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Abstract: The high organic loading sediment in the areas of algal accumulation are the primary cause of frequent 

occurrence of black water in the western Chao Lake. Through an algal accumulation experiment, plow-tillage based on 

resuspension characteristics and its effect on lake sediment was assessed using a large device capable of simulating 

lake-winds and sediment resuspension. The dynamics of overlying water coloration, ρ(Fe
2+

), ρ(S2-) in the process of black 

water induction, the key physicochemical characteristics of newly formed water–sediment interface, and iron and sulfur 

variations in interstitial-water and their response to plow-tillage were examined. The results showed that plow-tillage depth 

significantly influenced black-water formation; a 15 cm plow-tillage depth helped in controlling black-water. When black 

water occurred in other plow-tillage controls, i.e., (2, 5, and 10 cm), along with blank-treatments during day 8 to 14, typical 

overlying water characteristics [ρ(Fe
2+

) and ρ(S2-)] of the plow-tillage 15 cm treatments were 68.6%, 79.5%, 48.1%, 46.7%, 

and 51.3%; and 75.2%, 65.7%, 57.1%, 74.5%, and 75.0%, respectively, in comparison to that of the other plow-tillage 

controls and blank-treatments. Further analysis of the bottom-water and bottom-sediments revealed that the 15 cm 

plow-tillage depth treatment significantly enhanced the tolerance of the fresh water–sediment interface to algal accumulation 

and anoxic environments. Through the black water induction simulation, the dissolved oxygen concentration, redox potential, 

and pH of the bottom-water and at the interface were observably much higher than those in the black-water groups. However, 

ρ(ΣH2S) was significantly lower than that of other treatments. The ρ(Fe
2+

) in the surface-sediment water was 0.54 mg/L, 

which corresponds only 25.3–33.7% that of the black-water groups. Fe
2+

 accounted for 25.2% of the total iron, being 

considerably lower than ~40.0% of the black-water groups. The concentration of acid-volatile sulfides was 0.51 µg/g, which 

corresponds only 14.6–17.2% that of the black-water groups. Overall, plow-tillage helped to physically improve sediment in 

areas of algal accumulation. Plow-tillage could help turn surface-sediment overloaded with organic pollutants to the 

lower-layer, blocking material migration and supply of contaminated surface-sediment, and controlling anaerobic microbial 

activity. It could prevent the formation of black water-generating substances in the water column where algae accumulate and 

die, effectively preventing the occurrence of black water. 
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1. Introduction 

The turbid-green color of overlying water induced by 

excessive phytoplankton blooms is characteristic of eutrophic 

water-bodies [1]; however, a continuous decline of dissolved 

oxygen (DO) in the overlying water could lead to even serious 

ecological problems [2]. Residues of aquatic plants and algae 

descend to the bottom, enabling organic-matter circulation 

and accelerated respiration of microorganisms, causing 

concentration of dissolved oxygen [ρ(DO)] to continuously 

decline [3, 4]. Along with the formation of hypoxic, anoxic, or 

even anaerobic conditions in overlying water and sediments, 

the black-water phenomenon is induced by an interaction 

among residues of macrophytes, algae, and sediments; 
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typically characterized by black coloration, fetidness, and 

water turbidity [5-7]. In recent years, the black-water 

phenomenon occurred occasionally in severely eutrophic 

areas, e.g., Western Taihu Lake and Chaohu Lake. In 2007, the 

drinking water crisis near South Spring Waterworks caused by 

black water made the government and research community 

pay more attention in preventing and controlling black water. 

The studies that investigated the Taihu Lake found that 

black-water events mainly occurred in areas with thick silt 

flow on the sediment surface, where algae accumulated easily 

[8]. It has been proved that black water cannot occur only by 

algal accumulation, but also by polluted sediments [9]. 

Subsequently, reduction products of Fe
2+

 and S accumulate in 

quantity, which eventually provide material support to 

generate black matter. Consequently, in algal accumulation 

areas, surface-treatments of contaminated sediments targeted 

at changing the vertical distribution of key blackening agents, 

could prevent and control formation of black water effectively 

[10]. Dredging projects in Yueliang Bay of Taihu Lake, South 

Spring Waterworks, and Fudu Harbor helped in controlling the 

formation and severity of black water [11]. Previous studies 

implemented plow-tillage (PT) to reconstruct tidal flats for 

breeding [12-13] and improve the sediment quality of lakes 

[14] and seas [15]. 

