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SUMMARY

I. Title

Influence of Yellow Sands (Asian Dusts) on Marine Environments

II. Significance and Objectives of the Study

1. Analysis of mineral composition and grain size and heavely metals of soils from source
area in China

2. Wind driven yellow dust is an important source for the transport of minerals and nutrients
from the arid region of China and Mongolia to the Yellow Sea. It is important to
understand the effect of yellow dust on marine phytoplankton and microbial food-web.

3. Operation of hree marine fixed stations from three islands. That is Backryeong-do,
Jeju-do, and Ulleung-do.

4. Measurement of mineral composition and grain morphology of the Asian Dust from
around the Korean Peninsula as well as form China

5. Analysis of mineral composition of the Asian Dust from three marine stations can provide
information of the seasonal changes of Asian Dust amounts and the provenance and
transport routes

6. Understanding of hampering of phytoplankton growth, and commuinty of phytoplankton
and primary productivity before, during and after the Yellow Sand events

7. Therefore, it is essential to develop the estimation method for the influence of marine
aerosols into seawater quality as well as marine ecosystem

8. Understanding the effect of yellow dust on marine phytoplankton biomass and primary
production in marine ecosystem through the mesocosm experiments.

9. This study investigates the behaviour of micro-nutrients and aerosol tracers in seawaters,
and the relationships to phytoplankton variation.

10. Since large quantities of asian mineral dustsaccompanied with metal pollutants emitted

T



from China continent would input to marine environment as well as the atmosphere of
Korean peninsular through long-range transport and chemical modification of aerosols
during cloud formation, it is essential to determine their effects on marine environment
and ecosystem through micronutrients and trace elements.

11. Analysis of nutrient concentration from the Asian Dust and DMS values from both the
atmosphere and the sea water

12. Seasonal and annual distribution of Asian Dust using by satellite images

ITII, Contents of the Study

1. Equipments of Sedigraph 5100D, SEM, EPMA, X-Ray Diffractometer were used for
bbservation and analysis of mineral compositions and grain sizes of soils from source area
in China

2. Collection and analysis of Asian Dusts from three marine fixed stations

3. Anlaysis of mineral composition and grain sizes of the Asian Dusts from three marine
fixed stations. They are compared with analysis from source areas of Asian Dusts

4. The research vessel can provide the collection and analysis of sea waters and marine
atmosphere materials

5. To determine the relations between yellow dust depositions and response of
phytoplankton, we carried out
1) in situ study during the yellow dust periods in coastal waters of the Yellow Sea
2) laboratory experiments and mesocosm experiment for the effect evaluation of yellow

dust on the growth rates of phytoplankton and primary production.

6. Analyzing the variation of the size fractionated chlorophyll-a concentration before and
after addition of yellow dust. Analyzing the variation of the size fractionated primary
production

7. Study of atmospheric metal concentration, chemical composition and their seasonal
variation, long-term monitoring of deposition fluxes for micronutrients and trace elements,
metal solubilities over seawater, the effect of atmospheric metals on seawater metals by

Pb isotopes, deposition fluxes for soluble metals and their seasonal variation, and the

= XVi =



effect of atmospheric bioavailable Fe on the primary production in the Ulleung Basin can
provide understanding of the role of Asina Dusts on the marine environments, especially

marine ecosystems surrounding the Korean Peninsula.

IV. Results of the Study

1. The fine-grained loesses showed relatively lower concentrations of Na, Ga, Nb and Sn
but twice higher concentrations of Bi, Cd, Cr, Cs, Li, Ni, and Sb than those of UCC

2. This study setup the analytical method of Al using 8-HQ TSK resin and flow injection
method. The standard addition to seawaters showed the reliable measured values. The
detection limits of Al in seawaters were estimated 0.05 ng/ul enough to be able to
analyse normal Al levels in seawaters.

3. The solubilities of atmospheric trace metals in seawaters were measured through
dissolution experiments and rainwater collection. The rainwater solubilities varied
depending on rain pH, that is, high solubilities in low pH but low in high pH. Al and
Fe solubilities in rainwaters scavenged Yellow dust were extremely low and approached
to those in seawaters.

4. Total 160 aerosols collected from September 2006 to October 2008 at the Ulleung island
were analysed for trace metals. All the trace metals were in the very low levels while
aerosols showed metal associations with both pollutant and soil-derived nature. It seemed
to be aerosols from coal burning products. Aerosols in other seasons would be the
mixture between coal burning products and soil particles.

5. Atmospheric metals were divided into three groups based on their sources; EE (Al, Mg,
Ca, Fe, Ti, Co), MEE (K, V, Mn, Li, Sr, Ni, Cu), HEE (nnsSO4, As, Sn, Mo, Zn, Pb).

6. Seasonal cycles for atmospheric chemical composition were identified. In spring,
soil-sources were dominated including MEE while all the metals were originated from
anthropogenic sources, in summer, even though the concentrations were very low due to
scavenging. In autumm, dry wheather increase the concentrations of HEE but
intermittently input of soil sources occurred while the intensity of anthropogenic sources

and soil sources, in winter, incresased by space heating and strong northwesterly,
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10

11.

12.

13

respectively.

. The deposition fluxes of mineral dust were estimated 36.6 g/rnz/yr in the Yellow Sea, 11.8

g/mz/yr in the South Sea and 9.08 g/mz/yr in the Ulleung basin. 50-60% of mineral dusts

were concentrated in spring.

. Soluble metals were strong-positively correlated with nssSO4 concentrations and percent

solubilities for Al and Fe could be presented as a function of nssSOs.
Although the Pb concentration was slightly increased in suspended particulate materials
by the deposition of atmospheric Pb, the isotopic composition of dissolved Pb was
intermediate between aerosols and SPM because over 90% of Pb existed as the particulate
phase in the Yellow Sea seawaters.
. Since the enrichment of Pb in aerosols increased and approached to maximum before
the Yellow Sand event and decreased during the event, both Pbs in dissolved and
particulate phases increased before the event and decreased during and after the event
in the East Sea seawaters.
The atmospheric supply of soluble Fe from the atmosphere seemed to be lower
compared the required quantity for the primary production in the Ulleung basin. Other
sources, e.g. coastal sediments, eddy & upwelling processes would be neccesary.
It has been well demonstrated that Asian dust can regulate the primary production in
the Pacific Ocean. We measured the ionic composition of aerosol, atmospheric and
seawater DMS in the Baekryoung, Jeju, and Ulleung Island. The main foci of our study
can be summarise as below,
1) Influence of aerosol during Asian Dusts periods
- Measurement data of dust deposition to the surrounding seas of Korea Peninsula
2) Atmospheric and seawater DMS concentrations during Asian Dusts periods
- DMS were measured during four years campaigns covering the Southern Sea and
Northern Pacific Ocean.
3) Compute nutrients deposition flux using the chemical model
. Nitrate concentration in collected aerosol over the Yellow Sea showed their maxima
during the spring when Asian Dust events prevailed. Asian dust were found to be the

dominating fluxes of nutrients to the marine ecosystems near the Jeju and Ulleung
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14.

15.

16.

17.

18.

Island sites where are remote and isolated marine environments. However, the ionic
concentrations, including the nitrate and sulfate, decrease during the Asian dust periods.
It indicated that northwestly wind with Asian dust brought relatively clean airs
compared to those ones influenced heavily from nearby polluted land areas in china and
korea.

Atmospheric DMS mean concentration were measured 14pptv from Guam to Geoje
Island Oct. 2007. This concentration was lower than Micronesia 2006 (50pptv), and
from Chile to Geoje Island 2003 (117pptv). It was found that Seawater DMS
concentrations influence Atmospheric DMS. The effect of atmospheric condition,
amount of sulphur emission was (to the atmosphere originates from biogenic DMS)
decreased. Seawater DMS concentration was measured 0.8 nM (2007), 1.83 nM (2006)
and 1.09 nM (2003).

Deposition of nitrogen compounds were calculated 1.54~1.93 g/mz/day. Atmospheric
Transport Model (CAMx) simulated the deposition of nitrogen 1.24, 0.56, 0.36 g/mz/day
at the Yellow Sea, Southern Sea, East Sea respectively. During the Asian Dust periods,
model simulated that NH;, NO;™ were influenced heavily from nearby continent.

It has been demonstrated that Asian dust can regulate the primary production in the
Pacific Ocean. However, measurement data of dust deposition to the surrounding seas
of Korea Peninsula does not exist although its effects may far exceed contributions in
the Pacific Ocean

We measured the aerosol concentration and composition collected over the Yellow sea
and East Sea since September of 2003. 24 hour filter samples have been collected with
high volume samplers in Baekryoung Island, Jeju Island, and Ulleung Island in every
two or three days

Results of laboratory experiment showed that the influences of yellow dust /sand on
diatoms and dinoflagellates were different. For dinoflagellates and picophytoplankton,
the yellow dust/sand samples showed an inhibition trend on its growth as shown
negative growth. But diatoms showed positive growth.

In the mesocosm experiment, there were no significant differences in the phytoplankton

biomass and picophytoplankton cell numbers in the controled samples and experimental
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19.

20.

21.

22.

samples due to the low concentration (5 ppm) of yellow dust. However there is a little
increase in the primary production of microsize phytoplankton.

The results in situ study showed that diatom abundance was significantly increased due
to the increase of benthic diatom abundance, but dinoflagellate abundance was decreased
during the yellow dust periods. Primary production was decreased due to the high
turbidity and low light condition during yellow dust periods. After intense yellow dust,
the abundances of ciliates and heterotrophic dinoflagellates (HDF) and bacteria were
showing a decrease, bue the abundance of nanoflagellate increased. The variation of
these groups recovered after 1~2 days later from the periods of yellow dust. However
it is difficult to distinguish the effect of yellow dust and other environmental factors
(strong wind, high turbidity, light condition, vertical mixing) during the yellow dust
periods.

To investigate the effect of yellow dust on the phytoplankton, we carried out mesocosm
experiment for the variations of size fractionated chlorophyll-a concentration, primary
production and picoplankton abundance before and after addition of yellow dust. There
are some changes in the phytoplankton biomass, primary production, and
picophytoplankton cell numbers during the mesocosm experiment, but no significant
differences in those of control samples and experimental samples added yellow dust.
However there is a little increase in the primary production of microsize phytoplankton.
The results indicated that there is a little effect of yellow dust on the
micro-phytoplankton biomass, primary production, but no effect on picophytoplankton.
To investigate the influence of yellow dust aerosol originated from China and Mongol
on the phytoplankton ecology in the Yellow Sea, we have carried out phytoplankton
culturing experiments using yellow dust aerosol in the laboratory and two surveys for
the phytoplankton community and primary productivity in Baekryong Island and
offshore waters from Taean during acorian dust periods from 2004 to 2006

Seasonal and interannual variability of day when absorptive aerosol observed in the East
Sea during 1996 to 2006 was derived from TOMS Aerosol Index (AI) which detects
the back-scattering of ultraviolet range. Al was validated by ground yellow dust

observation data by Korea Meteorological Administration, and 64.9% of yellow dust day
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showed AI more than 1.0. Assuming that absorptive aerosol such like the yellow sand
existed when AI was more than 1.0, the days when absorptive aerosol observed was
most in April, decreased to September and slightly increased from November to next
January. The spring peak of it was mainly observed in April, but in March in 1998 and
1999 and in May in 2001. The days when absorptive aerosol observed were twice more
than average, from May to August in 2003 and from October to December in 2001.
23. Atmospheric Optical Thickness (AOT) showed the strong positive correlation with the
normalized water leaving radiance at 555 nm (nLw555) in summer. However, nLw555
did not showed remarkable relationship with satellite chlorophyll concentration. June,
2003 when the AOT and Al were highest during summer from1998 to 2006, increase
of AOT corresponded with the ones of nLw555 and satellite chlorophyll concentration.
The aerosol at the time was expected to be small radius and absorptive aerosol but
yellow dust. It is possible to attribute to massive forest fires in Russia that was occurred
during mid-April to August in 2003. In September 2001 when AOT was lowest,
horizontal distributions of AOT and nLw555 were similar, but nLw555 did not lead the
overestimation of satellite chlorophyll concentration. Satellite chlorophyll concentration
in the East Sea was affected by high thick absorptive atmospheric aerosol in summer.
The types of atmospheric aerosol which come to the East Sea are variable. The factors
which affect the ocean color in the East Sea in summer were also variable. It is needed

to derive the effects by many kinds of atmospheric aerosols on the satellite ocean color.

V. Suggestions for Applications.

1. Use in the areas of Science and Technology

o Atmospheric metal concentration, chemical composition and deposition fluxes over Korea
seas would be applied in the fields of environmental policy, metal cycles etc.
o Estimation of Asian dust effect to the sea area around Korean peninsula by understanding

charcteristics of Asian dust particles
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o Investigation on the effect of yellow dust on phytoplankton, primary priduction and
microbial food-web could be applicate to understand the change of marine plankton
community after impact of yellow dust.

o The investigation of the effect of yellow dust on size fractioned phytoplankton biomass
and primary production is essential to predict the amount of damage and establish
measures regionally because there are seasonal and spatial variations of micro, nano, and
pico phytoplankton of coastal seawater. It can also be related to paleoceanography and

paleoclimatology of the Yellow Sea.

