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A B S T R A CT  

Mosquitoes transmit serious human diseases, causing millions of deaths worldwide every year and the 

development of resistance to chemical insecticides resulting in rebounding vectorial capacity. In this 

study, the larvicidal bioassays for activities of aqueous solutions of weak acid [(NH4)2SO4 and 

NaH2PO4] and weak base (Na2CO3 and NaHCO3) inorganic salts against late instar larvae of disease 

vectors Anopheles stephensi and Culex quinquefasciatus were carried out under laboratory settings. 

The four inorganic salts showed varied levels of larvicidal activities after 24 h-exposure on Anopheles 

stephensi and Culex quinquefasciatus larvae in a dose-dependent fashion. However, the larvicidal 

activities were relatively higher in Na2CO3 (LC50 = 3162 and 447 ppm) and NaHCO3 (LC50 = 5623 

and 398 ppm) solutions as compared to those in (NH4)2SO4 (LC50 = 7943 and 1995 ppm) and 

NaH2PO4 (LC50 = 7943 and 7120 ppm). The present study showed that the inorganic salts Na2CO3, 

NaHCO3, (NH4)2SO4 and NaH2PO4 could serve as potential larviciding agents considering their low 

toxicity. Therefore, this study provides a first report on the larvicidal activity of the inorganic salts on 

mosquito larvae of disease vectors. 
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1 Introduction 

Many insects transmit to humans a very wide 

variety of microbes and parasites, many of which 

can be pathogenic. Mosquitoes are the largest 

group of insects that can transmit pathogens to 

humans [1]. They belong to three genera, Aedes, 

Anopheles and Culex and are responsible of 

more than 17% of all infectious diseases [2]. 

Infectious diseases transmitted by these vectors 

are the best known (malaria, dengue, filariases, 

yellow fever…) and have a considerable impact 

on human and animal health, as well as on the 

economy of human societies [3, 4]. 

Each year, there are over a billion cases and over 

a million deaths worldwide due to diseases such 

as malaria [2, 4], which puts half of the world’s 

population at risk. However, malaria major 

impact is almost entirely on developing countries, 

especially in sub-Saharan Africa [5] where malaria 

is the main cause of morbidity and mortality with 

children under the age of five being the most 

affected age category [6, 7]. 

In this region, Plasmodium falciparum is the 

most prevalent malaria parasite, accounting for 

99.7% cases [8] and is transmitted by mosquitoes 

of the genus Anopheles. Among the near 128 

Anopheles species found in Africa, Anopheles 

gambiae sensu stricto, Anopheles coluzzii and 

Anopheles funestus sensu stricto are the most 

efficient in malaria transmission mainly in rural 

areas of sub-Saharan Africa where the disease is 

most prevalent with strong seasonal variations. 
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As for Anopheles stephensi, they are also found 

in rural areas, but are getting increasingly 

established in urban areas where they breed in 

water containers from human activities [9]. 

Culex quinquefasciatus is part of the genus Culex, 

which contains several known mosquito vectors 

of pathogens such as filaria and flaviviruses [10]. 

Culex quinquefasciatus readily feeds on avian, 

mammalian or human hosts. Its larvae are 

typically found in artificial containers of water or 

man-made impoundments including open ponds, 

pools, canals, lagoons, ditches and drains 

containing human or animal sewage. Culex 

quinquefasciatus has a worldwide distribution 

mostly in tropical and subtropical regions, playing 

a major role in the transmission of human 

diseases of medical importance such as the 

disabling lymphatic filariasis throughout South-

East Asia, Africa, South America and the 

Caribbean, as well as the Saint Louis Encephalitis 

Virus (SLEV) and the West Nile Virus (WNV) in 

the southern United States and Mexico [11, 12].  

The burden of these diseases on the affected 

populations is heavy not only in terms of morbi-

mortality and lifelong disabilities associated with 

social stigma but also the negative impact on the 

economy of the concerned countries [13]. In 

addition, the nuisance associated with Culex 

quinquefasciatus biting constitutes an important 

nocturnal discomfort [14]. 

Several drugs have been effectively used to deal 

with mosquito-borne diseases. However, 

pathogen resistance to several drugs has 

hampered treatment strategies. Therefore, 

prophylactic measures including vector control 

have become an essential part of the overall 

control strategy [6, 15] even as the therapeutic 

component remains fundamental. 

