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> §§§ %E . % %g? [23] Other species commonly present in seiwater2+were
) ;’%%: ©lagma also detected in high concentrations, such as K, Mg*" and
. Cog= g e “ Ca**. In most of the aerosol particles, cloud water and
% b se=% rainwater samples, the K*/Na*, Mg?*/Na*, and Cl /Na*
ST <|LEie ratios were similar to those in seawater, suggesting a marine
<| 5895 I588 origin for these ions (Table 3). Other minor species mea-
T2 ¢eeR sured in this study were NO; Br~, Li*, PO, and Mn
o Z %%fi (<0.1%). Since these species were detected in few samples
—— | & Teae, and at low levels, we did not include them in Table 1.
5 =EF S aase” [24] The ion balance betweegl anior;s (CI", NO3, and SO3)
KRR < |TLLE d cations (H', K*, Na*, Ca®*, Mg*" and NH3) for cloud
o 3 fres and cations (H', K", Na", Ca®", Mg™" an 4) for clou
28z 3= water and rainwater was evaluated through linear regression
g o se%® analysis on the data. An average value of > = 0.6 for cor-
= qu:v g 3}333 relation coefficient for both cloud water and rainwater was
<| &7 5 |5 —REE obtained. This moderate correlation is due to the high con-
o‘\’g’;; = gaoa” centrations of SO;~ and CI” for some samples which are
¥5dg <|8RET influenced by air masses with volcanic ash. When these
hilathede: samples are not considered the coefficient presented a better
NN _ correlation for both cloud water and rainwater (> = 0.86)
SRR s8ce T . ! . X
| HANT 2|33 1 indicating an acceptable data quality. The cation/anion ratios
© *38gyQ . ©le 253 showed clearly the differepces among ai.r masses o.rigiH
. AR B ..9q (Table 1). The observed anion deficiency is likely attribut-
M P « ; et able to organic acids that were measured just in a few
< on — o0 U AU
e % o g % samples.
<|dddz e 25] Water-soluble organic fraction was less abundant in
o QN N\D 0o ——
6 — o — eza g all kinds of samples than water-soluble inorganic species.
B i@?iz Samples collected under background conditions showed an
26T |k 8888 average percentage in mg per liter of TOC ranging from 2%
> ° § ;H( @ 2 T to 6% of all species measured. Average concentrations
5 i:;% ok §§ ranged from 0.5 to 1.3 mg/L for TOC and DOC in cloud
iy g S < TP water (Table 1), similar to other measurements at EP where
f +<Zv o e AR average concentrations ranged from 0.4 to 1.6 mg/L [Reyes-
o PN 2959 Rodriguez et al., 2009]. For rainwater the average TOC and
g ﬁ N 'cﬁ §H§ g BRI DOC concentrations varied from 0.3 to 1.0 mg/L. Measured
§ < ;f;; = | 2889 DOC in rainwater reported in another study at EP was
= 2R |z I within this range (0.6 mg/L) [McDowell et al., 1990]. For
g < ii@i = aerosol particles, the water-soluble organic content ranged
5 5888 caxg |8 from 59 to 105 ng/m®. Measurements taken using Coun-
ool IS g Ky cesa |° terflow Virtual Impactor (CVI) and Aerosol Mass Spec-
gl F=l% TN gEZ= < trometry in EP showed lower to nondetectable organics in
B TR, B e 2 cloud water, suggesting that low amounts of submicron
§ AAA,.\N C Se8d _5 particles from forest or anthropogenic activities are emitted
gl 8194998 |° |o_27 |53 near this site [Allan et al., 2008].
a ; < %::{f% %%53 ° [26] The water-soluble organic fraction contained a sig-
g sEn e < i % nificant contribution of organic acids. The contribution of
% GRS & carboxylic acids (CA) to the measured organic carbon was
- = gﬁ ) sy |8 3.4% (mg of C per L) for cloud water, 18% (mg of C per L)
= £E|T55F B 33%% g for rainwater, and 4.3% (ng C per m°) for aerosol particles.