2. Use in the areas of industry

o Heavy metal concentration in background atmosphere of Korea will help to estimate the
contamination levels in the environment

o Preparation against yellow dust

3. Use in the areas of the decision of policies

o Understanding negative or positive effect of yellow dust on marine phytoplankton is used
to establish the policy and countermeasure to the yellow dust.

o Preparation for diplomatic relations between China and Japan in environmental issues

o The effects of Yellow Sand and accompanied pollutants on the marine environments and

ecosystem could be visulaized.
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25k 7199 Al ety Haf el Aol 2ANA 2807 tigo g A olF
B Zgeh A £33 sliolA Al EE AR X FdES 43
3715 3l tH(Measures and Vink, 2000).

T Al w412 Chelex-100 -2 8-HQ &2 ZHo|® FA & AHESh= WO R 5
=3t GFAAS, ICP-MS= Z43h= W& Wol ARtk 18 dolA 23 =73

o

=34

"

2000). HE3F o] EF FURH | V& Al 2ES ARt o3 HET|R ke = jlow

oA Fe, Mn¥ 3] Al= 4] 7}Hs3ttt (de Jong et al., 2000).

BlEoll A &319] &alEs 215 BlE &3lAI71AY (Williams et al., 1988) 213 Hl=
< AFsI JAVEH 8248 ¥ T (Losno et al., 1988; Lim et al., 1994; Choi, 1998)

Ho

o

o
il
_95
_BL
o)

rr
__ﬁl_“

}L
JH
Lo
N}
i
2
g

/ @ Ba s BEe) pHoll Ae B
37 24e) Fahwa W) we) 2dgo] KAt Y Faes Lo B84
[e=]
=

o M= AlF & F5H2o B AE I (Lim et al, 1994) S4Bt ojuz}

—_

HEd e 7] BRt=e o8 Feo] &8 =7t B2t3Ith (Jickell and Spokes, 2001). 7L
ZA T pH7E 5 o)l HlEoA= 83l =o] wshe 31| 513 24l wle} v 4l
5} Belth (Guieu et al, 1991). 3 5ol Ao B3 & Fo] &3 Hrlo|A
7zt w49 318k EA4) Yol wet B2 ¥SE BT o= Xl HEH ¥ o]F
HE 717 F715 drhd AdstdeAed ot GEbRitt (Chester et al, 1993). o1&
% Pb2 o2 SF=E EASh=t ©]EEH PbClBr, PbSOy(NH),SO; 57
2 B33 Y E ol FV|= itk o] SFE AEL B EdA A Ikt
A Aglel i, th7] Foll the gio] oBA drfol] whe} A HE 53] FEo] A
AEE XS AUd 23 F 559 A Jue 343 HstE HAtkSpokes et al,
1994). Maring et al. (1987, 1989, 1990)& th7] % Al, Cu, Znoll 2|3+ thFol A 2] J&Fe
A ATHew Frpsh| = st

FH ol A F 8] AL Aol Fefjell FAEE A2 Fets AA S83 Asr IR
A+=T(Kai and Huiwang, 2007), ©] A&l &shd viid s 2 FA%= A U=
2000~20023 Afololl 47.45 g/ m’/yrolal &l MA= FAE= FAR] & 17.9 Mt/yr
Ak dale] 739 o] o] 2/390 AFHAL Fal= 1/300 NFE AT 1A A &3
oA Al o]-g3te] mellof o3 FAl FrYES 8 A sl A 2003~2004'd &



(14)

(15)

(16)

off

QF17.6 g/m'/yrAaL 2L 713 Falol A= 9.88 g/ m’/yr 1AL Sl lA= 641 g/ m
/yr SATE 20013 2] &FARS] Al7]ol] mi-¢- AAE AL arestd Fefjoll ] ztolrt drg

e B35 35 T Fe BE 0.02~1 nmol F=2] v v 0] 1L Ak sj<rol| A
% 1~20 nmol FF2& GA] vl w2 o]t} (Bruland and Rue, 2001). ©] &g w2
5 FF Wil Fe2 Znét tEo] FH o] vf-g- ol sl A 4317 7H
oEe Yar EFIH wEtA AR AF, o3, B g B gl A w43
zZo] dasitt. d & =9 JGOFS Heh A AT-ollA 571 AP AR 2494

2t wlato A Cuh Nigl 78-7- 20~30%2] Atolh QUAA| W Fed} Znof 45 A4 1t
10~1008) Afele] ztolE Hof AY T2 2¥o] dviv T3 A& RAHUTE Ag2
o] AP4oA Clean Sampling Technique= ©]-&3F A5 23 2} Clean Roomel| A €]

PO R ARE PARL QAW AR MY APV g APAL T He

AT FARE ol o) o] 83k dAlA 11719} II7Fe] Fes #E]3te] F53)
T ZA3 4 YT On-line WHol7] W&o theke] AEE W2 AI7F Yo BAT 4=

A7) 2ol 2ol B3 EAE Bol 5L 5 Atk A o2 AP LA o] e

2, 31 Fedt Fe(ll) A= 8ol & S AN MI7He] Fe2 2 Aot
FRo|ER ZAFTE Fe A7t 7]¥9] 54508 3ALe] IR BAHES] A5 F Fed
0.001~0.02% HE== wl-¢- 22 Fo] Gl HAN GAF B3 o] 7)ol =EHH
T5 Fol e FAdelut Ak ofs) &8l7F dojuh e o] gA HlEolu e

8318 & Q= BRol Ak s5 EFo) VR /-8 Feol Sofuhr A} Yarewal
ozt th7] F olatslras] §4E F/A713 HESHOE WS DMSH Bol



B Eo] 7155 2H3H Fth DMS7F th7] FellAl AkslE= Zlo] Feoll o3l Enig

T AL ol EZ th7] A EE STMIA A IS TS B ofu2) Feol 83

=& Z7M71A "t} (Jickells and Spokes, 2001).

(17) olAlo} UIFoll A Ehd FA} o) 5she A2 e o8] /e FAL] o) w
£ @37 S s AAH R 5] sl thdet =8-S AFsta Ak HZeE 2l
A =7HE ofy el H MAIF 02 At tigk A7t Hhig AP o P 9tk
(ACE-ASIA, TRACE-P, SOLAS, ABQ). ©li= 3A7F A4l EA1®TE ofyegl A A+
29l 715zl DHSHA AdE o] e AL AAD B vk opiz} vlefo] BT 5

::'

(18) 3% B FALS} e thrle] WAL fne] JFS HrselE wEe 71EH of
B W v AT 02 WYsio] sl ol Ee] tfe nFAe) ARF AE 2

3
WA= Q12 FH o] Stk shARE o]r] 100 @ MY 2 ol A= s F oA thir =
=]

FEY et ed=29] Fdol HA ol 83 FES AASL A= AT

APUE, 0@ WEH #
% 2717} Walak, Akslek B o) 4B, Bety B4 24 SlsAE Al
Ao olu] FGAoII 7129 A77} Waysojof = ZloE A H T gl 43

oltt.

dot
iy
1o
r o
4o
Y
rlot
ol
J{m
oX,
°
R=}
i)
=
N

=
e
)

N

i

offt

et

Ho

0%

rL

N

Lo

o

152 sl EAlo IS F= Aom dHA 2l Sk
FAE NG kel BB 9o A= Al 32 Foe A7 2™ (Duce et
al., 1980), &< aLr|Aell A A3 A} Bejg ko] f71g4 S718 fFEAH w0l
R 1=} (Bishop et al., 2002). th7] |MAE o] &3 F= 27 APolA F2F+ th7]
AR A FefE He| YF-F o]8ste] Aol S0l B AT (Visser et

Q0) SNANAE o) g3 ABTFAE Aol ofF FEY IAH AZ, M%@(%%

8.
r\.)
S
{e3)
N

(22) = YEAAE FEHEY %S TR 10C 9 JGOFS Z2 138 T3l AL T
e 719 sl tigk &= Brksr] ARl HiRtelX= SEATS (South East

OfL,
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kol gAtet

o]

1998 =¢

o

) program-=

7<ol-

Asia Time series Stations

oltt. p-Eluet= FAtel ek &

o] AlFtE|o} UA|RE F==2 7]

foll 32z A

3

&)

T
oz = A

BES

=]
ay

TE

o] o] FoiA s A eNA 2k

2

1_4;\——4
.

ol JFEHAY Ikl wA|

A2E =W 71

1) =M AR o7 2R S

&

[e)

SAge) o] & JPEt Fa% Tk nusch 19

= 74

15

H
fua

}

°
i

]

]_

o] FE =N 7] X9 T
ah 1999) ol 4] B3 E|9iTh 183l ACEASIA 2 AIMS (northeast Asian Marginal Seas)

2009) o]l oJstH g3l si2] 54 F Al, Zn, Pb

o2 ®yFEYch

(2) BAF BB ZAF Ao Fsfjd

=
=

R ERA

3ol A 2003~20043 5<¢F17.6

o

a3}

9.88 g/ m'/yr 121l F3f ol A

641 g/m'/yr ATk

L
| Y

T
T

1 ol 4]

9

!

b gsfol e o)zt 4 % glom

e}
Fes} 3-719] A A1449) Al 8 Pbe 7] Bug

= sl mAl Gl AT s A W

|

\ZezKe)
h=
=

H

[¢]
3L
(¢}

[¢]

K
FH A& ko] th7)

I

o] A}

o e F8

el Ae] &= A9 FAFSHA

S

5

s Foll A wlA

=i
=

)
R

<
o

20013 ] SFALS] A7l

L
T

(@) SoIA S5F2] Fe, Mn, Al ARE 2be]

A=H)

St =0 HT Hary
=

7}3

(Kang et al., 2009) o]°ll o&}d Faf 2] 5<% 5 Al, Zn, Pb

3
o

2~ 12~0 =L O
T 1:1'—)1—"] 06]6(')]:‘__'_

[e)

.
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FE fFges BuEoh

(6) AeAA 3 FAte] A71H BAS A7e A, FAb] 23 A AslES AR
o] Aol ofaf APEHY, olE FAP HAAZHE T FH} 3 AR AU E
AH SHEE oA AR FHo] GEHEe Ao APHUTH

©) =HelA sl T Fe &4 A5 Goh Wil Rt Rusion thr]e] 3] $a

7) AFlA 7] & FUEE FFEA] TS BrIs] g AT Pl At
A A A B Agzlel oA Th A= ATH (Kim et al., 2000). ©]9F 22 AF-o| &

gk 5335 213l DMS (Dimethylsulfide) 8] #5 7|52 £ A7%lo] oju] RS} (9]
999). AG7kA o] #5ZAF Fafje} AMAS s B 7] F FsdEH agol

A 7] o2 FUEE DMS §571F F2 A Yo% v¢- tefst w5 HslE Btk

®) Tl E g B A7} Ee] o] ASHAE FFHARA FolA] FAake} 2
& BA A BAsHE slEhE o wslkE dTslE e olek 22 AR A9 glth tiv]
od B4 YAolE, 1o mE At g EANY FIF Fol T, vEvE dES
T3 FHolAo} X Ho A - A7 EAZ dIFE S Uk o1 tiulshy] 935k
UM E 7] 29 B ol s@H 1o mE I FRE FAshs 2ol B
SHAl 8= ok YFolA s ti7| e E4 9 FFo] oA 88 AvE
St A HAG Q @EH ] ol ofH YIS FI Arprf o] FHo| & Yot
A BFH O R Wrkshs AfdE Basitt o)ef e AsE FEI| FHsA XE A

G o= yE & 3pHR FHRA0NA 2w, A

I
rO
o
do
il
M\
=
P,L
rlr
__rt‘_,‘
2
A

<ol A 2 Aol

SEOPA o} wTEo] AT W =S 7]&ola 9o ACE-ASIA, TRACE-P,
SOLAS, ABC Z=z17o] It} H S0 FAket 2& th7] T |AA7} sl fe] Aikd =
o AT FAMCl AEA Bt ARy} A BEE I o] ol ATFE FEolAo}
Z7F 7k 7141 Aol FERE o] U A=A o

7|tH .

%]
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10) WA E B3l AP9AEE o83t EA WA T FAlete] AAAAE E4T AT

7} e (Jo et al,, 2007), S=ollA= 40ppme] FAFEETF F2F A4S ZXIAZ

= AT AAE FAES| o] MESt= F (Zhang et al., 2007) B2 AT77F FHE L

Ao FAH SR ofulgt 7|2 o3l FTHAHEA HES] WA Fgton, At
BR00) ofst Ay o] Sad-S F8e] mhelsix] Eaka e AdEolth

(11) NOAA $1/39] s duhrE 2At5E ALk 7|} sl 9 dARAL A7 B0 A =3}

o, Thgt YRR E o] 83 FAL el A= G e AFE B3t 7%

WA FA, Se) o B4, Sl 5522 (Suspended matters)®] AE 714 71
Soll B3 71235tolo] HAAYA Bgo] AT B A7Ih WY Folm, FAL
sopoll MAE ATE Ao gl Aol A% SANY BE A FAke] G| T

FuE AL Sl A7 Yok
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EWIF B¥IB
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A1 22 TR EH =
2






A1E ZA AR EHE

ko] SHlElE AR SR L sjgRel = FuL vtk olF UAE
& v AEtst ehEeeizh A, Se Fae] FENYNA F1UHE o Gl k¥

12} FEEHS G BUA ) o ST 1T 0T Yajs]

A% th7] Foll o FAYAEE AL, FAAI0 HTh Hoi = FAUAE
AT F, PR A Gol A BEE FAYAS A H 2 E] FAYAZ vlmte] )91

£ stofstant ek w3 FARYAE] LukEE Y BEAAo) wheh ek 2ol

9 o FE o] 2H S DFEUT EH FAle] T4 (Zhang et al, 2001) 7 WA FE (7

g 9], 2008) A5 Ak B T B TR ol s EEE FEAA, A

18
ek
r}i
Tg
o
il
o
An)
u:
e,
oz
i)
=)
=
N
mlm
_O‘L
£
f{ J
ic)
2
_L
oZi
O
)
2
r°*'
mE
rhe
Ao
R
fu)

oM AAR FA BAAH AT QA B FFES BAste] FukEs|ole] FAYR
9 F34 59 wlastA av

A F33) o] AR, B FRe] FEAe] A7I5k] FR u hare] W]
7} AR FRA H 29 nigold Aol ofa) Bl Wil elala tir1F 4%

oz @y STt F5ol Fsttirt AAY % =5 Axd AAM3E Hetete FrE A=
A E 2R ol FARIAE S AHAE Bl E iRt A, S| FENY, &2 5
o 5%:9] 22 AlEHE (Badain Jaran, Tengger, Ulan Buh, Qubqgi, Mu Us)# &= W-&119}
TFA ol A 7| ¥ek= Aoz AR dnth dxom Rt FAs T Foke w2
E1dE AHA L= A7 tiFEelH, vy WA Z1dste] HteR ke s
It} eFEEluizt ARk ST 2 RE oF 5000kme]d BojA o] 1

rr o

ol
o
rr
=2
o
!
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e
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2. A= @ Y

7). A R E A E

flo
=
)

2002 2¢ 25U FE] 2002\ 3€ 109714 F 15 L3t T FAPELA] B2 = 467
3tATH (Fig. 3-1-1).

