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Introduction
Use of pesticides and other organic contaminants is only sustainable over the long-term if risk levels
are acceptable. This ambition requires that concentrations of these substances in surface and ground
waters are low, which can be obtained if contamination from point and diffuse sources are
eliminated. This could be achieved by incorporation of biochar into vulnerable soil profiles, which
would substantially increase sorption of the pollutants and thereby decrease their transport and
leaching.
To address the problems of phosphorus (P) leaching from agricultural soils, numerous studies have
examined the efficacy of various soil amendments. Biochar is such a product that has received
considerable attention during recent years. It increases the number of sorption sites in soils and
could thereby significantly affect the leaching of P. However, the extent of this is still unknown.
The objective is to study the effect of biochar on leaching of MCPA, bentazone and phosphorus in
undisturbed soil columns (lysimeters) of a sand soil. The pesticides are added at 2x normal dose. The
phosphorous is what is leached from the soil itself and from an extra addition. Since we know from
lab studies that the adsorption of many pesticides increases after an extra heat-treatment of the
biochar, we use Skogens kol that has been heated at 450°C . Glyphosate does not bind to Skogens kol
unless treated with for example iron salts, and since binding of phosphorus and glyphosate in soil is
similar, we also test the effect Fe-treated biochar on P-leaching. The study plan will also make it
possible to assess the effect of the biochar to sorb pesticides when the char is placed on the top of
the lysimeter compared to when it is placed at the bottom, where it will be exposed to leachate with
dissolved substances that potentially can clog the pores in the char.

Materials and Methods
Soil Characteristics, Lysimeter Collection and Preparation
Soil Characteristics
Ten undisturbed soil columns of a sand soil were collected October 12, 2012 at the field site Nåntuna
close to Uppsala (59°49’N, 17°39’E). Some physical and chemical properties of the soil used are listed
in Table 1.
Lysimeter collection
The soil columns were collected using a coring machine equipment in which a PVC pipe (1.18-m long
and 0.295-m inner dia.) is gently pushed into the soil by a steel cylinder with cutting teeth, which
rotates around the pipe as it penetrates the soil (Persson and Bergström, 1991). After collection, the
columns were stored in a basement.
Lysimeter preparation
In May 2013 the same volumes of soil were removed from all lysimeters (9 cm on top and 12.5 cm in
the bottom) and replaced by gravel (3-5 mm particle size) in lysimeters 1-2; gravel/biochar(< 4 mm
particle size) on the top of lysimeters 3-6 and Fe-treated biochar/gravel in the bottom of lysimeters
7-10 (Table 2, Fig. 1).

Table 1. Selected soil characteristics of the Nåntuna sand.
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†Gr=gravel, >2 mm; Sa=sand, 0.06-2 mm; Si=silt, 0.002-0.06 mm; Cl=clay, <0.002 mm.
‡Determined in water. §Equivalent to porosity.

Table 2. Arrangement of the different layers in the lysimeters
Lysimeter

Gravel, cm

Biochar, cm

On top of lysimeter
1, 2
3, 4
5, 6
7, 8
9, 10

9
8
7
9
9

1
2
-

Fe-treated
Gravel, cm
biochar, cm
In the bottom of lysimeter
12.5
12.5
12.5
1
11.5
2
10.5

Fig. 1. Arrangement of the different
layers in the lysimeters

The commercial biochar Skogens kol was used in the study. This biochar is produced from a mixture
of about 80% hardwood (mainly birch, Betula pendula) and 20 % Norway spruce, (Picea abies), and is
produced by slow pyrolysis at a maximum temperature of 380-430 °C. In order to increase pesticide
adsorption, the biochar was put in an aluminum mold of one liter that was covered with aluminium
foil and heated in an oven (Carbolite Furnaces, model OAF 10/1) at a temperature of 450°C for 2
hours. After heating, the biochar was left to cool down inside the oven for several hours. For
preparation of Fe-treated biochar, 1 L of biochar (Skogens kol, < 4 mm) was mixed with 1.5 L of
deionized water, 79.6 g of FeCl2 x 4H2O and 108 g of FeCl3 x 6H2O in a 5 l E-flask. 1.33 L of 30% NaOH
was added under careful stirring, and the flask was boiled at 100 °C for one hour. After cooling to
room temperature, the biochar was removed from the suspension by filtration (Whatman filter no 3)
and then rinsed with 2 L of deionized water and dried at 50°C overnight (adapted from Šafařík et al.,
1997; Chen et al., 2011).
Stainless steel meshes were installed below the soil and at the bottom of all lysimeters and also
between the Fe-biochar and gravel layers in lysimeters 7-10. The lysimeters were then placed in
vertical pipes permanently installed below ground at a lysimeter station located at the Swedish
University of Agricultural Sciences in Uppsala, Sweden (Bergström, 1992). The lysimeters were
flushed 4 x 5 L of water over a period of 3 days. Leachate samples were taken for analysis of
bentazone and MCPA (background, development of method) and P.
Chemical Application
Bentazone (2.84 kg a.i./ha) and MCPA (1.5 kg a.i./ha) were applied to the lysimeters on 31 May 2013
at a rates corresponding to double normal doses in Sweden (Table 3).
Table 3. Amounts added of formulated products and of active ingredients of MCPA and bentazone

