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Abstract

The collection of the total 724 precipitation samples in Jeju area was made
during 1997-2011, and their major ionic components were analyzed by ion
chromatography. The concentrations of major inorganic ions (Na“, NH;, K,
Ca*, Mg?, CI', NO,, NO3, PO, SO#) and organic acid species (HCOO,
CH3;COO) were determined.

From the comparison in terms of ion balance, electric conductivity, and acid
fraction of precipitation, it was found their correlation coefficients were in the
range of 0.933 ~ 0.987, indicating a good quality of the collected data. During
the study period, the volume-weighted mean pH and electric conductivity at
Jeju area were 4.79 and 21.9 uS/cm, respectively. The precipitation was a
weak acidic, showing 94% frequency below pH 5.6. The ionic strength of
precipitation was 0.24 £ 0.27 mM, indicating 30.8% of total precipitation within
a pure rainwater criteria.

The volume-weighted mean concentrations (ueq/L) of the ionic species in
precipitation were in the order of CI” > Na" > nss-S0,> > NH," > NO; >
H" > Mg* > nss-Ca*” > K" > PO > NO, > HCOO > CH;COO > F >
HCO; > CH3SOs;. The marine (Na', Mg?®, Cl), anthropogenic (NH,',
nss—SO,5, NO3;) and soil (nss—Ca®) species have contributed to the total
ionic components of precipitation samples by 43~74%, 16~40% and 0.7~
5.3%, respectively.

The correlation coefficients between NO; , nss-SO4, and NH; showed
high wvalues, indicating the formation of ammonium sulfate and ammonium
nitrate due to the neutralization of acidic precipitation substances. The
correlation coefficient between Na® and ClI was 0.99, which indicated an
introduction of sea salts to the precipitation in Jeju area.

The variation of NO; and nss-SO,> concentrations showed a distinct

- viii =



seasonality with higher concentration in winter compared to summer,
indicating an increase of fossil fuel consumption and a possibility of
long-range transport of air pollutants from continental area by the westerly
wind in winter season. The nss-Ca® concentration was also shown the
highest in winter. Furthermore, it has increased comparatively in spring
season, possibly due to a soil influence including the Asian Dust.

The acidity contributions by sulfuric and nitric acids were 58.1 and 35.7 %,
respectively. Meanwhile the acidity contributions by formic and acetic acids
were 3.7 and 2.5%, respectively. The free acidity was 33.096, showing high in
summer and low in spring. On the other hand, the neutralization factors by
ammonia and calcium carbonate were 0.52 and 0.22, respectively, especially
showing high neutralization contribution by calcium carbonate in spring
season.

Based on the factor analysis, the precipitation components were influenced by
the order of marine > anthropogenic > soil and biogenic sources at Jeju area.
Furthermore, the back trajectory analysis explained that the concentrations of
nss-SO4, NOs;, NH, and nss-Ca’ were higher when the air masses came
from China continent to Jeju area, on the other hand, their concentrations were

lower when from the North Pacific Ocean.
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o] & BA9 IC 7|7) 7 ZeA9 HWEASE Table 29 2o},

2ol 714 o] 2(HCOO, CH;COO) % W= o] (F, CHsSO3) A&

to
S
(@)
=2
o
off
f
r
el

>

25 4C YAdolA =9 % Jon Chromatograph®
del FEE 10, 50, 100, 500 pg/LolH,
A of o] AP ZASFATH
(Andreae et al, 1987). 712t Ao+ Dionex IC2 Metrohm ICE 33}
AbEslg o, BEezALS Table 13 2t} Dionex ICe 4%, 82 IonPac
AG11Z} IonPac AS11, ASRS (SRS 100 mA) A xZ#A, A== =7] (range =
1 uS)E ol&ste] 71€7] &gHor AU o W FHEAS
mL/min, AlEFYH 200 pL, 0.5 mM NaOH/5 mM NaOH &&]<doln &g
e 05 mM NaOH €945 % 25 mL/min® 5%, 5 mM NaOH &do = 4

qagch. BEEIAIA AY A E

M
o

==
M
oo
12
rlo
o
il
1o
i
[m
1
kA
s
[
o

5

-
B

2 Al 05 mM NaOH fHo =z 78 =<k Ze]F A Andreae et al, 1987;



Hofmann et al, 1997; Jaffrezo et al, 1998). Metrohm IColA & Metrosep-
A-SUPP-16 23, 200 mM sulfuric acid A Zd A & A7 % 55T =
Aoz wFPE 458 Al £48d. o] W &2 =12 &9 F& 15
mL/min, A &Y 100 pL, 25.0 mM NaOH/3.0 mM Nay,COz; &z Ho|n, o]

g3 IC #4249 717] 215 a.°Fstd Table 19 #th

Table 1. Instrumental conditions for IC analysis.

Instrument Cation Anion Organic acid
IC Metrohm Metrohm Dionex IC Metrohm IC
Modula IC Modula IC
Column Metrosep Metrosep IonPac AG11, Metrosep
Cation C4-150 A-SUPP-5 IonPac AS11 A-SUPP-16
Eluent 4.0m nitric acid 1.0mM NaHCOs; 05mM NaOH, 25.0mM NaOH,
3.2mM NaQCOg 5mM NaOH 3.0mM NagCOg
Suppressor Metrohm 753 . Metrohm 753
(100mM, H,S0,) Dionex ASRS 050 M H,50,)
Flow rate 1.0mL/min 0.7mL/min 2.5mL/min 1.5mL/min
Injection
volume 50ulL 50ul 200uL 100uL

Table 2. Instrumental detection limit (IDL) and coefficient of variation (CV) for

IC analysis (n=7).

Species Na* NH," K* Ca* Mg?
IDL (png/L) 22~91 1.5~6.0 44~139 26~15.1 2.6~148
CV (%) 1.1~31 04~18 15~4.2 0.8~7.7 0.8~44
Species SO& NO;3 Cl PO NO,
IDL (pg/L) 1.7~25.3 35~11.3 2.2~80 21.8~251 11.6~120
CV (%) 0.6~7.3 1.0~3.2 0.6~2.0 6.5~8.3 31~43
Species F HCOO CHsCOO CHsS03

IDL (pug/L) 14~19 0.7~19 0.9~2.0 1.7~1.8

CV (%) 09~1.2 04~1.2 06~1.3 1.1~1.2
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3 A4 24

AAA AL v g 7] = (NOAA, National Oceanic and Atmospheric
Administration)oll 5] A& 3dF+= HYSPLIT4 (HYbrid Single-Particle Lagrangian
Integrated Trajectory) 22 ©]8&38% tH(Draxler and Rolph, 2013). T3k <7
A Ao Abge T, ¥4 A== NOAAS Euk4 FNL (FiNalL run at
NCEP) #A#E o] &3 th (A4 &, 2004). o] wf FNL #x52] FHAAE ¢
Tt A% 77 1905 kmolH, A& Fx2= AEFH 20 hPaZbA 14502 4
ol 2l
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, 2011, Sequeira et al,
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‘ <TCation_TAnion)/(TCation+TAni0n> x 100’ 9]’ ‘ (TCation+TAnion) ’ ‘T”}‘ ‘CL]

9% imbalance = (Tcation—Tanion) * 100/(0.5%(Tcation+ T Anion))

Table 39 <=3}t
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Table 3. Data quality control parameters and % imbalance.