LAAF A E A8 710 GAES AARS £, 49 2719 AE ©]83k 4p ©l3k
28 (sand)e} A2 (gravel), 12|31 4g ©]/4<1 HE (silt) 2} FE (cday)= & 3H T 40 ©]
sto] =Hd HAHEL 050 142 AE o83l 4p ool AHEA EHEL Sedigraph

5100D HH|E ARg3sle] YE=T7]E BASIAT

(2) SEMGFAFIAENZ) 24

SEM XA BAAEHE dAES] FLYUAE NaO, SO, ALOs;, MgO, P05, KO,
CaO, TiO,, FeO ¥ MnO #2413} backscattered imageE &S53tth T3t T FAPEUA]
HH=

Diffractometer) & ©]-83}t 5~70 (2-Theta-Scale) A &2 o] o] FojFith

rlo

HAEes BEE 73 $ 12 x4 3-EA7] (High Temperature X-ray

(8) F34 4

FAL ELA] A B Fig 3-1-100 BARE A 2] o] FEof Aol AT 147 A=
E Aty SaEe ZA8T ti7lel s olsE o A= EXIUAe] Hh =717} oF
10~20 ym<! A& st 20 um A2 YA E A= FA4ALA ol FHsh= AHT

2

BoLe wol A2A7] &, oo E mEEeA] B pAslste] 88 248 A5

7 AR NaCl FAIE F

Jo
il
)
off
Ty
)
1
I
off
Ty
=2
X
fz
ol
ok
2
)
g
Q)
Rz
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3. @7 9 9
7t YERE U BEEY

FAPRUA EAE ATE FT AUt FE 8 A AY FA 137 A9 A
o 67) Aol TS B BAL Sk BFEANA FF FRE AFAGE FAL I
oIt (Fig. 3-1-1). T2V S ALEEAERS: 2 4ddo] gl A 37,

RIAAL, ARALE, 5 HEE U] EAIA A 2] WEd A §7o]

APl E72e] ERA L 137) F7 467) B A B0 tishA AN FAEAA
HHEe FFE, FTFR A, THIA, FREES BT Auke sz e U

A B FE HHE YEes AETF F %R SIS 27t oF 5%, HETF oF 23%0]
t} AE ZAE 45004 6pAte], = 0.0442 mm~0.0156 mme] YA=7) A <F 38% &
74 o] B2t FEA Qo= LT FFS H)x= FAHER YA Bo] £33y

H
el BT

oAtk AFEZE (Shapotou) Aol EHEL YA R FA4H ] 93 S R =
T At} AAZE Al EHELS 27} 99.98%, AEE= 0R%E FAE 9om AE
SHFS A3 Qi) webA diEF 3HAF d4o] dojuA] ek o] dhitof g ©x] oFs

0B =
Aoz vpetHE) W13 At Bl HES 27} oF 60% ~75%, AET} 20%~30%, AET} 5%~

8% 2 wEgleko] AA o2 71AF =2|uk AET} 20% ~30% = FAEZ ] BEAZ 7AE 4
Q)= oFolt} aH] AbEt HHELS wo S0 Z3HE o] 9lom Tkl YEEA S zh=t}

2t
THAFE B A E A 23%, B 46%, HE 18%, ME 13%=2 TAE] 9o, T X
o] AbtE| A EH]ste] HECL HEgHFo] A vehdth W81 4ME (Hungshan Dake)
Abtol| A AHE EHEL 27} 80% ~N0% 2, 2] thio] Reoln] HES RS 79| itk

T TEFQ TF (Lanzhou) FEAYG Y T4 ALEE (Shapotou)AHh, 113 (Minquin)
Aret, 3] (Gobi) At S5 H-E5% Weale] 4tek= (Hungshan Dake) AFeF B2 &2

TAFED} YAEAS AR LY S ol §3he] AT

e

_23_



ERdt) RIFANG 299 B2 =2 Aty 33 deloln, 58 Edsith A gdAt
A F3F ol A UehA ko, Algde] AP e H9Udatnin FoA
Art=7F S5l Uebdth R AR o] BA &2 drkeet B5o] E%sith 4

FUAE AHBATER BA7E T3] Jlon, Aldde) AR, AR, gt dEol
THE Y. FAE AN A He] HA &2 Ank=rt

S GAPTAA] B = BET dASEAS B4 A, 4 SAPLAAEE 9%
= 5 29, YARH 2 SA9] A7t yehdt, SRR EA I} anAFR ol A= AP
oje]oll NP A7} Sl et dEo] FEHT AAZEANA 3} JH|Aete] 4
AR = A2 AR Bl 3kl F37F BEEH AT ARZEAPGA S, v AL

A, TR IR A o] G YA drkErt 23wl ZE A o] AgYAb= Ant
=7F et

T3 GAPLAA Y 67] Ao A JAke] wAFEE W]7] flste] FARAARE S o
tol HFdas A3k

HdFEE H429 U EAErtErr @ 3" gEjelw, Sl dish-shape
depression®] EITE ALZEANY B ZEo] PP BAEWIETE Bl M H dH=
low relief7} §/d°]™, dish-shape depression®] 2 W= o] Utk A FYAe] SH | 315H4]
A Fshdo] yehdth R BAEe] qFdAe 2ArErr @ A3dE dEjolr,
low relief7} 54 o= vepdth =3 AFUA= 8] T4 Aefol™ dish-shape
depression®] #ZHATE APGA B E] M FAAE BAgntRTE JAPE FEE Jow
relief7} 5/ 0], dish-shape depression®] & = o] Tt JH|A} B| A &9 AP UA=
mAErtErE E Z3E FEZE low relef’} -4 ¢, dish-shape depression®] #&H T} &
APEREALEE B2 =] HFUdAs BA R E I E FEE low relief7} 5480tk &=
g AgdA= S8 FAZ FEjolt

ofo
of

S~

AP A B HE2] Y UARE low relief7} 43 o)™, dish-shape depression®] 5734
= IRt BAEut A EAAY, i Aol HA] 42 A7t dubAolnt. 1

U HEUA Elol By B AAGe Y w2 T, vaE B2 e BEEA] etk
b F= FARELA 6 Ao HFYAe AAF o= T I HA =S Alefshd

N%E E4E 7hank



Aol AREUT. dFRE HAE2 dHHoR 7 B2 HEFEC] FrEol Je

4
w, M9, A, lere] B el AT ALEA T HABE v Y

4

USkor, Megah AR, I Pl BRE

(@)
N
i*s
lo
Am,
_12i
é
rl r
X
of
o
_‘
i,
-
ox
@
H
o
_13:
u
ull
b
e
by
i,
o

U b BaAsEEe] 34 SE B4

FAre] HUA R dBA Y= FF 5
S $A3HET Bulk 2 <20 um FEe] F& R D@ B4o] o|Tolink FE HEol

B AT R o] Hude] WFEE Y

e
N
18
1o
_|>L
=)
v
dot
f
ofj
EH
ofj
A,

N
1o
ot
_[9[_‘(

2,

I

o

Upper Continental Crust) g3 H|al3}
(factor analysis)= &5to] 2 B OITE Fig. 3-1-22 43 BE o550l tiste] UCCH &

90 e 2 B0 thel 28 Slolk BT 16709 FE AR Aolels B o]}

—

—

A 7] wiEell Zk Al gae] Hginhks E=AISATE UCCO Blazste] bulk®t <20 ym =7

um
Ao o2 ZA 5= FEELS Na, Ga, Mo, Nb, Sno|$lal T Hj) o]t g2 Haly Z&E52

-

off

Bi, Cd, Cr, Cs, Li, Ni, Sb 5°]2th <20 ym} bulk AlolollE % 2Fo]7F AEH K, Na,
Ba, Sr& A|9J3tales BE F4-50] bulk T <20 pm F-Eo|A 20~50% =

Bulk NS5 881 #4183 T alo] AR F o] 825%F AT 5 ATt 23
W% B34 Table 3-3-6). 485%2] ®lol& AW 4 = Al 1 A= REEs, Zr, Hf, Nb,
Ti, Pb, ThS9] YA E0] 1507 WEoR= o2 F40] AN =32 93 F4 ¢
& 24 AARE FFHTE 164%E 2ASHE Al 2 AAE Fe, Co, Cr, Cu, Mg, Mn, Ni, Sc
SoE A A7 Ao’ A wEIt Sk AEE e g4 EcIth § HE ¥=

of F= EAstE a&5E°Ith 101%E 2™8sk= A 3%14= Al As, Ba, Cd, Ga, K, Na, Rb
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oz YA AR =2 EA5= 50tk UM A A 420A= Ca, Cs, Li, Sr, Bi, Mo,
P, S Sn, U 59 F&E0] &3l A0 R 7.7%2 HolZS Auaty ealyd 4Eo) B o]

<20 ym F--2 bulke} 433 O AHE HoEt 2xPdS B4 Table 3-3-7). WA

242l 7% bulkel 9} mhx71A| 2 REEs, Hf, Zr, Nb, Th, Ti, Y°I
FEdh= T3E o3 TS YeRith 183 5420 A Baol o] Akl E3E o]
gt 2A 5 e SR Al 22044 21%E A3 Al, As,
Co, Cs, Cu, Fe, Ga, K, Li, Mn, Ni, Rb, Sc, V, Zn7} o] HEE=2 A3 Ca, Sr, Na©|
=8 "R 28k AR HE FE o3 o W, 2HE A4 B gtk FEol
o3k Fo] WS ou]sith. A 3%12H= Bi, Cd, Mo, P, Pb, S, Sno.& T4 o] 3lo] B-Exr}
LE8 FAH Aok F, L9Ed S tEIT L & 5
Al 4J02= 72%F 2= Cr, Mg, Sb, US-2 dolomite?]

o BRloA 4o B3l A, o]F Fo| W3l A HAEo 9 5 Hrlsh=t
m -

2
Lo

rr
=
N
ol
2
of
A
)
2
4t
rr
ol

oki
mlo
1o
=
r
iy}

L SAPIUA 6 AGQ) AFHEA ], AZEAEA S, WAARAY, AT S, 204
U e, FARIATA ol AT HABE YEBAlo] oA YEREE shors)

Qor, AAAN LN S o] g3l BERNL ST FARAATNAL o §3he] 7
He) BASAT,

2. PR B A EY FERAAL HAE JAE BEE 7SR $oll x-A 3HEEA7)
(x-ray Diffractometer)E ©]-8&3t #4313 Th
3. SAHHER B A EY YJEREE ORE HAE, TAA A E,

al
AEFTFLS 18%~72%C1H, HEFTFS 5%~23%2A FAZE e FRs] o
mE = e YRR FAFHAU
4. AEEAN B A E, FAELIANY EAE, AFdA B X EolE AEF o] 10% HholH
HESFE A9 gloh webs] At dkzel 38 vAE YA=7] Hels Ao
5. A BHE0 Fede T dFIEAGT AHAA Gl A= A o]l Al
YA AXFet I Bt gEo] BAFUTE ARREEAA] A3 anj Ao A YAt



Nx= 2273 A T2k SAoll 8Fek2Q1 F5p7t BEEHAT. EFF ALZEAFA o, Rl At
A, FATEFAANE Ao HFUALY Antes FEdE vl Z]EF A9 HFYYAf=
Art=rt Btk =7 AR EANA| o] MG UA = EAE v (edge abrasion) 7} &
3] WP Aefolm, & AHolME BAE wtRIF Tha P FEl 2 low relief7}
EAA oz Vepdt) T3k MA| A 22 dish-shape depression®] &31A] UYERATE S 3
APEA] 670 A9 HAE x-A IHENE A= A G Aol FRFER BAEHAL
H, GFFE HA = 7P B2 AEF=o] E£H] Sdwol BRI ol whal FAkE}
A B A S HEREC] A AFEHA ). T8a HFRE HAE3 ARt

