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AbstrAct

the aim of this work was to study the effect of the herbicides glyphosate, nonanoic acid, and dichlorprop-P 
and the insecticides potassium oil, malation and Pyretrin and their combinations on nitrification. nitrification 
was measured in slurries from the eutrophic and shallow Brabrand Lake (Aarhus, denmark), by inhibiting 
oxidation of nitrite to nitrate with chloride. All herbicides and insecticides influenced nitrification. the no 
observed Effect concentration (noEc) was assessed to be 30 µg.L-1 for glyphosate and nonanoic acid 
and 1 µg.L-1 for dichlorprop-P. the noEc for malation and Pyretrin on nitrification was assessed to be 
3 µg.L-1. no accumulation effect on nitrification of the insecticides malation and Pyretrin, or of the studied 
herbicides, was observed, indicating that their environmental impact is low at reduced concentrations, even 
in combination. the procedure used in this study can provide a useful tool for obtaining concentration 
limits for pesticides or other chemicals in a short period of time. 
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resumo

efeito de pesticidas sobre nitrificação em sedimento de ecossistemas aquáticos

o objetivo desta pesquisa foi avaliar o efeito dos herbicidas “Glyphosate”, Ácido nonânico e “dichlorprop-
P” e dos insecticidas “Potassium oil”, “malation” e “Pyretrin” e da combinação destes compostos sobre o 
processo de nitrificação. As taxas de nitrificação foram mensuradas em uma mistura de água e sedimento 
do lago Brabrand, um lago raso e eutrófico (Aarhus, dinamarca), por meio da inibição da oxidação do 
nitrito a nitrato por cloreto. foi observada uma influência negativa de todos os herbicidas e inseticidas 
sobre o processo de nitrificação. A concentração sem Efeito observado (csEo) foi de 30 µg.L-1 para 
Glyphosate e Ácido nonânico e 1 µg.L-1 para dichlorprop-P. A csEo para malation e Pyretrin foi 3 µg.L-1. 
não foi observado um efeito conjunto dos inseticidas malation e Pyrethin e de todos os três herbicidas 
estudados, indicando que o impacto ambiental é baixo quando reduzidas concentrações destas substâncias 
estão presentes ao mesmo tempo no ambiente. o procedimento utilizado nesta pesquisa pode ser uma 
ferramenta útil para obtenção de limites nas concentrações de pesticidas ou outros produtos químicos em 
um curto período de tempo. 

Palavras-chave: nitrificação, pesticidas, sedimento.
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IntroductIon

in agricultural fields and farms considerable 
amounts of pesticides are used to increase crop 
production. Pesticides are borne by soil water to 
reservoirs and can disturb the natural ecological 
balance by producing toxic effects in recipient 
environments. microbial processes are important 
for mineral and organic matter cycling in ecological 
systems, with the nitrogen cycle being crucial for 
all organisms (hansson et al., 1991; tu, 1996). the 
nitrogen cycle in soil and sediment includes several 
microbial processes, of which biological nitrogen 
fixation, denitrification, and nitrification are the 
most studied processes (Wonk, 1991). 

nitrification is a chemoautotrophic process 
carried out by two bacterial groups that oxidize 
ammonium to nitrite and nitrite to nitrate (fenchel 
et al., 1998). this process is important to the 
nitrate content in soil, which is the major source of 
nitrogen assimilated by higher plants and, thus, of 
considerable ecological and agricultural importance 
(hansson et al., 1991; tu, 1996). nitrification in 
particular has been shown to be very sensitive to 
chemicals, and nitrifier activity is, therefore, often 
used as an indicator of chemical disturbances, such 
as those produced by pesticides (Pell et al., 1998).

Pesticide effects on nitrification can directly 
influence some processes such as denitrification, 
which is critical because it lowers eutrophication of 
freshwater lakes as it removes inorganic nitrogen. 
As denitrification depends upon nitrate being 
formed by nitrifiers, nitrification inhibition has a 
negative impact on the denitrification process and, 
consequently, on ecosystem equilibrium (fenchel 
et al., 1998). some pesticides have been found to 
reduce the nitrifying bacterial population. Even if 
this is only a short-term effect (2 weeks), it can be 
assumed that some pesticides have an impact on 
bacterial populations and structures and, thus, on 
soil micro-biodiversity (tu, 1991). 

studies performed on different soils show 
varied effects of different pesticides on nitrification. 
negative effects such as nitrification reduction or 
inhibition (tu, 1991; 1994; Vink & Van straalen, 
1999), or no inhibitory effects at all (tu, 1995) have 
been observed. An increase in nitrification properties 
have also been demonstrated (rangaswamy & 
Venkateswarlu, 1993; das, 1997). furthermore, 
both positive and negative effects on overall 

metabolic activity have been found for different 
concentrations of a single pesticide (Laursen & 
carton, 1999). the aim of this study was to evaluate 
the effect of six pesticides (three herbicides and 
three insecticides) on sediment nitrification and to 
evaluate their combined effect on this process.

