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Toxicity of Pesticide Industrial Wastewater to
the Green Alga Scenedesmus obliquus: A Case Study
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Abstract: Algal bioassay using Scenedesnuis obliguus was an efficient procedure to evaluate the toxicity of
wastewaters generated by pesticide industry. Toxicity of raw and wastewaters treated by advanced oxidation
processes namely Fenton and Photo-fenton reactions were tested. The study revealed the toxic effect of
wastewater in terms of Chl (a) content, EC., value, carbohydrate and protein contents of algae. The toxic effect
was increased by increasing the ratio of the wastewater in the algal culture. The EC,; values at 96 h were 1.8,
18 and 28% for the raw, Fenton and Photo-fenton treated wastewater, respectively; mdicating the inprovement
in wastewater quality. This trend matches that indicated by the high percentage removal of pesticides residues
(92-97%) and mcreased BOD/COD ratio for the wastewater treated by the advanced oxidation processes.
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INTRODUCTION

The pesticide industty generates wastewater
containing toxic and non-biodegradable compounds that
remam m the aquatic environment even after the
wastewater i3 subjected to conventional treatment
(Tannsens ef al., 1997, Bertanza et al., 2001). Due to the
complex mix of compounds that might occur in such
industrial wastewater, toxicity detection 1s crucial in
assessing environmental contamination (EPA, 1993;
Bertanza et al., 2001). A single unicellular algal assay is
useful for use in water pollution control and leads to the
development of specific standards for the permissible
concentration of pollutants (OECD, 1984; Rhee, 1988).

This study was run to investigate the toxicity of raw
wastewater discharged by the HELB pesticide Co. as well
as effluent toxicity after treatment by advanced oxidation
processes, namely the Fenton and Photo-fenton
reactions.

MATERIALS AND METHODS

Wastewater samples were collected from HELB Co.
for the production of pesticides and several chemicals.
The company 1s located at new Damietta City, in the delta
region of FHgypt. Both industrial and municipal
wastewaters are discharged mto the sewer system,
without treatiment.

COD, BOD, TOC, other physico-chemical analyses,
individual organic pesticides (organophosphorus) and

heavy metals were nvestigated according to APHA
(1998). Total organic carbon (TOC) was measured using
a PHENOX TOC analyzer. GC (Model HP 6890) was used
for total organophosphorus pesticides analysis. Atomic
absorption (model Varian Spectra 220) was used for heavy
metal measurements. Advanced oxidation processes
(AOPs) namely the Fenton reaction (Fe”/H,0.) and
Photo-fenton (Fe*'/UV/H,0,) reaction were run according
to Kang et al. (2002) and Faust (1994). The Fenton system
is an oxidative technique for the treatment of refractory
organic pollutants. By to this method strong free radical
OH® is produced:

H,0,+ Fe” ——» OH® +HO +Fe™

The photo-fenton reaction is highly effective due to
wradiation with UV/ visible light where ferrous 1ons react
with H,O, generating a second HO® radical:

Fe" + H;O_UY . TFe* +HO®

The EPA (1971) Algal Assay Bottle test was
conducted. The green alga Scenedesmus obliquus was
isolated from Nile river water, purified and recultivated in
modified BG,,. The composition of BG,; medium includes
the following macro elements NaNO,, K, HPO,, MgSQ,,
CaCl,, citric acid, Na,CO., Na,;EDTA and ferric ammonium
citrate (Carmichael, 1986). The modification was done by
diluting the concentration of sodium mitrate (NaNO,) to
1/5th the original concentration according to Gamila
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(2004). The test organism was in the logarithmic phase of
growth when introduced to the standard algal culture
medium. Biocassay flasks were incubated at 24+2°C under
continuous 1llumination (=2500 Lux). Prior to conducting
the bicassay, the organism was separated from the
medium by centrifugation and washed with distilled water
(Epstemn and Schultz, 1965). The applied raw wastewater
concentrations ranged between 0.5 and 8% (v/v).
Wastewaters treated via the Fenton process, were applied
at concentration of 16 to 28% (v/v), whereas, in case of
the photo-fenton process the applied concentrations
ranged between 20 to 50% (v/v). To all assay flasks,
suitable volumes of distilled water enriched with nutrient
medium (BG,,) were added to complete the net volume to
100%. Each concentration was represented by three
flasks. A control sample, contamning the algal moculum
and the medium, was run for each test to represent the
normal order of growth. All tests were run for 10 days to
allow good growth without causing nutrient shortages.

