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Over the Yellow Sea by Ship-Borne Observation in Spring, 2015
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Abstract The PM,, and PM, 5 particles over the Yellow Sea of Korea were collected by ship-
borne observation during two cruises in spring, 2015. Their water-soluble ionic components
such as NH;, Na', K¥, Mg®", Ca**, SO7", NO;3, CI', F", CH;COO™, HCOO, and CH;SO;3 were
analyzed, in order to examine the pollution characteristics of the secondary aerosol components.
The comparative study of particle size distribution has resulted that NH;, nss-SO7, nss—Mg2+,
nss-K*, HCOO™, and CH;SOj species mostly existed in fine particle mode. Meanwhile, nss-F’
and sea-salt species were distributed in both fine and coarse particle mode, NO3, nss-Ca®”,
CH;COO" species were rich in coarse particle mode. The concentrations of secondary pollut-
ants (nss-SO?{, NO;, NH;) increased in fine particles, and those of natural components (nss-
Ca*', Sea-salt) increased in coarse particles. NHj exists as the form of (NH,),SO, and NH,NO;,
and mostly as (NH4),SOy, in fine particles. NH4;NO; has lower content compared to (NHy),SO,,
and it mostly existed in fine particles at Yellow Sea I and in coarse particles at Yellow Sea II.
The concentration ratios of NO;/nss-SO§' for Yellow Sea I and Yellow Sea II were 0.52 and
0.16 in coarse particles, and they were 0.64 and 0.38 in fine particles, respectively, showing that
the stationary source emissions were more important than mobile source emissions in Yellow
Sea II (except Passage 11-4).

Key words: The Yellow Sea, passage, coarse and fine, chemical composition, (NH,),SO4 and
NH,NO;, NO3/nss-SO;”
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Concentration and Pollution Characteristics of Secondary Aerosol Components
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Fig. 1. Ship track of GiSang 1 during April 2015 and May
2015 [(a) 24~29 April, and (b) 1~5 May].
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Table 1. The detailed information of the four passages.
Time Area No. of samples
Passage - - - - Remark
Start tine End time Longitude (N) Latitude (E) PM;, PM,;
I-1  2015-04-26 09:45 2015-04-26 20:25 34.98 —35.00 125.65— 122.23 1 1
Yellow Sea I I-2  2015-04-27 08:04 2015-04-27 17:21 35.00 > 36.89 122-07 —> 123.87 1 1
W I3 2015-04-28 08:02 2015-04-28 14:22  37.00 —» 37.48 124.00 — 124.50 1 1 Haze
I-4  2015-04-29 08:02 2015-04-29 15:19 3732 —36.10 124.50 — 125.96 1 - Fog, Rain, Mist
II-1 2015-05-01 08:02 2015-05-01 18:16 34.99 — 3499 12548 — 122.30 1 1 Fog
Yellow Sea II 112 2015-05-02 08:02 2015-05-02 17:13  34.99 — 36.84 122.08 — 123.82 1 1 Fog, Mist
II-3 2015-05-03 08:02 2015-05-03 14:24 37.01 — 3735 124.00 —> 124.50 1 1 Fog, Rain, Mist
114 2015-05-04 08:02 2015-05-04 16:52 37.32 —36.00 124.50 — 126.99 1 1 Asian Dust
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Fig. 2. Daily variation of meteorological parameters in GiSang 1 [PM,,, PM, 5, PM ¢ (B-ray), WD, WS, RH, WT].
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Table 2. Coarse(PM,()/Fine(PM, 5) concentration ratios of nss-SO3, NO3, NHz, nss-Ca** species over the Yellow Sea and other

sites.
Coarse(PM,o)/Fine(PM;5), C/F
Passage — — — s
nss-SO; NO;3 NH; nss-Ca

I-1 0.1 1.7 0.0 2.0
I-2 0.0 0.5 0.0 2.7
I-3 0.0 0.8 0.2 22
I-4 - - - -
11-1 0.4 5.0 0.4 1.9
11-2 0.0 0.0 1.8 2.9
11-3 0.0 0.2 0.8 22
-4 0.0 0.1 0.0 24
“Total East China Sea (02") 0.1 6.3 0.1 3.0
YEast China Sea & Pure (02') 0.1 4.7 0.1 0.3
“East China Sea & Continentally affected (02") 0.1 6.7 0.1 3.5
PSouthern Taiwan & Inland and Breeze (06'-07") 0.8 0.8 0.5 1.2
P)Southern Taiwan & Offshore and Breeze (06'-07") 0.6" 0.7 04 1.0°
®Southern Taiwan & Monsoon and Inland (06'-07") 02" 1.4 0.2 0.6"
®Southern Taiwan & Monsoon and Offshore (06'-07') 02" 0.5 0.2 03"
“Incheon-Qingdao, Shipboard (99'-01") 0.2 0.9 0.3 1.0

