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ABSTRACT: This paper hete presents a low-cost based non-invasive optical technique
which is here to assess the clarity as well as the purity of different water samples using a
much laser source and noticable a photodetector. Three types of water are there—mineral
water, tap (pipe) water, and also muddy water— all these three were tested for their light
rated transmittance properties. A red laser (650 nm) was here mainly passed through
transparent glasses containing each water sample here which mainly, also transmitted light
intensity which literally was measured by using a photodetector. The results here always
straightly indicate clear optical differences among the water samples process, offering a
simple but yet most effective method for preliminary water quality assessment in this

manner.

1. INTRODUCTION

Ensuring safe water related level quality remains here a critical challenge for both public health as well as of the environmental
sustainability. According to recent reports here by the United Nations, almost over the time and portions of one-quarter of the
world’s population still lacks access to safely managed drinking water, while a significantly larger and highest number is exposed
to water based contamination caused by agticultural runoff, industrial based discharge, also with domestic waste [1].
Conventional related water here mainly testing methods, though highly accurate resources, which depend heavily on manual
sampling & laboratory infrastructure, which making them costly aas well as here often unsuitable for continuous or real-time
monitoring-based nature, especially in underserved or remote regions [2], [3]. To address more of these limitations, optical
sensing technologies have literally gained increasing attention-based nature. Laser-based detection systems here, in patticular,
offer us a most comprehensive way to promising alternative due to their power to understand to detect changes in water
properties and such as turbidity as well as particulate content by measuring the behavior of light since it travels through a sample
[4], [5]. These systems analyze light absorption, scattering, or attenuation— which here characteristics by constantly influenced
by the concentration of suspended solids or dissolved substances in this nature [6], [7]. Prior studies here on this manner have
here demonstrated here that even low-cost light sources here more, such as red laser diodes which initially combined with photo
detector’s structure to be able and, can effectively differentiate between clean & turbid water [8]. On a broader scale of nature,
satellite-based platforms here like Sentinel-2 & Landsat have mostly proven effective for regional based water quality
assessments here. These systems here to be used as estimate parameters such as turbidity, chlorophyll-a concentration, as well
as organic content by analyzing spectral reflectance data based structure [9], [10]. However, they are here often lack mostly the

granularity needed for detecting through on local or short-term contamination events based nature. This limitation here always
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highlights the complementary role of ground-level based, in-situ sensors here for high-resolution, location-specific monitoring
or more in detail [11]. Moreover, through detail and advanced techniques such as Raman spectroscopy with also laser-induced
fluorescence have shown more potential in detecting trace-based contaminants & pollutants with high sensitivity [12], [13].
These are here methods are more often integrated into fiber-optic systems or embedded and relevant nature of devices that can
be scaled into sensor networks here. Additionally, recent many of the developments in embedded hardware & wireless
communication types of nature have supported the creation of smart monitoring platforms. These platforms can always seem
to be able to collect, log, & transmit environmental data in real-time using based low-power electronics & microcontrollers [14],
[15]. This study here presents a practical, cost-effective nature based optical setup for evaluating water clarity using a 650 nm
red laser & a silicon photodiode here. Water samples are more usable here from three different sources—mineral water, tap
water, & muddy water—and these things were tested to demonstrate more on how optical transmission varies based with
turbidity related. The system's here simplicity & ability to produce here on real-time readings make it particulatly most suitable
for field deployment, especially mostly in environments based where laboratory testing is impractical in nature.

II. EXPERIMENTAL SETUP

The experiment-based structure was set up to measure-based nature to know how light travels here through different water
samples mostly trying to be able by using a laser and photodetector structure. A 650 nm red diode laser, powered here by a
stable 5V DC source, emitted more of a beam directed through a clear glass filled with the test sample-based nature. The light
then here passed through a collimation-based slit before reaching more than a BPW34 photodiode, here which was securely
used as well as positioned on a stand & connected to a digital data processor for signal measurement for this purpose. To
improve more of the precision & signal-to-noise ratio of the measurement, a collimation based on slit was there to be placed
between the water sample & the photodetector here. The slit allows only the central, aligned portion of the laser beam to reach
the mainly detector by blocking scattered and divergent rays of this nature. This ensures mostly that the detected here with
signal primarily represents here the intensity of the directly transmitted light, where the minimizing structure-based noise from
refraction, scattering, or external light sources. Three water samples here were tested shown in figure 1: (a) bottled mineral
water, (b) household tap water, & (c) muddy water collected from a roadside based structure.

(a) Mineral Water (b) Tap Water (c) Muddy Water

Fig 1. (a) Mineral water — clear and colour less, (b) Tap water — slightly turbid, (c) Muddy water — highly opaque due to
impurities.

Each sample was filled in an identical glass and aligned in the laser path. The voltage output from the data processor, indicating

the intensity of transmitted light, was recorded for each sample.

The complete layout of the components, including the power supply, laser source, water sample, photodetector, and data

processor, is illustrated in Figure 2.