Several methods, passive or active, individual or 

community-based, biological or chemical have 

been used by humans to fight against mosquitoes 

involved in disease transmission. The most 

effective approach to mosquito control remains 

that based on the elimination, if not the sufficient 

reduction of larval mosquito populations, given 

that at this developmental stage, mosquitoes 

occupy a minimum geographical space that is 

most easily located and controllable [16]. Since 

mosquito larvae have an aquatic life, chemical 

control remains the major means and increasingly 

calls for selective products, which must take 

environment imperatives into account [4, 17]. 

However, some products used as larvicides 

(motor oil, petroleum, insecticides…) are toxic 

and polluting while others cause development of 

resistance in mosquitoes [4, 18]. Hence the need 

to look for new larvicidal molecules with low risk 

to humans and the environment. 

The objective of the present study was to evaluate 

the response of mosquito larvae of Anopheles 

stephensi, an urban malaria vector and Culex 

quinquefasciatus, a filarial vector in solutions of 

inorganic salts, namely sodium carbonate 

(Na2CO3), sodium bicarbonate (NaHCO3), 

sodium dihydrogen phosphate (NaH2PO4) and 

ammonium sulfate [(NH4)2SO4. 

2 Materials and Methods 

2.1 Chemicals 

All reagents used [sodium carbonate (Na2CO3), 

sodium bicarbonate (NaHCO3), sodium 

dihydrogen phosphate (NaH2PO4) and 

ammonium sulfate (NH4)2SO4] were obtained 

from Sigma Chemicals Co. (St. Louis, MO, USA). 

They were of analytical grade and were used 

without further purification. The deionized water 

was employed as solvent throughout the 

experiments. 

2.2  Preparation of inorganic salt 

solutions 

The inorganic salt solutions were prepared with 

deionized water. The concentrations of the 

solutions were classified in arithmetic 

progression so as to obtain a range of 

concentrations, depending on the sensibility of 

the larvae to the chosen salt, which kill between 

0 and 100% of individuals. Five different 

concentrations were selected for each salt.  

2.3 Mosquito larvae capture and culture 

The mosquito larvae used in this study were 

collected during the months of March and April 

of the year 2019, in stagnant waters of plots 

located in the Mokali district in the municipality 

of Kimbanseke and in ponds located at the 

Monastery in the municipality of Mont-Ngafula 
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in the city of Kinshasa, Democratic Republic of 

Congo. 

The larvae have been identified as Anopheles 

stephensi or Culex quinquefasciatus in the 

Department of Tropical Medicine of the Faculty 

of Medicine of the University of Kinshasa. They 

were kept and reared in plastic basins containing 

water from the environment where they were 

collected. 

2.4 Larvicidal bioassay 

The test of the larvicidal effects of inorganic salt 

aqueous solutions against mosquito larvae 

Anopheles stephensi and Culex quinquefasciatus 

was conducted in accordance with the World 

Health Organization (WHO) standard method 

[19]. Briefly, 25 larvae of third and fourth instars 

were rinsed with deionized water and placed on a 

500 ml porcelain bowl containing 250 ml of 

aqueous solution of given concentration of each 

salt (Figure 1). The larvae exposed to deionized 

water without inorganic salt served as control. 

The number of dead larvae was counted after 24 

h of exposure and the percentage of mortality was 

reported from the average of four replicates. At 

the end of 24 h, the larvae were considered dead 

as they showed no sign of swimming movements 

even after gentle touching with a glass rod, as 

described in the WHO technical report series. All 

the experiments were carried out at room 

temperature of 28 ± 1.3 °C. 

 

 
Fgure1: Illustration of the larvicidal assay 

showing bowls containing each 25 larvae in 250 ml 

solution for a given inorganic salt in five different 

concentrations (lines). Each concentration was 

repeted four times (culumns)  

2.5 Statistical analysis 

The average larval mortality data were subjected 

to probit analysis for calculating LC50 (lethal 

concentrations that kill 50% of individuals) and 

LC90 (lethal concentrations that kill 90% of 

individuals) values and their statistics at 95% 

confidence limits of LCL (lower confidence limit) 

and UCL (upper confidence limit) values were 

estimated by fitting a probit regression model. All 

the analyses were calculated using the SPSS 

version 16.0 for Windows. Results with p<0.05 

were considered to be statistically significant. 

3 Results 

The results for the larvicidal activity of the 

inorganic salt aqueous solutions against 

Anopheles stephensi and Culex quinquefasciatus 

larvae are summarized in Table 1 while the LC50 

and LC90 values of the inorganic salts are found 

in Table 2.  

