
td:i >rYl {c r 6ta,rJ ,}ta. i$.. _r d+j.J3i , .rJ" 1999 , o..K! .r.l,.1 . e-jil ilr-

?I"b i A+Iill ;rtrlldrJ 6J*atlx5lrilt
Chlorella Yul{aris

.r.+*i.rr tt d+" 
o ,6eAt.l{l# 45, 

t ,t ,Jjij1'l9! 
o

Ai$let i*r..rtt ?JS - rl,$J ?*{ t+ O

.o+lrJf \15 - ;r*ll hl l" @

L-.e )[ilf
.. I i /t.. tc-,L--j.,l Cty .,lr Chlorella nrglaris ,.,\. l- 4-,I.,L! A*lJrll cs ,-ii,,,i

L-:t*x; 3r $-.r^ 31s,-: [3L^-l -r,- pgn2 ,Zn*2 ,Ccl*2 ,C1-2 +ri|l i-:LJl
o-r--,1 ,',I-rJHi JFr cgjJt dp t*i dtjt l:a ur...,rjlul !*,_Jl Gll tJi,-J
,J--'lii -,-ll 6ri 1 .. erlJl ,CL-, .'t tr-*-.L^:-^:l ,i a_rl=rl .Jil. ._JJ ;-:L_Jl
LiXiLr u:t -.-Jl a)^ ixl_ilI crt x]l ,-,q\'iil .rjlul .t--_rjl J l^j,Jslj

_,-,:;*Jl i;s_i 3r._Jl Lys -xr-,

t-o ritl
,JS L.b l:+ <-i-; j5lJ+ 4,.*tll "',*Jl .r" +lJll ;tl.,_"il .+l-r-

'--.jt tilsll f'*+i i j:L^jl :rA .iliii lj.--rlJl ;:l ^o,,-e 3:_:,_r cr-r-ll c_,\

,i,-rrs i-,Jl .:ri-rSl iL-.. i.-I.:Y q)j;- ls,^.+ ,i,.-.,i 
-)$l_li; 4Sl

,i i, t_-; ll*l e.r;r:. Jl "+^- 
r;r5. a"c s.:LJl ,\ -;$lj iirLj.e:eij

c..,1 ,:JL-sJl u4 Jr;i+iill r.1jLll j$lj _pli.-,,_,. _:il .el..yl dll dD.a

O-Ji L-.1-"..jlc. ;'---,g f,r!.+_l -,!J;.-6Ui .i]+ll ;,.,\l-Ll\ L:-,Vl

Jl '*--] g]:-'-3 'r++r2Ul 
c,u] UU_r (Z) 

""s'ilt 
,.J:,-"_r (f ) i.J+rrrfs

,-:Y'------ ,Jc a-riJl 'i. J*ib d *ql (+) ,t+I .:-.)c.LdiJ (:) cl,r'i,-vr
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- dF -pYl .1o e 6rr-l ddc- iS" r &j d-1:1 , + 1992 , uF.til Jd . esit 1l+-
I

l''']ll-i 6.L-:-.1 ,r-b tilU ,:,\1'. LII k;-l 4$tJl el.,-Yl .-'b-r dl!;i

-l + 
(ll ' r..:J , q^jll !-,-l u# toj5li L-,LL t{-L+l Ji i!fiJl g:LJl

Z_r' li ,o cj-lFl U-.-^ -r:e ,rlc ,.r\lsL\l C i!"rll ;rLJl g'^ aXlJp^ll

-frJ;, LF cg.rLJl ora L^- L-lb C oni ,al L-'l--Ell illJl 3'-'\-l^ll

'J,' "L'Jl :.llilr *JHl J$lJ .;l erL" 
'! 
.t+Fl ii-ps-e -rJl L"-l ; ,-.1r' 

jl

.yJl l-_r ; +-,r:Jl :lyJl3

.-Ic' Chlorella vulgalis ,.'\- L +Sij f* t i':(\l L.lJil 5rA L-.is'3i''rl

r ir- 1l\:.ll jilr.;gSl> i.rh_,_l + \=Jl t-,rl ii- 4L'riijl grL-Jl u.-l..i^l

; 6Jl 'iJ .+16 dlhJ ,'t'- a.;;-3 6-rasr^ i; +--+ i:ul '\ 
jjL:j

.al-,till JTLJUol-ll t--r-I ,J-J,n ri irriiil ','\l'l\l lr's rl r:''i'-',I l!t5-l

d.{dhll $:.bg tlgJl
j F:Jl LJ\.lll -*i ,Jl ,-^\ ec!13 C. vulgaris Beyerinck (1980)
\ J \ er \? .:i

