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Abstract: The present study was carried out to clarify factors affecting the dynamic distribution of heavy metals
i the main River Nile Estuary (Rosetta Estuary) during the exchange between sediment pore water (PW) and
overlying bottom water. Dissolved heavy metals were simply measured by pre-concentrated membrane filtered
water samples and chelating onto chelex 100 cation-exchange resmn. The surfacial bottom sediments were
collected using a Van-Veen grab sampler. Direct measurement of the different trace metal concentrations were
carried out in the interstitial waters, since the trace metals i the estuarine interstitial waters occur in
concentrations well above the detection lunit of suitable analytical instruments and give reliable data. The
diffusive fluxes of different metals at the sediment-water interface were calculated using Fick’s first law from
concentration gradients 1 the interstitial waters and near-bottom waters. It was noticeable that all metals are
fluxed from sediment to near bottom water, except few cases depending on environmental conditions of the
sampling stations and type of sediments. Molecular diffusion within interstitial waters 1s of fundamental
importance in affecting the exchange of dissolved constituents across the sediment-water interface. Hence, the
considerable variability in these coefficients was due to seasonal variations in the temperature of near-bottom
waters i addition to the differences m sediment porosity. Coefficients were found the highest in silty-clay

sediments in summer and early autumn.
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INTRODUCTION

Sediments are the final destination of trace metals, as
a result of adsorption, desorption, precipitation, diffusion
processes, chemical reactions, biological activity and a
combination of all those phenomena. Sediments is
comsidered as an important sink for heavy metals, but
when some physical disturbance occurs, or there is
diagenesis and /or changes m pH or redox potential, they
may become a source of metals, releasing them to the
overlying water column [1].

It was becoming increasingly clear that solute
exchange across the sediment-water interface is an
unportant process in regulating the water column
distributions and global cycles of many elements [2-6].
Transport processes to be incorporated include not
only molecular diffusion of solutes and gases, sediment
accumulation for solids, due also enhanced diffusion of
solutes and gas, mixing of solids due to bioturbation and
move or current activity, non-local exchange processes
caused by biota and gas bubble formation [7].

Due to the importance of Rosetta Estuary in
regulations of the quality between the
River Nile and adjacent area of the Mediterranean
Sea, the present study was carried out to cover
the gap in information reganeling the factors
effecting the dynamic distribution of heavy metals in

water

the area of Rosetta Estuary due to the exchange
between sediment pore waters and overlying bottom
waters.

MATERIALS AND METHODS

Study Area: In the present study, 13 locations along the
Rosetta Estuary as shown in figure 1 were selected to
represent the Nile River Side (NRS), the estuary (Est) and
its adjacent Sea Side (SS).

Dissolved heavy metals were simply measured by
pre-concentrated of 5 liter membrane filtered water sample
and chelating them onto chelex 100 cation-exchange resin
in conjunction with flame atomic absorption spectro-
photometry [8.9].

Corresponding Author:

Mamdouh A. Fahmy, Marine Chemistry laboratory,

National Institute of Oceanography and Fisheries, Alexandria, Egypt.
1317



World Appl. Sci. J., 13 (6): 1317-1323, 2011

30°20° 30°25

(g

30730

Sea Side
(SS)

mw

MEDITERRANEAN SEA 3

Mediterranean Sea o~ N
P

o

|90 River
11:side(RS).

El-Esmailia [ f- .»P[Dpnr
e Nite

Canal Water of

- Rosetta
" branch _l 3{:
15

Fig. 1: Map showing the locations of sampling stations from Rosetta Estuary.

The surfacial bottom sediments were collected using
a Van-Veen grab sampler. The sediment samples were
then, preserved in plastic bags and kept frozen until the
extraction of their pore water (PW) contents and further
analyses.

In the present study, the choice of the techniques
used for extracting the interstitial water from sediments
was usually governed by the nature of sediments and
available facilities as the following:

¢ In case of muddy sediments fractions, the squeezer
technique was used [10]. The squeezer was lined with
Teflon as recommended by Patterson and Settle [11];
(b)-centrifugation for finer sediments at 10.000 rpm
for about 20 minutes [12,13]; and (c¢)-By filtration on
a glass fibers filter, in case of coarse sediments.

Direct measurement of different trace metal
concentrations were carried out in the interstitial waters,

since the trace metals in the estuarine interstitial
waters occur in concentrations well above the detection

limit of suitable analytical instruments and give reliable
data [14]. Method validation for some heavy metal
measurements were performed based on ISO 17025
(Table 1), accordingly all the operated method were found
satisfactory.

Flux Calculation: The diffusive fluxes of different metals
at the sediment-water interface were calculated using
Fick’s first law from concentration gradients in the
interstitial waters and near-bottom waters [15,16].

