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Adjuvants used as a component of pesticide formulations

or spray adjuvants can change agronomic effects (effec-

tiveness, phytotoxicity) of the product. An adjuvant may

also affect the environmental impact, as dispersion patters

may be altered, the functional activity period of the active

ingredient may be lengthened, or its degradation delayed

(Swarcewicz, 2002). The pesticides atrazine and couma-

phos were degraded at a lower rate and to a lower extent in

the presence of a nonionic surfactant (Mata-Sandoval et al.,

2001). Addition of nonionic surfactants to soil decreases

the mobility of the pesticides, which are probably adsorbed

to the surfactants previously adsorbed to the soil. The

mobility in soil of the pesticides diazinon, atrazine and

acephate decreased in the presence of nonionic surfactants

(Sánchez-Camazano et al., 1995; Iglesias-Jimenez et al.,

1996). Soil organic matter is the primary soil constituent

responsible for sorption of nonionic pesticides and surf-

actants in pesticides (Krogh et al., 2003). Atrazine is

potentially toxic both to humans and to the ecosystem. It is

a hydrophobic pesticide frequently found during monitor-

ing of pesticides in aquifers in various countries (Carter,

2000). The aim of this study was to (i) determine contact

times required for attainment of sorption equilibrium and

(ii) explore the effect of Atpolan on the amount of atrazine

sorbed by soil of varying organic carbon content.

Materials and Method

Three types of soil were used in laboratory experiments.

Surface soils were taken from three locations, Korytowo,

Ostoja and Lipnik, northwest Poland. Soil was collected

from the surface 20 cm layer. A sandy loam with an or-

ganic matter content of 0.95% was selected from meadow

soil in Korytowo. This soil contained 64% sand, 21% silt,

and 15% clay. Soil pH was 5.5. A silt loam with an organic

matter content of 1.5% was selected from field soil in

Ostoja. This soil contained 40% sand, 34% silt, and 26%

clay. Soil pH was 6.3. Third, muck soil from Lipnik with

an organic matter content of 4.5% and contained 88% sand,

5% silt, and 7% clay, soil pH was 6.4. A suspension of a

commercial formulation of atrazine (Azoprim 50 WP, 50%

a.i., Jaworzno, Poland) was used in the study. An analytical

standard for atrazine, of 99% purity, was obtained from

Prochem Institute of Organic Industry, Warsaw. Stock

solutions of atrazine were prepared in methanol at a con-

centration of 117 lmol�dm–3. Atpolan 80 EC containing

80% paraffin oil (Agromix, Poland) belongs to oil mineral

adjuvants used as tank-mix. An adjuvant concentration of

0.5 % (v/v) was used. Three replicates of two sets of batch

experiments were conducted in centrifuge tubes. In the first

set, the equilibrium time for atrazine adsorption was

determined with and without the adjuvant in the three soils.

Four grams of air-dried soil was put into 50 cm3 test tubes

and 10 cm3 0.01 M CaCl2 was added. The tubes were

treated with a solution of the atrazine alone (25.5 mg dm–3)

or atrazine with Atpolan (0.5% v/v). Then the tubes were

shaken for various times: 5, 10, 15, 20, 30, 120, 480, 1440

and 2880 min at 20 ± 1�C to achieve equilibrium. At the

same time, the degradation of atrazine in pure water was

tested under the same conditions. In the second set of
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E. Skórska

Department of Physics, Agricultural University, Szczecin,

Poland

123

Bull Environ Contam Toxicol (2007) 78:231–234

DOI 10.1007/s00128-007-9136-4



experiments, the effect of Atpolan on the various amount

of atrazine sorbed by soils of various content of organic

carbon was determined. Equilibrium adsorption isotherms

for all soil-atrazine-adjuvant combinations were measured

by the batch equilibrium method at 25�C, with five sorbate

concentrations. An equilibrium was achieved by shaking

samples of 4 ± 0.001 g air-dried soil with 10 cm3 atrazine

solution, at concentrations of 10, 15, 20, 25 and 30 mg

dm–3, and Atpolan 0.5% v/v, for 24 h. After centrifugation,

4 cm3 aliquots were collected in 10 cm3 tubes. The her-

bicide in the supernatants was extracted by dichlorome-

thane and purified by a Florisil column. The eluates were

analyzed by gas chromatography (GC). GC analyses were

performed using Carlo Erba-Vega 6180 gas chromato-

graph, equipped with a flame-ionization detector (FID).

The column used in this study was a capillary column

DB-17 (column length 30 m, column ID 0.54 mm, film

thickness 1 lm). Nitrogen was used as both the carrier and

make-up gas at the flow rate of 30 ml/min. Hydrogen was

used at a flow rate of 3.5 cm3/min and air at 110 cm3/min.

