
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 15 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Chemistry and Ecology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455114

Phosphate enrichment in the northern Gulf of Aqaba: Regulation by
carbonate sediments and impact on nitrogen elevation
M. Y. Rasheeda; S. A. Al-rousana; M. I. Badrana

a Marine Science Station, University of Jordan Yarmouk University, Aqaba 7710, Jordan

To cite this Article Rasheed, M. Y. , Al-rousan, S. A. and Badran, M. I.(2005) 'Phosphate enrichment in the northern Gulf of
Aqaba: Regulation by carbonate sediments and impact on nitrogen elevation', Chemistry and Ecology, 21: 3, 199 — 208
To link to this Article: DOI: 10.1080/02757540500151663
URL: http://dx.doi.org/10.1080/02757540500151663

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455114
http://dx.doi.org/10.1080/02757540500151663
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Chemistry and Ecology
Vol. 21, No. 3, June 2005, 199–208
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The effect of carbonate sediment in regulating phosphate concentrations in sea water was investigated
by laboratory incubation experiments using different sediment types. Incubation experiments were
made with two types of sediments: uncontaminated sediment from a marine reserve and contami-
nated sediment with deposited phosphate powders. Fluxes of inorganic nitrogen and phosphate were
estimated from linear regressions of solute concentrations over incubation periods. Ammonium and
phosphate fluxes were about twofold higher in the uncontaminated sediment that had significantly
lower organic carbon and total phosphate concentrations than in the phosphate-contaminated sedi-
ment. To test the effect of dissolved phosphate on increasing nitrogen fixation, additional incubation
experiments were carried out using treated carbonate and silicate sediments with added dissolved
phosphate (20 µM). Incubations were made under sterile conditions with HgCl2 added to distinguish
between biologically enhanced processes and pure physicochemical processes. The adsorption rate of
phosphate onto carbonate sediment was about twice that onto silicate sediments. No nitrogen elevation
either as ammonium or as nitrate was observed in the soluble phosphate enrichment incubations. In con-
clusion, this study demonstrates the importance of the regulation of soluble phosphate concentrations
in carbonate sediment environments where the carbonate sediment acts as a buffering system keeping
soluble phosphate concentrations at certain steady-state levels. The study also demonstrates the lack
of evidence on enhancement of nitrogen concentrations due to the increase phosphate concentrations.
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1. Introduction

Phosphate pollution in waters of the Gulf of Aqaba, resulting from phosphate loss during
shipment, has been a long ongoing concern since the mid-1970s [1, 2]. However, few studies
have been undertaken to understand the phosphate behaviour in the local environment of the
Gulf of Aqaba. Recently, a report prepared by the International Expert Team [3] supporting
the fish farms in Eilat claimed that phosphate dust is not only a source of phosphate pol-
lution but also increases the nitrogen availability in sea water, based on a hypothesis that
phosphate enhances nitrogen fixation in nitrogen-deficient systems. This has no well-founded
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scientific grounds in the Gulf of Aqaba. Plankton studies have shown that the nitrogen-fixing
blue-green alga, Trichdesmuim sp., exists in the upper 100 m waters of the Gulf of Aqaba
mainly during summer and autumn [4, 5] where and when phytoplankton chlorophyll a,
phosphate and nitrogen concentrations are low [4–7]. This indicates that nitrogen fixation
in the Gulf of Aqaba, if it occurs, is driven by nitrogen deficiency rather than phosphate
availability.

Jordanian phosphate powder is almost completely insoluble in sea water [2]. Evidence is
provided by the comparable soluble reactive phosphate concentrations in the sea water at
the phosphate-loading berth with other coastal stations in and even with offshore surface
water (Jordan’s National Monitoring Program, 1999–2003). Also, there is no elevation in the
concentration of total inorganic nitrogen or of chlorophyll a at the phosphate-loading berth as
compared with other coastal and offshore stations.

