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Abstract

Aerosol filter samples were selected from sample library of Erdemli site; located on the coastline of the
Mediterranean, in order to carry out solubility experiments. The nutriens (P&l NOs and NH") solubilities were
investigated by using pusgater and sewater. The arithmetic means of phosphate and dissolved silica indicated di
difference (larger than 50 %) between pwager and sewater whereas; the calculated mean catre#ions of nitrate and
ammonium did not reveal substantial discrepancy for-puater and sewater extractions. The difference for phosphate ¢
silicate might be attributed to pH and ionic strength of sea water, size distribution and associatiospbétefsilicate
particles with less soluble compounds such as calcium phosphate, kaolinite, opal, quartz and origin of the aerosdiep
difference between puwater and sewater extractions for nitrate and ammonium was estimated to be smadsppamding
to 1 % to-3 %. This similarity can be ascribed to highly soluble chemical forms such gdHCa(NQ),, NaNG;
(NH,),SO, and NHHSO,. Calculations revealed that atmospheric P flux would sustain 0.4 % and 0.9 % of the p
production reporte for coastal and offshore waters of Cilician Basin. Whereas, atmospheric nitrogen contribution on
production would be as high as 3.7 % and 8.4 % in coastal and offshore waters, correspondingly. The impact of atr
input on the marine produeity became more important particularly during the stratified periods such as summe
autumn. During these period, atmospheric P input might sustain 80 % of the new production whereas, atmospheri
might support 8 times higher new product thzet tletected for surface waters.
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Doju Akdeniz ¢zerindeki At mosf erSukeDéheSunwuTAzasérdankK

Denizsel |retim Konusunda Dejerlendir me
¥zet

toze¢negrl ¢k deneyl eri ger-eklexktirmek amacéyl aaibDoj?°
k¢t ephanesinden aerosol filtre ©°r n% BiJseNOjandsNeyt) safsmvedeniz |
suyu kull anélarak incel enmi ktir .-sukeoderizmauy w ea rsa sl & nkob@at 66d
fazla) bir fark g°sterirken nitasuvedenizugpmoaksmr aksnyao
fark ortaya koymamékt eer . Fosfat ve silikat i -in g°
fosfa / si |l i kat 6 én kal si yum fosfat, kaol init, opal, kuv
menkeine atfedil ebi | i-guved&histuryaut evkes tarnmaoknsyiuynmo nil-airné n3daddikak
hesapla mé k't ér Bu benzerl ik, WNOK CaENQ),, -NaNOy (NHR) 50, Ive NHIHE) kingydsal 1
forumlara atfedilebilir. Hesapl amal ar atmosferik PI
cretimin %0 .09 4devset ek¥Weyebil ecejini ortaya koymuktur

atmosferik azot katkéesé séraséyla % 3.7 ve % 8.4 Ke
tabakal akmanéne gsPornépladhiajre gyiabzi vd°neml erde daha ©°nemli

girdisi birincil yeni sretimin % 806ni kar kel ay abimih i
sekiz katéné destekleyebil mektedir.
Anahtar Kelimelet¢ © z ¢ n¢gr | ¢k, atmosferik besin tuzu girdisi, d
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Introduction

During the last two decades aerosol research
been attracted by scientists who are interested in ¢
variety of subjects including earth sciences
environmental engineering, oceanography, model
and atmospheric chemistry. Atmospheric particles
aerosols play a central role in global processes (s
as biogeochemistry, atmospheric chemistry &
climate) and public health (Arimot@001, Satheest
and Moorthy, 2005; Leviet al, 2005; Huanget al,
2006; Cheret al, 2007; Herutet al, 2005, Paytaret
al., 2009). From oceanographers point of view t
atmospheric nutrient deposition has been conside
as a vital source of the newimary production
particularly for oligotrophic waters (Markalét al,
2003; Herutet al, 2005, Paytaret al, 2009). On the
one hand, the atmospheric inputs supply esset
macro and micro nutrients for marine prima
production; on the other hand thatrient content of
the atmospheric deposition, considering the norr
oceanic Redfield Ratio, may cause a dramatic cha
in phytoplankton population (Markalet al, 2010;
Ko - etkl, 2010).

