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The survival of Aedes aegypti larvae is inseparable from the adequacy of
food, including organic substances available in the breeding water. It is very
dependent on the level of water markers such as temperature, salinity,
Dissolved Oxygen, and pH. The study used quantitative observational
analytic with a case control study design. Case group was consisted of
breeding water in endemic area and control group was in non-endemic area.
The sample size was 43 samples for each group, collected by purposive
sampling technique. Data were analyzed by Chi-square and Mann-Whitney
test. Larvae mostly presence in endemic area (68.3%) and mostly absent in
non-endemic area (85.4%) (p-value=0.002). Temperature in endemic area
mostly in 27-30°C (86%) and non-endemic area mostly in <27°C
or >30°C (72.1%) (p-value=0.000). Salinity in endemic and non-endemic
areas has no difference (p-value=0.266). DO in endemic areas were mostly in
5.02-7.82 mg/l (76.7%). While DO in non-endemic area was mostly in <5.02
mg/l or >7.82 mg/l (95.3%) (p-value=0.001). The pH<6 or >7.8 is mostly in
non-endemic areas (87.8%) and pH 6-7.8 is mostly in endemic areas (63.4%)
(p-value=0.000). Bio-physicochemical markers of breeding sites water have
differences between endemic and non-endemic area except salinity.
The temperature, salinity, DO, and pH affected the presence of larvae and the
most affected is DO marker. While the marker that affected the presence of
larvae in non-endemic area is pH.
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1. INTRODUCTION

Dengue Hemorrhagic Fever (
mosquito vector carrying the dengu
Indonesia has the highest incidence o
serious disease in Indonesia is known

DHF) is a potentially fatal disease that is transmitted through the Aedes
e virus. The World Health Organization (WHO) data shows that
f DHF among Southeast Asian countries [1-2]. The incidence of this
to fluctuate. The incidence of DHF was 77.96 per 100,000 population

in 2016 and 22.55 per 100,000 populations in 2017, while the DHF mortality rate was 0.79 in 2016 and 0.75

in 2017. South Kalimantan province e

xperiences some incidence of DHF every year, with especially serious

outbreaks in several outbreak areas. In 2015 and 2016, all regencies and cities in the province experienced
some incidence of DHF (100%), but this decreased slightly to 92.31% in 2017. One district that has
consistently experienced DHF over the last 3 years is Banjar Regency [3-4]. Banjar Regency consists of
19 districts. Martapura District is an endemic area with the highest dengue incidence rate of 98.0 per
100,000 population in 2016 and 71.7 per 100,000 population in 2017 [5-6].
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Data shows that DHF is an urgent problem that requires the implementation of control measures so
that the incidence of infection does not increase. One approach involves breaking the chain of transmission
by controlling the prevalence of the vector A. aegypti. It is known that the pre-mature breeding places for
A. aegypti (larvae) are located in water reservoirs. Damanik’s research [7] identified the highest average
number of larvae (68.89) as occurring in well water. This shows that the most favored A. aegypti mosquito
breeding location is in well water. The survival of A. aegypti larvae is highly dependent on the availability of
nutrients, including organic substances available in breeding water. Thus, its survival is extremely dependent
on breeding water quality [7].

Water quality, as measured through observation of various chemical and physical markers, is one of
the important factors determining the survival of living organisms in water. One of the physical markers that
play an important role in the development of the DHF vector is temperature [8]. Damanik's study [7] found
that the optimal water temperature of a breeding site was 27.6°C; at this temperature, the average abundance
of A. aegypti larvae was found to be the highest. This finding was confirmed by Afolabi, et al. [9], who found
that water temperatures at A. aegypti breeding sites typically fell within the range of 26.5°C-29.3°C.

In addition to physical markers, several water chemistry markers have also been shown to influence
the development of A. aegypti larvae. These include salinity and Dissolved Oxygen (DO), which have been
proven to have a significant relationship with the development of A. aegypti larvae. Based on the results of
Rao's research [10] on the characteristics of breeding sites, salinity has a significant correlation with the
presence of A. aegypti larvae. In addition to salinity and DO, pH is also thought to influence
the presence of larvae [10].