Table 1: Larvicidal activity of aqueous solutions of 

inorganic salts. 

Concentration 

(ppm) 

% Larval mortality after 24 h 

Anopheles Culex 

Na2CO3   

 600 20.00  ± 0.00 61.65 ± 12.55 

1600 28.35 ± 2.85 69.45 ± 5.75 

2600 46.65 ± 12.55 80.20 ± 2.85 

3600 76.65 ± 7.70 91.65 ± 14.40 

5000 91.65 ± 2.85 100.00 ± 0.00 

NaHCO3   

600 5.75  ± 3.35 60.00 ± 0.00 

2200 18.35 ± 2.85 80.00 ± 0.00 

3800 28.35 ± 2.80 86.65 ± 2.80 

5400 43.30 ± 5.70 88.35 ± 2.75 

7000 71.65 ± 2.85 99.66 ± 2.85 

(NH4)2SO4   

5000 21.65  ± 2.85 85.00 ± 0.00 

7000 35.00 ± 5.00 86.70 ± 2.75 

9000 51.65 ± 0.57 95.00 ± 2.80 

11000 58.25 ± 7.65 100.00 ± 0.00 

13000 70.00 ± 5.50 100.00 ± 0.00 

NaH2PO4   

5000 26.60  ± 15.25 33.35 ± 10.40 

7000 48.35 ± 10.40 50.00 ± 5.00 

9000 60.00 ± 7.05 66.65 ± 7.60 

11000 81.65 ± 7.60 85.00 ± 5.00 

13000 95.00 ± 5.00 98.35 ± 1.57 
 

Control - Nil mortality; Data are presented as mean ± SD; Mean 

value of four replicates; Significant at p < 0.05 level. 
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The potential larvicidal activity of the four 

inorganic salts was noted and varied in dose-

dependent manner in all cases for both species of 

larvae. The larval mortality of the sodium 

carbonate salt (Na2CO3) aqueous solutions 

ranged from 20.00 to 91.65% and from 61.65 to 

100.00% for Anopheles and Culex larvae, 

respectively at doses ranging from 600 to 5000 

ppm. From this range, the LC50 values were 

estimated at 3162 and 447 ppm for Anopheles 

and Culex larvae, respectively while the LC90 

were estimated at 4731 and 3548 ppm for 

Anopheles and Culex larvae, respectively. 

Larvicidal activity of the sodium bicarbonate 

(NaHCO3) aqueous solutions was observed at 

doses ranging from 600 to 7000 ppm, and the 

larvicidal mortality ranged from 5.75 to 71.65 and 

60.00 to 96.66%. From this range of the larval 

mortality, the LC50 was estimated at 5623 ppm 

for the anopheles larvae and 398 ppm for the 

Culex larvae while the LC90 was estimated at 

11220 and 5623 ppm, respectively.  

While the larval mortality of the sulfate 

ammonium salt [(NH4)2SO4] aqueous solutions 

ranged from 21.65 to 70.00% and 85.00 to 

100.00% respectively for the Anopheles and 

Culex larvae at doses ranging from 5000 to 13000 

ppm, the resulting LC50 were 7943 and 1995 

ppm and LC90 were 25119 and 7079 ppm for the 

Anopheles and Culex larvae, respectively.  

At the same range of doses, the larval mortality 

of the sodium dihydrogen phosphate salt 

(NaH2PO4) aqueous solutions were estimated at 

26.60 to 95.00 and 33.35 to 98.32% for the 

Anopheles and Culex larvae, respectively. The 

LC50 was estimated at 7943 ppm for the 

Anopheles larvae and 7120 ppm for the Culex 

larvae while the LC90 was estimated at 11220 

ppm for the both species of larvae. Note that no 

larval mortality was observed in the negative 

control containing deionized water without 

inorganic salt. 

4 Discussion 

Vector control using natural product pesticides is 

highly preferred than conventional pesticides 

because of their rapid environmental degradation 

and low-toxicity to other organisms. However, 

isolation and chemical characterization of the 

active compounds from plants with strong 

biological activities can be a tedious process 

compared to synthesizing new synthetic 

compounds because natural compounds are 

generally isolated in small amounts, with a purity 

highly variable depending upon the extraction 

method, plant part, geographical origin and 

location, climate and the overall growth and 

health of the plant from which the chemical is 

extracted [20]; in addition, the repellency and 

duration of times are usually unsatisfactory [21].  

