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1. ABSTRACT: Irgarol
1051 (2-(tert-butylamino)-4-
(cyclopropylamino)-6-(methylthio)-
1,3,5-triazine) is a biocide used in
antifouling paint on ships to prevent
fouling growth. It is widely used booster
herbicides and it may exert potent toxic
effects on marine primary producers
such as microalgae, where majority of
the toxicity data are based on changing
in growth and inhibition of essential
metabolites. Data of the toxic effects on
microorganisms may be used to define
the upper limits for concentration of
pollutants and to predict environmental
toxicity risk. So, the aim of this work
was concentrated on the effect of the
booster biocide Irgarol 1051 on growth
and content of some essential metabolites 
namely protein, carbohydrates, amino
acids and fatty acids of marine planktonic
alga Chlorella salina. The result obtained
proved that, increasing of antifouling
concentration caused notable decreasing
in growth depending on the concentration 
used. The presence of antifouling agent
Irgarol 1051 in the seawater especially in
areas with heavy shipping activity due to
its application in antifouling paints will cause 
decreasing in nutrient value of proteins in
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this type of algae as well as the negative impact on the essential amino 
acids. Carbohydrates content decreased by increasing the concentration 
of Irgarol. A serious decrease in the content of Omega-3 fatty acids 
and in turn this will affect the crop of the marine fish since fishes cannot 
synthesis these types of fatty acids.

Keywords: Chlorella salina, Irgarol 1051, protein, carbohydrates, amino acids, 

fatty acids

2. INTRODUCTION

The main cause of pollution is the discharge of solid or liquid waste 
products containing pollutants onto the land surface, or into the 
aquatic habitats. The wastes that contribute towards water pollution 
may be broadly grouped into: domestic, industrial, and agricultural 
types. Sewage is literally the contents of sewers and these comprise 
the sewerage system that carries the water-borne waster of 
communities (Becher and Bjoresth, 1987) and (Seiki et al., 1991). 
Pollutants can -be categorized as four types: nontoxic, toxic, thermal 
and radioactive, although overlap between theses broad categories 
is of course possible. Toxic pollutants are metabolic poisons that can 
seriously injure or destroy the photosynthetic organisms upon which 
the food chain depends (Doudoroff and Katz, 1953).

An additional environmental problem, which has increased during 
recent years, is the soluble compounds that have been released 
from the antifouling paints that contained usually very toxic 
compounds. These in turn cause damage to living organisms in aquatic 
environments. Usage of antifouling paints differs regionally according 
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to legislation, location of the manufacturer, marketing 
and consumer preferences. Whilst the list of potential 
booster biocides provided above is substantial, not 
all compounds are marketed. For example in the UK, 
although recent legislative changes have occurred, 
during the last decade usage of antifouling agents was 
massively dominated by copper oxide followed by (in 
order of usage) diuron, Irgarol 1051, zinc pyrithioone and 
dichlofluanid (Environment Agency,1998).

Irgarol 1051 (2-(tert-butylamino)-4-
(cyclopropylamino)-6-(methylthio)-1,3,5-triazine) is 
a biocide widely used in antifouling paint on ships. The 
s-triazine herbicide Irgarol 1051 is now widely distributed 
through European coastal waters. Irgarol 1051 has also
been showed to be very toxic to growth of fresh water
and marin microalgae (Ciba-Geigy, 1995; Dahl and
Blanck, 1996), and to the early growth of macroalgae
zoospores, (Scarlett et al., 1997).

The sensitivity and response of microalgae to organotin 
compounds varies from species to species according to 
shapes and size of the cell wall composition may have 
different uptake capacities as well as different enzymes 
for their degradation, so some species appear to be 
resistant to organotin compounds and possess the ability 
to accumulate and or degrade these compounds (Tsang 
et al., 1999). However, very little information is available 
on uptake of lrgarol and sea nine uptakes and degradation 
by microalgae. The use of triazine herbicides, including 
Irgarol 1051, poses environmental risks in the coastal 
waters due to cause suppression of algal growth by 
destroying of photosystem II (PSII) (Yang et al., 2019).