MCPA
Bentazone

Formulation

% a.i.

Nufarm MCPA 750
Basagran SG

75
86

Dose of product
(2 x normal)
2 L/ha
3.3 kg/ha

Dose, kg a.i. per
ha
1.50
2.84

For bentazone, 22.6 mg of Basagran SG (86% a.i.) was applied and for MCPA 16.1 mg of Nufarm
MCPA 750 (75% a.i.) was applied. The formulated products were mixed with 11ml (0.166mm) of
distilled water. This was applied using a 60ml syringe and drawing up the herbicide from a beaker,
rinsing the transport vessel with ~5ml (0.07mm) distilled water and drawing that up as well. The top
2 cm of gravel was removed from the lysimeter, and then the pesticide was applied in a circular
motion slowly dripping over the whole lysimeter surface. This was followed by the application of
50kg/ha ammonium phosphate (26.93% P) which was equivalent to 1.269 g per lysimeter. This was
dissolved in 10ml (0.14mm) distilled water, again with the transport vessel being rinsed, but this time
with 50ml (0.7mm) of distilled water, then applied as before. The gravel was replaced after the
applications had finished.
Lysimeter management and leachate collection
In addition to natural precipitation, if necessary all lysimeters received supplemental irrigation to
give 1.5 times the monthly 50 year precipitation mean. On each occasion, water was added with

spray bottles over a few hours at rates typical of heavy rain storms, but not exceeding the infiltration
capacity of the soil.
Leachate from the lysimeters was collected and weighed when ~600ml water had accumulated in the
sampling bottles. After collection, all leachate samples were stored in a freezer (-20°C) until analyzed
for MCPA, bentazone, PO4-P, Tot-P and Particulate-P.
Analyses of MCPA and bentazone
MCPA and bentazone concentrations in leachate were determined by a modified method according
to Solymosne’ et al. (2006). Briefly, 0.5 L of leachate was cleaned and concentrated on a solid phase
extraction column. After pentafluorobenzyl bromide derivatization of the target compounds, the
sample was analyzed by GC-MS. The range was 0.05-1 µg/L and recoveries were 79.3 and 71.5% for
MCPA and bentazone, respectively.

Results
Precipitation and Drainage Conditions
The monthly 50 year precipitation mean for Uppsala multiplied by 1.5 is shown in Fig. 2.
120

Precipitation (mm)

100
80
60
40
20
0
Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan

Figure 2. The monthly 50 year precipitation mean for Uppsala multiplied by 1.5
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Figure 3. Actual precipitation plus irrigation during the study period

Actual precipitation plus irrigation during the study period is shown in Fig. 3. Over the 8-months
study period (June 2013-January 2104), cumulative precipitation was 351 mm, which, in combination
with supplemental irrigation, resulted in a total water input to the lysimeters of 610 mm. This total
water input is close to the intended amount of 643 mm, representing 1.5 times the 50 year
precipitation mean for Uppsala. The discrepancy is mainly due to that no irrigation was done in
January 2014.
Average cumulative amount of leachate from 9 of the 10 lysimeters was 559 mm (SD 6.0 mm, n=9)
during the study period (lysimeter 10 not included due to initial technical problems). In relation to
the water input of 610 mm, this amount constituted 92% of precipitation plus irrigation, which is
considerably higher than in other similar leaching studies performed in Sweden (Bergström and
Jokela, 2001). Peak amounts of leachate, reaching 39 and 41 mm, occurred 4 and 15 wk after
herbicide application (Fig. 4).
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Figure 4. Mean amounts of collected leachate during the study period