The inorganic salts investigated in the present 

study have multiple uses in human, industry and 

scientific research: Na2CO3, an approved food 

additive, is an alkaline reagent and consequently 

has some potential for improving the rehydration 

behavior of milk protein isolate powder [22]. 

Table 2: LC50 and LC90 values of the inorganic salts against Anopheles stephensi and 

 Culex quinquefasciatus larvae. 

Inorganic salts Spicies LC50, ppm 

(95%confidence limit) 

LC90, ppm 

(95% confidence limit) 

Na2CO3 Anopheles 3,162 (3100 – 3224) 4,731 (4,638 – 4,824) 

Culex 447a (438 – 456) 3,548a (3,478 – 3,618) 

NaHCO3 Anopheles 5,623 (5,513 – 5,733) 11,220 (11,000 – 11,440) 

Culex 398b (390 – 406) 5,623b (5,513 – 5,733) 

(NH4)2SO4 Anopheles 7,943 (7,787 -8,099) 25,119 (24,637 – 25,611) 

Culex 1,995 (,1956 – 2,034) 7,079 (6,940 – 7,218) 

NaH2PO4 Anopheles 7,943 (7,787 – 8,099) 11,220 (11,000 – 11,440 

Culex 7,120 (6,980 -7,260) 11,220 (11,000 – 11,440) 

LC50 and LC90 - Lethal concentrations that kills 50 and 90% of the exposed larvae; a,bInorganic salts with highest efficacy as shown by 

relatively low LC50 and LC90 values. 
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NaHCO3 has become the salt of preferential use 

in meat industry during recent years because it 

improve meat quality [23] and is also used in 

therapy for critically ill patients with metabolic 

acidosis [24]; (NH4)2SO4, a low-cost and 

recyclable chemical agent, is used in the 

extraction/purification of proteins, in agriculture 

as nitrogen fertilizer [25, 26]; while NaH2PO4 is 

an important component of normal human cells, 

critical to health and necessary part of the human 

diet; also used in a range of foods, to enhance 

processing, organoleptic quality and safety [27]. 

For the present study, the aqueous solutions of 

inorganic salts investigated showed toxic effect 

on Anopheles stenphensi and Culex 

quinquefasciatus larvae after 24 h of exposure, 

depending on the salt and the concentration 

(Tables 1); there was no mortality in control after 

24 h of exposure. The weak acid characteristic of 

(NH4)2SO4 and NaH2PO4 and the weak base 

characteristic of Na2CO3 and NaHCO3 may be 

responsible for the larvicidal activities of these 

inorganic salts; because no mortality of 

Anopheles stephensi and Culex quinquefasciatus 

larvae was observed with the neutral inorganic 

salts sodium chloride (NaCl) and sodium 

phosphate (Na3PO4) aqueous solutions, even at 

doses 10 times higher than those tested for the 

weak acid and weak base inorganic salts (data no 

shown).  

Previous studies found that inorganic salts have 

very interesting antimicrobial [28, 29], fungicide 

(especially Na2CO3 and NaHCO3) [30, 31] and 

insecticide properties [32]. Darriet et al. [33] also 

found that mineral and organic compounds have 

an impact on the development of larvae because 

the NPK fertilizer placed in water killed all the 

Aedes Aegypti larvae before pupation. 

In general, Culex quinquefasciatus larvae were 

more sensitive to salt solutions compared to 

those of Anopheles stephensi, in all cases. The 

same trend was observed by Mathew et al. [34] 

and Sukhthankar et al. [35] with the extract of 

Nyctanthesaror-tristisand and the extract of 

Chromolaena odorata leaves, respectively, for the 

same species of larvae. And both species of larvae 

were more sensitive to weak base salt Na2CO3 

and NaHCO3 solutions (concentrations from 600 

to 5.000 ppm and from 600 to 7.000 ppm, 

respectively) than weak acid salt solutions 

(NH4)2SO4 and NaH2PO4 (concentrations from 

5.000 to 13.000 ppm for both salts) (Tables 1 and 

2). 

5 Conclusion 

We found from the present study that the weak 

acid and weak base inorganic salts Na2CO3, 

NaHCO3, (NH4)2SO4 and NaH2PO4 possess 

potent larvicidal activities against mosquitoes 

Anophele stephensi and Culex quinquefasciatus 

larvae. These salts could be a basis for search for 

larvicidal compounds, thus constituting an 

interesting approach for effective control of 

disease-transmitting vector mosquitoes due to 

their low toxicity. 
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