








EFFECTS OF THREE DETERGENTS ON ETABOLIC ACTIJ.7n' 

Total lipid 
Total lipid contents were determined by the sulfophosphovanillin procedure 

(SPV) as reported by Chabrol and Castellano (1961). 

RESULTS AA'D DISCUSSION 

The impact of the organic detergents on aquatic life and water quality of 
Egyptian inland waters has raised much concern because of the environmental 
and health hazards of such pollutants. 

The present study deals with effects of three commonly used anionic 
detergents in Egypt; namely PERSIL automatic, OMO and ARIEL on growt~ 

metabolic activities and morphology of the three chlorophytes isolated from the 
Nile. The detergent concentrations were chosen on the basis of range finding test 
results and the 96 h EC

50 
values (96 h EC so: effective concentration of detergent 

that caused SO% reduction of growth and biochemical parameters relative to 
control after 96 h incubation). The results are illustrated in Tables (1,2,3) and 
Figures (1,2,3). 

The results revealed obvious degradation in chlorophyll a content of each of 
the three chlorophytes under the influence of detergents: In this connection, 
Krasanovskii and Luganskaya (1976) realized this phenomenon to changes in pH 
that affect the physicochemical properties of cell membranes and the solubility of 
cellular pigments. There was a great difference in the response of chlorophyll a 

of the three tested algae to detergent concentrations. The chlorophyll a of 
Coelastrum microporum was the most susceptible to detergent concentrations 
with ECSO values of 11.49, 9.S9 and 4.42 ppm for PERSIL, OMO and ARIEL, 
respectively. In the meantime, cWorophyll a of S. quadricauda was the most 
tolerant to detergents, its EC50 values in ppm were 57.9S, for PERSIL; S6.0, 
for OMO; and 72.73, for ARIEL. These results agree with the findings of Zaki 
(1983) who observed considerable decrease in cWorophyll a of the blue-green 
algae Phormidium fragile and Nostie muscorum when treated with anionic 
detergents (Sodium dodecyl benzene sulphonate, Somatic and Savo). She 
attributed the drop in chlorophyll a to differences in the reduction and oxidation 
efficiency of cytochrome "c" caused by detergents. Zachleder and Tukaj (1993) 
reported degradation of chlorophyll a. b and carotenoids of the Chlorococcal 
alga Scenedesmus armatus under the influence of the detergent DP lOS. 
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and C. microporum after 96 h incubation 
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Fig. ( 3): Effect of OMO on chemical con~titunts.Of S. quasdricauda, S. natator 
and C. microporum after 96 h incubation 
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They found that chlorophyll a was more sensitive to this detergent compared to 
chlorophyll b and the chlorophyll a:b ratio decreased with increasing detergent 
concentrations and the cells were bleached. The present data contradicts the 
finding of Kobbia et al, (1985) who observed stimulatory effect of Savo 
(anionic detergent) on chlorophyll a content of the blue-green alga Nostoc 
muscorum. They didn't observe this phenomenon with the other tested anionic 
detergents, namely sodium dodecyl benzene sulphonate and Somatic 

The dry weight of the three tested algae had progressively decreased with 
increasing detergent concentrations, except for S. quadricauda and 
C microporum where their dry weights were slightly increased at the least Ariel 
concentrations. The dry weight of C microporllm was the most sensitive to the 
detergents where their EC 50 values in ppm were 16.67, for PERSIL; 4.8, for 
ARIEL; and 12.004, for OMO, while S.qlladricauda was the most tolerant 
(EC 50 28.69, 64.16 and 42.79 ppm, for the three detergents, respectively.). The 
obvious drop in dry weights of the three chlorophytes is mainly realized to the 
inhibitory effects of detergents on their population growth. This view is 
supported by negative relation between detergent concentrations and ChI. a of 
the three algae. 

The results indicated that detergents had peculiar effect on protein contents 
of the three chlorophytes. Although ARIEL and OMO suppressed the protein 
level of the tested algae, its values were still higher than 50~o of the control even 
at the highest detergent concentrations. On the other hand, PERSIL was more 
effective for inhibiting the protein contents and C. microporum was more 
sensitive (EC 50 5.16 ppm), while the protein-N of S. natator was still higher than 
50% of the control even at the highest Persil concentration (30 ppm). The 
tolerance of protein to the tested detergents might be attributed to resistance to 
disruption of cells under our experimental conditions. The suppression of algal 
growth can be attributed to interference of surfactants with cytochrome 
synthesis and its activity through prophyrin synthesis. In tills connection, Kobbia 
et al (1985) attributed the disturbances in nitrogen metabolism of Nostic 
muscurum and Phormidium fragile by the anionic detergents Savo, Somatic 
and SDBS to lack of carbon skeleton as a result of depletion of chlorophyll 
synthesis and inhibition in photosynthesis. Moreover, this deficiency in carbon 
contents might impair peptide and protein synthesis. Zachleder and Tukaj (1993) 
realized the inhibition in protein synthesis of the Chlorococcal alga 
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Scenedesmus armatus by nonionic surfactants to photosynthetic impairment of 
the treated cells. On the other hand. Ibrahim (1975) reported the inhibitory effect 
of the anionic detergents Savo on the protein contents of three marine 
phytoplankton species. 

