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A DSTRACT 

37 water samples were collected frG~ the 
Mediterranean waters off the Egyptian coast and 
analysed for dissolved (Jess than 0.450 WM) and 
particulate trace metals, As, Cd. Co, fe and MIl. 
On the Whole, the total concentrations of these 
Metals In the stUdy area were of comptrable ~gnftu6t 

with their levels fn other Mediterranean region:. 

INTRODUCTION 

,--'-- The Mediterranean coAstal waters off the Nile Delta (Salinity 37.696­
38.9%) r~celve snuGly about 13 x 109 m3 of brackish water from different 
sources of lond drainage InclUding agricultural drsln water, Industrial 
nnd sewoge effluents. The role of these sources lil enriching the coastal 
waters with nutrient salts 8ud trace metals has become more Important 
since the constrcutlofl of the Aswnn High Dam and the subsequent 
curtoihnent of now of NUe water into the south-eastern Mediterranean. 

The prescnt paper ~ntQils results on the levels snd distribution patterns
 
of di!'solved and particulate As, Cd, Co, Fe and Mn in the Egyptian
 
Medi terre.neall WII ters.
 

MATERIALS AND METHODS 

A totol of 37 stations covering both the nerHic and offshore waler 
between m-Agnmi (Long. 29° 45' E) and EI-Arish (long 33° 40 E) were 
sompled during April and August 1982. At each station 10-20 l of sea water 
were collected at 3-5 m below the surface, using 10 I Nlsken bottles 
pl'evio~ly WORhed with 0.2 N nitric acid. Samples were filtered on bonrd 
through pre-weighed 0.45 ~UI1 Nucleopore filters to separate dissolved 
and pnrliculate metals. ACter determination of the totalpa.rtic\llete IT\8tter 
('1'1'1\1), filters with parti~ulated mtlteriRls were digested in teflon vessels 
81le! hen ted over l!l therrnostaicully controlled hot plate at 70°C (Tessler 
ot 81., 1979). The filterate collected in add washed PVC stoppered bottles 
WfiS nllowed to pOM through ch~18ting resin column (Chelex 100), eluted 
by 2N nitric acid and further concentrated by evaporation (Abdullah and 

. , 



Hoyle, 1971). The concentrations of dissolved and particulHted As, Cd, 
Co: Fe and Mn were measured using" Model 34000 Inductively Coupled 
Plasllla Emission Spectrometer. 

The precision and accuracy of the analytical techniques were checked 
and found satisfactory (percent of recovery ranged between 92-98%). 
Ulanl<s were below detection limit of the instrument. 

RESULTS AND DISCUSSION 

The mean values of TPM was about 4 times higher in the inshore region 
than at offshore stations (Table 1). The inputs from the different sources 
of land drainage are responsible for enrichment of the coastal area 
particularly the eastern region with TPM and trace metals (Figs. 1-4). 
As shown in table 1, the total concentrations of nearly all metals studied 
were significantly much higher In the inshore water than in the offshore 
waters. 

The mean concentration of total As varied between 0.04 pg/l in the 
offshore wa tel' and 0.073 pg/l in the inshore region. Its concen tra tion 
W/1S higher in spring than in summer. About 67.5%-74.0% of the total 
concentration of As occurred in the dissolved form. A direct correlation 

TA8lE 1 
M~an TPH (Mg/ll. total metal concentrlttton (uq/1) And
 

percent of dfnoilled metals (fn parenthl!ltl) tft the Hedlterraneln
 
w.. ters off the Nne Oelta.
 

In shore ....aterl off shore waters 

Entern re9ton Western 'region 

I ~ 

TPH 
As 

Cd 
Co 
r. 
t1n 

0.44 
0.061 
0.020 
0.026 

11.91 
1.021 

~ 0.J9 
+ O.OJ 
~ 0.019 
~ 0.019 
~26.0J 

_~ I. 60 

(11.6) 
(80.0) 
(46.2) 
( 8.1) 

0.24 
0.073 
0.018 
0.019 
4.26 
0.20J 

+ 0.1l 
~ 0.005 (14.0) 
~ 0.011 (11.8) 
~ 0.008 (1J.l) 
~ 1.169 (J5.9) 
~ 0.044 (36.4) 

0.096 ~ 0.064 
0.044 .!. 0.015 (12.1) 
0.021 ~ 0.022 (85.1) 
0.011 . ~ 0.004 (12.71 
3.99 + J.81 (35.0) 
0.165 ~ 0.019 (41.3) 

August 
TSH 
A. 