“Nakamura et al., 2005; PTsai et al., 2011; “Lee et al., 2004; “Not-non-sea-salt but total ion.
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ERRILE o]#E olfe FE 13 Ao ARt A
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1AL, olgf gt 71dddo] Ml oloj=E Aol
&2 mF7) Eo® ATET nss-Ca” ' nss-Mg™*
et 22U 2 YALA 0.4~16.8%, FIAIYA}
oA 0.1~4.8%2] WIS B, 53] T2 14014
nss-Ca’" ZA30)7}F 2o dAke} wlAlgAlA 2+ 10.2,
25%=2 F YARplA BF FA ST ol &
2 11-49] 5¢9 40l FAPE BA 7] wzolH, FAL
7F A th7] olol2E A AHHoR JFgFS
X QS-S olmEitl, I PR FrEe
Aaat dloj2Ee ZiYAolA 6.3~82.2%, HIAIY
2P| A 1.2~51.5%2] Z44¥E YeAE). ¢l Cha
et al. (2016)°] AFollA 7]k vle} o] A= 114
Aol o2 g2 Hch F453 gt s oldl <]gh
dgo g PR =& F=E ekl o= ¥
ctEt}h o33 AFAER Hol M|} dloj2E AR
E2 gAA R =AY FAHA 1914 7149
oo 2F AEELS mAYAIN B B1, HA
FE2 038 ZUYAtA o B2 24 Hol
ATk 2t AF A Aol Z YAl NOy
o] ZAu7F SkekaL, FAF BA Aol 2o Aket
AR A BT nss-Ca?'e] 2AH 7} A Z7)s)
E4S Holx gt}
dutH oz o7 Fo IASIEN HAEES
H,SO,, HNO; .2 sl g S AX ti7] YA =
ol FYEty BaEy vk 283 dEYolt
B9 9714 E4[CaCO;, Ca0, MgCO;, Mg(OH),
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Table 3. Neutralization factors by NH; and nss-Ca®* in
Coarse and Fine particles over the Yellow Sea.

Passage Coarse (PM;o)  Fine (PM,5)

(Site & Meteorology) NFyyy: NFco:  NFuisr NFca

I-1 094 008 106 0.3
12 088 007 095 002
I3 085 006 094 002
1-4 - - - -

-1 1.03 001  1.05 0.0
-2 094 013 034 0.3
11-3 1.01 002 060 0.0
11-4 053 060 061 016

T whEete] JAPE A e AAHeE [
ot A soi sk NOsel =s S4sh ek
22 H,S0, HNO| & 148} 71dws B71e
o Utk E3F NHj, nss-Ca’" 53 22 AR =
£ S48 MMEHY FIHEE o= AE {5
g 4 dtiKang et al, 2009; Kim et al., 2014;

Akpoa et al., 2015). Table 32| A<} o] =2 I-1~
g2 482 dRyole} ghabzhgrol 93 FolaS
SRlal] 2 Ae), 2 -1~FE 13004 dRU ol 9]
3 3182 PM, 0% PM, 5004 242+ 0.85~0.94, 0.94~
1.069] MHE B9, eibdgd o Felee 7}
7} 0.06~0.08, 0.02~0.03°.2 JERIT} 32 [I-1~3=
[-40 A kR ool o]at F3H&-2 PM, 3k PM, 5014
Z+z} 0.53~1.03, 0.34~1.059] ¥ E B2, eitds
o 93 38 27k 0.02~0.60, 0.00~0.162 e}
Sk gk A2 4@ AHE AL A d2e

PM,y, PM,; BF EXHEAEFET @Rl o3t &
shgo] & Aoz IRIHYOY, FE (4= PM,
A gabd g 98 Sakgol], PMyollAle SRy
of oJgt Fsh&o] & 5HS YeRfATh

Ko et al. 2016)3} Lee et al. (2013)°] A|F%= 24t
Aol A 71dd gl uhel Ry olel ekl F
8-S 243 432 B AFAY gryolo
gt F3}&°] PMyy, PM,sollA ZH2F 0.85, 0.89, Bk
ol 93k 3180 zH7t 0.13, 0012 JeER} Tt
Y QFAE PM,y,, PM,s 5% ebdgRt o
TUolol] 93k F3}go] & AoE Ve Utk 2
23 IEE AR 9 At A PM, oA BHEE
Foll o3k Fsh&o] EiL, PM,solx = dRYole 9
sk Flgo] & ZAoZ ZAMEATE Eg vjd g ol
= PMyy, PMy5 EFOlA] tEYolo| o]gt F3}go]
Z Ao F ZAMEUTE v WX o] L ghak
Zrgo] F8lE0] 1.04, FEYolol o3k F3}-&0] 0.06
o7 B AFE EE IdiHE Ay v S
Hol= Ao 2 WAL §THTripathee et al., 2016).