Irgarol is widely distributed in coastal water, seawater 
samples were taken from 26 locations in Singapore 
measuring TBT, TPhT, and Irgarol. Irgarol was found in 
13 samples, (Basheer et al., 2002). . High Irgarol 1051 
concentrations were found in Korean sediment samples 
from shipping and shipbuilding areas. 40 percent of 
measurements in bays and 20 percent of samples 
from harbours exceeded the Environmental Risk Limit 
for sediment set by the Dutch National Institute for 
Public Health at 1.4 ng/g. Overall, Irgarol 1051 was 
detected,(Kim et al., 2015). (IMO, 2018) Marine plants 
appear particularly vulnerable to many of these biocides. 
The first published study on the herbicidal properties of 
the booster biocides was by Dahl and Blanck,(1996) on 

the toxicity of Irgarol 1051 to periphyton communities. In 
recent years, the toxic organic materials that are released 
into the environment as a consequence of human activity 
especially antifouling compounds have had a growing 
impact on coastal ecosystems. Longterm effects were 
detected at 0.25 to 1 nM (63 to 250 ng L-I), which is 
within the range of concentrations reported for coastal 
waters. Previously used antifoulants, such as TBT and 
heavy metals, all have broad negative impacts on most 
marine organisms, and could also be concentrated and 
transferred across the food chain., (Wang et al., 2020).

The widespread application of antifouling compounds 
give rise to contamination of marine and fresh water 
environments. Microorganisms including algae has been 
used as powerful tools to assess in vitro the toxicity of 
several environmental pollutants. So, the aim of this work 
will be: the metabolic response of the marine unicellular 
alga Chlorella salina to toxicity of the antifouling agent 
Irgarol 1051 .This work was concentrated on the effect 
of the biocide antifouling agent Irgarol 1051 on growth 
and content of some important metabolites: proteins 
(soluble, insoluble and total) , carbohydrates (soluble 
, insoluble and total) , amino acids (free, conjugated 
and total) , fatty acids (saturated , mono and poly-
unsaturated ) of the marine alga Chlorella salina that 
usually used for fish feeding.

MATERIALS AND METHODS:

The biological materials chosen in this thesis were the 
axenic unicellular green alga Chlorella salina obtained 
from culture collection Botany Department, Faculty of 
Science, Alexandria University. The basal medium was 
used in this work described by Boussiba et al.,(1987). 
The growth of the investigated algae was determined 
every couple day by cell count using the hemacytometer 
slide.

The herbicide (Irgarol 1051) was purchased from Fluka 
company, Cairo, Egypt. The stock solution 1000 mg of 
the standard Irgarol was prepared in acetone and kept in 
dark at 4°C. Dilution of this stock solution was mixed with 
the medium. Different concentrations were prepared 
and added each to one liter medium. EC50 obtained 
was 0.50 µg/L. Chosen of two other concentrations 
(lower and higher) to measure the different parameters 
for Chlorella salina.
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1- Carbohydrates content were estimated according 
to the method described by Dubois et al.,(1959).

2- In this investigation protein was determined by the 
method described by Hartree, (1972) which is the 
modification of the original folin-phenol method of 
Lowery, et at., (1951).

3- The free and total individual amino acids were 
extracted by the method described by Speckman, 
et at., ( 1958).

4- Preparation of fatty acids methyl ester was 
performed according to the procedure followed 
by Radwan, (1978).

STATISTICAL ANALYSIS

The obtained data were analyzed statistically using two 
ways ANOVA (Analysis of variance). The difference 
between means probability levels were analyzed using 
Duncan’s New Multiple Range Test (P< 0.05). F- test 
were also analyzed (LSD) the least significant difference 
at 0.05.

RESULT AND DISCUSSION

This work will be concentrated on the effect of the 
biocide antifouling agent, Irgarol 1051, on growth and 
content of some important metabolites proteins (soluble, 
insoluble and total), carbohydrates (soluble, insoluble 
and total), amino acids (free, conjugated and total) and 
fatty acids (saturated, mono and poly- unsaturated ) 
of marine algae Chlorella salina that usually used for fish 
feeding .