J,=-D, @, (C-C))x" ",

Whereas

J ~diffusion flux at depth x (umol cm?s™),

D,-total sediment diffusion coefficient,

D cdimen POTOSILY,

C,-concentration [umol dm-3] for y = x,’
C,-concentration [umol dm-3] for _,

« = sediment depth (5 cm) (the negative sense towards the
sediment).
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Table 1: Method validation for Iron, Manganese, Copper, Zinc and Cadmium based on ISO 17025

Limit of detection ppb Recovery Precision Range Linear range
Metal LOD ppm Truness % Repeatability % Between day Variability% ppm ppm
Fe 0.006 98.6-102 0.965-1.723 1.25-3.265 0.5-30 0.0-35
Mn 0.005 96.5-100.6 1.256-2.433 1.76-2.98 0.4-25 0.05-30
Cu 0.007 95.8-106 0.746-0.597 1.56-2.142 0.5-5.0 0.0-12.0
Zn 0.003 99.2-99.9 1.53-0.045 4.44-0.23 0.1-2.5 0.0-3.0
Cd 0.009 92-99.9 1.71-1.527 5.0-1.086 0.05-1.5 0.0-2.0

Values of the total sediment diffusion coefficient
were calculated using the equation [17].

D=D'/®F,

Whereas

D-water diffusion coefficient at infinite dilution [cm’s™"]
F-the modified [17] formation factor, corrected for
viscosity and deviation from the Archie relation F = ®~*°

RESULTS AND DISCUSSION

The calculated flux values of some metals
(Fe, Mn, Cu, Zn and Cd) from the grab sediment PW of
Rosetta Estuary were listed in table 2 and represented in
figure 2.

Iron (Fe): The calculated flux values of Fe fluctuated
between-10.3 to-198.5ug/m”.day during winter and spring,
respectively with an annual average value of-
78.9ug/m’.day in the NRS,-46.4 to-1153.7ug/m’.day at

stations I and II during winter and autumn, respectively

with an annual average-402.4ug/m*.day in US; between-
57.7 to-811.7pg/m*.day at stations VIII and V during
spring and winter, respectively, with an annual average-
361.9ug/m’.day in DS and between-40.7 to-
374.8ug/m*.day at station XI during spring and summer,
respectively, with an annual average-176.8ug/m’.day in
SS.

Manganese (Mn): The calculated flux values of Mn were
found between-3.6 to-614.6pg/m’>.day during winter and
spring, respectively with an annual average-
159.3pug/m*.day in the NRS, 33.9 t0-913.8ug/m’.day at
stations I and III during summer and autumn,
respectively with an annual average value of-
149.6pg/m’.day in US;-11.3 to-432.3pug/m’.day at stations
V and VII during autumn and summer, respectively, with
an annual average- 114.5ug/m”.day in DS and between-
2.5 t0-83.9ug/m’.day at stations X and IX during winter
and autumn, respectively, with an annual average-
25.6pg/m’.day in SS.

Table 2: Calculated flux values of iron, manganese, coper, zinc and cadmium (ug/m?. Day) in grab sediment pore water of Rosetta Estuary, Egypt

