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ABSTRACT

.Algae in the lagoons of wastewater treatment plant at port said
were alalysed qualitatively and quantitatively for the biologicai indicatiorr
of the change and improvement in *'astewater quality fiom aerared
through facultative and polishing lagoons before pumping the treared
wastewirter into lake N{anzala The first treatment lagoon proved to be

dominated by blue-greens, and in rhe argal toxicity assessment show.ed to
be toxjc with higlrer filtrate concenlrations.

The anoxic zone of the facultative ragoon was also dominated bv
blue-greens. It's filtrate showed no toxicitl,when tesred twth Selenastntn
capriconrutum.

The oxic zone of the facultative pond was quite different reflectins
a clear change in the qualify of water. It was dominated by centric diatoms
and chlorococcalean algae. \lhen assessed for toxicity, it showed
stimulation except at 90 and 100% filtrate which showed dramatic toxicrw
even Iower than the ECsr, It's todciry* may be referred to the high counts
of oscillatoria amphtbia. The polishing lagoon had a rich algal vegetation
dominated b)' the centric diatom Cyclotella menegheniana followed by
the chorococcaiean Crucigenia tetrryedia. Its filti-ate showed a slight
toxicity with concentrations over 70% which could be again refened back
to the high counts of oscillatoria amphibia. T\eeffluent pump station
was dominated by Cyclotella neneghenisna and the chlorococcalean



Azab a &

Anh.strrxi:;-srmls lal*:rnn. Wnm essessed with the algai bioassal'" it

sl:av,'rd ;io toxiciry-' ex$epi over 90?/o concentretion.

Tlrese quaiitari..'e and quantitative ph1'toplarikton analvsis'*'ith the

lcxjcifl' at'sessmeni tr;'aigalbioa"sal's prr:ved an insuffici*ni efficienct'ci1'

the F*rt Said waste\Aratef t::eatnnatt piant This hiological anaiysis is in

esreernent u'ith ejata of'BOD:. COD anC TSS that were ccmpared in the

influent ancl effiueni wirsiewater.

INTRODUCTION

The two major strategies applied for the wastew'aler treatmeni ale

the non-aigal conventionai intensive treatment and the integrated

microalgal-bacteriai system. When climate perrnits in tropical and

subtropical regions, algal-bacerial s,vstem can equal or exceed the

intensive conventional treatment and do so less expensively The algal-

bacterial photosl.mthaic orygenation of soluble organics in sewage is

carried out in special rea.ctors termed high-rate ponds. Properly designed

and operated high-rate ponds are capable of removing more than 90% of
the carbonaceous BOD and up to 80% of the nitrogen and phosphorus in

a very less expensive way (Oswald, 1988). In these porrds, the more algal

biomass is produced, the more orygenation of organics in sewage and the

more nutrient reduction are achieved In developing countries with walm

sunny climates, shallow oxidation ponds or lagoons about I m deep have

proved very effective for sewage treatment.

I{any algal genera are known to occupy wastewater ponds ftom

time to time (Palmer, 1980). Genera llke Chlunydt)motu$, Eugleru,

Chlorella, ud Oscillatoria being either flagellated or small enough or

having buo.vancy that would make them fail to settle are nondesirable in

the algal oxidation ponds. In flow-mixed ponds, best algal genera are like

Scenedesrus and Micractirium protected with spines if,r setae with rapid

gowth and would settle easily for harvesting when the pond is not mixed.

-86-



.n.Px Cor*, & Enviran- Sd 7( 1 ) (1999) .

Bux and Kassan (1994) found that the al-eae deteael in nunl'activated

siudge plants were Lhe colTrmon cnes kno*n for polluted freshu'ater

The problem with vigorous algal groxth ur sewage oxidation

ponds aiises when thev become domrnated by toxic phytoplanhers like

dinoflagellates, sorne blue-greens or coccolithophorids. Dinflagellate

toxins are known to be ex-tremely hazardous to public bealth and thev mav

cause human and animal death through paralytic shellfish poisoning (PSPt

Several dinoflagellates have been identified to b€ toxic especialli'

{ionyaulm acatenella (Prakash and Taylor, 1966).

Toxic blue-greens have been also describd for their peptide

toxins Examples are. Microcystis viridis (Watalabe et al., 1986)

Phormidium formosum (Skulberg et al., 1992) and Oscillatorta

acutissima (Barchiet al., i984).