PT is a relatively cost-effective and non-invasive technique 

for sediment remediation by relocating polluted 

surface-sediment to greater depths. We believe that our study 

is the first to introduce PT as a method of controlling black 

water in aquatic ecosystems. An induced black-water 

phenomenon was simulated at different PT-depths in a 

laboratory to explore the relationship between PT-depth and 

black-water events in algal accumulation areas, and to discuss 

the feasibility of the former in controlling the latter. 

2. Materials and Methods 

2.1. Study Area and Sampling 

Sediments and overlying water samples were obtained from 

the northwestern Chaohu Lake near the estuary area of Nanfei 

River (31°41′44″N, 117°24′32″E), which was eutrophic and 

severely polluted due to incoming water from Nanfei River. 

Moreover, significant algal blooms have been occurring 

annually with an increasing frequency and intensity in recent 

decades, and the western Chaohu Lake is considered to be 

black-water area. 

Sediment cores with overlying water and an undisturbed 

sediment–water interface were collected using a gravity core 

sampler (Rigo Co. Ltd., Ø110 mm×L500 mm, Japan). 

Additionally, a cyanobacterial sample was collected by 

sieving lake surface-water through a 50-mm plankton net and 

then preserved at 4°C. 

2.2. Experimental Design 

A PT-depth of 2 cm was set to simulate the turbulent, 

resuspended, and redepositional conditions of algae 

accumulating sediments, as the sampling-site was severely 

disturbed by human activity and its bank was eroded by 

southeasterly winds. Varying PT-depths were employed by 

mixing the filtered cyanobacteria with various thicknesses of 

surface-sediments. 

Treatment “Blank” was set as the original sediment core 

without PT and cyanobacteria, whereas treatment “CK” was 

set by adding 10 g of cyanobacteria, but without PT. Four 

PT-depths were considered: 2 cm (PT2), 5 cm (PT5), 10 cm 

(PT10), and 15 cm (PT15). Approximately 10 g of filtered 

cyanobacteria were homogenized with the plowed 

surface-sediment for each treatment. Subsequently, filtered 

lake water was gently injected to prevent disturbance at the 

interface. Each of the six treatments had three duplicated 

columns. 

2.3. Experimental Induction of Black-Water Events 

PT was simulated at day 60, at which time black-water 

events usually occur. The Unisense Micro Profiling System 

(Unisense, Aarhus, Denmark), which includes a microsensor 

multimeter, micromanipulator, motor controller, and 

microsensor, was employed to analyze DO, pH, concentration 

of H2S (∑H2S), and redox potential profiles across the 

sediment–water interface. Additionally, all micro-electrodes 

were fully-polarized before use. 

The sediment cores, collected algae, and lake water were 

used to simulate water in a Y-style sediment resuspension 

generation apparatus. For every treatment, 47.5 g/column 

algae (fresh weight) were added to the overlying water; the 

overlying water-depth in a single column was 180 cm. The 

lab-temperature was stabilized at (29±1) °C, being the average 

temperature of Chaohu Lake in July. Accordingly, wind 

conditions under speeds of 3.2 m/s were simulated daily in the 

Y-style apparatus during 13:00–17:00, and the experimental 

setup was kept under natural light; not applying any external 

light-source. 

 Fifty milliliters of water samples were taken per day from the 

middle of the water-columns to test ρ(Fe
2+

), ρ(S
2-

). Sediment 

cores were extracted from the apparatus at the end of the 

simulation. Immediately afterwards, DO, Ph, ΣH2S, and Eh 

micro profiles at the sediment–water interface were analyzed. 

Each sediment core was then sliced at intervals of (0–1, 1–2, 

2–4, 4–6, 6–8, and 8-10) cm, and preserved in an N2 

atmosphere. Physicochemical characteristics of the sediments 

were analyzed immediately after slicing to avoid oxidation.  

2.4. Sampling Analysis 

2.4.1. Identification of Water Coloration 

Studies have proved that the black-water phenomenon is 

typically characterized mainly by blackened water and 

fetidness. The boundary between the black water and the rest 

of the water was easily distinguishable. It was difficult to 

confirm if the black-water phenomena occurred due to the 

complexity and diversity of volatile sulfurous compounds like 

H2S and DMTS, which could have imparted fetidness [5]. 

