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ABSTRACT 

The present paper includes detailed study on 
the geochem1cal status of nfne elements (Al. Fe. 
MIl. In. Pb. Nf. Cu. Co and Cd) .fn the surffc1al 
sedfments of lake Manzalah. the larg~st ~rthern 

Delta ,lake fn Egypt. Increased rate of dra1n water 
reachfng .the lake dee_ it necessary to doeu..nt 
and evaluate the fmportant changes thast took place 
durfng the last 15 years. Attentfon was patd to 
the levels and dfstrfbutfon of both exchangeable 
and resfdual fOnls of these elenen's tn lake 
sed·f~nts. The geaochemfstr,y of these elements 
fn the oxfc and anoxfc reefon of the lake was 
discussed. The ....lative abundance of studied 
elements was Al>Fe»Mn>Zn>Pb Nf>Cu>Co»Cd. 
Intercomparfson wfth other ~11e Delta lakes fndfcates 
the enrfchMent of Cu. Pb. Cd, and Co fn lake Manzalah 
sedients. 

INTRODUC110K 

Lake Manzalah is the largest of the four Nile delta lakes (about 6096 
of their total area). It provides more tl1an 70% of the total inland fisheries 
of the country. Since the early 1920'11 the Lake received rather extensive 
work on the hydrography, water chemistry, nora, fauna as well as the 
biology and fisheries of its fish population. However, the Lake hu received 
but few studies on the geochemistry of the Lake sediment8 since the end 
of 1960's. The size distribution of bottom sediments of the Lake together 
,with the distribution of carbonate, organic carbon, organic matter, 
phosphorus and Iron contents were stUdied by EI-Wakeel &: Wahby (1910). 
McComas (1983) reported on the levels and concentrations of some elements 
and pesticides In surficial sediment~ of lhe Lake collected In 1968. 

In such a dynamic and in view of the increased role of drain water 
reaching th(! Lake, important changes have taken place which need to 
be evaluated and documented. For ttllll reason the present work is deemed 
to be necessary. It includes detailed tttudy on the status of nine elements 
in surficial bottom sediments. Attention was paid to the effect of fresh 
brackish and sewage water discharge on the levels and distribution of 
these elements in the Lake's sediments. 



THE STUDY AREA 

Lake Manzalah occupies the northero area between Damietta branch 
of tl1e Nile and the Suez .~anal (Long 31 0 45'; 32 0 15' E & Lat. 31 0 00'; 
31 0 35' N) (Fig. O. The Lake is connected to the Mediterranean Sea In 
the north through a narrow channel (Boughaz. El-Gamil) 6.5 m deep and 
100m wide. permitting the continual e'l:change between lake and sea waters. 
However, the southern and southwestern borders are surrounded by 
cu~tlvated lands. The present day area of the lake (according to land 
satellite Imagery, 1981), Is 215,440 teddans(one feddan = 4200 m2) of 
which 166,480 teddans (71.3%) are opell water i.e. 700 Km2 and 48,960 
feddans (22.7%) are· marshland and islands. The islands divide the Lake 
Into well defined basins having more or less distinctive ecological conditions. 
The Lake is shallow with an average depth of about one meter. The total 
annual fresh and drain water inflow Into the Lake is estimated at about 
6680 x 106m3• Of this water 78% Is discharged by Hadus (agricultural 
df,aln, 49%), Bahr El Baqar (domestic aod Industrial seawge, anoxic, 25%), 
and Ramses (new reclllimed and agrlcultQre lands, 4%) drains which open 
Into the southern basin of the Lake (Fig. 1). The rem~inder 22% is 
agricultural drains and. 'Vban waste w~ter. • _ 

. '''J ,(op. 3 'I . JUO 

FIG. 1
 
Lake Manzalah. showing drains, canals. regions and
 

zones I-V of the lake proper (stations sampled ).
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MATRIALS ANp METII()DS" 

. Using a modified Ekman grab, surfic,,..l bottom sediments were collected 
once, during March-April 1982 from 25 stations adequatelly covering the 
dirc~rent la~e's. basi~s. Ad~itio~al samples were ~ollected trom the moU\hs 
of dlffernt (1rams dlschargmg mto the Lake. ThIs Samples were preserve4 
freezed in self-sealed plastic bags. .. 

Sediment samples were seived using an all plastic sieve where material 
> 2mm was discarded.. Before commepcing analysis. samples were dried 
using UNI-TRAP Model 10-100 freez~ dryer. Exchangeable metals were 
extracted using 1M NaOAc (pH 8.2) tor 1 hr as sliggested by Gibbs (1973 
& 1977). NH40AC (pH 7.0) extraction technique was not considered in 
the present stUdy due to the posslbiUty of attacking carbonates (Jackson, 
i958 & Chapman, 1965). Chapman (1965) mentioned that the solubility 
of CaC03 is much lower in 1Msodium ","cetate at pH 8.2, a reagent currently 
used in measuring the cation exchange capacity of soils. The extraction 
time is likely to be sufficient for ttpely divided samples (Tessler at al., 
1'979). The pH bf solution was checked periodicelly throughout the 
experiment. The solution was then tJJtered using Nuc~e tilters (0.4 
J,l m porosity) where the filtrate was used for exc....able metals 
determination. . 