Under the effect of concentrations (0.25, 0.50 and 
0.75 µg/L ) the tested organism remained alive but 
with different rates of growth. The results cleared also 
that, the effective concentration (EC50) of Irgarol for 
Chlorella salina was recorded nearly in concentration 0.5 
µg/L at the 8th day.

The data obtained cleared that, suppression of algal 
growth under the effect of the different tested 
concentrations of Irgarol may be due to the increasing 
of toxicity of this biocide. The same results were 
also obtained by Munnas, (2003) and Singla and 
Garg,(2005). However, Gatidou et al., (2003), found 
that Irgarol 1051 inhibit growth of Dunaliella tertiolecta at 
concentration higher than 0.8µg/l and at concentration 
3.0µg/l, the compound killed almost all the cells. The 
result obtained goes with harmony with those obtained 
by Kaamoush and El Agawany, (2021) who observed that 
Irgarol inhibit growth in Dunaliella salina at concentrations 
0.012 µg/L. The stress effect of booster biocides on 
growth of algae may be due to the metals found in this 
compound which cause inhibition of normal cell division 
(Fisher and Jones ,(1981).Also, Visyiki and Rachlin, 
(1991) speculated that, inhibition of cell division and 
cessation of new daughter cells could be due to binding 
the metals to sulfhydryle groups which are important in 
regulation cell division. Khalaf et al., (2007), observed 
that, there was significantly decreased in cell number 
and dry weight after 7 days, the growth of Chlorella 
vulgaris towards increasing concentrations of diuron, the 
dry weight of C. vulgaris after seven days of 0.1 and 
0.5 µm diuron treatment was lowered by 2.5 and 5.5 
fold, respectively in comparison to control.

 

Figure (1): Effect of different concentrations of Irgarol 1051 (0.25 , 0.50 and 0.75 µg/l ) on growth of Chlorella salina cultured 
for 14 days
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Carbohydrates contents
Results obtained from the experiments that have been 
carried out on the effect of Irgarol on the carbohydrates 
content revealed that, all the tested concentrations 
of Irgarol were inhibitor to carbohydrates content of 
Chlorella salina. These results go in harmony with those 
obtained by Sidharthan et al., (2002) who reported 
that, high concentration of TBT on 1.0 ng/l, the proteins 
and carbohydrates were inhibited in Nannochloropsis 
oculata and bring about drastic change in its biochemical 
compositions. Khalaf et al., (2007), reported that, 
there was significant decrease in carbohydrate contents 
(total & soluble) of Chlorella with increasing dose of 
antifouling diuron.

Khodse and Meana,(2007) found that, antifouling agents 
like TBT and Irgarol influenced cellular and extracellular 
carbohydrate production. The results obtained in this 
investigation are in harmony with those recorded for such 
authors. Kaamoush and El Agawany,(2021) reported 
that, there was supression in carbohydrate content 
in Dunaliella salina in culture containing 0.012, 0.025 
and 0.050 µg/L of Irgarol. Also, Mishra et al., (2008) 
reported that, among different solute accumulating in 
response of stress, sugar play a key role to maintain 
the osmotic regulation in cells. There are earlier reports 
on carbohydrates accumulation on response of various  

abiotic stress during reproductive development 
(Meier and Reid, 1982). It was found also by Prado et 
al.,(2000) that, accumulation of sugars is enhanced in 
response of verity of environmental stress. However, 
our work cleared that, the content of carbohydrates 
whether soluble, insoluble and total in the two tested 
algae depended mainly on the concentration of the 
stress compound and the length of culturing period. The 
decrease in carbohydrates content may indicate that, 
the efficiency of photosynthesis began to decrease 
owing to the destruction of chloroplast pigments (Adjei-
Twun and Spliusloesser, 1976).It is worth noticing that, 
a change in carbohydrates content in the advent of the 
stationary phase showed nearly parallel similarity to the 
growth rate of the tested two organisms (El- Mostafa, 
1998).

The exposure of microalgae to toxic antifoulings 
may cause serious physiological alterations that 
can be readily observed via changes in proteins, 
carbohydrates, pigment and biomass production of 
Scenedesmus quadricauda, that’s because inhibition of 
antifouling compound to chlorophyll as well as inhibition 
of photosynthesis activities which affect production 
of carbohydrates and other metabolites, Chia et al., 
(2015).

