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Abstract

The container breeding mosquito Aedes aegypti (Linnaeus) is the major universal vector of dengue viruses that cause
dengue fever (DF), dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS). Vector control has an
important role in reducing human cases of DHF/DSS. The purpose of this work was to evaluate the larvicidal effect of salt
solutions against the larvae of Ae. aegypti. Freshly collected larvae were transferred to the laboratory and reared using
rainwater as the rearing medium, with yeast granules as larval food. Five salts, AQNOs, HgClz, CdClz, CuSQOs, and CuCla,
were tested to assess the larvicidal effect on both the 1st and 3 instar larvae of Ae. aegypti. Serial concentrations (0, 1,
3, 5,7 and 10 ppm) of each salt were prepared using distilled water as the solvent. Silver nitrate (AgNO3) was noted as
the most effective larvicide, followed by HgClz, CdClz, CuSOs, and CuClz. The LCso values of AgNOs against 1st and 3+
instar larvae were 0.12 and 1.66 ppm, and the LCqo values were 2 and 3.35 ppm, respectively. The LTso values of AGQNO3
(1 ppm) against 1stand 3 instar larvae were 0.58 and 30.42 h, and the LTgo values were 6.00 and 67.49 h, respectively.
All 1¢t instar larvae died, failing to pupate in every salt concentration (1-10 ppm) within 7 days. Third instar larvae were
also unable to pupate entirely in AgNOs and HgCl2 solutions but a very few (5.00-36.66%) pupations were found at 7
ppm, with higher concentrations of CdCl2, CuSos and CuCl; salts. In addition, CdCl2, CuSos and CuCl. prevented
66.66%, 57.14% and 50% of adult emergences from pupae at 5 ppm concentration, respectively. The order of decrease
of toxicity for larval mortality was AgNO3>HgCl2>CdCl>CuSOs>CuClz, and in preventing pupation and adult emergence
it was AgNO3s=HgCl,>CdCl>>CuS04>CuCl>. AgNO3 was found to have very good potential in the killing of Aedes aegypti
larvae, prevention of pupae formation and adult emergence. Therefore, the results obtained could be considered a
contribution to the search for eco-friendly larvicides of natural origin. Further studies are needed to understand the
residual aquatic toxicity of this salt in the field.
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Introduction

Aedes aegypti (L.) is the predominant vector of dengue virus, a mosquito-borne arbovirus belonging to the
family Flaviviridae (Gubler & Kuno, 1997). It is also a recognized vector of the Zika, Chikungunya and yellow
fever viruses. Like Plasmodium species, the causative agents of malaria, dengue virus has become a global
threat (Pinheiro & Corber, 1997; Gubler, 1998). Dengue fever (DF) is an acute and painful disease that is
often not lethal, but dengue hemorrhagic fever (DHF) may lead to dengue shock syndrome (DSS), i.e.,
circulatory failure that is often lethal within 12 to 24 h. Dengue virus is transmitted almost always from man to
mosquito and vice versa (Rudnick & Lim, 1986). Dengue virus spreads rapidly and can develop into
pandemic proportions (Jelinek, 2000). A recent study estimated that there were more people at risk of
dengue infection, calculating up to 3.97 billion living in 128 countries (Brady et al., 2013). Both species of
Aedes (Ae. aegypti and Ae. albopictus) mosquitoes frequently breed in artificial containers such as water-
storage vessels, flower vases, water accumulations, discarded tins, automobile tires and blocked gutters.
These provide excellent larval habitats and adult resting sites (Curtis, 1991). Though DF has been reported
as an urban disease (Gubler, 2004), recently dengue infection and the vector mosquitoes have been
detected in rural areas of Thailand and India (Tewari et al., 2004; Mammen et al., 2008). Unplanned
urbanization in cities and technological advancements in villages might have played a significant role in
dengue transmission (Samuel et al., 2007; Pongsumpun et al., 2008).

