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Abstract 

The use of ultrasound (US) to control algal growth in natural water bodies raises concern about the undesirable 

effects of US on non-target organisms. In this study a lab-scale experiment was performed to evaluate the 

effects of low-power US to counteract algal growth on adult and juvenile Daphnia magna. The 48-hour 

experiment was conducted in a 200 L glass aquarium with three fish nets, each filled with five D. magna. Each 

net was inspected for immobilized D. magna on different times during ultrasonication; additionally, basic 

physical-chemical parameters were measured. The results showed that tested low-power US device had no 

acute effect on the mobility of adult or juvenile D. magna, since after 48 h of ultrasonication 87% and 82% of 

adult and juvenile organisms remained mobile, with the same or higher percentage of mobile D. magna in the 

control groups. Additionally, no statistically significant effects were noticed on the measured physico-

chemical parameters. However, when applied for algae control in field conditions, US is in operation 

constantly or at least for a long period of time (several weeks or months); therefore, the effect of long-term 

exposure to ultrasonication on zooplankton should be tested to ensure that US devices are safe for zooplankton. 

Keywords: algal control, ultrasound, non-target organisms, zooplankton, Daphnia magna. 

Izvleček 

Glede uporabe ultrazvoka (UZ) za zaviranje rasti alg v naravnih vodnih telesih se porajajo pomisleki zaradi 

možnih neželenih vplivov na netarčne organizme. Namen laboratorijskega eksperimenta, izvedenega v tej 

raziskavi, je bil ovrednotiti vpliv nizkoenergijskega UZ, ki se uporablja za zaviranje rasti alg, na odrasle in 

juvenilne osebke Daphnia magna. Eksperiment je trajal 48 h in je bil izveden v 200-litrskem steklenem 

akvariju s tremi akvarijskimi mrežicami, pri čemer je bilo v vsaki pet osebkov D. magna. V vsaki mrežici smo 

spremljali mobilnost D. magna v različnih časovnih intervalih in pri tem merili tudi osnovne fizikalno-

kemijske parametre. Rezultati so pokazali, da testirani nizkoenergijski UZ ni imel akutnega vpliva na 

mobilnost odraslih in juvenilnih osebkov D. magna. Po 48 h je bilo mobilnih 87 % odraslih in 82 %  juvenilnih 

osebkov z enakim ali večjim odstotkom mobilnih osebkov v kontrolah. Poleg tega nismo zaznali statistično 

pomembnih učinkov na izmerjene fizikalno-kemijske parametre med različnimi časi obdelave z UZ. Ko se 
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ultrazvočne naprave uporabljajo za zaviranje rasti alg v naravnih pogojih, so te priključene nenehno ali vsaj 

dlje časa (nekaj tednov, mesecev), zato bi bilo treba raziskati tudi učinke dolgotrajne izpostavljenosti UZ na 

zooplankton. Le tako bi lahko trdili, da je uporaba UZ za zooplankton varna.  

Ključne besede: zaviranje rasti alg, ultrazvok, netarčni organizmi, zooplankton, Daphnia magna 

 

1. Introduction 

A rapidly growing population and urbanization are 

increasing the amount of municipal and industrial 

wastewater (WW) produced. WW usually arrives at 

a central WW treatment plant without closing 

material flows (Tang et al., 2020), as conventional 

WW treatment technologies rarely include nutrient 

recovery (Žitnik et al., 2019). Consequently, large 

amounts of mineral nutrients from sewage, mostly 

nitrogen and phosphorus, are entering rivers, lakes, 

and other slow-flowing water bodies, causing 

eutrophication when water bodies exceed their self-

purification capacity (Chen et al., 2020). 

Eutrophication is leading to the rapid propagation of 

algae and/or cyanobacteria, forming algal or 

cyanobacterial blooms under suitable light, 

temperature, and hydrodynamic conditions, 

resulting in decreased transparency and dissolved 

oxygen content, and deterioration of water quality, 

consequently impairing the water body’s ecological 

function (Wetzel, 2001). Algal blooms are major 

challenges for the management of rivers, lakes, and 

reservoirs (Carey et al., 2012) and they are predicted 

to cause even worse problems in the future due to 

the climate changes associated with global 

warming, increased availability of light to 

phytoplankton, and rising levels of atmospheric 

CO2 (Zhang et al., 2012). Moreover, excess growth 

of cyanobacteria in reservoirs causes various 

technical problems in water supply plants such as 

unfavourable odour, taste, and toxins (Teixeira and 

Rosa, 2007).  