?t*cittJrtrll

.Cu*2 1:L-^Jl e.,ljy,,Y JI/-l- (1OOO) j5;+ i-.'-r+ $t-- --,---,;
,CtrSOr 5HrO j-.iiJl 

C).-----Yl i ,l:1" 'g\ "' 
lJ-, Pb-2 ,Zn-2 ,Cd*2

.) JLJI 'Ul .,j dt-+tt .'I' Pb (NO;)z .ZnSOa.7H2O .Cd (NO:)r 4HzO

.aj)Jl ' i'.tii'i\l ol*! Lilll Fl-,ll '--r-ila-:.3 
jlisaYl

' iJebJl;rbj

Cl i\< i.ILJl o+il| a--,!l u,^ "IL (tO) <:U:J+ d.-r e,l=-).Jl 1:-.r

t ,u ,,.,---lc. q:L:t*j cgtl:r.jJl JIJ-/{,lr (10'x (5-4)) .rJc ,-e3LJl3

cdrl;;S^Jl tliii-LJ l.L{ill rrilJl -b:,:! r'- (7) (Cnu-l0D) diL" €))
j o e'aAcL,l (16) ;r^l;ob] ;-,.l-s y r"(21) i;-,1> c+J* dJlJJl cii;:

6- dL (so) r*'ulll .+ r.i .rtJi (z) ;:^:, q^-He)r.')} c,t-cl- (8)

gjlJJl .:;rul al 
r-'i,-,rL cr-F:i r-l;L Lls,i t*t tr \.r,.,ll.Lll 'bs_y



qdF -l1.Yl .p r g$rJ ,+\- iS. .r .J:, i .J_fr , ,/t 1999 , ,J..lrl $^t . Ciit 1l*,.
L

jlsl_fi u"tg o:! C,tJt Li-r,6it!j (tO) ;ut +1ii.:/;_,13r (:OOO) i-c_r+

c.,t-r;'JYl o^;LJl out+ drl>. cix i,,''.1-rll dt-,iJ ,+ oj:rll erLJl d:uJ,,i

Ljt # o+-!l .*ll (",-,'JJ ,t'$JJl .,-,lJt+ dl^dll oL d.,.*]Jl iJ
c-,"1 ,:il ,"'l-i-_, AcL- (48) 6il f"(105) 6JlJ,= a+_r* t.-,sLJ d_l_,: 4#;;

.k+ rleit erLJl c.,l,3ri _l$l_fi

sJ t*bJ' rn A.AjJt drtdt n [:r91i s)bj*t
,.'\l -r-\l d1.,_,1+ u,r_.: f (o.Ol-0.01) ii 3-, c.,1. (S) a4+,..,.+il

(S) l-' ..-t c,Sj: tJ' .JS .,J;*ll 4J::Jl ,_.,:.-L' gra _iitJ. (l) t*-4 , l,r,.i3

(s) ;l iWl r+Jl ,Jxi,'*', .1-,r-l 6-,^-.., r.(70) 6tlr= n=-r+ cyuir

4--i t--|fill rl---ll c.,l irri j$lj c_-u.F_l ,t_.,1,_r3,ryl ;* .,JL=JI ol.jQ {t!t
Flarne Atornic Absorytion .rg-Jl 6;rJl u-L^-LYl , '.lL 

-lQ: .l .-.i*L:

cra ri'i ',13 (Pye unicaur) r-lu tHl ;_.-:ti Spectrophotorneter (FAAS)

aldill ;*'rJl ir.yi _Sl_i 6l <.r,,y +JLjl +JrtJl

E.o,,: ++ - looo

'(t+ t: Tlt'lrl,p,A-) "'\' 
LII C >-iJ j*-r : E.n,,

(JI/.1^) ;J',L^ll -j--- _,i e JSIJI J---iJl _.\j : A

(rl+) +'Lt JqJl -Jr : B

(c,) .JUi n-.r .-bll Jjll : D

cpJJJt b*JJl r,o ;liiJ| r, Jhl I J tjEi r)€)lel*r
, i, .:, ^i-, .jG!l abi L" JJ e.(20) i:l>= <+_r-1 4-r-,s.j -+ 3;l_il1 :=i