Residual or total metals concentratiOllS were determined using the method 
described by Hen drlck (1968) using perchloric, hydronuoric and nitric 
acid mixtures. Due to the high silicate content of Lake's sediment sample. 
leading to highly turbid residues, the ~reating ot samples with aqua-regia 
and allowIng to stand under reflux ill covered teflon beaker on hot plate 
tor 2 hrs at ,ttO· F before acId mix~\Jl'e treatment, waa observed to give 
satisfactory results and kept from using Tessler'll et aI. technique (5:1 
,HF/HC104X1979). Results of five replicate determinatlOl'Ul of Standard 
Reference Material (SRM) No. 1645 River sediment trom the National 
Bureau of standards tested for Zn ~ Fe using T~ler's techntque (1979), 
Hendrick technique (1968) and moditied Hendrick are shown in Table l
It appeared that modified Hendrick technique gave the best reaults «ow 
~.~ndard deviations) compared to thoae of the associated certificate even 
'when tested for Pb, Ni & Cu• 

. The concentr,Uons of AI, Fe, Mn, Zn, Cu, Cd, Pb, Co, and Ni were 
<ietermined usll1l Mo~el 34000 Inductively Coupled Plasma (ICP)Emission 
Spectorometer provided with 48 challJ¥!ls, attached monochromator and 
computer controlled autosampler (AJPlled Research Laboratories). 
Concentrtatlon of exchangeable Zn (6~96 of samples), Pb 'nd Cd were 
below the detection limit of instrqmeat thus their result. were not 
m.ntioned. 

figure 2 shows a comparison between the concentrations of copper 
and lead for Lake Manzala sediment samples measured by Jl'8Phite furnace 
AAS (GFAAS) Model Hitachi 170-71) Zeemen effect, provided by en 
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C.rtlt......1... IWlda"" IIIAI .1'LICAfl AIALYS.S 
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(.SI 

ZIl (~./tt 
,. (.,1.1 

1120 + lit 
II.J + 1.1 

It03.' t 71.'7 
C.Y. 4.041 

_ 

C.Y. 

• 140.\1 

'.0" 
17V + II.• 
C.Y. 1.241 

,. (l1li91 n.J • 1.1 1I.az4 • 0.1117 10.7•• 0.314 11.19 .0.131 
C.Y. 1.7'1 C.Y.· J.J I C.Y. 1.1111 

,.~ 714 • U 71•••• tr.1ll 

114 11"/11 ..... I.' 
C.Y. I.tli 
41.' • 1.11 
C.Y. 1.431 

ClI ...tf lOt • I' 103.04 + '.4 
C.Y. '.Id 

Ilutosampler,ind background correetor and the tell emission spectrometer. 
High correlations between concentrations renect a good agreement between 
r..wts 9bta~ftom both Ihstruments. 

RESULTS 

.~ 8re.fll~ distri~utJoa or residual IUld exchangeab!~ forms of the nine 
studIed -elements Is represented in 'l"lgures (3 &: .,. A common feature 
of Increasing levels of an residual elements was observed in the southeastern 
bNln. of the ILake,an -.rea highly affected by drain water discharge. For 
""Qlt elements. values tend to decrease gradually towar.d8 the center of 
the Lake•. PatCh. pf blgh concentrations were, scattered allover the lake 
tpeClally l~..the ~pter ~t the weste", basin and near Port Said city sewage 
out. (all (Pif~. ,). .Qenerally, il quick sight to this figure thows that no regular 
4iltrib\J,UQn. Cou{d be observed ror all elements. However. the western 
~'. Q~ the Lake and' to a. leu extent the southwestern areas usually 
t~resentl. the nllnroum range concentration of elements specially AI, 
Zn~ Nt and Co. Low concentrations of copper covers most of the central 
and also the nor~tern region of the Lake. 