The pH level of water quantifies its degree of acidity or basicity. The pH scale ranges from 0 to 14;
if the pH value is less than 7, it indicates an acidic environment, while a value above 7 indicates a basic
environment [11]. The results of Gopalakhrisnan's study [12] showed that the average percentage of larvae
that developed into mosquitoes in water with pH 5 was 76.5%, while the percentage for pH 7 was 98%,
and the percentage for pH 9 was 86.5%.

These findings demonstrate the possible influence of temperature, salinity, DO, and water pH on the
proliferation of mosquito vectors. Therefore, if appropriate measures are to be taken in order to control DHF
in Banjar Regency, South Kalimantan Province, there is clearly a need for research into the effects of
temperature, salinity, DO, and pH levels of A. aegypti breeding water on larvae in endemic and non-endemic
DHF areas there.

2. RESEARCH METHOD

This study used quantitative, observational, and analytic methods with a case-control study design.
The case group was an aquatic breeding site located in an endemic area, while the control group was located
in a non-endemic area. The sample used in this study consists of breeding sites located throughout Banjar
Regency, South Kalimantan Province, Indonesia. Tanjung Rema Darat Village was selected as the site for the
case group because it has the highest DHF incidence. The sample for the control group was taken from
a breeding site located in Tanah Abang Village. Samples were taken by a purposive sampling technique from
about 86 households, or 43 households for each group.

Visual observations of water breeding sites were conducted to obtain the data measuring larvae
presence. Water samples were taken using a dipper, then stored in bottles. Samples were then stored in
a cooler box. Data collection of larvae presence, temperature (°C), and pH markers took place directly in the
field, while salinity and dissolved oxygen data were measured in environmental health laboratories.
Well water was the type of A. aegypti breeding water which was studied. Bio-physicochemical markers of
breeding water were categorized based on previous research. The larvae presence categories were defined as
in Hidayah’s research [13], that is, as “found” and “not found”, or “present” and “absent”.

The temperature and Dissolved Oxygen were categorized based on Sanchez’s study [14].
The categories for temperature are “27-30°C”, and “less than 27°C (<27°C) or >30°C”. Dissolved Oxygen are
categorized as “5.02-7markamg/1” or “<5.02 mg/l, or >7.82 mg/1”. The salinity categories, defined based on
Anggraini’s research [15], are “4-6 gr/1”, and “<4 gr/l or >6 gr/I”. Water pH levels are categorized as either
“less than 6 (<6) or >7.8” or “6-7.8”. This categorization is based on the results of Ridha's study [16],
which found that the average pH value of a positive water reservoir containing larvae is pH 6-7.8. Data were
analyzed by Chi-square test to determine the effects of the water markers on larvae existence, and then
Logistic Regression tests were used to identify the dominant parameters in each group. The differences
between each marker for endemic and non-endemic areas are analyzed using the Mann-Whitney test.
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3. RESULTS AND DISCUSSION
3.1. Characteristic of breeding sites

Characteristics of A. aegypti mosquito breeding sites include color, the presence or absence of a lid,
and the location of the water container. These are presented for sites from endemic and non-endemic DHF
areas in Table 1.

Table 1. Characteristics of Aedes aegypti mosquito breeding sites and the effect on larvae presence in
endemic and non-endemic area

Characteristic Endemic area Non-endemic area p-
n % n % value
Color
Dark 30 69.8 7 16.3  0.001
Bright 13 30.2 36 83.7  (<0.05)
Total 43 100 43 100
Lid existence
Not exist 27 62.8 5 11.6  0.000
Exist 16 37.2 38 88.4  (<0.05)
Total 43 100 43 100
Position
Outside 3 6.9 14 326 0.711
Inside 40 93.1 29 67.4 (>0.05)
Total 43 100 43 100

Table 1 shows that the breeding sites for A. aegypti mosquitoes in endemic areas are mostly dark in
color (69.8%), do not have a lid (62.8%), and are located indoors (93.1%). Breeding sites in non-endemic
areas mostly share bright colors (83.7%), have a lid (88.4%), and are located indoors (67.4%).
Statistically, the color characteristics and the presence of the lid have significant differences, while the
positions of the breeding sites do not.

