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Abstract

BACKGROUND: Recent studies have highlighted the possibility of using a mixture of three fungal toxins produced by Ascochyta
caulina as a bioherbicide to control noxious weeds. However, to assess the commercial potential of this new bioherbicide, it
is necessary to increase knowledge regarding the environmental behaviour of these toxins, and particularly their effects on
non-target organisms. A negative ecotoxicological profile of this potential bioherbicide could eventually hinder its registration.

RESULTS: In this study, acute and chronic effects of the A. caulina toxins (ACTs) on non-target organisms were evaluated in
the laboratory. The (96 h) calculated algal ErC50 and NOEC were 142.7 and <12.5 mg L−1 respectively. For daphnids, the EC50
(48 h, acute test) was 20.1 mg L−1, whereas the NOEC (21 day chronic reproduction test) was 6.3 µg L−1. No cases of mortality,
sublethal effects or abnormalities were observed in the acute and chronic tests for Brachydanio rerio at a concentration of
100 mg L−1, indicating a low toxicity of ACTs for this organism. The calculated LC50 (14 days, acute test) and NOEC (56 day
chronic reproduction) for earthworms were >1000 and ≥250 mg kg−1 soil respectively.

CONCLUSIONS: The present study has provided baseline information needed to assess the potential hazard of the fungal
toxins of A. caulina. In particular, the acute and chronic effects on aquatic (algae, Daphnia and fish) and terrestrial organisms
(earthworms) have been highlighted. Finally, a comparison of the inherent toxicity of ACTs with other synthetic herbicides has
shown comparative ecotoxicity of the tested mixture.
c© 2012 Society of Chemical Industry
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1 INTRODUCTION
In agriculture, plant protection products (PPPs) are utilised
worldwide to reduce crop losses due to diseases, pests and
weeds, while biocides represent a range of products that are
widely utilised in households, industries and public places. Both
PPPs and biocides can be of synthetic or biological origin, with the
former still representing the largest segment of the global market.1

The control of pests, diseases and weeds is mainly achieved
by using synthetic products.2 However, the use of xenobiotic
compounds has raised social and political concern because of
their negative effects on human health and natural ecosystems. In
this context, many countries have undertaken regulatory changes
on PPPs and biocides (e.g. the EU Directives 91/414/EEC and
98/8/EC). In the agricultural sector, this has largely influenced
the global market of pesticides. Indeed, several old products
have been withdrawn from the market, reorienting the practice
of crop protection to a more rational use of PPPs, favouring
those more selective, less toxic and with minimum environmental
impact.3,4 A similar situation exists in the field of biocides.5 In
this context, there has been a strong interest in the development
of PPPs and biocides of biological origin (biopesticides). These
compounds are generally considered to be less harmful to the
environment, as they could display little or no non-target toxicity.6

According to USEPA, biopesticides are certain types of pesticide
derived from natural materials such as animals, plants, bacteria
and certain minerals.7 In the field of weed biocontrol, some
studies have highlighted the potential use of toxins produced by

some phytopathogenetic species of the genus Ascochyta.8–10 In
particular, A. caulina produces low-molecular-weight hydrophilic
phytotoxins (ascaulitoxin, its aglycone and 4-aminoproline) in
liquid culture. These toxins have been chemically characterised,

and their relative configurations have also been determined.11–14

Preliminary results revealed a very high phytotoxicity of these
metabolites on noxious weeds, and particularly on Chenopodium
album L. (common lambsquarters or fat-hen).15 This organism is
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one of the most successful colonising species and is a troublesome

weed in several crops.16–18 It is currently controlled by synthetic
compounds, but it is relatively tolerant or resistant to many
herbicides in maize and some vegetables.19 Furthermore, its
management is particularly difficult in areas designated for civil
or industrial use, where the use of synthetic chemicals is often
prohibited and where the use of other techniques of control is
costly and difficult to apply.