'l"he frequency,csistrlbutlon digram for all elements (Fig. 5) showed that 
AI,' ,tn. bU; ~. «lJ:td Co are qulter .u1ar1y distributed between ,different 
,atatlonswheremoit s,mples (50% or more) felt In Ute concentration range 
4"50 mel" 6~'O, ../c" 20-40 JAIl, and 20-30 J,lg/C, respectively. On 
tIM qontrary the eoI\centration rallle of Fe. Mn, Ni and Cd occupied a 
widei' scale of variation renectlng high standard of IrregUlarity and 
patc:l\lness. 

fftlWever, ~art from the smooth areal distribution of exchangeable. 
Co (Pig. 4b), the distribution or exchangeable Al, Fe. Cu. Mn, and Nl showed 
• hlghfy compllc.ted picture. In case of cobalt, the Lake Is nearly divided 

18t 



_ 
_ 

C
om

pa
ris

on
 b

et
w

ee
n 

Ie
p 

an
d 

AA
S 

an
al

ys
is

 f
or

 c
op

pe
r 

an
d 

le
ad

 
(
~
g
/
g
)

 
in

 l
ak

e 
se

di
m

en
ts

. 

C
O

P
P

E
R

 

r 
:0

0·
99

91
 

n 
=-

20
 

e
ft

 . 
.....

. 
e

ft

 

:l

 

V
I 

'....
....

 
~


 

-~
, 

0
0

 
~

 
;"

.-
::

1
 

iI
 :,....
. 

,I
ICI

D 
Ol

IO
 

IlI
O 

lII
O 

.
.

~
 

"I
 

~ 

1 
C

 P
lu

g
/g

) 
i.

 

FI
G

. 

L
E

A
D

 

/"
r 

:0 
0·

98
75

 
n

.2
3

 

.,01 -l:
Il


 
::

l
 

\I
) 

<0
(
 

<
0

(.

 

• 
IC

IlI 
.I

Q
 

.1
0 

.11
1 

..
, 

l'll
O

 
no

 
""

""
 

IC
P

lu
g

/g
) 

2 



,-
t

-.
II

II
IW

II
 

tI
N

e 

_
"
"
.,

."
,_
.
.

_
_...

.....
. 

....
....

. ,
 

1
4

. 
i t
 I I I i I 

... I 

.
.
.
.
.
.
.
.
 

.
,

t
 

~
C
I
O

 
W

J 
. 

~
 C

 
lD

 
tm

Jl
l. 

H
 

1E
'iJ!

CI
 ·1

0
.eo

.. 
_..

__
.M.

 -" 
• 

1O
.1

llD
 R

lC
ll

I.
'I

O
.C

O
O

 .
,
.
.
 

FI
G

. 
~ 

(a
) 

A
rt

.l
 d

1s
tr1

bu
t1

of
t 

o
f 

to
ta

l 
A

l, 
Fe

 •
 I

n
 i

n 
su

rf
ic

ia
l 

se
d1

..
nt

s 
of

 L
Ik

e 
M

ln
za

la
h.

 

m
·c 

I
t
 

1
m

.·
•
•
•

·1
1

 

.
"

•.
to

 .
~
H

 



i 
,

-
_.

_-
--

--
--

Cl
II'

IIt
lI 

..
..

..
1I

II
l 

~
u
o

 

....
....

....
 

_...
....

. 
....

.t,
,_

..
..

.

 t

.
 

:~

d
e
. 

m
-·
•
•
-·

7l
IO

 
D

.1
O

 m
J1

O·
'8 

.&
0

. 
'0

......
....-

.
~

 .. 
.!

IC
l'
II

G
.
.
.
.

lI
Il

.I
lI

I.
1

ft
Il


 

'1
&

. 
3 

(b
)
 

.,
..

1
 d
t
l
t
r
1
~
1.
. 

of
 t

ot
al

 C
u.

 M
n 

I 
pb

 i
n 

su
rf

ic
ia

l 
se

di
m

en
ts


 
of

 L
ak

e 
M

ln
z.

l.h
.
 

um
 c •

 
tm

a·
.
m

.· 
. 

_..._
 . 



N
IC

K
U

 

.
.
.
.
.
.
..

,.
.
 

S
f.

 

c.o
.o

"I
V

" 

...
,...

... 
,... 

C
08

.&
l.I

 

..,"
".,

_..
....

. ~
,
.

 

1

 

co
  o 

i I
I

I i 
l
_

 
.

g
c 
~

 
i;;;

3 
JO

 
• 
~o

 
~
'
o

 .
 ro

o 
t
.
~
J
<
l

 
2

]
)
0

' 
~
'
0
1

 
::T

Il "
! 

..~
 

:.:
:3

 lO
· 

!'
 

1l1
1J1

/!w
, 

".
 

_ 
~
,
.
,

 
0

• 
1

0
 .

 1
0 

ta
iI

1l
I1

0 
10

 
• 

>
 I

II
 

U
Ill

lII
'·A

 
.e

 ..o
.>

'0
 

FI
G

. 
3 

(c
)


 
A

re
al

 
di

st
ri

bu
ti

on
 o

f 
to

ta
l 

N
i, 

Cd
 

&
Co

 
in

 
su

rf
ic

ia
l


 
se

di
m

en
ts

 o
f 

La
ke

 M
an

za
la

h.

 

..,
-.

