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ABSTRACT

The present investigation was carried out to evaluate the residual behavior of
sublethal concentrations of two herbicides, cinmethylin (0.74 and 1.47 ppm) and
anilofos (0.98 and 1.96 ppm) on the Nile fish Oreochromis niloticus for 28 days and
left for 28 days after withdrawal both herbicides as depuration period. Uptake and
accumulation of the tested herbicides are of major concern for monitoring their
residues in tissues of treated fish and water as well. Determination of cinmethylin and
anilofos residues in fish tissues was mainly done as it is important point for human
consumption. Cinmethylin and anilofos residues in water were gradually decreased
throughout the experimental course. The percentage losses of cinmethylin residues at
the end of depuration period reached 94.8% and 98.4% at 0.74 and 1.47 ppm,
respectively. The residues level was undetected in fillet (meat) during the exposure
period except at 28 days of treatment. A complete recovery of the fillet residues was
obtained in fish at the depuration period for the two tested concentrations. While in
brain, these residues were detected 3 days after treatment followed by gradually
decrease until it reached 1.78 and 3.98 ppm at the two concentrations at the end of
depuration period, respectively. Anilofos showed distinguish fast degradation in water
compared with cinmethylin. Anilofos had residues of 0.96 and 1.93 ppm one hour after
treatment using 0.98 and 1.96 ppm, respectively. After 28 days, anilofos residues
reached 0.06 and 0.046 ppm for the same concentration, respectively. No detectable
residues of anilofos were found in water during the depuration period. I fish brain and
fillet, aniiofos residues gradually increased through O-time to 7 days for the two tested
concentrations, respectively. Then, the residues decreased during the remaining
period. Anilofos accumulation in fish showed that the amounts uptaked by fish were
greater than 100% in both brain and fillet for both concentrations. These values
obviously declined and reached 80.63% and 16.43% loss in fillet and 15.52% and
69.61% loss in brain 28 days after treatment when 0.98 and 1.96 ppm of anilofos were
used. Anilofos residues showed the same trend of cinmethylin in fish fillet and brain
during the depuration period.

Keywords: Herbicides, cinmethylin, anilofos, residue analysis, Nile fish Oreochromis
niloticus.

INTODUCTION

The unwise use of synthetic toxicants may create problems that can
be more serious than those were originally recommended for application.

Adverse effect on non-target organisms is one of these problems.
The effect of pesticides on fish generally increased especially in the last two
decades. Water may be also contaminated by direct applications for control
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aquatic weeds, undesired fish, aquatic insects, percolation and run —off from
agricultural land and drift from aerial and land applications, discharge of
industrial waste or from cleaning up equipment used for pesticides
formulations. On the other hand, fish is an important part of aquatic system
as non-target organisms, and so are one of the major sources of protein for
human not only in Egypt but also worldwide. Moreover, fish are often at the
top of the aquatic food chain and may concentrate large amounts of some
pesticides, especially herbicides (Grande et al., 1994).

Thus, several researches had been conducted to evaluate this
situation (Anderson and Apollonia, 1978; Lee et al., 86, 88,1990; Grayson et
al, 1987; Ohyama ef al., 1987; Assano et al., 1989; Woodward ef al., 1989 ;
El-Sheamy et al, 1991; Elezovic et al., 1994; Bayoumi et al., 1995 ;Begum
and Vijayaraghavan 1995a and El-Dieb ef al ., 1996)

Therefore, the residues behavior of sublethal concentrations of the
two herbicides cinmethylin (Argold 10%) and anilofos (Aniloguard 30%) was
evaluated in water and Oreochromis niloticus, which is considered a
representative of susceptible residents in Nile water and fish culture industry.