Color differences were used to define various black-water 

levels; they were classified into four levels, designated as 0, 1, 
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2, and 3, corresponding to colorless, gray, light-black, and 

deep-black, respectively [11, 16]. The color-classification was 

recorded by one person to prevent subjective differences. 

2.4.2. Measurements of ρ(DO), Eh, ρ(ΣH2S), and pH at the 

Sediment–Water Interface 

Using microsensors of the Unisense OX-50, Unisense 

pH-50, Unisense H2S-50, and Unisense ORP-50, sediment 

cores were probed to acquire DO, pH, ΣH2S and Eh profiles in 

measurement steps of 100µm, respectively. 

2.4.3. Chemical Analysis 

Concentrations of Fe
2+

 and S
2−

 in the water samples were 

measured using a Shimadzu UV-2550 spectrophotometer. Fe
2+

 

was measured using the ferrozine spectrophotometry method 

[17], S
2−

 by the methylene blue spectrophotometric method 

[18], and Fe by the oxalic acid–ammonium oxalate method 

[19]. AVS (acid volatile sulfide) from the sediments was 

extracted by previously used methods [20-22]. 

2.5. Statistical Analysis 

Data and results were plotted using Origin 8.5 

(OriginLab, Northampton, MA, USA) and Sigmaplot 12.5 

(Systat Software, Inc., San Jose, CA, USA). Statistical 

significance was determined by one-way analysis of variance 

(ANOVA), followed by Tukey’s post hoc test using SPSS 

19.0 software. The significance level was reported as P < 

0.05. 

3. Results and Discussion 

3.1. Effects of PT on Black-water Characteristics 

The black-water phenomena occurred across all 

treatments during the experiment, except for PT15. And the 

identifying indicator was the black-coloration of the 

water-columns. The water of Blank, CK, PT2, PT5, and 

PT10 treatments blackened at day 9–10, 8, 10–11, 10–12, and 

12–14, respectively. The phenomenon lasted for 8–10, 11, 6–

7, 5–6, and 5 days, respectively. With a greater PT-depth, the 

water coloration in PT10 was remarkably lighter 

(grey/light-black) than others (black). The phenomenon in 

the CK columns lasted for longer than in other sets, 

suggesting that dead cyanobacteria subsided to the 

sediment-surface, accelerating the black-water phenomena 

occurring frequently in algal accumulation areas. 

3.2. Effects of PT on DO, Eh, pH, and ΣH2S Distribution at 

the Sediment–Water Micro Interface 

3.2.1. Dissolved Oxygen (DO) 

DO is an important indicator of oxidation–reduction 

environments in lake water which can influence the 

biogeochemical cycles of nutrients, sulfides, and heavy metals 

[23]. DO penetration depths range from a few millimeters to 

centimeters for different sediment types [24-25]. 

Herein, DO penetration depths at the sediment–water 

interface were significantly different, before and after the 

black-water phenomena in all treatments. According to Figure 

1, preceding the experiments, the DO penetration depths of the 

Blank, CK, PT2, PT5, PT10, and PT15 treatments were 6.6, 0, 

8, 5.4, 13.4, and 6.6 mm respectively, which could be arrayed 

as PT10 > PT2 > PT15=Blank > PT5 > CK. ρ(DO) values at 

the sediment–water interface for the Blank, CK, PT2, PT5, 

PT10, and PT15 treatments were 2.79, 1.47, 4.62, 5.90, 2.43, 

and 2.61 mg/L, respectively, i.e., PT5 > PT2 > Blank > PT15 > 

PT10 > CK. 

 

Figure 1. DO profile of sediment-water interface before and after the black water events. 
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Two aspects simultaneously led to an irregularity in both, 

the DO penetration depths, and ρ(DO) at the sediment–water 

interface of the PT treatments (P > 0.05): 1)With deeper PT, a 

greater amount of sediments below, rich in reductants was 

turned up to the sediment–water interface [26, 27]; 2) The 

cyanobacteria were mixed with the sediments and turned into 

the PT layer, reducing their amounts at the sediment–water 

interface, and increasing the DO concentration. For the CK 

treatments, both, ρ(DO) at the interface and DO penetration 

depths were the least among all groups (1.47 mg/L), and the 

water-columns were anoxic/anaerobic as the cyanobacteria 

decomposed in the overlying water and sediments, consuming 

the DO. 