dr-dL-^ rL- Jt-l.L (iO-S) -r _A>Jl 4jilJl ,'':"^l-' i ,i]jt (f ) ot

eL- _iljL (25) C Jt*3Jl .i-\l .Jxi: Llryl ,JLsy,J J=ll d-r_r cit_,rryl

i \.,c;\l ;rL!l il,,ui j$lj y,SJ a.S-iL)-, 
o.,Lid.=J 

L,i-J il.y,,yl j^ J,^
.o+91 al.:L^ll al 

.i'i,ulr isjl ,.,L-,,.. iJ FAAS ll :k++ +
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i

c.jgiJ'
cJ-r-,.--. .,Jl 6r 'ir. 6; +.-+ *l- ill olr_*! ,. ,\- L\l {Lt - 3jtjj crJ,+li
'H <l-,:ill i;.h-r (i f c.lS;) ,.,\,Lti r,"+ C LSt;utt .,,kll r:tjS uJ i;.!-r
r io f/-t (U.AOZ) Yu .rl-i .-.,-.1:: u4ii]l 6;,i! 6:b;3 +:* +iL . Jl

0'13 jls lll ij 'uL,.) L-,J*-- Ei c-uls oi ..+ r/-r (2) 4l^r--I

.s_E *_.,i,lll urul i$l-i (",, ^i-il ,Iblb_l ,;,Ar_Jt il_t_ C (JI/_f
orlr;l ,r\ \rS cdr)*L_,-ll a_il{_r ++J}j ,e (i 2 .Jfu) ,:-tit l-,Jl
j+llJill 6.L+-r itr r--s.r^ 6-l +^-+ ,Gl,'^J rb p;y:Kll sr" a^SljJl cl.+^<t|

Lll,,:-Jl dr!:,"<\l ,t.,- t'bi &, (= I .ji1,) u4JJl ';s ":b;J n,L:,Jl

_'ullj r", ','i:.rl I .(.,--y+ (2) 4tul .,b p/+ (zz.tsz),;^
L-..ilt Ui .5tgt +iLSJ_r (+Z d(Jl) +-:jl !,"-,J .; qdjiJt .y,*.:L$l

' # ai t"Sl;Jl crL*Sll ,_iy:-^ ;.:L;6jt ll o *LG 
",*-;K[l

(t2s.767) a slJ yr,- *fri *, (+ f ,Js) cr^:rt .^Jt j',sl-)jll ;.!_x
a-; ajl_;:,^ll crLXll t-r..irrl, il* (S) +UU_1 s. eot. o:: e_l*
,i----. <iilJl j!,SlJill r',,:-iiil _!tiJ!; ._,4,51 dJ. aqi <,; :1 , ,t. L\t J
.,ol .-Jl Li .(" Z -K) ;+,Jl 3i 3-,b-I .t';:rt :,-,jl .r_r -',.^-JLJI
Yr'-" J.i &, 4st l j$lJll i.l:-i ,-+i o- Lsl-lJl .jL<rl c-:*:|.:;l :'.rii

r-rl.: :i-.!_,Jl oLt^r .:[L rry-]" (30) 4tt*lt ; r/#^ (:01.793) U
'.' \.-i +---- <-.,-" t'rj--Jl -lsljl ,",-'^i-ilJ (-: r Je) ;.-..,-.-Jl J+c J,,*^rl

dl, il/-l^ (ZO ,25,20) ..,)."L^il eri:r-t '.ic;Ul e-dl u# c,)-L-^Jl '

{-liitll #lJill <.,,.i:.i1, .{LlJl 9 6+LJl erJl C l-:Uijl .:,J+Li

I eIJL-'Jl e-r.ilt .,---, l41," Y (r Z JS*l) cJ-l, ll a,:.+f: ,s.:Jt Ljf 
"+

(:O ,ZS ,20) e.\L--- I\ s---r-y)l I ,.J1 os +-,- r._,inJl j,SlJjll ,..,-i.i;lj

rr--i t-:^ *'tj*ll jSlJiJl cr*iJl clJS .r-,1_xrjl ga SLJI i_Cl .i I/_t
,JJ- *-,tJl ;!l rr c_r)-LJl 

CJ^+J ts._,rjl L-rl
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slrEhJl d a*d?r'4J ql V;,r*ii| ;rLdl n U31i xSf;
t---=3r;* Al$rll r1rLll al-:3,Ji o^ :_ili- _FlJij , _.:1. L\l e;U*_r sc.

