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Abstract 
Automating the measurement of carbonate system parameters is essential for 
improving our understanding of biogeochemical processes in marine regions. 
The portable OCaPI (Ocean Carbon Parameters Instrument) is designed to 
perform simultaneous and accurate measurements of hydrogen ion concen-
tration (pH) and partial pressure of carbon dioxide (pCO2)1 in the ocean en-
vironment. Optimizing the parameters of the UV-Vis spectrophotometer (in-
tegration time, scan-to-average, boxcar) facilitates the quantification of ocean 
acidification, with significantly improved measurement accuracy and reliabil-
ity. The results obtained are consistent with existing techniques and offer a 
simplified approach to data collection, even under challenging conditions. 
This work, based on design principles, performance, and preliminary results 
obtained in the Mediterranean Sea, paves the way for the integration of these 
optimized techniques into long-term monitoring programs. This will contribute 
to a better understanding of the impacts of climate change on marine ecosystems 
and to improved management in the face of ocean acidification. 
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1. Introduction 

Assessing the hydrogen ion concentration and the partial pressure of carbon di-
oxide in seawater is critical for analyzing marine ecosystems and ocean acidifica-
tion. Optimizing the parameters of the UV-Vis spectrophotometer, particularly 
for the OCaPI instrument, is essential to ensure the accuracy and reliability of 
measurements. pH and pCO2 are crucial parameters of marine carbonate chemis-
try, which modulate biological and geochemical processes in the oceans [1]. 

This research demonstrates that integration times of 45,000 µs and 25,000 µs 
microseconds for pH and pCO2, respectively, yield reliable results. Improving 
spectral resolution was made possible by using a 30-point Scan to Average and a 
5-point Boxcar, which are essential for reducing background noise. By carefully 
adjusting these parameters, we gained a better understanding of pH and pCO2 
fluctuations in the oceans, as well as their impacts on climate and marine biodi-
versity.  

Ultimately, collecting accurate information on these variables allows us not 
only to assess the current state of the oceans but also to predict the future effects 
of climate change [2] [3]. 

The study of carbonate system parameters in marine ecosystems is crucial for 
understanding the effects of environmental changes on the chemical composition 
of seawater, particularly in the context of increasing acidification linked to rising 
atmospheric CO2 levels. This research aims to establish a standardized procedure 
for measuring these parameters and to contribute to the development of specific 
standards for seawater analysis [4]-[7]. 

pH, a key indicator of acidity, influences fundamental biological and chemical 
processes such as nutrient availability and the metabolism of sensitive organisms 
like corals and mollusks. At the same time, pCO2 also plays a major role in the 
carbon cycle by altering the oceans’ ability to absorb atmospheric CO2, which has 
direct implications for global warming [1]-[3]. 

Monitoring these parameters not only allows us to assess the health of marine 
ecosystems but also to feed into climate models and anticipate the consequences 
of global changes on biodiversity. Processes such as photosynthesis, respiration, 
and food chain productivity also depend on them [1] [3] [5] [7].  

Accurate measurement, using methods such as UV-Visible spectrophotometry, 
is therefore crucial for assessing the impact of human activities and for developing 
strategies for the sustainable management of ocean resources. 

2. Materials and Methods 

The use of UV-Vis spectrophotometry for these measurements represents an in-
novative approach that, when properly optimized, can provide accurate and in-
stantaneous data. The experimental methodology adopted for optimizing the pa-
rameters of the UV-Vis spectrophotometer aims to ensure a high degree of accu-
racy in assessing ocean acidification. 
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The first step involved configuring the spectrophotometer (OCaPI), ensuring 
that a precise calibration was performed using buffer solutions of known pH to 
establish a solid reference point. Experimental conditions were standardized, which 
helped reduce fluctuations caused by external factors.  

Optimizing the spectrophotometer’s technical parameters (Figure 9(b)) is crit-
ical to ensuring the precision and accuracy of the results [8]-[12]. 

Seawater samples were collected in the western Mediterranean in November 
2023. Samples were taken at depths ranging from 0 to 10 meters. The environ-
mental conditions observed included a temperature range of 13˚C to 18˚C and a 
salinity range of 35 to 40 mg/L. 

Optimization focuses on three parameters: integration time, Scan to Average, 
and Boxcar. 

2.1. Integration Time 

This time, which represents the duration during which the signal is acquired, has 
a direct impact on the accuracy and sensitivity of the measurements. 

The length of the tube (10 cm) was adjusted to match that of the thermostat (18 
cm); subsequently, it became necessary to optimize the integration times. 

1) pH: Intensity spectra were recorded at seawater pump speeds of 600, a scan-
to-average of 30, a boxcar of 5, and integration times of 12,000 to 100,000 µs (Fig-
ure 1). 

 

 
Figure 1. Intensity spectrum of measurements taken with the engine off (seawater pump speed at 600, Scan to 
Average 30, Boxcar 5, and IT 12,000 to 100,000 µs). 

