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ABSTRACT– In this study, we assessed if the turbidimeter calibration process affects turbidity data 
quality and the effectiveness of field campaigns. Accurate results are obtained when new standard 
turbidity samples are prepared to calibrate the turbidimeter sensor. Additionally, intervals of field 
campaigns greater than 15 days tend to be more feasible for cleaning, calibrating, and measuring 
actual data. Samples of formazine are prone to vary turbidity throughout the days resulting in 
statistically different data; thus, they lead to an overestimation of sediment concentration 
readings due to solutions deterioration that may affect the calibration process. 
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1 - INTRODUCTION 

Population boom, coupled with poor political management, has led to disorderly territorial 
occupation and unsustainable search for water resources. The shortage of water resources mainly 
stems from an intensive activity of agroindustry, deforestation and irregular effluents. Therefore, 
conflicts arise in these regions due to the use of water and economic problems that comes from 
the low local productivity, problems of erosion, and silting of water bodies (LOPES, 2010). 

Planning and management of water resources are of fundamental importance to mitigate 
the environmental problems faced in rural basins of the country. According to Carvalho (2008), 
knowledge and understanding of hydrosedimentological processes become essential as support 
and guidance for planning and feasible management. 

A series of consistent data implies better studies, so automatic monitoring equipment has 
made it easier to obtain information. It is known that turbidity is characterized by the solid 
particles in suspension, reducing the transmittance of light. Studies on correlation of turbidity and 
concentration of suspended sediments have increased since in situ measurements can be costly; 
Therefore, that may be an alternative to the space-time study of suspended sediment load, by 
generating a continuous record of information with lower operating cost. 

The turbidimeter has been used as an alternative for hydrosedimentological monitoring of 
suspended sediment that, once calibrated, significantly reduces expenses with periodic 
measurements in situ. However, the use of turbidimeters for such calibration should be done with 
caution as particle characteristics, such as reflectivity, influence turbidimetric readings. Aiming at 
obtaining data that reflect reality, it is necessary to pay attention to how that process is made. The 
study aimed to evaluate the turbidimeter calibration with standard solutions of Formazine, and its 
effects on data quality and on equipment maintenance during field campaigns. 

2 - MATERIALS AND METHODS 

Guariroba River Basin has 36,200 ha, and it is located on the rural side of Campo Grande, 
Mato Grosso do Sul state, Brazil (54° 37’07”O and 20°30’13”S). The soil orders that mainly occur in 
the basin are Ortic, Hydromorphic, and Fluvic Quartz-Sand Neosols with occurrences of Red 
Latosols (Figure 1). According to Köppen, the climate is Aw, with annual mean rainfall of 1,500 
mm, described as Brazilian Cerrado and characterized by low temperature of 18° C. From 2011 to 
2013, the mean soil loss was estimated as 67.12±84.43 t ha-1 year-1, with higher soil loss rate in 
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steep slope and degraded areas (Anache et al., 2014), with an observed Rainfall Erosivity (R) of 
8932 MJ mm ha-1 h-1 year-1. 

Since the last decades, Guariroba basin has undergone an intense process of degradation 
due to the extensive cattle ranching, where few conservationist practices such as rotational 
grazing systems are observed. According to Dias (2005) between 1985 and 2005, about 30% of the 
total area of the basin was deforested for establishing pasture. We analysed 5 readings from the 
sensor calibration using Formazine solutions (10 NTU, 30 NTU, 50 NTU, 100 NTU, 200 NTU, 300 
NTU) throughout December 2015 to February 2016. 

2.1 - Sedimentology 

We monitored a cross section located at the middle course of the Guariroba River; its 
characteristics are: width 8.5 m, depth 0,7 m, and mean velocity 0.5 m s-1. Turbidity was 
determined using a Brazilian brand turbidimeter (Solar Instrumentação Monitoração e Controle 
Ltda), accoupled with a turbidity sensor model SL 2000-TS, which functioned in the backscattering 
mode and possess the following features: infrared wavelength 0.7 to 300 µm and concentration 
range from 0 to 5000 mg l-1. The probe was installed in a 50 mm dark PVC pipe, constantly 
submersed at 20 cm from the river bed (Figure 1); That probe position allowed an easy access in 
order to clean and calibrate the equipment. The turbidimeter is equipped with a data logger 
collecting data in 10-minute intervals. In addition, suspended sediment was determined using an 
USDH–48 sampler; also, we used Equal Width Increase (IIL) method (CARVALHO, 2008) for depth 
integrated sampling. Grab samples were collected near the turbidimeter sensor for calibration. 