Regression result % imbalance
Number of point 724 < 5% imbalance 489
Slope 0.9237 5%-15% imbalance 154
Intercept 9.3113 15%-25% imbalance 53
Correlation coefficient(r) 0.974 > 25% imbalance 28

* 96 imbalance = (TCationfTAnion)/(TCationJrTAnion)Xloo
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Figure 3. Scattergram of (Tcation— T anion)/(Tcationt T anion) X100 versus
(TCati()n+TAni()n) .
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A, A,

4 @)elA T Fol&( AT PustE Pt FFAELo|w, 1 L

golesel ¥urks P gHdwEeld, 4 & He YRHEEedh ® 9

A5 BAE A A Table 49 2Tk Aol AE& ol gatel FolL} &l

2 YE AFE T3k, pHet AVIAEEE o] §3te] A AF

A AHRZFEE 2 6ok (6)F o8&t HE&S AL AT BE o] F 7HA
A ZRE dojd ABRAAE Figure 69 =A|8H T Figure 6914 ¢F Zo] o]
T 7HA e R AL AF ol AdAIF () 7F 09339 #rom e A
AE Bt o]Ad o] &FA HwH A HVdERE HwHI A 2 A 7
A HolHe2 =2 A4S U AdsS AA AT 5 A

Table 4. Equations for the calculation of electric conductivity and acid

fraction.
Equation Unit Meaning
0=[H"1Aeqr+ *+2[Ton]eqiNeqi uS/cm Electric conductivity
Aoy, = zjjweqi/leqi uS/cm Concentration-weighted average
B equivalent conductivity
Aeqm = gwcak‘/lcak US/Cm
1] Ay, T4,
AF = = o . )
[An] o - Acid fraction
[ [H +] ] - €qy eqc
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(Zhang et al, 2007; &%, 1998).

EoAFol A 1997~2011 e AFH S F 72470 A5 A= pH, A7 EEe}
T8 o|2AAE BAZIAE B AdH vusfdal, L A3E Table 5ol 5353
t oolw HY vx% pH =4 ZazRy AAstda, HCO; o sX+ pHE
o] g3ke] [HCO;] = 10119 Aoz A4tst Axto]th(Avila, 1996; 24 %,
1994; Stumm et al, 1981). ¥ nss-SO. # nss-Ca> & H|3]1d 32Hnon-sea

A\

salt sulfate)?} H]al 9 Z<F(non-sea salt calcium) &= ofgfo] 2] (1), (2)o] <]
A4kgE Autolth(Seto et al, 2000). 2ol A [SO ], [Ca™], [nss—SO,* 1, [nss-Ca*],
[Na'le Zb o] 29 By (ueq/L)ol ™, A5 0121, 0.044% 8ol A SO /Na’
¢} Ca®'/Na'e] Hl & on| gt}

[nss-SO/4 1 = [SOLT - 0121 x [Na']l e, (1)
[nss-Ca®] = [Ca®] - 0.044 x [Na'l oo, (2)

AL7|ZEe] AgES 7hEet B9 7FE 3 i (Volume-weighted arithmetic mean;
VWM) pH+= 4795 YUy, =4 717 <k ajad kAol w7 =2 U
AR T FIrtsEd AV A EEE 219 pS/emE FARE AT

o] WA Aol B ke )

T Fo A o2AEEY FytTHEdTEEE(eq/L)= CI > Na® >
>

Mg?" > nss-Ca® > K' > POs > NO,



HCOO > CH;COO > F > HCO; > CH3S0; o= Yeyt. 44 Avs
J4 =& w55 vebd 3S Cl, Na'9F nss-SO4, NH,, NOy A#e
Zv7y 63.78, 61.49, 29.7, 23.75, 1821 peq/Lo|At}. ol AEEL T= 34A
fraell g sl A Ao Ewe o3 HAEHE A9A v1de R
Eolth 11 o RE EYYY nss-Ca’o] tiAA o
o}, dbdHe] HCOO ¢ CH3COO s X+ 1.87, 1.27 peqg/L
o] MSA (methane sulfonic acid) 4] 0.04 peq/LE o}F Y& =2 YERY
ATH

3 Table 50l AFAS Ao Fo o]2AE &4 A3E B A9 v

Fu ol
T

=
L=

stk = AR 9 A (Network Center., 2005), A (A4 5 2005),
T dX QOkinawa (Sakihama et al, 2008), = Shenzhen (Huang et al, 2010),
Shanghai (Huang et al, 2008), E}o] €& W52 S (Tasi et al, 2011)¢] 4 Az
S & Ao A mlussi

wA F2 22 2954 SO, NOs, NHy FZiE AFA o)A

NS
N

Z]

37.14, 1821, 2375 neq/LE YEUIT. ol T MAA I 24k, QFAES} )
wal B sk 37hA AR R 10-15M % RS Gl ® AR

A 92l Okinawa<} Hlud] BHWH AFA o] NOs &= 264, NHy' 2 254 ¢
=31, S04 S 159 9 W AnE ek ey ol Fare] AIA gl
Shenzhen, Shanghai, 12|31 Elo]$t A3} vlws] 2 Ao AE SO =
AFA o] 1.7~53u, NOy, NHy &= Z+7 09~27, 1.4~349 =2 Elolgt HH-A]
qeol A NOs ol tha @& A5 Astd TxolA E4 o =2 =& YE
L ATk

Hhie] s 71€e Na', CI g%+ 2 AFolA Z+7 61.49, 63.78 peq/L=
%9 Shenzhenoll H|&| Z}z} 554, 3.18) U F=i, d¥ 9 Okinawa HTUh+= O
o AyE Yelg 53] 49 Okinawas= AFTA 9o Hld] Na', ClI &
b 2zkzk 5080, 554 =& #E UEtHATHFigure 7). olA ¥ A& s
2 A2 B ATE ST AFA AHol g A dolM sddA

o frejel waky] WEQ Ao FRHC,

I

=

_22_



Table 5. The volume-weighted mean pH and ionic concentrations (ueg/L) of

precipitation in Jeju and other sites.