The World Health Organization described mosquitoes as public enemy no. 1 (WHO, 1996). Mosquito control
is a worldwide problem due to the vector nature and revival of various infectious diseases. The control of
dengue transmission can be achieved by different strategies against the immature stages of Ae. aegypti.
Application of control measures during these stages would increase the mortality of this vector before it
reaches the adult stage (Bhat & Krishnamoorthy, 2017). The best way to manage dengue vectors is level
control because breeding habitats are confined to limited stagnant water bodies. The most frequently used
method of mosquito control worldwide is the use of synthetic insecticides (Burdick et al., 1964). Several
insecticides have been indiscriminately used against mosquito larvae and as a result they have developed,
over the time, resistance to a wide variety of insecticides. Ae. aegypti has developed resistance to malathion,
temephos, permethrin, propoxur (Brown, 1986; Lee & Lime, 1989) and fenitrothion (Wattanachai et al., 1994).
Although conventional insecticides have rapid effects, their adverse effects on humans and the environment
are well known. Burdick et al. (1964) observed that residual toxicity may be magnified biologically in the food
chain. On the other hand, salts are generally safer and more environmentally friendly than chemical
pesticides. Therefore, the present study was conducted to determine the effects of salt solutions on the
larvae of Ae. aegypti.

Materials and Methods
Mosquito rearing

The period from July to September has been reported as the peak dengue season in Bangladesh. Ae.
aegypti larvae were collected from breeding sources at Amin Bazar Bus stops in Dhaka, Bangladesh. Freshly
collected Ae. aegypti larvae were brought to the laboratory and kept for a short time in distilled water to
remove dirty water from the breeding sites. The larvae were reared using rainwater (previously stored) as a
rearing medium at the IRES (Insect Rearing and Experimental Station), Department of Zoology,
Jahangirnagar University, Savar, Dhaka, at ambient temperature and relative humidity (28+2°C and 70+5%
RH). In each rearing container (10x10x5 cm3), about 500 ml rainwater was added and 500 larvae were
released. An amount of 0.10 g of yeast granules as larval food was added to each rearing container once a
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day. Each container was placed inside a rearing cage (30x30x30 cm?3) made of iron wire and covered with
fine-mesh mosquito netting to prevent egg-laying by other mosquitoes. To avoid fungal contamination, the
larvae were transferred to clean container every three days. Inspections were made in 6-h intervals to
measure the water temperature, relative humidity, larval molting and wastage of food, if any. Periodically,
surface film or scum food was removed with a syringe or brush and yeast granules (<0.02 g/100 ml) were
added to the rearing medium, if needed. As the larvae developed, pupae were selected using a pipette and
transferred to a glass jar (covered with gauze net). About 500 pupae were transferred to a new plastic bowl
containing rainwater for adult emergence. No food was supplied for the non-feeding pupal stages. Adult
mosquitoes were identified morphologically under stereomicroscopes using taxonomic keys (Barraud, 1934;
Mattingly, 1971; Rattanarithikul, 1982; Amerasinghe, 1995; Rueda 2004) within a few hours after sampling.

A batch of 100 males and 300 females was housed together in a cage (30x30x30 cm3) for about 5-6 days to
mate. Cotton pads soaked with 10% glucose solutions were placed inside the cage as a food supplement for
the adults. Gravid females were then placed in another cage and a rock pigeon (Columba livia) was fastened
to the roof of rearing cage for about an hour to provide a sucking blood meal for the adult mosquitoes. Five
plastic cups (125 ml) filled with distilled water were lined with a 7-cm-wide strip of filter paper and placed
inside each cage for egg-laying. Eggs were removed at regular intervals and kept in air-dried conditions for
subsequent use. When required, these eggs were released into rainwater in a plastic bowl for hatching.
During the period of hatching, 0.02 g of glucose or yeast granules were added to each 100 ml of distilled
water as larval food.

Preparation of stock solutions

Salt solutions of different concentrations were prepared by serial dilution. Serial dilution is a method used to
stepwise dilute a substance into a solution with a constant dilution factor at each step. In this method, 0.1 g of
salt was mixed with 100 ml of water for a stock solution of 1000 ppm. After that, 1 ml, 0.7 ml, 0.5 ml, 0.3 ml
and 0.1 ml of stock solution were mixed with 99, 99.3, 99.5, 99.7 and 99.9 ml of water, respectively, to
prepare 10, 7, 5, 3 and 1 ppm salt solutions.

