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Abstract 
The aim of this study was to evaluate the herbicide glyphosate under aquatic 
environment conditions, in a controlled and closed experimental field, in the 
management of water hyacinth (Eichhornia crassipes) in reservoirs. Twenty 
reservoirs (polyethylene water tanks) with storage capacity of 1000 liters were 
used, without water flow and without evapotranspired water replacement 
(worst case), being 04 for each treatment. The adult plants were placed in the 
water tanks to provide 90% surface occupation of the reservoir. Five treat-
ments with four repetitions were considered, being: 1) Reservoir colonized by 
water hyacinth without control; 2) Reservoir colonized by water hyacinth, 
controlled by glyphosate; 3) Reservoir colonized by water hyacinth, con-
trolled by freezing; 4) Reservoir without water hyacinth and glyphosate ap-
plication and 5) Reservoir without water hyacinth and no glyphosate applica-
tion. The glyphosate herbicide was used at the highest recommended dose, 
7.0 L∙ha−1 or 3360 g of acid equivalent per ha, applied using carbon dioxide 
precision equipment (backpack sprayer), providing a flow rate of 200 L∙ha−1. 
The water samples were collected at the time of application, 6, 12, 18 and 24 
hours after application and also at 2, 4, 8, 16, 32 and 64 days after application, 
in the morning, always at the same time, also between 8 and 9 h. The method 
used for determination of residues was by high performance liquid chroma-
tography (HPLC) and mass spectrometry with a mass selective detector. Low 
concentrations of glyphosate and aminomethylphosphonic acid (AMPA) 
were found in both reservoirs that received application of the product. The 
half-life of glyphosate in water to the reservoirs with water hyacinth was 11 
days and in the reservoirs without water hyacinth was 21 days. The results 
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show a low potential of environmental impact of glyphosate use in the control 
of water hyacinth in reservoirs. 
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1. Introduction 

Aquatic environments, in general, are formed by a great plant biodiversity, 
which, in ecologically balanced situation, is essential for the maintenance and 
development of this ecosystem [1] [2] [3] [4] [5]. In areas under high anthropo-
genic action, the characteristics of the environment are altered with changes in 
the original characteristics of the body of water, including the biotic and abiotic 
segments. Under these conditions, some macrophyte populations develop dense 
colonizations and prevail over other species [6]. 

The aquatic plants, like weeds, cause damage to the use of ecosystems, the 
generation of electricity; navigation; water catchment; agricultural activity; fish-
ing activity; public health; leisure and tourism and environment [7]-[14]. 

Floating aquatic weeds, in particular water hyacinth, are the ones that cause 
the most serious damage worldwide. It presents rapid multiplication capacity, 
large area of photosynthetic tissue in proportion to plant length, large capacity 
to occupy light-incident sites, as well as independence of substrate conditions 
due to water flow and plant location [1]. For [15] the floating aquatic macro-
phyte Eichhornia crassipes is considered one of the biggest problems in the 
tropics and subtropics water bodies. 

With the increasing demand for access, use and values associated with surface 
water and, on the other hand, the exponential growth of this weed in the aquatic 
environment, control measures have become necessary [16] [17]. 

Current methods for controlling these aquatic plants, especially in dams, de-
spite the current impossibility of eliminating the causes of destabilization of aq-
uatic ecosystems are mechanical, biological and chemical. Each has its advantage 
and disadvantage, but in all cases, there is a need to assess the environmental 
impact caused by its use [17] [18]. 

The chemical control of aquatic macrophytes is carried out through herbicides 
and has been used in different places in the world. Its use is reported by a series 
of works found in the international literature [14] [18] [19] [20] [21]. 

In Brazil, the production of knowledge in this area has been small, considering 
the prohibitive legislation of on-site studies [18]. Due to this prohibition, studies 
conducted in the country have been carried out in controlled environments and 
in closed systems [11] [14] [20] [21] [22] [23]. 

The most widely used herbicides worldwide for aquatic macrophyte control 
are: 2,4-D; diquat; endothal, copper based compound; fluridone; imazapyr and 
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glyphosate [22] [24]. 
Due to the fragility of ecosystems and the fact that chemicals have different 

toxicities to various organisms in the aquatic ecosystem, careful evaluation is 
required before proposing the use of any of these substances. 

