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Abstract: Ecotoxicity of surfactants used in metal working fluids (benzyl triethyl ammonium chloride,

benzyl triethanol ammonium chloride, P- methyl benzyl triethanol and P- methyl benzyl triethyl ammonium

chloride) were tested in order to evaluate their possible toxic effects on microalgae. Specific objective of

this research was to compare the sensitivity of fresh green algae Scendesmus Obliquus to those surfactants.

The obtained results showed that the concentration of tested surfactants which resulted in 50% growth

reduction of planktonic green algae, when compared to the controls without test substances (EC50) were

in the range from 0.228 mg./l for P - methyl benzyl triethanol ammonium chloride to 2.65 mg./l for

benzyl triethyl ammonium chloride. The obtained results suggested that all tested surfactants can be

classified as having very toxic effects on freshwater alga Scendesmus Obliquus.
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INTRODUCTION

Surfactants play an important role in our everyday

life because they are applied in households and in

many industrial processes . Direct discharge to surface[24]

waters or via effluents of wastewater treatment plants

has resulted in an omnipresence of surfactants in the

aquatic environment . Synthetic surfactants released[10]

into aquatic ecosystems have a potential effect on

fauna and flora and are of paramount importance .[9]

Generally surfactants have been observed to denature

bind proteins of the cell wall of plants and

consequently alter membrane permeability[11 ,8 ,5]

In typical aquatic food chains, algae comprise an

important component as these organisms convert solar

energy into biomass. This algal material forms the

potential energy that can be transferred to higher

trophic levels. One of the most common, well known

and widespread green algae is Scendesmus obliquus;

being true cosmopolites . They can be found all around

the world [5]

Metal working fluids (MWFs) are used in order to

reduce friction and tool wear at the same time as heat

is extracted and chips are removed from the cutting

zone. The used of MWFs, thus, saves energy by

friction reduction while improving, simulaneously, work

precision and surface quality of finished products in

addition to an increased tool life  have found that[15 ,3 ,19 ,6]

the fluids are rather complex. The fluids are rather

complex chemical mixtures consist of base oil stocks,

emulsifiers, corrosion inhibitors, biocides and

defoamer.Metal working fluids are susceptible to

microbial contamination, which degrades the fluids and

its performance during use[7 ,12]

The general growth conditions for micro-organisms

in water-miscible coolants are good. The vital elements

for the growth of microbes like carbon, nitrogen,

sulpher 2 and phosphor as well as trace elements are

provided in surfficant amounts via the ingredients.

Circulation temperature of approximately + 40 ºC give

the best condition for the growth and multipication of

microorganisms. 

The Effect of M icrobial Growth Can Be Classified

into Four Categories:

1- Effects on the Coolant: Due to the decomposition

of coolant's ingredients, particularly the emulsifiers and

the corrosion inhibitors, an increase of the drop-size up

to the splitting of the emulsion and consequently a

change of the technological properties can occur.

Another effect may be the decrease of the corrosion

protection.

By enriching the microbiological metabolism

products, e.g. organic acids like formic acid, acetic

acid, lactic acid or butanoic acid, an increased

microbial growth can lead to a drop of the pH value in
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the emulsion which leads to an increase of corrosion.

2- Effects on the Circulating System: Most important

are the effects of a film formation by slime-foming

microorganisms which lead to pipe blockages and

filtration problems. Specific cleaning processes are

necessary to solve these problems. The oil separations

caused by microbial influences on the coolant lead to

an increased oil loss and consequently increase coolant

consumption. Also the appearance of undesired foam is

supported by microbial growth.

3- Effects on Production: The most significant effect

is the formation of odour in microbial contaminated

coo lan t sys tem s c ause  by the  growth o ff

microorganisms under anaerobic conditions during

downtime. As a consequence the well-known “Monday

morning smell" is observed.

4- Health Risks Caused by Microorganisms: Health

risks caused by metabolism products of microorganisms

which can lead to a severe decrease of the coolant's

skin compatibility and possibly also to allergic

reactions. In pre-damaged skin the germ load can cause

wound infections. Due to aerosol formation in the

coolant - particularly in grinding processes - an up-take

of pathogen microorganisms must be considered [20]

The general measures necessary for controlling an

uninhibited microbial growth in coolants can be

sumarized as "preservation". There are two possible

ways of action:

1- Physical treatment. 

2- Chemical treatment.

Possibilities of physical treatment like a short-term

heating, ultrasonic treatment or irradiation have never

passed the test level. Also the use of bacteria filters of

a corresponding pore size or ozone fails due to high

costs, little efficacy or a lack of equipment in practice.

Today chemical preservation, by using

antimicrobial acting products, is the most applied

control tool. The preservation agents (biocides) should

fulfill the following requirements[13]

- Effectiveness against as many types of

microorganisms as possible (broad spectrum

effective). 

- Long continuous effect: The biocides should not

lose its biocide effect through reaction with other

components or contaminants. 

- High thermal stability 

- Low influence on PH value of the coolant.