mAterIAl And methods

the sediment used was collected in november 
1999 from the eutrophic and shallow Brabrand 
Lake (Århus, denmark) into which two small 
streams flow, carrying wastewater from treatment 
plants and surrounding agricultural fields and 
gardens. this 150 ha lake has a primary production 
of approximately 600 g c m-2 Yr-1 (Brix, 1998) and 
also receives water from the Århus river, which is 
surrounded by agricultural fields. Water temperature 
was 6.5 °c when sediment was collected in Plexiglas 
tubes at a 1.5 m depth, and the upper 1-2 cm of the 
sediment was transferred to an Erlenmeyer flask. A 
total of about 1.2 L of sediment was collected. Prior 
to the experiments, the sediment was thoroughly 
homogenized, stored in 30 jars shaded and aerated 
at room temperature (25 °c) for one week. sediment 
porosity was 0.90 mL.cm-3. the herbicides used 
were: glyphosate, nonanoic acid and dichlorprop-
P; the insecticides were: potassium oil, malation 
and Pyretrin. these six pesticides are commonly 
used in agriculture and were bought in an ordinary 
danish farmers’ shop.

herbicides characteristics: Glyphosate is 
transported through plants, inhibits the synthesis of 
amino acids for growth, and is almost nontoxic to 
mammals and humans. ninety percent of glyphosate 
is degraded within 3 months. investigations show 
that glyphosate appears to be active only in green 
parts of plant, and the roots are presumed to be 
unable to absorb it. nonanoic acid can be used as 
a carbon source by microorganisms, followed by 
complete degradation in the soil within 2 days. 
dichlorprop-P is poisonous and carcinogenic to 
humans.

insecticides characteristics: Potassium oil, 
a fatty acid that can be used as a herbicide or 
an algaecide, is commonly known as a “green” 
insecticide usable in ecological farming. malation is 
one of the safest insecticides with a high selectivity 
towards insects, and pyretrin is a natural compound 
occurring in flowers of the genus Chrysanthemum. 
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While essentially non-toxic to mammals, it is very 
fast-acting towards insects. 

in this study, nitrification was measured by 
the method proposed by Belser & may (1980), in 
which oxidation of no

2
- to no

3
- is inhibited by 

clo
3

-. therefore, measurements in this experiment 
were potential and cannot be considered the actual 
nitrification rates in Brabrand Lake. two mL of 
sediment were homogenized and put into 15 falcon 
tubes (50 mL), one for each formulated pesticide 
concentration and one control, followed by 
addition of 30 mL aerated milli-q water. one mL 
of 4 mm Kh

2
Po

4
 and 1 mL of 20 mm nh

4
cl were 

added as P and n sources, besides 1 mL of 75 mm 
naclo

3
 to stop oxidation of no

2
- to no

3
-. to each 

centrifuge tube 1 mL of each pesticide was added, 
reaching final concentrations of 300, 100, 30, 10, 
3, 1, 0.3, 0.1, 0.03, 0.01, 0.003, 0.001, 0.0003, and 
0.0001 µg.L-1 with respect to the active ingredient. 
After pesticide addition, aerated milli-q water was 
added until a final volume of 40 mL, following 
which the mixture was incubated on a shaker tray. 

subsamples of 3 mL were withdrawn four 
times every 30 min, for a four-time total. these were 
transferred to 10 mL centrifuge tubes containing 
50 µL zinc acetate (25% w/v) to stop bacterial 
activity, and centrifuged at 5000 rpm for 5 min. 
one mL of the supernatant was transferred with 
a pipette to Eppendorf tubes and stored for later 
determination of no

2
- concentration (Golterman 

et al., 1978). to the 1.0 mL supernatant were added 
20 µL sulphanilamid and 20 µL n-1-naphtyl. the 
mixture was transferred to a microwellplate (A/s 
nunc, denmark) and the absorption measured at 
540 nm (Biotek reader, model El 309). A standard 
curve was obtained in the range of 1-50 µm. 
Potential nitrification rates were calculated as:

. dPot nitrif Volume of se iment
Volume of watera=  (1)

where:
Pot. nitrif. = potential nitrification (nmol.cm-3.h-1); 
α = slope of linear regression of accumulated no