 
A distortion in the spectrum is observed around 65,000 µs, attributed to satu-

ration of the spectrophotometer. The longer the tube, the longer the integration 
time. The integration time, which was initially set at 15,000 µs for 10 cm, was op-
timized to 45,000 µs for 18 cm following a calculation of the signal-to-noise ratio 
(Figure 2). 
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Figure 2. Signal-to-noise ratio of measurements taken with the engine off (seawater pump speed at 600, 
Scan to Average 30, Boxcar 5, and IT 10,000 to 80,000 µs). 

 
Selecting a few intensity points and calculating the RSB ratio led us to observe 

an increase up to approximately 40,000 µs, corresponding to an optimal intensity 
of 45,000 µs. 

2) pCO2: The intensity spectra were recorded at a seawater pump speed of 600, 
with a scan-to-average of 30, a boxcar of 5, and integration times ranging from 
15,000 to 45,000 µs (Figure 3). 

 

 
Figure 3. Intensity spectrum measured with the engine off (seawater pump speed at 600 rpm with the 
engine off; Scan to Average 30, Boxcar 5, and IT 15,000 to 45,000 µs). 

 
A distortion of the spectrum is observed around 60,000 µs, attributed to satu-

ration of the spectrophotometer. The integration time, which was initially set to 
350,000 µs for a 10 cm measurement, was optimized to 25,000 µs for an 18 cm 
measurement following calculation of the signal-to-noise ratio (Figure 4). 
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Figure 4. Signal-to-noise ratio spectrum of measurements taken with the engine off (sea-
water pump speed at 600, Scan to Average 30, Boxcar 5, and IT 12,000 to 35,000 µs). 

 
An increase in noise is observed around 22,000 µs, corresponding to an optimal 

intensity of 25,000 µs. 

2.2. Scan to Average 

Scan to Average involves performing several consecutive scans of the same signal, 
followed by calculating the average of the results obtained. The main objective is to 
minimize random noise to optimize the accuracy and reliability of the collected data. 

Different Scan to Average runs were recorded at speeds of 600 and 50, respec-
tively, for the seawater pump and the dye pump, with an integration time of 22,000 
µs and a Boxcar of 0 (Figure 5). 

 

 
Figure 5. Intensity spectrum of measurements taken with the motors off (pump speed 600 - 50, IT 12,000 µs, 
Scan to Average 1 to 30, Boxcar 0). 

 
A distortion of the spectrum around 32,000 µs is observed, attributed to satu-

ration of the spectrophotometer, and the RSB ratio was calculated to determine 
the optimal Scan to Average setting (Figure 6). 
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Figure 6. Signal-to-noise ratio spectrum of measurements taken with the engine off (speed 
600 - 50, Scan to Average 1 to 30 using 3 replicates and between 675 nm and 750 nm, IT 
850 to 1000 µs, and Boxcar 0). 

 
We clearly observe a decrease in the standard deviation as the Scan to Average 

increases, stabilizing around 15. Subsequently, we chose to work with a Scan to 
Average of 30. 

2.3. Boxcar 

The Boxcar filter, which performs digital filtering, uses a uniform average over a 
data sequence by applying a moving window of constant width. Each filtered data 
point is determined by calculating the arithmetic mean of the data points within 
the fixed window centered on that point (Figure 7). 

 

 
Figure 7. Signal-to-noise ratio spectrum of measurements taken with the engine off (speed 600 - 50, 
scan-to-average 30, IT 22,000 µs, and Boxcar 0 to 5). 
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We also measured the standard deviation of the absorbances between 675 nm 
and 700 nm at different Boxcar values after performing measurements (with en-
gines running) with 3 replicates per Boxcar, except for Boxcar 0, where there were 
no replicates (Figure 8). 

 

 
Figure 8. Signal-to-noise ratio spectrum of measurements taken with the engines off (speed 
600 - 50, Scan to Average 30, IT 900 µs to 1000 µs, and Boxcar 0 to 5 with 3 repetitions, 
except at 0, and between 675 nm and 750 nm). 

 
We clearly observe a decrease in the standard deviation as the Boxcar value in-

creases, stabilizing at a Boxcar value of 3. This is why we chose to work with a Boxcar 
value of 5 thereafter. Furthermore, a Boxcar value of 5 averages over a wavelength 
range of 1.9 nm on average, which is acceptable. 

3. Results and Discussion 

Activating a thermostat stabilized the temperature, which had initially been fluc-
tuating, causing the column to rise by 10 to 18 cm. A distortion in the spectral 
intensity peak indicated detector saturation. The signal-to-noise ratio (SNR) was 
calculated based on the average of the ratio between the peak of maximum ab-
sorbance of the basic form (578 nm for pH and 558 nm for pCO2) and that of the 
acidic form (434 nm). The standard deviation of the signal was evaluated in a re-
gion where no absorbance is present (between 675 nm and 750 nm). 