- =

Lo

33 00i2E 2% 54

331 9EFYE ¥

U O 2 PMyy, PM,5 SlOJZZ00|A] NH;2 1Al
A& A H,S0, 2l9ll= HNO;, HCI 22 4y 23
I NH;2] vkg-o2 A=W, NHHSO,, (NH,),SO04,
NH,NO;, NH,Cl 522 &A1ty 2283 33 vy
719k 22 EY3 A S FIA FEHeE U9
A}2 o]5 = tH(Yeatman et al., 2001).

Rogula-Koztowska et al. (2014)& ©]& AE-Eo] F
2 (NH4»S0,2F NH/NO; 92 EAgth= 7H st
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Fig. 6. Estimated concentrations of (NH,),SO, and NH,NO; in coarse and fine particles.
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Table 4. NO3/SO3 ™ concentration ratios in Coarse and Fine particles at GiSang 1 and other sites.

NO3/nss-SO3 (SO3)

NO3/nss-SO3 (SO3)

Site - Site -
(Period) Coarse Fine (Period) Coarse Fine
(TSP or PM;g) (PM;5) (TSP or PM;g)  (PM,5s)

Yellow Sea I (This study) 0.52 0.64  “Shanghai, China (13" - 1.05

Yellow Sea II (This study) 0.16 038  “Total East China Sea (02" 1.6 0.03

I-1 (This study) 1.28 0.04  "East China Sea & Pure Marine 1.9 0.04
(02)

-2 (This study) 7.30 0.18  PEast China Sea & Continentally 1.7 0.03
affected (02")

I-3 (This study) 13.72 0.54  “Northern South China Sea & 0.55~0.58 0.46~0.50
Cruise I - II (03")

1I-1 (This study) 0.02 0.00  9Southern Taiwan & Inland and 0.52~0.61 0.46~0.60
Breeze (06'~07")

1I-2 (This study) 0.01 0.01 9Southern Taiwan & Inland and 0.60~0.81 0.11~0.31
Offshore Monsoon (06'~07")

11-3 (This study) 0.18 0.02  “Bohai Sea and Yellow Sea & 0.99~1.05 -
Spring - Autumn (12')

11-4 (This study) - 0.92  PIncheon-Qingdao, Shipboard 0.50 0.31
(99'~01")

“Beijing, China (09') - 0.60  PIncheon-Tianjin, Shipboard (02') - 0.36

“Wang et al., 2016; ®Nakamura et al., 2005; “Zhang et al., 2007; “Tsai et al., 2011; 9Zhang et al., 2015; "Lee et al., 2004

2

| NH;, nss-SO7, NO; Al A& x= ¢dFy
A4S 3BT B AFoMx o]zidt By
E 4EF9 sEE A, 2 49E Fig 6
FEI 2R oA R A% e s
3lod (NH,),S0, T $atet A3 Msf e e
o gArel mAIgAelA ZHzt 3.15, 10.69 pg m, A
& 1elME Zhzt 2.56, 336 ug m>° TS YERAY
o AR I = g2 ], 3= [2, 2 [394]
(NHy),SO2 thit v YgAeA w2 w55 YE
Yol F2 2 YAE = nAY Rl EEH = A3
< By v A= Q-1 2 1139 A4S, HA
YArel 2ol YAl A HlzS BEE Holw FZ -
200 ZYANA ThA: =L FEE Bl B F
e e 548 et B 2 14994+

2 259 Hja) AAHor e FrE Jeh)
Atk oA AdEF st ZUYAIAN =& Fe
A} oo]2Z0] ERo 7 kA0l PR Fo|ed} Bk
A7 EZ(CaCO; 5)9 Tshikgoz dmyolrt
3ty ] wEe Aow FAdtwEch(Koutrakis et al.,
1992; Robarge et al., 2002; Ko et al., 2016).