Region|Station | Spring Summer _Autumn _ Winter Spring  Summer Autumn  Winter $pring Summer Autumn_Winter | Averages Spring Summer Autumn_Winter | A Spring Summer Autumn_Winter [ Averages|
@ Fe Mn cu zn cd
= [ -198.5  -79.3 275 -10.3] 789 | 4146  -10.9 8.2 -36] -159.3 | 062 003 032 054 | 011 | 835 277 653 569 | 583 | -9.60 139 112 079 | -3.22
! 7178 <1845 2245  -46.4| 2933 | 1172 115 0.2 17| 268 | 622 -1.13 264 018 | -254 [-17282 <9.86 -50.14 641 | 6981 | 3.93 509 175 007 [ 043
£ 1 £80.3 -369.6 -11537 816.0| -754.8 875 339 5.7 217 203 | 599 331 1036 516 | 621 | -9275 7448 -189.19 -99.43 | -113.96 | -1.18 271 572 201 1.90
H
g_ 1] 4237 3537 3158 -150.2] 2058 | 4411 122 9138 -41.9) 3461 | 276 057 -288 168 | -1.85 | 4209 -24.30 16293 -28.47 | 6445 | 1.95 -1.96 676 013 264
W 3372 8114 7247 7232 6491 774 1231 4801 -140.2] 2051 | <441 788 1006 598 | 425 | -361 -d478.73 -216.28 -120.62| -203.56 | 0.94 368 -10.34 222 | -4.30
Mean | <411.5  -359.7  489.2 0492 | 3024 | -180.7  -16.4  -3498 514 | 1496 | 402 3.2 4.36 325 | 421 | 7782 -155.59 15464 £63.78 | -112.95 | -2.00 081 614 000 2.24
v £84.7 5774 -179.9 811.7| 5634 £8.9 2460 113 27.7] 885 | 249 640 122 904 | 475 | -1873 4372 -2276 -123.73| 57.24 | <139 552 261 -14.00 | 588
g vi 582 7188 4016 -334.5) -403.3 50.0 -173.9 861 -367) 867 | 1148 522 844 251 117 | 4283 6853 -112.88 6959 | 7346 | 001 476 280 052 [ -1.00
g Vil 883 4132 2576 3153 2686 | -120.0 4323 218 -13.4 1469 | 246 540 250 .19 | 281 | 1628 -137.05 -31.58 47.75| 5816 | -1.80 0.38 261 003 119
° vin 577 3212 2224 -248.2) 2124 367 1127 -28.3 -366.2) -136.0 | -1.05 218 228 163 | 179 | 271 3545 -3662 -53.67 | -3076 | 073 092 112 083 | -0.90
Mean | -247.2 B507.7  -265.4 -427.4) -361.9 £8.9 2412 -36.9 -111.0] -1145 | 276 <427 441 178 | 192 | 41878 7619 5096 -73.68 | -54.90 | 0.98 214 220 357 | -2.24
X 2468 2437 2114 96.4) 1996 505 208 B39 26 395 | 413 08T 249 047 | 199 | 28663 2644 -19.87 -19.04 [ -23.49 | 006 458 095 028 1.30
P X 625 -349.4 1778  98.7| 1721 404 <163 534 25| 281 | 163 201 141 054 | 140 | -21.07 -1235 -35.83 -IT.11[ 2159 | -1.61 262 077 024 116
g xi 407 3748  -115.9  -98.4| -157.5 -19.4 98 116 63| 118 | 472 214 183 112 | 4170 | -274 1818 3297 26560 | -1987 | 4108 196 253 -1.28 [ 073
Xil “110.1 2497 1838 -188.0 17T 476 <190 206 -4.2] 228 | 093 -225 -3.08 -1.04 | -1.83 | -21.91 5082 5245 -64.00 | <4729 | 095 161 039 044 | 085
Mean | -115.0 3044 1722 -115.4] -176.8 -39.5 165 424 -3.9] 266 | -210 182 -220 079 | -1.78 | -18.59 2695 -35.28 -31.43 | -28.06 | -0.87 71 .16 030 [ -1.01

(8] from zeciman to verlying vater
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Fig. 2: Diffusion coefficient values of metals (ug/m?/day)

Copper (Cu): The calculated flux values of Cu fluctuated
between 0.54 to-0.62ug/m’ day during winter and spring,
respectively with an annual average-0.11 pg/m’®.day in the
NRS,-0.18 to-10.36pg/m’ day at stations T and T during
winter and autumn, respectively with an annual average-
4.21 pg/m’.day in US;-1.05 to-11.48 ug/m® day at stations
VIII and VI during spring, with an annual average-
_1.92pg/m’ day in DS and between-0.47 to-4.13pg/m* day
at station IX during winter and spring, respectively, with
an annual average-1.73ug/m’ day in SS.

Zinc (Zm): The calculated flux values of Zn showed
variation between-2.77 to-8.35ug/m’ day during summer
and spring, respectively with an amual average-
5.83pg/m’.day in the NRS,-3.61 to-473.73pug/m Iday at
station TV during spring and summer, respectively with an

annual average-112.95ug/m’day m US$-2.71 to-

137.05ug/m? day at stations VIIT and VII during spring and
summer, respectively, with an annual average-
_54.90ug/m’ day in DS and between-2.74 to-64.0pg/nt .day
at stations XI and XIT during spring and winter,
respectively, with an ammual average-28.06ug/m’.day in
SS.

Cadmium (Cd): The calculated flux values of Cd were
found between-1.12 to-2.60ug/m’ day during autumn and
spring, respectively with an annual average-3.22ug/m” day
in the NRS, 5.09 to-10.34pg/m’ day at stations T and TV
during summer and autumn, respectively with an annual
average-2.24ug/m* day in US; 0.52 to-14.0pg/m* day at
stations VI and V respectively, during winter with an
annual average- 2.24pg/m°.day in DS and between 0.28
to-4.58pg/m’ day at station TX during winter and summer,
respectively, with an annual average-1.01pg/m’.day in SS.
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From the data of the present study it is noticeable
that, all metals were fluxed from sediment to near bottom
water, except few cases, depending on the marine
environment at the sampling locations and type of
sediments. The distribution Coefficient values of metals
were not only, correlated to organic substances but also
with other sorption-active surface. Toxicological effects
often may inversely correlated with parameters such as
wron oxyhydrate. There are strong effects of grain size
composition, the influence of suspended matter
concentration n aquatic system, which 1s even more
important, if the kinetics of sorption and desorption are
too slow for reaching equilibrium in a given time of
mteraction [18]. Particle-reactive elements were removed
fast; distribution coefficients between sediment and water
were found high, principally in winter.