Aiming to evaluate the herbicide glyphosate in aquatic environment, it was 
chosen to study it in a controlled and closed experimental field, in the manage-
ment of water hyacinth (Eichhornia crassipes) in reservoirs. The effect of control 
on water quality and product half-life was analyzed to contribute to the formula-
tion of risk analysis of the environmental impact of the use of this product on 
aquatic weed control. 

2. Material and Methods 

The study is developed in the Experimental Area of the Faculty of Agricultural 
Engineering/UNICAMP, from July 2018 to January 2019. 

Twenty reservoirs (polyethylene water tanks) with storage capacity of 1000 li-
ters were used, without water flow and without evapotranspired water replace-
ment (worst case), being four treatment and five plots. The water that supplied 
the reservoirs came from the abstraction of water from the FEAGRI experimen-
tal field. 

The herbicide was applied on July 5, 2018. The glyphosate herbicide was used 
according to the recommendation of the commercial product Glyphosate Tran-
sorb, which contains in its formulation 480 g∙L−1 of acid equivalent. The maxi-
mum recommended dose, 7.0 L∙ha−1 or 3360 g of acid equivalent per ha, was 
used, following the indication for environmental impact studies. 

The treatments that received the product were applied using carbon dioxide 
precision equipment (backpack sprayer), equipped with a compensated bar, 
containing four flat jet nozzles Jacto XR 110.02, working at a pressure of 2 
kgf∙cm−2 (20 Kpa) and providing a grout consumption equivalent to 200 L∙ha−1. 
The calibration was performed on site based on the applicator speed in relation 
to the worked area. The climatic conditions at the time of application were: am-
bient temperature of 22˚C, relative humidity of 60% and wind speed of 0 - 2 
km∙h−1. The application started at 9 h and the end at 9 h 30. The chosen time was 
due to the non-occurrence of wind at the time of application, in order to avoid 
drift from the syrup to the other reservoirs. 

The death of macrophyte by using freezing was the method chosen so that 
plants preserved their nutritional characteristics and that only nutrients could be 
released into the environment after the plants returned to their reservoirs. The 
death of macrophyte by freezing was achieved by storing the plants in a freezer 
at −18˚C for a period of 48 hours. After this period, they were left beside their 
tanks for a period of 24 hours to thaw. Thus, finishing the process, which cor-
responded to the same day of herbicide application, were then accommodated in 
the respective water tanks. 

To determine glyphosate residues in water, samples were collected between 15 
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and 20 cm below the water depth at the time of application, 6, 12, 18 and 24 
hours after application and also at 2, 4, 8, 16, 32 and 64 days after application, in 
the morning, always at the same time, also between 8 and 9 h. After each collec-
tion, the samples were stored in a freezer at −18˚C for subsequent residue analy-
sis. 

The concentrations (ng∙L−1) of glyphosate and AMPA (glyphosate major me-
tabolite) residues were determined. The method used was high performance liq-
uid chromatography (HPLC) and mass spectrometer with selective mass detec-
tor, with detection limit of 0.001 mg∙kg−1 for glyphosate. 

The mathematical model of decay was applied to describe the decrease in 
glyphosate concentrations and charges in water and the determination of the 
half-life of the compounds, according to Equation (1): 

0 e kt
tM M −⋅=                          (1) 

where: Mt = glyphosate concentration at moment t; M0 = glyphosate concentra-
tion at the initial time considered; k = decay coefficient and t = time. 

Applying the Napierian logarithm in Equation (1) gives Equation (2), where: 

0ln lntM M kt= −                        (2) 

This equation represents a linear model where the coefficient (K) identifies 
the decay of glyphosate charge over time. As four reservoirs were used in the 
experiment, the mean load at the considered times of the samples was calculated 
to determine the average value of decay for glyphosate. 

3. Results and Discussion 
3.1. Concentration (µg∙L−1) of Glyphosate and AMPA in Water 
3.1.1. Glyphosate 
Figure 1(a) and Figure 1(b) show the average values observed for glyphosate 
concentration (µg∙L−1) found in reservoirs with water hyacinth colonization that 
received herbicide application in the periods after application. Figure 1(a) con-
templates the entire period observed and Figure 1(b), until the eighth day to fa-
cilitate the understanding of the initial analyzes. Similarly, Figure 2(a) and Fig-
ure 2(b) show the average values of residues found for reservoirs without water 
hyacinth colonization. 