The oven temperature was programmed from 60�C (1 min)

to 200�C (10 min) at a rate of 25�C/min, and from 200�C to

260�C (5 min) at a rate 31�C/min and detector temperature

at 280�C. Retention time for atrazine was 10.43 min.

Recovery of atrazine from water sample was 94 ± 4.5% for

25 mg dm–3 atrazine.

Results and Discussion

The contact times required to attain sorption equilibrium for

atrazine in the presence of the adjuvant and the influence of

this adjuvant on the soil-water distribution of the herbicide

(Kd) and general soil sorption constant (Koc) was studied in

this experiment. The experiment with atrazine alone and the

adjuvant and atrazine at a single concentration was con-

ducted to investigate the equilibrium time and the sorption

behaviour of atrazine over a 48 h period. The results indi-

cated that atrazine sorption occurred in the same period of

time (less than 8 h sandy loam and 24 h in silt loam) both in

the presence or absence of the adjuvant. Equilibrium sorp-

tion is usually achieved and measured within 24 h (Carter,

2000). The sorption data fit a hyperbolic (Bernhard-Bitaud

et al., 1994) model well, as reflected by the high determi-

nation coefficients (r2) of 0.9401 to 0.9713 (Table 1). In the

presence of Atpolan, the percentage of the sorbed atrazine

increased to an average value of 25% only in silt loam soil.

In other soils there was no significant difference. Abu-Zreig

et al. (1999) noticed that surfactants had little effect on the

equilibrium time for atrazine sorption.

The study of adjuvant influence on soil-water distribu-

tion (Kd) of atrazine from a hyperbolic model showed an

increased value of Kd after addition of Atpolan to the three

soils. The greatest difference of Kd after addition of At-

polan was found in the silt loam (Table 1). In our study,

soil rich in organic matter caused an increase of the Kd

value of atrazine alone by about 87%, but in the presence

of Atpolan this effect was minor. The relationship between

organic matter content in soil and the value of Kd was

studied by Payá-Pérez et al. (1992).

They reported that not only the concentration, but also

the composition of the organic matter plays important roles

in soil sorption of atrazine. They obtained values of Kd

ranging from 0.01 dm3 kg–1 to 64 dm3 kg–1of atrazine with

a mean value of 2.4 dm3 kg–1. Similar results were reported

by Barriuso et al. (1992) and Dousset et al. (1994). The

sorption characteristics of atrazine can be normalized to

obtain a general soil sorption constant (Koc) based on the

soil organic carbon (SOC) content. In our study, we noticed

that addition of Atpolan caused an increase of the Koc

values (Table 1), thus an increase in retention of atrazine

residues in soil. The organic carbon soil sorption (Koc) of

atrazine in sandy loam was similar to that obtained by

Payá-Pérez et al. (1992). In our study, addition of adjuvant

Atpolan to atrazine formulation as a tank mix caused a

slight increase of the Kd and Koc values, but the type of soil

had a much greater influence on both these factors.

The second experiment was concerned with the influ-

ence of adjuvant on the sorption isotherm of atrazine. The

results (Table 2) indicated that the sorption data fit the

Freundlich model well, as reflected by the high determi-

nation coefficients (r2). The Kf value decreased both in

sandy loam and silt loam for atrazine in the presence of

Atpolan, but in muck soil this difference was less. The

Table 1 Influence of Atpolan

on equilibrium concentration of

atrazine (Qmax) in soil in kinetic

study, the partition coefficient

(Kd), and soil sorption constant

(Koc)

a Standard errors of means are

in parentheses

Soil Treatment Qmax (mg�kg–1) Kd (dm3 kg–1) Koc r2

Sandy loam Atrazine 27.84 (1.68)a 2.07 (0.15) 218 0.97

Atrazine + Atpolan 28.85 (1.64) 2.15 (0.07) 226 0.97

Silt loam Atrazine 27.67 (2.22) 2.06 (0.03) 137 0.94

Atrazine + Atpolan 33.16 (1.82) 2.71 (0.13) 181 0.96

Muck soil Atrazine 34.40 (1.820 2.87 (0.34) 64 0.97

Atrazine + Atpolan 33.97 (2.69) 3.17 (0.41) 70 0.94
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sorption isotherm was nonlinear in nature as depicted by