6tL+-, -jl ,':r-r.rlSl3 o"L-rll :jr''^J ejtjj oJ+Li ,,t+i i.-, ;rJ, :i.,j-,-J
'v-<l> i;.L+t r ir^ (p . 0.01) ::_*L i.rL; e,l_,Jl g* *"sl;iJl crL.<tl
.* */-r Q.zts) kl .J.- .J-i &, 1i : cre) cu-rJr tilsJ .3+..:Lsrl

i'--- <-^Sl;jJl crl ,r"<ll orl-r;l ,;l l-:S -li-t (f Ca ,0.5 CLr) a1^tll
k;-J -J:'- *L'i A_,.rL' tl e^:cL,^Jl ;'.,slJljJl ir!_r r.,t-L\l C e-r-,-.:t51l

.;_,-ri i ,t-Li cFr,Jtl/+ (f CA ,0,5 C,) i.LtJl * r.irf (S.O:r;
6.L-+'l \ 'rc i**5 'UrU.rl 

*-_,,,11 -t--rl *r +d-lf L",Ldl j$lj r-,. ^i:.rl

\: <li d cjt -ll dll\ (i 4 .Ji,,) n).tll .r{ Se.rrsl g, asu,Jl j!,slJill

;l --L;l u"L_Jl _Fl-i ii_:L; _:rc .r-:Jl L_-Jl .rr 1$+jll e..s1^jtsl

.n\t-ll
,:-." ,--Jl;+Jl c-rl , "<ll irl"l;l :ii ,,_,,_-;lJl q- L/|^1li .isf ij ;i
{-ILJI s---- r"r, -iiil, (22n,0.25 Cu) 4j-t-ll }.' Lcj.,.'_^.g}S*+ su[_itl
(; Zn) i t"tll J +; <"St ,;Jl iL{lL L_,u'^ JI/_I (S Zn., 5 C')
4 ji +-J -*^-Jl :.ll3 . ,i - r\l _,-.----" ,,-SlJrJl c-.t .Sl r il.li.i J: g_t
l- ,,-Jl j g,t -rll O. e-,iii^il j+ljll t..,.:-qiilr .(+ 3 als;) c.,)..u1
;.L+-r r;l ;:'iyl l'. r -!_l (+ 4 Ja) ,'r,-;t_:Jl f .rr_;J i. o-ri'
L -!l j ,:+^-.;'.=Jl -* i.liji"jl JjlJ..'ll ,",, ^i-rl C\ , .,-,,_--;L._Jl 

_Sl_u

(5 zn ,0.5 c') ,(s zn o.25 c') , (2 Zn ,0.5 cu) aLt-I r,c .r-c.-,,Jr
-t/ .t lr -, ^ - \ -r I.fl4^ () Zn tl Llt)  Lol'_-ojl.r d_,rlr-

H 4'lqt:l :ic- ,.,1- l-\l d *tll ;* iXl;.,JI c_rL^Sl c_r_,I_:;l ULlS

.;rr____,Yl +- t__+_rr.., '.t.ri.; 
!3.-r)*LJl q_,Iri o_ (* 3 JS_) .rL--Jl

CJ: I ,' :i .U-t --"tl q-.'.L-i r-ic. ,,oLo-,Jl .-,^ 4.Sl_ilI nF<tl t..r, -ii il,
'y <l-n t"r,:-ii il clJS ";r;i- ;JJ"_-+ ,,-iJl *t=J+ L:6" giyh t tti:..;

,-,-l ,^-)l e---- {*t J .o i*S Lrf*rf ,s..;jl l,,Jl + a_,i_c^tt *l-itl



L

J". t-i ..g-o!l ,rr, ;hir pl3 c;Uf';l qlri e (+ 3 .Js-,) L-:.-" t,y,^t

cr:lr_.,rl r ii (r 3 JSJ) i.-&: o -0'l +.-+ o*,-;tJl-9 p:*^:tSlj *t-i\l *\,':.!