The promising results obtained in weed control made these
bioactive metabolites a good candidate for the development of a
potential mycoherbicide.20 Recently, the Regional Governorate
of Lombardy (Italy) funded the ECOVIA project (ECOVIA:
Development and Pre-industrialisation of an Environmentally
Sound Natural Herbicide) in view of a potential request of
registration of the A. caulina extracts. As a part of the project,
a work package entirely devoted to the assessment of acute
and chronic effects of the A. caulina toxins (ACTs) on aquatic
(algae, Daphnia and fish) and terrestrial organisms (earthworms)
was planned. In this paper, the results obtained are presented.
Furthermore, a comparison of their inherent toxicity with other
synthetic herbicides utilised in controlling C. album is also reported.

2 MATERIALS AND METHODS
2.1 Fungal strain, culture medium and growth conditions
The strain of Ascochyta caulina used in this work for the production
of the mixture of toxins is the standard strain used also in the
studies previously cited, deposited in the Mycological Collection
of the Istituto di Scienze delle Produzioni Alimentari, CNR, Bari,
Italy (item 1058, also named AC1 throughout the text). The fungal
strain was maintained routinely on potato dextrose agar medium.
For the production of culture filtrates, a mineral defined medium
(named M1-D) was used for static conditions.21,22

2.2 Purification of toxins
The mixture of A. caulina toxins (Fig. 1) was purified from the fungal
culture filtrates as previously reported.13 Briefly, the purification
of a large amount of toxin mixture was performed using a glass
chromatography column (90 × 6 cm i.d.) loaded with 2 kg Dowex-
50 resin. The culture filtrate (20 L) was lyophilised, dissolved in
750 mL of distilled H2O and acidified to pH 2 with 1 M formic acid.
This solution was loaded on the column, which was then eluted
as reported above, first with distilled H2O (2 L) and then with 1 M
NH4OH (1 L). The basic eluate work-up, as previously reported,
gave 8.5 g of toxin mixture.23 The mean composition of the ACT
mixture utilised during the ecotoxicological tests was: ascaulitoxin
198.3 ± 2.1 mg L−1, ascaulitoxin aglycone 105 ± 2.3 mg L−1, trans-
4-aminoproline 98 ± 1.8 mg L−1.

2.3 Bioassays
2.3.1 Toxicity testing for freshwater organisms
Stock solutions of ACTs were prepared immediately prior to
use by dissolving the test substance directly in laboratory-grade
distilled water. Stock solutions were diluted to provide a geometric
series of test nominal concentrations. The stability of the mixture
components in water was confirmed in a different study (Evidente
A, private communication).

2.3.2 Green alga toxicity tests
The algal growth inhibition test was performed according to the
OECD 201 guidelines using the green alga Pseudokirchneriella

Figure 1. Structures of ascaulitoxin (1), its aglycone (3) and 4-
aminoproline (2).

subcapitata in exponential growth phase.24 Algal suspension was
kept in a culture medium in sterile 250 mL Erlenmeyer flasks
with a temperature of 23 ± 2 ◦C and constant illumination at
approximately 4300 lux and stirred with an electrical stirrer.
A range-finding test and two definitive tests were conducted
to evaluate toxicity in algae. The range-finding test used six
control replicates and two replicates per test concentration. Each
definitive test used six control replicates and three replicates per
test concentration. At the beginning of the test, five ACT solutions
(200, 100, 50, 25 and 12.5 mg L−1) were inoculated with a cellular
density of 104 cells mL−1 and kept at a temperature of 23 ± 2 ◦C
with constant illumination (fluorescent lamp at approximately
8000 lux) and stirred with an electrical stirrer. After this, at 24, 48
and 72 h, the cellular concentration was determined by means
of counting with a Burker chamber (both treated and control
organisms); pH was measured at the beginning and at the end of
the assay, as well as the total organic carbon (TOC). The latter was
measured using an automatic Sievers analyser.

