Pollution Control of Industrial Mariculture Wastewater
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The main targets of mariculture wastewater treatment are organic carbon, nitrogen and phosphorus, while the other
pollutants, such as chemicals, need to be controlled from the feed sources. That is to say, the main target of mariculture
wastewater is to remove most of the organic solid wastes containing the above pollutants. The conventional physical,
chemical, biological and ecological technologies are feasible for the treatment of all the biodegradable pollutants.
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| 1. Current Situation of Mariculture Wastewater Pollution in China

As industrial mariculture has always been a high-density culture, the nutrients in the natural seawater are far from meeting
the growth needs of aquatic animals. Therefore, it is necessary to add feed to ensure the nutritional requirements of
farmed animals. However, some of the feed cannot be consumed and will be discharged into the sea after gravity settling
W2, |n the process of manually changing water and cleaning fishponds, organic particles from the wall and bottom of
fishponds are directly discharged into the sea. Residual feed, excrements and urea can be broken down by
microorganisms, releasing soluble nitrogen and phosphorus, which led to eutrophication of the coastal water BI4IE, |n
addition, the use of drugs such as levofloxacin, sulfamethoxazole and azithromycin, as well as pesticides such as
rotenone, diuron and vitamins, also raises environmental concerns, as serious diseases associated with industrial
mariculture farming require regular disinfection and sterilization B,

The eutrophication is still a current focus of concern, since it causes a serious degradation of the marine ecosystem. In
2020, a total of 31 red tides caused by the sudden proliferation of algae were found in China’s seas, covering a total area
of 1748 km2, among which two toxic red tides were found in the coastal waters of Tianjin and Shenzhen Bay, with a total
area of 81 km? [&. Compared with the past decade, the number of red tides in 2020 has decreased significantly. Besides,
compared with the average of the past five years, the maximum coverage area of green tide decreased by 54.9%, and the
maximum daily biomass decreased from 1.508 million tons to 0.68 million tons in 2020 [&. Therefore, China has made
remarkable achievements in the prevention and control of eutrophication, but the problem of coastal water pollution still
remains serious in China.

Nitrogen and phosphorus are the main drivers of eutrophication in the marine. In recent years, with the improvement of
China’s wastewater discharge standards, the input of exogenous nitrogen into coastal water has gradually decreased,
while total phosphorus has become the main pollutant exceeding the standard. [, something which creates long-term
eutrophic conditions because phosphorus is trapped in the water for a long time 19, Since 2010, the annual average area
of red tide has reached 2200 km? in China, and most estuaries and gulf ecosystems are in an unhealthy state, losing
ecosystem functions 8. By establishing the regression relationship between the total aquaculture output and the total
pollution load, It can be showed that there is a significant positive correlation between the total pollutant discharge and the
total output value of mariculture (L4,

The total amount of pollutants produced by mariculture has been estimated based on the production—discharge coefficient
manual of aquaculture pollution sources in the first national survey of pollution sources of China and the Chinese Fishery
Statistical Yearbook in Liaoning province in 2021 121,

| 2. Treatment Technologies of Industrial Mariculture Wastewater

2.1. Treatment of Raw Mariculture Wastewater

Traditional mariculture is culture fish in open ponds and raceways and needs frequent water exchange to maintain a good
water environment. The schematic diagram of fresh mariculture wastewater is shown in Figure 1. The main pollutants of
this method are fresh feed and excrements, which can be separated by physical filtration methods. Organic waste can be



treated for methane production by co-digestion with waste plants or algae. The supernatant wastewater containing few
pollutants can be treated in an ecological pond, and then stored in an ecological reservoir for recycling or discharged after
in-depth removal of suspended sludge and phosphorus by an artificial wetland.
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Figure 1. Biological nutrients removal of raw mariculture wastewater.

Inclined tube settling tank (Lamella) is suggested for the removal of the fresh organic solids at a long hydraulic retention
time (HRT). After concentration, the waste sludge enters into a sludge pressure filter or centrifugal dehydrator, and the
mud cake is transported for centralized disposal and treatment. Anaerobic co-digestion of organic residual feed,
excrements, waste sludge and algae can be used to produce methane for energy recovery 13l The anaerobic digestion
liquid is rich in nitrogen and phosphorus, which can be used for the cultivation of algae or irrigation of coastal constructed
wetlands.

The ecological system is the key for diluted nutrients, especially phosphorus removal. According to the concentrations of
pollutants, a small number of fixed-bed fiber carriers can be installed below the ecological floating bed, enhancing removal
of organic carbon and nitrogen. Ammonia is oxidized to nitrite by ammonium-oxidizing bacteria (AOB), and then further to
nitrate by nitrite-oxidizing bacteria (NOB), while the nitrate will be denitrified to N, by denitrifying bacteria in the inner
biofilm 24!, The plants or algae further assist in the removal of phosphorus and nitrogen. The biological fiber carriers are
fixed in the water with the planted float system as the shelter, which not only achieves simultaneous carbon, nitrogen and
phosphorus removal, but also increases the beauty of the water treatment system. Aeration device is also needed to
increase dissolved oxygen for aerobic organisms, though the DO is high in the raw wastewater. Moreover, aquatic plants
should be regularly harvested to transfer nutrients. What needs to be pointed out is that the ecosystem relies on the
physical interception of residual feed and excrements. Only through a physical separation process to maximize the
retention of organic solid waste, the treatment load of the ecological unit can be reduced to ensure a stable operation of
the ecosystem.

