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ABSTRACT 

Shun-lenn bioassay <!xperilJlem (l20-h) 11 'as carried 0111 10 

JerenJlinc Ihe elfecr of industrial wastes oj' [ron and Slee! Facrorics 
(lvasle c...J. and ll'Qsle B) on slanding crop, species compo\ition alld 
chiorophyll a of phYTOplankton al zero rime and during 5 Jays The 
resfllts rCl'eafcd that Waste A increased phytoplankton sranding crop 
and chlorophyll a al conccmrations (20.·/(J and 60%) while it 
decreased them ar high concentralions (SO-and100 %) ll'hilc /tVasle B 
decreased them ar all concentrations The !nost IOleranr (, 'lass \I'CIS 

Bacillariophyceae Ilhile the /}JOS[ sensitive Class Il'as Chiorophyceae. 
7here are sO/lle species whr h considered to be indicator for pollUlion 
name(J,' Nitschia palell (Bacillariophyceae) and O,rorococclIs 
milllllus (Cyanophyceae). Wasle A was accompanied wilh high 
concentrations of nulrienrs (Nitrogen and phosphorus). Hem)' metals 
concentrations and pH values were much higher in \I'QSle B Waste B 
had an inhibitory effect on phytoplankton more than wasle A. 
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MATERIAL AND METHOD 

Experimental Bioassay: 
Bioassay experiment was conducted to detennine the effect of the industrial 

waste of Iron and Steel Factories on phytoplankton standing crop, class & 
species compositon, and CrJorophyll a concentrations. 

'The control: 
Water sample was collected from the River Nile (up stream before the 

discharging point ofIron and Steel Factories). 

Industrial waste: 
The industrial waste samples were collected from inside the Iron and Steel 

Factories from two sites. The first was waste A was produced from the washing 
of rocks containing Iron metal. The second was waste B, which is collected 
from a small iake, lies inside the factones and all the wastes of the factories 
were poured in it Tne two wastes (A & B) were kept in plastic bottles and 
e>.rperiment was started in the same day that the wastes were coUected. 

PhYsico-chemical analYsis: 
Physico-chemical analyses were carried out on the control and the two 

industrial wastes ;n the first day of the experiment (Zero time) and at the end of 
it (After 5 days). TIle physico-chem-ical parameters were: Air&water 
temperature, pH (measured every day), alkalin.ity, NlL-N, '02-, N03-N, 
PO_-P, DO.P and silicate were measured at the end of the experiment All the 
parameters were measured according to AP.H.A (1995). 

The Atomic Absorption Spectrophotometer (Model Perk.in-Elmer 3010) 
equipped by Graprute Furnace (Model HG 600) as weU as Hydride unite 
(Model HG 20) were used to analyze the Heavy metals (Fe, Zn, Mo, Cd, Pb, 
Co, ell., and Sr) for control and the wo wastes APH.A (1992). 
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And Fs, Rbf'Ra , and acid ratios are functions of the combination of photo .. 
multiplier color filters. 

Calculation of EC5<,: 
Ecso express the mmimum effluent concentrations inhibiting the algal 

growth by 50%. Ecso was calculated by using linear regression (Snedecor and 
Cochran, }980). 

RESULTS 

The chemical parameters of control, waste A and waste B at zero time and 
m the end of the experiment (after 5 days) are given in Table (I), while the 
concentrations of Heavy met.qls in Control and Wastes A & B at zero time are 
given in Table (2). 

\lalues of pH at different concentrations of Waste A & B during the period 
of experiment are shol,vn in Table (3) and Fig. (1). In control. the pH increased 
gradually from its minimum value of 814 at zero time to its maximum value of 
8.36 after 3 days. L'1 Waste A, the values of pH increased gradually in 20%, 
40%, and 60% concentrations from its minimum values at zero time to its 
ma'\.imum values after 4 days, then the pH values slightly decreased after 5 days 
except at 20% waste concentration, while m 80% the pH increased mer I day 
then slightly decreased fu.crer 2 and 3 days, after 'tIl-at it increased again after 4 
and 5 days In 100% waste A, the pH increased after 1 day, then slightly 
decreased LilltJI its mirumum value after 5 days The maximum pH value L11 

waste A was 851 recorded in 20% Waste concentration after 4 and 5 davs ,~ 

while the minimum value of 7.84 was recorded in 100% waste A concentration 
a.tter 5 days. 