Table (1): Content of carbohydrate fractions (soluble , insoluble and total in mg/l) in Chlorella salina under the effect of different 
concentrations of Irgarol 1051 (0.25 , 0.50 and 0.75 µg/l ).

F (p): F-test (ANOVA) and its significance between groups.            LSD: Least significant difference at 0.05.
*	:	Statistically	significant	at	p	≤	0.05. **:	Statistically	significant	at	p	≤	0.01.
Different subscribts are significant . Data are expressed in mean ±SD
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Figure (2): Content of carbohydrate fractions (soluble , insoluble and total in mg/l) in Chlorella salina under the effect of different 

concentrations of Irgarol 1051 (0.25  , 0.50 and 0.75 µg/l ).

Protein
Taking into consideration, the effect of the antifouling 
agent Irgarol 1051 on content of protein fractions in 
Chlorella salina after 4, 8, 12, 16 days of culturing, the 
results that recorded in table (2) and graphed in figure 
(3) highlights that, at concentrations 0.25 , 0.50 and 
0.75 µg/L Irgarol 1051 the content of total proteins 
increased nearly till the 8th day of culturing then began to 
decrease reaching minimum at the 16th day of culturing. 
Irgarol block conversion of excitation energy into  

 
 
chemical energy (Jones,2005 and Sheikh et al., 2009). 
Total protein contents of the investigated species under 
normal conditions, as revealed from our data, showed 
that, Chlorella salina tends to has high levels of proteins. 
This might be attributed to the fact that, most of algal 
species have similar physiological functions which are 
related to either biosynthesis or biodegradation of the 
same protein macromolecules (Ahmed, 2010).
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Numerous species of microalgae such as Spirulina, 
Chlorella and seaweed including Laminariasp. and Ulva 
sp. can be considered as source of protein to the diets 
of cattle, poultry, sheep and rabbits due to high protein 
content (Holman & Malau-Aduli, 2013).

Dhargalter,(1986) concluded that, the change of 
biochemical composition of some green algae may 
be related to the chemical or morphological changes 
associated with the various metabolic process of the 
algae. This conclusion seems to explain the different 
changes of the total amount of proteins content of 
Chlorella salina in the present investigation. It is also 
clear from the results that, protein content increased  

gradually by increasing period of culturing. However, at 
the 16th day of culturing, the content of total proteins 
began to decrease. The decrease in the content of total 
proteins at the end of the experiment may be due to 
decrease in insoluble concentration and deficiency of 
nutrients which increase protolysis (Cooke et al., 1980) 
and/or to decrease in the rate of protein synthesis 
(Vaodia and Waisal, 1967). Tam and Wong,(1995) stated 
that, sever depletion of nutrient supply might be lead to 

progressive cell death as time proceeded at the end of 
the experiment. It must be mentioned that, the ability 
of Irgarol degradation was considered to be species 
dependant upon expense to Irgarol. The first phase 
would be its rapid biosorprtion onto the cell surface. This 
antifouling compounds then accessed to the cell interior 
through diffusion or via some ion channels as proposed 
by St-louis et al., (1997).

The ability of some microorganisms to resist toxicity 
of antifouling agent may be due to the fact that, some 
microorganisms could prevent the entry of booster 
biocides into their cells by excreting sorbent to the 
cellular surface to biosorb this compounds, (Gadd 
et al., 1990). Luan et al.,(2006), found that, alginate 
immobilize Chlorella vulgaris was able to continuously 
remove and degrade the booster biocides even at the 
highest contamination levels. Also, Exss-Sonne et al. 
(2000) recorded that the tolerance of micro algae to 
stress conditions could be elaborated through synthesis 
or accumulation of new protein. El Agawany et al., 
(2021) suggested a highly recommendation that the 
behavior of algae, rich in protein, should be investigated 
in response to different environmental pollutants.

Table (2): Content of protein fractions in Chlorella salina cultured for 16 days under the effect of different concentrations 
Irgarol 1051 (0.25 , 0.50 and 0.75 µg/l ).

