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Abstract 
 
The type of hazards and hazardous events in watersheds, depend on land uses around them. Atrazine is an organic 

pollutant widely applied as a pesticide and it is a potential chemical hazard present in water sources, which cause water 

pollution and negative effects on aquatic life and human health, due to its high solubility and persistence in soil. 

However, for developing countries, monitoring and quantification of atrazine can be complex and costly; thus, to 

contribute to establishing strategies for risk assessment in water supply watersheds, it was evaluated the potential use 

of an easy, rapid, and low-cost technique such as ultraviolet (UV) absorbance to identify the presence of atrazine. It 

was conformed distilled and surface water samples doped with Atrazine, and there were correlated with the UV typical 
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spectrum indicator of organic material presence (wavelength λ: 200 - 300 nm). The optimal λ range was 203 - 223 nm 

to identify this substance at levels possible to be found in surface sources, being UV223 more adequate than UV254, 

which is more used to identify the presence of natural organic matter, which shows that UV223 is a complementary tool 

to chemical risk assessment for atrazine in drinking water supply systems. 

Keywords: Atrazine, Land uses, Pesticide, Risk management, UV Absorbance. 

Resumen  

El tipo de peligros y eventos peligrosos en las cuencas de abastecimiento, dependen de los usos del suelo a su alrededor. 

La atrazina es un contaminante orgánico aplicado ampliamente como plaguicida y es un peligro químico potencial 

presente en las fuentes de agua, que causa contaminación del agua y efectos negativos en la vida acuática y la salud 

humana, debido a su alta solubilidad y persistencia en el suelo. Sin embargo, para los países en desarrollo, el 

seguimiento y la cuantificación de la atrazina pueden resultar complejos y costosos; por tanto, para contribuir a 

establecer estrategias de evaluación de riesgos en las cuencas de abastecimiento de agua, se evaluó el uso potencial de 

una técnica fácil, rápida y de bajo costo como la absorbancia ultravioleta (UV) para identificar la presencia de atrazina. 

Se conformaron muestras de agua destilada y superficial dopadas con atrazina, y se correlacionaron con el indicador 

de espectro típico UV para materia orgánica (longitud de onda - λ: 200 - 300 nm), siendo el rango óptimo 203 - 223 

nm; UV223 fue más adecuado que UV254, el cual se utiliza más para identificar la presencia de materia orgánica natural, 

lo que demuestra que UV223 es una herramienta complementaria, útil para la evaluación del riesgo químico por la 

presencia de atrazina en los sistemas de suministro de agua potable. 

Palabras Clave: Absorbancia UV, Atrazina, Gestión de riesgos, Plaguicidas, Usos del suelo. 

 

1. Introduction 

Surface waterbodies are the main sources of water 

for human consumption and their complexity is 

associated with the land uses (e.g., agricultural, 

livestock, industrial, domestic) around 

watersheds and tributary sub-watersheds. These 

water sources are vulnerable to contamination by 

physicochemical, microbiological and/or 

radiological hazards, whose characteristics imply 

higher costs and complexity of the treatment 

processes required to make water suitable for 

human consumption (1,2). 

In the framework of the Water Safety Plans 

(WSP), the water quality delivered to the end user 

depends on all steps of the Drinking Water Supply 

System (DWSS: watershed, treatment processes, 

distribution system and consumer), being 

essential to implement control measures as close 

as possible to the catchment area, which allows 

timely decision-making before treatment 

processes and promotes appropriate risk 

management in each step of the DWSS (3,4).  

In Colombia, the Cauca and Magdalena rivers are 

the main water sources of water supply systems 

(10.6% of the national water supply), due to 

approximately 80% of the population and most of 

the socioeconomic activities are concentrated 

around these watersheds (5), where agriculture is 

one of the main land uses and pesticides 

(herbicides: 45%, insecticides: 32%, fungicides: 

18% and others: 5%) are widely used to limit, 

inhibit and prevent the growth of animals, insects, 

plants, invasive herbs, bacteria and fungi (6).   