In waste B, the pH values increased with increasing waste concentration. 
TI1e ma,'(irnum pH values in all Waste B concentrations found at zero time, then 
decreased gradually to its minimum values after 5 days in 60%, 80% and 100% 
waste B concentrations The maximum pH value of 11.23 waste B was recorded 
in 100% waste concentration at zero time, while the minimum val ue of 8. 15 
was recorded in 80% waste B concentration after 5 days 
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_ Effect of Industrial Waste on Phytoplankton standing crop: 
The effect of different concentrations of Wastes A and B on the population 

density of phytoplankton at zero time and after 5 days are given in Table (-+) 
and Figure (2). In waste A. A sharply increase in total phytoplankton numbers 
from zero time to after 5 days in all waste A concentrations LUlril it reached its 
maximum number of 3077 x 104 cell L-1 in 60% waste A concent'ation after 5 
days. In waste B, phytoplank.'ton numbers increased from zero time to 5 days in 
20% and 40% waste B con entrat10ns, willie it decreased in 60%, 80% and 
100% until it completely disappeared in 100% waste B concentrahOn. 

Effect of Industrial Waste on Phytop}ankton dass composition and 
Leading species: 

Population densities of classes composition and percentage abtmda..l1ce to 
total phytoplankton are given in Table (5), \-\lhile the effect of different 
concentrations of V/3ste A and waste B on the population densities of the 
leading species at zero time a.'1d after:: days are given [n Table (6) & (7) 

Bacillariophyceae was the dominant class at zero time fonned more than 
50% of total phytoplankion at all waste concentrations at zero time and it "vas 
the only class found in 100% waste concentration, while it fonned 456% of 
total phytoplaIlkton in concrol at zero time. Ai1:er 5 days, the thepercemage of 
diatoms to total phytoplankton was decreased in control and all waste .-\ 
concentrations except in 80% and 100% waste A concentrations. Also it 

decreased in all lJiaste B concentrations except in 60% and 80% waste 
concentratlons 

The most dominant species of diatoms was Nir.::schia palea which the only 
species found in 100% waste A concentration after 5 days and rise from 3 x 104 

cell L -I at zero tiIne to 1369 x 10-1 cell L-I after 5 days. The percentage 
abundance to total phytoplankton of Chlorophyceae was slightly decreased 
from zerotJ.me to 5 days in control and all waste A concentrations except in 
80% waste A concentration, while it increased in all waste B concentrations 
after 5 days except in 60% waste B concentration. 

The leading species of Chlorophyceae have no clearly trend during the 
experiment. The Cyanophyceae percentage abundance to total phytoplankton 
was increased from zero time to after 5 days in control and all waste A and 
waste B concentrations except in 80% waste A and waste B concentrations. 
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Fig. ( 2): Total phytoplankton (No.of eel! x 1041-1) at different 
concentrations of Control,Waste A & WasteB at Zero 
time and after 5 days 

165
 



EXPERIMENTAL STUDY ON THE EFFECT OF IRONAND STEEL FAC1VRIES 

Cyanophyceae was t.~e domimmt class after 5 days in all waste A and waste
 
B concentrations except in 80% and iOO% A concentrations and in 60% and
 
80% waste B concentrations.
 

The most dominant speCIes of Cyanophyceae after 5 days was ChroococclIs
 
minI/IllS, which reached to its m~~imum number of 1396 x 10.1 units L- l in 40%,
 
waste A concentration a.fter 5 days.
 

Table (4): Total phytoplankton (No. of eel! x 104r1
) at different concentrations of 

Coutrol, Waster A & Waste B at Zerc time and after 5 days. 

Waste cone. Zero time After 5 day.3 

Zero time - Waste A Waste B 

Control 

20% 
I 

818 

640 

2068 

2618 

2068 

1560 

40% 446 3045 500 

60% 332 3077 256 

80% 145 2092 100 

100% 11 1374 0 
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Effect of Industrial Waste en Chlor'ophyU a concentrations: 
Toe effect of different concentrations of waste A & waste B on Chlorophyll 

a concentratIon dlLring the period of experiment are given in Table (8) and 
Figure (3) 

At zero time, the ChLa content showed a ,gradual decrease with increasing 
of waste concentrations TIle Chl.a concentration in control showed a gradual 
decrease vvith time (md reached to its minjmml1 value of 19.29 flg L -I after 5 
days. 