MATERIALS AND METHODS

A- Herbicides Used

1- Cinmethylin

Commercial name: Argold

Common name: Cinmethylin10% EC

Chemical name: exo - (+)-1-methyl —4-(1-methyl ethyl)-2-[(2-methyphenyl)
methoxy]-7-oxabicyclo(2,2,1)heptan

2- Anilofos

Commercial name: Aniloguard

Common name: Anilofos 30% EC

Chemical name: 2- S-[N-4-chloro-N-isopropylcarbomylmethyl] O, O -
dimethyl phosphorodithioate

B- Experimental animals

The present studies were performed on fresh water fish Oreochromis
niloticus weighting 85+5 g each and 14.5 £0.4 cm in length. They were
purchased from a commercial fish supplier (Foky center farm, Kalubia) and
transported to the laboratory in dechlorinated — oxygenated water to keep the
fish alive. Nile tilapia O. niloticus were reared in aerated glass aquarium (50 x
50 x 50 cm and 100L capacity). The fish were acclimatized for two weeks
under Laboratory conditions in dechlorinated tap water. The physico —
chemical properties of the water used were PH 7.5+0.07; temperature
27+0.5°C, total hardness 97.8 2.7 mg/L as CaCos.dissolved oxygen 6.4 +
0.24 mg/L; alkalinity 2.43+0.18 mg/L as CaCo; and electrical conductivity
432.8+13.0 ymhs/cm.

Fish were fed once a day with a commercial dry pellets (25% protein)
at a rate 2% of the body weight (Sprague, 1969). Aquoriums were siphoning
before the feeding day to remove any feaces and unused food from the
previous day. Following the two weeks of acclimation, the fish were
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transferred randomly into experimental tanks till starting the exposure to
tested herbicides.

C- Experimental protocol

Fish acute-toxicity tests (96 hr LCsy) according to the OECD
Guidelines (1984) for Testing of Chemicals N0.203 and estimated with Weil
(1952) fish — prolonged toxicity test (28-day study) according to OECD (1992)
for testing of chemicals No. 204.

Fish were exposed in water to different concentrations. These
concentrations are fraction (1/6 96 hr —L Cs, as 0.74mg/i. and 1/3 96 hr- LCq,
as 1.47 mg/L) of cinmethylin. For anilofos, these values were 1/6 96 hr LCsq
as 0.98 mg/L and 1/3 96 hr LCs as 1.96 mg/L.

D- Experimental procedures
D.1. Tissue sampling

Groups of five fish each from experimental and control were killed at
the end of each period. Some internal organs i.e., muscles (fillet) and brain
were collected and frozen at - 40°C and stored for the residue determination.
Samples of either untreated or treated fish and water were taken at one hour
and 1, 3, 7, 14, 21 and 28 days after treatment with cinmethylin and then after
28 days for the depuration period. The samples treated with aniiofos were
taken one hour and 1, 2, 3, 7, 14, 21 and 28 days for the depuration period.

D.2. Extraction procedure:

The extraction of cinmethylin and anilofos residues from water with a
solvent mixture of hexane : acetone (1:1v/v), while they were exiracted from
fish tissues with methylenechloride according to the methed of El-Sheamy et
al.(1991).

D.3. Clean — up procedure

lates of thin layer chromatography using silica gel GF 254, 0.25mm
thickness were used for both identification and clean-up steps. The
developing solvent system consisted of hexane: acetone (9:1v/v) according to
the method of El-Sheamy et al. (1991). The Rf values for cinmethylin was
0.74 and 0.588 for anilofos.

D.4. Determination of residues _

HPLC instrument fitted with UV detecior, wavelengih 264 nm and
methanol as mobile phase was used. The refention time of the tested
compounds was 2.18 min and 2.17 min for cinmethylin and anilofos,
respectively.

D.5. Recovery percentage

The same technique of extraction and clean-up was used for recovery tests
of samples of water and fish. A known amount of herbicide was added to
each sample and then extracted, cleaned-up and determined by HPLC. The
recovery percentages were 82.20% and 80.66% for cinmethylin and 84.5%
and 81.7% for anilofos in water and fish tissues, respectively.
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RESULTS AND DISCUSSION

The behavior of the two herbicides cinmethylin (Argold 10% EC), and

anilofos  (Aniloguard 30% EC) were used at selected sublethal
concentrations. The residual levels of cinmethylin and anilofos were also
determined in water, fillet (meat) and brain of treated fish.
Data showed that the calculated value of acute toxicity (96 hr-LC50) for
cinmethylin was 4.42 ppm. Therefore, the lowest and highest sublethal
concentrations used were 0.74 and 1.47ppm, respectively (which represent
1/3 and 1/6 LC50).

