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ABSTRACT

The efficiency of the adsorption process of the fungicides Captan and Thiram was studied in four Chilean soils from the VI [O´Higgins, (HGS)], VII 
[Talcarehue, (THL)], VIII [Diguillin, (DIG)] and Metropolitan [Maipo, (MAO)] regions of Chile. Changes in the efficiency of adsorption when the natural soils 
were incubated with biosolids were analyzed.

The values of parameters Kf and n from the Freundlich equation indicated an increase in the adsorption of fungicides incubated with biosolids (1% and 10%) 
with respect to natural soil. A high Kf value (12.1) for DIG-Thiram and a lower Kf value (4.3) for MAO-Captan interaction were observed for natural soils, while 
in soils incubated with biosolids (10%) the greatest value was (20.3) for DIG-Thiram and the lowest Kf value (10.2) for MAO-Captan. In general the high Kf values 
for Captan and Thiram were correlated with organic carbon content in the natural and incubated soils, except for the interaction THL-Thiram, in which inorganic 
compounds of soils (clay) were dominant.

The distribution constant between solid-liquid phases (Kd) increased in soils incubated with biosolids; the magnitude of this constant was more significant 
with Thiram. The same behavior was observed for the constant related to organic carbon constants (Koc).

The results of this work confirm that amending  soils with biosolids is beneficial for immobilizing fungicides and helps prevent the percolation of Captan and 
Thiram through the soil profile and into groundwater 
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1. INTRODUCTION

One way to dispose of sewage sludge generated in wastewater treatment 
plants (WTP) is to apply it to agricultural soils, because these residues are a 
potential source of organic matter and nutrients for agriculture. In addition, 
their application to agricultural soils would solve an immediate and future 
problem of sewage sludge build-up resulting from the increase, in the last 
decade, in the number of WTP in Chile. Sludge disposal in degraded and 
eroded soils seems a good alternative for Chile, considering that a great part of 
the agricultural land shows erosion ranging from slight to serious. Even though 
there is vast foreign experience on the subject, the role of Chile as producer of 
a wide variety of agricultural export products makes it necessary to carry out 
preliminary studies with local soils.

Application as a complement to soil fertilization is currently the most 
common method of sewage sludge disposal.1-3 Sewage sludge can be recycled 
as a source of nutrients for plant growth and as a conditioner to improve 
physical and microbiological soil properties4. However, a major obstacle 
for recycling is that this residue also contains various contaminants5. Metals 
occurring as trace elements are of special concern because they may have toxic 
effects in the biota and accumulate in trophic webs.6, 7. Mantovi et al.8 found 
that the application of sewage sludge brought about remarkable benefits to soil 
fertility but was associated with a possible negative effect on water quality due 
to increased P availability and on soil ecology due to Zn accumulation

Treated sewage sludge meeting regulations for pathogens is termed 
biosolids9.

The effect of applying of biosolids to land and the interaction with other 
chemical pollutants is not well known. Recently an increasing interest has been 
focused on the effects of these organic amendments on pesticide behavior in 
soils10; it has been demonstrated that organic amendments significantly change 
pesticide adsorption behavior into the soil11-18.

In general pesticides in the environment are ruled by the transformation 
process, which can include pesticide molecule breakdown by chemical, 
photochemical or biological degradation, or by a transfer process, such as 
adsorption/desorption, runoff, volatilization and leaching. Among transfer 
processes adsorption is a key process that largely controls the behavior of 
pesticides in soil, determining their distribution between the soil and the water 
system.

Captan and Thiram are two fungicides widely used in Chile; Captan is 
a compound of hydrophobic nature, while Thiram is hydrophilic19, 20 (Table 
1). The hydrophobic-hydrophilic equilibrium may be essential for dynamic 
equilibrium in soils. In this study we examine behavior related to the adsorption 
process of the fungicides Captan and Thiram in four Chilean soils incubated 
with biosolids (1% or 10%), from WTP “El Trebal” 

2. EXPERIMENTAL

 2.1 Soil Samples
Four Chilean soils (0 - 20 cm), DIGUILLIN (DIG) (Region VIII), MAIPO 

(MAO) (MP Region), O´HIGGINS (HGS) (Region VI) and TALCAREHUE 
(THL) (Region VII) were selected. The soils were air-dried and sieved (<2 
mm). 