Larvicidal testing procedure

To test each of the salt solutions, 36 plastic cups (125 ml) were cleaned with distilled water. They were then
air-dried and arranged in groups numbered 1, 2, 3, 4, 5 and 6, with six cups in each group. Each cup in
groups 2, 3, 4, 5 and 6 was filled with 99.9, 99.7, 99.5, 99.3 and 99 ml of rainwater, respectively. Afterward,
0.1, 0.3, 0.5, 0.7 and 1 ml of the stock solutions of salt were added to each cup of groups 2, 3, 4, 5 and 6,
respectively. The cups in group 1, to which no salt solutions were added, were used as the control. The 1st
and 31 instar larvae were selected for the study because they are easily differentiated, and separate sets of
experiments were carried out for each instar. Fourth instar larvae were avoided due to the possibility of
immediate pupation. Thus, a batch of ten larvae of each instar stage was collected from the rearing container
and released into each cup of groups 2, 3, 4, 5 and 6. An amount of 0.2g of yeast granules was added
regularly to each cup as larval food. All the plastic cups along with larvae were placed inside the rearing cage
to prevent any contamination and egg-laying by other mosquitoes. Cups with a particular type of salt were
kept in separate cages. The larvae that showed no signs of motion were considered dead. Their number was
counted and recorded at each inspection. Inspections were made at 6-h intervals. Decomposing larval food
was removed with a syringe from each cup during the last inspection of the day to eliminate any possible
impact. A small amount (<0.02 gm/100 ml) of larval food was added to each cup if needed. The mortality of
larvae (after 24 h), as well as the duration of larval instar stages, number of pupae, mortality of pupae and
adult emergence were recorded.
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Statistical analysis

LCso, LCu0, LTs0, LTeo at a 95% confidence interval (Cl) were generated through probit analysis using the Statistical
Package for Social Sciences (SPSS®) version 20 (SPSS 2007). Mean mortality of larvae, standard error, % of
pupation, % of pupal mortality and % of adult emergence of mosquitoes were calculated using MS Excel (2013).

Results
Effects of salts on 1st and 3 instar larvae

Data showing the LCso and LCoo values along with a 95% ClI of the different salts are presented in Table .
The LCso and LCeo values of salts against 1st instar larvae ranged from 0.12 to 5.85 ppm and 2.00 to 11.50
ppm, respectively. The LCso values of AgNOs, HgClz, CdClz, CuSO4 and CuCl, were 0.12, 0.81, 1.47, 1.99
and 5.85 ppm respectively, whereas the LCoo values were 2.00, 4.06, 5.69, 7.31 and 11.50 ppm. AgNOs had
the lowest LCso (0.12 ppm) and LCeo (2 ppm) values, and CuCl. registered the highest LCso (5.85 ppm) and
LCso (11.50 ppm) values of the five salts tested.

The LCso values of AgNOs, HgClz, CdClz, CuSO4 and CuClz against 31 instar larvae were 1.66, 1.84, 2.56,
3.29 and 7.84 ppm, respectively, and the LCq values were 3.35, 4.22, 6.33, 8.08 and 19.38 ppm,
respectively (Table I).

Table I. Lethal concentrations (LC) of 15t and 31 instar larvae of Ae. aegypti at 95% confidence interval of the salt
solutions. Data in brackets represent the 95% of LC values against 15t and 3 instar larvae.

Type of salt LC values (ppm)
1st instar 3 instar
LCso LCoo LCso LCs

AgNO; 0.12(0.09-0.14) 2.00(1.20-3.40) 1.66 (1.55-1.77) 3.35(3.08-3.70)
HgCl: 0.81(0.52-1.05) 4.06(3.15-6.42) 1.84 (1.72-1.96) 4.22(3.89-4.64)
CdCl; 1.47(1.23-1.68) 5.69(4.70-7.49) 2.56(2.39-2.74) 6.33(5.62-7.37)
CuSO04 1.99(1.80-2.19) 7.31(6.01-9.79) 3.29(3.08-3.54) 8.08 (6.96-9.88)
CuCl, 5.85(5.51-6.30) 11.50(10.08-13.64) 7.84(7.01-9.17) 19.38(15.31-26.85)

Results on the LTso and LTeo values for 1stinstar larvae at 1 ppm concentration of all salts are shown in Table
Il. Of all the salts, the lowest LTso (0.58 h) and LTso (6.00 h) values were found at 1 ppm concentration of
AgNO:s. In contrast, higher LTso values were 6.86, 23.37, 28.39 and 37.14 h at 1 ppm concentration for HgClz,
CdClz, CuSO4 and CuCl, respectively, whereas the higher LTg values for the salts were 14.06, 140.98,
177.36 and 220.63 h, respectively.