This PAn- ‘Oki  YShen ©°Shang Southern

Site study “Gosan myeun -nawa —zhen -hai Taiwan
pH 4.79 4.74 4.81 4.93 4.56 4.49 -
NH," 23.75 36.0 26.5 9.5 33.5 80.68 50.2
Na’ 61.49 97.8 46.6  308.0 11.2 50.11 97.1
K" 3.37 8.1 2.7 9.4 1.75 14.89 10.9
Ca®' 11.30 15.4 15.2 25.2 354  203.98 53.4
nss—-Ca®’ 8.60 - - - - - -
Mg*' 14.54 14.6 10.4 63.9 3.26 29.64 32.6
SO~ 37.14 47.6 42.3 53.9 64.7  199.59 40.5
nss-SO~ 2970 - - - - - -
NOs 18.21 24.8 20.4 7.0 21.9 49.80 15.7
ClI 63.78 79.1 464  351.0 20.6 58.34 63.1
PO, 2.61 - - - - 0.33 -
NOy 1.98 - - - - 0.23 -
F 0.86 - 1.9 - 1.72 11.01 -
HCOs 0.32 - - - - -
HCOO 1.87 - - - 0.10 0.06 -
CH3COO 1.27 - - - 0.03 0.36 -
CH3503 0.04 - - - - 0.003 -

aNetwork Center for EANET. 2005, PZ4# % 2005, ‘Sakihama et al, 2008, “Huang et al,
2010, *Huang et al, 2008, 'Tasi et al, 2011.
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1} 2FE(biomass burning) ol &3] AAHF oz WA EO FJEH 7= st} 1
gt NO3 o AL & Aol AHg3 wedo] a3 v, Aexh Ay &5
T dFgoz WAEE il AAA 2 dEH o]t (Anardenne et al, 1999).

NH, & &9 wdE, EXAAA, A s s wissw A4 stkEcl
e A3t 7oAt 2 Edolth(WAY 5, 2004). el BlEPA ] A5
NHz9| &5=7F Q14 22y e ol o) 93 wrevhar A dvk(e] st
A T 1999). dubH oz AL E A BlEedA o] 4% NHy ¢k Ca® ol
HU 22 F5& Hole ASR Huy il v} (Safai et al, 2004). 12 A5

o 5 ool A= NHy'9F nss—Ca® o] 77 95%9F 35%9 =4S vehof
ole]gt WHEA e A= AolE Bow FHor ¢ i 7lo=rt
F& ¢ & A aga g 7199 Na', Cl, Mg” AL AA| o] Fo <

56% Jr=g Ao AFE Ade] HFel HE FHAeR ¥ FRE e

Table 62 4 o|29 sx& pH WEE /st Aol dajolrh. WA
~50 M%7} 456%=2 714 &
U Aoz FAEJI, o2+ pH 4.0~457F 254%, pH 5.0~557F 21.5%
Z A ste] o] pH Wl A7F 925%2] Wl&S A&t 2ela o] pHel
A A RS F3bo] FE FIFS v X Y= nss-SO., NOs, NH,', nss—Ca”'
AiEge FEWIE vluseal, 1 Z3E Figure 99 YER AT
Ol Auel ol F 724709 A B F 724%7F pH 5.0 ©lste] HLE LE
Wlal, 53] pH 45 oldtel e A S0l nss-SO4 9 NO; 7F Adid o=
H ¥2 =& el JATh(Yi er al, 2010). ¥Hdel 1714 ol NH, <
nss-Ca” & A8 oz pH 55 ol dollA ¥ % sx2Z Yehf

dlo
o

o 3} o
})\ QI_L

R
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Figure 8. Composition ratio of ionic species in precipitation.

Table 6. Concentrations (neq/L) of ionic species in accordance with different

pH ranges.
Species >pH4.0 4.0<pH<45 45<pH<5.0 5.0<pH<55 pH5.5<
H' 125.06 51.28 19.20 6.74 1.57
NH, 59.37 55.98 32.87 21.62 45.09
Na’ 208.48 94.68 73.27 38.11 68.33
K' 11.81 556 4.08 3.02 6.75
Ca® 49.34 25.34 1853 12.10 81.36
Mg* 4757 25.44 20.66 9.84 28.08
SO 150.52 99.90 51.41 28.28 79.23
PO, 3.74 12.27 1.46 0.97 1.14
NO, 2.65 2.41 2.67 1.96 0.91
NO; 74.23 54.65 2755 14.86 39.40
Cl 205.94 99.92 7547 39.40 63.11
HCO; 0.07 0.11 0.29 0.82 8.62
F 2.38 1.67 1.16 0.97 1.78
HCOO™ 7.63 3.02 2.76 2.26 4.28
CH4COO" 4.09 2.24 1.83 1.83 2.96
CH;S05 0.14 0.11 0.08 0.05 0.06
nss-Ca®' 40.17 21.21 15.42 10.53 78.35
nss-S0,% 125.30 88.44 4258 23.71 70.96
g;r‘nglfes 10 184 330 156 A4
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Figure 9. Concentration comparison of major ionic species and frequencies

in accordance with different pH ranges.

g o] Al o]2] o] 2A7|(ionic strength)E ZAH3H 449 29

B Aae Alud &3 dHE fASe de®m B 5 Ak (Sequeira and
Lung, 1995). & Aol A 15zt AA A 59 o|2A7IE T3t 1
W% E Figure 1001 YeERWATH B o] 7|3Fe] 4 o] 2AI7|E AMEE T3}
o] Figure 119 =AIsAT AFA G Aol of2A7]= Bt 0242027 mM
F5 Jeuda, A4 Fee ok 308% AXE7F 107 M oldte] o] 247 E e
ol Had &4 dHE FAS Aoz 2AE AT

AFEZ Fol 0.24+0.22 mM, o E° 0.15+0.14 mM, 7ol 0.25+0.20 mM,
ALAE 0404048 mM= AL Ho| 71 =3, AgH oz ofEHo| e o

AZIE YEY 2Ea e e ARE R w5 olE, ke, AR
gk

7k} 293, 486, 230, 56%01 AT}, AW AB AL A4 4T AET} B
&S gebd W AL AL £4Esl A U 35 9dRE AL Hd o

_27_



)
)
Anj
rlu
pay
o
fr
O
Au)
N

T
x
—
wn
£,
o
~
3
Do
S
—_
=
wn
@
Q
=
@,
=
Q
o
~
3
[S—
©
o)
o1
o
rlr
i
¥

100

Pure precipitation 1 a0
(30.8%) £
€
= 4 60 8
2
e | e
: I
IR 4 40 5
E
3
Q
<

- 20

| [ It 0

0.0 0.5 1.0 15 2.0 2.5 3.0 35

lonic strength{mM)

Figure 10. Frequency distribution of ionic strength during the study period.