Among herbicides, organochlorines (OCs) have 

been widely produced and used worldwide, and 

although their use has been limited and/or 

prohibited in many countries, mostly developed 

countries, they are still present in almost all 

environmental matrices due to their long half-

lives; in addition, they are used in other countries 

due to their low cost and versatility (7,8). Atrazine 

from the triazine group, is one of the most widely 

applied herbicides worldwide, with annual 

production between 70,000 and 90,000 tons per 

year, it is used for weed control in vegetable 

crops, cereals, fruit crops, citrus plantations, 
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pastures and particularly for energy biomass 

crops such as corn, sorghum and sugarcane (9,10). 

Due to its high solubility in water, massive use 

and persistence in the soil, Atrazine has a high 

risk of leaching, resulting in contamination of 

surface water and groundwater, which implies its 

possible presence in the DWSS (11). Atrazine 

concentrations up to 1,000 μg/L have been found 

in waters adjacent to fields treated with this 

pesticide, and concentrations up to 80 μg/L have 

been found in drinking water; these are potential 

threats to human health due to their association 

with possible carcinogenic effects, endocrine 

disruption, and teratogenic effects (9). According 

to the United States Environmental Protection 

Agency (USEPA) (12) and World Health 

Organization (WHO) (3), the permissible limit in 

drinking water is on the order of 3 and 100 μg/L 

respectively; however, these levels are often 

exceeded in countries where their application is 

not controlled, and their presence is not monitored 
(13,14). 

Despite the potential effects of atrazine on the 

environment and human health, the analysis and 

quantification of this type of organic compounds 

in water is difficult, because most available 

laboratory techniques and specialized 

methodologies are complex such as high-

performance liquid chromatography, mass 

spectrometry, and gas chromatography (15), which 

generally are not applicable in situ (16), are 

expensive and require qualified personnel and a 

high response time (17). These factors demonstrate 

the need for alternative procedures (18). 

Different pollutants have different chemical 

structure, and the absorbance occurs at different 

wavelengths (19); the organic compounds absorb 

UV light (wavelength λ: 190 - 380 nm) 

proportionally to their concentration, which is a 

useful parameter for the qualitative estimation of 

organic substances, in addition to offering 

advantages such as versatility, low cost (18, 3) and 

the simplicity of measurement (20).  

In general, disinfection by-products are better 

correlated at 272 nm (21), and the absorbance 

measured at 254 nm (UV254) normally is 

associated with the presence of natural organic 

matter (NOM), such as humic and fulvic acids 
(22,23), and it is widely monitored as indicator in 

water and wastewater. According to Altmann et 

al. (24), UV254 is an indicator which has also been 

evaluate as real-time to monitoring and 

controlling the organic micropollutants removal 

in wastewater treatment, showing its applicability 

as control parameter; pollutants in stormwater are 

quantified at 225 – 230 nm (19), and Atrazine at 

223 nm (15,25).  

Thus, establish a correlation between variables of 

quick and easy measurement with the variables 

that measure substances of health interest, would 

allow lower costs, faster response times and the 

possibility of estimating the presence of these 

substances at the operational level (25). This study 

evaluated the viability of using UV absorbance at 

different wavelengths (λ: 200 - 300 nm) as a quick 

indicator of the presence of pesticides, such as 

Atrazine, and as support of the risk management 

in watersheds. 

2. Methodology 

The Cauca River watershed was selected for its 

importance for the country, and due to is the 

supply source to 77% of the population of the Cali 

city (≈ 1900000 inhabitants), and it is highly 

impacted by agriculture (4). Considering the 

variability of chemical water composition of 

surface sources associated with land uses and 

agrochemicals in watershed areas (2, 26-27), a map 

of study area was digitized in ARGGIS 9.3, 

locating the impacted areas by agricultural 

activities in the Cauca River watershed and 

identifying the predominant crops, according to 

Bueno et al. (1, 28). 