The Mediterranean Sea is characterized by
oligotrophic (ckficit in macro nutrients) surface
waters and low primary productivity, defining as lo
nutrient and low chlorophyll (LNLC) region. Th
oligotrophy of Mediterranean is primarily resulted t
its antiestuarine circulation and hence the nutrie
deficiency n the basin increases from west to e
along with decreasing primary productivity (Krogh
al., 2004, Pittaet al, 2005). The molar N/P ratio ir
the Eastern Mediterranean ¢2B) is found to be
higher than those of observed for Weste
Mediterranean (22and the normal oceanic Redfiel
ratio of 16. Taking into account aforemention:
features, the limitation of the primary productivity i
the Eastern Mediterranean is attributed to ma
nutrient phosphorous (Y

A number of studies dve been carried out t

determine the levels of nutrients in aerosol, rainwe
and assess the importance of atmospheric depos
onto the surface waters (Loyalot et al, 1993;
Guerzoni et al, 1999; Herutet al, 1999, 2002;
Kouvarakiset al, 2001; Markaki et al, 2003; 2010;
Ko - athl, 2010). However, only few studies ha\
attempted to evaluate nutrient solubilities by usi
seawater and puravater as extraction mediun
Markaki et al. (2003) used samples from Finokali
Central Mediterranean wWht Chen et al. (2006)
applied aerosol filters collected at Elat, Golf

Agaba. Comparison between sgater and pure
water from two studies revealed contradictory rest
for phosphate solubility. Former study did n
demonstrate any statistical difface for the
solubility of P in seavater and purevater
(slope=0.99, B=0.80). On contrary, latter showe
that the dissolution of P® was 11 % lower in sea
water than that observed for pusater. Thus, this
study aims at assessing the-seder and pre-water
solubility of nutrients namely, P®, Siiss NO; and
NH," by using aerosol samples from Erdemli si
Eastern Mediterranean. The assessment of

soulibilities of aforementioned mediums are

importance since the measured concentrations
mecro-nutrients are used for calculating atmosphe
inputs and thus exploring the possible influence
atmospheric deposition on the marine productivi
Atmospheric deposition of nutrients was al
calculated in order o assess the possible impac
fluxes on the new primary production in the Easte
Mediterranean.

Materials and Methods
Sites Description and Sample Collection

Aerosol sampling campaign was carried out a
rural site located on the coastline of the East

Mediterranean Erdemli, Turkey(36 33 547 N and
34 15 18E, Figure 1). Higkvolume sampler was

0
AU

60

50

40+

TURKEY

Erdemli
- A ’

Figure 1.Location of sapling site Erdemli.
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positioned on a sampling tower (at an altitude of ~
m, ~10 m away from the sea) which is situated at
Institute of Marine Sciences, Middle East Technic
University. From south, sagsling tower looks out
over Mediterranean Sea. From the north, it
surrounded by lemon trees and cultivated land. ~
sampling site is not under direct influence of a
industrial activities (for more details see Kubilay ai
Saydam, 1 et@Al52004K.0 - a k

A total of 1520 bulk aerosol (using a hig
volume sampler with flow rates of around £ min™
on Whatmaml cellulose fiber filters) and 23!
rainwater (applying automatic Wet/Dry sample
Model ARS 1000, MTX Italy) samples were collecte
from Janary 1999 to December 2007 (for mol
det ai |l s esa, &010K.drom kample library
34 aerosol filter samples were selected to carry
solubility experiments applying two differer
mediums namely: pure/ater and sesvater.

Sample Analysis

The sduble nutrient measurements in sampl
were carried out by a Technicon Model, falrannel

Aut oanalyzer (for mor e
Tujrul, 1998). The det:
0.02 and O0.04 OM for I

nitrate and amnium, respectively. The precision fc
each species was found to be better than 9 %
more detaidd,2@®.e Ko- ak

The subsamples and blanks were extracted
36 hrs in the dark at room temperature in preclea
centrifuge tubes containing 1L Mi | | i Q
and 100 OL chloroform
solubilities, the same extraction procedure w
adopted using Northeastern Mediterranean surf
seawat er (fil t er e atawd0®2has
an extraction medium. Samples were imiataly
analyzed for nutrients after centrifuging at 3500 r
for 15 min.