2.3.3 Daphnia magna: acute and reproduction toxicity tests
The 48 h daphnid toxicity test was conducted according to OECD
test guideline 202.25 A total of 120 D. magna Straus clone neonates
between 6 and 24 h old were utilised: five daphnids (four replicates)
for each of the five tested concentrations (40, 20, 10, 5 and
2.5 mg L−1) and five animals (four replicates) for control. Culturing
and testing conditions were similar, with reconstituted M4 water
used as medium.26 Dissolved oxygen was greater than 60% of air
saturation, temperature was in the range 20 ± 2 ◦C, whereas pH
was quite stable during the experiments (mean pH range 7.80 at
the beginning of the test, 8.30 at the end). The TOC was measured
by an automatic Sievers analyser.

Daphnids were kept without light, aeration and unfed for the
whole length of the assay. Observations were carried out at 0,
24 and 48 h in order to determine the number of immobilised
daphnids in each test solution.

The chronic toxicity of ACTs to D. magna Straus clone-5 was
assessed in a 21 day static daily renewal test according to OECD
test guideline 211.27 First-instar daphnids, between 6 and 24 h
old, were randomly assigned to the test chambers. During the
breeding, daphnids were kept in reconstituted water (20 ± 2 ◦C,
16:8 h light:dark, water hardness <250 mg CaCO3 L−1) fed daily
with a diet of both P. subcapitata and S. cerevisiae. During the
assay, individuals <24 h old were kept in reconstituted water
(20 ± 2 ◦C, 16:8 h light:dark, water hardness >140 mg CaCO3 L−1;
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dissolved O2 > 3 mg L−1) and fed with P. subcapitata (0.5 mL day−1

of a solution of 9.0E6 cells mL−1) and S. cerevisiae (0.4 mL day−1 of
a solution of 5 g L−1). After a range-finding test, the final test was
performed by considering the following nominal concentrations:
100, 50, 25, 12.5 and 6.3 µg L−1. A total of 60 D. magna were
used: 50 of them were treated with the test substance and ten
were used as control. Animals were kept under observation for a
period of 21 days. The immobilisation and/or other effects were
measured every 24 h; the offspring were counted and removed
daily; the numbers of aborted eggs and dead offspring were also
recorded.

2.3.4 Fish acute and chronic toxicity tests
The zebrafish, Brachydanio rerio, was tested in a 96 h static test
according to OECD test guideline 203.28 The water used for the
assay was left standing for 48 h greatly to reduce the presence
of chlorine. Tanks were controlled for T (23 ± 0.2 ◦C), pH (8.1 at
the beginning of the test and 8.37 at the end), hardness (240 mg
CaCO3 L−1) and dissolved O2 (>70% of saturation in control
and treated). The TOC was measured by an automatic Sievers
analyser. Organisms, seven for each group, were added to the tanks
with a biomass density of <1 g L−1. During the acclimatisation
period, fish were fed 3 times a week, but the feeding was stopped
24 h before testing. A preliminary initial test sample was prepared
at a concentration of 100 mg L−1 of the active principle in dilution
water. The treated groups and the control were observed for 96 h.
After the first 2 and 4 h and at intervals of 24 h, the organisms
were observed in order to verify abnormalities such as equilibrium
loss, irregular swimming, difficulties in respiratory functions and
variations in pigmentation. At the different observation intervals,
pH, dissolved O2 and water temperature were recorded.