Several approaches are available to control algal 

blooms in water bodies, such as the administration 

of ultraviolet, ozone, chlorine dioxide, chlorine, 

potassium permanganate, or preoxidants; other 

techniques include coagulation, flotation, filtration, 

and other advanced technologies (Dehghani, 2016). 

Some of the above-listed technologies are complex, 

costly, and may cause secondary contamination 

(e.g., Asakura et al., 2008). This has in recent years 

made the application of ultrasonic waves as a novel 

technology for the removal of algal blooms and 

associated toxins from water increasingly important 

(Jarni et al., 2017). The impact of ultrasonic waves 

on algal cells varies according to the power of 

sonication, sound intensity, time, and frequency, as 

well as the physiological state and structure of the 

microbiological cell (e.g., Rodriguez-Molares et al., 

2014). According to Wu et al. (2011), ultrasound 

(US) radiation provides a reliable way of inhibiting 

algal growth and killing cells without the secondary 

pollution effects of chemical methods (Wu et al., 

2011). 

Initial applications of US to control algae focused 

on high-power US causing cavitation (e.g., Joyce et 

al., 2010). However, the potential damage to non-

target organisms is among the reasons that high-

power US causing cavitation is not an ideal solution 

for algae control in the natural environment. 

Therefore, current ultrasonic algae control devices 

use low power and thus do not control algae through 

the high pressures and temperatures associated with 

cavitation; instead, it works by utilising resonance 

frequencies and the sound pressure caused by a 

sound wave propagating through a water column 

(Lowe, 2011). Despite the use of low-power US to 

control algal and cyanobacterial growth in natural 

water bodies, such as ponds, reservoirs or lakes, 

concern remains regarding the potential undesirable 

effects of US on non-target organisms such as 

zooplankton. It is well known that high-power US 

devices are very effective in killing zooplankton in 

ballast waters (e.g., Sassi et al., 2005). However, 

very little research exists on the effect of low-power 

US as a method of algal bloom control on non-target 

organisms. Therefore, the aim of this study was to 

determine whether the use of low-power US devices 

to counteract algal and cyanobacterial growth have 

any detrimental effects on the non-target 

zooplankton species Daphnia magna. 
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2. Material and methods 

2.1 Selection and cultivation of test organism D. 

magna  

As a test organism freshwater crustacean D. magna 

was selected as a common inhabitant of natural and 

artificial stagnant water bodies (Kelpsiene et al., 

2020) and a commonly used organism in 

ecotoxicological tests (Jemec et al., 2016). The 

experiments were conducted with the population of 

D. magna obtained from the Biotechnical Faculty of 

the University of Ljubljana, Slovenia. The 

crustacean population was cultured in reconstituted 

water and evaporated tap water (50/50, v/v). The 

reconstituted water was composed of (1) 11.76 g of 

CaCl2, 2H2O; (2) 4.93 g of MgSO4, 7H2O; (3) 2.59 

g of NaHCO3; and (4) 0.23 g of KCl (OECD 202, 

2004). 25 mL of each above listed prepared 

solutions was transferred into a 1 L volumetric flask 

and the volume was adjusted to 1 L with distilled 

water. Tap water was further poured in a big beaker 

for few hours for the chlorine to evaporate. D. 

magna were placed in a 10 L aquarium and fed with 

powdered milk once a week and baker’s yeast once 

a month, both diluted in aquarium water. 
 

2.2 Experimental set-up 

Two experiments were conducted to evaluate the 

effect of low-power US device (LG Sonic e-line, 

The Netherland) on D. magna (1) experiment on 

adult organisms (size of about 2-3 mm), and (2) 

experiment on juvenile organisms (24-72-hours 

old). The LG Sonic e-line US device (power 25 W 

and frequency output between 20 and 100 kHz) has 

12 ultrasonic programs based on Chameleon 

Technology™ (frequency, amplitude, waveform, 

and signal duration) to control various types of 

algae. Program 9 was selected for conducting the 

experiments according to the producer’s 

recommendations.  