The ChLa concentrations in all Wf.ste A concentrations showed a gradual 
Increase with time except iI1 100% \N3Ste A concentration which slightly 
decreased till after 2 days, then sharply increased in ChLa content after 3 days 
until it reached to its maXJrilUl11 concentration in 100% waste A after 5 days. In 
waste ~ the maximum ChLa concentration of 29.42 Ilg L- j 

was recorded In 

60% concentration after 5 days, wlule !he mlnimum vaiue of 203 fl L-! In 

100% waste A concentration was observed after 2. days. 

In waste B, the Chl.a content showed a gradual decrease W1th time in all 
'vvaste B concentrations until it reached to its mirummn values after 3 days. then 
slightly increased after 4 days and after 5 days in all waste B concentrations 
except in 60°,1a and 80~'iJ waste B concentrations reached to its millimum values 
after 4 dsvs, then slightly increased after 5 days willIe In 100 % waste B the 
concermatiOn of ChLa -Nas zero after 1 day until the end of the experiment 

The £C50 value of waste A \vas not recorded during the period of 
e;.,.rperimem, \vhlIe in waste B, Ecso was decreased from its maximum value after 
I day to its mipjmum value after 3 days, then siightly increased after 4 days 
until the end of the experiment. 
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Fig. (3): Effect 6f diffcJ'cnt concentrations of Waste A &Waste B 

on Chlorophyll a (p1.g r l 
) during the period of experiment 
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et a1 (2000) Reported that CyarJOphyceae is the main dominant class in 
drainage water \\l:uch was loaded with heavy metals in drainage canals in 
western Damietta \\hich reached to its maximum value being 99.7,99 and 98% 
for Senania, Marssok and Gamassa drainage canals respectively At the high 
waste A concentrations (80 % and 100 %) and waste B concentrations (60 % 
and 80 %) Bacill.:uiophyceae \-vas predominated by Nitzschia palea, \\hich was 
the aniy spe(:ies, found at 100% waste A Tnis result agrees 'with Nather Khan 
(1990 & 1991), Dickman e! a1 (1990), Joy (1990), Sudhakar et al. (1994), Ali 
CI 995) and Brovm & Olive (1995) who reported that Nitzschia sfJP (especially 
Nit::schia paleo) were th'" most toierant species to heavy meIals and are used as 
inclicator for industrial waste po!lmionAlso these data agree with Mona. et al. 
(1000) who reported that Nil1zschia spp (Nir::schia palea, Nirzsc:hia sigma , 
Nitzschia obt/lsa 1·ar.scalpelifof1nis al1d NiTzschia Jiltformis) are found as 
epiphytes Oil some aquatic plants in polluted water in the Nile Delta There was 
positive correlation between Diatoms on the aquatic plants and heavy metals 
such as Cu and Pb and they could be used as inclicator for pollution. 

llEFERENCES 

A.bdel-Hamid, ML, ]991. Phytoplankton and water quality of the River ·de 
in Eg:,VPT PhD. TheSIS, Fae Sci., EI-Mansoura Uni., 346 pp 

,AJi,	 G.H., 1995. impact of certain heavy metals on some physiological and 
morphological charactenstics of Nile water algae Ph. D., Thesis, Botany 
Dep., Fae Of Sci, Cairo Uillv, 233pp 

.A.nther Khan, l.S.A., 1990 Assessment of water pollution using diatom 
commw"lity structure and speCIes distribution -a case study ill a tropical 
river basin. Int.Revue ges HydrobioL75 (3): 317-338. 

APHA (American Public Health Association), 1991. Standard Methods for the 
Examination of Water and Wastewater. "18th" AP.H.A AVlWA WPCF. 
American Public Healt,'l Association 1015 pp. 15th S1. N.W. Washington 
DC 20005. 

APHA (Amencan Public Health Association), 1995. Standard Methods for the 
Examination -of Water an~ Wastewater. "19th" A.P.H.A AWWA. VlPCF 

175
 



· -- - .. ". . . 