A EA = EFF R ek FE] ERIEIY TFE5EA o= UCCe Hluste

rir

) 2] B A &2 Na, Ga, Mo, Nb, Sn %7} 21 Bi, Cd, Cr, Cs, Li, Ni, Sb-& 2] o)A+

_27_



50
& a
"
. & o 7000
A
45+
T R 6000
. B
A A A AA s A
5000
40 0 & .
3 A a A ];wg harfio: it 7 S
< AN A & §A 19 MU Us:Sham aaa b 8 ; fa 4000
~ WA A v hapotou#® 2, A S o kL ap gk
[ 2 2, 4 A8 oo A Yanan® a ° R e :
< 35 < ﬁ-%ﬂfﬁ%pmuem Fat S 7 | 000
-~ Xian® Rl
= 12000
“ s
304 < | {1500
¥ 11000
25+ L {500
Lo
\ \ \ Iy \ \
80 90 100 110 120 130

LON (E)

Fig. 3-1-1. Topography of Northern China with the indication of cities or villages (£) that
we have visited during the field trip period. Deserts and surface observation

sites (@) are also indicated.
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Fig. 3-1-2. UCC normalized pattern of loess and desert sediments for bulk and < 20um

fraction.
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Aol A AE]E o] £4 =0 sith. o2& AT SFrAAT, B, T55 L9=E,

5 59 59714 FaR D 5T sleel A GRABATY ATHL O] ESF o]
g3te] ool AT, WY BN QoA 2A} ol Folnk IH T 4
& ool 2A7F S AAHT, DMS B AFES BANEYG 28 B8
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H o2 il 2~370e] FA L HIgA] ] B A B SR 2 BElo) AT o] ARE
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449 22, 24 (APEAY), 269 F Bl A REHRF A o] Aafiof el ol A 3 (surface)
-5 (U2 7E 10m) - A5 (base) ol A = 8ll =5 1L4 A5 5t3d 0.1, o] 2B s <=ol] 323+
H YAE polycarbonate E 2 A 2] A FH AT AT sl AlEe 7]HAE Lotrr] s
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TE 1LA AF 3R o, o] 27E sl 3 YAE polycarbonate BEIE A 2] 2 H 313
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Mass Spectrometer) & ©]-8-3t Sm¥} Nd 5HAaHE E4313t olet 22 AP 3
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HEAIR, 183 Y= s g Sl 2003 9€ 139 ~149 7 20031 9€ 15 ~
7 F0 AFT HEARE YT dlol2E ZEAIRS] AAEH 2 =
A A7e FAREAARE (SEM/EDS)< ©]-8-8k3ith
WP G gdSHe T3 FaLel fAehs FALLAZTE 7HE 77kl A8t
© Axoltt. Mo ugF2EAF] 7] Z2d AE=22 HE o= 10~20 ym =7]
o] Mg PArt AU G AR low relief’} S o)a ZAM vy} tha 13w 4
Efjo]n, dish-shape depression®©] #ZH T} (Fig. 3-2-1). T3 AEE 2~ HE 9l tabular FEH <
A 0ZAA (gypsum crystal; CaSO, calcium sulphate)©] #&= =0, 7] 2~3 pum ©|th
AFE iSRS HF == FATLAZRTE | Al YA AlF=ol
A AFHE AEE2 FHE 10~20 tm =718 HIJA7E 1A A YA low
relief7} 54011, RAgwtRr} tha 3P gejolnt =3 A g AAL FH = tabular lath
Fej o] JudAo] FAUH (Fig. 3-2-2). BEJAIBl= 1 um ©]8te] B2 &2 oloj=E&E0]
wEE, °F 10 pm =719 o] SARJAFH AT
55 YA BSHE T APLAAZRE A)el & Aval RS S}
of AR T EoA AHE BEEL HE A= o2 FFe] A3] EoEUe
™, ¢k 10 pm =719 YA ZA (grain aggregates) 7} TH2E M, ¢F 1 im A E2] H]7FQ] of|of
2Fo] I (Fig. 3-2-3). T3 T EAE = gl A =Ho| AE=2 HE oA &

SEFC
g ] F AR 9 By

ATE, BEE, 55 AXE AndersonAt] High-volume air samplerg AR+
celulose HE o 2FHET T CarbonOE coatingdte] JEOLAFS] Energy Dispersive x-ray
Spectroscopy (EDS)7} #-2He FAPAAFE A (JSM-6380) &= ¥&&1al, o] =5 & SEM
imageE I-solution®] 2= Image analyzer ZZ13-S AR8-3le] QQzke] 7|5 =433tk

AT, MHE, 55 AX%H AndersonAFe] High-volume air samplerg AH-8-3o] 4
E22 o 29 YAE AFHAT F carbon O E coatingdte] JEOLARS] F-ARHAFE ]
(model JSM-6380)°.2 ##3}al, o]2HE] A2 SEM imageE I-solution®|2H= Image
analyzer Z=I1HS ARRSIY] QA =& FASIHh EDS= WDS (wavelength

dispersive spectroscopy)et= 28 ETAE2] intensity FINE AXA] ROoEE A3
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LA BSH AN E 2003 9ol AHE FEANEE BHSA L, AFE siFg a3
A 20031 d 9 269 ~29¢ 3YT AHF FEIA 29} 2003 10Y 24 ~28% 4943t A
d HAEE 248t MPE s aSolAME 2008 9€ 13 ~14L 7 2003

9¢ 15¢ ~169 27} sbF ot A FEARE FH3ISTE

.L:

N

\

3. 23 9 E9]
7}, SEM(FAPARTIZ) S AHE A 24

AZ2 2 FHE AFH D AR AAES SEM (FAHAE R ) o2 B3t Ay, g}
WY A7) o] BRI DE o A HIFAA] B TE RTF DR T S o] YAEo] EAIsh=E 2102
TRt Tk HIZAA 7ol vlad #2194 Ake] 2717t &3, FARAZ el YA 27171 2
UERRTh B8 7ol s YAFEC] A2 BHA Qe S Hol YA EH
SRS BEE T U A2 AAH S TE Nagt o] F47olH, 98l Ze=

Aok A7 elE HlwE AR QdAke] 2717t 331, YRrEHelY BRI E o
o] o] Hth

SEM (FAFAAERA) ARRlollA] olm|x] EA7)E AMg3sle] QAtar]E ALket Ax)
(Table 3-2-1). MHF == FAA 7| JAZ71] WS A9 gt ey 55+ FAY]
ol 4 ym o)de] ERYJAE] F71eHs AR AT, AFEE A7 6 im o)
A= F7V8kaL, 2 im ol8he] YARE Tadhs A S BRlth wheba, FAYAE 2F A Gl

et o QA1) Folrt e & 4 ek
o SAL AL

FAAZ1 9k BIZAAIZ1E vl s fl5te] Algete MEE, 55, AlFE Al A9 &
AA71E GolRUTE (Table 3-2-2). TS 20001 F-E] 2007 A7HA] 9] W = (Table 3-2-3), &%
% (Table 3-2-4) 18]1 A|F%= (Table 3-2-5)2] €48 AP ASFE b3t

2006'A3} Hlalsl & w 2007'dll= fAe] A Sl A AL A< 7)be] g2 Holw, 2000~
200739 ALARI 71502 FAE AT BAS= 3, 4, 5¢ T A oll= 324 44
Foll At AsEE Aol Aoy T ol 59 TAShs FAke] RIEFT} Eof
A3 e
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ABASHo M= do]2E9] FEXAY TEHEHE A AEEZ2 TE= 20039 7€ 24

AHE 7FEE e, skl & U A&7t (MBRAFAAES BHREATS A7 °F 23
Z

A 55%) FE5EATE T3 713, AAIF o 2= g Dol HiE oF 20712 AlET) E
SEATE AL EEA I JUE BAS 28k 82 Fol ZE = 20033 9¢ 5YHH
A= Do, 3 Dol Bt oF 20712 AE7F FE5FHAUT
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. SO A JOIEZAEE AFH T o] 5o 20031 o5 ol = 100~400
£

(5] EE ool 2E ¥ 3he Holw Ytk MHEe] & ool ZAH = AX 270

o ool2E F7] ghe Boln, olF 993} 109°] 27 AThHOE e doj2E 77
ezt

A 3 paaAs b We) Beld itk BAe] FEN FEE BAL A9 ABEA
e} AHE 20039 79 BARE AFHUk 123 FALY 0GB FFYG BHS AT
Zol2s sholn] WE) A3 20034 99 5UHH ol T AT LFE

o)
2

AFE AFTZASHLE AgH o2 o] FEof X3t Al FudASH F
2 B3 T o tirj@del S etk $Abe FES TS5 R
A& 9 AEE2 D] AFHE 2008 99 24U FE AZEATE 223 ke e dEE
FEE A4S A% a2 goly IE 2= 2003'd 99 5L FH o] FoHth
20075 E] 1RRE 20079 129744 (BHEe] A9 717] 1402 20079 29 HE 119
7HA)) DA/SHANA AHE N5 Fe EABIE Ade o 2T (Fig. 3-24). Al A&
BT FAE F2 DAk 3~590l ol ZFE FARER G o] FTksh= Zlo] HEEU
. AFEzo A9 1~290} 7~8Yol = A|Re] oFo] Bor} 71 SAEZRI O] ofo] W
]
Q_:]]

all
o

t oa) 3-590)t} o] A%, MEs} LEEANE ThAl A1) A ol B Fol A

29l T 2%lol o8 1 %) Wl Youhe o= oAt
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2 PR Fa s

K
H A5 AP dAskE A7l A Z Si, Al Fe, Tiv 7431l Mg-S-Cl-Cat 7=
BEE Holy, AlFE Ags Hite] Ade Bl

)

=T=o AlFE AlRlA Ca7t Sieh o AABAE 7R Cas T2 AgAIE 7]
o] opd Ao g A HTt Cav} S&F Ao AATAE Ko, SEM THEA Cas} S| ol
2 YAlA AZE Z A ol CaSOE TAE
gypsum (A1) E2FE 7]Q1ek= 2102 gotHn) AAZ A EqkolA CaSOo FH=
o] EAZ= Bart =l (Hseung and Jackson, 1952; Zhou et al., 1996), CaSO,%]
S/Ca LA M= 080T}, B A|REL S/Ca HI7} 112A] CaSO, ] 9]0l = HlTh=RE] 73
FROEFE, e AP 2EE HGolA 7 FUHE R FEEHE AoE SN

FARAA AT o] B2 EDSE ©]-&38t ARE AT AE22 o AR 2
ABEaL, Cok OF A9’ dase] 235 =AI8IIT (Fig. 3-2-5). YAES T2 Sivt Al9]
o FEe Bon ol diae FE MY Ao RRE U Ao AA 1
vl Mg, S, Cl, K, Ca, Ti, Fe, Mn, Na 59| 94% X350 ok A& & 4= A8k Al
NEAHHAAGA A FAAZ ol 352 o= Uehu= A FEskA 3= A gttt o=

3

o] F742ke ATE F O T

= T Ao, F e AR 5o 4AUAE Bt (Table 3-2-6). Fed] 79
Pt WA FABATE e A2 Yehth Al AellA dazie] JaaArt =5
Z=

S S HATE o= 20061 d 8] B A el= AdNtE= A 02, 200610l = W =0}

/
M= ALSE u)Fo, AgEol E3H Car carbonate 7| o] o}, T2 silicate 7] YUY
= & F Atk o] 94 2006089 A= NtEE AR, 20060130 Cavl FE
gypsum & sulfate®} carbonate 7] F=oll &3l FFEJTE o]H g AF= 20061 7 2007

W 3aLe] Ya 240 2po)7t Qlom, YolrtAE Z1AA Y SRE R0 DS TS A
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ol 84 5 80l St Nd 9198 B4

o #15 F3 t7lelAY FEAgo] FHA O W Hor, ool
So| FREY, T35, 0UBA ATE AMA R AAAT 20BEE H ol FHZH 9]
AFRING & AFE AZNG PG D FFTA LRI o] FojHr.
BN AHe AW 719e) whet Zhzte] mfd Sk Nd B9lAar] (Tor s,
5

2 719AE Yobrr glo] L A4

=
3
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=
&
off
bk

Nd/ "N E 7HA AL 917] wlEel, o8
A2 &84 & Qi

2006 49 229, 24¢, 26l AA s AMFH L, lTE At JAES AW
% do|3}2 %4 7] (Thermal lonization Mass Spectrometer)E AH8-3t] Nd#} Sre 59
AaHE B89 T, I A74E A8 ko] BAR gzl 18] AL eFEEheigt A
F=o] FENYS] 7|E A5 I EAEIEA o33 2 (Fig. 3-2-6). A H 3l Al
79| eNd #e —138~—1579] BXZ, ¥5r/%6ro] Bl 0715~0.7219] BEXS Ve,
AT R A o mE 2ol UERA] =t 719AR A EE Al 3 F a8 A
Hoh= FETAT eFFeulgt At gt /Al deh D, FEIA EFFERE Abeo]
FE3 71 Y9A R AR RS FFA B2 eNd #S FET U ElEeugl Abute]
AR B oFE v ks JERITH
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4) U= BEX= AT 4~6 pm o)de] UAES SIFSFAL 2 i ol8He] A2 UAR= A

She AL Hof SEM (FARAERIZ)) B3 At 9@k

5) A% Ame] e AL BAlshE 3590 1 o] ZvleHe AT UEhE, 25=
Ngel A GAE F2 Bashe A7 3-59 2ol 68 79 2T & gho] B
AT ol BFolL A2l ThE 2l ofF Zow A

7n, Cl, Na, K 59 94% Z3tHo] Qith
7) Al A= FAPLAA 7| &F At sUd AeFo] YERA| = ZoL, thulAZ] AL
A 718 A5 7F A SAHA DA A ] A7 o= I AX|5HA] fethe Ja At A

HUAE 1HE W A2 FAAZ]o= AL Si, K Fe, Ti 94 74382 Mg, S, , Ca

8) T2 A8 NS BAo) AFH] A3, o A7lelE FAZE Ashl WA Witk

Sitieke FE3] FAE 9 AVloBE, FHH0R £ ANt 4F Lok W

o) 52 RE] AT FAe] Nds} Sr B U4E RG] 71 9AS 248 & A}, 3
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A= BEE FAN7)0] 46 m o1 AASL Z71T 2 m olFke] L YAk Ta
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Fig. 3-2-1. Grain morphology and compositions of the marine aerosols by SEM analysis
from Baekryoung Island site.