Algal growth was determined by measuring
chlorophyll (a) content Chl (a). Chl (a) was extracted with
hot 100% methanol (Sartory and Grobbelar, 1984) and
measured spectrophotometrically at 630, 647 and 664 nm.
Chl (a) was calculated according to APHA (1998) and the
effective concentration (EC.;) which leads to 50% growth
inhibition was determined according to Finney (1971). At
maximum growth of algae, algal mass of each treatment
was collected and used for carbohydrate determination
according to DuBois et al. (1956) and protein was
determined according to Lowry et al. (1951) as modified
by Quian and Wang (1989). Results of carbohydrate and
protein were subjected to statistical analysis according to
Duncan's Mltiple Range Test (Duncan, 1955).

RESULTS AND DISCUSSION

The present study revealed the relative toxicity of
the wastewater discharged by the HELB pesticide Co.,
when measured m terms of changes of Chl (a), EC,,
carbohydrate and protemn content.

A concentration of 0.5% raw wastewater (v/v)
showed a progressive increase in Chl (a) content of
Scenedesmus obliguus culture up to the 6th day of
mcubation where by 1t approached the value of the
control indicating no toxic effect of the wastewater at that
concentration. However, as the
wastewater was increased in the range of 1 to 2% (v/v) a
progressive decrease 1n the Chl (a) content was attained
which amounted to 35 and 66%, respectively, compared to
the control (Fig. 1). Increasing the concentration of the
raw wastewater to 8% (v/v) resulted in the decay of algal
cells. Results presented in Fig. 1 for wastewater treated

dose of the raw
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with the Fenton process, revealed the improvement in
the quality of the wastewater where its inhibitory effect
on algae was greatly reduced. Consequently, at a
concentration of 16% (v/v) of the treated wastewater, the
percentage inhibition of algal growth, in terms of Chl (a)
amounted to 13%, compared to the control at the 8th day
of meubation. Treatment of the HELB wastewater with the
Photo-fenton process resulted in further improvement
in the quality of the wastewater (Fig. 1). Under such
conditions, algal medium dosed with 20% (v/v) of the
treated wastewater, showed slight decrease m Chl (a)
content up to the 4th day of incubation, whereafter the
algal culture showed progressive increase in Chl (a)
content which approached the level of the control (Fig. 1).
Addition of a low concentration of the treated pesticide
wastewater tends to stunulate algal growth and an
increase in Chl (a) content was recorded. Such a result is
in agreement with previous studies where addition of low
concentration of the phenylamide herbicide patoran,
increased Chl (a) content of Scendesmus sp. culture
(El-Dib et al., 1991). The stimulative effect of low herbicide
concentration on photosynthetic pigment and growth
may be a result of algal cell adaptation (Koening, 1990;
El-Dib et al., 2000).

EC,, values attained by probit analysis, in terms of
Chl (a) content were 2.3 and 1.8% for the raw wastewater,
at 48 and 96 h, respectively. After treatment with the
Fenton process the EC,; values amounted to 19.5 and
18.5% at the previously given time intervals, respectively.
In the case of Photo-fenton treatment, the EC., of
wastewater amounted to 28.5 and 28% at 48 and 96 h,
respectively. The results of decreasing toxicity of HELB
wastewater as revealed by the increase in EC,, values
are a good indication of the effectiveness of the
Fenton and Photo-fenton reactions as advanced
oxidation procedures (Hommstorm, 1990) According to
Abdel-Hamid et of. (1993), two of the industrial effluents,
out of six, were highly inhibitory to Selenastrum
capricornutum and  showed EC; values ranging
between 1 and 10% (v/v)at 96 h

Build up of carbohydrate and protein by higher
plants and algae is a good indicator of normal
photosynthesis activity and metabolic functions. The
stress imposed by toxic pollutants i the raw and treated
wastewater was reflected on carbohydrate and protein
contents of Scenedesnmus algal culture (Fig. 2). In general,
algal contents of carbohydrate and protein significantly
decreased as the applied doses of wastewater were
increased. El-Dib et al. (2000) indicated that metabolic
build up of carbohydrate by Selenastrum capricornutum
was only inhibited m the presence of high doses
from pentachlorophencl (0.669 to 1.84 mgL ™). Protein
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Fig. 1: Effect of pre-and post-treated wastewater of the HELB pesticide industry on chlorophyll (a) content of
Scenedesmus obliquus