..
.;

' 
~

 1
(1

 

II 



E
J
'·

 ,
 

.'
O

-
I
a
 

1I
IIl

lJ
I,·

 'l
I 

_ 
>

 
la

 
0 

4 
' 

I!
IlI

lIl
la

.3
0 

ru
 ' "

 
0

'·
'.

 m
lG

.l
a
 

.
.
.
.
.
.
.
 _

 
>

"
,.

 

0 
4 

/ 

IIll
liD

 •
 -

., 

C
J
I.

l 

m
 In

-'O
 

§
3

.
1

 

->'
" 

FI
G

. 
4 

(a
) 

A
re

al
 

d
is

tr
ib

u
ti

o
n

 o
f 

ad
so

rb
ed

 A
l, 

Fe
 &

Cu
 

se
dl

m
en

ts
 o

f 
La

ke
 M

an
za

la
h.

 
on

 
su

rf
ic

ia
l 

g
i 

I
' 

l ~"
 , 

.....
. 

ce
 

.....
. 

F
 

-
-
-
-
'
-




" ~ 

... ' 
ffill • 

.~ '" 
;;: 
u 

I
:::J 

'" 
<: 
o 
o 

L.> 

.., .c:'" 

.~ '" 
Z N 

. <:'" -C::E 
..o::f: 
~ ... 

-0 ""..... '" ..0 ....J 
l

• 0 ..... 
<.!> '" 0 
- -0 ..... '" ....'" 

..... <: 
o ... 

E 
<: .~ 

0-0 
~ ... 
.... '" :::J 
..0
os: 
.... 
'" .~ 

-0 

...'" 
I
et: 

192 



IRON:t Al U~INU~ I n, 
It'LJ

I... Ie lCIO 1100J(' ~ 01 U ,~ ?'\ Ie JO At' ,e 
- ...... ,......Ale""",J I. ' 

• IOltt .. , .."" .... c.", I 

_. . -
.. ANGANESE-l"r COPPEr. lEAD 

.. .. .. .. .... I .. ., .. M ~ " .. .. .. .. ,.... ,..",1 

CAD'-4IU'-4 COeAl T 

;; , 
i 
~ 
t I 

i 
! 

>• ., v. .. .. .. .. .. .. .. .. . (",-"'" 1... '.' "c. 1.",1" 

FIG. 5
 
Frequency distribution diagrams for total elements
 

determined in Lake Manzalah sediments.
 

into an eastern rich and western poor basins although patchs of high Co 
content (1-2 JJg/g) were observed as spots in' the southern zone of the 
western region (Fig. 4b). 

The sediments off the mouth of Bahr EI-Baqar drain are highly enriched 
with exchangeable cobalt (> 2 JJg/g). In the case of Mn and Ni, the black 
spots indicating the high levels of both metals were observed also in the 
southeastern basin at the mouVi of Hadus agricultural drain (Fig. 4b). 
The areal distribution of these two elements in the exchangeable form 
was in general nearly identical. High levels were observed in the south
eastern basin with tendency of decreag4ng concentrations towards the 
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centrAl and northeastern areas. Maximum concentrations of AI, Fe and 
Cu were observed at the mouth of Bahr-el-Baqar and Hadus drains as 
well as the notheastern and central parts for Al 00-20 /!gIg); patchy in 
the Lake center for Fe (50 - 7100 Jlg/g) and at Bahr-el-Baqar mouth for 
Cu (30-40 pg/g)(Fig. 4a). For sake of simplicity in data presentation the 
Lake is subdivided ecologically into 2 main regions; NW region 
(characterized by high salinity i.e.> 4096 and Lake proper (salinity = 2.5%°) 
(Fig. 1). The Lake proper is also divided into 5 main zones. The average 
concentrations of the studied elements (Jlg/g) both in exchangeable and 
residual forms in each zone as well as drain water are given in Tables 
2 & 3. Samples collected at the moutl'\s of drains are not included in such 
average but treated seperatly. 

TA8L( t 
Aver.g. of lot.l ..ul conconlrollon, (~g/g) tn ,",ftchI 

Itdtmenl' of Ukt_,,"nJlllh. 

n~91 nn Al fo ln C~ Pb "t Cd Co"" 
H.w 30.5)3 J2.261 59.3 ~1. 9 111 64 41 6.3 22 

+ 1.1+ l.lZ6 + 3,641 + 5 ttl +134 + 3! 5 + 1.6 +1.1 

Zone 39. CIS 31.068 63.6 ~d 631 S) .2 46.9 6.9 22.1 

.!-20,041 .!-IJ ,210 .!-39 .!h .!-482 .!.30 .!.24 .!.).5 .!-II 

lont II 39.444 32.136 56.4 14.6 S08 41.8 44.6 6.5 22. )
 