Fig. 3-2-2. Grain morphology and compositions of the marine aerosols by SEM analysis

from Jeju Island site.
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from Ulleung Island site.

_43_



0.7000

0.6000

0.5000

0.4000

0.3000

02000 1A\ r\)
RTATA A A
‘\/\/\,\jk\/\l\ﬁ/\

Baekryeong Island

0.0000

0.8000

0.7000

0.6000

0.5000

0.4000

0.3000

0.2000 - A

0.0000

Ulleung Island

0.4

0.35

0.3

0.25 llll A Al

M
o YV

0.1

—_
=
_5.

—=

0.05

Jeju Island

Fig. 3-2-4. Changes of annual dust amounts from the three marine fixed station in 2007.
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Fig. 3-2-5. Element composition of dust from the three marine fixed stations analyzed by
EDS.
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Fig. 3-2-6. Isotope ratios of Nd and Sr of dust particles collected from sea waters compared
with published data of potential sources of yellow dust. The data of Gobi Desert
are after Biscaye et al. (1997), of Taklamakan desert are after Nakano et al. (2004)
and Yokoo et al., (2001), of Loess Plateau are after Gallet et al. (1996), Jahn et
al. (2001), Liu et al. (1994) and Nakano et al. (2004). The data of Beijing and its
vicinity (Biscaye et al., 1997) and Tarim basin (Liu et al., 1994) are plotted for

comparison.
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Table 3-2-1. Grain size distribution of dusts collected at three island sites.

site time number max, min, mean median standard deviation
non—event 504 12.70 0.63 3.54 3.13 177
Baekryeong
yellow dust event 491 14,99 0.80 3.75 3.34 1,98
non—event 913 15.36 0.04 3.87 3.48 2.05
Ulleung
yellow dust event 431 51.45 1.1 554 4.47 4,37
non—event 502 15.48 0.45 3.15 2.80 2.07
Jeju
yellow dust event 12 31.87 1.42 422 3.55 3.18
Table 3-2-2. Asian Dust events in 2007.
Baekryeong Ulleung Jeju
N SANESEY AL SANESEY SAH SANEEY
28 14 28 14 38 27 38 28¢ 28 23! 2g 23«
38 252! 3g 25¢ 38 31 48 2¢ 3g 31 48 2
38 27 38 27 58 8¢ 58 8¢ 5¢ 26 5¢ 27
38 31Y 48 2 58l 26 58 262
18 4 48 4 48 232 48 252!
5el 7 5¢ o 42 30 52 1
5¢ 25¢ 5¢ 282!

Table 3-2-3. Numbers of Asian Dust events observed in Beakryoung Island from the year
of 2000 to 2007.

He 18 28 38 48 58 5 =! 128
20074 : : 3 2 2 1
20064 : : 3 6 1
20054 3
20044 : : 2 1
20034 1
20024 : : 6 4 2
20014 2 : 3 4 2
2000 : : 4 2
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Table 3-2-4. Numbers of Asian Dust events observed in Ulleung Island from the year of
2000 to 2007.

He 18 28 38 43 58 k= 128
20074 . 1 3 3 7 2
2006 1 6 8 1 .

2005 . 1 10 1 1

20044 1 5 1 1

20034 . 2 .

20024 . 9 8 . 2 .
20013 1 12 8 4 2
20003

Table 3-2-5. Numbers of Asian Dust events observed in Jeju Island from the year of 2000

to 2007.
He 18 28 38 48 58 1e 128

2007'4 1 1 2 2

2006 2 6 _

20054 . 1 3 . 3

200414 2 3 1 2

2003\ 1 1 ,

20024 _ 6 4 _ 2

20011 1 11 7 3

2000 6 6

Table 3-2-6. Relationship among nine elements resulted from analysis of chemical

element composition.

Baekryeong Ulleung Jeju
-) (+) ) (+) ) (+)
Al=Si AlI-ClI Al=Si Al—ClI AlI=Si AlI-ClI
Si—Cl Al=Ti Al—Ca Al=Ti Al—Ca Al-Ti
Si—K Si—Ca Si—Cl Si—Ca Si—Cl Si—Ca
Si—Ti S—-K Si—K S—K Si—Ti S-K
Si—Fe ClI-K Si—Ti ClI-K Si—Fe ClI-K
Cl—Ca CI-Ti Si—Fe CI-Ti Cl—Ca CI-Ti
Ca—Ti K-Ti Cl-Ca Ca—Ti
Ca—Fe Ca-Ti Ca—-Fe
Ca—Fe
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A3A wAGEd 2 FEE
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rf
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i
ot
_>;,
et
oz
9

e 9 sl Bl s AElAle] mAE A, AR FFE
Ao gofstr] 98t 1) 7] 55 = B 3¢ 249 A4 W) 9 2) 7=
HEO| mAddd B SaEe] A EC t A7) AR F5, 3) 7] 559 sl thidd

S35, 4) Pb THLAEE 083 7] 559 ol thet ¥ 5) A& 7183 w52 ti7]

wsie 24 8 ARLA W 6) 2R §F Fe Hatare] Bl Ut ALl et

7k AR A

(1) gy aSHolxd B3 A5

G Al z2Ee AHT 1A AL FeloA HHE 71 BS54, HeloAs A= o
A 71 #5428 FEAE &5 5 AE Sulolth ZF A3 AE 4l High
volume air sampler (KIMOTO)E TAGA 712l A7} 5H-e &S F} 4470 she] AlE
& AUtk 2589 do]2F2 Whatman 41 AE2 22 A E o] &3tH o At &
Bt 50 me] 715 FHAFT WEES 792003\ 8¢ 1¥€HH 2008\ 12€ 23714
(2007}, AFE e A= 20031 99 24215-E) 20084 129 242747] (2587) 18] 1 LB Eol| A
= 20034 102 29 5E] 20084 109 219744 (3337H) WD 567042 8| oo ==L A
AstAth AT dloj2E A= AFxst] FAIE SHT v HIE o] BAAI7EA] B
ST
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2) s 9 A= RF

o] t71F 5452 AFATE 20059 49 99 HE 2005\ 4€ 159714 MHEE 5%
A Al AN FAEHATE WY FHA PVC Bl Als AFAEES dAste] &
B, Well R 713 Sl 235718 98t T ok 7] 23
NEE AFSAT =3 4o 27 25 eme] Z# 7]l Nalgene 1L HDPE -2 < 5
Zate AH AAE RSt 4ATE E9o AeES AFHAE AHEE 8715S T
10% GAF &0l 1574 o] F1o] U 22 AT $ 0jd Mo g T 273}
of By gl o]F3ste] A3t
Sl 200610 49 6Y5E] 200610 49 16Y7HA] Fof SZEA| A XA AHo)A 4
8Y #HZH FALE 71Fo R 77} o o4 ARE BASGTE F FA M 29 (4
6, 7%), FAF T 2 (44 8, 9¢) 1AL FAF 52 (4€ 14, 15¢)°ll A nitte] 5 10
me} 20 mo] FFE HHFATE AFH Al S A GAT oloj® S5 ARSI wel o
295 PA ] A AAAE dePEe} A EHYE o83t YA FES B

Halr) SlaiAE ol 20 ¢ ol4kel Ai5E A - ATelgth B A1 F HrlARE

of\i
i
E

, A 7%

ol
&

2~

ﬂl

Aol N MER ARE AASAE 81 LEE TABSHIN ] A7) EoIH BAL A
At
U 24wy

(1) A= AXE

3 EETE AR AT = Grasshoff et al. (1999)2] W& &&3th &, sliss &+
EAS A9e T FA e S S5 143 1 wE Yol A59) pHE 2 o5t2 Rast
ok 3l 100 g= BISE 2 27|l YL o AHO|E 58RO pHE 452 S5
APDC/DDDCE 718t w4 H3AE AT o] & ZY 81 E o]&3dt =31

ol L F ¥ WES 5 HEE Hioldel YAl 3k A4k Atee UM v A=
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7 whol ol Wi o3 S5 50 wE FUSI 3AZE B (HAHOR EFo} Fa AF
of 7} A5} 045 i WHENQ ATAE ALg3te] ol AT B HA AL A
g Yol gole] pHE 2 ol3H2 WHED] ARIEL Ble] T4 P

Sigey

1%
ok
oz
o
m
o
=
_Nu'
)

of

—~
DN

) BA Y

3, B85 9 &= 2 2o vE 25 24 WY F 7171 242 ICP/AES (Perkin
Elmer)% ICP/MS (X7 model, Thermo Elemental Ltd.)E ©]8-3}3 Tt ICP/AESE+ Al, Fe,
Mn, Ca, Na, Mg, P, S, K, Sro] 107]¥4E ICP/MSZ+ As, Ba, Bi, Cd, REE (La~Lu), Co,
Ni, Cu, Zn, Cr, Cs, Li, Mo, Nb, Pb, Rb, Sb, Se, Sn, Th, U, V, Y, Zr 247|945 =435Itk
A EFEEES SPEXARY] ICPE EFE9 1,000 ppm ICP-MSE- 10 ppm< 1% A4
Ho= 3|M3 Aot Zt 71719 A= A E fsiAE 37 o] 3] RFEEE S ARSI
207 A& F138]9] AHAA TEEY S ARESH ICP/MSe] In< ©]-&st wjd &34
2 AR W e WES BT A5 AFAEE AFsH] At v= 2E5AT4A
oA Azt Bujste =AEZ EFEZF AlF NBSI648S 113 HHE 4310 th B3 U4

*"Pb/*Pb X **Pb/* PbS B A B AAYE v F453 2o PO E s

7171 AL Ak 9] (2001)2] WHE ARESIATE &, Pb 591
o Hlg] Pb FEE AL PbH TI9] F=7} 10:10] EAIHE NBS997 §4-& Al5of 718
of EA3td o™ A= 570 & 170¢] NBS981 100 ng/ 1l 8-l thefA = Pb T d4 SHES
stk A= Wo] (mass bias)E |4 ¥4 (exponential equation)E ©]-8-3k3L *PT1/°"T1 H]
S22 23886802 AFE-3HITE 100 ng/l Pb EEE EAI3 NBS 981 £949] Pb 5994
H-o o ZHA 2P/ Ph, *7Pb/* Pb, 208Pb/204Pb 9194 HL-S 200~400 ppm
(%2SD)2] 2A}2 Hol1 *"Pb/*Pb @ **Pb/* Pb HI-&-2 100~200 ppme] 23} WS B
At 199 =3 Ae] Htoll tdk Q2= 73~3~258 ppmOZ UlF 2xpH T 2E 2
UFEFSET NBS9819] 27k2] Todt et al. (1996)2] k3t Bl 2 **Pb/**Pb T 240 ppm
zko)7} A UM AlE ¥ 100 ppm ©]&He] 2to]E HHTh

B
R
o
o
Ao
ol
ol
O
N
do
ol
O

|
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7] 23 AlsE Z487] A7t Alof B o 7A] FAIS XS] Pb S dh HlEE AR
k=t A9 blanks= **Pbe] ©F 20,000 cps& BAA] =S 1#8&F9S W 20 pg/ o] =
o] oJ3A] blank®] 739~ <F 80,000 cpsE 80 pg/ule] FEOIEE =FF IR E 60
pg/ 102 Pb blankE HAFUth 4% th7] £ F Pb 55 AW H3<S W] F blank7}
A SR W& 0.02%0014 6%744] 71918kt o3| Blanke] Pb & ¢l4 Hl&-L Al 5.9}
AR M9l FHES BT 6%71A] blank7t 7]1¢d3H= AlEZAE blankol ]38 Al 5.9]
Pb 59¥4 ¥} H&2 024% =2 vl¢ s & 5 ATk

= 3¢ 5 Fe £42 FIA (Flow Injection Analysis, FIALAB 2600 model) 33}
Ferrozines AH8-8F31.2.™ 50 cm A °]9] flow cell& AH&-3t] Z=E )3} sioitt 7] o
W2 YL 55 do2E #F AR =Lshs 792 vl5 NOAAONA AlFshs
Hybrid Single ~Particle Lagrangian Integrated Trajectory Version 4 (HYSPLIT 4) E2-& ©]
£3te] B389t (Kim et al., 2005; Seto and Hara, 2006). 7]TH2] trajectory= Z} oo 2F
kA e B=2e] 12 UTC (Coordinated Universal Time)ol| A Al1Z}ste] HallrH o 25

I

1500 moll E3te 719S aFFo 6417t A 2.2 AlLkS skt 7} 71The] o] FAITH 4
AlZtelth Bl 319 (non~sea salt) o1 EE FEAHE B4 315 7199 NadEe o9
2ol] o]3) Al4katoATt.