The DO concentration varied significantly along the 

longitudinal-profile of the sediments during the process, 

except for the “Blank” treatment. ρ(DO) was absent at the 

sediment–water interface of samples in which the black-water 

phenomena occurred, indicating that the formation and 

persistence of black water could lead to the overlying water 

and sediment–water interface becoming anerobic. For PT15, 

where the black-water phenomenon did not occur, ρ(DO) was 

observed at the sediment–water interface, and DO penetration 

depths decreased from 6.6 mm to 1.7 mm. 

3.2.2. Eh 

PT was implemented as a physical method for sediment 

remediation by relocating polluted surface-sediment to greater 

depths, forming a new sediment–water interface. According to 

Figure 2, the Eh distribution of all PT samples along the 

sediment longitudinal-profile tended towards that of the 

“Blank” treatment (as before the PT) [28], and it increased 

with an increasing PT-depth. At the relatively shallow 

PT-depths (PT2 and PT5), the polluted surface-sediment was 

only stirred, not overturned and buried. Moreover, a 

significant amount of dead cyanobacteria covered the 

surface-sediments and were decomposed by microorganisms, 

along with oxygen consumption, which also slowed down the 

recovery speed of Eh. Eh distribution along the sediment 

longitudinal-profile of “CK” was significantly lower than that 

of other treatments because of high cyanobacterial 

decomposition and no PT; its variation tendency was similar 

to that of the DO distribution along a longitudinal-profile. 

As the sediments responded in varying degrees to the 

black-water phenomena, the variation tendency of Eh on the 

sediment surface differed accordingly. As presented in Figure 

3, Eh at the sediment–water interface of PT15 (without 

black-water occurrence) was 123 mV, and decreased after the 

experiment, but the value still exceeded that of other PT 

samples, which were all <100 mV (P < 0.05). The variation in 

PT2 was insignificant, probably caused by existing anaerobic 

conditions before the simulation; also, the addition of 

cyanobacteria did not intensify the reduction reaction of the 

sediment. Based on the results of the PT treatments (PT2, PT5, 

PT10), Eh decreased with an increasing PT-depth. 

 

Figure 2. Eh profile of sediment-water interface before and after the black water events. 

3.2.3. pH 

At the bottom of an anoxic water-body, 

cyanobacteria-driven pH changes have a noticeable effect on 

sediment nutrient fluxes, causing nitrification–denitrification 

in a water-column [29], but the impact of pH variation on the 

black-water phenomena in bottom-water is still unclear. 
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According to Figure 3, PT influenced pH at the sediment–

water interface insignificantly (P>0.05), while the addition of 

cyanobacteria made an apparent difference on pH (P<0.05). 

The pH at the sediment–water interface in all columns was 

elevated after the experiment, irrespective of the occurrence of 

black-water (P<0.05). 

It has been demonstrated that an upward pH fluctuation can 

be buffered and controlled by acidic reduction through 

anaerobic reactions, cation exchanges (Ca
2+

, Mg
2+

) and 

reduction of sulfides [30]. Conversely, excess organic 

precipitation remains on the surface-sediment, beginning to 

ferment, and generates a significant amount of protons, which 

could cause pH to eventually decline [15]. Although, an 

excess amount of organic matter causing an increase in pH has 

been demonstrated for natural lakes [29]. Herein, an 

increasing pH was probably due to the deacidization of Fe and 

sulphates, and a reversal of the sulfate cycle, which could 

enable decomposition and consumption of accompanying 

protons [31]. The possible mechanism could be as follows: 1) 

In a relatively short time (about a week) natural sediments 

helped induce black-water formation; the duration was 

insufficient to produce sufficient fermentation and protons to 

cause a reversal of the sulfate cycle, enabling pH at the 

sediment–water interface to decline slightly; 2) Using 

dredged sediments, the quantity of sulfate reducing bacteria 

(SRB) in a column was insufficient [32], causing a lack of 

sufficient fermentation and protons, and resulting in a 

decreased pH; 3) Here, polluted sediment was plowed at 

varying depths, and pH in all treatments tended to increase. 

Following a reversal of the sulfate cycle, the reduced Fe and 

sulphates probably accepted most of the pre-existing protons 

over a relatively long duration (19 d), and constantly 

consumed newly generated ones, causing an eventual rise in 

pH. 