2
- 

in nmol.L-1 vs. time in hours (nmol.L-1.h-1); volume 
of water in liters (L); and volume of sediment in 
cubic centimeters (cm-3)

the potential nitrification rates were plotted 
against the different herbicide or insecticide 
concentrations and the regression coefficient 
values were compared with a t- test (p < 0.05). As 

some concentrations affect the nitrification rates 
significantly, the value just before the lowest that 
significantly affected this process was chosen to 
trigger an interactive effect between the pesticides. 
this concentration was called the no observed 
Effect concentration (noEc).

the interactive effects between the herbicides 
and insecticides were investigated by combining 
the three herbicides and the three insecticides 
at the highest concentrations that in the previous 
experiments had shown no effect on nitrification, 
as registered by the noEc concentration. Every 
possible combination of the three herbicides and 
insecticides was tested with three replicates for 
each combination; they were also tested alone to 
standardize the results. for testing the significance 
of each herbicide and insecticide combination an 
independent t-test was performed by sPss 8.0 for 
Windows.

results

At some concentration all herbicides and 
insecticides influenced nitrification (figs. 1 and 2). 
Except for the insecticide potassium oil, the 
concentrations were observed to remain constant 
up to a certain value, whose decrease indicated 
nitrification activity inhibition. in addition, 
complete nitrification inhibition was found at high 
concentrations of the herbicide dichlorprop-P 
and the insecticides malation and Pyretrin 
(figs. 1 and 2). the nitrification rate without any 
pesticide addition in the first experiment was  
145,2 ± 6,5 nmol.cm-3.h-1 (mean ± sd; n = 4). 

for the herbicides, noEc was assessed to 
be 30 µg.L-1 for glyphosate and nonanoic acid and 
1 µg.L-1 for dichlorprop-P (fig. 1). dichlorprop-P 
was the most toxic pesticide as the noEc was the 
lowest, with nitrification completely inhibited at 
concentrations higher than 30 µg.L-1. the noEc for 
malation and Pyretrin on nitrification was assessed 
to be 3 µg.L-1 (fig. 2). the herbicide potassium oil 
presented no clear pattern with many significant 
variations between the different concentrations. 
the lowest nitrification rates were measured at 
concentrations of 0.001 and 0.003 µg.L-1 (fig. 2). 
As there was no clear potassium oil effect on 
nitrification (fig. 2), the noEc value was assessed 
to be 300 µg.L-1 for the experiment testing combined 
insecticide influence on nitrification. 
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Fig. 1 — Effect of different concentrations of the insecticides potassium oil, malation, and Pyretrin on nitrification rates. 
these rates without addition of insecticides were 145,2 ± 6,5 nmol.cm-3.h-1 (mean ± sd; n = 4).
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Fig. 2 — Effect of different concentrations of the herbicides dichorprop-P, glyphosate, and nonanoic acid on nitrification 
rates. these rates without addition of herbicides were 145,2 ± 6,5 nmol.cm-3.h-1 (mean ± sd; n = 4).
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Fig. 3 — Effect of the combination of insecticides or herbicides on nitrification rates. insecticides were added at the follow-
ing critical concentrations: malation (m) – 3 µg.L-1; potassium oil (K) - 300 µg.L-1; and Pyretrin (P) - 3 µg.L-1. herbicides 
were added at the following concentrations: dichlorprop-P (d) - 1 µg.L-1; glyphosate (G) - 30 µg.L-1 and nonanoic acid (n) 
- 30 µg.L-1. (n = 3; mean ± 1 s.E.)
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the herbicide experiment showed that the 
nitrification rate in the control treatment was 
significantly higher (t-test, p < 0.05; fig. 3) than 
in all other treatments, i.e., single herbicides or 
all in combination. the combined insecticides 
experiment (fig. 3) showed that the malation 
and potassium oil combination chosen had a 
significant inhibitory effect (t-test, p < 0.05; fig. 3) 
on nitrification, but not that of the Pyretrin 
concentration chosen (t-test, p < 0.05; fig. 3). the 

malation and Pyretrin combination did not affect 
nitrification significantly (t-test, p < 0.05; fig. 3). 
the addition of potassium oil when combined with 
malation or Pyretrin always significantly inhibited 
nitrification (t-test, p < 0.05; fig. 3). Addition of 
the three insecticides or herbicides together did 
not differ significantly (t-test, p < 0.05; fig. 3) 
from addition of only two combinations (fig. 3). 
nitrification was never completely inhibited at the 
noEc used in the combination experiments.
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dIscussIon