Calculation of Nutrient Fluxes and Air Masses
Back Trajectories

The dry (Egn. 1) and wet (Eqn. 2) atmosphe
fluxes of nutrients were calculated according to 1
procedure explaigd in Herutet al. (1999, 2002). The
dry deposition () of nutrients can be calculated ¢
the product of atmospheric mean nutrie
concentrations (§ and their settling velocities ¢,
wheregi s gi ven i n ?d'ndinsnitso
of Onard \,in units of m d. Atmospheric dry
deposition fluxes were calculated applying measu
purewater soluble concentrations and relationst
between purevater and sewater. Furthermore, the
settling velocity values of 1.56, 1.59, 1.84 and 0.
were sed to estimate dry depositions of £OSljiss
NOsyand NH'i n the North Lev
et al, 2010). The wet atmospheric deposition flux
(Fw) were calculated from the annual amount

precipitation (B....) and the volume weighted mea
corcentration () of the substance of interest.

F, =C,xV, [1]
FW = CWXF::mnuaI [2]

Threeday backward trajectories arriving at
km, 2 km, 3 km and 4 km levels were computed
the HYSPLIT Dispersion Model for Erdemli site
(HybridSinge  Particle Langrangian Integrate
Trajectory; Draxler and Rolph, 2003) ar
demonstrated by oAgour endpoint locations in term
of latitude and longitude.

Results and Discussion

Seasonal Variations of the PuréVNater Soluble
Nutrients

The monthly varigons in the average
concentrations of pure/ater soluble nutrients aloni
with standard deviations are illustrated in Figure
The monthly arithmetic mean and correspondi
standard deviations between January 1999
December 2007 were calculated fromadegported by
Ko - aek al, 2010. It is apparent that th
concentrations of all nutrient species we
significantly variable on a monthly time scale
agreement with previous studiesrried out in the
Mediterranean region (Bergametti al, 1989; Herrut
et al, 1999, 2002; Kubilayet al, 2000; Markakiet
al., 2003, 2 0 1eD al, 260da;, a0KO0). The
monthly mean concentrations and correspond
standard deviations of the nutrient species change
least factor of 2 from month to month. Phosphat i
silicate indicated their higher monthly means a
standard deviations in transitional (particularly
March and October) period compared to thc
observed in winter and summer period. Howev
close investigation of the seasonal diagrams reve:
that dlicate had the highest mean (standard deviati
value during October and phosphate had
maximum mean (standard deviation) in Marc
Furthermore, silicate denoted substantial decreas
its mean concentrations from spring to summer tl
that detectedfor phosphate. Observed differenc
between phosphate and silicate in summer might
attributed to the contribution of sources other than ¢
on phosphate. In addition to mineral aeros
combustion (such as coal combustion and biom
burning), biogenicand volcanic ash particles hay
been suggested as sources of phosphorous (Maho
et al, 2008). Since the sampling site is not under |
influence of any volcanic activities, combustic
(particularly biomass burning) and biogenic aero:
might also be gygested as potential sources
phosphate in summer period.

As reported in the literature (Kubilay an
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Figure 2.Seasonal varility in the concentrations of pusgater soluble nutrients.(a) B9 (b) Sisss () NOy and (d) NH*.
Black and gray bars denote arithmetic means and corresponding standard deviations, respectively.

Saydam, 1995; Mouliret al, 1 998 ; & al; seasons when the air mass trajectories origir
2004a) severe sporadic dust events occur over principally from North Africa (as well as from th
Eastern Mediterranean during the spring and aut.  Middle East/Arabian Peninsula).lt has been show t
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both species are essentially influenced by mineral ¢  transport originating from Sahara Desert and ti
episodes when air mass transport originatesnfr Middle East Desert two examples will be usetihe
Sahara and the Middle East Deserts (Bergareeti, first example (Figure 3) was observed betweer
1989; Herutet al, 1999; Markakiet al,2 0 0 3 ; March and 13 March 2002nd it lasted 9 days, witt
et al, 2010). To illustrate influence of air mas mean phosphate and silicate values at about 0.60
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2.3 nmol n, respectively. The phosphate and silice
maximums for this event were detected dnMarch

2002, with corresponding values of 0.83 and 7.0 nr
m. Overall, the back trajectories indicated air me
flow reaching Erdemli from North Africa. The

TOMS (Total Ozone Mapping Spectrometer) Aeros
Index for this eventlso supported a dust cid over
the central and eastern Mediterranean region.
second example (Figure 4) was identified with me
phosphate and silicatmncentrations of 1.75 and 15.
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Figure 4 Air masses back trajectoriescaiiotal Ozone Mapping Spectrometer Aerosol Index for 170ctober 2002 (i
October 2002 (b) and 19 October 2002 (c). 1 km (Black Circle), 2 km (Black Star), 3 km (Black Square) and 4 kr

Triangle).