- Low toxicity: no toxic effects must occur when the

biocides penetrate the body, either through the skin

or through inhalation and swallowing of the

coolant spary.

Biochemical and physiological effects of surfactants

and their toxic effects on algal growth were studied

extensively . It was reported that algae were[12 ,23 ,16]

highly variable in their sensitivity to surfactants. The

aim of the present work was to evaluate the toxic

effects of four synthesized surfactants, benzyl triethyl

ammonium chloride, benzyl triethanol ammonium

chloride, 

P-methyl tolyl benzyl triethanol methyl benzyl

triethanol and P-methyl tolyl benzyl triethyl ammonium

chloride on the growth of Scendesmus obliquus. The

results obtained with each surfactant are discussed.

MATERIALS AND METHODS

1. Test Organism: Axenic uniculture of planktonic

freshwater green algae Scendesmus Obliquus was

obtained from algae laboratory of the girls college, Ain

shams University.

2. Test Conditions and Procedure: The culture was

incubated at 25 C, using a photoperiod of 15h light0 

and 9h dark.

Inocula were taken from pre-culture and transferred

into a series of 100 ml cotton stoppered Erlenmeyer

flasks containing 50ml modified Bold s basal medium.' 

Each surfactant was added to the flasks at final

concentrations of 0, 0.1, 0.3, 0.5, 1.0, 1.5, 2.0, 5, 10,

15 and 20 mg.l . Controls and treatments were run for-1  

72 h in triplicates and the initial cell densities were

adjusted to approximately 2 x 10  cells ml  .Growth5 -1

was monitored by chlorophyll-a content estimation

using a method describe by APHA .[1]

The growth inhibition was determined as the

reduction in chlorophyll-a content after exposure to the

different surfactants concentrations after 72h of test

50 period as compared to control. EC values (i.e.

Surfactant concentrations causing a 50% inhibition in

growth) were also determined.

3. Experimental Procedure:

Preparation of Benzyl Triethyl Ammonium Chloride

6 5 2 2 5 3(C H CH N (C H ) Cl ) and  Benzyl Triethanol+ -  

6 5 2 2 4 3Am monium Chloride (C H CH N (C H OH) Cl )+ -

Quaternization of benzyl chloride with triethylamine (or

triethanolamine) was carried out in 3-necked round

bottom flask fitted with a mechanical stirrer, a reflux

condenser and a dropping funnel. The reaction flask 
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was immersed in a thermostate adjust at 80°C.

The reaction flask was charged with 50ml. benzyl

chloride and a stoichiometric amount of triethylamine

(or triethanolamine) in ethanol was added slowly while

stirring and the mixture was refluxed for 12 hours at

80°C then released to cool. The cooled solution were

then diluted with an approximately equal volume of

water and extracted three times with petroleum ether

40-60°C. The petroleum ether extracted was removed

and the aqueous portion obtained was concentrated by

evaporation to get the quaternary compound as a waxy

solid .[22 ,4]

Preparation of, P-M ethyl Tolyl Triethyl Ammonium

3 6 5 2 2 5 3Chloride (CH  - C H - CH - N (C H ) Cl ) and , P-+ -

3Methyl Tolyl Triethanol Ammonium Chloride (CH -

6 5 2 2 4 3C H -CH -N (C H OH) Cl ) + -

2.1- The preparation of PTC from toluene was

carried out in two steps:

2 .2 .1 :  C h lo ro mety la t ion  o f  To luene:  T he

chlorometylation reaction  was carried out in a[17]

homogeneous liquid phase in a 500ml three necked

flask equipped with a reflux condenser, a mechanical

stirrer and a gas lead in tube extending to near the

bottom of the flask . Place 200gm of toluene, 38gm of

paraformaldehyde, 50gm of anhydrous zinc chloride as

catalyst and 50ml glacial acetic acid. Support the flask

on a water bath adjusted at 60°C and pass in a rapid

stream of hydrochloric acid until no more gas is

absorbed (about 20 minutes). The reaction flask left to

cool and the reaction mixture was transferred to a

separating funnel, then washed successively with two

50ml portions of cold water, saturated sodium

carbonate solution and finally with cold water. The

product was dried with anhydrous calcium chloride and

distilled under normal pressure until the temperature

rose up to 111°C. After cooling, distilled under reduced

pressure (vacuum distillation) to obtain the p-methyl

tolyl chloride. 

Quaternization of p-Methyl Tolyl was carried out

with triethylamine and triethanolamine as described

before.

Statistical Analysis Three replicates were used for

each treatment, means and standard deviation were

calculated and represented by histograms. The recorded

data were treated statistically using the two way

analysis of variance . The means were compared by[21]

LSD using spss program version 10

RESULTS AND DISCUSSIONS

aAfter 24 h, 48h and 72h the Chl  content of

control increased significantly from 2.45 ± 0.1 to 3.08

± 0.09; 3.67± 0.11 and 4.97± 0.13 mg l respectively-1  

(Fig. 1). In the presence of surfactants, benzyl triethyl

ammonium chloride and P - methyl tolyl benzyl triethyl

aammonium chloride , Chl  in the culture was less than

at the beginning of incubation; it was down to 0.026 ±

0.11 mg l and 0.043± 0.08 at highest surfactant-1  

concentration (20 mg l ) after 72h of exposure to these-1

asurfactants respectively, Chl  content was slightly less

than that of the control at 0.1 mg l and 0.3 mg l-1 -1

surfactant concentration in case of benzyl triethyl

ammonium chloride and P-Methyl tolyl benzyl triethyl

ammonium chloride while it decreased in other

concentrations ( from 0.5 to 20mg./l). 