[Na]marine=[Na]total —{([Na]/[Al])soil x [Al]total} (1)
9] 2o A [Nal/[Al])soil Fre FAF YR EdollA B8 F ARe] Hgtol tid =K
0115 Agstdch 28 ¥l 19 K, Ca, Mg B S RS9 do2F FE+ 7} 35l A]

oe)

Naoll tht H+ &% H] (X/Na), K 0.022, Ca 0.022, Mg 0.114, S 0.060 (Chester, 2000),< ©]-&
shef Theo] 2ol o3 Alsteik
[nss ~ X]=[X]total —{([X]/[Na])seawater x [Na]marine} (2)

7t 2% oJizEY F4YE SR A

r'O'
rE
o

20033 10€ 55 2008'd 10€71A] 5% o2 A B35 54852 w50 tis)

A Appendix (Table 3-3-1)0] Helalach 2AH F52 B0 ohgs} go] FET7)



ol th&sh= FHEEES Wrol & & Utk (1) <100 ng/m': Cd, Co, Mo and Sn; (2)
<101 ng/m" As, Cu, Li, Ni, Sr and V; (3) <102 ng/m" Mn, Pb, Ti and Zn; (4) <103 ng/m"
Al, Fe, K, Ca and Mg; (5) <104 ng/m": Na and S. ©]&|$t 5HHEES] FETFS Uz
AR ol A A3} (Kim et al, 2002) 2} Blwd] & w] Aukzlo g 3 24 AT Y} gE
dHo R 5EA FH Yol BuE 25 (Kang et al, 2009)2} Hlwo A= Al Co ¥

%% WHH Cu, Pb 2 Znd] 5 2 ATolA oF 1.58] YTt (Table

3-3-1). ol LE9EZ =9 AWslsiel HHo] gtk
NARZE 719& Yoty 93] 5A 7)A (SPSS, 11505 ©]-§3t] 22184 HA5}
Aok BN A AFLEE (communality) 7} W& Ase} Snd A JAIF T B A 37)
o] QIR F o] 838%F BHT 7 AT 493%2] WHelE AHT & Q= Al 1 A=
Al Fe, K, Ti 4¥&50] 09 o]’de] A 3t& Holm B 7]9-& Uehln, o] AEE0] &5
T oo2E0 F8 FTAANEYES BET) Al 2 QA= F WEL 255%00 28] AHo] g
™, S, Cd, Cu, Mo, Pb, Znd&-E°] =& AA gte HAth ol Al 2 1A7F 19121 71
7 Hdo] QS WalEh v Rt 2 A 30 F WE] 9.1%0l o3l Ao =1, Na,
Mg % Sr BEE0] F& AA ke zt=th webA A 3 A= AR o5 ##o]

B AFeAs 881 15 20 o3t 5% ol 2E9] 53hAl E4S AR fa] Y
YAl ol 71| B2 A AFATE 1 AHAE (Table 3-3-2)° Belstdth. 18]l
FEAEES g AIZHE Q] W3S (Fig, 3-3-1)0) ZAISHITE AIZE2 Q] Wslol A F4:4
£ % Al nssMg, nssCa, Fe, Ti, Co®] -9+ 34 (3, 4 5¥9)° & T=7} £X3it} o]
Sake] F3F wiEolm, 743 Asian #1082 & 3l& Al 28 uigm 3 (Hsu et al,, 2008a)©]
& He dolEE #50] AR B¢ 153] o] FolHu (11¢¥ 13, 2€ 13], 3¢ 33], 4€
63], 59 43)). o] Al7] B3] Al BE+E 3.05~9.69 ng/m'H ¢ 01Utk NOAACA A|55h=
HYSPLIT =&l oJ3f Al 9.69 ng/m7t ZAHE #5E5to] 34 AR E (Fig. 3-3-2) 0l =4
3l9th (Fig. 3-3-2)914 BAke] ¥ 2] 9e $3 BE5X Y02, Chen et al. (2008)°]] 2]3}H
kel A Aol HZ Fd |d Apole T EFAYOR olFHI o, §Hi

ES

Taklamakan¥} GobiAt2t Ao A o] 7] BAY-E 7hAstes 2102 HIE gt (Wang et

HE 3

rr

al., 2008).
e fHow, oA (6 7, 887 2 71SE 9Y)o] Fe F5r XS A olgd

A 2R 3 - o] nssK, V, Mn, Li, Sr, Ni, Cu 4252] AIREA] WA= Hof Xt} whd
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nssS, As, Sn, Mo, Zn, Pb, Cd AEENA= AEZQ delo] FEsA] &)

(1) &35 FEAE o2& 33HA 43 AFAHA W3t
zkzyel &g EEC e FehHQ EAE §FAS  (enrichment factor, EFsoil,

008] H1Z eItk A4 ATE (Fig 333)0] SASIATE AARo] (A1)
©2, Mg Ti Ca Fe, Co HEE 55A57} 1-2 Alo] & Holm B9 wa)zr), whd

Ll
z
ot

As, Sn, Mo, Zn, Pb, Cd, S
3FS YeRATE U A V, Mn, Li, K, Sr, Ni, Cu AEE9] A= gBEE 22445471 2~10
Aol E BHo] EQF 19141 7199 e BE¥H o= vy 9t w57l o 5%

&
2]
ol2E FEAAEES QI EAL2 Fall (Hao et al, 2007)$F 55=3 (Hsu et al,

D B 7199 3448 (Al Mg, Ca, Fe, Ti, Co): °|E& FHAEES] €8 ==
ohS-3 2tk Al 0.17~1.28 pg/mt, Mg 0.03~3~0.29 pg/m’, Ca 0.14~0.83 pg/m', Fe 0.19~
0.99 ng/m' 183l Ti 9.7~86.8 ng/m’, Co 0.08~0.44 ng/m'o|T}. 3, 4, 5¥%] #Hl 2 &
E7F 225 5, Wk 8, 9ol W2 =T AT Al Mg, Ti B Co 452 4+
AT Hl=o] ATHE A7 6~94€ Abolol] W2 F5TF £E3IUTE °] Al7]9] o2&
sET HlEd o7 A a3tel HE0] AFH (6,7, 8¥)2] ¢ HElEF av]qte] gl
o2 AR 7] ool 2J3f doEE FEEC] Wolkl Ao® HHMZIn,

@ B A2 7o) E4d FHY 554E (K V, Mn, L, Sr, Ni, Cu): °l& 55
AEE 98 FEH9= t23 2t V 0.66~2.64 ng/m, Mn 4.75~25.1 ng/m’, Li 0.53~
3~154 ng/m’, Sr 2.03~3~8.12 ng/m’, Ni 0.46~1.91 ng/m’, Cu 0.81~3.17 ng/m’ 1|1l
K 018~0.71 ng/molth. oA E7d A2 RRVIA = F3d £2 w571 223tk
FE54EE T K Mn B Sre& 6999 HlEo] HAFH= A7l B 58 Hol= vk

V,Ni & Cu 42852 580 571 SVt 2R s it os 54 ¥



ool e, o3t A
iAo R A7l HAYAS] thr] F 2HFe}F o] 55 BHo] Ut (Chester et al,

1997; Kumar and Sarin, 2009). “12]&F g2 o FHd| VI Nid &9 $=57He T53 &=
o] ARGl HAEIAL e A5 Y Akl e TS W Tt (Hao et al, 2007;
Kang et al., 2009).

@ 1Al 719 FEAE (S, As, Sn, Mo, Zn, Pb, Cd): °]& FE5A R 98 =Y
= O3 2t} As 056~3.51 ng/m’, Sn 0.30~0.94 ng/m’, Mo 0.20~0.61 ng/m’, Zn 124~
488 ng/m', Pb 3.97~21.7 ng/m’, Cd 0.15~0.56 ng/m’ 12|31 S 0.84~3.44 p
T FEAEES AT TR @7 oal ti7] F olsH AEEE €8 wENse &
Al AFE AEET T2k 99 B w2 UERUAEL 539 5= =7 (119)F-E

A2 (12,1, 29) Aolol BE3h= 29} 2 Aol§ Holx| gt YE $HAS RIS
He WS 919 SHAT ALGe] F7hsh MBol ofF 27 e ofslo] W A

Ho| 2t} (Hao et al, 2007).

53] S A9 A e AEEH Ui 794 7 2 w57 BEIIT dojEEe

7190 ARE0] o) FHIL, B EL0] GFL Wi 699 Alo]o] Bl o7 ool nE 27}

AT 27198 oS ol 93] & w3} EAst ok

B A= Al'sE7F =& A17]90 3, 498 B, 7]80] &8 A7|Ql 7, 8¥S 24

ml

ol
—o
ofy
o

¥

lo
—_
o
=
e
o
S
fllo
I
i)
k1
il
e
ol
—o
off
o
=
n
QL
q
N

il

]20] 21, 24 A7) E
3-

AeA= Ao} ol Dol B2H FEAES ] ARNAAS (Table 3-33)0 ek
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o] 2471

=

BAE B3I (Fig. 3-34)°l 2
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[S]
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st AAR FAH @) o
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ok
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gjo} o]5H Zo= Hol Zth
FAA 7] 9} v FAA 7)ol Agoll o] FE = Al PbAR-E T2 AHdA| S 3} Abekx]| S o
A g3 JAE0] AE JES F0) (Han et al, 2004). B2} 712/ AL H o] 3 Akl
A B243E 7|eke] o) wEe xjol7t §17] wlEoll (Kang et al., 2009), B-dol| = ESES
24719 G450 EFT o o]5E Aolth YA AFT Al FE7}3.0 ng/m' o<l 1571
AN 2E AR £33 As, Zn, Pb, Cd9| §5AIF (T = A4 42,139,179 H 64.2
o]t wEtA A7) T Aol FAet TiEo] olFEHIL
7}%/74%%4;4 gy B AlF 02 2971Y 34 AR B AIAFE Hole A
B W] dAEE FAE ti7] FRedake] £, st B4 wsks F907] wlEol
o} (Kim et al., 2003).

S At E4E 7T o]FS BA HH (Kang et al, 2009), ©]& ool =, &
oA LAsEL = A, AA 71de] S5AEEC] Sl =T FH Y

skal Ut mEbA 5= o2&l S5l U A= EdA A HiE
= o Wstol] WISl w3tk 52 B T BAAAGNA B st FALY oF
E7IY AEET ofyz} th7] 9] oo 2E A =S SUF AR 11 23 e v
HEAAE F57F Bl FAAT] 9 vl A S A ET (s5A2] 4 (Kim et al, 2003). <
AR HoeuA, A5l we v gde] Wl Bleol o3 dojz2E 27
“background” “FEE Z# 3l o F background Al7]dl= AHH 02 2 H7[He] vlAgH
YAEol A7 ZRet, S FRAGH o] AbdTA A B st e 2971
A= (o, nssS, V, Ni)&] o]Fo] FE2Xth 4tz oz E7|e] o]Fo] ofslr] u&ol

A EH = FEAEY FE=A7F S8t E3] Al nssK, As, Pb & nssS AES9A &

ha
ol
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719 (BAH olF) 3 L a@71¥e F 7EA] SRolA s Ag Azt Ao 2= A3
s WAYS tisiA (Fig. 3-3-5)9 3] =AISHATH

23 S8k W sl FERS AF sk 2ol 28l Gross deposition fluxE IHH 2 0.2

Aret= ol k. o] T AFH o' SAHS = Zo] 7P o] oAk A EHE AR

-~

2o ojzigo] MET. A4 Z51E AATIE ATFol AT AR £ FRsHo] vlg 7,
Ao BAI7E Ak Werl tirle] e SRy o wFel ¥ u A Yl

A2 et £ AZEA doj2EQA 49 03~3~3 on/s9| e ZHed Ao met
AAEL] 2717 @A ER giofollAd 04 cm/s, A= 2 em/se] H kS o83t}
(GESAMP, 1989). 2§ 719 o] 2Z2] A9 0.03~3~03 cn/s] #e] BAE 2t B4k
2 055 cn/sE AHERITE B AT o] ghe o] 83t tirlE 5% EY VY =

Fe)7 2% 719 54 (Zn, Cd, Cu, Pb)S] € F F38lS ALlstAal (Figs. 3-3-6~3-3-7)0)
TAEAT

=

(2) FHhE B2 ol UrIE B 34 Ratero] AZHa s

W So| A Al, Fe, Cd, Cu, Pb ¥ Zn¢| v 73} 2+2t 27~1541 ug/ m'/month (B
217 mg/m’/month), 19~811 ug/m’/month (8 128 ug/m’/month), 0.001~0.054 ug/m'
/month (" 0.016 ug/m’/month), 0.021~0.29 ug/m’/month (B 0.104 ug/m’'/month),
0.07~2.32 ug/m’/month (B 0.68 ug/m’/month), ¥ 0.195~4.66 ug/m’/month (B 1.51
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ug/ m'/month) M ATt AlFEolA Al, Fe, Cd, Cu, Pb ¥ Zn¢| v9 Z3}aF2 2+ 12~
323 ug/m'/month (B 84 ug/m’/month), 11~224 ug/m'/month (B+ 70 ug/ m’/month),
0.002~0.033 ug/m’/month (¥ 0.012 ug/m’/month), 0.02~1.78 ug/m’/month (B+ 0.115
ug/ m’/month), 0.065~1.158 ug/m’/month (8% 0.392 ug/m’/month), 2 0.145~2.668 g/ m'
/month (8 0.963 ug/m’'/month) M 12]3L &5 %A Al, Fe, Cd, Cu, Pb ¥ Zn9]
g ZFateFS Z42F 8~269 ug/ m'/month (B 60 ug/ m’/month), 8~188 ug/ m’/month (%

