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Abstract

Glyphosate, N—(phosphonomethyl) glycine, has been widely used to control agricultural
weeds in the north of Iran. However, it is also supposed to have adverse effects on natural
sturgeon population. The present study was undertaken to evaluate the acute toxicity of
glyphosate to three different sturgeon species (Huso huso, Acipenser stellatus, and A.
persicus) under laboratory conditions. Fish were exposed to one of ten glyphosate
concentrations (10 to 100 mg I"* with 10 mg 1" intervals), along with a control group. The
values of the median lethal concentration (LC50) for each experimental species were
estimated using a standard probit regression analyses after each 6, 12, 24, 48, 96, and 168
hours as exposure times. Results showed that increase in glyphosate exposure times up to 168
hours was simultaneous to decrease of the lethal concentration (LC50). 96-h LC50 of
glyphosate for H. huso, A. stellatus and A. persicus were 26.4, 23.2 and 27.5 mg I,
respectively. Glyphosate exhibited a slight to moderate toxicity in sturgeon species. However,
it may negatively affect the natural population of sturgeons through decreasing of fry mass,
smaller size of yolk sac and the initiation of unsafe behaviors.
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Introduction

The sturgeon population of the Caspian
Sea is the largest in the world (Levin,
1997) and Iran is the second major country
which produces this resource (Josupeit,
1994; Pourkazemi et al., 2000). There are,
however, evidences that their native
population declined over 90% in the past
three  decades. According to the
International Union for Conservation of
Nature (IUCN) red list status, all sturgeon
species in the Caspian Sea are currently
considered as critically endangered in red
list (IUCN, 2010). Some known causes of
population disappearance are illegal catch,
habitat loss, overfishing, degradation, and
herbicide contamination (Nourouzi et al.,
2009; Sadeghirad et al., 2009).

Coastal habitats are progressively
being exposed to herbicide pollutions
specially glyphosate from large farms and
paddy fields close to this regions (Kottelat
et al., 2009). Because of high water
solubility and widespread application, the
exposure of sturgeon species to this
agrochemical leads to many problems
including reduced reproductive success
and extinction of the remaining natural
wild population (Elandalloussi et al.,
2008).

The agricultural activities are
continuing to grow around the world and
management strategies are shifting to
intensive systems with higher efficiency
lower herbicide applications.
Contamination of aquatic ecosystems by
application of agrochemicals which
include a variety of herbicides is a crisis of
worldwide importance (Oruc and Uner,
1999). Glyphosate, the isopropyl amine

salt of N—(phosphonomethyl) glycine, is a
non-selective post-emergence herbicide
for weed control in agricultural, forestry
and aquatic systems (Cavas and Konen,
2007). This herbicide is widely used in the
world due to its high efficacy and cost
effectiveness. (Vereecken, 2005; Glusczak
et al., 2006). Many commercial herbicides
have been formulated using glyphosate as
active ingredient such as Rodeo®,
Roundup® and Aquamaster® (Mozdzer et
al., 2008; Papchenkova et al., 2009).

The major pathway for glyphosate
uptake in plants is through the foliage;
however, some root uptake may occur. It
controls weeds by inhibiting the synthesis
of aromatic amino acids necessary for
protein formation in susceptible plants
(Anthelme and Marigo, 1998). The
glyphosate  degradation is  mostly
determined by microbial metabolism with
amino—methylphosphonic acid (AMPA) as
the main degradation product (Rueppel et
al., 1977; Kolpin et al., 2006; Cribner et
al., 2007). The half-life ranges from a few
days to several weeks and even years, but
the averageis two months (Giesy et al.,
2000; Glusczak et al., 2007) and its water
solubility is around 157 pg I (Rodrigues
and Almeida, 1998).

Glyphosate has been broadly tested
for acute toxicity on invertebrates, birds
and mammals (Mann & Bidwell, 1999;
Perkins et al.,, 2000; Smith, 2001;
Edginton et al., 2004, Thompson et al.,
2004). However, there are limited
researches on the toxic characteristics of
glyphosate and its effects on fish. Several
results indicated this herbicide has
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relatively low acute toxicity against
aquatic organisms and doesn’t
bioaccumulate in tissues of aquatic
organisms (WHO, 1994; Giesy et al.,
2000).

The  present  research  was
conducted to determinate the LC50 of
three sturgeon fries (Huso huso, Acipenser
stellatus, and A. persicus) to different
concentrations of glyphosate (41% acid
equivalent a.e. I'") ranging from 5 to 100
mg I for 6 to 168 hours under laboratory
conditions.