F (p): F-test (ANOVA) and its significance between groups           LSD: Least significant difference at 0.05.
*	:	Statistically	significant	at	p	≤	0.05.	 **:	Statistically	significant	at	p	≤	0.01.
Different subscribts are significant . Data are expressed in mean ±SD
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Figure (3): Effect of different concentrations of Irgarol 1051 (0.75 , 0.50 and 0.25 µg/l ) on protein fractions content of 
Chlorella salina cultured for 16 days.

Amino acids
The results obtained for the analysis of free, conjugated 
and total amino acids for Chlorella salina cleared that, 
the amino acids of Krebs cycle family (glutamate 
and aspartate families) surpassed the other families 
of amino acids. The two families represented nearly 
62.34% of the total amino acids in Chlorella salina. 
The total free amino acids increased gradually under 
the stress of all the studied concentrations of Irgarol 
when compared to control. However, Fernandes and 
Meena,(2007) studied the effect of TBT (antifouling 
agent) on amino acids of a marine bacteria. They found  

 
 
that, amino acids concentrations decreased with the 
increase the concentration of the antifouling agent. This 
idea coincides with our results where total amino acids 
decreased gradually by increasing the concentration of 
the antifouling agent. This idea was explained by Song 
and Huang, (2000), who cleared those antifouling 
agents like TBT and Irgarol have an inhibitory effect on 
nitrate reductase activity and consequently a nitrogen 
metabolism in algae is changed and the equilibrium of 
nitrogen metabolism destroyed which might influence 
the nitrogen cycle of the ecosystem. Amino acids 
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were found to be superior to algal extract. Amino acids 
are very important in plant growth, development and 
metabolite synthesis, since they are the basic building 
blocks of proteins, the synthesis of amino acids in plants 
is very energy consuming In the light of the experimental 
results on the effect of different concentrations of 
Irgarol on the content of essential amino acids, it is clear 
that, total essential amino acids in untreated cultures 
represented nearly 3.94% of the total free amino acids 
for Chlorella salina, while in the conjugated amino acids 
they represented 96.02 % of the total conjugated 
ones for Chlorella salina. At the same time, the total 
amino acids represented nearly 39.37% of the total 
amino acids. Owing to the fact that nutritional value of 
protein depends mainly on proportion and availability 
of its constituents of essential amino acids,), this idea 
goes in harmony with those obtained by (Brown and 

Jeffery, 1995). Also, Khalaf et al., (2007) reported 
that, Proline and total amino acids contents mL-1 
of Chlorella vulgarids suspension were significantly 
decreased with increasing diuron doses to those of 
the control. Also, Wenqiu et al., (2021) observed that 
significant decrease in amino acids content obtained in 
culture of containing different concentrations of copper 
which used as antifoulant, which suggested that copper 
materials inhibit biosynthesis of total amino acids.

Xiangyuan, (2012) reported that Irgarol 1051 is toxic to 
Synechococcus sp. it stimulated cyanobacterial growth, 
increased the soluble protein content, and enhanced 
the catalase (CAT) activity at low concentrations, but 
inhibited them at high concentrations, it may be due to 
protolysis of insoluble protein.

Table (3): Content of free , conjugated and total amino acid fractions (mg/100mg protein) of Chlorella salina cells cultured for 
8 days under different concentrations of Irgarol 1051 (0.25 , 0.50 and 0.75 µg/l).

*Represents essential amino acids.
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Figure ( 4 ): Content of free (A) , conjugated (B) and total (C) essential amino acids fractions of
Chlorella salina cells cultured for 8 days at different concentrations of Irgarol 1051.