_28_



15
. Pure precipitation
(29.3%)
£ 9 1
5
5
21
g 6 J
s
3 .
0 Mlllllﬂll [ I N
00 02 03 05 06 08 08 11 1.2
lonic strength(mM)
(Spring)
8
Pure precipitation
i (23.0%)
&
&
é 4
o
o
I
2
0

oo 02 03 05 06 08 09 11 12

lonic strength(mM)

(Fall)

100

80

80

40

Accomulated percent (%)
Frequency (%)

20

100

80

60

40

Accomulatad percent (%)
Fraguenocy (%)

20

25

20

0.0

0.0

‘| || II\I|II IIII| | 11
01 02 02 04 056 0

Pure precipitation

(48.6%)

6 07

lonic strength({mM)

(Summer)

Pure precipitation
(5.6%)

05 09

14 18 23 27 32 36

lonic strength(miM)

(Winter)

Figure 11. Seasonal frequency distributions of ionic strength.

_29_

100

80

60

40

20

100

80

60

40

20

Accomulated percent (%)

Accomulated percent (%)



3. & A2 &7 st

) A=d F% H
1997978 2011497HA] 164 1+ AFA el A A A i
£ A== Hluske] Table 7o FEakAth WA F8 23 e d&=4 9
B nss-SO,% & Hir 297 peq/LE YEFHR AL, 16.0~445 peq/Le B =
gt dxdEEE 2005\ 445 peq/LE 7HE =11, 19999 16.0 peq/LE W
2 Uehdeh NOy 5% 94 HiF 182 peq/LY 10.6~259 peq/Le =
2 293 20053 259 peq/LE Hh 1999\l 106 peq/LE HA x5 e

Lo

=
[€)

H
rE
2

off
ki
i

HI

oA 200517 1999 9] & F= Aol= AR AFH AlS] A Aolel 7
dat= Aoz FAHAT 2000 AsAH Al F AT 814 mme] L, 19994
o] A% 2353 mmolth. o] A7 Ag-iFo] 3uf Zp7to]l Apolrh vhi= A2 20059

oFd Theor V)l el A AT Wil 2y 1999 ol =
6~89 Z5-7] FFLdrrt i Ae-Fe O ol W 7 wokr] ol
o} WkHo] NHy > 154 3 +fo] 23.8 peq/Lolil, 9.6~564 peq/LY v% HAAE
et e 2005 el 564 peq/LE Hdi, 20116l 96 peq/LE HA 5
EE UE] ols F AZsdes HAa U v vE A3E 1

F A AR nss-Ca*' 2 Hits 7l 86 peq/LE 2.1~14.2 peq/Le]

A 7199 Na' X+ 615 peq/LE WERSITE 18] 31.2~136.4 peq/L
o] T WHE Hola, 2002 1364 peq/L=E o, 20083l 31.2 peq/LZE F
2 FEE YERAY. ClI 2 Na' 3 A Ha5 %7 63.8 peg/Lel™ 39.2~
121.1 peq/Le % WSS HG 20023 121.1 peq/L=E 7Hd =31 20061 ol
39.2 peq/LZ 71 Yol Na'y} 593 WeE Hola 9 th(Figure 12, 13). ©] A

W oolE ¥ RS AFE AbHol muE B %4 Agur: 94 o Ee

_80_



o7 AT}

it

Ho

—_

lof mel A

o
R
RS

2 7]

of g =AW ¥st

Am

19973 3¢ 2011d71A]

=
=

W

il

Table 8ol A|A]

=
=

, 7L AT

or

)

ﬁo

)

(nss-S0O,%,
i, 16~40%2] ¥

UERH AT T

O

50% = 43~74%%]

A

3R

<] &}

A B nss-Ca® 9

Fal 0.7~5.3%9]

S

e

Ay A
it

Eoko] A

-
T

UYERRAE T He o

=
=

2 3}

1

o] &

LHER AT

oEE

35%E AHA

ok
24

K

i

_Lmo
Bo
o
o)

o

[o)ex]
= T

5, 1999). thgo 2= YA

, 2006; 73]

=N

)|
L

00

ZAHE A

_3‘]_



Table 7. Yearly volume-weighted mean pH, conductivity (uS/cm), and concentrations (peq/L) of precipitation

species during 1997-2011.

nss—

nss—

Year n. Precp. pH Condt H' NH; Na' K g Mg s NO; CI HCO; F  HCOO  CHC00
1997 60 86 478 185 167 185 404 38 83 69 311 167 405 03 06 L1 09
1998 46 1436 488 244 132 194 915 105 21 180 303 169 924 04 04 25 17
1999 50 2353 500 133 100 143 385 32 44 117 160 106 409 05 04 19 10
2000 43 961 483 205 147 163 467 21 97 122 275 161 538 03 06 13 13
2001 46 1219 467 289 212 225 763 34 142 178 391 238 766 02 23 31 18
2002 44 1525 468 277 210 204 1364 20 98 228 226 194 1211 02 14 07 04
2003 57 1965 483 165 149 259 450 11 65 112 187 131 410 03 12 27 10
2004 48 1376 491 213 124 509 665 14 22 117 190 177 704 04 00 00 00
2005 40 814 476 300 172 564 &8 52 109 215 445 259 734 03 00 00 00
2006 49 1378 467 210 215 259 401 24 105 114 374 218 392 02 02 16 08
2007 47 2121 467 222 214 176 588 32 90 163 305 135 764 02 11 07 04
2008 42 1308 462 253 239 199 312 33 105 87 389 230 548 02 12 16 12
2009 44 1248 474 200 179 221 470 33 100 160 351 195 542 02 14 36 27
2010 49 1539 49 160 109 166 405 31 101 123 245 154 405 05 11 45 23
2011 59 1536 484 233 145 96 777 27 109 196 302 197 8.7 04 11 26 35

*n = number of samples, Precp. = precipitation (mm). Condt = conductivity
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Figure 13. Yearly concentration variation of anionic precipitation species.

_33_



Table 8. Yearly source contribution for the major ionic precipitation species.

Ratio (%)

Year Marine Anthropogenic Soil
1997 47.2 35.7 4.5
1998 67.4 22.2 0.7
1999 59.4 26.6 2.9
2000 55.6 29.6 4.8
2001 56.4 28.2 4.7
2002 74.1 16.5 2.6
2003 53.2 31.6 3.6
2004 58.8 34.7 0.9
2005 53.0 37.2 3.2
2006 42.6 40.0 4.9
2007 60.8 24.8 3.6
2008 43.3 374 4.8
2009 50.0 32.8 4.3
2010 49.1 29.7 5.3
2011 64.7 215 3.9
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Figure 14. Long-term variations of pH and electric conductivity between

1997 and 2011.
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Figure 16. Long-term variations of NOs concentrations between 1997 and

2011.
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Table 9. Seasonal pH, conductivity (uS/cm) and concentrations (peq/L)

of precipitation species.