EXPERiMENTAL STUDY ON THE EFFECT OF IRONAND STEEL FACTORIES 

Joy CM,_ 1990. ToxicIty testing "'lith fresh water algae in river PelTier (India), 
Bull Em~ron. Contam. ToxicoL 45: 915-922. 

Khalil, Z, 1996 Response of Phomlidillnl fragile to· Cadmium and the 
interactive effect of Calcium and Ethylene Diamine Tetracetic Acid 
(EDTA) Egypt] MicrobioL 31, o. 3 pp. 461-472. 

Lasheen, M.R, Shehata, S.A, and Ali, G.AR.; 1990, Effect of Cadmiwn, 
Copper and Chromiwn (\'1) on the growth of Nile water algae. Watef, A.ir 
and soil pollution. 50: 19-30. 

Mohamed A Deyab; Mamdouh M. Nemat Alia and Magda FELAdl: 2000 
Phytoplankton as indicators of water quality in the irrigation and drainage 
canals JPhycoL VoL 1,2000. 

,vlona wI. GabaUah, Hussain E Toulibah and Mamdouh S Serage. 2000. 
Diatoms communities associated W1th some aquatic plants in polluted 
courses, Nile DeltalPhycoLVoLi, 2000. 

?vIore!, FMM. and Morel-Laurens, NM.L: 1983. Trace metals and planhon 
in the Ocean fact and speculations. In Wong, C S. et a!. (eds) Trace \-letals 
in Seawater, p[emun, 841-869 

Mizuno, T, 1990 TIlustrations of the Freshwater plankton of Japan 9 Th 
printing, Hoikush publishing Co., LT, Japan 353 pp 

0Tather Kha.rl, 1. S. A, 1991. Effect of urban and industrial wastes on species 
diversity of the diatom commuruty in a tropical river, MalaySIa. 
Hydrobiologia 224: 175-184 

Patrick, R and Reimer, W.C, 1975. Phytoplank1:on of United States. 
Department of Limnology. The Academy Natural Sciences of Philadelphia, 
USA 

Perscott, AGW., 1978. How to Know the Fresh-water algae (3 rd Ed.) PP 
293 Wm.CBrown company Publisher, Dubuque Iowa. 

177
 



OU E. TAHA AND EMAD H. SOBHY 

Pollingher, U; Kapla'1, B. and Berman, 1., 1995: The impact of iron and 
chelators on lake Kinneret Phytoplankton Journal of Plankton Research, 
vol. 17, No.1 0 pp. 1977-1992 

Rai,	 L C; Gaur, IP and Kumar, P. D. 1981 Phy\..ology and Heavy Metal 
pollution. BioI. Rev, 56: 99-151 

Rcnoldi, M., Carnusso, M. and Tartan, G., 1997. The highly polluted 
larnbro Rive~ (N Italy): Dissolved and solid transport of Cu, Cr and Fe. 
Water, Air, and sod pollution 95 99-118. 

Shabana, EF.: Kobbia, LA; Dowidar, AE and EI-Attar, S.A; 1993. 
Physiological Responses of the Cyanobacterium Calolhrix parielina cUld 
Green -Alga ScenedesJnlls dilllorphus to Iron, Manganese, sulphate and 
sulphIte. Egypt. J Physio!. Sci. 17, No.2 pp. 335-349 

Snedecor, G. W. and Cochran, W G, 1980. Statistical Methods, seventh 
edition, the Iowa state University press, 507pp. 

Sudhakar, G: .Juothi, B and Venkateswarlu., V; 1994. Role of diatoms as 
in.cLicntars of pollution gradients. Envir. Mon. and Assessment 33: 85-99. 

Taha, Of.. 1993 GrO\'v1h and Metabolic response of three diatoms to heavy 
metals i-Effect of Cu. Egypt 1. AppL Sci, 8 (11): 895-913 

Touliabah. H. E, 1996 EcolOgical studies on the Nile River phytoplmkton in 
relation to phYSico-chemical characters at the area between [sna and Delta 
Barrage. PhD. Thesis. Fae. of Girls Am Shams University. 

\Vhirton, B A, 1984 Algae as monitors of heavy metals in Algae as 
EcolOgIcal Indicators ed. LEShuben (London, Academic press). Pp, 257
280 

178
 