Based on the results obtained in the acute toxicity test, a
zebrafish juvenile growth test was performed under semi-static
(daily water renewal) conditions and in compliance with OECD test
guideline 215.29 Also in this case, a preliminary experiment was
carried out at a concentration of 100 mg L−1. The experiment was
performed in triplicate (in 5 L vessels) with 20 individuals, both for
the treated groups and for controls. Before the test, fish were held
for 2 weeks under the same conditions of water quality (pH 7.8,
T = 23 ± 0.2 ◦C; 210 mg CaCO3 L−1), light (photoperiod = 12 h),
dissolved O2 (>60%) and feed (4% bw day−1 with dried Artemia
salina) as those used in the test. Food was withheld from the fish for
24 h prior to weighing. Fish were temporarily anaesthetised using
3-aminobenzoic acid ethyl ester (300 mg L−1, <1 min duration),
gently blotted to remove excess moisture and weighed on a
balance. The initial average weight of fish used in the experiment
was 61.7 mg, with a standard deviation (SD) of 7.2 mg (11.6%).
After they had been weighed, fish were placed in test chambers for
28 days. Fish were not fed on days 13 and 27 and were reweighed
on days 14 and 28 using the previously described procedures. The
specific growth rates were then calculated according to the OECD
guideline 215.29

2.3.5 Earthworms (Eisenia foetida): toxicity tests
The earthworm acute toxicity test was conducted according to
OECD test guideline 207.30 The culture of Eisenia foetida was
obtained from a commercial earthworm breeding plant. The
artificial soil was composed according to OECD guideline 207:
70% sand, 20% kaolin clay and 10% finely ground Sphagnum
peat, adjusted to pH 6 with CaCO3. The dry constituents were
blended in the correct proportions and mixed thoroughly. The

moisture content was then determined by drying a small sample
at 105 ◦C and reweighing. Deionised water was then added to
reach an overall moisture content of 35% of the dry weight.
The test containers were glass beakers covered with perforated
plastic film. For each test, 750 g weight of the test medium was
placed into each glass container with ten earthworms, which
were conditioned for 24 h in artificial soil and washed quickly
before testing. During the test period (14 days), adult earthworms
(mean weight 462 ± 12.6 mg) were held in a controlled chamber
(20 ± 2 ◦C, light intensity 600 lux). After 7 and 14 days, earthworms
were weighed and mortality was assessed. The test substance was
dissolved in water and added to soil to give a geometric series
of concentrations ranging from 10 µg kg−1 to 1 g kg−1 dw (four
replicates for each treatment and control).

The procedures outlined in OECD guideline 222 were utilised
to evaluate the effects of the ACTs on earthworm reproduction.31

The artificial soil used in the test was similar in composition to
that utilised for the acute test. Adult worms (E. foetida) with a
homogeneous age (6 months) and clitellum were selected. They
were acclimatised (1 day) in the artificial soil and fed before testing.
Groups of ten worms were washed (deionised water), weighed
individually and randomly assigned to the test containers at
the start of the test (mean wet mass of individuals 450 mg). A
water solution of the test substance was mixed into the soil.
During the test period, earthworms were held in a controlled
chamber (20 ± 2 ◦C, light intensity 600 lux, 16:8 h light:dark). The
water content of the soil substrate was kept constant during
the test period. The tested concentrations were 1000, 500, 250,
125 and 62.5 mg kg−1 soil dw. The experiment was performed
(in 500 g dry mass artificial soil) with ten individuals, both for
the treated groups (four replicates) and for the controls (eight
replicates). On day 28 the earthworms were observed, counted,
washed and weighed. At the end of the second 4 week period, the
number of juveniles hatched from the cocoons and the number
of cocoons were determined as described in Annex 5 of OECD
guideline 222.31

2.4 Data treatment
The determination of the EC10, EC50 (D. magna), LC50 (E. foetida)
and ErC50 (P. subcapitata growth rate) values (together with 95%
fiducial limits) was conducted using the USEPA probit analysis
program (v.1.5). The LOEC and hence the NOEC for the algal
growth inhibition test were determined by ANOVA (Dunnett’s
test, P = 0.05). The homogeneity and normality of the dataset
were evaluated before the ANOVA test. Similar methodology
was applied for the D. magna chronic tests and the earthworm
reproduction tests.

