduction-molybdenum
blue method, the cadmium column reduction method was
used to determine nitrate nitrogen, and the sodium hypo-
bromate oxidation method was used to determine ammonia
nitrogen, then used the following calculation to determine
the final algae absorption rate for each time period:
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U= (Ca—Cpn—=Cy) -V/(t-G)

In the formula, U was the absorption rate, C;; was the av-
erage nitrogen and phosphorus content of the three culture
groups measured at the beginning of the experiment, Ci,
was the average nitrogen and phosphorus content of the
three experimental groups measured at the end of the ex-
periment, Cy was the change of ammonia and nitrogen con-
tent of the control group, V was the volume of the culture
solution used, t was the culture time, and G was the bio-
mass of algae added.

DATA PROCESSING AND ANALYSIS

The data were shown as the mean and standard deviation
(Mean#S.D). For the statistical analysis of the data, SPSS
software was employed. Duncan’s multiple method of One
way ANOVA was used to compare the differences between
the treated seaweed data, with P<0.05 as the significant
level of difference.

RESULTS

REMOVAL OF AMMONIA NITROGEN

The experiment’s findings demonstrated that the five
macroalgae’s ammonia nitrogen concentrations in the test
water body declined with time, with a significant difference
between the 72-hour concentration and the beginning con-
centration. Table 1 demonstrated that Caulerpa sertular-
ioides and Caulerpa serrulata were the most effective at
removing ammonia nitrogen from the water body. The ab-
sorption efficiency was 96.4% and 95.5%, respectively (Fig.
1), and the concentration of ammonia nitrogen in the cul-
tured water body decreased from 0.605 mg/L to 0.022 mg/L
and 0.027 mg/L, respectively, within 72 hours. The absorp-
tion efficiency was 87.1%, 86.1%, and 83.3%, respectively
(Fig. 1), as the concentration of ammonia nitrogen in the
water body of Chaetomorpha valida, Caulerpa lentillifera and
Halymenia microcarpa culture reduced from 0.605 mg/L to
0.078 mg/L, 0.084 mg/L, and 0.101 mg/L, respectively. As a
result, the five types of macroalgae were ranked according
to their ability to remove ammonia nitrogen as follows:
Caulerpa sertularioides, Caulerpa serrulata, Chaetomorpha
valida, Caulerpa lentillifera and Halymenia microcarpa.
According to Figure 2, the absorption rate of Caulerpa
sertularioides was slightly lower than that of Chaetomorpha
valida in 3-6 hours, and consistently larger than that of the
other four types of macroalgae during other periods, but
the difference gradually shrinks as the length of the culture
increases. The absorption rates of Chaetomorpha valida and
Caulerpa serrulata in 0-3 hours were higher than Caulerpa
sertularioides and lower than those of Caulerpa lentillifera
and Halymenia microcarpa. Chaetomorpha valida’s absorp-
tion rate quickly escalated to its maximum within 3-12
hours before gradually declining. The absorption rate of
Caulerpa serrulata gradually increased to its maximum
within 3-12 hours, then rapidly decreased. The absorption
rates of Caulerpa lentillifera and Halymenia microcarpa were
relatively low in the first 0-6 hours, rapidly increased to
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Table 1. Changes in nutrient concentration (mg/L) in five macroalgae cultivation water

ammonia nitrogen phosphate nitrate nitrogen

0 3 6 12 24 48 72 0 3 6 12 24 48 72 0 3 6 12 24 48 72

Caulerpa lentillifera 0.6 0.5 0.4 0.2 0.1 0.1 0.0 0.3 0.3 0.2 0.1 0.1 0.0 0.0 25 21 1.8 14 11 0.1 0.1
05 9 78 54 62 37 84 19 1 71 96 17 99 73 67 03 49 55 89 74 15

Chaetomorpha valida 0.6 0.5 0.3 0.1 0.1 0.1 0.0 0.3 0.2 0.2 0.2 0.1 0.1 0.0 25 22 1.7 14 0.5 0.3 0.1
05 4 48 42 15 08 78 19 91 44 17 87 69 67 04 86 24 86 65 63

Caulerpa sertularioides 0.6 0.5 0.3 0.1 0.0 0.0 0.0 0.3 0.2 0.2 0.1 0.1 0.0 0.0 25 1.8 1.7 1.5 11 0.1 0.1
05 16 63 21 73 69 22 19 99 68 99 2 96 8 67 49 48 06 76 99 27