Carbonate sediments accumulate in the Gulf of Aqaba near coral reefs. They are made
up from coral and mollusc fragments as well as shells of microbenthic fauna. These sedi-
ments are loose and unconsolidated in nature characterized by high porosity and permeability
[8, 9]. Carbonate sediments are reported by several authors to have a strong regulatory
effect on phosphate concentrations in sea water [10–12]. Even if phosphate is introduced
in purely soluble form, carbonate sediment adsorbs soluble phosphate and establishes
steady-state conditions where soluble phosphate concentrations are maintained at a certain
level.

The objectives of this study were to investigate the fluxes of dissolved inorganic phosphate
(DIP) and dissolved inorganic nitrogen (DIN) from carbonate sediments and the possibility of
nitrogen fixation due to elevated phosphate concentrations, as well as to assess the regulatory
effect of carbonate sediments on phosphate concentrations.

2. Materials and methods

2.1 Sampling site

Sediment cores for the first incubation experiment were collected from two sites on the Jorda-
nian coast of the Gulf of Aqaba (figure 1). The first site was in front of Marine Science Station
(MSS), a well-developed coral reef site and a marine reserve since the mid-1970s. In this area,
the sediment is mainly carbonate composed of coral reef fragments, remains of foraminifera,
calcareous red algae and sea urchins [8]. Silicate sediments also exist nearby. Samples of the
MSS sediments were collected for the second incubation experiment. The second site was
near the phosphate-loading berth (PLB). The PLB sediment is composed mainly of quartz and
feldspar with high organic phosphorus content that fall out of raw phosphate powder during
shipment.

2.2 Incubation experiments

2.2.1 Incubation experiment 1. The purpose of this experiment was to estimate the flux
of dissolved inorganic nitrogen (DIN) and phosphate (DIP) from natural sediments from the
two sites. Sediment cores for this incubation were collected by diving, using acrylic cylinders
with an inner diameter of 9.5 cm and length of 40 cm and a sharp edge from the bottom. About
10 cm of sediment was collected, overlaid by about 30 cm of bottom waters. The cores were
then covered by air-tight plastic lids with two sampling ports. The water above the sediment
was kept homogeneous by continuous stirring using a 7-cm-diameter rotating disk that was
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Figure 1. Location of the sampling sites.

placed 10 cm above the sediment. Aeration at a low rate by an air pump was used to keep
the water’s dissolved oxygen concentration near saturation. Three chambers were used for
each site. Once stirring was started, the redox potential for the water above the sediment was
recorded at different time intervals. For the analysis of inorganic nutrients (ammonium, nitrate,
nitrite and phosphate), 50 ml of the overlaying water was withdrawn using a syringe at different
time intervals (figure 2) and replaced with 50 ml of new sea water. The total incubation period
was about 200 h.

2.2.2 Incubation experiment 2. The purpose of this experiment was to estimate the
adsorption rate of dissolved phosphate onto carbonate sediments compared with silicate sedi-
ments and to investigate the possibility of DIN elevation driven by DIP elevation in the sea
water. Sediment for this experiment was collected from two shallow sites (5 m) in front of
the Marine Science Station including carbonate and silicate sediments. The sediments were
washed with tap water and dried, and 250–500 µm grains were separated by mechanical
sieving. The incubation was done in the same manner as in experiment 1 with 10 cm of the
treated sediments and sea water collected from about 0.5 m water depth. Eight chambers were
used for this incubation, four for each sediment type. To each of the eight incubated chambers,
1 ml of concentrated potassium hydrogen phosphate was added, to yield a phosphate con-
centration of about 20 µM in the water above the sediments. Two carbonate and two silicate
chambers were sterilized with 2 ml of saturated HgCl2 solution to eliminate any biological
activity including nitrogen fixation in the chambers and to limit the change in phosphate
concentration to physicochemical action keeping biological factors aside.

The fluxes and adsorption rate of DIN and DIP were estimated from linear regressions of
solute concentrations over incubation times.
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Figure 2. Changes in ammonium and phosphate concentrations in overlaying waters over 200 h of incubation with
sediments collected from the MSS and PLB sites. Error bars represent the average of three incubation chambers.