(Z.SS+) ls I gir --.,r---Li C-!, L."--;:LJ u,t.ll ;* i-Sl;+Jl cib^SJl

ur-;rbjl ,"',' i:.i13 ,Jlli+ p 2n,25 Pb c0.25 Cu) al.l,*tl -ri'.ci+
c.rrlr;l ,;l \S I/+ (O.S CO ,25Pb,0.25 Cu) ;.Ll*ll :ic *l-i\l Slj
tl cJ.- *tri &, g:ul crt+ C* dil;l r.lc a;r;^-:lSl 1x i^Sl;pll crLr"Sll

c-rL"Sll t-i .I/+ (O.S Ca ,52n,0.25 Cu) a-l^t-;l o'-/+ (+.SZe)

4isl 'i \ ic qJ'* giS;".r ,"',' i-il :di ,.,\- LII .rs i*,--lLJl .x tJlJill

,rl , ^Jl g^ a-Sl;*Jl ot*<t1 ca-:l.r;I3 ,q9;r..Yl 6-rr-*Jl C" 
l-;1** iil q,-.+

-\-,z.ic L ,i ,,, Y G-FYI 9-:l--Jl C" {..i;-^ ii; q,-+ $Lil -:jrc. ,,,\- L\l ;i
,5 2n.,25 Pb) i.LLJl * C./ft (i.ZZlOZ) +j Jr,- -i.i &r a-,,--;l.Jl

{jst4l \ i.. 6.J_!l !.-rl # c-li-iJt *l-ill -tslj r-r.:-q-rlr.(O S CO

.i--* ;.+'-j$lj.",^-', i.,j: (4 jS,") ;:L-Jl 1.e. y:.Ji'- ii;o^--+

r r r i .r\-l .J.'-;.:l 6!: c'-tjt t-rl .rr +i$ll C-r,p:\Sll j:Sl-'i r-',:-iiil ells

_'*llj'*i 1y+ (O.s Ca ,52n,025 Cu) al.t-Jl .b 4+ (O.Oaz;

,rl \\ _;'--r;*ll 5i + r-tsI_i r", :^,i:.il $ -r.-_!l L,il .r-i;.r-^--;Hl

(t .O+O) +-J ;]:--" .,------,-'i &,r ;-'Jl !.-rl ; z-ri+il 
-,--L--jJl ;Sl_r

-;J.l* (O ; Ca ,5 Zn ,25 Pb) tLt..]l .b _iy+

;-;dtrtl
e.rUqJl 1".,," )J 4+iul oLoYl +- ji Jl drL"lJil ,.^ -1:Jl nJUi

i ,r\Lil 4i$ dUiJ rJjirjl cJ:t *lL -tUJYl <:'r*r gF i-a.". i-,r..*I UbJI

,.,\l -r\l j isill er+Lll ft; Oi i'ii.Jr,(11 ,10 ,9) ;:rJl ,+tS)J
/^\r\r.u t : t. ra.l a':.1

. (9) l-JJl C J.-- d ...l*i +!^5-4$h;'-'r .-,$- ..'' t+:U :A
,.,11 -- Lll ----r 4,iill o-:LJl .il-,gi dl^ i^Sl-il1 tL^Sl c-i)-,-'l ;1

6 i-i: ,. , \- L\l Lts: dl " Jl "-*(-r-.r clsJl urJl d),iil .rj.l u-l'.:



rdF >rYl s.o r 6tr-t .!.lF tJS. J d.,1-,1,J3a , .rb 1999 , u-lil J).1 . e:i! il+.

.rl IrJ i---,x, 0q ,l3 ,12 ,2) cat ,,lt:!l c.J^ 
jrc 

C^ d+ l*_l ..r+JJl
O^ i-Sl_ilI crL-<\l 6r!j d] .c'-JJl t-*_,ll r# ollJl dll j$lj r.,,_iijl
a-ryt J .g-"J +.-6J=!l grt--Jl J" {Jl-ill .rFSJt+ n:ttli. ;*:;LJl
S ri (f S ,l) e-- o+ lr,r3 i,:l-ll Jlr+t!qt;g C*-;L-JI ot,-".,y U1-.1I

i,tyt .-J _ri :+.:,yl oUt*jl dF +!l C d_\--Jl l+l -t>ilt 6!i,,y :j1

-t-r)ti 
ui ,-J (f 6) -+_l -:ris cs*,o;ul 4r^^,, L_lbi,-,\-LIl l*-..:..t,,.,r .rjJl