Of all the tested salts, the lowest LTs0(30.42 h) and LTgo (67.49 h) values were found at 1 ppm concentration
of the AgNO; solution; on the other hand, the highest LTso (82.53 h) and LTeo (213.17 h) values were found at
1 ppm concentration of the CuSQx solution (Table II). The higher LTso values (33.27, 62.07 and 82.53 h) and
LTgo values (73.99, 149.36 and 213.17 h) were found at 1 ppm concentration of HgCl2, CdCl. and CuSOQs,
respectively. Furthermore, it was observed that out of the five salts, AJNO3 showed the lowest LCso and LCgo
values and the lowest LTsoand LTgo values at each concentration.
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Table Il. Lethal time of 1stand 3dinstar larvae (Ae. aegypti) for different concentrations of salt solutions.

Type of salt LT Values

LTs0
AgNO3

LTeo

LTs0
HgCl2

LT

LTso
CdCl,

LT

LTs0
CuSO4

LTeo

LTs0
CuCl,

LTeo

Lethal time (LT) against each concentration of a salt

1 ppm 3 ppm 5 ppm 10 ppm

1 st 3rd 1 st 3rd 1 st 3rd 1 st 3rd 1 st 3rd
instar instar instar instar instar instar instar instar instar instar
0.58 30.42 0.30 3.1 0.18 2.14 0.09 1.32 0.02 1.31
6.00 67.49 3.01 11.28 2.84 6.83 2.21 5.32 1.06 3.48
6.86 33.27 317 6.29 2.86 418 2.32 2.26 1.23 1.99
14.06 73.99 12.04 2455 7.52 20.64 3.26 8.90 2.08 173
23.37 62.07 9.49 10.55 7.49 10.31 4.97 6.13 3.68 3.69
140.98 149.36 31.79 36.57 17.89 33.39 12.20 20.60 10.00 10.74
28.39 82.53 11.15 21.96 7.99 18.42 5.57 9.75 3.57 5.32
177.36 21317 46.41 36.90 31.22 35.37 17.02 25.16 10.92 13.34
37.11 93.14 21.88 30.14 13.21 22.65 10.45 16.54 5.64 13.61
220.63 257.09 165.96 57.10 60.57 43.90 40.69 42.16 13.94 38.79

Effects of salts on pupation and adult emergence

It was noted that 100% of 1st instar larvae died at all concentrations (1-10 ppm) of each salt within 7
days. All larvae died within 9, 6 and 3 h when exposed to 1 ppm, 3 ppm, and 5 ppm solutions of AgNQOs,
respectively. On the other hand, 46%, 93% and 100% of 31 instar larvae died within 24, 24 and 9 h
when exposed to 1, 3 and 10 ppm solutions of AgNOs, respectively. No pupation and adult emergence
were observed of 3rd instar larvae at 7 and 10 ppm concentrations of the CdCl2, CuSQO4 and CuCl: salt

solutions (Table Ill).

Table Ill. Efficacy of salts on pupation, pupal mortality and adult emergence from 3 instar larvae of Ae. aegypti

Type of salt &%r:;:)e nirations Larval mortality (%)  Pupation (%) Pupal mortality (%)  Adult emergence (%)
1 78.34 21.66 53.84 46.16
3 88.34 11.66 57.14 42.86
CdCl 5 95 05 66.66 33.33
7 100 00 00 00
10 100 00 00 00
1 73.34 26.66 50 50
3 86.67 15 55.55 44.45
CuSO4 5 88.34 11.66 57.14 42.86
7 100 00 00 00
10 100 00 00 00
1 63.34 36.66 36.36 63.64
3 81.67 18.33 4545 54.55
CuCly 5 86.67 13.33 50 50
7 100 00 00 00
10 100 00 00 00
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Table IIl - continued