the experiments clearly show that all insec-
ticides and herbicides tested affect the nitrification 
process negatively at high concentrations. many 
researchers have found similar results (i.e., tu, 
1991; Vink & Van straalen, 1999; chen & Edwards, 
2001; chen et al., 2001). the herbicide dichlorprop-
P demonstrated the greatest nitrification inhibition, 
with complete inhibition at high concentrations. this 
greater effect of dichlorprop-P on the nitrification rate 
could be a result of the formulated herbicide toxan 
Plænerens, which contains three active ingredients. 
dilution was made according to the concentration 
of the herbicide dichlorprop-P, but toxan Plænerens 
also contains the compounds mcPA and dicAmBA, 
the former at a concentration three times higher 
than that of the concentration of dichlorprop-P. the 
nitrification rate may be affected not only by the 
active ingredient, but also by application solvents 
and other additives in the formulated preparations. 
Additive number and properties in the formulated 
herbicides investigated were not stated, so that 
the influence of these compounds could not be 
estimated. however, the nitrification effects of such 
additives have been tested in several studies. miller 
et al. (1996) report that chlorinated solvents inhibit 
nitrification, and hansson et al. (1991) have shown 
that the organic solvents methanol, acetone, and 
xylol negatively influence nitrification, even at low 
doses. in order to determine if the active ingredient 
alone produces the effect on nitrification, it would be 
necessary to repeat the analysis, using the compound 
in the pure form. this procedure would depend on 
manufacturers’ consent and willingness to provide 
the pure compound.

the herbicides glyphosate and nonanoic acid 
and the insecticides malation and Pyretrin showed 
less nitrification inhibition at high herbicide con-
centration than dichlorprop-P. the two herbicides 
and insecticides showed somewhat similar effects; 
thus, they presumably had the same noEc. 
Potassium oil did not present a clear pattern, so 
it was difficult to assess a limit indicating the 
influence of this insecticide on nitrification. As 
all experiments were performed simultaneously 
with the same sediment and reagents, it is not 
likely that the results obtained for potassium oil 
could be attributed to methodological mistakes. 
furthermore, different effects of different pesticide 

concentrations on ecological processes have also 
been previously observed (Pell et al., 1998; Laursen 
& carlton, 1999; chen et al., 2001).

the effect of the herbicide and insecticide 
combination on nitrification was different. the 
noEc values chosen for the insecticides malation 
and Pyretrin seem to be correct, since the nitrification 
values did not decrease in comparison to the control. 
Even the combination of both insecticides did not 
influence nitrification. the influence on nitrification 
of potassium oil alone or in combination with the 
other two insecticides indicates that the noEc 
value chosen for potassium oil was higher than it 
should have been. this clearly indicates that more 
experiments are necessary to correctly evaluate the 
toxic effect of potassium oil on nitrification. the 
noEc values for all herbicides should be lower, as 
they negatively influenced nitrification alone or in 
combination. however, their combined effect was 
not higher than the influence of any one of them 
on nitrification, indicating that their effect is not 
cumulative. chen & Edwards (2001) also observed 
no cumulative effect of 2 different fungicides on 
nitrification.

the absence of an accumulation effect of the 
insecticides malation and Pyrethin and all used 
herbicides on nitrification rates is a very significant 
finding, specially for regulatory agencies, as these 
compounds are used in the same environments. 

Establishing acceptable levels of the studied 
pesticides in the environment would certainly require 
evaluating their effects not only on nitrification, but 
also on other ecological processes, and also on their 
accumulation in the food chain (fraser et al., 2002; 
Lopez, 2003). While a part of the herbicides applied 
to soils ends up in streams and lakes, it is important 
to compare the results from this experiment with 
the actual values found in nature. the herbicides 
dichlorprop-P and glyphosate have been detected 
in several danish streams and lakes, dichlorprop-
P having been found at concentrations varying 
from 0.01 to 0.3 µg.L-1 in nearly 30% of studied 
lakes, while glyphosate was found in all studied 
streams, at concentrations that varied from 0.02 
to 0.23 µg.L-1 (Bichel-committee, 1999). As the 
detected concentrations are lower than the noEc 
values estimated in this study, actual impact on 
nitrification at the various locations listed may be 
negligible.
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concentrations of other pesticides in 
the environment should also be studied and 
subsequently compared to the noEc values 
found. some insecticides probably do not have a 
strong environmental influence, e.g., malation, 
which is one of the safest insecticides due to its 
high selectivity towards insects. in addition, after 
application on soil the time required to decompose 
75-100% of the original amount is one week. 
therefore, malation’s tendency to accumulate in 
the environment is low (matsumura, 1985).

Because nitrifiers are particularly sensitive to 
chemicals (hanson et al., 1991; Pell et al., 1998), 
the procedure used in this study is a fast and easy 
way to evaluate environmental effects of toxic 
compounds. furthermore, potential nitrification 
measurements require no expensive equipment. All 
the data for obtaining noEc values were obtained 
in a 12-h period, which was the same required 
to perform the combination experiments. When 
obtaining quick results is a necessity, this procedure 
could be very useful in establishing application 
limits for pesticides or other chemicals. 
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