To refine the measurement parameters, three (3) specific elements were exam-
ined: integration time, scan-to-average, and boxcar. The integration time was ad-
justed (Figure 2; Figure 4) to optimize the signal-to-noise ratio, a key factor for 
detecting small fluctuations in pH and pCO2. The “scan to average” method was 
used (Figure 6) to mitigate instantaneous fluctuations in the data. As for the Box-
car method, it was employed (Figure 6) to improve spectral resolution by reduc-
ing light interference. 

Specific measurement protocols were implemented, including multiple repeti-
tions of each sample to ensure the reproducibility of results. Data collection was 
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automated using Python software (ocapi. v5) to analyze the obtained spectra, en-
suring the accuracy and speed of the procedures. These methodological proce-
dures established a systematic and rigorous approach for evaluating spectropho-
tometer parameters, thereby ensuring reliable results in the study of ocean acidi-
fication [8]-[12]. 

Analysis of the results obtained from optimizing the parameters of the UV-Vis 
spectrophotometer (OCaPI) reveals key insights into the assessment of ocean acid-
ification in comparison with the results of the experiments conducted prior to 
optimization (Figure 9(a)).  

The pH and pCO2 measurements were examined in relation to variations in inte-
gration times, “Scan to Average” settings, and Boxcar parameters. An integration 
time that is too short can lead to random fluctuations in the data, while a time that 
is too long could cause drift, thereby altering the results. The selection of the “scan 
to average” mode is also crucial, as it helps minimize background noise and en-
hance the signal—requirements essential for detecting the subtle pH variations 
associated with ocean acidification [2]-[13].  

These adjustments (Figure 9(b)) led to improved accuracy in detecting low pH 
levels, which is essential in increasingly acidic marine environments. The collected 
data revealed a direct relationship between variations in dissolved CO2 concentra-
tions and pH measurements, thereby confirming the validity of the developed optical 
method. Furthermore, the results obtained reveal that optimizing integration times 
to 45,000 µs and 25,000 µs for pH and pCO2, a scan-to-average of 30, and a boxcar of 
5, allows for better differentiation of background noise, thereby providing more ac-
curate measurements, especially in coastal regions where fluctuations are frequent. 

However, we opted for a 30-scan “scan to average” method to further reduce 
random noise and to ensure the 5-point fit was accurate, given its optimal spectral 
smoothing without significantly broadening the absorption bands. 

 

 
(a) 

https://doi.org/10.4236/ojap.2026.152003


S. A. Barry et al. 
 

 

DOI: 10.4236/ojap.2026.152003 56 Open Journal of Air Pollution 
 

 
(b) 

Figure 9. Spectra (a) and (b) show the results before and after optimization, respectively, at pump speeds of 600 
- 25, 600 - 50, 600 - 100, and 600 - 200 rpm. 

 
The pH calibration was performed across the full range (certified by the Uni-

versity of California, San Diego), and pCO2 calibration was performed using cer-
tified gases. Each calibration point was tested 10 times in triplicate. Performance 
was evaluated using a reference CRM solution, which allowed us to achieve accu-
racies of 0.002 pH units and 2 ppm for the two parameters, respectively.  

The optimal parameters mentioned above are specific to the configuration of 
our tubes and peristaltic pumps, as well as to the Mediterranean Sea (temperature 
and salinity). A transition to other seawater conditions would require at least a 
partial revalidation, but the optimization method applies directly. 

These observations highlight the need to establish strict protocols for the as-
sessment of these key parameters, with the aim of obtaining measurable and rele-
vant results for monitoring acidification and its effects on marine biodiversity [14] 
[15]. 

4. Conclusions 

Research on optimizing the parameters of UV-Vis spectrophotometers (OCaPI) 
to assess ocean acidification has highlighted the vital importance of these analyti-
cal instruments for understanding the environmental consequences of climate 
change.  

Given the gradual increase in ocean acidity, it is essential to have precise meas-
urement techniques to monitor pH and pCO2 levels, as these factors have signifi-
cant impacts on marine life and ecosystems.  

By optimizing the parameters with integration times of 45,000 µs for pH and 
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25,000 µs for pCO2, as well as using 30-point “scan to average” techniques and a 
5-point Boxcar approach, we were able to demonstrate a significant improvement 
in the accuracy and reliability of spectrophotometric measurements.  

The results obtained not only reveal a correlation with other existing techniques 
for quantifying these parameters but also offer a new perspective for environmen-
tal monitoring by simplifying data collection in challenging environments.  

This research therefore paves the way for future applications that could inte-
grate these optimized techniques into long-term monitoring programs, thereby 
providing valuable insights for the management of marine resources and the 
preservation of ecosystems in the face of increasing ocean acidity. 
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