M. Kocak / Turk. J. Fish. Aquat. Sci. 15: 59-71 (2015) 65

nmol m?* from 17 October to 20 October 2002. Tt
values of phosphate and silicate were fouadbe
ranged between 0.5860 and 2.£6.6 nmol n¥
during the dust event, lasting 4 days. The high
concentrations for both species were observed or
October 2002 with values of 2.60 and 26.6 nmd} n
respectively. The air masses back trajector
demonstrated transport originating from the Midc
East deserts (mainly from Iranian Desert) with TON
Aerosol Index values ranging from 0.5 to 2.0.

Unlike phosphate and silicate, nitrate ai
ammonium had a seasonal cycle with a win
minimum and a smmer maximum. During winter
months (January, February and December) m
concentrations of nitrate and ammonium were fou
to be less than 50 and 90 nmof mespectively. From
spring to summer, monthly mean concentrations
nitrate and ammonium gradugallincreased and
reached their peak in summer with correspond
values of around 90 and 160 nmofniower values
in winter season might be attributed to removal
particles by efficient wet scavenging and lower-gi
to-particle conversion rates due tessdesolar influx.
On the other hand, elevated mean concentrati
during summer might be related to less efficient ¢
deposition and higher conversion rates of precur
gasedo aerosol particles under the prevailing sumn
conditions (Mihalopoulost al, 1997; Bardouket al,
200 3; ekab20a4b).

Nutrient concentrations in Pure-Water and Sea
Water

Table 1 illustrates the arithmetic mee
concentrations of machoutrients along  with
corresponding standard deviations and chal

between puravater (PW) and seavater (SW) for
aerosol filter samplesobtained from Erdemli
sampling site. The puwater soluble P¢} and Siiss
concentrations in aerosol ranged between -1.38
and 0.518.1 nmol n? with arithmetic mean values
and standard deviations @.31°0.25 and 3.%53.1
nmol m°, respectively. The pureater soluble N©
and NH," concentrations in aerosol samples we
found to be ranged between 124954.8 and 35-3
239.0 nmol i with mean values and standal
deviations of 63.329.3 and 115%749.9 nnol m?,
respectively. The seaater soluble PGS and Siis
mean concentrations and standard deviations v
0.150.11 and 1.20.6 nmol n? with values ranging

from 0.030.52 and 0.28.4, correspondingly. The se:¢
water soluble N@ and NH" concentrationsvaried
between 10.445.2 and 35:239.0 nmol 7 with
mean values and standard deviations of 62812 and
39.3214.1 nmol 1i¥, in turn.

The arithmetic means of phosphate a
dissolved silica indicated distinct difference betwe
purewater and sewater whereas; the calculates
mean concentrations of nitrate and ammonium did
reveal substantial discrepancy for pwater and sea
water extractions. The difference between puager
and seawater extractions was found to be larger th
50 % for phosphat and dissolved silica. Thi
difference between puweater and sewater
extractions for nitrate and ammonium was estima
to be small, corresponding to 1 % t8 %,
respectively.

Figure 5 demonstrates scatter plots along w
residual correlation coeffients and regressiol
equations for macrautrient (PQS', Shiss NO;” and
NH,") concentrations which were obtained from pul
water and sewvater (at the confidence level of 95 %
The slopes of regression lines for P@nd SiissWere
found to be dragtally lower than unity,
corresponding to 0.40 (intercept=0.0%=R.77) and
0.16 (intercept=0.56, 0.65), respectively. Result
obtained from scatter plots for these species imp
that purewater and seavater concentrations wer
distinctly differentfrom each other. In sharp contra
to PQ> and Siiss the slopes of the regressions lin
for NO; and NH," were found to be close to the unit
with values of 0.97 (intercept=2.62#0.98) and 0.94
(intercept=2.7, R&=0.99), respectively. Obtaine
slopes and intercepts suggested that ;Nénd NH,"
concentrations were not considerably different for t
extraction mediums.