Cd 
Co 
Fe 
t1n 

O. HI 
0.050 
0.014 
0.018 

14.015 
0.ll5 

+ 0.16 
~O.II (12.0) 
~ 0.005 (78.6) 
.!. 0.01 (50.0) 
+14.25 (5.71 
~ 0.195 (11.01 

0.292 .!. 0.19 0.081 
0.040 
0.010 
0.010 

0.J21 

.! 0.04 
(615) 
(10.0) 
(10.0) 

(21.8) 

• 
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~, (I' = 11.96) WIlS found between the dissolved and particulnted forms of this
 
metell. In the study area the concentration of As was much lower than
 

-thnl reported from Mediterranean regions. In Rhodes Island and SllI'onikos
 
(;ulf the totol As varied between 2.0 and 3.5 Jlg/l (Popoctopoulou, 1972). 

Of the metols studied, the concentrotions of Cd and Co were the lowest.
 
Both metals Were dominontly present os dissolved species ('rable n.
 

In the plll'ticulote form, the concentrotions of both metals (in pg/g)
 
wcre directly, correlated witli each othcr and with As occording to the
 
following equotions:
 

Cd = 0.487 + 0.270 As 
Co = 12.86 + 0.216 As 
Co = 25.50 + 0.343 Cd 

The concentra lions of Cd ond Co in the study Brell were much lower
 
til/In in other Mectiterranean regions. In the western Mediterroneon Fukai
 
(lnrl /Iuyhh-Ngoc (I976) reported concentrations of Cd varying between
 
fl.050.51 JJf{/l. Hath and Hornung (1977) found Cd concentrations between
 
fl.G?'.!) pg/l in the Pl1stern Mediterronean.
 

~.'(' WflS the dominllnt elements, Illllongest the metnls stUdied, its totnl
 
c()llccntrntion vllried betweell 17.!J1 Itg-/I in the inshore region and 3.!1!1
 

r /lg/l in offshore wnters. lInlike the foremenlioned elements. Fe is mostly 
,/	 prescnt in the pllrticulate forlll, probobly as a result of the forlllntioll
 

of Fe III in the well oxygenated waters. The meon concentrotiolls of
 
dissolved species vllried between 8% and 3596 of total Fe, the lowest vnluc
 
WIlS found in the turbid inshore waters.
 

The iron concentrations reported in the present study are much highct·
 
tlllln the menn vnlue (i.e 0.25 ~gjl) recorded in the open MediterrUllC'OIl
 
wllters (I(remling and Petersen, 1981). This is mostly due to enrichment
 
from the Nile River alld lake woter inflow, the possibility for contamillution
 
by corroded hydrowires is however not excluded.
 

I\llll\gullese wns the second nbundnnt metnl after iron, its mefln tol111
 
concentrntion vnt"ied from 1.021 ~g/l in constnl waterst to 0.1 G5 )1!1,/1 Ilt
 
offshore stntions. Like Fe, Mn was mostly present ill the pflrticulate form
 
Tile rntio of dissolved to total Mn vnried from 6.80% in the inshore wnters
 
of the enstern ref{ion to 47.30% in the offshore wnters. Both Fe nnd 1\1n
 
sllowed neorly the SUllle puttern of distribution (Fig.5) nnd a positive
 
C'orrelotion (I' = 0.(8) was found between their pl1rliculnte concentrntions.
 

Mn = -11.35 + 22.98 Fe 
As 28.746+ 0.33 Mn 
Cd = 15.345+ 0.003 Mn 

It is to be noted that, the mean and range of Mn concentrnliolls found
 
ill the present stUdy are in good agreement with the results given by
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.~I(['el11ling find Petel'sen (1981) fol' the open Mediterronean waters off tile 
;\gyplinn coust (0.48-1.22 pg/l). However, controry to our resulls J<.rernling 

~ullll Petersen found in the open Mediterraneon waters most Mn is present 
Jin true solution. 

i 

In the pl'esent study the percent of dissolved Mn increases from inshore 
to offshore wnters and the increase was directly correlated with the 
decrense in TPM. l{remUng and Petersen (1981) beleived that the high 
~In concentrnlion off the Egyptinll const is mostly due to its remobilizntion 
from deposits of river-borne detritus. Ilowever, our results indicate that 
t he high concentrations of most tl'ace l11etnls in the coastnl mea nre mostly 
of nllochtllonlls origin coused by the disclllJrge of large quantities of brackish 
wnters from the northern Delta lakes. The mean concentrations of trnce 
nletnls in i1g/1 nt the luke sea outlet of Lake Manzulu:l were Cd, 0.4; 
Co,n.Hj Mn, 21.0; and Fe, 950.0 (lJowidnr and Abdel Monti 1984 in press) 

Thcse metals occur in the adjoining IVlediterranean waters in exactly 
tlH' sOTlle order of flbundnnce but with much snlOller concentrations. In 
rOlllpnrbon with other MecJitelTfJ!lf'1l1l regions (Bernhard, 1978 alld l{rel11ling 
Itlld Petersen, I~J81), it is obvious \lwt, except for the high Fe vnllles, 
t he levels of conelltrntions of trace !1letols in the study arCH are within 
tile 01 ckr of Illflgnitude IIslIally encountered in normal unpolluted waters. 
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