T 45 ug/ m’/month), 0.002~0.017 ug/m’/month (B 0.007 ug/ m'/month), 0.01~0.21 ug/m’
/month (B 0.04 pg/m’'/month), 0.07~0.567 ug/m'/month (B 0.259 ug/m’/month), 2
0.182~1.23 ug/m’/month (B3 0.566 ug/m’/month) H<L ATk

A F st M E A Al Fe, Cd, Cu, Pb ¥ Znoll T3l 1,976~3,820 ug/ m’/yr (B
2929 ug/ ' /yr), 1,279~2076 ug/m'/yr (8= 1680 ug/m'/yr), 0.12~0.26 ug/m’/yr (38 0.2
pg/mi/yr), 1.07~148 ug/m’/yr (Bt 1.32 ug/m’/yr), 5.55~9.56 ug/m'/yr (B 8.01 ug/m'
Jyr), D 14.6~18.7 ug/m'/yr (B 17.1 pg/m'/yr) WAATE WP =] 739 200400 H]3|
2007, 2008\l Al B! Feo] H-slgFo] 5 i, Cut 159 7H&F S71% W e d=2<l 4,
Pb: Adl ZnE 2/3 F£FO2 240t AF == Al, Fe, Cd, Cu, Pb @ Znoll thal
605~1189 ug/m'/yr (8 944 ug/m'/yr), 670~1028 ug/m'/yr (B 787 ug/m'/yr), 0.12~
0.15 ug/m’/yr (B 013 ug/m’/yr), 0.61~2.76 ug/m’'/yr (8 1.12 ug/ m'/yr), 3.45~591
pg/m/yr (Bt 422 ug/m'/yr), 2 845~12.1 ug/m’/yr (B 10.6 ug/m'/yr) HIAATE AF
EoMe dEEE BRE 550l tel AshEe] atol7t /Ith &5 =014 Al Fe, Cd, Cu,
Pb & Znol| tiall A A8t 658~703 ug/ m'/yr (B 727 ug/ m'/yr), 494~652 ug/m'/yr
(Bt 545 ug/m'/yr), 0.06~0.10 ug/m'/yr (B 0.08 ug/ m’/yr), 0.34~0.69 ug/m'/yr (B
048 ug/m'/yr), 2.60~3.42 ug/m'/yr (B 3.07 ug/m’/yr), ¥ 578~8.05 ug/m'/yr (B
6.85 ug/m’/yr) HAATE AEEE Al ¥ Feo] 73t FARFIAIT Cd, Cu, Pb, Zn2] 7

AFEREE Al 9 Feo] Falake Al 4 BFolA A F Fal7Fe] 50%~60%7F &2
AFE 3 AL 20%~25%, 7FEE 0l 12% ~20%S At} 2F 452 Agoe B2
o Aol wel xFo)7F UARE AR 22% ~36%2] H3lS, AL 2% ~39%, 71
17%~25% 5 AAGth BE Tl thall 52 o] Fstee] 10%~17% % 7P 2o} o534
7% T A FEE veita & ¢ Qlth 28y 2559 A9 2 552 9F

A3} 7heHo] FAR M ES Hol WU B2 Ao} YSS AT 5 Utk
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(2007)°] Micap meteorology data®ll 7]¥kete] =243 2000~20021d &l A2} ZshF 47.5
g/m'/yr, &3l 25 g/m’/yr D S 141 g/ m’/yrT} HInSFH 28] HE] oA FARRE ]2}
Ik & AelA FATD iAo A 2 Fetke TAA A Al whet
Z33k 2891 10~1000 km 91l 1.0~50 g/ m'/yr (Lawrence and Neff, 2009)2] ol
o2 A7 A Ho] 2o YAt =& WAAR] F= AP 2 FE A HollA ) kn

oA Qe Ae aHstd ojd Azl & dA-Ta & 5 Qi

ke
oo
)
Ir

PAE Rl A L YAl T BT B AAE Bl fAEE SR

FABAANN oA71el s R F5olA G5 TP R (% S S 85

A= E 243t} (Baker and Croot, 2008). ©]&3 A3}2 Feol s
80%7FA] wll-¢- Wl M7} BaE U} (Jickels and Spokes, 2001).
T 23 40708 A3 sflroll AA BalA7IE APS TR 7 559 SelEs
ofefjo] 2-& AHE3HAT

ZA4d s FHEZ AHEH AL 03%~3%~11.9% (B 41%), Fe> 09%~
191% (B 53%), Mn 51%~85% (BT 72%), Co= 16.6%~69% (B 39.5%), Cus

N
e ol
s
I
rr
o
S
z
X

324%~97% (BT 60.9%), Zn= 67.5% ~97.2% (B 87.2%), CdE 87%~100% (H 87.2%)
1283l Pbe 26.6%~794% (B 61%) WS UYEPHUS o] s 8 wxlol g pH
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55721 7ol Aol &8 = gkl Al 0.2%~15.3%, Fe 0.2%~14.3%, Cu 15%~72%, Zn 5%~
9%, Cd 9% ~93%, Pb 3% ~3~64% (Choi, 1998)F} BIn3IH Al-S A|LJsh A =2 2 Fholl
slgETh Al 9] F Wtgko] FARE ol ek thRl Ak A o] 83l % 7kl Al 0.02~
6.9% (< 1.3%), Fe 0.04~5.6% (3T 1.1%), Mn 4% ~74% (BT 43%), Cu 9% ~48% (B¢
26%), Zn 1%~77% (BT 45%), Cd 20%~91% (BT 69%), Pb 1% ~45% (HT 20%) (Hsu
et al,, 2005) ¢} HIWBIA T BE F<pol| Qo] 2~50] & S =E BHATE FFdloA 7]
3 F 3% S35 Al 51+2.8%, Fe 7.7+4.5%, Mn 49+12%, Co 36+12%, Cu 51+12%, Zn
84+18%, Cd 87+13%, Pb 45+16% (Hsu et al., 2008) 7= Mn< A &3l FARE S8l &
Folqlth &, Akl AF T EXRTE 2 S =o]HA dAA oA A7} FARE 8
o BN HHF B FAEF S =2 Btk 28 A oA e] g ERTE 1]
2 22 Fhe BEATH (Lim et al, 1994). wehA 7] & 249 835 U4 Ho]
TFE 7] SolA Y AF ARte] LAfEFFE FUHHE & F UL T4 =
THNAM S} FARE #he ZEETh
g3lxo] HslE 39 ¥ (Al 35 tiA)S} Hlwstd #3719 w27t S71stHAl 83
S} Aol = Ikl & (Hsu et al., 2005 2008; Baker and Croot, 2008) = Al, Zn,
Pb, Cu, Cooll oM ARSI U Fe, Mn, Cd& &7 2 2458 BYY (Fig. 3-3-9).
%, Fe& 13 57} S7FHAA ZHashe &allek Jlou wXld webss Frlshe Ad=
HAom Mnit Cde w3 =8 daglo]l fARE 835 BT Mndt Cdo| A -f-oll=
oA F2 F2, B4, Mn 4skEd] EAJsh] el &0 A g2 & Aot
(Chester, 1990). Fe2| 7-¢- F& 23X 57} S7Fshd &8l =7l At B Al o)=
olF Foll A717F  YAFEC] AASAA £zl 97 RErt W= Bl HAHd 23

A 22 557} 2 A9 FE YA D)7 oS Ho} s)pel] =2E F EAHo]

)

_4

0

)=]
RUN

24 9 71d A5 9474 Bt @k F )l #3 F=0 et Feo] {320t A
AgFS BY & Atk a8y AEE Fe 8325 AXtSIEW EHo| 55454%, 953
44+27%, 7k R A2 59:3.0% = A- WE 2pol= A9 fle= Aom FoET A2
A71el Al %= B8 27427 pg/m’, AEZol 02401 pg/m, 7 L A-EH ) 051+0.36
pg/m 2 g ztol7k AT mekA olEg EelA 810 R 8IEE AWt AVt
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2

%]\

T 02 83 8102 A Bl o3 £1 F 8% syt & AT (Baker
and Croot, 2008). ©]23+ 2H =d&ell&= A4 gl 49 SO, B NO/NOx 7H2=2F DMS9]
Akslol ogk g4k 9 Fato] Q)& 4= k. Aake] 9= a9 ARk} FA3] Wt 2]
7t AAZ] W&ol AgE FE B L
Crutzen, 1997). & A7ll4 Lol 7] & &3l 7Fsd 55 559 nssSO, &% Ateloll=
FEE & FABAE BE 550 tal & 5 Aot (Fig. 3-3-9). =, nssSO, F57F 74
3t 83l 7Fe s 549 TEE I St ol &8l 73 34550] nssSO,ek AR
719& Zhs A onlsith =8 83 7 3450 Ui7] A EEES AdE A
= Uehdth Z2u AAR AjtE o] (internally mixed) J=A] 28] JAT A 23
o] 8= H4F Foll F83l] 5E5S 8lE W=A (externally mixed)= A DAl A Bk
at7]= ot olE flsiAe UAF shtehite] A o] dyEojoF gtk

)

2 ATolM = A FHR] nssSOs =9 w52 % SEE AH BAS t7E 5T
£F F4 Fole 43tk o1& 218 Al Fe ¥ Cul 7% nssSOy 5=942] A

(Fig. 3-3-10)°l14 23 3] A4S Fatal AP2S 4595 Al = 019 nssSO; + 2.28
(1*=0.19), Fe = 2.88 + 0.193nssSOy + 0.0227 (nssSOs)* (1*=0.30), Cu = 75.77 ~ 1.776nssSO4
(*=032)¢] $41& 4L 5 YA L 0]9)e] FEE (Cd, Zn, Ph)oll A= &3l = BAa

A F 8 25 FatEFe WE R4 Al Fe, Cd, Cu, Pb ¥ Znoll &l 77~147 ug/w’
/yr (Bt 119 pg/m'/yr), 83~3~150 ug/m'/yr (B 122 ug/m'/yr), 0.12~025 ug/m'/yr
(B 0.19 ug/ m*/yr), 0.66~0.90 ug/m’/yr (F=- 0.81 ug/m'/yr), 3.39~5.83 ug/m'/yr (B
4.88 ug/m'/yr), B 12.7~16.3 ug/m'/yr (B 149 ug/m'/yr) BAA (Fig. 3-3-11). WH=
9] 745 20040l Bl 2007, 200813l Al 2 Fee] Hsl&Fo] T+ ulj, Cu= 1.5 7 F713F
WA @ @=ZQl Cd, Pbe AYL Zne 2/3 £ E AT AlFEoA= Al Fe, Cd,
Cu, Pb & Znoll thall 28~47 ug/m'/yr (B 38 ug/m’/yr), 31~52 ug/m’/yr (87 38 ug/m'
/yr), 012~0.14 pug/m’/yr (B 0.13 ug/m'/yr), 0.37~1.77 ug/m'/yr (B 0.68 ug/m’/yr),
211 ~ 3.61 pg/m'/yr (B 258 ug/m’/yr), R 7.37 ~ 10.6 ug/m'/yr (B 9.23 ug/m’'/yr)
WA} (Fig. 3-3-12). AFEolME dEEE BE FE5E00 s sl o7l At

£S5 E0A Al Fe, Cd, Cu, Pb ¥ Znoll thall A 23t 22~34 ug/m’/yr (B 26 ug/m'
/yr), 2~34 pg/m’/yr (B 255 ug/m’/yr), 0.06~0.09 ug/m’/yr (B 0.08 ug/m’/yr), 0.22

oLt
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~0.44 pg/m'/yr (38 0.31 ug/m'/yr), 1.58~2.09 ug/ m’/yr (B 1.87 ug/m'/yr), L 504~
7.02 ug/m'/yr (Bt 597 pg/m’/yr) MAAS (Fig. 3-3-13). A== Al ¥ Fed| 7ot
FARBFAAIRE Cd, Cu, Pb, Zn9| 7%

AMEHEE && Al 2 Fed] Holde ME o = A T Fal 60%~62%7F w2l
AFHIL ALHA 19%~21%, 7FEol 11%E AT Th AFZA A= 46% ~54%7F B-Zol
AL 21%~24%, 7F&A 17%~20%5 2AASATE S5 TN = BH 54%, A&l
21% 2 72 125%0]a ool 12% ~16%S XASFATE 28 F42] 7 foll= Ao}
=5 T wet zolrt URAWE BE A AgHo] FARE 28% ~35%S AHAISHIL 7HEE
17% ~25%% A3t AlZ Feol A9} viR/IA 2 &5 EolAE 24 F4o tsiiE o
S8 17%~23%2] Fal&S BTk

7 && 249 A F FegS v slY viwstd sF=e 49 Ale] 14.6 ug/m
/yr, Feol 14.2 ug/m’/yr, Cu 4.38 ug/m’'/yr, Zn 6.9 ug/m’'/yr, Pb 0.91 ug/m’/yr, Cd 0.069
ug/m'/yr (Hsu et al., 2008)2- A 559 AR ol AN Al 2 Fe2 2%
ol Hlste] Aul o]3lodth. ol FE B3] A9 BAA A Aol wre} o F43] A
sh7] wj&oltt.