The aim of the present work was to analyse the phyoplankton

population of the lagoons of *'astewater treatment plant at Port Said

qualitatively and quantitatively to detect the dominant and subdominant

species and to match them uith the chemical analysis, BODs, TSS (total

suspended solids) and the count of coliforms for both influent and ef8uent

to check the efficiency of the treatment plant It was also aimed to check

any possible toxicity in the lagoons water using algal bkrassay.

I\TATERIALS & NIETHODS

Water samples were collected from the aerated lagoon, anoxic and

oxic zones of the facultative lagoon, middle of polishing lagoon and at the

effluent pump station during fall 1997. One liter of' each sample was

filtered with GF/C whatman glass filters, the filtnte was preserved in the

dark at 4qC for immediate chemical and biological analysis The residue

was dried at 105'C until constant weight to measure the total suspended

solids. Another liter of the sample was kept in the dark at 4oC for COD
and BOD analvsis.
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Table 1 : Port Said lt"$tTP influent and effluent data for the
month of October 1997.
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Table I : Port said w'l*'Tp influent and eftluent dets for the
month of October lW?.
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Average pH values of different water sarnples were directly determined
right at the sam.pling stations using a horizon ecology Co pH-meter model
5995" \llelsh rnethod ii948) *'as used for the determinarion of total
alkalir.rty BoD and coD were d"-termined accorihu to stan<iard
Methods (1989).

IdentiScation of algal tara fbr phytoplankton anaiysis *'as
follorved according to smith (1950), Deskachary (1959), prescott (.19f,2,
1978), JavronisS and Papovsky (1971) and Hindak er al (19?5.1

Diversity of algal vegetation was followed as shannon and weaver
(1963). chlorophyli 'a" was estimated by the methori adopted by ApFL{
( 1985) Possible toxicity of warer samples was tested through algal
bioassays using the international test alga Selenastrum capnconrutum
incubated for a period of 5 days. values of ECso wer€ calculated as
toxiciry parameters

RESULTS AND DISCUSSION

Physical and chemical parameters with counts of coriforms for the
influent and effluent water samples during fall1997 are shown in Table
(1) Qualitative and quantitative phyoplankton analysis with diversitl'
index and saprobic index for water samples of the different lagoons are
shown in Table (2). Counts of Selenastrum capriconnrtun for the toxicitl'
test using the algal bioassay are shown in Table (3).

Algal bioassays for toxicity assessment of the different lagoons are
shown in Fig. (l). A.lgal species identified in thedifferentlagoonsare
illustrated in Plate (l).

The qualitative and quantitative analysis of phyopiankton in the
polishing lagoon Table (2) had a diversity index indicating a heauy
polluted water. As for the effluent pump station pumping the treated
wastewater into lake Manzal4 it showed a slightly better water quality
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with a diversity inciex of 0. i64, although it was still withrin the ranse ai
hear,1 polluted water.

Tltris should be asr atarm that the efficiency of ti€ wa-cte''na::*i"

ii €iiiilnrir, pianl ai Po* Said is not enorigh to saieiv pump it$ efriucn: ll
i-ai.:e Miunzalil. Tlre phytapia-niron analysis cf eerateci lag*orr. erio:cc a, i:

lrii: zones ol facuitative lagoon also shc-wed diverEitv ir;dices cf iiea',-,

roliutiorr *'ith total als{ai counts maxrmum at the oxic - ;one s:f il,:
:'ac;uliative cne.

Looking at Table {3) and Fig. il) for the toxicir{ assessm*nt oi
'*'ater samples fronn the different lagoons ttrough aigai bioassal', 1\:3

ft:rrnd that the wastewater from the aerated lago*ii rvas shown to i,',:

:;iinruiatirrg the:rropth of the test alga Seleiwstntm ctEricrsrmtrum ai) tnr:

'4'8r,, 1o j:79lo corrcentration with SCzs {concentratjon of' *?Ier sffry)ri:
c'ausing i;timulation by ZAa/o comparable to contrcl) at 589,0 Over 58'to.

ihe uater sarnple proved to be slightly toxic inhjbitin_e the grouth of thr:

test alga lower than the ccntrol. but never reached .EC:o {conc0ttr&tir,r.
rnhibiting the gron'th of the test alga by 5A% comparable to control). ,\i
lbr the ancxic - zone of the facultative lagoon. the wastewater sampi*
shci"rvcd no toxicitv but rather stimuiation with all concentrations rryirii

SC:r, at 91lor'o.