Fatty acids
It is well known fact that, lipid production including fatty 
acids usually differed between genera species and 
strains of micro-organisms, (Johansen et al., 1987). 
These results coincide with those obtained in our work 
where Dunaliella salina was found to be more sensitive to 
Irgarol than Chlorella salina. However, total lipid fractions 
in healthy phytoplankton vary substantially from less 
than 1% to more than 40% of dry weight (Dubinsky  
et al., 1978).The stress response was more prominent  

 
 
in mono-unsaturated fatty acids than in the other two 
groups of fatty acids and the more the increase in the 
concentration of Irgarol, the more the stress effect and 
consequently the more the decrease in the content of 
total fatty acids.
Environmental factors were found by many authors 
to affect the proportions of fatty acids. Also, 
Simonopoulos,(1991) found that, microalgae were 
a good source of Omega-3 fatty acids which are 
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protective factors against chronic diseases, diabetes 
and cancer. Chu and Dupuy, (1980) concluded that, the 
changes in the relative amount of poly-unsaturated fatty 
acids may be attributed to effects on the destruction 
bath way of fatty acids. Xu et al., (1997&1998) reported 
that, the reduction of the poly-unsaturated fatty acids 
fractions might be due to reduction in membrane fluidity 
and permeability. These results go in harmony with 
our results where some poly-unsaturated fatty acids 
specially those belonging to Omega-3 disappeared 
completely at higher concentrations (0.75µg/l Irgarol) in 
Chlorella salina, while at concentration 0.025µg/l only 
one fatty acids (archidonic acid ) disappeared. Our 
results are in agreement with those obtained by Soizic 
et al.,(2021), who observed that Diuron and irgarol are 
photosynthetic inhibitors and they cause inhibition of 
fatty acids synthesis.

Saturated fatty acids are the only group of fatty acids 
that increased under the stress of the three tested 

concentrations of Irgarol in the studied organism. 
Dowidar, (1983) mentioned that, saturated fatty acids 
were more dominant than unsaturated ones under stress 
conditions. The same conclusion was also reported 
in our results. In our laboratory it was found that, the 
maximum values of fatty acids usually attained at the 
end of the log or at the beginning of the stationary 
phases. At these two phases, the nutrient values of 
culture medium usually decrease. So, we usually analyze 
the fatty acids in the tested organisms cultured for 12 
days. These results coincide with those obtained by El-
Maghrabi,(2002) and Al-Osaimi, (2010).

Environmental factors can affect both the relative 
proportions of fatty acids (Fisher & Schwarzenbach, 
1978) as well as, the total amount of lipids (Conover, 
1975). This idea coincide with those obtained in our work 
where the total fatty acids in theorganism decreased by 
increasing the concentration of Irgarol.

Table ( 4 ) :Effect of different concentrations of Irgarol 1051 on fatty acids content of Chlorella salina cultured for 12 days .
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Figure ( 5 ): Effect of different concentrations of Irgarol 1051 on fatty acids content of Chlorella salina cultured for 12 days.
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Figure ( 6 ): Percent of increase (+) or decrease (-) in total fatty acids under the effect of different concentrations of Irgarol 
1051 in Chlorella salina cultured for 8 days .

CONCLUSION

I rg a ro l  1 0 5 1  ( 2 - ( te r t - b u ty l a m i no ) - 4 -
(cyclopropylamino)-6-(methylthio)-1,3,5-triazine) 
is a biocide widely used in antifouling paint on ships to 
prevent fouling growth. It is used booster herbicides in 
antifoulants and may exert potent toxic effects on marine 
primary producers such as microalgae, where majority 
of the toxicity data are based on growth inhibition of 
essential metabolites such as proteins, carbohydrates, 
amino acids and fatty acids. The results cleared also 
that, the effective concentration (EC50) of Irgarol for 
Chlorella salina was recorded nearly in concentration 
0.5 µg/L at the 8th day. The data obtained cleared that, 
suppression of algal growth under the effect of the 
different tested concentrations of Irgarol may be due to 
the increasing of toxicity of this biocide. all the tested 
concentrations of Irgarol were inhibitor to carbohydrates 
content of Chlorella salina. At concentrations 0.25 , 
0.50 and 0.75 µg/L Irgarol 1051 the content of total 
proteins increased nearly till the 8th day of culturing then 
began to decrease reaching minimum at the 16th day 
of culturing. The stress response was more prominent 
in mono-unsaturated fatty acids than in the other two 
groups of fatty acids and the more the increase in the 
concentration of Irgarol, the more the stress effect and 
consequently the more the decrease in the content of 
total fatty acids.