.!. 8.5~2 .!. 6.102 .!-. 9.4 ,!}1.4 .!. 80 !.. 8.5 !.. 8.3 !..1.6 !.. 4.5
 

Z7 _,

lont" 111 4~.471 )9.026 11. 5 j/.9 155 51. 2 55.6 1.98 

.!. 4 .O~B !. 5.058 .!. 8.1 .!.l4 !.261 .!. 5 .!. S.O .!.1.1 .!. 5 

lone IY 49.1l8 41.740 12.1 35.6 696' 54.8 60.3 8.8 29.8 

.!. 2.451 .!. 1.8ll .!. 4.2 .!. U .! 64 !. ) .!. ).8 .!.0.4 + 3 

lone 43.551 )6.861 11.8 )5.6 991 40.1 55. ) 1.4 24 6 

.!.66) .!.419 .!.1 .! l. 5 .!.lJI .!. 6.6 .!. ) .!.(J. 04 .!. 1.6 

B.8aqar dr 6).149 51.961 411.0 206 1199 166 82.6 12.1 30.1 

Uadul dr. 15.P) 50,968 lal.2 63.6 1845 81.5 98. ) 1l.2 43.8 

Zonal averages showed minute changes in between specially for residual 
elements. Zone IV (Northeast of the Lake) is characteriz~d by elevated 
averages of most elements (AI, Pb, Ni, Cd and Co ) while the bottom 

. sedi ments o( zones III and IV were enriched with Fe, Zn and Mn. Zone 
II which recorded the lowest average in nearly all elements recorded the 
highest average for copper Le. 54.6 ~ 31.6 Jlg/g (Table 2). 

The relative abundance of elements as observed from their average 
concentrations was: 
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TABU 3
 
A.erl,e of adsorbed ...hls concentrltton. (~,/g) tn
 

surficial sedlllOnh In like Jllanllllh.
 

Region Al Fe In Cu Pb Rt Cd Co'" 
R.W.	 5.4 0.72 B.L. 4.6 293 B.L 6.4 B.L 0.87 

~2.2 ~ 0.5 B.L. ~1.2 ~lIB B.L ~1.6 .!.G. I8.L 

5.03 2.7 B.L. 4.2 212 B.L. 4.9 B.L 0.71 

~3.0 ~1.9 B.L ~3.3 ~137 8.L !:2.5 •• L !:O.2 
lone 

lone II 4.92 I.B 8.L 5.73 147 B.L. 4.2 B.L 0.82 

~2.5 ~ 1.2 B.L. ~5.1 ~ 52 B.L !:O.B •• L !:O.19 

lone III	 12.3 32.8 B.l. 3.5 281 B.L 6.5 B.L 1.3 

~7 ~46 8.l. ~2 .!: 89 B.L. .!:1.2 B.L. .!.G. 3 

Zone IV	 11.4 12.1 B.l. 2.8 294 B.l. 6.5 B.L. 1.15 

~1.5 ~11.6 B.L ~I .!: 48 '.L. .!:I.I '.L !:O.2 

9.0 1.2 

~4.7 .!: 1.2 B.l. .!.G. 3 
Zone 6.0 1.28 B.L 3.2 445 '.L. '.L. 

!.191 B.L. !.2.7 •• L. .!.G.O 

'.Blqlr dr. 12.9 11.5 135 • 33.7 163 B.L. 11.6 '.L. 2.2 

Hldous dr. 12.4 4.02 0.96 2.3 960 '.l. 16.05 B.L. 1.5 

• B.L. • 1lelow detection I t.tt of ICP-Es. 

AI> Fe» Mn> Zn> Pb =Ni> Cu> Co> Cd 
in the residual (total) form. Regarding the order of abundance for the 
exchangeable fraction Le. 

Mn» Fe> AI> Ni> Cu> Co 
we can figure out that Mn and Al only have changed positions, with Mn 
as the most dominant metal in the exchangeable form. Interzonal variations 
tire more pronounced in the case of exchangeable elements. Maximum 
averages for Fe and Co were observed in zone 1II, Cu in zone 11, Mn and 
Ni in zone V and Al in zone IV (Table 3). Only the maximum of exchangeable 
Cu and Co recorded in zones Il and III, respectively, coincided with their 
maximum residual forms in the same zones. 

The average percentages of exchangeable / residual elements in the 
Lake sediments for each zone were calculated (Table 4) and found to be 
insignificant for Al (0.02%) and Fe (0.03%), low -for Ni (12%),. Cu -(9%) 
and Co (4%) but valuable for Mn where it reaches about 45% of the total 
manganese in the sediments of zone V of the Lake. 

DISCUSSION 

From the foregoing summary of results we can observe that the 
geochemistry of Lake Manzala sediments reflects to a great extent several 
:conditions resulting from water inputs and different Characteristics of 
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TAIl[ 4
 
A..r... ,.rcntl.. of ......... 'r.etl. to tot.'
 