S'asrewater from the oxic-zone of the facultative pond shou,er:

slight stirnulation up to 8096, after which it proved to be toxic even 1o.iryer

tha.n the ECso level which was reached at906h concentration. Wasteq'arei
of the polishing lagoon proved to be slightly stimulatirrg up to 650 o

concentration with SCuo at 437,r. Over 65% it started to be slig}tly toxc
The trealed u'astewater from the effiuent pump station proved to bt:

stimulating the growth of the test alga with no toxicit'y The to*cir
recorded for the odc-facultative and polishing ponds, ma1'be attributed
back tcr the high counts of the blue - green alga Oscillatnria amphibia
Several :ipecies of Oscillatoria have been reported to tre toxigenic (Barchi
et al., 19E4)" The stimulation of the test algal gro*th for all samples i:;
most probably due to the availablephosphorusin wastervater. Plate (l,i
showed that the algal vegetation was dominated by ciorococcalean specie;
in addition to some diatoms, blue-greens and euglenoids. Looking at
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Table 2.Qualitative md qumtitative analysis of phytoplmkton
in rvastewater lagoons drring fall 1997.
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Species

Number oells x 1,0{/ml

aerated

Iagoon

Anouc

zone of
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lagoon

oxtc
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u\*e
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poiishi
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Iagmn
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st_
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mrrabihs
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Chlorogonium sprrale
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elegans
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I Crucigenia le.iaFsea
I

i Dctl'oxbaenum
I.
I ehrenber$aDum

i ntcractuuun l}lsrllum rar.
i
I eregans

I lv{rcractinrium psiltum

I Fresensius

I Oo*'st borgei mou
I

I Scenedesmus aamrlarus

I Scenedesmus amun$ \ar.
I

I bicaud:rars

I 
Scendesmus dimo4phus

I Scenedesrnus guadncauda lar.

I longrspnna

I Scenedesmus quadricauda var.
I

I ma\lma
I

I Selenastrumn minutum
I

I Tetradesnus *rsconsinense
I

I Tetraedron muticum
I

I Tetraedron trigonrum var.
I

I gracille
I

I Q'clotella comta

I c1'cloreua menegheniane

I 
Cf'ctoteUa urichigniana

C\,clotella sp.

Naucula canelis

Clndra aoinastroi&s

EugJena gracilis

Phacus arbicularis rar. caudatus

Chroomon4s nordste&ir

CrlFomonas or"u

0.39

0.39

t.t77

|.177

ols
0.39

a.7u

jt.t

i.56

t2

2.7

z.+

;18

19.2

23.5

3. l3

577

1.56

2.35

0.76

123

932

o./

0.78

4E

4.7

1.2

3.t3

0..{

35

20

30

50

0.4

20

90

l5

{50

200

3.6

reo

1.4

0.45

?n

70 rt8l

{.r.46

68.2

-r{

4.92

45.5

682

6

45..15

65.8

3 159

34

0.46

45.5

[1..f5

1.36

o.7l

)?

6.95

12.9

o92

J.t

0.92

761

0.82

6.95

0.95

0.68

Total number of of all species 988.61 2231 1367 4.i42 1085
Drversrl rndex (pollution

rndex)

4.2 0.069 4.073 0.153 0.161

Saprobic in&x 1.68 l5 LU t26 2.79
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Tsfrie 3. llurnker of eells x 1S{ of $eJenesrr?nlgi!?ric{}fticfsm mrl'r

*fter 5 days ineubation with different ecncentrations uf
$'Ast€'1" ater"

i ? i {-lenc S] s4 -l-- s5*-j
962
82C
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389

s32

j.10 
i

366

I

t0
?n

i0
.1CI

50

50

rc
80

90

100

Control

ECs,,

SCzo

595

786

663

613

834

588

520

211

242
200
192
204

269

I34 5

322 8

398

636

708

432

388

312

293
./ h9

r34 5

322 I

355

380.2

3r9
292

338 I
452

374

465

-r.+ I

418

108

106

269

I 34.5

3Z? 8

414

561

361

-1?5

336 1

339

275

288.,,1

243

l8r
222

275

269

134.:5

322 8

540

375

45C
A1A+ t-+

1z'1

383

558

269
32s
269

I34 5

322 8

51 = Aerated lagoon

52 : Anoxic Mid. Fac lagoon
53 : Oxic Fac. lagoon
54 : Polishing lagoon.