The tests were conducted in a 200 L glass aquarium 

filled with reconstituted water at a pH of 7.2 (±0.2) 

(OECD 202, 2004). Reconstituted water was placed 

into the aquarium at least 2 days before the start of 

the experiments for practical reasons.   

Three small aquarium fish nets were fixed into the 

aquarium close to the water surface (Figure 1) on 

the opposite side where the US device was installed. 

Three times five D. magna organisms were put into 

small beakers filled with the reconstituted water 

from the experimental aquarium 2 h before the start 

of the tests in order to let them adjust to the new 

water environment. After 2 hours daphnids from 

each beaker were transferred into separate fish nets. 

Both experiments, with adult and juvenile daphnids, 

consisted from three test repetitions conducted in 

triplicate under ultrasonic conditions. Altogether 15 

daphnids were used in each test (five daphnids per 

net) with 45 daphnids used per experiment (three 

replicates). The US device was switched on at the 

start of the tests (t0) and left on for 48 h. The control 

tests were performed identically as both 

experiments but with the US device switched off. 

One test control (in triplicate) per experiment was 

carried out with altogether 15 daphnids used (five 

daphnids per net). Daphnids were not fed during the 

tests.  

 

Figure 1: Experimental set-up. Above: ultrasound 

device (LG Sonic e-line, The Netherland). Below: 

three fish nets with daphnids. 

Slika 1: Postavitev eksperimenta. Zgoraj: 

ultrazvočna naprava (LG Sonic e-line, 

Nizozemska). Spodaj: tri akvarijske mrežice z 

vodnimi bolhami. 

 

2.3 Monitoring  

Each net was checked for immobilised daphnids at 

the following times after the beginning of the tests: 

0, 1 h, 2 h, 3 h, 4 h, 19 h, 21 h, 23 h, 25 h, 27 h, 42 

h, 44 h, 46 h, and 48 h. The times were selected 

based on our previous experiments (Krivograd 

Klemenčič et al., 2015). After 48 h immobile 

daphnids were observed under a light microscope 

(Olympus CX31RBSF, Japan) at 40x 
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magnification; their heartbeat was sought in order to 

distinguish merely immobile organisms from the 

dead ones. Additionally, water temperature, 

conductivity, pH, and dissolved oxygen were 

measured (WTW multimeter MultiLine® Multi 

3630 IDS) at times 0 h, 24 h, and 48 h.  

 

2.4 Statistical analyses 

One-way analysis of variance (ANOVA) was used 

for statistical analyses. The normality of the data 

was checked using Lilliefors test; all datasets were 

distributed normally. The analyses were conducted 

using the SPSS statistical package. 

 

3. Results and discussion 

3.1 Physical and chemical parameters 

Physical and chemical parameters measured in both 

experiments, shown in Tables 1 and 2, were in the 

normal range for natural water bodies inhabited 

with D. magna (Saebelfeld et al., 2017). The results 

showed that measured parameters were stable 

during the tests; there were no statistically 

significant variations among the measured 

parameters shown in Tables 1 and 2 between 

different US exposure times (including controls). 

This means that the application of US in this study 

had no effect on selected physical and chemical 

parameters. Ultrasonic technology can be used also 

to treat various kinds of WWs. For example, 

Vázquez-López et al. (2019) reported on the 

efficient removal of microbiological parameters, 

biochemical oxygen demand, chemical oxygen 

demand, and total phosphorous with US (200 W, 24 

kH). However, for WW treatment purposes high-

power US devices are used, which can induce 

cavitation phenomena (Gao et al., 2014), and the 

generation of H· and OH· radicals, which contribute 

to the oxidation of microbial cells and chemical 

compounds (Vázquez-López et al., 2019). In our 

study, however, low-power US was used, which in 

contrast to high-power US devices used in industrial 

and medicinal applications cannot induce cavitation 

effect and generation of H· and OH· radicals (Gao 

et al., 2014).      