Microalgae-attached biocarriers can be installed in the shallow water to enhance nutrients removal and algae collection,
or some shellfish can also be raised underwater to assist in filtering particulate organic matters or algae 2. Besides, the
other ecological technologies, such as constructed wetland, ecological floating island and artificial submerged bed can
also be used for advanced water purification. Finally, the treated wastewater can be stored for recycling in the landscape
pond.

For large-scale farmers or industrial mariculture garden areas, the mariculture wastewater can be treated in a centralized
way. Wastewater treatment stations are established with households as units, and the specific technological process is
shown in Figure 2. After solid—liquid separation by a Lamella sedimentation tank, the concentrated feed and excrement
are transferred to an anaerobic digestion system. Bacterial nitrification and denitrification process is used for the removal
of nitrogen in the supernatant. The residual nitrate and phosphorus should be further removed in a shellfish and algae
pond or ditches/river channels, while plant/algae floating beds are required for phosphorus removal. When the mariculture
wastewater meets the discharge standard, it can be optionally discharged or reused.
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Figure 2. Wastewater treatment technology of large-scale mariculture plants.

For small-scale farmers in mariculture zones, local governments can control the amount of water used by fisheries and
centralize wastewater treatment (Figure 3). The mariculture wastewater of each farmer is first treated in its own Lamella
sedimentation tank. The residual feed and excrement are transported for centralized disposal, and the supernatant is
discharged into the public drainage ditch or pipe network. Only the concentrations of suspended sludge are needed to be
controlled at each wastewater outlet. The ecological channel can be filled with biological fillers or large sand gravels, and
the bottom is seeded with filter-feeding shellfish. Constructed wetland technology can be selectively used to remove
nitrogen and phosphorus. What needs to be emphasized is that the public wastewater treatment facilities should be led by
the local government, operated by professional companies, while farmers need to pay a small fee of wastewater
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Figure 3. Wastewater treatment technology of small-scale mariculture plants.
2.2. Treatment of RAS Mariculture Wastewater

Compared with the traditional process, the daily exchanging water of RAS is only 5%-10%. RAS wastewater mainly
contains high-level nitrate and active phosphorus. Nitrate can be removed using traditional denitrification process with
addition of external organic carbon source, such as glucose, acetate or others L8IL7 However, phosphorus cannot be
removed under the anoxic conditions, and needs to be further removed by chemically enhanced phosphorus removal or
photosynthesis 8. For the denitrification, it is necessary to overcome the high salt and high DO, which highly inhibit the
anaerobic denitrifying bacteria 2229, |n fact, a large amount of external carbons are oxidized to carbon dioxide using the
DO, rather than nitrate as electron acceptor 21, Besides, a further nitrogen and phosphorus removal is required using
ecological methods.

2.2.1. Combined Denitrification Filter and Ecological Method

This specific treatment process is shown in Figure 4. Denitrification filter is usually used to treat the effluent from a
secondary sedimentation tank of municipal wastewater treatment plants 22, External carbon addition should meet the
requirement of COD/N above 3.5 due to aerobic oxidation of organic carbon at high DO. Denitrification filter is divided into
upflow filter and downflow filter according to hydraulic flow pattern. The upflow filter is divided into a water distribution



area, supporting layer, packing layer and clean water area from bottom to top, respectively, while the downflow filter is
divided into water distribution area, packing layer, supporting layer and water outlet collection area from top to bottom,
respectively. Denitrification filters have good filtration function, and the effluent suspended solids can meet the discharge
standard. Normally, traditional denitrification filters need no aeration equipment in the filter, but there is a high
concentration of sulfate in seawater. In the presence of organic carbons, sulfate can be reduced to an H,S gas that has
strong toxicity to marine organisms 23], Denitrification can inhibit the sulfate reduction process, but it is greatly affected by
CIN/S ratio 241, As such, intermittent aeration should be applied to inhibit oxygen sensitive sulfate reducing bacteria in the
denitrification filters treating RAS mariculture wastewater, and otherwise the treated wastewater should be treated for the
sulfide oxidation to sulfate in a large-volume trickling filter. Finally, the treated wastewater can be stored in an eco-
purification pond. Another problem is that phosphorus will accumulate in ecological ponds as the N/P ratio is not suitable
for photosynthesis and microalgae are difficult to be separated from the water. In fact, microalgae and the organic solids
from Lamella and trickling filter are good biogas production sources.
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Figure 4. Schematic diagram of a combined denitrification filter and ecological pond.

2.2.2. Combined Fixed-Bed Denitrification and Ecological Method

This is also a nitrogen denitrified process with external carbon source (Figure 5). Suspended solids need to be removed
in a Lamella sedimentation tank. The plug-flow fixed-bed denitrification process is simple to operate compared with a
denitrification filter. However, the DO concentrations in the effluent of denitrification tank are very low, so air should be
supplied into the ecological pond.
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Figure 5. Combined fixed-bed denitrification and ecological treatment system.
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