REFERENCES

1. Adjei–Twun , D.C. and Spliusloesser , W. E.
(1976). The effect of soil water regimes on leaf water
potential ,growth and development of soybeans .
Physiol. Plant. 38:131-137

2. Ahmed, E.A.M.(2010). Impact of Tributyltin
(TBT) on metabolism of some marine algae. Ph.D. Thesis
. Faculty of science, Alazhar University. Egypt.

3. Al-Osaimi,M.(2010).Impact of salinity stress
ongrowth and some important metabolites of Spirulina
platensis

4. (Acyanobacterium). Bs.C. Thesis. Faculty of
Science. Alex. University.

5. Basheer,C. Tan, K. and Lee, H..(2002).
Organotin and Irgarol-1051 contamination in Singapore
coastal waters,Marine Pollution Bulletin. 4(7):697-703.

6. Becher, G. and Bjorseth, H.(1987). Monitoring
of environmental chemical methods for assessing the
effects of mixtures of chemicals. Edited by Vouk, V.B.
and Asher, S.C., 225.

7. Boussiba, S., A. Vonshak, Z. Cohen, Y. Avissar
and A. Richmond. (1987). Lipid and biomass production
by the halotolerant microalga. Nannochloropsis salina.
Biomass, 12: 37-48.



 
157

The International Maritime Transport and Logistics (MARLOG)  - ISSN 2974-3141

http://apc.aast.edu

8. Brown, M.R. and Jeffery , S. W .(1995). The 
amino acid and gross composition of marine Diatoms 
potontially useful for mariculture. Journal of Applied 
physiology . 7:521-527.

9. Chia A.M., Chimdirim P.K. & Japhet W.S. 2015a. 
Lead induced antioxidant response and phenotypic 
plasticity of Scenedesmus quadricauda (Turp.) de 
Brebisson under different nitrogen concentrations. 
Journal Applied Phycology 27: 293–302.

10. Chu, F.E. and Dubuy, D.J.(1980). The fatty acid 
composition of three unicellular algal species used as 
food source of larvae of the American oyster. Lipids.15: 
356-364.

11. Ciba Geigy, (1995). Irgarol 1051 Material Safety 
Data Sheet 638/9501. Ciba-Geigy Limited, Basle, 
Switzerland Additives Division.

12. Conover S.A.M. (1975). Partitioning of nitrogen 
and carbon in culture of the marine diatom Thalassiosira 
fluviatilis supplied with nitrate, ammonium or urea . Mar. 
Biol., 32: 231-246.

13. Cooke, R.J., Roberts, K. and Davis, D.D. (1980). 
Model for stress induced protein degradation in Lemna 
minor. Plant Physiol. 66: 1119-1122.

14. Dahl, B. and Blanck, H.(1996). Pollution-induction 
community tolerance (PICT) in periphyton communities 
established tytin under tri-n-butyltin (TBT) stress in 
marine microorganisms. Aquatic Toxicology.34: 305-
325.

15. Dhargalter, U.K. (1986). Biochemical studies 
in Ulva reticulate Forsskal Mahasagar. Bulletin of the 
National Institute of Oceanography. 19(1): 45-51.

16. Doudoroff, P. and Katz, M.(1953). Sewage Ind. 
Wastes. 25-802.

17. Dowidar, N.M. (1983). Primary production in the 
central red sea off Jeddah . Bull . Nat.Inst . Oceanogr . 
And Fish ., AR.E., 9 : 160-170.

18. Dubinsky, Z., Berner T . & Aaronson, S. (1978). 
Potential of large-scale algal culture for biomass 

and lipid production in arid lands. Biotechnology and 
Bioengineering Symposium, 8 : 51-68.

19. Dubois, M; Gilles, K.A.; Hamilton,J.K. and Smith, 
F.(1959). Phenol-sulphoric acid colorimetric method for 
carbohydrate determination. In: Methods in carbohydrate 
chemistry. Whist ler, L.R. and Wolform, R.L.(ed). 388-
403. Academic press New Yourk.

20. El Agawany, N. ; Kaamoush, M; El-Zeiny, A. 
and Ahmed, M.(2021). Effect of heavy metals on 
protein content of marine unicellular green alga Dunaliella 
tertiolecta. Environ Monit Assess (2021) 193:584.