Caulerpa serrulata 0.6 0.5 0.4 0.2 0.1 0.1 0.0 0.3 0.2 0.2 0.2 0.2 0.1 0.1 25 20 1.5 1.3 0.9 0.1 0.1
05 37 26 17 6 16 27 19 88 72 54 09 95 49 67 52 24 73 41 59 15

Halymenia microcarpa 0.6 0.5 0.5 0.3 0.3 0.2 0.1 0.3 0.3 0.3 0.2 0.2 0.2 0.2 25 1.9 1.7 1.6 12 0.5 0.2
05 87 43 21 08 1 01 19 08 1 86 8 75 66 67 82 61 14 23 08 97
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Figure 1. Nutrient removal rates in five types of macroalgae cultivation water
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Figure 2. Absorption rate of ammonia nitrogen by five macroalgae

their maximum in the following 6-12 hours, then gradually
decreased, and the change of absorption rate tended to be
mild in the following 48-72 hours. The average absorp-
tion rates of the Caulerpa sertularioides, Caulerpa serru-
lata, Chaetomorpha valida, Caulerpa lentillifera and Haly-
menia microcarpa in the 72-hour culture cycle were 0.0032,
0.0032, 0.0029, 0.0029 and 0.0028 mg/g-h, respectively.
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REMOVAL OF ACTIVE PHOSPHORUS

According to the experimental findings, there was a sig-
nificant difference between the 72-hour concentration and
the beginning concentration, and the phosphate concen-
tration of the five macroalgae in the experimental water
body decreased with time. Chaetomorpha valida, Caulerpa
lentillifera and Caulerpa sertularioides had relatively strong
removal capacities of active phosphorus in water bodies,
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Figure 3. Absorption rate of phosphate by five macroalgae

which was significantly higher than Caulerpa serrulata and
Halymenia microcarpa. Halymenia microcarpa had the worst
capacity to remove active phosphorus in water, as can be
seen in Table 1. The concentration of active phosphorus in
the culture water of Chaetomorpha valida, Caulerpa lentillif-
era and Caulerpa sertularioides decreased from 0.319 mg/L
to 0.069 mg/L, 0.073 mg/L, and 0.08 mg/L, respectively, at
72 hours of the experiment, and the absorption efficiency
were 78.4%, 77.1%, and 74.9%, respectively (Fig. 1). The
concentration of active phosphorus in the culture water
of Caulerpa serrulata and Halymenia microcarpa decreased
from 0.319 mg/L to 0.149 mg/L and 0.266 mg/L, respec-
tively, and the absorption efficiency were 53.3% and 16.6%,
respectively (Fig. 1). As a result, Chaetomorpha valida was
more effective in removing contaminants than Caulerpa
lentillifera, Caulerpa sertularioides, Caulerpa serrulata and
Halymenia microcarpa.

As shown in Figure 3, Chaetomorpha valida and Caulerpa
serrulata absorbed more phosphate in the first three hours
than the other three types of macroalgae. The absorption
rate of Chaetomorpha valida rapidly increased to the maxi-
mum in 3-6 h, and then rapidly decreased to a gentle level,
while Caulerpa serrulata slowly decreased in 3-72 h. The ab-
sorption rate of Caulerpa sertularioides gradually increased
to the maximum within 0-12h, and then decreased rapidly.
The absorption rates of Caulerpa lentillifera and Halymenia
microcarpa were the lowest within 0-3 hours, and the ab-
sorption rate of Caulerpa lentillifera rapidly increased to the
maximum within 3-12 hours, the absorption rate of Ha-
lymenia microcarpa was relatively flat. During the 72-hour
culture cycle, the average absorption rates of Chaetomorpha
valida, Caulerpa lentillifera, Caulerpa sertularioides, Caulerpa
serrulata and Halymenia microcarpa were 0.0014, 0.0014,
0.0013, 0.0009 and 0.0003 mg/g-h, respectively.
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REMOVAL OF NITRATE NITROGEN

The findings of the experiment demonstrated that the five
macroalgae’s nitrate nitrogen concentration in the test wa-
ter body reduced with time, with a significant difference be-
tween the 72-hour concentration and the beginning con-
centration. Table 1 demonstrates the relative strength of
the ability of Caulerpa Ilentillifera, Caulerpa serrulata,
Caulerpa sertularioides and Chaetomorpha valida to extract
nitrate nitrogen from water bodies. Within 72 hours, the ni-
trate nitrogen concentration in the cultured water body de-
creased from 2.567 mg/L to 0.115 mg/L, 0.115 mg/L, 0.127
mg/L, and 0.163 mg/L, respectively, with absorption effi-
ciencies of 95.5%, 95.5%, 95.1% and 93.7%, respectively
(Fig. 1). The nitrate nitrogen concentration in the culture
water of Halymenia microcarpa decreased from 2.567 mg/L
to 0.297 mg/L, with an absorption efficiency of 88.4%.
Therefore, the removal capacity of the five macroalgae were
in the following order: Caulerpa lentillifera and Caulerpa
serrulata, Caulerpa sertularioides, Chaetomorpha valida and
Halymenia microcarpa.