To stablish correlations between Atrazine 

concentrations (29) and wavelengths, were doped 
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with Atrazine samples with distilled water (DW) 

and raw water (RW) from the Cauca River at the 

intake of the main Drinking Water Treatment 

Plant (DWTP) of the city of Cali. The Atrazine 

concentration ranges evaluated with DW samples 

were between 0.26 to 1478.00 μg/L and 0.26 to 

1050 μg/L; and the ranges with RW were between 

6.8 to 1523.7 μg/L, 6.8 to 920 μg/L and 6.8 to 260 

μg/L, which were defined based on possible 

Atrazine levels found in surface water sources 

worldwide (14,30). The doping process was 

performed using a commercial-grade Atrazine 

solution (Triasol®) of 20000 μg/L and 56% 

purity. 

2.1. Evaluation of UV absorbance spectrum 

The two water types (DW and RW), doped with 

the different Atrazine concentrations, were 

characterized in terms of the UV absorbance (λ 

range: 200 to 300 nm) (cm-1: SM5910-B - HACH 

DR5000) using a quartz cell with 10 × 10 mm2 (22); 

which is according to authors such as Kim et al. 
(31) whose report UV absorption in this range for 

organic molecules, and emphasis was placed on 

the range of λ: 223 nm (approximation for the 

presence of Atrazine) (15, 25) and λ: 254 nm 

(historically used as an indicator of NOM) (15, 22).  

2.2. Statistical analysis 

To determine the effect of the water type (DW and 

RW) and Atrazine concentration on terms of UV 

measured, were used an F test statistic associated 

with the experimental design and controlling the 

possible variability between the sample analyses 

by including blocks in the design and validating 

the assumptions of normality and homogeneity of 

variances, using the Anderson-Darling and 

Levene tests (32), respectively.  

A Tukey-based multiple comparison tests were 

performed (significance level of 5%) to determine 

significant statistical differences between the 

factors (e.g., water type and Atrazine 

concentration). In cases where the assumption of 

normality was not validated, logarithmic 

transformations were made to the parameters. To 

evaluate the effects of the water type, Atrazine 

concentration and their possible interaction 

through the wavelength (absorbance), was used a 

linear mixed model, due to the correlation 

structure presented by the data when evaluating 

each water sample along the UV spectrum.  

Additionally, correlation was determinate 

between the evaluated parameters, using Pearson 

correlation coefficient (assuming normality in 

both parameters to correlate) and Spearman 

correlation coefficient (assuming breach of the 

normality assumption in at least one of the 

parameters to be correlated), validating the 

assumption of normality through the Shapiro-

Wilk test; the main correlation was observed with 

5% of significance level. The statistical analysis 

was carried out according to R Development Core 

Team version 3.6.2 (2019) 

3. Results and discussion 

3.1. Map of land uses by agriculture in the 

study area 

According to Instituto Colombiano Agropecuario 
(33), Atrazine is one of the most used pesticides in 

sugarcane, corn, and sorghum crops in Colombia, 

in addition to being one of the most used 

herbicides in the world and detected in watersheds 

affected by intensive agriculture (2, 34). This 

represents a recognized hazard to human health 

when supply sources contaminated by this type of 

chemical substances are used (9).  

Figure 1 shows the ArcGIS map in which the wide 

area dedicated to agriculture stands out, where the 

permanent crop of sugarcane represents about 

50% of the area cultivated in the watershed and it 

is concentrated upstream of water intake of the 

city of Cali. Semi-permanent and miscellaneous 

crops are scattered throughout the study area and 

are mainly located in the high areas of the sub-

watersheds. The measures of Atrazine in the raw 

water samples from the Cauca River were 

between 0.01 ± 0.00085 and 6.80 ± 0.01000 μg/L. 
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Figure 1. Map of land uses by agriculture in the 

study area. Adapted from (28) 

It is important to highlight that the higher value is 

associated with the lowest precipitation in the 

year.  