The concentration of glyphosate found in the waterless reservoirs, right after 
application, was higher when compared to the reservoirs that contained the plant, 
being about twice as high. However, over time, the levels found in non-planted 
reservoirs matched those of planted reservoirs. From 32 days after application, 
the concentrations found in the reservoirs without water hyacinth were lower 
compared to the reservoir with plant. 

The results are similar to those found by [25], showing that from glyphosate 
metabolization and subsequent plant control or death effectiveness, the decom-
position process of dead plants released the product in the reservoir water keep-
ing the contents, even if low, but superior to the reservoirs that received direct 
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application of the product. 
The results also corroborate the work of [26], who conducted a study to inves-

tigate and document the occurrence, fate and transport of glyphosate, its degra-
dation product, aminomethylphosphonic acid and glufosinate in soil samples, 
surface water, groundwater and rainfall for six years (2001-2006). In the various  

 

 
Figure 1. (a) Concentration (µg∙L−1) of glyphosate in reservoirs with Eichhornia crassipes 
and application of glyphosate herbicide (CPCG) at 0, 6, 12, 18 and 24 hours and at 2, 4, 8, 
16, 32 and 64 days after application; (b) Concentration (µg∙L−1) of glyphosate in reservoirs 
with Eichhornia crassipes and application of glyphosate herbicide (CPCG) at 0, 6, 12, 18 
and 24 hours and at 2, 4 and 8 days after application. 
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Figure 2. (a) Concentration (µg∙L−1) of glyphosate in reservoirs without Eichhornia cras-
sipes and glyphosate (SPCG) application at 0, 6, 12, 18 and 24 hours and at 2, 4, 8, 16, 32 
and 64 days after the app; (b) Concentration (µg∙L−1) of glyphosate in reservoirs without 
Eichhornia crassipes and glyphosate (SPCG) application at 0, 6, 12, 18 and 24 hours and 
at 2, 4 and 8 days after application. 

 
analyzes performed to identify glyphosate residue in surface water samples, the 
maximum concentration found was 427 µg∙L−1, similar to the treatment without 
water hyacinth. 

In addition, [27] conducted a study in the United States to evaluate the occur-
rence of glyphosate and AMPA in soils in surface and groundwater. The re-
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search was carried out between 2001 and 2010, covering 3732 samples in 38 
states. Regarding water resources, the results showed lower maximum glypho-
sate concentrations for groundwater (2.03 µg∙L−1), rainwater (2.50 µg∙L−1) and 
large rivers (3.08 µg∙L−1) and higher maximum concentrations for streams (73 
µg∙L−1) and lakes, lagoons and wetlands (301 µg∙L−1). These results are similar to 
those found in both treatments of the present experiment. [28] states that gly-
phosate dissipation is faster where there is water flow than in ponds or reser-
voirs, due to the mixing action of running water. Because water flow contains a 
higher oxygen content and microbial activity is generally higher, the result is 
faster dissipation. 

3.1.2. AMPA 
Figure 3(a) and Figure 3(b) show the average observed values of AMPA con-
centration (µg∙L−1) found in reservoirs with water hyacinth colonization that re-
ceived herbicide application in the periods after product application. Figure 3(a) 
shows all observed period and Figure 3(b), until the eighth day to facilitate the 
understanding of the initial analyzes. Similarly, Figure 4(a) and Figure 4(b) 
show the average values of residues found for reservoirs without water hyacinth 
colonization. 

In the analysis of the AMPA parameter the same behavior of the concentra-
tion obtained for glyphosate was expected, that is, higher contents in the reser-
voirs without the presence of the plant. But, as can be observed, the largest 
charges were found in the treatment containing the water hyacinth that received 
the application of the product. However, over time, at 64 days after treatment, 
both conditions showed low AMPA acid residue, with values close to 2 ng∙L−1. 

For this behavior it is suggested that the metabolization of AMPA by the bio-
accumulation process is superior to glyphosate. The results corroborate those found 
by [25], who evaluated this parameter in the control of glyphosate water hyacinth 
and observed low acid residues at 64 days after application of the product. Dur-
ing this period, the values for AMPA residues were about 1.00 mg∙Kg−1 in the 
reservoirs with macrophyte and 0.20 mg∙Kg−1 in the reservoirs containing only 
the herbicide. 