Internal tJ)ill g!--=l.r a.,, --11J1 t+^ ,u {-JljJ ,,.,_lc' d_",j ,.,\l- Lll

a-"JEt a{ L+r,,LJ'll e JL. (exclusion) ,.:tn,l cx Y+ (detoxificatio'

.(tl ,16 ,4) .:Lir,"yl iJ-..r 3:+"rlSl3 u*tll {-,-"--

r ic C. wrlgaris ,-,\-L qjr tlisrll ,_1-:LJl ._.ll_i3ui cil_rrui -Sl;,:i ;rt; il
'- .i r t\r.tlt -l .rlr U}ilI .r-q^j. j,^-LrJl :i 3F JJ .;_r+ -$ i,^i-- 5-,l+^-+ kjt l

i r, /.^\
Ol Jl (19) Jt-;l L--^S .(18) or+_r L e Li+ lrAJ JAYI , iJl .,tjyi
crt-jrJJ i .,\r\l eLj. Lrl-ii cx _:r: -:! r,i-,,- -Fli crl_,;.,yl (F1:iL:J
,r-s ,;ls-=rYl i-i ..rr_rLJl ;+hf ilL= r3s3 -:-rc +:=,Jl ,J*itl 4LLJI i9;,=yl

.JJ ;- e ii! 4'-d;.'* iiy+,-+ kjuLrl :ic. ,+lt-Lll ; a-l-,s31 rJrul Sl_r
:i-ll.-= I +J -:i- Jii j:,- <!Lg L ,:J LIJI cL:c Lr',$ C* Ji J.tJ
dl/l--+ !S}J 'r\.,c1\l ;rLJl crt yi ;*. .reLj cJ^--=_,, :ri3 ._,1, ^.,Jf ,'Uf

.(D) CatFl dlll e:L-"rl :sli iXsy e+Jjj LIJI o1,,.,:l 4lt-_,ll

263



fF 
>ru r{o , Gh-r ,$F 15'r drrj,J-fi ' eI" L999 , Up.u rr^I . e:il il+-

REFERENCES
1-

2-

3-

A.l-

Sunda, W. G. (1990), "Trace metal interactions with marine
phytoplankton". Biol. Oceano,, 6: 411-442.

Hart, B. A. and Scaife, B. D. (I977). "Toxicity and bioaccurnulation
of Cadrniurn in Chlorella pyrenoidosa". Env, Res., 14: 401-
413.

Wlritton, B. A. (1980). Zinc and plants in rivers and strearns. 363-
400 pp in: Niriagu, J. O. (ed.) Zinc in the environrnent, Part
2: Wiley-Interscience, New York, 480 pp.

Trviss, M. R. and Nalewajko, C. (1992).lnfluence of phosphorus
nutrition on copper toxicity to tluee strains of ScendesrnLrs
acutus (Chlorophyceae). J. Phycol., 28: 291 -298.

Rosko, J. J. and Rachlin, J. W. (1977). The effbct of Cadrnium,
ftpper, Mercury, Zinc and Leacl on cell diuision, groMh
and chlorophyll a content of the chlorophyte Chlorella
vtrlgaris. Bill. Torrey Bot., 104 226-233.

Al-Hejuje, M. M. K. (1991) distribution of heavy elernents iir water
and sedirnents frorn Sl-Ashar and Al-Khandak canals' comected with Shatt-A-t-fuab River and their effects on
algae. M.Sc. thesis. Univ. of Basrah.

1- A-l-Delairny, O. M. (1990) Ecophysiological studies on alqae in rice
fields iu Iraq. M.Sc. thesis. Unir,. of Basrah.

Shehata, F. H. A. (1981). Pht,siological studies on hear'1, rnetals and
bltie-green algae. Ph.D. thesis. Dulham Uuir,. 284 pp.

Fal'ed. S. E.; Abdel-Shaf1,, H. i. and Khalifa, N. M. (1983).
Accurnulation of Cu, Zn, Cd and Pb b1, ScendesmLrs obliquus
trrrder non-groMh conditions. Envir. Intern. 9:409-414.

