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Monitoring of Ammonia concentration in fish ponds using evaporation and
advanced spectroscopic methods
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Preliminary design of prototype for real time monitoring of Ammonia
and Oxygen levels in fishponds and its cost evaluation

1. Prototype description

In our recent research, we have developed a new method for real-time monitoring of ammonia (NH3)
levels in fishponds. The new method is based on evaporation of the pond's water and measuring the IR
spectral signature of the evaporation in a sealed cell. Ammonia has a well-known absorption line at 966

cm-1 and we were able to measure Ammonia levels in the order of 1PPM and below as can be seen in Fig.

1.
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Figure 4: Spectra at the 966 cm!: light blue line - Oppm of NHs; blue - 0.2ppm; red - 0.4ppm;
pink - 0.8ppm; light green - 1.6ppm; black - 4ppm (note that 966cm"=10.352pm).

In order to realize compact mobile and inexpensive instrument we propose the following block diagram

given in Fig. 2.
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Figure 2: Block diagram of the real time Ammonia level monitoring in fish ponds

The prototype is composed of the following components IR source, 10pm filter and IR detector. The
components are installed inside a sealed measurement cell which connects to a vacuum pump and to fish
pond water evaporation input. The operation of the prototype is controlled by computer software. The
measurement cycle of the prototype starts with sealing the vacuum measurement cell (Fish pond
evaporation is closed), when vacuum is sufficient, a reference measurement of the IR radiation intensity
is carried out by the IR detector. At this point the vacuum valve is closed and the fish pond evaporation
vale is opened and IR signal measurement of the evaporation is carried out and compared to the reference
signal yielding the Ammonia level in the evaporation. By using calibration tables of the IR detector, the

Ammonia level in fish pond water can be determined accurately.

2. Prototype components




In order to carry out the spectral measurements around 966 cm™ (10.352pm) as was indicated in our
research (see Fig. 1), an IR source such as IRE-12 or Lamp Bulb, QTH, 50W of sciencetech® company
can be used. An IR detector (of Melexis® Company) is required to measure the IR radiation intensity '

inside the sealed measurements cell. IR filters are required as well to filter out unnecessary wavelengths.

IR source (two options)

1. (IRE-12) Coiled Filament Infrared Emitter (1um - 30 um), SW IR
" Source (cost $260)

The IRE-12 is a coil filament based IR source with emissivity of approximately 0.8 (see Fig. 3). It
emits in the IR spectral region of 1um to approximately 30pm. The model IRE-12 operates at 800°C @ 8
watts. However the emitter can be over powered to a higher temperature with a decrease in service life. It
is appropriate for use in lab or field instrumentation due to its long life and stable properties. Please note

this is only an IR emitter component and does not include a reflector or housing enclosure.

The radiating element is a coil of resistance wire which has a high emissivity in the infrared spectral
region. The coil is supported on a grooved cylindrical substrate of alumina, resulting in the windings being
electrically insulated from each other. This contributes to a more uniform radiating source.
Two reflectors are available. One is a parabolic reflector and the other is a elliptical reflector. We can
provide collimating optics using an AR coated ZnSe lens, a sapphire lens or an aluminum parabolic
reflector. The IR emitter is not packaged in a housing with the reflector. It only comes in component form
and the user needs to package it into a housing and provide electrical connection to the power supply.
Should the constant voltage power supply or battery power supply be purchased, the socket harness for

the IR emitter as well as corresponding cables are included. Nominal operating voltage: 6V at 1.8 amps.

Figure 3: IRE-12 is a coil filament based IR source (right) and Lamp Bulb, QTH, 50W (left)



2. A 50W Quartz, Tungsten, Halogen bulb for Sciencetech's QTH
housings (cost $40)

A 50W Quartz, Tungsten, Halogen bulb for Sciencetech's QTH housings (See Fig. 3). Using this kind of

lamp requires additional IR filter to cut out the Visual light in the case of our system.

IR detector

e Infrared Thermometer - MLX90614 (cost $20)

Melexis'® MLX90614ESF-BAA is an infrared thermometer designed for non-contact temperature
sensing. An internal 17-bit ADC and a powerful DSP contribute to the MLX90614’s high accuracy and
resolution. It has a huge number of applications including body temperature measurement and movement
detection. The MLX90614 provides two methods of output: PWM and SMBus (i.e. TWL, 12C). The 10-
bit PWM output provides a resolution of 0.14°C, while the TWI interface has a resolution of 0.02°C. The
MLX90614 is factory calibrated in wide temperature ranges: -40 to 85°C for the ambient temperature and
70 to 382.2°C for the object temperature. The measured value is the average temperature of all objects in
the Field Of View of the sensor. The MLX90614 offers a standard accuracy of 0.5°C around room

temperatures. This device comes in an industry standard TO-39 package. Fig. 4 shows the IR detector.

Figure 4: Infrared Thermometer - MLX90614

IR Filter

o THz Bandpass Filters: 10 pm - 590 pm Center Wavelength ($700)
Thorlabs'® Far-Infrared and Terahertz Bandpass Filters provide high-spectral-resolution filtering with
center wavelengths (CWLs) from 10 to 590 pm (30.0 THzto 510 GHz). With more than 70% transmission
at the CWL, these filters are fabricated from gold-mesh frequency-selective surfaces designed to reject

out-of-band radiation primarily by reflection and destructive interference. Fig. 5 shows this filter and its

transmission function.
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Figure 5: FB19M10 10 pm (30.0 THz) BPF photo (top) and transmission function (bottom