_t.l c......ntr.tl. In tile IIIrftcl.l ...n_u 0' lab """lIla1l
 

~etlOlt AI f. ...Cu .1
 Co 

•• 11. 0.014 0.001 9.' 40.9 !J.t J•• 

10... 0.013 0.009 9.S' U .• 10.4 J.J9

lon. 11 0.011' 0.005 9.S' 28.8" 9.S" J.9' 
lone III 0.017 0.08' 9.1 J7.2 11.7 4.66 
Z.... n O.Oll' O.OJ 7.9 U.2 10.8 J •• 

Zone 0.014 0.00)" 9.0 44.9' 16.)' 4.88' 

....nllP) 
S.D. 

0.019 
~.Ol 

0.015 
~.O) 

9.02 
~.66 

J7.34 
!.U 

11.74 
!.1.7 

4.15 
~.. 

II .•. Ad.orbed fr.cll .... , .... In. I'll ••nd Cd ..t.ls ..... below det.ctlon 1t.1t 0' ICP-E$
'.- indlc.t. hlt""r .nd I_r ••1.1. 'or IIch el_nt. 

bottom sediments. The predominant sediment is Il complex type, sand
silt-clay, followed by clayey sand and silty clay, respectively. The boarders 
of the lake (affected by fresh and brackish water drains) are covered by 
silty clay. This material grades basin wards into sand-silty-clay which 
in turns encircles an area of clayey sand in the Lake center (EI-Wakeel 
and Wahby, 1970). The sand fraction spreads along the north sides of the 
Lake derived from the Mediterranean beach sand. However, the distribution 
pattern clearly indicates a basinwards increase in grain size of sediments. 

The distribution of trace elements in the Lake sediments is mostly 
controlled by the mineral composition of bottom deposits in addition to 
large amounts introduced into the Lake through agricultural, domestic 
or industrial wastes discharge. These additional sources cause some local 
increase in trace levels contents of areas affected by these inputs, In 
general, all total metals are enriched in the area affected by the two 
main drains, Hadous and Bahr EI-Baqar (Fig. 3). At the mouth of Bahr 
El-Baqar drain the prevailing anaerobic conditons (Abd el-Moati, 1985) 
reduces the solubility of sulphate to hydrogen sulphide through biological 
activity of sulphate reducing bacteria. The H2S produced reacts with 
available reactive metals and is fixed into botom sediments predominantly 
as sulphides. Because of the low solUbility product of Zn and Cu sulphides, 
they are expected to be precipitated as sulphides duirng earlier diagensis. 
This probably explains the high Cu and Zn contents of the anoxic sedi ments 
of Bahr EI-Baqar drain (Table 2). The concentrations of most trace elements 
in the SUlphide bearing water of this drain is controlled by the solubility 
of the least .soluble sUlphid compounds. 

Engler and Patrick (1975) observed that the stability of heavy metals 
sulphides (MnS, FeS, ZnS and euS) in aerobic and anaerobic soils are 
directly related to their respective solubilities. They added that the order 
of reactivity is MnS > FeS > ZnS ) Cus while the order oC mobilization 
is roughly the inverse of that predicted from solubilities oC simple sulphides. 
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'Timperly and Allen (1974) mentioned that the accumulation of copper 
in reduced sediments, is mainly due to sulphide precipitation. This is 
reflected on the relatively low copper content of the overlying water 
(Abdel, Moati, 1985) and enrichment in sediments. Fe and Mn are the 
elements that showed considerably high concentrations in tha anoxic water 
of Dahr EI-Baqar drain. Lu and Chen (I977) stated that under reducing 
conditions Fe and Mn are released to interstatlal water in significant 
quantities while the concentration of Cu, Ni, Pt> and Zn are decreased 
mostly because of formation of solid sulphides. The high residual cobalt 
content of the sediments at the anoxic station is probably due to 
precipitation of cobalt and its incorporation into Lake sediments (Piper, 
1971). In reduced soils and sediments containing sulphides, the precipitation 
of insoluble metal sulphides could be important in controlling the soluble 
levels of toxic metals (Hem, 1972; Holmes et aI., 1974; Engler and Patrick, 
1975; and Gambrell et aI., 1976). 