3.2. Larvae presence in endemic and non-endemic area

Observations of larvae in each area show that larvae are typically present in endemic areas (68.3%),
while larvae are usually absent in non-endemic area (85.4%) as shown in Figure 1.

120%

100% - D=valye = 00002

80%

&0% - m Preszence

Absent
40%

Percentage of breeding sites

a1 B

Endemic Area MNon-Endemic Area

Figure 1. The comparison of larvae presence in endemic and non-endemic areas

3.3. Temperature marker in endemic and non-endemic area

A comparison of statistical descriptors (meantSD) of temperature data for endemic and
non-endemic area is presented in Table 2. The results of a normality test showed that the temperature
parameters were not normally distributed, and so they could not be analyzed by the parametric independent
t-test. An appropriate alternative test is thus given by non-parametric Mann-Whitney test. The percentage
comparison of temperature marker based on categories “27-30°C” and “<27°C or >30°C” showed that
temperature in endemic areas mostly fell within the range 27-30°C (86%). The temperatures in non-endemic
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areas were mostly in “<27°C or >30°C” ranges (72.1%). The temperatures between endemic and
non-endemic areas differed significantly, with p-value=0.000 as shown in Figure 2.
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Figure 2. The comparison of temperature in endemic and non-endemic areas

Water temperature is very influential on larvae proliferation, since generally larvae prefer warm
places. That is why Aedes sp. is more common in the tropics. The time of hatching of an egg depends on the
water temperature to a certain extent; an egg developing in warmer temperatures will hatch faster to become
an instar. Results showed that at a temperature of 20°C, eggs hatched within 3.5 days, whereas if the
temperature was raised to a temperature of 35°C, the eggs hatched within 2 days.

3.4. Salinity marker in endemic and non-endemic area

A comparison of statistical descriptors (mean+SD) salinity data for endemic and non-endemic areas
is presented in Table 2. Salinity data for endemic and non-endemic areas are not normally distributed.
Statistical tests yielded a p-value of 0.266. This shows that there is no significant difference in salinity
between endemic and non-endemic areas. Salinity in endemic areas mostly falls in the category of “4-6 gr/l”
(65.1%), as is also the case in endemic areas (83.7%).

Table 2. Statistic scores and the effect of temperature, salinity, Dissolved Oxygen (DO), and pH on larvae
presence in endemic and non-endemic area

Statistic score Endemic area p-value Non-endemic area p-value
Temperature (C°) Mean + SD 27.51+0.798 0.002 (<0.05) 25.70+£1.124 0.093 (>0.05)
Salinity (gr/l) Mean + SD 4.058 + 0.927 0.000 (<0.05) 4.472 +1.365 0.075 (>0.05)
DO (mg/l) Mean + SD 6.393 £ 1.143 0.019 (<0.05) 7.253 £ 1.099 0.080 (>0.05)
pH Mean + SD 6.527 +0.909 0.001 (<0.05) 5.499 + 0.659 0.004 (<0.05)

Salinity is a measure expressed by the amount of salts dissolved in a volume of water. The amount
of salts dissolved in water determines the level of salinity [17]. Research by Rao [10] and Anggraini [15]
found a significant relationship between salinity and larva density. In addition, the results also show that
temperature, DO, and pH in endemic areas are very conducive for mosquito breeding. This causes more
larvae to be found in endemic areas than in non-endemic areas. The survival of Aedes aegypti larvae is
dependent on the abundance of food, including organic substances available in the breeding water. It is thus
very dependent on the level of water markers such as temperature, pH, salinity, and Dissolved Oxygen.