Table 1: Physico-chemical characteristics of pre-and post-treated wastewater synthesis, on the other hand, was inhibited by all

from the pesticide indusiry (HELB) e D— concentration levels. Also, El-Sheekh et al (1994)

L — reported that a sublethal concentration of atrazine

Parameter wastewater Fenton Photo-fenton herbicide to the green algae Chlorella sp. induced a

pH value 17T 8.0 general inhibition of growth, photosynthesis and

Total suspended solids (mg 1™ S17 3.0 20 reduction in proten synthesis with increasing herbicide
Settlable matter 10 min (cm®) 0.0 0.0 0.0 - p . hAS )

Settlable matter 30 min (cm?) 00 0.0 0.0 concentration. This trend matches that shown by the
Chemical oxygen demand (mg O; L1 2130 216 95 decrease in Chl (a) content. However, the toxic and/or
R . -1 . . .
Biological oxygen demand (mg O, L™) 405 8 32 inhibitory effects of HELB wastewater, on algal metabolic

BOD/COD 023 038 0.55 .. . .

TOC (mg L.-) 240 45 45 activity and build up of photosynthesis, tended to
Total phosphorus (mg P L™ 32 24 39 decrease after treatment with the advanced oxidative
?ﬁ ﬂsgj(tn;’gl L"')tt P iéf? ?544 1;];* procedures. The concentration of heavy metals in the

olal extractable matier (Img . . . : :

Total phenols (mg L") 025 <0005 <0005 HELB wastewater, either raw or treated was relatively low
Total organophosphorus pesticides (mgL™) 21.8 1§ 0.6 and not expected to exert toxic effects on Scenedesnus
HG:VY met'cﬂli (Gamila and Naglaa, 1999). Consequently, toxicity of the
Cre (mg L ) <0.02 ND ND wastewater is mainly due to organic and pesticide
Ni (mgL™) <0.02 ND ND _ ) o .

Zn (mg L) <001 ND D residues, which are oxidized by the applied Fenton and
# =Not Detected Photo-fenton processes (Table 1).
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Fig. 2: Effect of pre-and post-treated wastewater from the HELB pesticide industry on carbohydrate and protein content

of Scenedesmus obliguus at maximum growth

The BOD/COD ratio 1s used to express the
biodegradability of a wastewater. A BOD/COD ratio
more than 0.3 is an indication of a good biodegradability
(Chun and Wang 1999; Sama ef al., 2001). Results
given in Table 1 indicated a BOD/COD ratio of less than
0.3 for the raw wastewater whereas for the treated
wastewater the ratio was 0.38 and 0.55 for the Fenton
and Photo-fenton processes, respectively. Such results
degradation of the refractory and toxic
pesticide compounds.

indicate
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The present study showed that an algal bioassay
using Scenedesmus obliquus presents an appropriate
method  for evaluating the toxicity of industrial
wastewater and measuring the efficiency of wastewater
treatment m the elimination of toxic chemicals.

REFERENCES

American Puplic Health Association, 1998. Standard
Methods for the Exammation of Water and
Wastewater APHA. AWWA. WEF. 20th Edn.



Pak. J. Biol. Sci., 9 (3): 563-567, 2006

Abdel-Hamid, M.I, S.A. Shaaban-Dessouki and
OM. Skulberg, 1993, Water quality of the River
Nile. 3-Toxicity assessment of six industrial
effluents polluting the River Nile. Environ. Toxicol.
Wat. Qual., 8: 239-254,

Bertanza, G., C. Collivignarell and T.R. Pedrazzen, 2001 .
The oxidation in combined
chemical-physical and  biclogical processes:
experience of industrial wastewater treatment. Water
Sei. Technol., 44: 109-116.

Carmichael, W.W., 1986. Isolation, culture and toxicity
testing of toxic fresh water cyanobacteria (blue-green
algae). In. V Shilo ed Fundamental Research in
Homogenous Catalysis. New York Gordon and
Breach., pp: 1249-1262.

Chun, H and Y. Wang, 1999. Decolorization and
biodegradability of photocatalytic treated azodyes
and wool textile Chemosphere,
39: 2107-2115.

DuBois, M., K.A. Gilles, . K. Hamilton, P.A. Rebers and F.
Smith, 1956. Colorimetric method for determination of
sugars and related substances. Anal. Chem., 28:
350-356.

Duncan, D.E., 1955. Multiple range and multiple tests.
Biometrics., 11: 1-24.