Materials and methods

Sturgeon fries (weight, 10.2+1.0 g; length,
8.0+t0.4 cm) were obtained from
International Sturgeon Research Institute
(ISRI), Rasht, Iran. Prior to the bioassays,
fish were adapted to laboratory conditions
for approximately 4 weeks in 400-L tanks
with constantly aerated water. They were
kept in a static system with constant
aeration and natural photoperiod (12:12 h
L:D  photoperiod).  Water  quality
parameters  were  daily  evaluated
throughout the experiment and were as
follow: temperature 22+1.5 °C, pH 7.4+0.2
units, dissolved oxygen 6.8+1.3 mg I,
ammonia—N 0.009+0.004 mg I, nitrite—N
0.02 + 0.01, and nitrate—N 0.63 mg I, All
water ~ parameters  were  measured
according to APHA (1992). Fish were fed
once a day during the acclimation period
using commercial pellet food. Feces and
pellet remains were removed by suction
every day.Acute toxicity tests were carried
out in a static way according to the
procedure described by Anton et al.
(1994). The commercial formulation

Roundup® (41% a.e. Monsanto Company,
St Louis MO, USA) was used in this
study. Experiments were done in 100-L
aquariums each containing eight fish,
constant aerated water and the same
characteristics explained for the adaptation
period.

The experiment was composed of
ten groups for each species exposed to one
of ten glyphosate concentrations (10 to
100 mg It with 10 mg I'* intervals) and a
control exposed merely to water (without
herbicide addition). All tests were
performed in triplicates and no feeding
was done during the experiment. The
herbicide was added to the aquaria at the
beginning of the test. The number of dead
fish was recorded for six interval times (6,
12, 24, 48, 96 and 168 h).The value of the
mean lethal concentration (LC50) for each
experimental species was estimated using
Finney’s standard probit regression
analyses and 95% probability for
respective confidence limits (Finney,
1971).

Behavioral changes of
experimental fish including swimming
speed, anomalous swimming, orientation,
and breathing frequency were daily
observed and recorded during the toxicity
experiment. The findings were examined
for conformity to normality with
Kolmogorov—Smirnov’s test. The SAS
statistical program (2008) was used to
assess mortality among experiments. The
effects of glyphosate concentration for
each exposure time were compared to the
sturgeon species survival using one—way
analyses of variance (ANOVA) with
subsequent use of Tukey’s HSD test to
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separate means. The p—value <0.05 was
considered statistically significant.

Results

Glyphosate concentration and exposure
times have been recognized as important
factors in the survival of sturgeon species.
A rise in these factors determines an
increase in metabolic rate with negative
effects on the survival rate. Many injury
appearances were observed in Sturgeon
fries in whole concentrations during the
study. In case of the control group, no
mortality  occurred  throughout  the
experiment. Exposure to more than 50 mg
It glyphosate resulted in more than 80%
mortality.

The statistical analysis indicated
that glyphosate  concentrations and
exposure times had significant effects on
sturgeon mortality. The LC50 value
obtained for each exposure time of every
species was never lower than those
obtained for succeeding exposure times.
The 6-h LC50 and 168-h LC50 of
glyphosate was the highest and lowest
values for each species, respectively
(Table 1). The quantitative comparison of
LC50 exhibited no significant differences
between three sturgeon species by
increasing exposure duration to 48 h
(ANOVA, p<0.05). However, acute

toxicity after 48 h exposure time differed
significantly between the species
(ANOVA, p<0.05). The 168-LC50 for
experimental species was in a decreasing
order of H. huso > A. persicus > A.
Stellatus (Table 1).

Results of  Finney’s  probit
regression analyses indicated glyphosate
has lower acute toxicity to H. huso
compared to A. stellatus and A. persicus.
However, all sturgeon species exposed to
100 mg I'* died within 24 hours from the
beginning of exposure. Sturgeon fries
exposed to concentrations of 60 to 100 mg
It showed a high increase in mortality.

Normal behavior with no fish
mortality was observed in control aquaria
during the experiment. After exposure of
experimental species to sub lethal
concentration of glyphosate (less than 25
mg I?), the fish revealed abnormal
behavioral changes such as sluggish
swimming, respiratory alterations and
excessive mucus secretion. However, fish
tended to show more outward signs of
toxicity by rising glyphosate
concentration. The acutely intoxicated fish
exhibited convulsive disorders, loss of
equilibrium, color darkening of body
surface and finally death compared to the
control fish after 196 h.

Table 1: Significant differences between experimental species exposed to glyphosate. Different subscripts
within a same row indicate significant differences at p<0.05.

Huso Huso Acipenser stellatus Acipenser persicus p-value

6 hours 74.42+6.69 ™% 69.72+3.48"* 77.21+£8.49™ 0.2873

12 hours 67.19+5.84 " 61.15+11.30"* 61.34+14.12" 0.3324
24 hours 41.30+12.39 ™% 46.17+3.69 " 44.82+8.51" 0.2246
48 hours 26.92+3.16° 39.70+4.52% 34.18+6.25" 0.0346
96 hours 19.83+5.35° 24.7246.73° 26.05+3.20° 0.0117
168 hours 8.31+2.40° 12.98+5.19° 10.59+1.82° 0.0078

n.s. = not significant (p<0.05).
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Discussion

This study demonstrated that glyphosate
herbicide can be toxic to H. Huso,
Acipenser stellatus and A. persicus in
concentrations varied from 8.31 to 77.21
mg I It means that glyphosate has
moderate to low toxicity against these
species. The results of our study exhibited
that longer exposure times caused greater
toxic effects of the bioconcentrated
chemical and lower glyphosate was needed
to reach lethality. It is implied that
sensitivity of non-target organisms to
toxicants for long exposure times
contribute to reduced life expectancy (Yu
etal., 1999).