As shown in Figure 4, the absorption rate of Caulerpa
sertularioides was significantly higher than that of the other
four kinds of macroalgae in 0-3 hours, and the trend de-
creased rapidly at first and then tended to be flat. The ab-
sorption rates of Chaetomorpha valida and Caulerpa ser-
rulata increased slowly in the period of 0-6h, and then
decreased rapidly to flat. The absorption rates of Caulerpa
lentillifera and Halymenia microcarpa decreased slowly to a
flat level in the period of 0-72 h. The average absorption
rates of Caulerpa lentillifera, Caulerpa serrulata, Caulerpa
sertularioides, Chaetomorpha valida and Halymenia micro-
carpa were 0.01362, 0.01362, 0.01356, 0.01336, and 0.01261
mg/g-h, respectively, during the 72 h culture cycle.
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Figure 4. Absorption rate of nitrate nitrogen by five macroalgae

DISCUSSION

The research on removing nitrogen and phosphorus nu-
trients by macroalgae mainly focused on several common
macroalgae, such as gracilaria and ulva lactuca. The exper-
imental environment was mainly an open mixed culture
mode, such as fish algae or shrimp algae. These experimen-
tal results were different, but they all found that macroal-
gae can significantly reduce the nutrient content in the
aquaculture system and improve the quality of aquaculture
water.11-14 The results of this study also proved that the
Caulerpa sertularioides, Caulerpa serrulata, Chaetomorpha
valida, Caulerpa lentillifera and Halymenia microcarpa had
a good removal effect on nitrogen and phosphorus nutri-
ents in seawater, especially the Caulerpa sertularioides. The
study found that among the five kinds of macroalgae, the
Caulerpa sertularioides had a strong ability to remove nitro-
gen and phosphorus nutrients, the Caulerpa serrulata had
a strong ability to remove nitrogen, and the Chaetomorpha
valida had the strongest ability to remove phosphorus. This
could be connected to the morphology of Caulerpa sertu-
larioides, which possessed a feather-like body form and a
greater surface area in contact with seawater, which facili-
tated the absorption of nutrients.

According to Hockin et al.,!5 macroalgae have the ability
to absorb, consume, and eliminate nitrogen in various
forms. The nitrogen nitrate that was ingested can be trans-
formed into ammonia nitrogen for absorption via reductase
activity. The findings indicated that the nitrate nitrogen
was easily absorbed by Pteridophyta elongata.1617 He et
al.18 found that ammonia nitrogen was easily absorbed by
Ulva pertusa, Enteromorpha clathrata, and Chondrus nipon-
icus. These results showed that the absorption rate of am-
monia nitrogen by five types of macroalgae first increased
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and then decreased, which might be due to the rapid and
large absorption of nitrogen by macroalgae after brief adap-
tation and preparation when transferring from a low ni-
trogen environment to a high nitrogen environment. Com-
pared to Caulerpa lentillifera and Halymenia microcarpa,
Caulerpa sertularioides, Caulerpa serrulata and Chaetomor-
pha valida were more suitable for removing ammonia nitro-
gen. The absorption rate of nitrate nitrogen by five types
of macroalgae showed a slow decreasing trend, and the dif-
ference in absorption rate was not significant. Caulerpa ser-
tularioides was more suitable for removing high nitrate ni-
trogen. It was feasible to selectively cultivate macroalgae to
get rid of a particular type of high concentration nitrogen
source by researching how five different varieties of
macroalgae absorbed different nitrogen sources.

In conclusion, a lab setting that mimicked the nitrogen-
and phosphate-rich saltwater of the five species of macroal-
gae was selected for this experiment, Caulerpa lentillifera,
Caulerpa sertularioides, Caulerpa serrulata, Hymenolepis mi-
crocarpa and Chaetomorpha valida were utilized to study the
macroalgae. The results showed that macroalgae were very
successful in removing nutrients, with Caulerpa sertulari-
oides having a significantly greater removal effect than the
other four macroalgae species. This provides a standard for
improving the marine environment. However, the experi-
mental conditions limited the species and length of culti-
vation of the macroalgae that were studied. To filter out
macroalgae that are better adapted to different water qual-
ity conditions, more research and comparison are neces-

sary.
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