El-Dib, M.A., HF. Abou-Waly, H. El-Tantawy and
A M. El-Naby, 2000. Effect of pentachlorophenol on
the green algae Selenastrum capricornutum. Egypt
T. Microbiol., 35: 569-581.

El-Dib, M.A., S.A. Shehata and H.F. Abou-Waly, 1991.
Response of fresh water algae (Scemedesmus sp.)
to phenylurea herbicides. Water Air Soil Pollut,
55: 295-303.

El-Sheekh, M.M., HM. Kotkat and ©O.H.E. Hammouda,
1994, Effect of atrazine herbicide on growth,
photosynthesis, protein synthesis and fatty acid
composition in the unicellular green algae Chlorella
kessleri. Ecotoxicol. Environ. Saf., 29: 349-358.

EPA, 1971. Algal assay procedures bottle test. National
EButrophication  Research  Program.  National
Environmental Research Centers Environmental
Protection Agency Corvalis, OR, USA.

EPA, 1993. Methods for aquatic toxicity identification
evaluations. Phase II toxicity identification
procedures for samples exhibiting acute and chronic
toxicity. 1600/R-92/080. Environmental Research
Laboratory, Duluth, MN USA Environmental
Protection Agency.

Epstein, TW. and 5.G. Schultz, 1965. Cation transport in
E. coli, regulation of cation content. J. Gen. Physiol.,
49: 221-234,

role of chemical

wastewater.

567

Faust, B.C., 1994, A review of the photochemical redox
reactions of iron (IT1) Species in Atmospheric,
Oceanic and Surface Waters: Influences
Geochemical Cycles and Oxidant Formation In:
Helz, G.R., R.G. Zepp and D.G. Grosby, (Eds.).
Aquatic and Surface Chemistry. Lewis, Boca Raton,
FL., pp: 3-37.

Finney, D.1., 1971. Probit Analysis. 3rd Edn.,, Cambridge
University Press, Cambridge, UK., Pages: 318.

Gamila, H.A., 2004. Fluoride and aluminium tolerance in
planktonic microalgae. Fluoride, 37: 88-95.

Gamila, HA. and F.A. Naglaa,1999. Estimation of the
hazard concentration of industrial wastewaters
using algal bicassay. Bull. Environ. Contam. Toxicol.,
63: 407-414.

Hornstorm, E., 1990. Toxicity test with algae-discussion
on the batch method. Ecotoxicol. Environ. Saf.,
20: 343-353.

OECD, 1984. Gudline for testing of chemicals, algae,
growth mhibition test, 201: 1-14.

Tannsens, 1., T. Tanghe and W. Verstraate, 1997.
Micropollutants: A bottleneck in  sustainable
wastewater treatment. Wat. Sci. Technel., 35: 13-26.

Kang, N., D.S. Lee and J. Yoon., 2002. Kinetic modeling of
Fenton oxidation of phenol and monochlorophenols.
Chemosphere., 47: 3457-3463.

Koemng, F., 1990. Shade adaptation in cyanobacteria.
Photosyn. Res., 26: 29-37.

Lowry, O.H., N.I. Rosebrough, A L. Farr and R.J. Randall,
1951. Protein measurement with the folin phenol
reagent. J. Biol. Chem., 193: 265-275.

Quian, K. and 5. Wang, 1989, An improvement in
determination of algal protein by the Folin-Phenol
method. Halyang Yu Huzhao., 20: 192-196.

Rhee, G.Y., 1988. Persistent Toxic Substances and
Phytoplankton in the Great Lakes. In Evans, M.S.
(Ed.). Toxic Contaminants and Ecosystems Health:
A Great Lakes focus, John Wiley and Sons, NY,
Pp: 513-525.

Sarria, V., S. Parra, M. Invermizzi, P. Pennger and
C. Pulgarin, 2001. Photochemical-biological treatment
of a real industrial biorecalcitrant wastewater
containing  S-amino-6-methyl-2-benzimidazolone.
Wat. Sci. Tech., 44: 93-101.

Sartory, D.P. and J.U. Grobbelar, 1984. Extraction of
chlorophyll (a) from freshwater phytoplankton
for spectrophotometric analysis. Hydrobiologia,
114: 177-187.

o1



	563-567 - Copy_Page_1
	563-567 - Copy_Page_2
	563-567 - Copy_Page_3
	563-567 - Copy_Page_4
	563-567 - Copy_Page_5