55 : Eff Pump Station.

Table (1) comparing the influent and effluent parameters, \r'e notice that
the TSS {total suspended solids) was reduced by 75ozi,, while the BOD
(biologlcal orygen danand was reduced by 90%. The coliform counts
were reduced bv 99.Vto.
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Pl*te (t): A.lgal species identified in the waste\rrter lagoons.
I S;irulina fin€ps fr-5p) 26. Crucigenia terrapedia {F6p)
2 ,{rthrospin plalensis var. tenui 27. Terndesmus qiscor:,silense (I-=l3p)

0,dp) 28. Tetraedron muticum (Fgp)
3. L.1lgtnr martensiana (L=2 5p) 29. Chlomgonium sprmle (t =l9ir)
4. Mensmcpadra enuissima f"emnr- 30. Ooclrt borgei snow (Fl2p)

(F3p) 31. Terraedron trigonium var. gracille

5. Merismopedia glauca (FlOOrr) (F30rr)
6. chroococcus turgldrs (D*30p) 32 Dcr-v*osphaenum ehrenbergianum

7. Chrooooccus minu$s (Ftp) (F6p)
8. Oscillatoria subbrn'is (L= l.2p) 33 Botn'diopsis arhiza (F9p)
9. oscillatoria willie (w=3p) 34. Micrdctinium pusilrum var. elegans

10. Oscillatoria foreaui (W=3p) (F7p)
I l. oscillaloria cuniceps (L=3p) 35. Micracrinium pusillum Fresensius

12. Oscilaltoria chl4rtea (L=5p) (F4p)
13 Oscillatoria amphibia (L=Sir) 36. Ankisrrodesrnus flacatus (Ldsp)
i4 Phacus ofticularis r,ar. caudatus 37..4nkistrc&smus flaeatusr-ar mirabilis

(L=70p) (L=150p)

15. EugJena gracilis (L=50p) 38. Scene&smus dimorphus (L=I7p)
16. Cnpomonas ovata (L=60p) 39. Scenedesmus quadricauda var.

I 7 Chrmmonas nordstedii (L= I I p) tongiqpina fl=9p)
lE. Cy'clotella meneghemana (Fl5py 40. Scenedesmus acuminafus (L=35p)
19. Qvclotella comlo (F20p) 41. scen&mus amutu; r'ar. bicaudatus

20. C1'clotella michiganiana (Fl0p) (L=lOrr)
2l.Naviculacanahs(L=l3p) 42. scenedesmusguadncaudavar.
22 qrdra actinastroides &=35p) ma:iima (L=30p)

23. selenasrurnminutum (F3p) 43. Aainastrum gracilimum (L=l?p)
24. chlamy'&monas pseudoperyi 44. closterium peracerosum var. elegans

(Fl8p) &=Iagp)
25. Chlorococcrrm hrmricola (F I 5p)
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Continue, Flate (1).

-97-



Asb aaL

Continue, Plate (1i.

-98-



J.F* Conz & &rsiroa ScL V( I ) (i999).

,{though the westewater treatmsnt plant at port Sard, Eg1pl.
coulc b* ccnsidered efficient fbr imprcving some par$meters ci
waslel\ratsr like totel n-rspended solids, biological o4'gin riemancj anc
colifcn:r csunts. it can::'r be considered as suscient ;"o punp r-rs effiue;:l
ts] I-,ake lv{anzala The effiueni is slighriy toxic and ir is c$lajnjy rich in the
inorganlc irurdenrs. This high nutrient ccntenr H.ould undoubtedll iead rc,

high eutrophicarion of *e lake which is alreadl'over-loaded. The lake rs

used as one of the main fishery r'esources in Eg1pt. Ttrerefirre- the design
of this treatrneni plant and other similar ones distributed in the counn-r
must be changed to the high-rare algal-bacterial system in which
circulated high-rate ponds will be used for vigorous algal growth thar
woul'i consume the inorganic nutrients and then harvested fbr fertilizer or
fuel production (oswald, 1985 and 1991) If zuch a design change is ncr
cr:nsidered, the toxicitv of the eftluent and the high eulrophjcation ipouic
have their drastic impact on rhe lake biota and public health
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.J-FJI t.oiLll