Y3 o g A NHNO; 525 Ad 19
ZgAret mAI AR A ZH2 0.67, 2.28 ug m”, &
2 JelXE 22 2,64, 027 pg mP2 Aal IA=
YA, AE M= ZojgAte] Bol #xE+
7S BT 535 FE 112, & [I-304E F=E
ZUYAL, YHAl= F2dA = rAgAtdA =2 5

£ 0 o

[e]

e

N

T2 et £3] &2 [-30)4E NHNOso| v
Agarel 2t gatel sAlel 2xses 548 B,
olg]gh U2 o] Al7]dll YERd AFEgo] o=
< 240 FFS v WEd Aoz FPHETh

olgidt AAZ E3e BHW, Majit clojZElA
ARFES PHEE (NH,),S0, FHiS W™, NH,NOE

=2 T2 AAYAe] EAlg AT 2 11
204 = (NH,),S040] 2T YPALe Adtd o2 wol &
EHE EAL B o]y Yol ¥d7 1129 %
A A NH; F%7} 1.881 O =32, 5F(90~100°)
o7 ZF&T =] il &= II-1, F= 1133 o
£ 234= Yehd Zeg F4dn.

33.2 oA ofo|2E 24 B

NO;9t S07¢] AFEHS] S0, NO A= T2
HE9Y 548 Yehl7] wiol NO3/S0; ¢ H|Z o]
9] H4d 7|9z E vnE 4 $Jth(Park and Lim,
2006). GWEH o 2 FASlES T2 AE] 9]d 114
LAY, AaislES Asar o ol el W
X718 VERATH(Yao et al., 2002; Shen et al., 2009).
w}E}A NO3/SOF M7t a2 14099 gako] &
ol gtH(Cao et al., 2009). NOs/nss-SO;  FEH]
A 19 S AR 0.52, TAIDAF 0.64, A8l
o] ZWYA= 0.16, PIAIGAFANA 0389 HLE U
ERI QI TH(Table 4). ©]& Fig. 28] Z@o|A B o] 3
2 82 [BME F2 95 F 2 53AE 5%

e e
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o] 71918l 71F/ 7} SR A] Ao E SAHA
3, AsEF 5o olFedd Yol A YRt &4

o8 wott ey a8 1133 F= [[4oAE
T EAAIEY TR FUSAAN FYE 71
off o3 IHHEY] FEFS Y Fo| 2 o=
FHE). ol& € Sk} vlwE] B, 20034
FollA g Aol A FAF=EAt =22 NOs/
SOF HAEEH 7} TSPAlA 0.55~0.58, PM,sollA]
0.46~0.509] WH$E Kol UTHZhang et al., 2007).
T ZxIEor 379 NO3/SO3F Y sEHE v)A
AAFANA 0.03~0.04, ZHYANA 1.6~1.92] WIS
UehH 9 th(Nakamura et al., 2005). 23l vkzt AsjAt
F=Z o] NO5/SO; His Hlt B3 7HE TSPo
A Z¥z} 0.99, 1.059]W(Zhang et al., 2015), A1H-H =
A 9] g=EoA PM,,, PM,s7F ZF2F 0.50, 031, Q13-
7oA PM,s7}F 03622 YEFYT Ath(Lee et al.,
2004). o|MH F= W]y, A3te] AL FF=3|
oh, Wit Tt MEAAGoA Ty o2&
giFio] ZUYAA FUlF oz olgedde] ¥
o] & AeS Ho|i gt} Hhel| o]eje] FgZof
A& NO3/nss-SO;” F&H]7F 0.55 T Yol o] 59 ¢
HTE I HYe] Jgo] & AoZ Yehar Q.
E Ao FEHEE NOj/nss-SO; FEHE 20
12e] A9 0.01~13.7, PAIYAE 0.00~0.922] H$
= Yehldh 53] &2 1-1-382 139 it
H” ol FHEYL] FFeol A, vAYANAM = 1
ool A JFS vzl Aoz AdET) WA
o A&l 1eAE T2 142 AYdstis ZE ;L{
oAl ZoiYPAre} vAYA B A o H Ao FF
S Bo] w2 o= FPHAY. SXA|N 2 114 T
e mA YAl NOs/mnss-SO;F F%H]71 0.928
]% _Q_OﬂOJ_,] Oﬂsko] Ah;ﬂz% oz g_yﬂ Oﬂakg u];‘d
ZAow FAgteEc

—

O

4 ZE A 2%
717474 7174 18 Auke o] gsted Aol 23)
of 4% PM,y, PM,5 AIEE AF, EA3IAL, o=

FE ozl 2E AR T SHEALS A
A3E aoFsid o3k 7t
At oo]2Ee] o]& RS nss-SOF, NH;o

T2 A YAt EESIAL, nss- Ca2+8 AHez =
g Yxte] o wo] EE3= AAS EAT NOs2 A
F 14 = dAA R 2 YAlM =7 H o
w, Agl e 238 fAdRbelA 527 =2 54
£ Btk M oo]2Z9] nss-SO7, NOj, nss-
Ca¥ ¥EE A F oz wavh - %, QH-H7
Ho} o 9 4 B
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