2.3 Analytical procedures

The calcium carbonate content of the sediment was measured by complexmetric titration
of calcium carbonate with 0.1 N of hydrochloric acid [13]. Organic carbon contents in the
sediments were measured [14]. The ignition method was used for total phosphate determination
in the sediment [15].The redox potential for the water above the sediment surface was measured
using a Mettler Toledo electrode. Inorganic nutrients (ammonium, phosphate, nitrate and
nitrite) in the water were determined spectrophotometrically [16].

3. Results

3.1 Sediment properties

As expected, sediments at the first MSS site were characterized by high calcium carbonate
concentrations (table 1) as this site has plentiful coral reef communities that can be the main
source of carbonate sand. Sediments from the second MSS site were composed mainly of
silicate sand. In the PLB, the sediment was contaminated with the phosphate deposits, as
reflected in the high TP content of 13.6%. No important differences in organic carbon contents
either between MSS and PBL sediment or between the sieved carbonate and silicate sediments
were found.
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Table 1. Basic chemical characteristics of sediments used in the incubation experiments.

MSS PLB Sieved carbonate (MSS) Sieved silicate (MSS)

CaCO3 (%) 76.5 11.8 84.5 3.20
OC (g kg−1) 2.74 3.10 1.30 1.10
TP (g kg−1) 0.04 135.7 0.03 0.03

3.2 Incubation experiments

The time-dependent changes of incubation experiment 1 showed a progressive efflux for both
ammonium and phosphate from the sediment to the water column, resulting in increased
water column concentrations in both variables and for sediments from both investigated sites
(figure 2). The elevation rates of both variables were higher in the MSS sediment incubation
chamber than in the PLB chamber. The average daily efflux rates over a 200 h period from
MSS carbonate sediment to overlying waters were about twofold higher than that of the PLB
sediment for both ammonium and phosphate (figure 3).

Nitrate and nitrite concentrations increased in the overlying waters progressively during the
first 2 days of incubation, and then started to decrease gradually until they reached steady-
state concentrations of about 1.5 and 0.9 µM for nitrate and nitrite, respectively (figure 4).
The redox potential in the overlying waters show similar changes to those of the nitrate
and nitrite concentrations, indicating the dependence of the three variables on water oxygen
concentrations. At the end of the incubation, the concentrations of nitrate and nitrite as well as
the redox potential values in the overlaying waters were lower in the MSS chambers than in
those of the PLB. The decrease in the three variables over the experimental period was higher
in the case of MSS sediment than in the PLB sediment.

The nitrate concentration in the second incubation exhibited a similar behaviour to that in
incubation experiment 1, as it increased initially (0–32 h), then decreased gradually at a rate of
about 0.40 µM d−1 in both carbonate and silicate chambers (figure 5). The concentrations of
DIP decreased gradually in the four incubation chambers (figure 6). The adsorption rate in the
carbonate chambers calculated from DIP decrease was higher than that in the silicate chambers
(0.48 ± 0.11 and 0.28 ± 0.11 mmol m−2 d−1 for carbonate and silicate, respectively). By the
end of this incubation, DIP concentrations in the chambers decreased to 9 and 13 µM in the
carbonate and silicate sediments, respectively.

Figure 3. Average efflux rate (mmol m−2 d−1) of ammonium and phosphate to overlying waters from sediments
collected from the MSS and PLB over 200 h of incubation. Error bars represent the average of three incubation
chambers.
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Figure 4. Changes in redox potential, nitrate and nitrite concentrations in overlaying waters over 200 h of incubation
with sediments collected from the MSS and PLB sites. Error bars represent the average of three incubation chambers.