Although the environmental entity that annually 

monitors the environmental quality of the Cauca 

River, indicates that historically no 

concentrations of pesticides have been reported 

that exceed the regulatory limits, according to 

USEPA (12) and WHO (3), the predominant use of 

land in permanent crops and semi-permanent, in 

which Atrazine is used, as is the case in the study 

area (33), being one of the most used herbicides (28), 

mainly during the first 60 days after planting the 

crops, period during which the herbicide is 

usually applied (35).  

Consequently, it is essential to have 

comprehensive approaches that consider land 

uses in the watersheds (27) as part of the risk 

assessment, thus allowing the institutions 

responsible of watershed management targeting 

the financial and human resources in relation to a 

particular water quality concern, focusing best 

management efforts, and maximizing benefits to 

water quality with minimal costs (26).  

3.2. Evaluation of the UV absorbance 

spectrum 

Figure 2 and 3 present the UV absorbance 

spectrum (λ = 200 - 300 nm) for the non-doped 

and doped DW and RW, respectively, where 

significant effects are observed for the type of 

water (DW and RW). 

 
Figure 2. UV absorbance spectrum for DW (a) Atrazine 

concentration between 0.26 to 1478 μg/L (b) Atrazine 

concentration between 0.26 to 1050 μg/L)  

 

The Tukey comparison tests indicate that there are 

no significant statistical differences between the 

curves for the non-doped (0.26 μg/L) and doped 

(3.70 and 73.90 μg/L) DW (Figure 2), which 

indicates that at low Atrazine concentrations, the 

capacity of use of UV absorbance to indicate the 

presence of organic compounds is limited; thus, 

in this range, neither wavelengths 223 nor 254 

nm, can be used for low Atrazine concentrations. 
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Figure 3. UV absorbance spectra for RW (a) Atrazine 

concentration between 6.80 to 1523.67 μg/L. (b) 

Atrazine concentration between 6.80 to 920 μg/L. (c) 

Atrazine concentration between 6.80 to 260 μg/L) 

 

In case of the doped RW, has a larger standard 

deviation than does the doped DW (Figure 3), 

probably because the water matrix usually 

contains natural and no natural organic matter or 

iron that can be added to herbicides (18, 36), which 

can cause interference in the measurement of the 

data. Nevertheless, in UV measured, many of the 

bonds present in a complex molecule, or complex 

mixtures of molecules, are transparent to UV 

radiation, and structural complexity molecule or 

mixture does not necessarily result in increased 

spectral complexity, therefore, is possible 

determine the presence of general structural 

characteristics in a sample (36). In these cases, the 

points of maximum absorbance were shifted 

towards wavelengths between 203 and 223 nm. 

 

The non-doped RW curve (Figure 3) is a 

characteristic spectrum of the presence of nitrates 

in natural water because nitrate is the most stable 

form of nitrogen in water due to the oxidation of 

nitrite, ammonium, or organic nitrogen. The 

maximum absorbance of nitrate solutions occurs 

between 200 and 400 nm, depending on their 

concentration; even in the presence of other 

compounds, a convex shape in the region of 205 - 

220 nm is related to its presence in water (25, 36). 

On the other hand, herbicides such as Diuron 

absorb UV light at 214 - 250 nm (25). Studies such 

as Bueno et al. (28) show the presence of 

compounds such as iron (1880 - 2110 mg/L), 

manganese (0.340 - 0.460 mg/L), nitrates (2100 - 

4290 mg/L), nitrites (0.016 - 0.067 mg/L), and 

Atrazine (<0.001 - <0.004 mg/L) in the RW of the 

Cauca River at sampling area.  

 

The possible presence of these and other 

compounds make the matrix of the RW complex, 

which causes the observed displacement of the 

points of maximum absorbance (25). For this 

reason, in each case it is important to know the 

characteristics of the watershed and perform a 

hazard identification and complementary 

quantification of potential pollutants present in 

the water.   