(mean ± SD, n=9)
Leaching of MCPA
Almost no MCPA leached during the study period. No MCPA at all was found in leachates from
lysimeters 2, 4, 7 and 9. In lysimeters 1, concentrations above the limit of detection of 0.05 µg/L were
found on 3 occasions in samples from September and October 2103 (Table 4). The highest
concentration of 0.37 µg/L was found in leachate from lysimeter 3 from November.
The total amount of MCPA that leached from these lysimeters varied between 0.025 and 0.147 g/ha,
corresponding to 0.0016 and 0.0098% of the applied amount.
Leaching of bentazone
High concentrations of bentazone leached from the lysimeters. Significant concentrations started to
leach after about 104 mm of accumulated leachate (Figs. 5A and B, same data but shown at different
scales). Highest concentrations (172-210 µg/L) were detected in the controls without biochar in
August 2013, 10-11 weeks after application, after which concentrations gradually decreased in all
lysimeters. However, the concentrations from all lysimeters were still quite high (0.6-3.2 µg/L) at the
last sampling time in 20 January 2014.

Table 4. Concentrations (µg/L) of MCPA in leachate

MCPA (ug/L)
Lysimeter no.
2013-06-18
2013-09-20
2013-10-07
2013-10-17
2013-11-22

Contr
1
< 0.05
0.19
0.13
0.14
< 0.05

104 mm
accumulated
leachate

1 cm
char top
3
< 0.05
< 0.05
< 0.05
< 0.05
0.37

2 cm
char top
5
0.14
< 0.05
0.11
< 0.05
< 0.05

2 cm
char top
6
0.11
< 0.05
< 0.05
< 0.05
< 0.05

1 cm Fechar
bottom
8
< 0.05
< 0.05
0.10
< 0.05
< 0.05

2 cm Fechar
bottom
10
< 0.05
0.11
< 0.05
< 0.05
< 0.05

Figure 5A. Concentrations (µg/L) of leached bentazone in lysimeters 1
(control without biochar) and 4 (1 cm biochar on top)
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Figure 5B. Concentrations (µg/L) of leached bentazone in lysimeters 1
(control without biochar) and 4 (1 cm biochar on top)
The leached amounts in g per ha (Fig. 6) were generally highest in the controls, with a peak amount
of 61 g/ha in 18 August 2013.
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Figure 6. Leached amounts in g/ha of bentazone in lysimeters 1 (control without biochar)
and 4 (1 cm biochar on top)

Total leached amounts of bentazone during the study period varied from 53.8 ± 5.8 g/ha (mean ± SE,
n=2) in the lysimeters with 1 cm of biochar on top of the soil to 207 ±81 g/ha (mean ± SE, n=2) in the
control lysimeters without biochar (Fig. 7).
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Figure 7. Total leached amounts in g/ha of bentazone (mean ± SD, n=2)

Total leached amounts in % of the added amount of bentazone varied between 1.9 ± 0.2% (mean ±
SD, n=4) for the treatments with 1 or 2 cm biochar on top of the soil to 7.3 ± 2.9% (mean ± SD, n=2)
in the controls without biochar (Fig. 8).
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Figure 8. Total leached amounts of bentazone in % of added amount (mean ± SD, n=2)

The reduced accumulated amount leached from the different treatments in relation to leached
amounts in the controls were (in %) 74.1 for 1 cm top, 73.6 for 2 cm top, 7.1 for 1 cm bottom and
36.9 for 2 cm bottom.
Leaching of phosphorus
The analyses of PO4-P, Tot-P and Particulate-P were not finished at the preparation of this report.

Conclusions
Almost no MCPA leached during the study period, with the highest detected concentration of 0.37
µg/L and the largest leached amount of 0.0098% of the applied amount. This small leaching is
probably due to a very fast degradation of MCPA in the soil used.
High concentrations and large amounts of bentazone leached from all lysimeters, with highest
concentrations and largest amounts in the control lysimeters without biochar. The largest reduction
of leached amounts (about 74%) was obtained in the lysimeters where the biochar was placed on top
of the soil.
The generally large leaching of bentazone in this study is due to many different factors that were set
to give worst case conditions:







A double normal dose of bentazone was added to the lysimeters.
The total amount water added to the lysimeters was 1.5 times the normal precipitation.
The absence of plants in the lysimeters gave no transpiration of the water.
The layer of gravel on the top of the soil reduced the evaporation by breaking the capillary
flow.
Almost half of the top soil (9 cm), which generally is the most biologically active soil layer,
was removed and replaced by gravel.
The large amounts of water added, the absence of transpiration and the reduced
evaporation probably gave almost water saturated conditions in the lysimeters during most
of the study period, which in turn would give anaerobic conditions and thereby a slow
microbial bentazone degradation.

In spite of these factors, the thin 1-2 cm layer of biochar on top of the soil could reduce the leaching
by 74% compared to the control.
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