Comparison between Seavater and Pure-water
solubility of Nutrients

PO,* and Siis Figure 6 (a, b) demonstrate
concentrations foPO,> and Siis in purewater and
seawater according to sample day. It is apparent fr
the diagrams, P$ and Siis indicated substantial
change in their concentrations, with the values
individual species varying up to order of magnitu
from sanple to sample. For instance, consideril
purewater solubilities, from 19 to 21 March 200
PO and Sie concentrations were found to b
fluctuating between 0.08.43 and 0.8.9 nmol n?,

Table 1. Arithmetic mean concentrations of niefits (in nmol ) in purewater and sewater along with standard
deviations and percentage change for a¢smnples collected at Erdemli

Nutrient Species PW-extracted SW-extracted Equation Change (%)
PO~ 0.31°0.25 (0.031.30) 0.15°0.11 (0.030.52) SW = PW*0.40+0.03 -52
Siiss 3.5°3.1(0.518.1) 1.20.6 (0.23.4) SW = PW*0.16+0.6 -67
NO; 63.3°29.3 (12.6154.8) 64.0°28.2 (10.6145.2) SW = PW*0.97+2.6 +1
NH," 115.749.9 (35.3239.0) 111.947.1 (39.3214.1) SW = PW*0.94+3.4 -3

PW and SW refer toyyre-water and seavater, respectively.
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respectively. The highest values for £Gand Siis
were obsered on 22 March 2007, with concentratiol
of 1.30 and 18.1 nmol H respectively. Shoiterm
variability, as such, has been attributed to (a) char
in emission strength (b) local meteorolog
(particularly rain) and (c) changes in airflow or sour
region (Bergamettet al, 1989; Kubilay and Saydam
1995, et@l¢1998;:Kubilayet al, 2000).

In the Eastern Mediterranean region, eleva
concentrations of phosphate and silicate were foun
be associated mainly with air masses originating fr
Sahara Desert and the etV
al., 2010). To illustrate, two different events observ
under the southerly (22 March 2007) and northe
(16 March 2007) airflow will be used.

As stated above, the highest phosphate |
silicate valueswere observed on 22 March 200
Figure 7a presents air masses back trajectories
Ozone Mapping Spectrometer Aerosol Index for
March. Air massedack trajectories for 22 Marcl
showed at all levels airflow originating from sout
Air mass trajectory tal km level demonstratec
transport originating from the Middle East dese

whilst trajectories at 2 km and 3 km levels show
that air masses arriving at Erdemli from Sahai
region. Furthermore, OMAI (Ozone Monitoring
Spectrometer Aerosol Index) imader 22 March

indicated the existence of the mineral dust over
Eastern Mediterranean. As can be noticed, @WlI
image revealed a large dust cloud over the regi
between the coordinates -220 NA -d4idd I
Corresponding phosphate and silicate cotregions
for purewater and seavater were 1.30.8.1 nmol m

%and 0.523.4 nmol n¥, respectively. The distinc
difference between puneater and sewater

solubilities, more specifically change in phosphate
60 %) and silicate-(80 %) might be attributeto less
soluble compounds (see below). In sharp contras
previous event, on 16 March 2007, phosphate .
silicate values were observed around @L0B nmol

m? and 0.030.6 nmol n?® for purewater and sea
water, respectively. Calculated changes foogphate
and silicate were almost zero antl 50 %,

respectively. Air masses back trajectories for tl
event are illustrated in Figure 7b. During this eve
the trajectories at all levels indicated airflo
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Figure 6. Nutrient concentrations extracted by pwater (blak lines and dots) and surface Eastern Mediterraneawatea
(grey lines and dots) from aerosol samples (n=34) collected from Erda®i0,>,(b) Siyiss(C) NOs and @) NH,".

originating from Northwest specifically: Balkanand
Western Europe. As it well documented, these sot
regions supply anthropogenic dominated aera
particles into Eastern Mediterranean (Kubilay a
Saydam, 1995; Mihalopoulost al, 1 9 9 7 ; etG
al, 1998; &t oal, a2009). Therefore, the
solublity difference between pureater and sea
water might be related to crustal dominated aerc
population via low temperature weathering proce
and mammade aerosol population through hic
temperature/condensation reactions (Chesteral,
1995).

Nonparametric Wilcoxon matched pairs te:

was applied to compare nutrient solubilities in-se
water and purevater. The Wilcoxon test showed thi
there were statistical difference in the dissolutions
PO,> and Siissin purewater and sewater. As stated
above, the mean concentrations of seater PQ*
and Sjiss (0.15 and 1.2 nmol ﬁ) were 52 % and 6€
% lower than those for punwater (0.31 and 3.5 nmo
m), respectively. This difference might be attribut
to pH and ionic strength of sea water, sizeritigtion
and association of phosphate/silicate aerosols \
less soluble compounds such as calcium phospt
kaolinite, opal, quartz and origin of the aeros
species (Guieet al, 1997; Cheretal,2 0 0 6 ;