_% N®lcoar |y |FRIE. |7 On the other hand, the contribution of organic acids to the
2 ssss | = P total solute content under background conditions remains
O < |¥EEE 3 low compared to that of major ions, varying from 0.5% to
'g AP AT 1 1.1% (Figures 1 to 3). Among organic acids, MSA was
2 Tele & 5 the most abundant in the aerosol phase (8.5 ng/m’® or 45%
g SB §«T “i9s |E of total CA), followed by oxalate (6.8 ng/m>) and acetate
= % 20 & §% § SE (2.8 ng/m>) (Table 2). Acetate was the dominant short chain
% 2T n c'?% o Qgg :‘4 monocarboxylic acid, with average concentrations of 5.4—
z 5 'é:{ 'é @ BIT&90 H 5.8 peq/L (about 80% of total organic acids) for cloud water
2 <2<y & %i < S | = and rainwater (Table 1). This is in agreement with the
R E @3 % - 3 §3 l,':/ g findings of Chebbi and Carlier [1996] that showed that
@ £ 5¢g 2 é g §.§ = g’ £ formic and acetic acids are the predominant carboxylic
2 ] £ g 8.2 882 |P acids in the tropospheric aqueous phase.
b= as] é 5 ia) 8 Z ﬁ 3&
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Figure 1. Percentage of main ion concentrations (ng/m’) of aerosol particles in different air masses.

[27] Total nitrogen fractions represented about 6%—8% of
the concentrations (mg/L) of all species measured. Averages
in cloud water (0.9 = 0.5 mg/L) and rainwater (0.2 = 0.1 mg/L)
found in the samples (Table 1) were similar to previous levels
reported for remote sites [Eklund et al., 1997]. An average of
0.9 to 1.2 mg/L in cloud water was also obtained in previous
studies in Puerto Rico [Asbury et al., 1994; Reyes-Rodriguez
et al., 2009], similar to our findings. Total nitrogen in aerosol
particles was analyzed only in few samples. The concentra-
tions found in these samples ranged from 2 to 18 ng/m” (avg.
Seven ng/m°). The largest contribution to total nitrogen is due
to inorganic species (55%—70%) with smaller contributions
for organic nitrogen (30%—45%). Average concentrations of
water-soluble inorganic nitrogen for cloud water samples
were 20 (£15) peq/L for NH, and 29 (£22) peq/L for NO3
(Table 1). For rainwater, the concentrations were lower than
in cloud water with an average of 3.7 (+2.6) ueq/L for NH
and 5.4 (#4.1) peq/L for NO3. Previous studies at EP regis-
tered average concentrations of NH; and NO3 in cloud water
of 32 and 64 ueq/L, respectively, and 2.9 and 4.3 ueq/L for
rainwater [Weathers et al., 1988; Asbury et al., 1994]. The

average concentration of NO3 and NHj in aerosol particles
(n=16) was 41 (£20) ng/m’. It was about 3 to 5 times lower
than the concentrations found for remote Pacific Ocean areas
(105-198 ng/m>) [Prospero and Savoie, 1989], but similar to
marine background concentrations (43 ng/m®) measured in
the northwest Pacific Ocean [Matsumoto et al., 1998]. For
organic nitrogen the average concentration in cloud water was
0.18 (0.11) mg/L and 0.10 (+0.03) mg/L for rainwater. ON
was detected only in two of six aerosol particles samples
collected during AD periods with a concentration of 2.1 ng/m®
(representing 11% of TN) and 3.4 ng/m’ (representing 45%
of TN). In rainwater, ON made up 40% of TN, higher than
results found in similar regions in Mediterranean rainwater
(0.21 mg/L-17% TN) [Mace et al., 2003a] and Cape Grim
(0.1 mg/L-19%TN) [Mace et al., 2003b]. In other studies,
ON concentrations in rainwater at remote sites (Bermuda,
Tahiti and North Atlantic) have been found to range from
0.08 to 0.22 mg/L and contributed 60% to 80% of measured
TN [Cornell et al., 1995]. For rural sites (North Carolina and
Brazil) ON concentrations have been smaller ranging from
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