The amounts of cinmethylin equivalent residues in water, fillet, and
brain during the uptake and depuration phase are summarized in Table 1.
There was a general trend for cinmethylin residues in water where they were
decreased from O-time to 28 days after treatment with the tested
concentrations 0.74 and 1.47 ppm. Cinmethylin residues decreased from
0.74 to 0.142 ppm with the low concentration and from 1.513 to 0.461 ppm
with the higher one, respectively. Data also showed gradual degradation of
cinmethylin at both concentrations in contaminated water . The percentage
rates of loss after 28 days were 81.07% and 69.53 % when 0.74 and 1.47
ppm were used, respectively. After the depuration period of 28 days, the
residues reached 0.039 and 0.024 ppm, respectively (table 1).

Concerning cinmethylin residues in fish tissues, data clearly showed
that there were no detectable residues were found in fillet at both
concentrations during the whole tested intervals 0, 1, 3, 7, 14 and 21 days in
addition to the depuration period. While, the residues in tissue were 0.586
and 0.692 ppm for the two tested concentrations 0.74 and 1.47 ppm 28 days
after treatment, respectively. The corresponding bioconcentration factor
(BCF) for the above values was 4.0 and 2.0, respectively as shown in table 1.
On the other hand, the fillet residues were completely eliminated and reached
about 100% in the exposed fish after the 28- day depuration period.

In addition residue levels of cinmethylin in brain were not detectable
after O-time (one hour after treatment) and 1day after treatment with the two
concentrations. While, these residues were accumulated after 3 days where
they were 36.99 and 48.92 ppm for the two concentrations, respectively and
followed by a gradual decrease until the end of experiments. On contrast, the
loss percentages revealed increasing values by the laps of time (from 7-28
days). The bio-concentration factors for the uptake phase range from 76 to
118 for 0.74ppm and from 51 to 60 for the higher concentration 1.47ppm,
respectively.

During the depuration period, the residue levels in brain were 1.78
(@as loss of 89.39%) and 3.98 ppm (as loss of 85.65%) when the two
concentrations 0.74 and 1.47ppm were used, respectively.

Generally, it can be concluded that there was significant decomposition of the
herbicide cinmethylin over 28 days. Data showed that the decomposition
rates were 81% and 70% for the tested concentrations 0.74 and 1.47ppm,
respectively (table 1). This may be attributed to the hydrolic stability of
cinmethylin at 25°C and pH range of 3-11, and its stability in biotic aqueous
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solutions under dark conditions. Similar results were obtained by Grayson et
al. (1987).

The lake of total cinmethylin equivalent residues that were detected
in fillet (meat) may support the conclusion that cinmethylin residues do not
accumulate and are extensively metabolized in fish. The physico—chemical
properties of cinmethylin such as its water solubility (63mg/L) and KO/W n-
octanol- water partition coefficient (6850) suggested a relatively high
bioconcentration potential in lipophilic tissues. Data aiso showed that the
maximum bio-concentration factors of cinmethylin in brain averaged 118 and
60 when 0.74 and 1.47ppm were used, respectively. These findings are in
agreement with those obtained by Lee et al. (1990) who suggested that
cinmethylin metabolized in the fish tissue via hydroxylation and oxidation
reactions giving d-carboxy cinmethylin and 8-hydroxy d-carboxycinmethylin.

These conjugates have a higher lipid solubility than the free molecule
as consistent with those observed in the rat (Lee ef al., 1988 and Woodward
et al., 1989). Moreover, Lee et al. (1986) stated that ether cleavage reaction
occurred with the parent molecule (cinmethylin) giving O-toluic acid, which
subsequently conjugated with amino acid (glycine). This reaction
predominated when test animals were under the high —dose treatment. As
well as ether cleavage occurred on the major hydroxylated/oxidized metaboiic
products to yield O- (hydroxymethyl) benzoic acid and phthalic acid which
were subsequently with glucuronic acid.