At the mouth of the agricultural Hadous drain with overlying oxic 
conditions, high values for residual iron and manganese were recorded 
in surficial sediments (Table 2). Under oxic conditions the solubility of 
Cd, CU, Ni, Pb and Zn may increase due to fOI'mation of higher soluble 
solids while sohibilities. of Fe and Mn might be decreased due to the 
formation of high oxidation states or lower solubilites oxides and hydroxides. 
According to Lu and Chen (1977) the formation of hydrated oxides of 
Fe and Mn occurred under two circumstances, viz: from sulphide oxidation 
to hydroxide or carbonate in surface sediments; and from the oxidation 
of the soluble species in interstatial water. Many soluble species in water 
could be scavenged due to formation of these oxides. This may explain 
the high cobalt content of the sediments in this area (Fig. 3c). EI-Ghobary 
(1977) mentioned that high cobalt content or Lake Edku sediments is due 
to biogenic carbonate minerals and, to a lesser extent, to inorganic 
precipitation of association with caly minerals. Lu and Chen (1977) observed 
also the scavenging of other metals as Cd, Nl and Pb and' attributed thill 
to the formation of Fe and Mn oxides and the change in controlling the 
mechanisms from solubilities of sulphides to adsorption by other clay 
minerals. The removal of Ni by scavenging action of hydrous Mn02 was 
demonstrated by Krauskopf (1956) who observed that clay minerals, apatite 
and orl1:anic matter are inffective scavengers. 

The comparatively high aluminum content of sediments in front of both 
Hadous and Bahr EI-Baqar drains reflects the abundance of this element 
as a major component of clay minerals specially at the mouth of Badous 
drain where the clay content is about 63.6% (El-Wakeel and Wahby, 1970). 

Away from the drainage area, natural forms and concentration of 
different metals began to appear. Solids of carbonates CdC03, CU2C03 
(OH)~, NiC03, PbC03, hydroxides Fe(OH)3, Oxhydroxides IFeO(OH), 
MnO(OH», oxides (Mn02, Fe203) or silicates (ZnSi03) probably dominate 
under aerobic conditions. Carroll (1958) stated that iron appears in the 
Lake sediments as an essential component of clay minerals, as minor 
constituent within their crystal lattice where it is isomorphous. substitut_ 
as an iron oxide on the surface of mineral platelets. 
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On the other hand, Mn is mostly present in sediments in forms other 
than mineral form i.e. as precipitating coat on mineral species, organic 
matter and as iron- flIHnganese hydroxide (Hem, 1970; Gibbs, 1973 and 
Whitney, 1975). Both iron and manganese are known to be closely associated 
in the geochemical cycle (Krauskopf, 1967; Beltagy, 1973). This is clear 
from the positive correlation relating residual forms of both elements 
in Lake ManzaJa (r= 0.6747, p< 0.000. Phosphorous shows high affinity 
towards iron and to a lesser degree towards manganese (Berner, 1973). 
Based on unpublished data on the phosphorus content in the sedimetns 
of Lake Manzala, phosphorus is significantly correlated with Mn (r= 0.5156) 
while a poor correlation appeared with Fe (r= 0.1441). Laboratory 
experiments (El-Sayed, 1977) showed that manganese absorbs more 
phospha te ions than iron does. l3eltagy et 0.1.(1983) found a higher correlation 
between phosphorus and iron for sediments of the Nile delta and lower 
for 1ll8ngnnese. 

Significantly positive correlation between the metal composition of 
suspended matter and sediments (j.1g/g) were observed for AI, Fe, Mn, 
CU, I'b and Co indicating the interaction between both phases . The 
COllcelltru lions (Jig/g) of metals in suspenssion (Abdel-Moati, 1985) were 
hig'her ttl/Jn the corresponding concentration in sedimetns, except for 
Al and Fe. This indicates the role of TSM in enriching metals in sediments 
by pl'ecipitation of huge amounts of suspensoids carring metals to the 
bot! om. 

Comparing the results of the present study with those of samples collected 
from the Luke during 1968 (Table 5) elements could be classified to three 

TABLE I
 
Mean concentntion. of Itudied .1l1'1ftfnta 1ft north~fn delt1 lall.n COMpared witl\ ~tandard ,It.la.
 

Al Fe In C. ... Pb It Cd Co 

('"9,,) ('"9,,) (09'9) (0"9) (0"9) (09") (09'9) (0"') {II9'" .eft,..nu 

l. l1&l\lald' (filM) 31.! 32.3 59.3 47.9 117 54 .7 6.3 Z2 ',..••nt IIlOI"Ii; 

L. Kenuhtt (LP) 44.2 37.0 89.1 49.7 720 17.4 53.8 7.7 26 P,..••nt 1lJOrli; 

L. f1Inza litt 22.4 44.5 119.8 207 161 9.6 n.l 0.17 (1/ 
l. I1arlut 18.6 21.6 93.8 38 918 7.J n.8 0.2 (I) 

L.Burvl hi, ".6 0.U2 0.1ll (21 

l. Edk. I.S 298 1499 40 8Z II (3) 

Stlnd.(d sttl'. 10 46.7 4! 650 20 8Z 0.3 L9 (.)'S 

(I) ""C..... (1983) (2) Oar.., (1984) 
(3) EI-Ghobary (1977) (4) r.....khn and ....p.hl (1'61) 
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groups, the first includes Fe, Zn, Cu and Ni where their concentrations 
have decreased with variable degrees. The second includes Mn which showed 
no significant change ill concentration. The third group includes AI, Pb 
Iwd Cd of which their values have remarkably increased. No records were 
mentioned for cobalt for 1968 samples. Increased water discharge of highly 
industrialized areas surrounding the Lake during the last 15 years may 
probably explain the elevated levels of Pb and Cd during the present study. 
Compared with other Nile Delta lakes (L. Mariut, L. Borollus and L. Edku), 
Lake Manzala is generally enriched in nearly all elements studied (Table 
5). 