The transformation of reactive components in solid
matter, so called diagenesis, involves changes of element
partition between solid and dissolved phases. The
sequence of factors and events, which affect the release
of biogeochemically active elements in estuaries, can be
described according to Elbaz-Poulichet et «l. [19] as
follows:

¢ A dynamic environment, where strong chemical
gradients occur i the pore water of fine gramed
sediments rich in organic matter and sulfides;

* A frequent change of river morphology, mvolving
resuspension of these sediments, which leads to an
oxidation of sulfide mierals whereby, solubility of
typical heavy metals, is increasing.

The intensity of metal mobilization (sometimes also
readsorption) depends on stability of either inorganic or
organic complexes. Inorganic complexation by chloride
ions is typical for cadmium, remobilization of cadmium first
needs oxidation of sulfidic forms, than complexation by
chloride 1ons can take place; mtensity of readsorption is
mainly controlled by the concentration of suspended
particulates.

Compared to the relative strong effects during the
oxidation of sulfide minerals, in particular iron sulfide, in
anoxic sediments, suspended matter 1s usually varied
latter
characterized by Fe-carbonate minerals, whereas trace
metals are still present in part as sulfides.

between oxic and suboxic conditions, the

After deposition and during storage m reduced
coastal sediments, adsorbed metals may transferred to
sulfidic bonding forms. During erosion processes,
oxidation can take place involving remobilization of a

certain proportion of the sediment-associated metals,
which may subsequently be reabsorbed m part to
particulate matter. Under marine conditions, the extent of
adsorption will mainly depend on the mtensity of both
complexation by chloride and competition with cations
like Mg*, Ca™ and Na'. Such oxidative events are
relatively short compared to the longer periods of reduced
conditions during deposition. However, it can be expected
that through repeated but iuregular cyclic processes of
erosion and deposition a significant release of metals from
sediments will take place [19].

Molecular diffusion within interstitial waters is of a
fundamental importance in affecting the exchange of
across the sedimnent-water
interface. Hence the considerable variability in diffusive

dissolved constituents
coefficients found m the present study may coincided
principally with seasonal variations in the temperature of
near-bottom waters and to the differences m sediment
porosity. Diffusive fluxes were the lughest m silty-clay
sediments during summer and early autumn. [20] found
that, Mn fluxes 1s strongly correlated not to temperature,
but to the average primary productivity. Whereas,
Sholkovitz. and Mann [21] suggested that, the
temperature dependence of dissolution reaction is
primarily responsible for the seasonal variations in fluxes
Elderfield et af [22] justified that, temporal variations in
interstitial water profiles are most likely when bioturbation
rates are low.

Otero and Macias[23] pointed out the idea that,
higher temperatures lead to an ncrease m the activity of
sulphate-reducing bacteria, which in turn leads to an
increase in alkalinity and sulfides condition consequently
1t leads to the removal of metals from the interstitial water.
In contrast, in the soils colonized by plants, the oxidation
of metal sulphides dunng summer lead to a decrease m pH
and an increase in the metal concentrations in interstitial
water.

Cadmium fluxes indicated that, it may taken place
either into or out of sediments. Colbert et al. [24] pointed
out that, correlation between Cd flux and sulphate
reduction indicated that anaerobic microbial degradation
was the major process controlling both the sign and the
magnitude of cadmium fluxes.

The distribution of Cd in the study area were found
higher than the expected values, they appeared to be
dominated by natural physical and biogeochemical
processes.

The recyclable element, eg. Manganese and cobalt
are those, which are typically controlled by redox
processes. Biologically active elements are easily taken up
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by organisms; half life are somewhat longer than of the
recyclable elements. With biologically active elements,
prediction about their behaviour may become difficult. On
one hand, association with dissolved organic matter and
colloids may increase the residence time of metals in the
water column; on the other hand, there are typical effects
of filtering and aggregation by orgamsms, which make
residence time of these elements substially shorter than
the average flushing time of the larger estuaries [25].

It was concluded that, all metals were fluxed from
sediment to near bottom water, except few cases,
depending on the marine environment at the sampling
locations and type of sediments. The distribution
Coefficient values of metals were not only, correlated to
organic substances but also with other sorption-active
surface. Molecular diffusion within mterstitial waters 1s of
a fundamental importance in affecting the exchange of
across the sediment-water
mterface. Hence, the considerable varability m these
coefficients was

dissolved  constituents
due to seasonal variations in the
temperature of near-bottom waters and to the differences
in sediment porosity. Diffusive fluxes were the highest in
silty-clay sediments during summer and early autumn.
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