Type of salt g)‘;’:rf)e“"a“"s Larval mortality (%)  Pupation (%) Pupal mortality (%)  Adult Emergence (%)
1 100 00 00 00
3 100 00 00 00
AGNOs 5 100 00 00 00
7 100 00 00 00
10 100 00 00 00
1 100 00 00 00
3 100 00 00 00
HgCh, 5 100 00 00 00
7 100 00 00 00
10 100 00 00 00
Discussion

The efficacy of salt solutions on the development/mortality of mosquito larvae might be due to their impact on
the cells of the anal gill. Parallel result was reported by Wigglesworth (1933a), who found that cells of the
anal gills of Ae. argenteus (Poir.) became swollen, perhaps due to the diffusion of hypertonic NaCl into the
cells that was caused by differences in the concentrations of hemolymph and the external medium. He also
stated that the concentration of NaCl in the cells rises above that in the hemolymph and water from the latter
moves into the cells by osmosis. This difference in osmotic pressure between the body fluids and the external
medium is the main factor behind the swelling of cells. MacFie (1914) also found that the destructive action of
a 2% salt solution or higher on the larvae of Ae. aegypti (synonym Stegomyia fasciata) is due to the
hypertonicity of the solution. Bradley (1994) stated that only 5% of all extant species of the family Culicidae
are capable of surviving in saltwater and those species of Aedes that do not possess a segment on the
rectum for the regulation of ions cannot survive salty water. In the present study, it was also observed that
the anal gills of Aedes larvae became swollen by absorbing salt solutions, after which the larvae died. It was
noted that all the salt solutions were able to kill 1st instar larvae of Ae. aegypti at a lower concentration. It is
pertinent to mention here the findings of Suzuki (1959), who found that the LCso values of AgNO3 and HgClz
were 1.7 ppm (0.00017%) and 1 ppm (0.0001%), respectively, against 4t instar larvae of Culex pipiens pallens.

In the present study, it was noted that AgNOs kills 60% of 31 instar larvae at 1 ppm (0.0001%) concentration
and when the concentration increased to 3 ppm (0.0003%), mortality also increased to 98.3%. Riaz et al.
(2013) reported that a 10% NaCl solution killed the majority of Ae. aegypti larvae in the laboratory and 100%
mortality was achieved within the minimum time when they were exposed to a 20% salt solution. MacFie
(1922) reported that undiluted seawater killed the larvae of Stegomyia fasciata within 2 to 4 h, and 50% or
more diluted seawater caused death after 24 h. Wigglesworth (1993) conducted experiments with NaCl and
obtained good results with a 1.25% solution against Aedes species within 4-7 days. Wigglesworth (1933) also
stated that 1% of NaCl is effective in killing larvae within a week and mortality increased with the increase in salt
concentration. Suzuki (1959) studied the relation of the required time for death of 50% of larvae (LTso or TDso) to
the concentration of the salts and calculated the order of decreasing toxicity of the heavy-metal salts. He also
stated that TDso increases in parallel to the decreases in salt concentration. A high larval toxicity of AgNOs
against Ae. aegypti larvae was found in the present study. A similar result was found by Suzuki (1959) in Japan.

There was no pupation or adult emergence of 31 instar larvae in solutions of AQNOs and HgCl.. Though very
few pupations (5.00-36.66%) were found in the other three salt solutions, they could not develop into adults
(they died in the pupal stage) or the time of emergence might be prolonged. Our results support those of
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Pappas & Pappas (1983) from Peru who reported that less than 50% of Culiseta inornata larvae reached the
pupal stage at NaCl concentrations above 0.01 ppm.

Conclusion

In the present study, it was recorded that all the tested salt solutions were effective in killing both tested larval
instars (1st and 39) of Ae. Aegypti. The salt solution with AgNOs showed the highest efficacy. Among the five
salts, AQNOs had the lowest LTs0 and LTgo values (0.58 and 6 h for 1st instar, and 30.42 and 67.49 h for 3«
instar, respectively). AgNOs and HgClz solutions successfully prevented pupation and adult emergence of
both instar (1st and 3r) larvae. These promising results could be useful in the search for a more effective and
eco-friendlier larvicidal product against Ae. aegypti, especially in regions where mosquitoes are highly
resistant to chemical insecticides. However, the findings of this laboratory-based study need to be evaluated
in the field. Additionally, further investigation into the residual toxicity on non-target organisms is very
important and deserves attention.
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NAPBMUMAHN EOEKAT OOABPAHUX COJMM HA KOMAPLIE BEKTOPE
JEHTA TPO3HWLE AEDES AEGYPTI (DIPTERA: CULICIDAE) Y
BAHITALELLY