Particle size distribution (texture) was determined by the pipette method 
21. Organic carbon (OC) was determined by the Walkey and Black method 
22. The pH and electrical conductivity (EC) for soil, sludge and sludge-soil 
combinations were determined in solid-water suspension 1:2.5 w/v 23.

2.2 Biosolids
Samples of biosolids from the WTP named El Trebal were first air dried 

and sieved (<2 mm); pH, EC and OC were determined as for soil samples

2.3 Chemicals
Captan and Thiram standards were commerciality available products 

(Sigma Chemical Company). The commercial formulation was obtained from 
ANASAC; Captan 3.04% and Thiram 24%. Their chemical structures and 
some of their characteristics are shown in Figure 1 and Table 1, respectively.

Fig. 1. Chemical structure of: Captan and Thiram 

Table 1. Physical characteristics of fungicides studied (physical constants 
at 25º C) 

Common name  log Kow Water solubility 
(mg L-1)

Vapor  
preassure 
(mm Hg)

Captan 2.78 3.3 9 x 10-8

Thiram 1.73 40 1.73 x 10-5
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2.4 Incubation of soil with biosolids 
Incubation of soil with biosolids was conducted for a period of 30 d. For 

this purpose, soils were mixed with doses of biosolids equivalent to 1% and 
10% of to the total dry mass used. Incubation with natural soil (0% biosolids) 
was used as a control.

Incubation was carried out at room temperature in 1 liter plastic bottles 
with a total mass of 1 kg of soil incubated with biosolids. Incubated soils were 
irrigated with de-ionized water (MilliQ-grade) and periodically removed. 

2.5 Adsorption study of fungicides in natural soils and soils incubated 
with biosolid.

1 g of soil samples (natural and incubated), were treated in 250 mL plastic 
bottles with 10 mL solution of Captan or Thiram in a concentration range 
from 0 to 1000 mg L-1. Stock solutions of both fungicides were prepared in 
acetonitrile (HPLC grade) and a 0.01 M solution of CaCl2 (Fluka p.a.) was used 
to complete the total volume (10 mL). The suspensions were agitated at 23 ± 20 

C in a batch system for 24 h, long enough to reach equilibrium. Subsequently, 
samples were centrifuged for 15 minutes at 4000 rpm, and supernatants were 
stored in cold for further analysis. Each adsorption experiment was performed 
in duplicate.  Losses during the process were monitored by including two 
blank controls in each test: one plastic bottle that only had a chemical solution 
without any adsorbent and another with only the adsorbent and CaCl2 solution 
without chemical solution. The amount of each compound adsorbed in the soil 
phase, Cs (mgkg-1) was obtained by subtracting from the amount of compound 
in the initial solution the amount measured the aqueous phase. Thus it was 
assumed that processes such as degradation, volatilization or photolysis were 
not significant during the 24 h period.

2.6 Chemical analysis
The concentration of both fungicides in equilibrium was determined 

using a liquid chromatograph (Waters 1525) high resolution (HPLC) method 
under the following conditions: Column Waters Symmetry C18, mobile phase: 
acetonitrile / water 80:20, flow rate: 1.0 mL/min and injection volume: 20 µL. 
The detection of compounds was performed using a diode array detector (PDA 
Waters model 2996)) at wavelengths of 277 nm and 254 nm for Thiram and 
Captan, respectively. Retention times (tR) of Captan and Thiram standards were 
2.35 ± 0.04 and 1.72 ± 0.02 min, respectively. These tR were compared with tR 
from a commercial formulation.