3 RESULTS
3.1 Effects on growth of algal organisms
The 72 h P. subcapitata study examined the algal growth rate as
an assessment endpoint. The quality criteria for the test were
satisfied. In fact, the cell concentration in the control culture
increased by a factor >16 in 3 days, corresponding to a specific
growth rate of 0.92 day−1. When compared with the control, there
was no significant reduction in P. capitata cell growth in the first
24 h. Subsequently, all the tested concentrations exhibited an
inhibition of cell growth (Fig. 2). After 72 h at the highest tested
concentration (200 mg L−1), the calculated growth inhibition was
61.4%. The calculated algal ErC50 was 142.7 mg L−1 and the LOEC
was 12.5 mg L−1 (NOEC was not determined in this test).
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Figure 2. Effect of A. caulina toxins (ACTs) on growth of P. subcapitata
during a 72 h study.

Table 1. Immobility in Daphnia magna at 24 and 48 h in a static
acute test with ACTs

Number immobile/number at test starta

24 h 48 hNominal

concentration

(mg L–1) A B C D A B C D

0 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5

2.5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5

5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5

10 0/5 0/5 0/5 0/5 1/5 0/5 1/5 0/5

20 0/5 0/5 0/5 0/5 3/5 2/5 2/5 3/5

40 0/5 0/5 0/5 0/5 5/5 5/5 4/5 4/5

a A to D: replicate test chambers.

3.2 Effects on Daphnia magna
Both acute and chronic tests were performed on D. magna
according to standard protocols. The quality criteria for both the
tests were satisfied. In the acute toxicity test, the immobilisation of
daphnids in control vessels was <10% at the end of the test, and
the concentration of dissolved oxygen and pH were within the
required ranges. In the chronic test, the control mortality was 0%
during the test, and mean control reproduction was 80 neonates
per parent daphnid surviving to study termination. Furthermore,
the coefficient of variation in the control was 9.5%.

In the first 24 h, no acute effects were recorded (0% D. magna
immobility) both in the control and with all the tested nominal
concentrations. After 48 h, the highest concentration resulting in
no immobilisation was 5 mg L−1, whereas at concentrations of 10,
20 and 40 mg L−1 the immobilisation observed was 10, 50 and 90%
respectively (Table 1). The calculated EC10 and EC50 (48 h) values
of the acute daphnid test were 10.2 (6.5–13.1) and 20.1 mg L−1

(95% CI: 16.3–25.1) respectively.
A preliminary range-finding chronic reproduction test was

performed. Parent organisms were found dead in all tested
concentrations, with the exception of the lowest concentration
(2.5 µg L−1), in which two organisms survived throughout the test;
they produced 16 and 14 live offspring respectively. The results of
the final daphnid chronic reproduction test are given in Table 2.
Calculation of study endpoints was based on the nominal test
concentrations of ACTs.

Table 2. Summary of data from a 21 day Daphnia magna life cycle
toxicity test with ACTs. An asterisk indicates a statistically significant
effect (P = 0.05) relative to the controla

Geometric mean nominal

ACT concentration

(CV%, n = 9.5)

Adult

survival (%)

Total number

of offspring (SD)

Control 100 80 (7.0)

6.3 µg L−1 100 74 (4.7)

12.5 µg L−1 100 54 (5.7)

25 µg L−1 80 36 (3.4)

50 µg L−1 70 19* (2.2)

100 µg L−1 40 22* (1.1)

a Number of replicates = 10 for all treatments.

A significant mortality was observed in parent daphnids during
the test at the highest tested concentrations. The calculated
ACT 21 day EC50 and EC10 values based on immobility of parent
daphnids were 76 and 22.5 µg L−1 respectively. The time to first
brood and the number of broods of neonates were measured as
indicators of reproductive performance. The first brood occurred
between days 8 and 10 of the test. Apparently, the highest
concentrations of 50 and 100 µg L−1 induced a little delay in the
appearance of the first brood. ACTs caused a decrease in the
average number of offspring per parent organism surviving to test
termination. In fact, the mean number of neonates per surviving
parent daphnid at 21 days decreased in a concentration-related
manner from 80 in the control to 19–22 at the highest two ACT
concentrations. Control reproduction after 21 days was within
the range of the historical reproduction data for the laboratory
performing the test. Neonate production, as a percentage of the
control value, was 92, 67, 45, 24 and 27% at 6.3, 12.5, 25, 50 and
100 µg L−1 respectively. The 21 day NOEC and LOEC, based on the
number of live neonates per surviving parent daphnid, were 6.3
and 12.5 µg L−1 of ACTs respectively.