 

Table 1: Physical and chemical parameters measured in the experiment with adult daphnids with average (± 

1 standard deviation) at the beginning (t0), after 24 h, and after 48 h of ultrasonication (US). 

Preglednica 1: Fizikalni in kemijski parametri merjeni pri poskusu z odraslimi vodnimi bolhami (±1 

standardna deviacija) na začetku (t0), po 24 h in po 48 h obdelave z ultrazvokom (US). 

Parameter Unit 
t0 24 h  48 h 

US (n=3) Control US (n=3) Control US (n=3) Control 

Temperature °C 21.3±0.5 19.9 20.9±0.6 20.8 20.4±0.9 21.7 

pH - 7.7±0.1 7.3 7.7±0.0 7.4 7.7±0.1 7.5 

Conductivity  µS/cm 658.7±21.0 695.0 664.3±19.1 697.0 687.0±23.8 700.0 

Dissolved O2  mg/L 7.9±0.0 8.4 7.9±0.1 8.5 8.0±0.1 8.2 

O2 saturation % 91.3±0.6 94.0 90.7±1.2 97.0 90.0±2.0 97.0 
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Table 2: Physical and chemical parameters measured in the experiment with juvenile daphnids with average 

(± 1 standard deviation) at the beginning (t0), after 24 h, and after 48 h of ultrasonication (US). 

Preglednica 2: Fizikalni in kemijski parametri merjeni pri poskusu z juvenilnimi vodnimi bolhami (±1 

standardna deviacija) na začetku (t0), po 24 h in po 48 h obdelave z ultrazvokom (US). 

Parameter Unit 
t0 24 h  48 h 

US (n=3) Control US (n=3) Control US (n=3) Control 

Temperature °C 19.9±0.8 20.3 20.4±0.7 20.0 20.2±0.2 19.8 

pH - 7.1±0.4 7.6 7.2±0.5 7.8 7.3±0.4 7.6 

Conductivity  µS/cm 696.0±8.9 700.0 694.0±15.5 710.0 697.7±13.6 709.0 

Dissolved O2  mg/L 8.5±0.3 8.5 8.5±0.2 8.1 8.4±0.3 8.2 

O2 saturation % 98.3±3.2 96.0 98.3±1.5 92.0 95.7±2.9 93.0 

 

3.2 Effect of ultrasonication on D. magna 

mobility 

The immobilization of daphnids was assessed 

according to OECD Test guidelines (OECD 202, 

2004). The percentage of mobile adult and juvenile 

daphnids after exposure to ultrasonication is shown 

in Figures 2 and 3. The experiments were performed 

on adult as well as on young organisms in order to 

cover all live stages (except eggs) of D. magna.  

In the experiment with adult organisms, all tested 

daphnids were still mobile after 4 hours of 

ultrasonication and the same was true for the control 

(Figure 2). After 19 hours of ultrasonication 91% of 

tested daphnids were still mobile, while in the 

control all tested organisms were mobile (Figure 2). 

From 42 h until 48 h of ultrasonication on average 

87% of tested adult organisms remained mobile. 

The same percentage of tested adult organisms 

remained mobile in the control test. There were no 

statistically significant variations in mobility of 

adult D. magna between different US exposure 

times (including control), indicating no acute effect 

of US exposure on adult D. magna specimens. After 

48 hours all immobile organisms were inspected 

under a light microscope for heartbeat and it 

appeared that all immobile daphnids had no 

heartbeat, indicating that they were dead. 

In the experiment with juvenile organisms all tested 

juvenile D. magna were still mobile after 2 hours of 

ultrasonication and the same was true for the control 

(Figure 3). After 4 hours of ultrasonication 93% of 

tested organisms were still mobile, while in the 

control group all tested daphnids were mobile 

(Figure 3). At the end of the tests (48 h) on average 

82% of juvenile crustaceans remained mobile, while 

in the control group the percentage of mobile 

daphnids was 87%. There were no statistically 

significant variations in mobility of juvenile D. 

magna between different US exposure times 

(including control) indicating no acute effect of US 

exposure on juvenile D. magna specimens. 