Species Spiring Surﬁnmer Ii“all anter O\ierall
(n=191) (n=257) (n=152) (n=124) (n=724)
pH 4.7 4.9 4.8 45 4.79
Conductivity 20.9 16.0 23.3 43.0 219
H' 17.9 13.1 15.1 35.4 16.75
NH," 29.1 19.2 20.1 38.0 23.75
Na’ 38.7 47.9 80.6 114.3 61.49
K" 2.7 2.2 49 5.1 3.37
Mg* 12.4 10.5 19.0 2714 14.54
nss—Ca*' 17.0 55 4.3 16.5 8.60
nss—SO4” 37.6 19.9 24.3 61.8 29.70
PO+ 0.2 0.2 0.4 2.2 2.61
NOz 0.1 0.4 0.5 0.4 1.98
NOs 22.1 12.4 16.9 359 18.21
Cl 39.6 49.2 86.7 120.0 63.78
HCOs3 0.3 0.4 0.3 0.1 0.32
F 1.0 0.9 0.7 1.1 0.86
HCOO 3.1 1.7 15 2.3 1.87
CH3COO 2.1 1.1 09 1.7 1.27
CH3S03 0.1 0.0 0.0 0.0 0.04
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AEE FA4Y 5 Aok vide] o]gfs A 222 F=2 NHs CaCO; MgCOs
T 4718 =4 dal FEEHI ATk weps Ao d71A8 0 Fele, NHY,
nss-Ca®’, Mg” ¥ E2E ZAsd FI=E F5 5 k@AY S, 2006).

(free acidity)® YEIW L o =54k

AR A Sl kol i saol2MH)e] Wle= YEtitH(Zhang et al,

H
ol
5
lo
e
oX,
=8
rlr
fz
of
_|>i
Ho
ol
oX,
k1

o 2 (Dell ofa] AE AFAE = AF-7]3el 33.0% A EE WERATH

agla AREZE E, A5, 7FS, Al Zh7F 274, 376, 331, 321%= FEH|
7P val o -dle = AEE Hole Aem ZAEUAT

LI AFAS Aol 74 s fd =20 V=S detry] $18te
thgo] Ao o&] A slr] o] & (Acidity Contribution, AC)S ZAFSFATE 2] (2)
A4 [nss-SO4 1, [NO3 1, [HCOO ], [CH;COO 1+ nss-SOs, NO;, HCOO,

CH:COO 9 Frwolr, [X]E o] o= & 4¥e] Fasmolr),

X]
lnss—S02~] + [NO; ] + [HCOO ] + [CH,CO0]

AC (%) =

o] Ao 93] AFAG HFelA F71AHSOL, NOy )T 5712HHCOO, CH:COO)
of o% sl gS A, 1 AFE Table 101 FEeFAT. A7
AAF oz o]E F7|4ke ost A3t 7o & 938% = AFA Y a9 Ak

st 2 ol T AREdd o IFHL s & 7 AU

AdERZE= 2338t 719982 91.9~96.0%° ®9E YHERWAAL, AEHd 2
711 7F 7HE = A vER T dbdel 7] Akel o7k b st ol &2 6.2% %2

rlo

Z12kel s A4l § w2 A3E JEhldn AEE fr1ake] A g ol s
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40~81%° RIS el ddFom ALH v 7lodeS dEdld
th w2 E Aol &g ) ofF o= 47 81, 8.0% = F7|ckel g
A g7 ol &0l =aL, ole HlE ThE, AgHoe ¥ A4S YEhlddth 17
wooly gk 7|4k FrAke] wE] ofF efikolal sl A2 ol EFo|u
FA, A= FIolM HABEY dFom A AN wfol G AAEA
gk AHdstel= ToskA B2 Aow deA Ut

7219 AR HAA AR ZAA Aol A bS] gk {F7]Ake] VA RS
H] s WA, San Carlos, Katherine, Amsterdam #| 9 o] Z+7} 66 %, 41 %, 13 %
Aol Poker Flat¥} Bermuda Al 9ellX+= F714He] 717t 18] A4 &8
Aoz Yelha k. B 159 Virginia A gl A= F7]14ke] 16 % AE 7]
skal 2lal, NADP ztsoA = #7142k 7]=7F 18% ~35% A&l Ao
R E ATl B, 1999; Keene et al, 1984). Z12iu AFA e Z 5
A s Tlolme ol Aol HlE FHom e Ao m AU

=

Table 10. Acidity contributions (%) of inorganic and organic acids in

precipitation.

Season  DSS. NO,  HCOO  CH,coo nerganic  Organic

SO ‘ ‘ acid acid

Spring 579 340 47 3.4 919 8.1

Summer 566 354 48 39 92.0 8.0

Fall 558 386 34 2.2 94.4 5.6

Winter 607 353 23 17 96.0 40

Overall 581 357 37 25 3.8 6.2
@8 el Aol Ba fo14e) AelEst AHes Fe A A4
oo A% Aol AAEIL U pH 50 LR 2AEI glol AFA Ll
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Yo} NHzy CaCOs¢t 22 9714 3pdEo] Sl HoAes Ad7de 33E
to g% 7k pHZF oF 50¢] 2@ 4 o] ¥s A th(Charlson and Rodhe,
1982). ole13t d¥E Edi= Abdne] 7IE5 pH 56 °] okdek pH 5.0°] A
sttb A% Al7]E a2 vk Galloway et al, 1982).

T Fa A Ee]2 SO, NOs sk 3 H 2 F3F 285 ek
T o]2E9 NH/, nss-Ca” &% & He] A##AE FA4she] Figure 2190 Y
BRI QLh 2 ol FE F([nss-SO4 ]+ [NOs D 2ol 9714 Yol

o = FIH+ [NHT+ [nss-Ca® 1) F % 2ol ool 255 F5e 44

v AT daelMe o5 7 zte] dBASF®7t 0883ew HlwH F %
= YEUHSH. ol AFAS Ao A F2 HSOs HNOsell 9 sl e
Ui g, & ooldl g FaNtgo] F2 NHs, CaCOsol 9e] A5 &<

BolFn tE Aesdd 7ldEs a8 2A4 ¥es v dth(Kang e al,

y=0.9729x + 6.3707
R#=0.779 .