Matching the average values of different elements with those of standard 
shale (Table 5) may give a quick practical means of tracing high elements 
enrichment which may be a source of environmental pollution or 
economically interesting mineral deposits (Turekian and Wedpohl, 1961). 
In comparison with standard shale results showed that Cu, Pb, Cd and 
Co are highly enriched in the sediments of Lake Manzala. Their source 
is mostly allochthonous as indicated by considerably low Fe/Cd and Fe/Co 
ratios of Hadous drain (3861 and Il64) and Fe/Cu and Fe/Pb ratios for 
Hhar El-baqar drain (252 and 313). The comparatively low Fe/Zn ratio 
at the mouth of Bahr ""EI-Baqar drain (109 )indicates that zinc is highly 
enriched in the anoxic station. Large volumes of waste water inputs may 
be an important factor in this enrichment. Forstner and Wittmann (1981) 
indicated that zinc enrichment is mainly associated with waste water 
effluents. The biogenic contribution of this element (also copper) is highly 
indicated. Copper is generally introduced to aquatic environments in two 
main forms lithogenic and/or biogenic (Draz, 1983); the former is essentially 
incorporated in clay minerals. Emelyanov et a1. (1978) and Moussa (1977) 
stated that the terrestial part of copper is more pronounced. EI-Ghobary 
(1977) mentioned that the Cu content of Lake Edku sediments is mostly 
biogenic in origin, it is concentrated in the different levels of the food 
chain and after decomposition of organic matter in sediment, free copper 
may be adsorbed on surface of clay minerals with different degrees. 
Forstner and Wittmann (1981) suggested that high copper concentrations 
may be a result of intermittent of the lakes with CuS04 to control algal 
growth. McComas (1983) stated that the source(s) of copper in Lake 
Manzalah has not been confirmed put one possibility is CuS04 applied 
both in the Lake and in irrigated fields as an algicide. 

The variability of Lake Manzala sediments was reflected on its trace 
elements distribution. High positive correlation were observed between 
Al and all metals P < 0.001 (except Cu) indicating the association of these 
metals ~ith .clay minerals in the lattice structure. However, the poor 
correlatIon wIth copper i.e. r = 0.1487 indicates that a significant portion 
of copper .may be of biogenic origin (EI-Wakeel and Riley, 1961). The 
remarkably high positive correlation observed between Al and Fe i.e. 
r= 0.9645 indicates that ferric iron is associated with clay minerals or 
they form coating of iron oxides on the surface of clay or adsorbed on 
clay surface (EI-Ghobary, 1977). Beltagy (1973) explained this by their 
probable association in the same mineral phase. Van Der et al. (1970) 
suggested that the bUlk of Fe is present in clay minerals. 
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The increase in the levels of residual metals in the sediments of El
GamiJ area (zone IV) is mostly due to coagulation of conoidal species 
to produce particulate forms in the mixed zone, some of which may bl!l 
lost to the sediments (Sholkovitz, 1980). 

Mllnganese in Lake Manzala was the highest exchangeable metal in 
the bottom sediments. Its percent to total manganese reached 45% in 
zone V. This indicates that the part of manganese bound to carbonates 
and orgunic content is relatively high. Adsorbed Cu and Ni also constituted 
considerable portion of the total concentration (about 10%). 
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Variations in the adsorbed/total metals ratio of these two elements
 
in the different zones were not significant (Table 4). The average percent
 
of adsorbed iron and aluminum in zones II and IV were low following to
 
a great extent their high total concentrations in both zones. Correlations
 
between adsorbed and total forms of determined elements in Lake Mal1zala
 
were statistically significant (Fig. 6) particularly for Cu and Mn (p = O.OOH.
 

The remobilzation of metals from sediments is mainly controlled by 
the adsorbed processes. According to Forstner and Wittmann (1981), 
remobilization is mostly caused by four types of chemical changes in water 
: 1) elevated salt concentrations, 2) changes in the redox conditions, 3) 
lowering of pH, and 4) presence of natural complexing agents. In addition 
there are probably other biochemical processes by means of which metals 
adsorbed on surficial sediments are transferred to aquatic organisms to 
be further concentrated along the food chain or excreated directly as 
composition products into water. 
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