Each sturgeon species exhibited
significantly  different  sensitivity to
glyphosate  with increasing exposure
duration (48, 96 and 168 h) in the order of
H. huso, A. persicus, and A. stellatus
(p<0.05). Therefore, more sensitivity of H.
huso may be related to its higher
longevity, food behaviors and lifestyles in
comparison with A. stellatus and A.
persicus.

Besides, the lethal toxicity of
commercial toxicant formulation such as
Roundup® is more than the glyphosate
technical grade substance. The surfactants
such as polyethoxylated tallowamine
(POEA) used in the Roundup formulation
are the principal toxic compound of the
glyphosate—based herbicide to aquatic
organisms (26.8 mg | for Salmo
gairdneri, 27.7 mg Ii1 for Oncorhynchus
nerka, 4.9 mg I_1 for Ictalurus punctatus

-1
and 4.4 mg | for Lepomis microchirus;
Servizi et al., 1987; Williams et al., 2000;

Tsui and Chu, 2003; Langiano and
Martinez, 2008). Consequently, lifelong
exposure to glyphosate could have more
adverse effects on the natural population
of sturgeon species in the Caspian Sea.

The median toxicity tests of
glyphosate have been performed for
various aquatic species (Gardner and Grue,
1996; Simenstad et al., 1996; Williams et
al., 2000; Relyea, 2005; Glusczak et al.,
2006; Langiano & Martinez, 2008). The
LC50 of glyphosate obtained in the present
study for sturgeon species were close to
those obtained for Oncorhynchus mykiss
by Servizi et al. (1987). However,
Prochilodus lineatus and Oreochromis
niloticus showed much greater sensitivity
to the glyphosate herbicide
(Jiraungkoorskul et al., 2002; Langiano
and Martinez, 2008). It could be
emphasized that harmless concentrations
of glyphosate for temperate climate
species, like sturgeon species, could be
lethal for tropical species.

Ecological conditions could also be
implicated in the lethal toxicity of aquatic
animals (Neskovic et al., 1996). For
instance, glyphosate toxicity of salmonids
(Onchorhychus kisutch, O. tshawytsha, O.
keta, O. gorbuscha and O. mykiss) in hard
water is around two—folds lower than soft
waters (Wan et al., 1989). It is known that
temperature has considerable effects on
metabolic rate with adverse effects on
physiological processes (Wilson & Parker,
1996; Bat et al., 2000). Folmar et al.,
(1979) showed that value of LC50 for
rainbow trout (Salmo gairdneri) and
bluegills (Lepomis macrochirus) rised by
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increasing of water temperature. Technical
grade glyphosate was less toxic as pH
increased from 6.5 to 9.5 and Roundup®
became more toxic as the pH increased
from 6.5 to 7.5 (Folmar et al., 1979).

The present study confirms earlier
researches that glyphosate (technical
grade) is slightly to moderately toxic to
fish (WHO, 1994; Neskovic et al., 1996;
Giesy et al., 2000). Comparing the toxicity
of glyphosate with diazinon, another
agrochemical abundantly utilized in the
north of Iran, it can be declared firmly that
glyphosate has much lower toxicity
regarding the 96 h—LC50 of diazinon for
A. persicus and A. Stellatus as 4.34 mg I*
and 2.54 mg I, respectively (Pajand et al.,
2003).

Visual observations demonstrated a
series of abnormal behavioral in sturgeon
fries, as expected, by increasing exposure
time and glyphosate concentration.
Nonetheless, normal behaviors of the
sturgeon were detected after glyphosate
removal, suggesting a lack of herbicide
aggregation to the fish tissue. The present
findings support previous studies that
glyphosate bioaccumulation in aquatic
animals is not expected to be high due to
its high water solubility and ionic
characteristics (Giesy et al., 2000; van der
Oost et al., 2003; Contardo—Jara et al.,
2009).

Our result demonstrated that
glyphosate  has low toxicity to
experimental sturgeons. In spite of the fact
that glyphosate may have no direct effect,
it may negatively affect natural population
of sturgeons through decreasing of fry
mass, smaller size of yolk sac and the

initiation of unsafe behaviors. Global
fisheries statistics demonstrate that there
has been a drastic decrease of sturgeon
catch from 1992 to 2007 (FAO, 2009).
Further studies are needed to more clarify
the direct and indirect effect of glyphosate
sewage on the dynamic of natural sturgeon
populations.
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