400

L(NOyT+[nss-S0,7])

200

0 200 400 600

T ([H*HNHJ+[nss-Ca™])

Figure 21. Correlations of Z([NOs ]+[nss-S0,*1) versus Z([H']+[NH, ]+

[nss—Ca®’]) in precipitation.
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2) <3t 54

7] o A EFEL dlFE NH; CaCO; MgCO; 53 22 9714 &4 <3
3™ o] F NHz9F CaCOs0l 2 Fdloll 7193t e Foz duA Uk o&
T B o3t T3 VA% thee] Ao z2HE FslelAHneutralization factor, NF)&
Tkl Hrbe = v Tiwari et al, 2012; Hansen ef al, 1982). 2 (3), (4)ol A
[nss-SO4 ], [NOs 1, [NH,'], [nss-Ca®l&= ZF AR g% »eZ et
(Galloway et al, 1989).

NF - NH/ ] (3)
NH,T [nSS—SOfi] I [NO;] ................
A2+
NF(,aH = [HSS Ca ] ................ (4)

[nss—S0; ] + [NO; |

9 Aol ofsf Ak AFAQ Aol FEQAAE Table 1100 YeERHAT. &%
o] Aze} o] NH)' 555 7522 A4d F3dxE 052019131, nss-Ca™'
TEE VIEoR AN FIlAe 0228 YERAIT AdEEE BH NHY
7 nss-Ca®oll g FaAA7E 247 054, 0315 HERfo] thE Adel )3
nss-Ca”oll ©J& Fst=rt /b =& 534S Jdehudh ole B 3t o
For EFAATE wAdHUA dabzgo] Nz Fatel o3y wWEd Ao
= #odch whdel] o E3H e NHy ¥ nss-Ca’'ell 98 Fadxte= 7247 0.59,
021 AX== NHy'ol o3 F37F v Aldel vis) 7Hd =7 detstth = 7
Aol olE5d 93 F3eArt ZHzE 049, 0.15% nss-Ca*'ol 93 F3kelatzt
Mg wa, AgHd s F AT oA FIAAIE 47 042, 0229 FAE
BF I, whebd AlFA o Aol = A =2 ke T2 NHzel 98] 7t
& Eol dojyal 1AL, NHz CaCO; 7+ = 2ol o3 F3tao] 64~85% WS

Hof o] F 7hx] Aol Fr TNk Ylojsta AFS S
P
T
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Table 11. Seasonal neutralization factors by NH; and CaCQOs.

NF (NH4") NF (nss-Ca®)
Spring 0.54 Spring 0.31
Summer 0.59 Summer 0.21
Fall 0.49 Fall 0.15
Winter 0.42 Winter 0.22
Overall 0.52 Overall 0.22
g AAE gl skl Foel QRe wAL Ay Lol v 9714

2 ofg7] "ol olg F #k Ztole AolE HolA HEuH(Treier et al, 2004;
Legrand et al, 1998). 5 o]&]3F o= #4 Aol WA= Qo] AL o]
= 99 & AEEY TS 7ostr] wiolth. 53 AT A9 A

-
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< 2 el & 24 A3 A= nss-SO7 # NOs 9 FF 5
E AT7IRE Ebell 242F 2970, 1821 pea/Le] & WERSITE AR R 5o

27} 170, 221 peq/LelaL, eA5HelE 199, 124 peq/LolAth E 7H&He| 243,
169 peg/Lolglar, #A&H] 61.8, 359 peg/Loldtt o]x# A&H] nss-SO.° ¢}

NOs©] 7Hd %2 555 Uedls A2 AE 3 59 d94 G o3t ¢
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Table 13. Seasonal volume-weighted mean concentrations (peg/L) of protons,

possible proton donors and neutralizing substances in precipitation.

Spring Summer
Cations Anions Cations Anions
H' 179 nss-SO4 170 H' 131 nss-SO4 19.9
nss—Ca®" 170 NO; 221 nss-Ca® 55 NOy 124
NH," 29.1 HCOO 3.1 NH4 19.2 HCOO 1.7
CH3COO 2.1 CH3COO 1.1
Total 64.0 443 Total 37.8 35.1
Fall Winter
Cations Anions Cations Anions
H' 151 nss-SO2 243 H' 354 nss-SO4 61.8
nss—Ca®’ 43 NOj3 169 nss-Ca® 165 NOg 359
NH, 20.1 HCOO 0.3 NH4 38.0 HCOO 2.3
CH3COO 0.9 CH3COO 1.7
Total 39.5 424  Total 89.9 101.7
600 -
500 - .
%&; 400 -
? 300 -
z
F 200 -
<
H _— Y= 0.9966x + 8.7372
R*2=0.7846

0 100 200 300 400 500 600
¥ (NO5 +nss-S0,2 + CH3COO-+ HCOO-)

Figure 22. Correlation of X ([H']+[NH, ]+[nss-Ca*']) versus
>(INO; ]+[nss-SO4* 1+[HCOO ]+[CH;COO 1.
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Figure 23. Seasonal correlations of Z([H']+[NH, J+[nss-Ca®']) versus
S(INO; T+[nss-SO4* 1+[HCOO ]+[CH5COO ).

bW 23] 7 A (Multiple regression analysis)®¥ < o] &(SPSS T2 193 =
A oz FQo Ak So]29 nss-SOFL ¢ NOs o tisk 9714 <ol H,
NH4', nss—Ca®'e] Atz el 7]l =2 2AEIY. = Table 149 th5 3] 914l

23E SYHFEE(nss-S04, NOs)oll tst 2E&WEE(H, NHY, nss-Ca’)el
=z
T

i)

Fofrlol &S ANFozN 7 THWF TS

FREE solstarh olF 98 B AT RN AHERE nss-SO. o
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of ¥ NHsot CaCOzol &<l 7od&& spotstar, = Aol ArAtd =
o] 71od3tE nss-SO4, NOy ¢ H| &S %A}ste] Table 1590 A A8 TH =3 |
2007; #Q1=x &, 1998; Kaya et al., 1997).

Table 159] t&3| AR Ay} o] AFAY Z4ol A nss-SO~ & AA
75.9% AWHES B, o] T 21.9%7F H.SO4 245%7F (NH.)-SO4 29.5%7F
CaS0,9 H = =A8t= Aoz FAEJY. £ NOsy o A9+ A 64.3%
Z ol A 20.8%+ HNOs, 22.8%+ NHNO; 20.7%% Ca(NO3),o FEZ SR8k
Aoz FAHAG. webd F5E AEE FolA nss-SOL 9 NO; & i
(NH)2SOstF NHNOs9| e & c}.
gy e ARS AEHEE RS AAE oY BAAT nss-SOSY

5, 7Fs, ALSE 47 AA 788%, 83.1%, 73.9%, 64.9%<] AWHS HAt)
aga A5, 7S, ASE, AA 686%, 80.4%, 64.3%, 54.5% AW HS Ho] 7
F AEE FolA nss-SO4 ¢ NOs & tiF-& (NHY.SO NHNOs9| Fe =

AL e TheAdol 8 & g UM

ll

Astn Q& bl FE HAT F A
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Table 14. Results of multiple regression analysis for acidic anions and basic

cations using a stepwise selection method (PIN=0.05, POUT=0.1).