The results revealed that the slight increase in chlorophyll a, dry weight and 
protein of S. qlladricauda and C. microporum under the influence of lowest 
ARIEL concentrations was also associated with similar increase in carbohydrate. 
This phenomenon was completely reversed at high detergent concentrations. In 
general, the detergents had deleterious inlllbitory effect on carbohydrate contents 
of the three chlorophytes The carbohydrate content of C microporum was the 
most susceptible to the detergents with EC 50 values 288, 8.87 and 9.5 ppm for 
ARIEL, OMO and PERSIL respectively The slight increase in carbohydrate 
content of the two algae at least doses of ARIEL might be realized to the 
increase in chlorophyll a that consequently activated their photosynthetic 
activities. The inhibition of carbohydrate synthesis by detergents is mainly 
attributed to activation of termmal oxidation that increased activity of 
cytochrome "c" oxidase and reduced 1\AD dehydrogenase. This is usually 
accompanied by inhibition of succi.l1ate-cytochrome "c" reductase and NAD-
cytochrome "c" reductase (Khan et al.. 1969 and Fry and David, 1980) 
According to Zochleder and Tukaj (1993) the disturbances in carbohydrate 
metabolism of ScenedesmllS armaius under the influence of nonionic detergents 
were mainly due to inhibition in starch synthesis. Moreover, Zaki (1983) 
reported an obvious decrease in carbohydrate contents of the blue-green algae 
Phormidillm fragile and Nostic muscorum under the influence of the anionic 
detergents SDBS, Savo and Somatic, a phenomenon that was enhanced by 
mcreasing detergent concentrations. She realized the degradation m 
carbohydrate metabolism inspite of increasing chlorophyll a content to inhibition 
of photophosphorelation. On the other hand, Kof1<ina et aL (1977) attributed the 
disturbances in carbohydrate to the ability of detergents to disrupt the osmotic 
barrier of protoplasts and inhibition of NADH oxidase of membrane functions. 
This may lead to the conclusion that the disturbances of carbohydrate in green 
algae by detergents is due to suppression of the enzymes involved in metabolism 
of algal starch (chlorophycean phosphorylases). The importance of starch as a 
reserve product of green algae is due to its role for energy production and 
biosynthesis of protein (Muller. 1961 and Ruppel, 1962), chloroplast and 
pigment synthesis (Matsuka et al, 1966 and Ohad et al, 1967). 
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The results revealed morphological aberrations of S. quadricauda and 
C microporum cells under the influence of PERSIL and OMO (Plates from 1­
4). On the other hand, ARIEL didn't cause an\, morphological distortion to the 
three tested algal cells. In the meantime, S. natator cells didn't show any 
abnormalities at all doses of the detergents. S. quadricauda and 
C microporum cells were more or less similar in their morphological response 
to PERSIL and OMO. These detergents increased cell multiplication in the 
coenobium, swelling, grainy cytoplasm and destruction of cell contents. In this 
connection, Saygideger (1992) reported morphological abnormalities of 
Spirogyra jluviatilis cells when treated with the anionic detergent linear alkyl 
benzene sulphonate (LAS). The cellular integrity of this alga was broken at 0.1 
and 0.5% of the detergent. The stimulatory effect of detergents on cell 
multiplication agrees with the findings of earlier investigators (Guminska and 
Osmelak, 1980: and Zaki, 1983) who observed this phenomenon with the blue­
green algae Nostoc muscorum and Phormedium fragile when treated with 
Somatic (anionic detergent) 

From the above discussion one may come to the conclusion that the three 
chlorophytes varied greatly in their response to the detergents where 
C microporum was the most susceptible alga and S. quadricauda proved to be 
the most tolerant species. On the other hand, the biochemical parameters also 
showed considerable variations in their response to detergent concentrations. 
In general, carbohydrate was the most susceptible parameters, whereas the dry 
weight was the most resistant, except for S. quadricauda where chlorophyll a 
was the most tolerant to detergents 

The present investigation revealed the ecological threat of the three 
detergents on growth and productivity of the three chlorophytes that represent 
the base of the food chain in the River Nile on which hetrotrophic organisms 
depend. Therefore, detergents may have direct inhibitory effect on fish 
production and/or indirect effect through inhibiting the elements of food chain 
(phytoplankton, zooplankton and bottom fauna) which represent the main 
source of natural food for fish and fish larvae. 

On the other hand, the use of non-biodegradable hard detergents in Egypt 
e.g. linear alkyl benzene sulphonate (LAB) will cause serious water pollution 
problems. This finding agrees with Abd-Allah (1995) who stated that Linear 
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Alkyl Benzene isomer LABs has high surfa(::e activity or resistance to 
biodegradation and consequently causes harmful effects on fauna and flora 
mhabitmg natural water and waste streams 
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