the n values (n < 1.0) (Xing et al., 1996). These observa-

tions are consistent with our sorption results. The n value

was of a higher value in the presence of Atpolan in sandy

loam and silt loam but it increased in muck soil. Using the

Langmuir or the Freundlich - Langmuir models, we ob-

tained worse fitting of the data. Sorption isotherms of

atrazine by soils with the various organic carbon contents

are shown in Fig. 1. Curves are adjusted to the Freundlich

equation. In muck soil, (4.5% SOC) which has a higher

organic content, atrazine showed stronger sorption by solid

phase than in soil with 0.9% SOC. Competition for the

sorption sites was observed when atrazine was mixed with

Atpolan. We observed that Atpolan caused an increase in

atrazine sorption. Atrazine sorption isotherms were nearly

linear in sandy loam and silt loam, but were non linear in

muck soil; sorption coefficients were strongly correlated to

soil organic content, as shown by earlier studies (Payá-

Pérez et al., 1992; Bernhard-Bitaud et al., 1994; Moreau

and Mouvet, 1997). In soil, clay and organic components

are usually strongly associated so their individual effects

on sorption are difficult to distinguish. In our studies,

sorption of atrazine in soil was found to be influenced

primarily by the organic matter, while the adjuvant did not

greatly affect this process. In this study, atrazine was in

formulation, and Atpolan was a mixture of a mineral oil

and a surfactant. Such mixtures of various components may

complicate the process of sorption. The sorption of herbi-

cide has usually been studied using only standard herbi-

cides. This slight effect of the adjuvant on atrazine sorption

by soil may be due to a stronger persistence of the herbi-

cide in soil (Swarcewicz, 2002). Addition of a mixture of

paraffin oil and the surfactant Atplus 300F, as Atpol, to

atrazine in soil caused a slight change of herbicide sorption

in a soil-water system (Muliński et al., 1996). Unfortu-

nately, very little information on the effects and fate of

adjuvant are available in the literature (Sánchez-Camazano

et al., 1995; Iglesias-Jiménez et al., 1996; Mata-Sandoval

et al., 2001; Krogh et al., 2003). It is expected that the

requirements for registration will be extended to also

include the adjuvants used in pesticide formulations or

tank-mix, and to the behaviour of surfactants in the envi-

ronment.

Acknowledgments This work was financially supported by the

Polish Committee of Sciences as project No 2 P06S 042 26 (2004–

2007).

Table 2 Freundlich adsorption

coefficient (Kf), slope (n) and r2

for atrazine in soils with and

without of adjuvant

a Standard errors of means are

in parentheses

Soil Treatment Kf
a n r2

Sandy loam Atrazine 2.69 (0.42)a 0.81 (0.07) 0.96

Atrazine + Atpolan 2.03 (0.55) 1.01 (0.06) 0.97

Silt loam Atrazine 3.41 (0.80) 0.81 (0.09) 0.95

Atrazine + Atpolan 2.41 (0.75) 1.08 (0.13) 0.95

Muck soil Atrazine 2.60 (0.47) 1.04 (0.07) 0.98

Atrazine + Atpolan 3.89 (0.83) 0.94 (0.09) 0.95
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Fig. 1 Adsorption isotherms of atrazine alone and atrazine in the

presence of Atpolan by soils with various organic carbon (SOC)

contents; Atrazine alone -•-; Atrazine plus Atpolan - -h - -; data

points are means and the error bars represent 95% confidence

intervals

Bull Environ Contam Toxicol (2007) 78:231–234 233

123



References

Abu-Zreig M, Rudra RP, Dickinson WT, Evans LJ (1999) Effect of

surfactants on sorption of atrazine by soil. J Contam Hydrol

36:249–263

Barriuso E, Baer U, Calvet R (1992) Dissolved organic matter and

adsorption-desorption of dimefuron, atrazine and carbetamide by

soils. J Environ Qual 21:359–367

Bernhard-Bitaud C, Schiavon M, Andreux F (1994) Influence of

repeated atrazine treatments on the adsorption of the pesticide on

a Brown soil. In: Copin A et al. (eds) Environmental behaviour

of pesticides and regulatory aspects. European Study Service,

Rixensart, Belgium, pp79–86

Carter AD (2000) Herbicide movement in soils: principles, pathways

and processes. Weed Res 40:113–122

Dousset S, Mouvet C, Schiavon M (1994) Sorption of terbuthylazine

and atrazine in relation to the physico-chemical properties of

three soils. Chemosphere 28:467–476
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Payá-Pérez AB, Cortés A, Sala MN, Larens B (1992) Organic matter

fractions controlling the sorption of atrazine in sandy soils.

Chemosphere 25:887–898

Sánchez-Camazano M, Arienzo M, Sánchez-Martin MJ, Crisanto T

(1995) Effect of different surfactants on the mobility of selected

non-ionic pesticides in soil. Chemosphere 31:3793–3801

Swarcewicz M (2002) Study on the persistence of herbicides in the

presence of other xenobiotics in soil. Rozprawy 208, Akademia

Rolnicza Szczecin, pp.1–94 [in Polish]

Xing B, Pignatello JJ, Gigliotti B (1996) Competitive sorption

between atrazine and other organic compounds in soils and

model sorbents. Environ Sci Technol 30:2432–2440

234 Bull Environ Contam Toxicol (2007) 78:231–234

123


	Adsorption of Atrazine by Soils Varying in Organic Carbon Content in the Presence of the Adjuvant Atpolan
	Materials and Method
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