Vvtnazal, J. (i987). Zn trptake b),Cladophora glornerata. Hl,drobiol.
148:97-101.

Xue, H. B. and Sigg, L. (1990). Bindiug of Cu(ll) to algae in a rnetal
buffer. Wat. Res. 24(9).Il29-l 136.

Whitton, B. A.; Gale, N. L. and Wixson, B. G. (l98l). Chernistry
and plant ecology of zinc-riclt u,astes dorninated by blue-

-qreen algae. Hydrobiol. 83: 331-341
13- Yynazal, J, (1984) Short tenn Lrptake of hedi"y rnetals by

periphyton algae. Hydrobiol. 119: 171-119.
14- Kessler, E. (1986). Lirnits of grou,th of five Chlorella species in tlre

presence of toxic lteavy rnetals. Arch. Hydrobiol. Suppl.
73(1): 123-128.

l5- Munda, I. M. (1984). Salinity dependent accurnulation of Zn, Co and
Mn in Scytosiphon lornentaria (Lyngb),

B-

9-

l0-

ti-

t2-

264



16-

17-

i ti-

Pafterson, G. (1983) Effects of heavy rnetals on fresh water
clilorophya. Ph.D. thesis. Drrharn Univ. 212 pp.

Steemann-Nielsen, E. and Kamp-Nielsen, L, (r970) Influenceof
deleterious coucentrations of copper on the growtli of
Chlorella plirenoidosa. Physiol. plant. 23: 82B-g40.

okarnura, H. and Aoyarna, I. (1994). Interactive toxic effect and
distribution of lieavy rnetals in priyoprankton, J. Envi.
Toxicol. Wat. Qual. 9. 7 -15.

19- Moharnrned, A. A. K (1985). "Plant physiology,,. paft L 532 p.

265



AESTRACT

This study proved the ability of Chlorella vulsaris to accurnulate

the lreavy rnetal ions Cu*2, Cd*', Zn*z andPb*2 wheu added singly and in

cornbination of hvo or lnore ions to the culture tnediurn. Accurnulation

occrrrs either by entering these ions inside the cell or by adsolption on the

cell surface. This \^,as concomitant with a profound decrease in ions

concentration in the culture tnediurn. Accurnulation varied with varying

concentrations, type of tnetal iorts arrd expostlre period.

266



Cd

.s --s.:--
Yi-

c,
_ cf. 

-rj

(?)

k=l.r 10r (,)

ujj rcliqu) t__5it j,€u,lt cu;t ;Jl;: :(l/t

l+ir; iili. ;l-llJrl t-:19 u+ C. r,ulgaris

.4lL:-a-r

267



Cu
LC]

(itt..)

I,b Zn

I \l (*)

,-:++yir.r .,pJJr .*3' + ;;.,i^tt (J3/+) i rrrrrl *-L*tt ausl ifl;rr :r 2l [s;Jl

' .fujji, !:-j allir-., (;t+''"!qt) L{" 9t1 jsl-s c' nrlearis .-Jjl"}l

268



g4F *dl J+o r 6lr-l dA- 15- r d$,Jj+, ,rJt 1999 , gr..Lil rd i eiit ll+.

(i)

-t?' ..

.<or _ -_

rl 
--r

k=1 x 10'

r..r>.ajl L)- *

(-J

,-, l.!.tt I r---sr;Jl (Ut-+ *ii lc.ifsL) L-ljiXl J,ol-ll cu;sl iJlJi:l 3) Lts;Jl

r .pt.,i i.,'- SJiijJ (L.i-^ ;J':l,-+).t{.ir 4i!i. ijlJil l-i,->- + C. r'trlgaris

/r\

269



qt-,. J*'Yl qc r 6lr-r .Jcl6. i5. J dU.JrF*, .rJt L999 , {J,-tiI .rrl . eji! :t}.
a

(!r)

,J'

zoi'-
i,s I
t.-;

r ! 1-

-t/
_-a)

/tA

'.')

(, (-.)

G+-v-' -+ q'JJl !*r.Jl d i+-'Lnt el*) t-+;tl ;uoGtl cUsl.jft;u,( 4) J...rt

'pvi :+- 5i:li (L-i.. 6JJ,:-r) ti ir {iii-o J,(lJ.i.C. flrlgaris-,,,1. Lil .- .

270