Table 1 shows the analysis of variance for the 

adjusted linear mixed model, where it is evidence 

that absorbance changes significantly depending 

on wavelength, atrazine concentration and type of 

water.  

 

Table 1. Analysis of variance of the adjusted linear 

mixed model 

Factor F Statistic P-value 

Type of water 137.3 <.0001 * 

Atrazine concentration 1002.7 <.0001 * 

Wavelength 2151.4 <.0001 * 

Type of water × Atrazine 

concentration 
771.0 <.0001 * 

Type of water × 

Wavelength 
887.9 <.0001 * 

Atrazine concentration × 

Wavelength 
3272.8 <.0001 * 

* Significant effect at a 5% level 

Tables 2 and 3 show the significant statistical 

differences between the Atrazine concentrations 

and absorbance (λ - nm) for DW and RW, 

respectively. It is observed the existence of 

significant statistical differences between the DW 

and the RW, both non-doped and doped with the 

different Atrazine concentrations. For the non-

doped water, the absorbance spectra are different 
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between 200 - 266.5 nm; for Atrazine 

concentrations from 5 to 1000 μg/L, the 

differences are between 200 - 259.5 nm, and for 

the concentration of 2000 μg/L, the differences 

are between 200 - 223 nm.  

 

On the other hand, in the doped water, between 

the absorbance curves for each type of water, 

there are significant differences between 200 - 

240 nm using DW. In the RW, these differences 

occur between 201.5 - 235.5 nm. 

These results are similar values to those reported 

by Al-Degs et al. (15), who indicate that there are 

no significant statistical differences at 250 nm. 

Table 2. Wavelengths with significant statistical differences between the doses evaluated in the DW 

Comparison 

concentrations (μg/L) 
Wavelength (nm) 

Comparison 

concentrations (μg/L) 
Wavelength (nm) 

0 – 5 - 5 – 2000 200.0 – 240.0 

0 – 100 - 100 – 500 219.0 – 224.0 

0 – 500 216.0 – 227.0 100 – 1000 207.0 – 233.5 

0 – 1000 206.0 – 234.0 100 – 2000 200.0 – 239.5 

0 – 2000 200.0 – 240.0 500 – 1000 211.5 – 230.0 

5 – 100 - 500 – 2000 200.0 – 238.5 

5 – 500 216.0 – 227.0 1000 – 2000 204.0 – 234.5 

5 – 1000 207.0 – 234.5 - - 

Table 3. Wavelengths with significant statistical differences between the doses evaluated in the RW 

Comparison 

concentrations (μg/L) 
Wavelength (nm) 

Comparative 

concentrations (μg/L) 
Wavelength (nm) 

0 – 5 - 5 – 2000 203.5 – 235.5 

0 – 100 - 100 – 500 216.0 – 227.0 

0 – 500 213.0 – 228.5 100 – 1000 209.5 – 231.5 

0 – 1000 206.5 – 232.0 100 – 2000 203.5 – 235.5 

0 – 2000 201.5 – 235.5 500 – 1000 - 

5 – 100 - 500 – 2000 206.5 – 232.5 

5 – 500 215.0 – 228.0 1000 – 2000 211.5 – 229.5 

5 – 1000 209.0 – 232.0 - - 

 

This confirms that 254 nm, which historically has 

been used as an indirect indicator of the presence 

of natural organic matter (NOM) (22, 37), does not 

adequately represent the presence of unnatural 

organic matter in water, such as Atrazine. On the 

contrary, 223 nm is including on the ranges that 

presents difference using doped DW and RW, 

indicating that this wavelength, present sensibility 

to Atrazine concentrations, similar to reported by 

Thomas and Burgess (25) and Al-Degs et al. (15). 