In the studies performed by [29] evaluations were performed to detect AMPA. 
The values in the analyses were also low, between 0.04 and 0.01 mg∙Kg−1 up to 31 
days after application. After this period, no AMPA residues were detected in the 
water. Also, [27] found low levels of AMPA in surface waters, namely: rivers 
(4.43 µg∙L−1) and streams (28 µg∙L−1). 

In the research by [26], the maximum value obtained for aminomethylphos-
phonic acid in surface water samples was 29 µg∙L−1, close to those found in the 
present research (below 35 µg∙L−1). On the other hand, the researchers found 
AMPA levels similar or higher than Glyphosate. Additional studies also showed 
that glyphosate and AMPA were detected more often in surface waters than in 
groundwater. These data report the importance of analyzing not only glyphosate 
but also AMPA in water quality studies. 
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Figure 3. (a) AMPA concentration (µg∙L−1) in Eichhornia crassipes reservoirs and Gly-
phosate (CPCG) application at 0, 6, 12, 18 and 24 hours and at 2, 4, 8, 16, 32 and 64 days 
after the app; (b) AMPA concentration (µg∙L−1) in the Eichhornia crassipes reservoirs and 
glyphosate (CPCG) application at 0, 6, 12, 18 and 24 hours and at 2, 4, and 8 days after 
application. 

3.2. Glyphosate Half Life in Water 

To obtain this value, the logarithm (Ln) was applied to the observed charge val-
ues to obtain Figure 5. 

As observed in Figure 5, a linear model was fitted in which the value of the 
angular coefficient represents the value of decay. The value found for the decay 
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coefficient in Figure 5 was 0.0572 day−1 (for the plant and glyphosate application 
reservoir). 

From the value found in the average load of glyphosate decay coefficient, the 
mean glyphosate values are simulated using the mathematical model of equation 
1. Following the model, it was possible to estimate the half-life of glyphosate in  

 

 
Figure 4. (a) AMPA concentration (µg∙L−1) in the reservoirs without Eichhornia crassipes 
and glyphosate application (SPCG) at 0, 6, 12, 18 and 24 hours and at 2, 4, 8, 16, 32 and 
64 days after the application; (b) AMPA concentration (µg∙L−1) in reservoirs without 
Eichhornia crassipes and glyphosate (SPCG) application at 0, 6, 12, 18 and 24 hours and 
at 2, 4 and 8 days after application. 
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water for treatment with macrophyte. Considering the estimated average load, 
the half-life was 11 days. 

In the same way the simulation was made for the reservoirs that did not re-
ceived the colonization of the water hyacinth. The coefficient K value and the 
observed and simulated mean load values are shown in Figure 6. 

 

 
Figure 5. Ln of the average glyphosate charge in water as a function of time. Reservoir 
with plant and glyphosate application. 

 

 
Figure 6. Ln of the average glyphosate charge in water as a function of time. Reservoir 
without plant and glyphosate application. 
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Glyphosate half-life in water was estimated for treatment without macrophyte. 
Considering the average load, the half-life was 21 days. 

The simulated values for glyphosate half-life in water, in both situations, are 
in agreement with [30] who reports that the average molecule life in water can 
reach 21 days and with [31], who claim that depending on water body condi-
tions, especially those linked to full microbial activity, can range from a few days 
to two weeks. 

Studies conducted in a forest ecosystem [32] [33] showed that glyphosate dis-
sipated rapidly in the water of many suspended sediment ponds, with a half-life 
ranging from 1.5 to 11.2 days. 

Also, in the work developed by [34], whose water body was a river (open sys-
tem), it was observed that the glyphosate half-life in this environment varied 
between 60 and 100 hours. 

Studies on glyphosate degradation report the importance of microorganism 
activity in the metabolism of this compound. Chemical degradation and photo-
decomposition appear to be secondary routes to glyphosate breakdown. Gly-
phosate is completely degraded in CO by microorganisms in water [35] [36]. 

4. Conclusions 

The study has shown that low concentrations of glyphosate and aminomethyl-
phosphonic acid (AMPA) were found in both reservoirs that received applica-
tion of the product. 

The half-life of glyphosate in water to the reservoirs with water hyacinth was 
11 days and in the reservoirs without water hyacinth was 21 days. 

The results show that a low potential of environmental impact of glyphosate 
use in the control of water hyacinth in reservoirs, can be recommended for use 
in continuous flow aquatic environments as there is greater herbicide dissipation 
and degradation in this ambient. 
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