6rtiSl rrr.al dlall otr i$b. crl*r+ d 6.+l# t,tllrhlt Ltl
#t +F,.Jri'+-,ti+Jtdl i!..

dJ,.--Jl cl J. i-Jl'-o iL.- c.rl;p.+ J'c+lJi^lt uJL.Lll l-l-.p "'-:
d$lJl J:'[llJ i,;F,,:3tl Ltr. ] <r+:J:r iNrS L-ri]SJ t5S g*.5r il;r"', g'-Jl
Ji,i ii.J-rill3 LJt:i- YlJ .SlJ6Jl ;:-SYl 6l-p+ J Sr .r.:'J '-Ul'll "b u/

-iJji^ll ;.,l,j-+.rX isjul .1+ll g.:
3' ''(Yl 3-,p.--:+ utr JrYl;JEJI j;$lJ sJtJJl 6i r"t;St ca;;

LL..-Jt ..il=tX ej * lJ^..JI Jtnil5 ii-liJl elJ,;ill d $trcJl
cilj 1 -< .i--.!LX cl-S-!I! c. fL iJ,i:,X or oty e-l-l ,l ;5 j"-"tt j
ii-l-*Jl el ,6i!l (+tl=tl L.a,J b.r3; LJl,niYl 3JFJ i iJ$S3.ll Jte iih'Jl
.Cr:s$-J--S ?-)r*,1+!- u"t*,:Jl .-,IJI! JLnil d LL ,i$ J keb u5t:
:-JiF!l JJc ,-)+ll .Je tihi. jlS lii 1iJlrli. Yl i -srijl d). J."{3Jl c, '*lJ i..,JLr
l.-l .,.i 

-"J5lJl r*rJlaLll liil! '''r- i.sJL-X o!^Il crt'i,"o d e*.lr Ji;3.rX lJ+'i"

el.'..biJ ,.,.,[.JJl F ,!J,^:i'Jl .-llJllj t^,F-*X irL-ibll .4 e-2:-rl i,,iF cj+Jl

,---J;.i-i'- t6;t ;;;ryX ora iF cjil tu .1.,F dn'lJ iJ-Jl Jl=':il .Jr .ii;-*Jl
dr-:i r--:s Ll-, c-$lS .rJl 96\ ' ' ,t ' ol,$;^ rre lreL U"tJ slJIl
i4r .u fl+-ll .f^-r u*l,,.Jl rry U}i Lrr %d' &+.tJl JSJJI .5'r,..
e--J's.;:'5)t;Jrs.Jl Ui 't*i.i \.,JJi4,-Ji '.'l'L i). dJE rrijl 'rl:eYl Jl
i t<_rX rril--+Jl r-r [J -rslJl ,+l=tll ;tSs !96:lt ;J*ilJl 33 i^:JL-ll

qrl* .Ji .)+i,J ti+l-it tl,i.,'':-F };i)l ul=lli tcag" Ut'!ii++!" )lt.JSJ*

.llr--ol J L+t i*.Jl ou rsj'ir o6V'. 
,i5s dr.lJS.,;l 4.or.J^^.,11 Jtnil ."i Ll*

jtsi il-il ;J+- ,rX e.:I e!s. otJ- Li .tJiJ$.i lrJJdilr-Jl '-'l'L ir dJE JP
.'. i.r UJlSJti ,.-;;:r-,p$l J,..aiYl '.'l-LIIJ Ul+iJ++iJ4 )l!rl$J* 15J+ te:3*1

.djl L! %1. iij,$Jfo LL lgl
.il-*J.ltt iJ.*Jl d-j$:l 6- irsllr iJi+SJl i#l..ul dJlJtl.b cn''3.i

or-.r3 i-rs15 -Dc J+-..,-,f iitJ"i ts.-!t ,-i!l i+JL. iLe- ielis ;i +-t".lt
jr+JYlr ir+-rtr#X a.r*S)J riUl dp.*Syl LJCr: A:U .r" os ++j$$ g5tdt

.iSLJl rliJl gr.+. lSr ii5tr$ll ;r-,Cltl pjlll
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