 

Figure 3. pH profile of sediment-water interface before and after the black water events. 

3.2.4. ΣH2S 

Continuous anoxic conditions could result in redox 

conditions at the sediment–water interface and subject the 

chemical form of some sensitive elements, e.g., S, to redox 

conditions causing its transformation [23, 33]. Figure 4 

shows the ρ(ΣH2S) changes at the sediment–water interface 

before and after the simulation. Before the simulation, trace 

ΣH2S was detected at penetration depth of 0–12000µm 

among all treatments, suggesting that the sampled lake region 

was anoxic [34-36]. Moreover, ΣH2S could be the material 

basis to form amorphous FeS, which could be considered as 

the main blackening agent [35]. Therefore, an understanding 

of ΣH2S distribution in an aquatic ecosystem is critical for 

black-water management. 

Abundant SRB and polluted sediment acted simultaneously 

to generate reducing sulfides, released to the overlying water 

in quantity; the process could be considered as the basis of the 

black-water phenomena [37]. ρ(ΣH2S) of both, the overlying 

surface-water and sediment interstitial-water in the 

treatments (Blank, CK, PT2, PT5, and PT10) increased 

markedly as compared to the values before the simulation (P 

< 0.01); also, greater the degree of black water (shown in Tab. 

1), higher was the ρ(ΣH2S) in the sediment interstitial-water. 

Concurrently, a distinct ΣH2S concentration difference was 

observed at the interface in the columns where black water 

formed. The ΣH2S concentration was greater in the sediment 

than in overlying water, causing ΣH2S to be diffused from the 

sediment and be gradually released into the overlying water. 
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In PT15, ΣH2S concentration in the sediment 

interstitial-water (depth: 0–12 mm) changed insignificantly 

during the experiment (P > 0.05); there was no obvious 

gradient distribution at the interface, being different for other 

PT samples. However, ρ(ΣH2S) in the overlying water was 

higher than that in the sediment; probably because the algal 

residue contained sulfurous amino acid, providing “Sulfur”. 

 

Figure 4. H2S profile of sediment-water interface before and after the black water events. 

3.3. Concentrations of Fe
2
+ and S

2
− in Overlying Water 

Amorphous ferrous sulfide has been identified as a key 

blackening agent in the occurrence of black water; hence, 

concentrations of Fe
2+

 and S
2−

 were monitored during the 

experiments. Initially, ρ(Fe
2+

) of the water was high, because 

of plentiful cyanobacteria in the water-column. Over time, 

the algal residue sank gradually to the sediment-surface and 

ρ(Fe
2+

) of the water declined slightly. During the black-water 

occurrence and sustaining period, ρ(Fe
2+

) rose to maximum 

values, decreasing sharply thereafter to a stable concentration 

[Figure 5]. ρ(Fe
2+

) of all samples with black-water occurrence 

was always higher than those of the others throughout the 

experiment (P < 0.05). Moreover, ρ(Fe
2+

) of the treatments 

with a darker black-coloration (PT2, Blank, and CK) was 

significantly higher than that with a lighter coloration (PT10), 

and the one with no black-water occurrence (PT15) [P < 

0.05]. The results indicate that as the black-water system had 

highly reductive characteristics, the original geochemical 

balance in the aquatic environment was broken,; Fe
3+

 in the 

columns was reduced, while Fe
2+

 was partially produced, 

causing Fe to move toward an Fe
2+

 dominant condition. 

In the highly reductive environment, SO4
2-

 was also 

reduced. Meanwhile, the anaerobic decomposition of 

sulfurous amino acids from plankton could also cause an 

increase in S
2-

 concentrations. Here, the variation tendency of 

ρ(S
2-

) was similar to that of ρ(Fe
2+

) [Figure 6]. ρ(S
2-

) in PT15 

was also lower than that of other samples with black-water 

occurrence; the former values were 57.1–75.0% of the latter. 

PT reversed the positions of polluted surface-sediments 

and the bottom-sediments with a lack of contaminants, 

forming a new sediment–water interface. The accumulation 

of Fe
2+

 and S
2-

 in the overlying water significantly decreased, 

ultimately inhibiting the production of the key blackening 

components, viz., amorphous FeS. 

 

Figure 5. Concentration of (Fe2+) in overlying water during the black water 

enents. 
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Figure 6. Concentration of (S2-) in overlying water during the black water 

enents. 