3.5. Dissolved oxygen marker in endemic and non-endemic area

The statistic score (mean+SD) for dissolved oxygen markers for endemic and non-endemic areas are
presented in Table 2. Based on the mean value, it is known that DO markers in endemic areas are lower than
in non-endemic areas. The data obtained were normally distributed, and statistical tests produced a p-value of
0.001. There are thus significant differences in DO between endemic and non-endemic areas.
Dissolved Oxygen markers were categorized into 2 groups. They are “5.02-7.82 mg/l” and
“<5.02 mg/l or >7.82 mg/”. DO levels in endemic areas were mostly in the category “5.02-7.82 mg/1”
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(76.7%). Meanwhile, DO levels in non-endemic areas were mostly in the category
“<5.02 mg/l or >7.82 mg/I” (95.3%) as shown in Figure 3.
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Figure 3. The comparison of DO marker in endemic and non-endemic area

Larvae are also influenced by dissolved oxygen (DO). DO levels which support larval breeding are
those in which there is sufficient dissolved oxygen to meet the oxygen requirements of the larvae in the water
reservoirs, and also serve as a marker that food sources for larvae are available. Dissolved oxygen levels in
water depend on the amount of vegetation in the water. This is because the vegetation in the waters conducts
photosynthesis. The photosynthesis process will affect the presence of dissolved oxygen (DO) in water,
which in turn will affect the density of mosquito larvae at the breeding site [18].

Dissolved oxygen is needed by all living bodies for breathing, metabolic processes, or for the
exchange of substances which then produce energy for growth and breeding. In addition, oxygen is also
needed for the oxidation of organic and inorganic materials in the aerobic process [19]. Several studies that
are in line with this research include Rao [10], Gopalakrishnan [12], Sanchez [14], and Olayemi [20].
These studies have proven that DO has a positive influence on the presence of larvae; the higher the DO
levels of the breeding water, the more larvae are found there.

3.6. pH marker in endemic and non-endemic area

Statistical descriptors of pH marker data including mean + SD values are presented in Table 2.
PH levels in endemic and non-endemic areas were not normally distributed, so they were categorized into
“pH 6-7.8” and “<6 or> 7.8” groups. Levels of pH 6-7.8 are mostly found in endemic areas (63.4%)
compared to non-endemic areas (12.2%). The highest occurrences of pH “<6 or> 7.8” sites were in
non-endemic areas (87.8%) as opposed to endemic areas (36.6%) as shown in Figure 4.
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Figure 4. The comparison of pH level in endemic and non-endemic area
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Statistically, temperature, salinity, DO, and pH markers affect the presence of larvae in endemic
areas. The most influential marker is Dissolved Oxygen. Breeding water with DO in the category
“5.02-7.82 mg/1” has a risk of larvae 3 times greater than water with DO in the category “<5.02 mg/l or 7.82
mg/I” (OR=3.00). The only marker that significantly affects larvae presence in non-endemic areas is pH;
other markers do not significantly affect the presence of larvae as shown in Table 2.

Besides this, water with pH that is too acidic or too alkaline will easily result in dead larvae.
The levels of pH that are too acidic are thought to inhibit plankton growth. Plankton is one of the primary
food sources for mosquito larvae, and a reduction in this food source reduces the larvae's chances of
sustaining life. These results are in agreement with the results of previous studies, including those of Umar
and Donpedro in Rao [10], Ridha [16], Olayemi [20], Thangamathi [21], and Madzlan [22]. Both pH and
temperature affect larvae density. The pH and temperature levels are positively associated with larvae
density. This is because pH and temperature have an impact on mosquitoes associated with osmoregulation
and oxygen transport.

4. CONCLUSION

Bio-physicochemical markers of water samples from breeding sites show significant differences
between endemic and non-endemic DHF areas, except in terms of salinity. The temperature, salinity, DO,
and pH significantly affected the presence of larvae, with the DO marker showing the greatest affect.
The marker that most affected the presence of larvae in non-endemic areas was pH.
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