3.3 Effects on fish
No cases of mortality or sublethal effects (equilibrium loss, changes
in swimming, respiration, pigmentation or feeding) were detected
in the acute limit test (100 mg L−1) for B. rerio, indicating a low
acute toxicity of ACTs for this organism. The quality criteria were
fulfilled, as no mortality in the control test was recorded and the
dissolved oxygen concentration during the 96 h was always >70%.
Therefore, the 96 h LC50 and NOEC were >100 mg L−1, based on
the nominal ACT concentrations and mortality or sublethal effects.

The ACTs seem not to show any chronic effects on B. rerio up to
concentrations of 100 mg L−1. In the 28 day test, no mortality or
abnormalities were observed during the test period. Furthermore,
control fish increased in weight by 19.7 and 38% after 14 and
28 days respectively. There was an increase of 18.6 and 42% in fish
exposed to 100 mg L−1 (ACT nominal concentrations) after days
14 and 28 respectively. On the basis of the results obtained in
this preliminary test, a 28 day NOEC for growth and mortality of
≥100 mg L−1 can be assumed.

3.4 Effects on earthworms
No mortality was found in soil contaminated with ACTs and
controls up to the highest tested concentration for the duration of
the experiment (14 days). Loss of weight was not observed, either
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Figure 3. Body weight at different time intervals (0, 7 and 14 days) in
control (CTR) and treated (T) earthworms (ACTs = 1000 mg kg−1 dw).

Figure 4. Reproduction rate in controls and in tested concentrations.

at 7 or at 14 days after exposure (Fig. 3). On this basis, the 14 day
LC50 and NOEC for ACTs is ≥1000 mg kg−1 soil, based on nominal
ACT concentrations and mortality or sublethal effects.

In the earthworm reproduction test, after 28 days, no mortality
or pathological symptoms and no significant changes in body
weight of living adults were found in any test container. On
the other hand, ACTs showed significant effects on E. foetida
reproduction rate (mean number of juvenile worms produced
per number of adults over the test period) at the highest tested
concentrations (Fig. 4). The reproduction rate was reduced by
exposure to ACT nominal concentrations of 500 and 1000 mg kg−1

soil. As 500 mg kg−1 soil of ACTs had a significant effect
on earthworm reproduction, the NOEC (56 days) for ACTs on
earthworm reproduction was ≥250 mg kg−1 soil.

4 DISCUSSION
The introduction of new regulations in the field of chemical risk
management during past years has led to changes in the market
of pesticides and biocides. For instance, specific rules have been
developed in organic farming to define which substances are
allowed to be used (no synthetic products). Furthermore, the
EU Directive 91/414/EEC has established harmonised criteria for
placing new PPPs on the market and for re-registering those
active ingredients already commercialised. This directive has also
provided the establishment of a positive list of active substances
(Annex I) containing all the substances that, after an appropriate
analysis of possible risks (both for human health and for the
environment), are considered safe to use. Only substances included

in Annex I can be commercialised. The review of existing pesticides
has led to the removal of several from the market. Many active
ingredients have been eliminated because registration dossiers
were not submitted, incomplete or withdrawn by industry.32 This
has led to a large reduction in chemical alternatives for pest and
weed control. For instance, in the last few years, at least nine
active ingredients widely used for controlling C. album have been
excluded from Annex I.