 

 

Figure 1 – probe site location and the datalogger panel (source: own authorship). 
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2.1.1 - TURBIDIMETER CALIBRATION 

The equipment calibration procedure was carried out in two steps: calibration of the sensor 
in field using formazine solutions of 10 NTU, 30 NTU, 50 NTU, 100 NTU, 200 NTU, 300 NTU and 
distilled water according to OLD et al. (2003). The second step consisted in obtaining a calibration 
curve of suspended sediment concentration (mg/L) and turbidity (NTU) in laboratory in order to 
convert turbidity record to an estimate of in-stream suspended sediment concentration (SSC). We 
focused on sampling turbidity and suspended sediment during rainy events, in which there is 
higher sediment concentration. 

To obtain better efficiency and stability of the turbidimeter, the sensor was tested in two 
situations, dirty and clean, since the interaction of water with the turbidimeter sensor causes an 
adherence to the latter. What we mean by dirty is measurements taken prior sensor maintenance 
such as removing inorganic and organic particles that stick to the equipment. A clean situation 
means measurements taken after removing dirt from the sensor. 

2.1.2 - DATA ANALYSIS 

After checking the normality of data, the one-way test was used for the data of the 
treatments at a significance of 5%: clean probe and dirty probe. The 30 and 200 NTU solutions 
were chosen to represent low and high concentrations. We compare medians from Formazine 
standard solutions by using the Kruskal-Wallis test. 

The following statistical indices were used to assess direct and indirect suspended sediment 
calculation: Coefficient of Residual Mass (CRM), Coefficient of Adjustment (AC), represented by 
equations 1 and 2 according to Zacharias et al. (1996) and Sentelhas et al. (1997), respectively. 

 

 
(1) 

 (2) 

where Oi and Pi are respectively the observed and estimated values, n is the number of 
observations and Ō the arithmetic mean of the observations. 

3 - RESULTS AND DISCUSSION 

The first prepared solution (A) was used in three calibrations and the second solution (B) in 
two. In A, formazine solution started to degrade as turbidity records varied compared to the 
measurements carried out when the solutions were prepared. The turbidity medians of each 
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range were significantly different (p-value = 0.0001). Thus, we state that there are statistically 
different turbidity values at least one of the treatments. Therefore, the deterioration of the 
solution may cause an underestimation or an overestimation of sediment concentrations. Solution 
B was used for a shorter period, 15 days, covering two field campaigns. That second test shows 
that a shorter usage time does not imply different turbidity data. The p-value obtained is greater 
than the significance level of 5% indicating that the data of each treatment do not present 
differences. 

The condition of the sensor influences the readings of the equipment, generally presenting 
higher voltage values when using a clean sensor. The higher the turbidity, the greater the electrical 
response received by the sensor. However, since the electrical voltage data presented a 
parametric distribution for each treatment, the ANOVA test indicated that the sensor readings are 
statistically equal, at a significance of 5%. Considering that the field campaigns were conducted 
twice a month, the cleaning of the sensor was also done with the same time interval. Thus, it is 
important to know the properties of the water body to obtain better intervals of field campaigns 
for calibration and cleaning when the dirt starts to decrease quality. Even though the water 
characteristics did not favour accumulation of dirt in the sensor in the analysed period, climate 
conditions can play an important role in temporarily modifying water conditions directly affecting 
the estimate of suspended sediment concentration. Navratil et al. (2011) says that turbidimeters 
are intrusive methods and can interact with surrounding environment causing the growth of algae 
or encrustation of solids around the sensor. Those problems can lead to ambiguity in data analysis, 
producing gaps in the data collected. 

The Css estimates using turbidimeter, regardless of its state, vary. The coefficients of 
adjustment (AC) and residual mass (RC) indicate the data from the clean probe as the best fit with 
a slight underestimation although the data obtained by the dirty probe are close to the ideal value 
for each coefficient (table 1). None of the methods overestimate the values when compared with 
the values obtained by the direct method. Determining the concentration of extreme sediments, 
as well as sediment transport, is only possible with continuous monitoring. Indirect sampling 
equipment combined with direct one leads to accurate results, as perceived by the statistics used. 

Table 1 – Statistical parameters. 

Methods Mean RC AC 

Direct 17.51 0.00 1.00 
Turbidimeter (clean probe) 22.03 0.22 0.86 
Turbidimeter (dirty probe) 22.41 0.02 1.94 
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4 - CONCLUSION 

For the calibration of the turbidimeter, there was no difference between the readings under 
clean or dirty probe conditions. The time interval between calibration and cleaning must be 
decided considering local characteristics. 

The Formazine solutions present differences in its concentration when they are reused, 
indicating deterioration that may affect the calibration process. However, the turbidimeter is an 
alternative tool for the continuous monitoring of suspended sediment where a continuous series 
of data is required. 
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