With relation specifically to UV254 and UV223, 

Tables 4 and 5 show the correlation between 

Atrazine concentration doped to DW and RW. It 

is ratified that UV254 presents a similar behavior 

with DW and RW, being the correlation with 

atrazine, relatively similar in both cases. This 

shows the low sensitivity of this variable as a 

possible indicator of this type of pollutants. In 

contrast, UV223 presented greater variability, 

which may be due to the heterogeneous water 
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matrix of the Cauca River, which generates 

interference in the UV absorbance values.  

Table 4. Correlations between Atrazine concentration 

and UV absorbance for doped DW 

Parameters 

Atrazine 

concentration 

(μg/L) 

UV254 

(cm-1) 

UV223 

(cm-1) 

Atrazine 

concentration 

(μg/L) 

1.00 0.94* 0.97* 

UV254 (cm-1) 0.94* 1.00 0.98* 

UV223 (cm-1) 0.97* 0.98* 1.00 

* Significant correlation at a 5% level 

Other studies have found a high correlation 

degree between UV absorbance and other 

parameters associated with the presence of 

organic compounds such as Total Organic Carbon 

(TOC) and Dissolved Organic Carbon (DOC) (31, 

38). 

Table 5. Correlations between Atrazine concentration 

and UV absorbance for doped RW 

*Significant correlation at a 5% level 

 

According to authors as Weishaar et al. (36) and 

Gerrity et al. (17), the measurement of UV 

absorbance has taken a new significance for the 

drinking water industry, due to offer a promising 

tool due to minimal equipment, expertise, faster 

response times, and lower costs to supplement 

existing analytical methods based on liquid or gas 

chromatography and mass spectrometry, being an 

important complement to operate a drinking water 

treatment plant (20), due to allow a real time 

monitoring of processes performance.  

Considering these results and those presented in 

the absorbance curves, it can be stated that the 

UV223 is strongly related to the Atrazine 

concentration in the water, if compared to UV254. 

In general, the measurement of this indicator can 

be important as a complementary risk control 

measure for DWSSs because it can be sensitive at 

concentrations above 70 µg/L, which is close to 

the reference value of the WHO (3) (100 µg/L) and 

can serve as an indicator of hazardous events in 

supply watersheds that are strongly affected by 

agricultural activities. It is worth mentioning that 

in these cases, diffuse pollution predominates (39), 

therefore, the measurement of UV absorbance can 

be useful for obtaining systematic information 

about this type of chemical hazard.  

This parameter can be included in early warning 

stations, allowing along with other parameters 

such as turbidity and dissolved oxygen, to show 

the presence of potential chemical hazards at 

water supply watersheds (40), being advisable to 

measure the entire UV absorbance spectrum to 

detect not only natural organic matter - NOM (λ: 

254 nm) or atrazine (λ: 223 nm), but the presence 

of different organic compounds potentially 

present in the water matrix and that may represent 

health risks. 

4. Conclusions 

The results confirmed that λ of 254 nm (UV254), 

which is commonly used to indirectly indicate the 

presence of natural organic matter (NOM), is not 

suitable as an indirect indicator of other types of 

organic matter, such as Atrazine. For λ greater 

than 240 nm, no significant statistical differences 

were found between the concentrations and types 

of water; in contrast, UV223 was most 

representative for identifying the presence of 

Atrazine regardless of the type of water. The 

representative λ ranges for the evaluated 

concentrations, were from 219.5 to 223.5 nm for 

DW and from 203 to 223 nm for RW. The 

difference between the regions of maximum 

absorbance for the two types of water may be due 

to the complexity of the raw water evaluated.  

Parameters 

Atrazine 

concentration 

(μg/L) 

UV254 

(cm-1) 

UV223 

(cm-1) 

Atrazine 

concentration 

(μg/L) 

1.00 0.98* 0.68 

UV254 (cm-1) 0.98* 1.00 0.80 

UV223 (cm-1) 0.68 0.80 1.00 
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