Season Dep.Var. Multiregression Equations R?

Spring  nss—SOs% 2.294+0.804[H 1+0.679INH,'1+0.489[nss-Ca™1  0.784
NO; 1.103+0.444[H"1+0.411[NH, 1+0.184[nss-Ca*"]  0.686
Summer NSs-SO/4  4.086+0.832[H1+0.526[NH, 1+0.874[nss-Ca*1  0.830

NOs3 1.640+0.397[H'1+0.307[NH, 1+0.402[nss-Ca*1  0.803
Fall nss—-SO,4  1.809+1.006[H1+0.389[NH, 1+0.922[nss-Ca*']  0.738
NOs3 0.506+0.684[H '1+0.333[NH,'1+0.582[nss-Ca®]  0.643

Winter nss-SO,%  9.439+0.497[H1+0.662[NH,'1+0.717[nss-Ca*]  0.648
NOs3 0.3874+0.342[H'1+0.377[NH, 1+0.412[nss-Ca*']  0.544

Overall ~ nss—SOs%  0.144+0.759[H 1+0.603[NH, 1+0.602[nss-Ca®1  0.759
NO; 0.288+0.466[H 1+0.365[NH,'1+0.274[nss-Ca®']  0.642

* Dep.Var. : Dependent Variable

Table 15. Seasonal fractions of NO; and nss-SO4 explained by H', NH',

nss-Ca”".
Season Independent % EXpla%ned % Explair}ed % Explaineggl TOtal
variable by [H'] by INHy1 by [nss-Ca”'] explained (%)
Spring nss-S0.% 18.8 274 32.6 78.8
NO; 181 289 216 68.6
Summer nss-SO 29.1 30.8 23.2 83.1
NO; 26.2 34 20.2 80.4
Fall nss-SO 33.1 181 22.7 739
NO; 276 19.1 17.6 64.3
Winter nss-S0.% 14.7 176 32.6 64.9
NO; 14.2 14 26.3 54.5
Overall  nss—SO2% 219 24.5 29.5 75.9
NO; 20.8 22.8 20.7 64.3
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S Btk oEH eH, ASH BT Cl (134, 1.15 0979 Mg? (3.02

204, 1479 A&7 1o 77be o2 Hel F2 FAoRHE FYHE

Ao g Helt}h

a8y SO, Cat'e] A9ols B¥ 2 EF #S Uedol sdros gE
F9HE Aog Addn Ko 29 EF o] & o

7hEE v =2 ghs HolARE AgH = 4769 EF #& Kol o=

AE g 9FS e Aow wdodnh A4V dAFH o2 E C 9 Mg 9

Table 16. Seawater enrichment factor for ionic precipitation species.

(CX/CNa+ )rainwater / (CX/CNa+ ) Seawater

Seawater
X )
ratio . .

Spring Summer Fall Winter Overall
K" 0.04 9.98 17.69 10.69 4.76 11.97
Ca* 0.04 33.59 35.30 751 8.87 24.49
Mg 0.12 3.78 3.02 2.04 1.47 2.75
SO, 0.25 3251 54.74 14.77 12.71 33.29
Cl 1.80 1.05 1.34 1.15 0.97 1.16

T3 A AR Folv A EYGAUE vlEe ABaEded o8 9
ohool# et EFdAte] Fge AEAFE AL Si, Ca, Fe 58 7[+22 &
ol A4S Wuste] EUEEHQAAHCrust enrichment factor)E 3 Felsh
o 2 ApoE Ca¥' g 7FoR g9 4 QOeRNEH EdrHAAE

B
T3t g Ao HAVIYEE FAH 9 Cheng et al, 2010; Huang et al,
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Table 17. Crustal enrichment factors for ionic precipitation species.

(CX/ CCa2+ )rainwater / (CX/ CCa2+ )Crust

Crust

X ratio
Spring Summer Fall Winter Overall
K" 0.66 1.26 1.46 2.25 1.22 1.53
Mg? 0.36 3.64 5.23 4.09 3.26 4.24
Na“ 0.76 5.39 12.21 18.69 10.07 11.40

NH, 0.004 3088.84 3233.51 1602.99 723.77 242318
NO3 0.004 3781.32 4583.63 3626.76 2128.16 3750.53
SO~ 0.004 4582.40 4435.59 4764.87 3316.35 4351.76

Cl 0.004 1748.22 4538.39 o814.94 3308.04 3859.59

AF AG Fe AR wAVA 54 Ans] Aste] 7 AR g 4

Hds AT ol & fldll SAZEAR(SPSS)S ol&dto] 4 AEE Y
BHRAT@E Tk, 1 A3(E Table 18] YelHdT F8 o2 EE F
of sl9/d=¢ Na', Cl'e] AdAF@7E 0992 ofF £2 s Yeudd

A s v wol Wi 9IS ofn gt

w3 9929 9 9= A NHS ¢ nss-SO2, NO3 ¢ A#AS7F 066, 0.6
HAS JeEA e E nss-SOs4 9 NO3 9 A#A4= 0.82
2 o] 9A & HAALE HEHAT olejg AR Hol FQ 23 L HEZ
NH,', nss-SO7, NO3 & (NH)S0.4F NHNO; Fe & Z5o] f9HU9S 7
Aol & Aow FAPY T K& Na, Mg¥, Cl¢e AaAS7 22 0.90,
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Table 18. Correlation coefficients of ionic species in precipitation.

H  NH,S Na' K’ %Sa%i Mg géj* PO/ NO, NOy CI' HCO; F  HCOO CHiCOO  CH;SOs
H' 1.00
NH,' 0.44  1.00
Na' 0.25 0.06 1.00
K 0.38 0.23 0.90 1.00
nss—Ca®' 021  0.31 072 0.72 1.00
Mg? 023 0.09 099 091 077 1.00
nss-SO2 0.56 0.66 0.61 068 0.68 0.64  1.00
PO 009 0.33 0.00 005 001 001 016 1.00
NO,” 0.03 -0.04 019 016 010 020 006 025 1.00
NO; 050 0.60 0.56 059 058 060 082 015 0.15 1.00
cr 025 0.07 0.99 088 069 097 062 -0.01 0.17 0.55 1.00
HCO; -0.26 -0.14 -0.09 -0.07 -0.05 -0.09 -0.17 -0.06 -0.06 -0.09 -0.09 1.00
F 028 0.29 0.46 048 054 048 040 0.04 0.00 0.37 0.43 -0.10 1.00
HCOO 0.32 0.37 0.30 037 046 032 043 012 -0.04 0.30 027 -0.14 0.41 1.00
CH,COO  0.05 016 -0.02 001 009 -0.01 0.09 005 -011 0.07 -0.03 -0.07 0.11 0.45 1.00
CH:S05 019 0.30 0.52 053 059 055 049 007 0.24 0.36 051 -0.14 0.34 0.40 0.05 1.00
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Table 19. Result of rotated Varimax factor analysis for the ionic

precipitation species.