3. RESULTS AND DISCUSSION

3.1 Physical and Chemical properties of soil and biosolid 
The textural characteristics of the four soils studied (Table 2) show that 

the clay content decreased in the order DIG > THL > MAO > HGS. Table 3 
shows the increase of OC of the natural soils when they were incubated with 
biosolid from WTP El Trebal, and also shows changes in pH and EC produced.  
The pH increased slightly due to the addition of biosolids (pH 8.14), while the 
EC increased from three to four times with addition of biosolids, especially at 
10%, because the biosolids provided the soil with numerous chemical species 
(anions and cations) which contributed to increase the EC

Table 2. Textural characteristics of the soils used in the study 

Soils Clay % Sand % Silt % Soil Texture 
(USDA)

DIG 12.17 68.55 19.27 Sandy loam 

MAO 5.47 76.76 17.78 Sandy loam 

HGS 3.01 60.83 36.16 Sandy loam

THL 11.04 52.83 36.13 Loam

3.2 Adsorption of fungicides in soils and biosolids
Figures 2 and 3 shows the data from adsorption isotherms and the points 

adjusted for each isotherm by the equation Cs = Kd. x Ce, where Cs is the 
concentration of pesticide in soil (mg g-1), Ce is the concentration in solution 
(mg L-1) and Kd is the distribution coefficient of each fungicide between water 
and soil. Adsorption isotherms of Captan and Thiram were obtained on natural 
soils and soils incubated with biosolids. In all cases, L-type curves according 
to the classification of Giles et al. (1960)25 were observed. In these cases Kd 
calculated was the average between all the points of the curve (Table 4). This 
value is not constant and varies greatly depending on the soil properties studied. 
However there is a way to normalize the values of this coefficient, based on 

the content of organic matter, to obtain the adsorption constant applicable to 
all types of soil24. This pattern is represented as the organic carbon partition 
coefficient Koc = (Kd / %OC) x 100 (Table 4).

Table 3. Characteristics of biosolids, natural soils (0%) and soils incubated 
with biosolids (1 and 10%).

Samples pH EC
(dS/m)

OC
(%)

Biosolids 8.14 1.41 15.26

DIG – 0% 5.71 0.23 2.74

DIG – 1% 5.82 0.36 2.84

DIG – 10% 6.15 0.76 4.46

MAO – 0% 7.32 0.29 1.09

MAO – 1 % 7.53 0.37 1.25

MAO – 10% 7.84 0.95 2.71

HGS – 0% 6.11 0.24 2.32

HGS – 1% 6.25 0.34 2.49

HGS – 10% 6.42 0.91 3.71

TLH – 0% 5.82 0.23 1.21

TLH – 1% 6.14 0.34 1.27

TLH – 10% 6.45 0.87 2.72

The adsorption curves of Captan fungicide in the four natural soils are 
shown in Figure 2. Captan adsorption was proportional to the OC content in 
soils, DIG>HGS and THL>MAO (Table 3). The adsorption curves of Thiram 
fungicide in four natural soils are shown in Figure 3. Thiram showed better 
affinity with DIG and THL soils and poorer affinity with HGS and MAO soils; 
this behavior is accordance with the contents of clay matter and OC in these 
soils (Table 2).

Fig. 2. Adsorption curves of Captan in natural soils (without incubation): 
■:DIG-Captan, ▲ THL-Captan,  HGS-Captan, ¯ MAO-Captan

The effects of OC on the adsorption of Captan and Thiram were evaluated 
from comparative curves of adsorption for both fungicides in the natural soils 
DIG and THL and incubated with 1% and 10% biosolids. Figure 4 shows the 
adsorption curves of both fungicides. 
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Fig. 3. Adsorption curves of Thiram in natural soils (without incubation): 
■:DIG-Thiram, ▲ THL-Thiram,  HGS-Thiram, ¯ MAO-Thiram

Fig. 4. Adsorption curves of Captan and Thiram in soils DIG and THL 
with 0% (    ), 1% (¸) and 10% (■) biosolids.

Captan showed the highest adsorption in both soils incubated with 
10% biosolids, indicating a high affinity with OC provided by the biosolids 
(15.26%). The adsorption curves of Thiram in the soils were relatively 
similar and incubation with biosolids was not important in the adsorption 
process. Different affinity of OC may arise from the different hiydrophobicity, 
lipophilicity and solubility (Table 1) of Captan and Thiram.

3.3 Freundlich isotherms
A model for the adsorption of the fungicides by the soil was obtained 

from the Freundlich isotherm equation: ln Cs = ln Kf Ce + n, where Kf is 
the adsorption coefficient and n is related to the degree of adsorption. Table 
4 shows the Kf and n values for Captan and Thiram fungicides; the Kd and 
Koc constants were included. Correlation coefficients were between 0.9914 
for THL-Captan (1% biosolids) and 0.9996 for DIG.Captan (10% biosolids).