In contrast, surfactant benzyl triethanol ammonium

chloride stimulates Chlorophyll-a content by 25.7 %

after 24h, 49.8 % after 48h and 102.9% after 72h of

exposure. Surfactant, P-methyl tolyl benzyl triethanol

cause notable decrease in Chlorophyll-a content through

the period of exposure to this surfactant and at all

concentrations from 0.1 mg l to 20 mg l-1 -1 . 

 Reduction in Chl a content was significant for P-

methyl tolyl benzyl triethanol ammonium chloride

concentrations of 0.1 mg. /l or more .Furthermore,

a20mg/l of all surfactants resulted in less Chl  after

24,48 and 72 h than the beginning of incubation .For

aexample , after 72h, Chl  was down from 4.97± 0.09

ppm (control) to 0.026± 0.012, 0.048±0.07 ,0.03± 0.014

and 0.043 ± 0.013 ppm in benzyl triethyl ammonium

chloride, benzyl triethanol ammonium chloride, P-

methyl tolyl benzyl triethanol ammonium chloride and

P - methyl tolyl benzyl triethyl ammonium chloride

respectively.

aInhibition of Chl  increase was much more

asensitive than Chl  content itself (Fig. 2) .Indeed , it

reached approximately (at 1 mg/l surfactant

concentration) 107.9% benzyl triethyl ammonium

chloride,119.1% of benzyl triethanol ammonium

chloride, 390.5% for P-methyl benzyl triethanol

ammonium chloride and 155.6% for P-methyl tolyl

benzyl ammonium chloride with respect to control after

24h. 

After 24h inhibition was significant between all

concentrations less 5mg/l for all surfactants used for

.chla

50 Based  on  their  exposure  time EC values

(Table 1), the alga was more sensitive to P-methyl

benzyl triethanol ammonium chloride than to other

surfactants used with 50% inhibition of 0.234, 0.228

and 0.231 mg./l after 24,48 and72h respectively. The

5072h of EC  values of surfactants, benzyl triethyl

ammonium chloride and P- methyl benzyl triethyl

ammonium chloride were nearly similar and markedly

higher (1.2-1.14 mg./l ) in comparison to the two other

50 surfactants with the highest EC value ( 2.65 mg /l )

for benzyl triethyl ammonium chloride after 24h.
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Fig. 1.1: Sufractant (Benzyl triethyl ammonium chloride).

Fig. 1.2: Sufractant (Benzyl triethanol ammonium chloride).

Fig. 1.3: Sufractant (P-methyl tolyl benzyl triethanol ammonium chloride).

Fig. 1.4: Sufractant (P-methyl tolyl benzyl triethyl ammonium chloride).

Fig.1: Effect of different surfactants concentrations on chlorophyll-a content of a suspension of S. obliquus culture

after 24,48 and 72 h of incubation.
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Fig. 2.1: Sufractant (Benzyl triethyl ammonium chloride) (mg/l).

Fig. 2.2: Sufractant (Benzyl triethanol ammonium chloride) (mg/l).

Fig. 2.3: Sufractant (P-methyl tolyl benzyl triethanol ammonium chloride) (mg/l).

Fig. 2.4: Sufractant (P-methyl tolyl benzyl triethyl ammonium chloride) (mg/l).

Fig 2: Inhibition of the increase in chlorophyll-a content of S.obliquus after 24, 48 and 72 h of incubation in the

presence of different surfactants concentrations.

50Table 1: Concentrations of different surfactants (m g./l) yielding 50%  inhibition (EC ) of Chl-a content increase in a culture of

Scendesmus obliquus after an incubation of 24, 48 and 72h.

Surfactants Surfactants concentrations (mg./l)

---------------------------------------------------------------------------------------------

After 24h After 48h After 72h

1- benzyl triethyl am monium chloride 2.65 1.5 1.2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2- benzyl triethanol ammonium chloride 0.345 0.307 0.246

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3- P-methyl tolyl benzyl triethanol ammonium chloride 0.234 0.228 0.231

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4- P- methyl tolyl benzyl triethyl ammonium chloride 1.27 1.20 1.14
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Toxicity values of cationic surfactants (ammonium

salts)  on  different  freshwater  microalgae  reported

in literature   range   from  0.03  to.0.38  mg./l

50 (EC 96 h)[11 ,18 ,2]

Conclusion: It can be concluded that applied

bioassay can be used to compare effect of certain

pure surfactants in the case of its release into

environment.
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