Inspection of immobile organisms for heartbeat 

after 48 hours showed that all immobile daphnids 

were dead (no heartbeat). 
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Figure 2: Percentage (%) of mobile adult daphnids after exposure to ultrasonication (US). 

Slika 2: Odstotek (%) mobilnih odraslih vodnih bolh po obdelavi z ultrazvokom (US). 
 

 
Figure 3: Percentage (%) of mobile juvenile daphnids after exposure to ultrasonication (US). 

Slika 3: Odstotek (%) mobilnih juvenilnih vodnih bolh po obdelavi z ultrazvokom (US). 

 

The results, both on adult and juvenile D. magna, 

showed that the low-power US device used in this 

study had no acute effect on the mobility of adult or 

juvenile D. magna specimens. Our results are in 

accordance with the results reported by Hedge 

(2013), who performed a lab-scale experiment with 

low-frequency US (Pool Tec 10”, Hughes Sonic 

Systems, 45-60 kHz, 110-240 V, output power not 

reported) and a long-term (2.5 months) field-scale 

experiment with high-frequency US (~580 kHz, 

producer and output power not reported) in an 

artificial lake with an approximate surface area of 

2.4 km2 on various species from the genus Daphnia. 

According to the results, there was no negative 

effect of ultrasonication found on Daphnia in lab or 

field-scale experiments. Unfortunately, in Hedge 

(2013) the power of the US devices is not reported 

or discussed and therefore direct comparison with 
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our study is difficult. However, due to similar 

results with our study we can assume that in the 

study performed by Hedge (2013), a low-power US 

was applied, as was in the present study. Wells 

(1968) studied the effect of ultrasonication on D. 

magna (~0.2 cm length); however, he used a US 

transducer with diagnostic frequency (~3 MHz) and 

diameter 0.95 cm, specially constructed to permit 

the irradiation of single specimens of Daphnia. 

According to Wells (1968), at low-power US (<8 

W, corresponding to 23 Wcm-2) all tested animals 

survived, which is similar to our results. 

The findings of our study are not consistent with the 

results reported by Lürling and Tolman (2014a; b) 

who reported on the acute, lethal effect of D. magna 

treated with low-power US used to reduce algae 

growth in small ponds, aquaria, and small water 

reservoirs (Flexidal AL-10, Belgium; (~12 kHz to 

~200 kHz, maximum power 26,4 W). According to 

Lürling and Tolman (2014a; b) higher US 

frequencies exerted a stronger effect on D. magna 

than lower frequencies, moreover, lowering the 

intensity of ultrasonication with increasing water 

volume did not elevate the survival time of 

daphnids.  

Although our results showed no negative effect of 

low-power US on non-target D. magna organisms 

caution should be taken when using US devices to 

control algal blooms in natural water bodies such as 

ponds, lakes or reservoirs. It is possible that US 

instruments from different manufacturers have 

different effects on target- and non-target 

organisms. Zooplankton plays a key role in 

freshwater food chains as a food source for many 

aquatic organisms (Ebert, 2005); therefore, its 

disappearance from a water body can result in a 

disturbed natural balance with a detrimental effect 

on higher-level organisms such as fish. In our study 

the short-term effect of ultrasonication on D. magna 

was studied; however, US, when applied for algae 

control in field conditions is in operation constantly 

or at least for long periods of time, such as several-

weeks or months (Park et al., 2017). Therefore, the 

effect of long-term exposure to ultrasonication on 

non-target organisms should be tested to ensure that 

US devices applied for algae control have no 

detrimental effect on zooplankton.  

 

4. Conclusions 

The results showed that ultrasound (US) device 

used in this study (LG Sonic e-line) has no acute 

effect on the mobility of adult or juvenile Daphnia 

magna. However, US devices, when in use for algae 

control in field conditions are in operation for long 

periods of time (several weeks, months, or even 

constantly). Therefore, the effect of long-term 

exposure to ultrasonication on non-target 

zooplankton should be tested to be sure that US 

devices applied for algae control have no 

detrimental effect on zooplankton. Moreover, we 

should be aware that US devices from different 

manufacturers can have different effects on target- 

and non-target organisms.  
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