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Abstract: This work focuses on the sources and contribution of soluble organic nitrogen (SON) in

aerosols over the Gulf of Aqaba–Jordan to understand its impact on the marine ecosystem. The results

revealed that the SON contribution to the total soluble nitrogen (TSN) in aerosols to be a round 15%. The

inclusion of SON dry deposition in the N budget significantly increases the N nutrient input the Gulf of

Aqaba marine ecosystem. This work is the first direct quantification of organic N in dissolved form of

the atmosphere provides molecular evidence for contributions to the organic nitrogen content of the

atmospheric aerosol.
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INTRODUCTION

Deposition of aerosol from the atmosphere can be

an important source of nutrients to marine ecosystems

and much recent attention has focused on the

deposition of organic nitrogen . Recently, the[1-3]

inorganic nitrogen species (i.e., nitrate and ammonium)

considered to be an important in the transport and

deposition of nitrogen in the atmosphere and have been

extended to  o rganic  nitrogen compounds .[4 -6 ]

Atmosphere may be particularly important in

oligotrophic ocean . Specifically, the dry deposition of[7]

atmospheric nutrients elements to the Gulf of Aqaba

may support a large fraction of new production in the

photic zone due to negligible river runoff and

precipitation . The pervious studies suggest that[8]

organic nitrogen compounds influence atmospheric

chemistry and contribute to the nutrient budgets of land

and marine ecosystems. Deposition of organic nitrogen

in seawater from atmosphere can increase the

productivity of the primary producer, since a major

fraction of the soluble organic nitrogen (SON) supplied

by rainwater is found to be biologically available .[9 ,10]

The SON increases total N deposition from ~30 to

~40% for coastal areas worldwide . In addition, the[11]

air borne organic nitrogen (i.e., amino acids and urea)

investigations are very important from the cloud

chemistry point of view as it is associated with

particulate organic carbon .[12 ,13]

Currently, not much information on the

composition  and  source  of  organic  N  in  aerosols

is available to understand the transport and

transformations of atmospheric nitrogen species and

their  role  in  the  global  nitrogen  cycle.  This is

true for SON over the remote marine atmosphere, since

organic N contributes significantly (~ 31 and ~ 64 %

of the total N under clean marine and dirty

continentally affected conditions, respectively) in

remote atmosphere .[3]

In the present the concentrations, the geographical

distributions and sources of SON in aerosols over the

Gulf of Aqaba are reported in this study to enable for

understanding of its impact on atmosphere processes on

the oceanic ecosystems. Through this study we

attempted to elucidate the human impact on the

regional atmosphere with implications to surface

seawater processes.

MATERIALS AND METHODS

Sample Area: The Gulf of Aqaba is located in the

southern of Jordan (Figure 1). The sampling site

(approx. 3-5 m from ground level and approx. 40 m

from the road side) is close to the city centre, with an

open aspect in all directions.

Sampling collection and analyses: Aerosols were

collected by aerosol trap (From January to March). The

collected aerosols were stored in plastic bags. The

aerosols dissolved in deionized water (specific

resistivity > 18 MÙcm) and filtered through a per-

combusted glass fiber filter (whatman GF/F).

Subsamples from the filtrate were frozen separately

from each sample for subsequent analysis of Soluble

2 3 4inorganic nitrogen (SIN) species (NO , NO and NH )- - +

and total soluble nitrogen (TSN) analyses (see below

for method). Procedural blanks of distilled-deionized

water were analyzed for SIN species and TSN to check

for possible contamination from the collection and

storage procedures. All sample and standard solutions

were handle in a clean chamber throughout the

analysis.  The  concentration  of  SON   was  obtained
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Fig. 1: Aerosol sampling location (29°50¢N, 35°00¢E)

at south of Jordan.

3 2 4by subtracting IN (NO  + NO  + NH ) from STN.- - +

The  blank  value  range for STN was approximately

0.02-3.5%.

4 ,The  aerosol   samples   analyzed  for  NH +

2 3NO   + NO  using the method described by  and- - [14]

total soluble  nitrogen  (TSN)  was  also  measured .[15 ]

SON  was  determined  by  the difference between

4 +TSN  and  soluble inorganic nitrogen (SIN= NH +

2 3NO  +NO ). - -

RESULT AND DISCUSSION

The variation in the concentrations of TSN and
SIN species shown in the figure (2). The total aerosol

samples collected over Gulf of Aqaba contained 77±21
nmol N/ m  as TSN (Mean±S.D) and 0.7±0.3, 43±153

2 3 4and 22±12 nmol N/m  as (NO , NO and NH ,3 - - +

respectively). The concentration of SON was estimated

as 11.3 nmol N/m . In comparison, the concentration3

reported in this study is higher than the average found

in the Southern Hemisphere at cape Grim, Tasmania,[16]

and less than those reported in Amazon aerosol[17]

(table 1).

Table 1: The concentrations of SON in different locations.

SON concentration

Location (nmol N/ m Reference3)

Cape Grim, Tasmania 3.6 M ace, et al. (2003a)

Amazon aerosols 61 M ace, et al. (2003b)

Gulf of Aqaba 11.3 Present finding

Fig. 2: The concentrations of TSN and SIN species in

aerosols samples over The Gulf of Aqaba
(mean±S.D).

Fig. 3: Show the proportion of SON and SIN.

Fig. 4: Represented the 5-day back trajectories plots



J. Appl. Sci. Res., 3(8): 787-790, 2007

789

Fig. 5: The fractions of SIN and SON in the aerosol

samples

Although, the proportion of SON was ~ 15%
(figure 3), Which is much lower than in Hawaii

(64%)[3] and in East China Sea (24%) .[18]

For five-Days back-trajectories study shows that

the wind passed over the sea and the land (Figure 4)
during the collection time, most of SON was found in

the aerosol that suggested being anthropogenic gaseous

xorganic N and NO . The Gulf of Aqaba region[19]

strongly affect by anthropogenic and oceanic substances
therefore the results suggest that an important of SIN

and SON to TN budget being contributed.
In addition to that the results also indicate that the

3 4fractions of NO  and NH were significant high- + 

comparing to the SON fraction which is reported in the

aerosol samples (figure 5). The results are similar to
previous reported results by Nakamura, et al. (2006).

4Where the concentrations of particulate NH were+ 

significant high in the aerosol passed over the

continent . Cornell, et al. (2001) found a large[20]

fraction of organic N in polluted aerosol and suggested

that the organic material is derived from soils or sea
salt and indicate that the IN is associated with coarse

particles; where as most of the organic is found in fine
particle aerosol. This is in agreement with the general

finding that organic compounds are the second most
abundant component of the fine particles after sulfate

. Therefore, it is likely that organic nitrogen is[21]

scavenged less efficiently than inorganic nitrogen. This

would provide an explanation for the greater relatively
concentration of organic nitrogen in remote oceanic

regions . [5]

One of the sources of SON was suggested to be

anthropogenic source (particularly human activities) that
contribute ~ 15% to the TN over the Gulf of Aqaba.

As 5- Days back-trajectories in figure 4, suggested that
SON transported from the North of Europe passed over

Mediterranean sea and North of Africa before arrived
over the Gulf of Aqaba region. In order to have an

adequate understanding of the cycling of atmospheric
nitrogen information about other component of the

cycle is needed.
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