Recently, the new Regulation 1107/2009/EC has replaced
Directive 91/414/EC. It has established some new criteria for
registration of PPPs and has introduced the comparative risk
assessment (Art. 50 of Regulation 1107/2009) approach. The
aim is to verify whether the active ingredients can be replaced
with alternatives that, while being sufficiently efficacious and
not causing unreasonable economic or practical disadvantages
for the users, can be considered safer for humans and for the
environment. The same is happening in the field of biocides with
the imminent revision of Directive 98/8/EC. A prerequisite for
substitution is the presence of a significant difference between
the potential risks to human health and the environment.33

The traditional environmental risk assessment procedures for
pesticides are based on the toxicological exposure ratio (TER),
that is, the ratio between well-defined toxicological endpoints
on non-target organisms and the measured/predicted levels of
exposure in different environmental compartments.34 The degree
of risk will be related both to components of the TER and to
the effectiveness of the substance in weed control. However, as
a preliminary screening to evaluate the potential candidature of
ACTs as a mycoherbicide, it can be useful to compare their inherent
toxicity with other herbicides (already present on the market) that
are considered effective towards C. album. The results of this
comparison are shown in Fig. 5, where the acute and chronic (log
scale) toxicity data of ACTs (this study) are reported together with
those available for other synthetic herbicides commonly used
on C. album.35 In the algal toxicity test, it was not possible to
determine the NOEC of ACTs. For this reason, in order to allow
the comparison, the NOEC for algae was extrapolated by applying
to the LOEC (12.5 mg L−1) a safety factor of 10. Consequently, a
NOEC of 1.25 mg L−1 (log NOEC = 0.09) is considered in Fig. 4. The
application of a safety factor of 10 was regarded as adequately
protective for NOEC extrapolation by considering that generally
the median acute chronic toxicity ratio (ACR) for algae is 5.4.36

The results reported in Fig. 5 indicate a quite good
ecotoxicological profile of ACTs. The general trend of acute and
chronic toxicity across taxa indicate that the ACT mixture is the
active ingredient with the best performance (with the exception
of D. magna). From Fig. 5, the following points can be made:

• Acute toxicity. ACTs show the lowest acute toxicity on algae, fish
(with the partial exception of metamitron) and earthworms. This
is particularly true for primary producers; for these organisms,
the acute toxicity of ACTs is significantly lower than that of
the other herbicides considered (even by several orders of
magnitude). On the other hand, the comparison of acute toxicity
values on Daphnia indicates insignificant differences among the
substances.

• Chronic toxicity. Again, the ACTs show the lowest toxicity on
most aquatic organisms. Unfortunately, the ACTs show the worst
performance on daphnids. As ACTs are natural substances, they
could be rapidly degradable in the environment, reducing the
risk of chronic exposure of aquatic organisms. Unfortunately,
data on the persistence of these substances are not yet available.
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Figure 5. Comparison of the inherent toxicity on non-target organisms among ACTs and different herbicides utilised to control C. album, represented as
log LC50 and log chronic NOEC. The asterisk indicates that no toxicity was observed at this concentration.

5 CONCLUSIONS
In this study, the ecotoxicological profile of ACTs produced by A.
caulina was investigated both on aquatic (algae, Daphnia, fish)
and terrestrial organisms (earthworms). With the exception of D.
magna, the aquatic organisms were not particularly sensitive. In
fact, for algae and fish, according to the GHS (Globally Harmonised
System of Classification and Labelling of Chemicals), the ACTs
exceeded both class III and class II, respectively, for the acute and
chronic aquatic toxicity categories (not harmful). On the other
hand, for Daphnia magna, the ACTs can be categorised in acute
class III and chronic class II respectively (hazardous to the aquatic
environment). Finally, the results obtained in both acute and
chronic toxicity tests with E. foetida indicated a very low toxicity
of ACTs for terrestrial organisms. In general, the comparison of the
ecotoxicological profile of ACTs with other herbicides has shown
a lower ecotoxicity for the tested mixture.
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