3.4. Concentrations of Fe
2+

 and S
2−

 in Sediment 

Interstitial-Water 

Fe and S are considered as the key factors influencing 

black-water events [15-16]. Hence, analyzing the variation of 

ρ(Fe
2+

) and ρ(S
2-

) in sediment interstitial-water could help 

clarify how PT prevents and controls black-water events in 

shallow lakes. 

ρ(Fe
2+

) in all samples with black-water occurrence was 

significantly higher than that of others (PT15) [P < 0.05]; the 

former being 3–4 times that of the latter (Figure 7). ρ(Fe
2+

) in 

all samples with black-water occurrence accounted for 40% 

of ρ(TFe); being only 25% in PT15 (Figure 8), suggesting 

that the Fe redox system of the sediment-surface was 

modified by the highly reductive environment, and the 

existing valence state transformed from Fe(III) to Fe(II) [38]. 

Ultimately, the accumulation of Fe
2+

 on the sediment-surface 

provided material basis for water-blackening [10, 15, 39]. 

 

Figure 7. Profile of Fe2+ in pore water after the black water events. 

The existence of AVS in the sediments is considered to be a 

complex symptom of the production, oxidation, and diffusion 

of sulfide [40]. Figure 9 shows variations of ω(AVS) (µg/g) in 

sediment profiles after the experiment; AVS was not detected 

in PT15. While AVS values in the groups with black-water 

occurrence were all high (P < 0.05), indicating an 

accumulation of AVS, the values decreased sharply for a while 

before achieving stability. ω(AVS) generally varied with 

sediment depth. In the slightly polluted or unpolluted 

sediments, it tended to have a low concentration on the surface, 

increasing with depth (up to a maximum of 10–20 cm), then 

declining gradually with depth [41, 42]. Our results 

apparently differed from previous studies, probably because 

of the formation and persistence of an anaerobic reductive 

environment in the columns, enabling SRB to multiply [43], 

reducing the sulfur-containing substances ultimately resulting 

in the storage of AVS. 

 

Figure 8. Profile of percentage of Fe2+ to TFe in pore water after the black 

water events. 

 

Figure 9. Profile of AVS in pore water after the black water events. 

4. Conclusions 

1) The black-water phenomenon occurred in 

water-columns of CK, PT2, PT5, and PT10 between 

days 8–14 successively. Eh was 0 mV in the sediment 

layer a few millimeters apart from the surface. In this 

highly reducing surface sediment, the existing valence 

state of Fe began to transform from Fe(III) to Fe(II); 

significant amounts of AVS also accumulated, 

ultimately providing material basis for 

water-blackening. 
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2) The black-water phenomenon did not occur in treatment 

PT15; ρ(Fe
2+

) and ρ(S
2-

) in the overlying water, both 

considered as key blackening agents, accounted for 

46.7–79.5% and 57.1–75.2%, respectively, of the 

groups with black-water occurrence. ρ(Fe
2+

) in 

sediment interstitial-water of PT15 was 0.54 mg/L, 

being 25.3–33.7% of the groups with black-water 

occurrence. ρ(Fe
2+

) was 25.2% of ρ(TFe), far below 

that of the groups with black-water occurrence (~40%). 

ω(AVS) in surface sediments was 0.51 µg/g, 

accounting for 14.6–17.2% that of the groups with 

black-water occurrence; both proving that a reasonable 

PT-depth (>15 cm) can help control the formation of a 

highly reducing environment due to excessive algae on 

sediment surface, preventing an over-transformation of 

Fe(III) to Fe(II), restricting accumulation of AVS 

caused by excessive growth and reproduction of SRB 

in surface sediment and ultimately restraining the 

formation of blackening substances like FeS. 

3) As a physical sediment remediation technique, PT was 

implemented for ecological reconstruction of the 

surface sediments in algal accumulation areas by 

relocating polluted surface sediments to deeper layers, 

which could prevent the formation of blackening 

substances and ultimately control the black water 

phenomenon. 

4) The deeper the implementation of PT, more evident was 

its effects on preventing and controlling the black-water 

phenomenon. However, a deeper PT application also 

requires more practical measures. In conclusion, 

maximizing the efficiency of PT instruments at deeper 

PT-depths needs further research. Additionally, 

restoration of benthic communities and controlling the 

release of internal nutrients needs consideration. 
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