4. Discussion

4.1 Nutrient fluxes from sediment

Flux estimations show an apparent difference between the two sites (figure 3). High ammonium
and phosphate fluxes were encountered in the case of the Marine Science Station carbonate
sediment as compared with the sediment from the PLB, although the latter had higher organic
carbon and phosphate concentrations (table 1). In general, material fluxes from sediments
depend mainly on the rate of organic matter degradation, which results in mineralization of
organic carbon, nitrogen, phosphorus and silicon to inorganic forms. As indicated by the redox
potential profiles, the incubation conditions initially were relatively oxic with high oxygen
concentrations that started to decrease, leading the incubations towards a less oxygenated
state. Oxic respiration of organic matter can supply nitrate and nitrite for the water column
[17, 18], whereas in sediments with a low oxygen concentration, ammonium can be supplied
from nitrate reduction. Phosphate remains soluble under anaerobic conditions [19], and some
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Figure 5. Changes in ammonium and nitrate concentrations in overlaying waters over 200 h of incubation with
natural carbonate sediments and addition of soluble phosphate. Error bars represent the average of two incubation
chambers.

iron oxyhydroxides which bind phosphate are converted to iron sulphides during sulphate
reduction, which consequently results in free phosphate [20].

In addition to the chemical properties, mineralization of organic matter in the sediments
depends also on the physical prosperities of the sediments such as permeability and mineralogy
[8, 9, 21, 22]. The quality and quantity of degraded organic materials can also have some

Figure 6. Phosphate adsorption on carbonate (C) and silicate (Si) sediments over 200 h of incubation under natural
and sterile conditions (with added HgCl2). Error bars represent the average of two incubation chambers.
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effects [23]. The paradoxically higher ammonium and phosphate fluxes encountered in the
MSS sediments than in the PLB sediments may be attributed to the type of organic materials
in both sediments. MSS hosts a marine reserve with flourishing coral community including
corals themselves and other living organisms accompanied with corals, as it is considered one
of the most diverse and complex biological communities [24]. Organic materials produced
from coral reef are generally degradable, as they are considered labile and fresh materials
[25]. Within coral reef areas, phytoplankton density and chlorophyll a concentrations are
relatively high [26, 27], and the decomposition of the detritus derived from phytoplankton is
relatively fast [28, 29]. Accordingly, high degradation rates of organic deposits and high fluxes
of inorganic materials are expected in the MSS sediment compared with PLB sediments. The
PLB sediments are composed mainly of very fine mined phosphate deposits originating from
the raw PLB [2]. These deposits have a high fraction of non-degradable refractory materials
that result in low mineralization and fluxes.

4.2 Phosphate regulation in carbonate sediment

Phosphate enrichment may impact primary production as it is considered a limiting nutri-
ent in some regions [30]. In tropical and subtropical regions where carbonate sediments are
dominant at the shelf [8], phosphate regulation by adsorption on carbonate grains is well
documented [10, 31–33]. It was demonstrated that the adsorption of phosphate on carbonate
grains is a fast process, depending mainly on phosphate concentrations in addition to salinity
and temperature [34]. Phosphate can also be trapped within the crystal lattice of carbonate
granules [11, 12]. The second incubation experiment showed that adsorption of phosphate
onto carbonate sediment was higher than on the silicate sediments under both sterile and
non-sterile conditions (adsorption rates were 0.48 ± 0.11 and 0.28 ± 0.05 for carbonate and
silicate sediment, respectively). To this effect, and taking into account that sediments in the
coastal areas of the Gulf of Aqaba are mainly carbonate sediments, one may conclude that
carbonate sediment may act as a buffer regulating phosphate concentration in the sea water
by adsorption of dissolve phosphate.

The ammonium and nitrate concentrations in the set of incubations in the second experiment
designed to test the effect of dissolved phosphate on nitrogen fixation were similar to those
in incubation experiment 1, where there was no elevation of soluble phosphate concentration.
This provides evidence of a weak or no effect of soluble phosphate in enhancing nitrogen
fixation. The International Expert Team [3] claimed speculatively that the main source of both
phosphate and nitrogen pollution in the northern Gulf of Aqaba is mainly Jordanian phosphate
powder lost during shipment. This needs significant revision because it goes against scientific
evidence. However, more work is still needed to support and quantify phosphate sequestration
on carbonate sediments and to study the long-term steady-state conditions that result from
such a phenomenon.
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