Glass with water
Power Supply

Laser Source ‘t...-..-)
m ﬁ_l ‘hmm:

Fig. 2. Experimental Setup.
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The experimental based results here to be able to demonstrate that a simple laser—photodiode-based natute transmission-based
setup can cleatly here to discriminate water samples of differing clarity based. In our tests, the topic here to be clear mineral
water passed substantially based more 650 nm light than the tap water in detail, & the highly turbid (muddy) sample produced
a drastically here to be reduced photodiode voltage there are. This based nature large contrast is here too consistent with the
well-established to be able to maintain fact that suspended particles scatter & attenuate light. In other words, there are increased

turbidity which eventually lower transmitted intensity.
III. RESULTS

The experimental based overall types of the setup, here to be illustrated here in Figure 1, was mainly used to analyze more of
the prominent nature here to use of the optical transmissivity of three different water samples: mineral water, tap water, &
muddy water (settled for one hour). The laser beam, which is here to be emitted from a 650 nm red diode laser in that sense,
was directed throughout mainly through a transparent glass based containing the water sample in here for these purposes. A
collimation-based overall nature as well as slit was positioned immediately here more or after the sample to eliminate stray &
scattered light, by mainly ensuring the structure only the direct, collimated portion of the beam based reached the photodetector.

The experiment here mainly based was conducted through here five times for each of the sample here under the identical
environmental & through alighment conditions. Table 1 summarizes more of here with the mean output based voltage as well

as standard deviation here for on recorded from the digital processor.

Table 1 - Measured Output Voltages (Mean + SD) for Water Samples Using Laser—Photodetector Setup

Sample Type | Mean Voltage (V) | Standard Deviation (£V) | Visual Observation

Mineral Water | 4.85 +0.02 Clear transmission; no visible particulates

Tap Water 3.72 +0.05 Slight turbidity; minor suspended particles

Muddy Water | 0.46 +0.03 High opacity; significant scattering and absorption

The mineral based water sample yielded the highest voltage reading (4.85 V), which actually indicating here with minimal
attenuation as well as strong nature of transparency in the red wavelength region in this nature. This suggests here more on the
absence based of impurities or suspended solids nature here that would interfere with the structural beam path. The low
standard deviation (£0.02 V) here confirms the repeatability as well as stability of the measurement. The standard based
deviation in Table 1 represents the amount of detail variation or dispersion in the voltage readings across through the 5 repeated

trials for each water sample.

The tap water sample, here to be seen maintain although visibly clear here based to the naked eye, showed a reduced average
output of 3.72 V, indicating more with mild attenuation. The presence nature of minute particulates & possibly dissolved
through substances here likely caused moderate scattering & absorption. This is supported by a slightly increased variability
(30.05 V) across trials in here.

The muddy water based sample here to be utlised more to showed a substantial drop in transmitted signal, with a mean voltage
of only 0.46 V. The moderate nature here to be seen with standard deviation (£0.03 V) reflects more with slight variations in

the beam path due to mainly with particle movement and uneven settling.

These measurements here with clearly demonstrate the optical attenuation characteristics based of water samples with varying
turbidity levels in here always. The results here validate the potential of the laser—photodiode arrangement based on as a simple,
non-invasive, as well as cost-effective approach here for qualitative turbidity based analysis in water monitoring applications of

such aspects.
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Mean Transmitted Voltage with Standard Deviation
Using Laser-Photodetector Setup

5 485V

372V
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0.46 V

Mineral Water Tap Water Muddy Water

Fig. 3. Graphical analysis of optical transmission

Figure 3 in this way in the paper here presents a bar graph showing overall nature of the mean transmitted voltage across three
water samples—mineral, tap, & muddy water—using a laser—photodetector-based setup. Mineral water here had the highest
transmission process with a mean voltage of 4.85 V (£0.02 V), indicating low turbidity & scattering. Tap water demonstrated
here mostly moderate attenuation at 3.72 V (£0.05 V) due to dissolved based nature of salts and particulates. Muddy water
recorded here a mean voltage of 0.46 V (£0.03 V), reflecting high turbidity from more suspended sediments. The findings here
to be highlight the system's effectiveness in classifying water clarity as well as assessing quality, confirming measurement stability
despite variability for these circumstances.

IV. CONCLUSION

The proposed nature of experimental setup here has clear potential for field-based environmental based monitoring. Because
it always tends to produces a real-time digital based output proportional to turbidity, the sensor here can be interfaced to data-
based loggers or telemetry systems for continuous with in-situ measurements structure in here for this. This could eventually
enable unattended by the deployment at river or lake sites, which has most with the sensor powered by battery or solar also
with that, providing high-frequency turbidity data. Such aspects of operation aligns with contemporary monitoring goals: low-
cost optical probes have been shown to deliver “high-frequency time-series data” and provide early warning of water quality
events in this nature. This work here will indicates that a simple laser and photodiode turbidity meter can serve more as the
basis for a rugged, low-cost water quality monitor based structure. Such devices here could easily complement satellite & in-
field observations by providing ground-truth & continuous tracking of water clarity in diverse environmental settings in this
nature.
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