21. EL-Maghrabi, D.M (2002). Studies on the 
production of some important fatty acids from algae. 
Ph.D. Thesis. Fac. of Sci . Alex. Univ. Alex. Egypt.

22. EL-Mostafa , H. M.(1998). Soaking of maize 
grains and sunflower seeds in some vitamos versus 
salinization treatments during germination and 
Vegetative growth. Sc. Thesis. Bot.Dept. Fac. of Sci. 
Assuit University, Egypt.

23. Environment Agency.(1998). Environmental 
Problems from Antifouling Agents. R &D Technical 
Report P215 EA. Bristol, UK.

24. Exss-Sonne, P., Tolle, J., Bader, K. P., Pistorius, 
E. K., & Michel, K. P. (2000). The Idil A protein of 
Synechococcus sp. PCC7942 functions in protecting 
the acceptor side of photosystem II under oxidative 
stress. Photosynthesis Research, 63, 145–157.

25. Fernandes, L. and Meena, R.M. (2007). Effect 
of TBT on the L- and D- amino acid composition of a 
marine bacterium Pseudomonas sp. CE-2. International 
Conference on Biofouling and Ballast Water Management 
(ICBAB), National Institute of Oceanography, Goa, 
India.23-23.

26. Fisher, N.S. & Schwazenbach R.P.(1978). 
Fatty acids dynamics in Thalassiosira pseudomona 
(Bacilliriophyceae). Implications of physiological 
ecology. J. phycol.34: 143-150.

27. Fisher, N.S. and Jones, J. (1981). Effect of 
copper and zinc in growth, morphology and menolism of 



158http://apc.aast.edu

Vol. 11, Iss. 1, 
A u g u s t 
2 0 2 2http://dx.doi.org/10.21622/MARLOG.2022.11.145

Asterionella japonica (Cleve). J.Exp. Mar. Biol. Ecol. 51: 
37-56.

28. Gadd, G.M., Gray, D.J. and Newby, P.J.(1990).
Role of melanine in fungal biosorption of tributyltin
chloride. Appl. Microbiology Biotechnology. 34: 116-121

29. Gatidou,G., Kotrikla, A., Rontogianni, V.,
Thomaidis, N.S. (2003). Toxic effect of the antifouling
biocide Irgarol 1051 and its principal metabolites on
the green alga Dunaliella tertiolecta. 8th international
conference on environmental science and technology.

30. Hartree, E.F. (1972). A modification of lowry
method that gives a linear photometric response. Analyt. 
Biochem. 48:422.

31. Holman, B. W., & Malau-Aduli, A. E. (2013).
Spirulina as a livestock supplement and animal feed.
Journal of animal physiology and animal nutrition (Berl),
97(4):615–23.

32. IMO - Union submission to be submitted to
the 73rd session of the Marine Environment Protection
Committee (MEPC 73) of the IMO in London from 22
– 26 October 2018 concerning additional information
on environmental concentrations observed worldwide

and scientific evidence for the adverse effects of 
CYBUTRYNE to the marine environment and to human 
health

33. Johansen, J.R., Lemke, P.R., Barclay W.R.
& Nagle N.J. (1987). Collection , screening and
characterization of lipid producing microalgae : Progress
during fiscal year 1987. In Johnson D.A & Sprague
S.(Eds) FY 1987.Aquatie species program annual Report
, Publ . SERI \ SP-231-3206. Solar Energy Research
Institute, Golden, Colorado, pp. 27-42.

34. Jones, R., (2005). The exotoxicological effects
of photosystem II herbicides on corals. Mar. Pollut. Bull.
51(5-7): 495-506.

35. Khalaf   A.   and   Zeinab   A.(2007).Alteration
in   Growth   and   Physiological   Activities    in    Chlorella
vulgaris under the Effect of Photosynthetic Inhibitor
Diuron. International Journal of Agriculture And Biology.
1560- 8530: (4) 631-634.
36. Khodse, V.B. and Meena, R.M. (2007). Effect
of TBT on carbohydrate production by Pseudomonas sp. 
CE-2, a marine biofouling and Ballast Water Management 
(ICBAB), National Institute of Oceanography, Goa, India, 
23-24. February, 2007.