Concerning the depuration of the tissue residues (fillet and brain),
approximately 100% (for fillet) and 85% - 85% (for brain) were eliminated
within 28 days as a depuration period when the exposed fish were placed in
the uncontaminated water. It can be aiso concluded that the low toxicity and
rapid and extensive degradation of cinmethylin, significant impact of
cinmethyline to the aquatic environment is not anticipated. These findings are
in agreement with those of Lee et al. (1990).

Concerning anilofos, data in Table 2 clearly showed that its residues
in treated water showed a similar trend of cimethylin. Anilofos showed a
distiguish and fast degradation compared with cinmethylin. Its residues
reached 0.960 and 1.933ppm for the two tested concentrations 0.98 and
1.96ppm just one hour after treatment, respectively. While these residues in
water became 0.060 and 0.046ppm for the same concentrations 28 days
after treatment, respectively. During the depuration period of 28 days, data in
table 2 clearly indicated that no detectable residues were found. Anilofos loss
percentages in water clearly increased from 15.83% {o 93.8% and from
21.24% to 97.6% for the tested concentrations 0.98 and 1.96ppm during the
period from 1 to 28 days after treatment, respectively (table 2). On the other
hand, data obviously cleared that anilofos residues in fish meat (fillet) and
brain gradually increased throughout the whole experiment. The accumulated
residues of anilofos residues in brain were 11.79 and 19.28ppm at 0-time
(one hour after treatment) when the two tested concentrations 0.98 and
1.96ppm were used, as shown in table 2, respectively. However, no
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accumulated residues were detected in fillet one hour after treatment. The
decomposition of anilofos showed different pattern. Data listed in table 2
showed that the loss percentages of residues uptake in fish reached about
100% and then declined to 80.6% and 16.0% for 0.98ppm in fillet; while in
brain they were 15.52% and 69.61% for 1.96ppm, respectively. During 28
days of depuration period, anilofos residues averaged 0.015ppm in fillet and
1.458ppm in brain, which presented loss percentages of 94.21% and 85.36%
when a concentration of 0.98ppm was used, respectively. These residues
were 0.089ppm in fillet and 0.592ppm in brain presenting 96.82% and 89.9%
loss using 1.96ppm, respectively.

As for the bio-concentration factor (BCF), data in table 2 ciearly
showed that the uptake phase ranged from 2.0 to 4.0 and from 2.0 to 61.0 in
fish fillet exposed to .98 and 1.96ppm of anilofos during 28 days. These
values ranged from 20.0 to 178.0 and from 14.0 to 127 in brain, respectively.
From the previous results, it can be concluded that the herbicide anilofos had
a rapid and high degradation value in water. That may be due to the low level
of persistence of anilofos as an organophosphorus compound. Similar results
were obtained by EL-Sheamy et al. (1991), Bayoumi et al. (1995) and
Dogheim et al. (1996). Generally, the high residues of anilofos in fish tissues
may attribute to its rapid penetration and binding of its residues in tissues
(EL-Sheamy et al., (1991). Abo Arab et al. (1996) also reported that OP
products such as anilofos were found with the fat phase in fish and that may
be due to their physico-chemical properties (lipophilic compounds). Moreover,
Holden (1962) found that gills in fish heads contained a high amount of
pollutants since they are the main entrance, after which pollutant
transportation to the natural tissues took place directly via the vascular
system.

From the previous results, it can be noticed that the general features
of these experiments show that the two tested herbicides had different fate in
water and fish tissues. As the data show that cinmethylin didn’t accumulate in
fillet tissues in which BCF values were 4 and 2 at the two levels of exposure.
in the same time, the BCF values in brain reached to the maximum at 28
days after treatment, which reached to 118 and 60 for the two tested
concentrations, respectively. However, in case of anilofos it was noticed that
the BCF values were gradually increased and reached to 4 and 61 in filiet
and 178 and 127 in brain tissues at the two levels of treatment, respectively.
Generally, the residue lavels for both chemicals were higher in brain tissues
than fillet and this may be due to the nature of each tissue in relation to the
lipophilic affinity for the tested herbicides. Moreover, it is of a great intrest that
cinmethylin residues in fillet tissues were completely disappeared under the
experimental analysis and level of detection at the end of depuration period.

Accordingly, it is not recommended to eat fish heads where a high
percentage of toxicants can be accumulated.
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