MoxamAD 3Arnyn XAuOeP UKBAN, KABMPYN BALLAP 1 ABYN JABEP XABNALEP

N3Bop

Aedes aegypti (Linnaeus) je rmaBHu1 yHUBEP3anHW BEKTOP BUPYCa KOju U3a3uBa AeHra rposnuuy (DF), gewra
xemoparuyHy rpossuuy (DHF) un cuHgpom perra woka (DSS). KonTpona BekTtopa WMa BaxHy ymory y
cMmarbery cnyyajeBa DHF/DSS kop reyau. Cepxa oBor paga je 6una ga ce npoueHu napBuUMaHM edekat
pacTBopa conu Ha napee Ae. aegypti. CBexe cakynibeHe napse cy npebayeHe y nabopatopujy u yarajaHe
kopucTehu KULLHWLY Kao MeaujyM 3a y3roj, ca rpaHynama keaclia kojuma ce xpaHe napse. et conun, AgNOs,
HgClz, CdCl2, CuSQ4, u CuClz, TecTupaHo je fa 6u ce npoueHWo napBuuMaHM edekaT Ha napee 1. n 3.
ctynwa Ae. aegypti. Cepujcke koHueHTpauumje (0, 1, 3, 5, 7 n 10 ppm) cBake conu Cy npunpemrbeHe
KopuwheteM [ecTunoBaHe Boge Kao pacTBapava. Cpebpo Hutpat (AgNOs) je 3abenexeH kao
HajedvkacHuju napsuumg, a 3atum cnege HgClz, CdClz, CuSOs, 1 CuClz. BpegHoctn LCso AgNOs y ogHocy
Ha napse 1. 1 3. cTynwa 6une cy 0,118 n 1,659 ppm, a BpeaHoctn LCoo 6une cy 2 n 3,347 ppm. BpegHocTu
LTso AgNOs (1 ppm) y ogHocy Ha napse 1. u 3. cTynwa 6une cy 0,575 1 30,42 h, a BpegHocTu LTeo Bune cy
6,00 1 67,49 h. Cee napBse 1. cTynka Cy yrUHyne, He yCNeBLUM Aa ce YNyTKajy Y CBaKoj KOHLEHTpaLuju conu
(1-10 ppm) y poky oa 7 aaHa. Jlapse 3. cTynwa Takofe Hucy Bune y cTarwy Aa ce ynyTkajy y NoTnyHOCTH y
pacteopuma AgNOs u HgClz, anm je nponahero Bpno mano (5,00-36,66%) nyTku npu 7 ppm, ca BUWWM
koHueHTpauwjama conu CdClz, CuSos n CuClz. Mopeg Tora, CdClz, CuSos n CuClz cnpeunnu cy 66,66%,
57,14% v 50% u3nacka agynTta W3 nyTku Npu KOHUeEHTpaumju og 5 ppm. Pegocnen cmarera TOKCUYHOCTH
3a mopTanuteT napsu 6uo je AgNO3>HgCl2>CdCl2>CuSO4>CuClz, a y cnpeyasatby yrnyTkaBara W U3nacka
ogpacnmx AgNOs=HgCl2>CdCl2>CuSOs>CuClo. YTBpheHo je ga AgNOs uma Beoma gobap moTeHuujan y
ybujawy napeu Aedes aegypli, cnpevaBawby ynyTkaBawa W u3nacka oppacnvx. Ctora ce gobujeHn
pesynTaTi Mory cMaTpaTi JONPUHOCOM Y MOTPasu 3a EKONOLLKM MPUXBATIbMBUM NlapBULMAMMA NPUPOSHOT
nopekna. MoTpebHa cy farba ucTpaxusara aa bu ce pasymena pesugyanHa TOKCMMHOCT 0BE COMW 3a BOLY
Ha TepeHy.
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