Species Factor 1 Factor 2 Factor 3
NH," 0.18 0.87 0.00
Na’ 0.95 0.04 -0.01
K" 0.56 0.42 0.13
nss-Ca*' 0.29 0.51 0.55
Mg*' 0.83 0.22 -0.01
nss-SOs% 0.30 0.86 0.16
NO3 0.38 0.80 0.07
Cl 0.95 0.03 -0.01
HCOs 0.17 0.19 0.53
F -0.17 0.36 0.19
HCOO -0.06 0.03 0.89
CH3COO -0.09 0.07 0.87
CH3S03 -0.06 0.23 0.19
Eigenvalues 3.22 2.86 2.26
Variance (%) 24.8 22.0 174
Cumulated (%) 24.8 46.8 64.2
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Table 20. Result of rotated Varimax factor analysis for the ionic precipitation

species in spring and summer.

Spring Summer
Species
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3

NH4 0.86 0.20 0.03 0.90 -0.02 0.01
Na’ 0.10 0.96 0.21 0.01 0.97 -0.06
K’ 0.54 0.58 0.08 0.58 0.42 -0.17
nss—Ca”' 0.64 0.22 0.61 0.84 -0.09 0.20
Mg** 0.24 0.90 0.27 0.12 0.94 0.00
nss-S0,* 0.87 0.21 0.33 0.94 0.12 0.01
NOs 0.80 0.31 0.18 0.90 0.16 0.08
Cl 0.05 0.97 0.14 0.03 0.97 -0.07
HCOs 0.52 0.15 0.56 -0.05 -0.29 -0.25
F 0.29 -0.06 0.02 0.53 -0.06 0.18
HCOO 0.01 0.20 0.87 0.15 -0.07 0.84
CH3;COO -0.03 0.15 0.89 0.06 -0.04 0.82
CH3503 0.36 0.02 -0.14 0.26 0.25 -0.03
Eigenvalues 45 35 3.0 55 3.3 1.6
Variance (%) 29.8 235 20.1 36.3 21.7 10.5
Cumulated (%)  29.8 53.3 73.4 36.3 58.0 68.5
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Table 21. Result of rotated Varimax factor analysis for the ionic precipitation

species in fall and winter.

Fall Winter
Species
Factor1 Factor2 Factor 3 Factor1 Factor2 Factor3

NH4 0.81 0.09 0.25 0.00 0.44 0.71
Na" 0.17 0.94 -0.02 0.97 0.06 -0.13
K’ 0.13 0.64 0.01 0.74 -0.01 0.49
nss—Ca*' 0.86 0.12 -0.11 0.83 0.11 0.38
Mg 0.15 0.95 0.08 0.97 0.08 -0.10
nss-S04* 0.87 0.17 0.22 0.71 0.45 0.36
NOs3 0.76 0.21 0.26 0.62 0.30 0.31
Cl 0.18 0.95 0.02 0.96 0.03 -0.14
HCOs -0.06 -0.08 -0.27 0.10 -0.31 0.68
F 0.46 -0.01 0.19 0.56 0.44 0.13
HCOO 0.11 -0.06 0.79 0.42 0.70 -0.11
CH3COO 0.08 -0.04 0.86 -0.04 0.87 0.00
CH3SO3 0.25 -0.01 0.29 0.51 0.37 0.11
Eigenvalues 4.5 3.5 1.8 7.3 2.3 1.8
Variance (%) 29.8 23.4 11.9 485 154 11.8
Cumulated (%)  29.8 53.2 65.1 485 63.9 75.8
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Figure 24. Seasonal concentration variations of formic and

acetic acids in precipitation.

Table 22. Seasonal arithmetic mean concentrations (umol/L) of formic

and acetic acids in precipitation.

Season Formic acid Acetic acid FA/AA
Spring 3.39 421 0.805
Summer 177 1.85 0.956
Fall 1.64 1.75 0.935
Winter 2.73 4.98 0.547
Overall 2.33 2.80 0.900
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Figure 25. Yearly concentration variations of formic and acetic acids in

precipitation.
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--% Degradation pathway by -OH - Charbouillot’s experimental work
—> Degradation pathway by -OH - CAPRAM mechanism

Figure 26. General degradation scheme of carboxylic acid (Charbouillot et al, 2012).
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Table 23. HCOOHt and CH3COOHrt concentrations (umol/L) in

precipitation during growing and non-growing seasons.

Concentrations (AH+A") HCOOH/

Season

HCOOH CH;COOHy  CH3COOHr
‘Growing season 2.21 2.43 0.90
“Non-growing season 1.94 2.53 0.77

‘Growing season (from March to August)
‘Non-growing season (from September to February)
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Figure 27. Concentration correlations between acetate and formate

in growing (upper) and non-growing (lower) seasons.
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Figure 28. Four sector classification of Northeast Asia for backward

trajectory analysis.

Figure 29. Frequency ratios for four sectional inflow pathways

of air mass.
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Table 24. Sectional ionic concentrations (neq/L) corresponding to the inflow

pathways of air mass.

Concentration (peq/L) Ratio
opecies Sec [ Secll Sec I Sec IV SS?ch%V/ SSeeCC]IIV/
H" 22.1 18.7 13.8 9.7 2.3 1.9
NH4 30.9 235 159 144 2.1 1.6
Na” 54.8 63.5 98.5 56.9 0.9 1.1
K’ 3.3 2.9 2.7 3.7 0.9 0.8
nss-Ca”' 125 8.4 5.3 3.3 3.8 2.5
Mg** 14.7 16.0 189 129 1.1 1.2
nss-SO4* 41.5 30.7 17.3 134 3.1 2.3
PO 0.7 1.1 0.2 0.1 7.0 11.0
NO» 0.2 0.7 0.4 0.5 0.4 14
NO;3 24.4 19.2 12.0 9.8 2.5 2.0
Cl 59.9 66.3 89.6 61.3 0.9 1.1
HCO3 0.2 0.3 0.4 0.5 0.4 0.6
F 1.0 0.8 1.0 0.6 1.7 1.3
HCOO 2.3 1.7 2.3 14 1.6 1.2
CH3COO 1.8 1.0 1.2 0.6 3.0 1.7
CH3503 0.0 0.0 0.0 0.0 0 0
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