Table 4.  Freundlich parameters, distribution coefficients (Kd) and organic carbon normalized distribution coefficients (Koc) for Captan and Thiram in natural 
soils and soils incubated with biosolids.

CAPTAN THIRAM

Soils Kf n R Kd Koc Kf n R Kd Koc

DIG – 0%  8.5 0.58 0.9835 0.84 26.4 12.1 0.58 0.9857 1.32 48.2

DIG – 1% 10.0 0.59 0.9982 1.09 34.3 14.3 0.60 0.9957 1.87 65.8

DIG – 10% 11.0 0.60 0.9996 1.53  38.4 20.3 0.61 0.9994 2.97 66.6

MAO – 0% 4.3 0.52 0.9969 0.27 24.8 6.93 0.47 0.9887 0.34 30.2

MAO – 1 % 7.5 0.53 0.9931 0.54 43.2 9.93 0.50 0.9868 0.63 50.4

MAO – 10% 10.2 0.58 0.9923 1.15 42.4 11.6 0.59 0,9993 1.36 50.2

HGS – 0% 6.1 0.57 0.9850 0.72 31.0 5.29 0.45 0.9852 0.22 9.5

HGS – 1% 8.6 0.58 0.9914 0.90 36.1 8.26 0.46 0.9954 0.41 16.5

HGS – 10% 10.6 0.58 0.9988 1.48 38.9 13.6 0.58 0.9932 1.48 39.9

THL – 0% 4.9 0.53 0.9988 0.35 28.9 9.76 0.57 0.9990 0.94 77.7

THL – 1% 7.8 0.54 0.9915 0.63 49.6 15.0 0.58 0.9926 1.05 82.7

THL – 10% 10.5 0.60 0.9987 1.53 56.3 16.9 0.60 0.9937 2.23 82,0

In all cases the values of n were less than 1.The relationship between the degree of curvature and the value of n in the Freundlich equation was described 
by Green and Karickhoff, (1990)26, who indicated that the adsorption increases rapidly at low concentrations while slowly approaching a maximum at high 
concentrations (figure 4).. Kf values ranged between 4.27 (MAO-Captan) to 12.1 (DIG-Thiram) for natural soils; Kf values increased for all soils incubated with 
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biosolids, particularly with biosolids at 10%. The highest values were for DIG-
Thiram (20.3) and the lowest for MAO-Captan (10.2). The highest values of Kf 
are in accordance with the contents of OC in the soils (Table 1).

Although there are numerous reports about the process of adsorption of 
pesticides in soils 24, 27-31, there are no studies about the behavior of Captan 
and only few studies have investigated the behavior of Thiram in natural soils; 
these found that the adsorption constant Kd increases with increasing organic 
carbon content 11, 32

Therefore our results are in agreement with the adsorption of Captan and 
Thiram, which increased when Koc increased with biosolid matter.

Although the adsorption of pesticides depends strongly upon interaction 
with organic components in the soils, it is also well known that the interaction 
with inorganic components of the soils is involved33, 34, which depend on the 
chemical structure of the compounds. In this case the hydrophobocity of Captan 
(log Kow 2.8) may favor the interaction with organic matter, while there may 
be less interaction of Thiram with organic matter (log Kow 1.23).

4. CONCLUSIONS

The adsorption of pesticides by soils is dominated by interaction with the 
solid state of the soil. From the results presented here and those of others, the 
solid state interaction involves both the organic and inorganic fractions, the 
relative importance of which depended on the relative abundance of these two 
fractions.

.Captan showed the greatest interaction with natural soils with high 
organic matter content, while Thiram showed preference for soils with clay 
high content.

This study showed that incubating soils with biosolids increased the 
adsorptions of the fungicides Captan and Thiram. 

The Freundlich model showed that this process was more efficient when 
soils were incubated with biosolid at 10%. The highest content of organic 
carbon from the addition of biosolids to natural soils increased the interaction 
with both fungicides for all the soils studied; this behavior may help to avoid 
leaching of the pesticides into groundwater.      
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