4

R=2ye)
=

2t d71e59] sied 9% ¥

W) Fo| FHE FAYS U AN B 93} ol FUH 4G A
ulo) ofaf o] F5o] gaso] S W YAFOR FFAL A4 Fatel A UK
FEYAE Ao RSN AR YABL FEol $FE YA dth mepy 5

Aetsk A4S BE §E% GAFE BA FE Ak of W oy Ak

A s FEzARE 2005 WP =AM 7] 23, FokE AEE A w2t Wl AFs
e 713k Bt s E kol F WA, Al Aol A sk th7] F Pb v =, Aetd, 5%

2 YA Poo] ARE &5 Pbo] et 1.1~2002 ug/m'/day HHE o] -
off o3k &2 Aslgol 2 g BAFAL vVt & § Hags Roltpt vhA] 3k S71st

SN 45 F 02 ng/mst g vl$ e FEE |t 2.UH)
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= 2ol 100 ng/m7HA] F43] S7FeEom FAl @do] BSE SUA el ot A
39tk 3AF dAF AR Blol| o3k 7Eleke] AR = Ao Z Hol t)y] £2| Pbe Ao
EYQAETHEE DR Zol A st THE FA738l A FE Yol HojZzth e A7
o 824 Pb2 0.015+0.010 pg/kg= tl-¢- = =
pe/kg o2 ol Hlste] 30u19] £ FEE HolH BHEA
= wigteiqinh. weba At F501 0% oS AASFER & 540 Wl g
4Z Adgs ste ZoR AdHEnh 2REE T Pb =T 33 ug/gollA o Frlete
% 35 ug/g 7HA BHHOE 2 g/g AT T/1E 0 HrHAT o] wlo] BB FEs)
Hit 20 pg/1 AEC)BR 004 pg/19] YA Pbe] S718 7HAL Ao Axtadh ey
G4 2UA o] % AR drRT "l A= Fhadte] AR FEE FASAT A 2o

1o
r'E
Lo
i
f
S
I

Sl ofsh WHE Ak ol BHEo) AP 4 BES Z/A AAE BHT 5 ok
olEF A= Y] A, $4 B YA Pbe] FAUL 2HAA otE £ ok &

R e 2AS ZHE t7] AR7E Zastel il 2ol HUSE A1E WA

U7 9P JE 2D S247 o714 FAse] S3E Pool T F3F P
o Pb $91904 24 200 51 siee] Bl o) Wl Fo| WY FolB Hrk 3,
A7le] §E Pbe 7o) YAIT HHS o £ P} th7]olA] Aol FUE Portel
O A 5 olek whebA Pb B9IUs 2HOR B ) of 50%7) ti7lel A Aol
FYE PO BEHETh & HolM S2ge] FHo o) YAbdel FEst FrhekanA &
247} QAR 2T oY) AETE AR Pb B9l 24E Bojof sht AT Aofe)

$ 7)) A3 Pool th-E YAPIOR EASH] whEo] Pb B9 U4 Hlgo] THE 24

filo

HoFE Ao AgHh

Bl A 200610 42 195FE 49 20€7HA] F= FN9] sF BXS S50 AHAA

NG 49 6ARE 15Y7A] LBEANA 3 5B Ao §2 2L A2 P
& B43leth 49 8 4% A ol WSt B4 4, F U B Wag 5 A

BTk Al ©| 8% 55 QA AL w A WY GAoNE 0GB 0] P FuHA
£ gAY PAE 9] Ao 0P BAo] $FE Bxlo] LT Pl AYHL FA} B
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R YA Pb- 5804314 ng/kg o2 874 vlste] Al A= FHAh 7] A5} sll4

2 Wl Poe B4 Aol 5 L ¥F At Z/HEI FAA 5 AAE Hroln
2 siolH §E 40| B4 AR B3] F/hst AL Fof) Padhs B4 HolF

I oA £ YA FEH O E AZEE= Alglolt) B3] YA Pb/AIY] HI L
3~41) o]}e] S7HE Holtt Al 571 S7HE = Aol = 543 A As B
ANk F, FaolA= 0] 70% oS AHAEH] wiZol FAF A w5 LHG=H o
FUORZ §FPb B JAF Pbol SAlol S7 skt 8532 F 50% A =0l AN YA G
39 o)ie] S BRItk o83 BAE Pb THYAE FAAH & E S dEd F, di7)
NE, 34 2 AR Pbe] FAYAE 2L % Akl A & WSl gk zhet
83 F9¥94 HE3ke] HAE 0860~0.874 2 210021252 H|n A F2 HIAE Ho

Falo ge] Bl Ti7le) o] SEA D YA Pooll & AT T 5 ek
u, th7] Feol So LAt mlx: 9%
712 FE O] 8 Fed Tl Bl £HEA AS Ut A4kl DL Feo] ol FE

A E AESITH (Table 3-34). 2006~2008'd Atolol] 34| U] Aol A4 2] A
A SAS a4 15.94+12.2 molC/m'/yr ©].2 ™ 230Th HIHE Wy o= F43

Jo

g o529 A% o]F A4FE-E 4.37+3.03 molC/m'/yr (Kim et al., 2010) ©1Ath sk <
2} kel 23k C/Fed] HIE-& 104~105 (Martin, 1990) ©]| 22 F3}2] dx} AYato] a3t
Fe] 22 0.16~159 mmol/m/yr7} £ 3 A3 o5 4L 1814 0.044~0.44 mmol/
m'/yre] Fe &g°] Hasith & Al7]ol th7]& T3l 35% Fedl &2 0.39~0.61 mmol/
m/yre & Z} 3829 oA A5 asS W A3 FARE Fo] Hth 1E Y Fed
A &8 A 22 OE 9 2 drldA FaEe &ald & el 52

F71EN s 2ANAE7] wiol 7oA F58 B Zol A& FH7 e
&3ttt 183 Fed] gl w80 oF %= FFHi Ak AAE B JFHER
AT FatFor FAsy= Zekek Hol vk o] &2 Alike 20081 28 =524l Z
S B Al A -l A SH4g A4 2 2,55 molC/ m'/month©] AL 45 0.2 9] o]F A4t
22 049 mol C/m’'/month®] AT} (Kim et al., 2010). ©]oll B 83k Feo] &2 77} 0.026 ~
0.26 mmol/ m’/month % 0.005~0.05 mmol/ m’/month©] %31 2008'd 2¥2] U712 FF 7
3}e= 8 Fe H-3l-2 0.048 mmol/ m'/month ©.2 t)7] B3}7 o 2= H Q3 Feo| &
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= AWsh] ofHoh mEtd ST RANAE tE% H2=olA 35 5= Fe (Johnson et al.,
1999) == 9HF 2 8ol 2§ (Hyun et al,, 2009) Feo] FHF°] #ZH U3} AYskgo] o] F
1217] #fsiA= Besitha & = Stk

4, 4

rf

1. t7] & 342 7|9l wg} NEE (Al, Mg, Ca, Fe, Ti, Co), MEE (K, V, Mn, Li, Sr, Nj,
Cu), HEE (nnsSOj, As, Sn, Mo, Zn, Pb)= &M 319 7|9, 714 24, &dA] 59
[R10 7 = FF Agvt AMERE Wlgth

2. BHols MEEZ} B 7] 9oln o &3 oli= NEES 2% 7]19o] S-AMsht Z5 g 7ol

3] =7t HA |1 V&l = MEEZF B¢ 7| €o] E7 HEE 5% $7h= 4% 4

o ojaf WAt AHNe BEY H 24 71¥0] S71stel MEE % HEE®] &5 A7}t

Lo

_l

3. N E 36.6 g/m'/yr, F3lN A= 11.8 g/ m'/yr 222 Tl A= 9.08 g/m'/yre] -
stFe Bom 50~60%7F wddd HESEATh

4. 83 15T T4 FEES 4 B (nssS0y) 9] FESF e o) ARAAE By
H, Al Fed] S5 E 4Hd &4 (nssSOy) 8] T2 @ F Utk

5. 33 ali<rellAle] Pbe th] fridell met gAde] B= 7 RS
AR &= HlLo] 90% ol dololA F9Ua 2L 8F40] 7] A8 U Abol¢]
S e YERo] oF 50%71 ti7lel A Aj2o] flE

6. B3l sl42] A FAF Aol t7] T 9B FEHAOY A FF AR
FHolBZ Fgoll M §F Fo] FAL A7A F43] FTIsttrt FAF ol adshe &
e BAFon Yol F71E FElsAl e 31t 7], slre] 4 2 At

Akt 22 7o E woHETh

0%
1o
a
offt
do
o
o
N
-
Al
lo
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Fig. 3-3-1. Daily variation of atmospheric metal concentrations in the Ulleung Island.
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NOAAHYSPLIT MODEL
Backward trajectories ending at 1200 UTC 15 Mar 06
GDAS Meteorological Data
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Job ID: 33950 Job Start: Wed Feb 24 11:56:20 UTC 2010
Source 1 lat.:37.29 lon.:130.54 height: 1500 m AMSL
Trajectory Direction: Backward ~ Duration: 48 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 15 Mar 2006 - GDASA

Fig. 3-3-2. Two-day multiple back trajectories for air parcels that arrived at the Ulleung
Island during the high-dust event (Al 9.69 ug/m3) from the NOAA HYSPLIT
model (http://ready.arl.noaa.gov/HYSPLIT _traj.php).
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Fig. 3-3-3. Percentiles of loess enrichment factors for atmospheric metals in the Ulleung

island.
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Fig. 3-3-4. Monthly variations of atmospheric metal concentrations in the Ulleung Island from 2003 to 2008.
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Fig. 3-3-6. Monthly deposition fluxes of atmospheric metals in the Backryung Island.
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Table 3-3-1. Comparison of element concentrations (geometric mean) in aerosols

determined in this study with those estimated in previous study.

Element Ulleung Island
Al (ug m™) 0.47 0.52
Co (ng m™) 0.18 0.20
Cu (ng m™) 1,91 6.37
Ni (hng m™) 1.04 1.31
Pb (ng m™) 11.59 19.4
Zn (ng m) 27.82 40.2

* Kang et al. (2009); February 2002~April 2003,
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Table 3-3-2. Statistical summary of element concentrations in aerosols observed from
October 2003 to October 2008 at Ulleung Island in the East Sea.

Mean
Element S.D. Range N
Arithmetic Geometric

Al (ug m™) 0.84 0.47 116 0.01-9.69 332
Fe (uig m™) 0.63 0.39 0.75 0.02-6.08 332
nss—K (ug m™°) 0.49 0.36 0.45 0.04-3.66 332
nss—Ca (ug m™ 0.59 0.37 0.68 0.00*-4,57 326
nss—Mg (g m™) 0.19 0.11 0.26 0.00*-2.20 332
nss—S (ug m™) 2.01 157 152 0.22-10,94 332
As (ng m™) 2.97 1.82 3.17 0.03-3-34.22 330
Cd (ng m™) 0.51 0.34 0.42 0.01-2.70 324
Co (ng m™) 0.30 0.18 0.37 0.01-2.92 334
Cu (ng m™) 2.79 1.91 3.42 0.02-53.34 334
Li (ng m™) 1.10 0.84 0.86 0.06-6.50 331
Mn (ng m™) 18.19 11.65 17.43 0.20-115.95 331
Mo (ng m™) 0.49 0.37 0.34 0.03-3-1.95 334
Ni (ng m™) 1.42 1.04 1.10 0.06-7.15 269
Pb (ng m™) 18.23 11,59 16.63 0.16-106.44 334
Sn (ng m™) 0.88 0.60 1.20 0.01-17.21 325
Sr(ng m?) 5.40 4.07 4,67 0.65-38.07 333
Ti (ng m™) 53,59 28,28 75.67 0.63—-3-586.83 333
V (ng m™) 2.09 1.38 2,07 0.07-13.84 324
Zn (ng m™) 40,29 27.82 38.29 1,46-475.16 334

* The calculated value is negative, indicating that the non-sea salt contribution

is insignificant.
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20049 A7 ThE ZAPA R HIE] B2 0] QEEE B
Rl QRlo] & PAHs®| F=&-20l| T8 F&FES mAth Ate] ¥oF RS o] AH
# gl 2 WslE AT AR & TS F PAHsO| 5w A 52
2 AZHRAAT ARl FEFES M wd vl sokth A HH < PAHsS] %
T2 1.38~382 pg/g BHE UYERATE A6 o2 Ao vlsl] o R 2 F
e o, 20031 d FAlOl 76.0 ug/go = 71 =gkt

ach
v}
jins
)
Lo
off
il
f

Ir
)
i

== = 20061 1€5FH 2006 847HA AHAE AR Aol 4RHAT (Fig.
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34-3). & YA ZAH 7] HEF 452 500 L/min 0] o1, FH3-2 B 2163 m’o|
Ak YA FEE 0.007~0.227 pg/m’ B B 0.053 pug/m’ o]tk ol#F g 59
of 7Vt £ v5E Bom, A A 0.05 ng/g W= 18lal & Al 0.02
% PAHs®] 3 0.027~2.85 ng/m’ ¢l H 091 ng/m’

2
FEFEOIUY 7 8 T EE HRl AVIE 2000 3€ 40llor, 7 W s ES

At & PAHs =2 AFAQ] Faghe Avkd oz Aol 71 %3441, 7L HE oo &
Al =& AFS BATh 20039 FA 20043 FA0] e ZAAERT £ 29EES
UERATE ol AZAI NS 195 29 BHFFE 174 ng/m’, #7] 131 ng/m’ 2.2 T2 ZA}
Awo} FARE AL VERATE YAt o7 F23S o] AlHA 2 9E wsls 2Alet

FA7F 20 pg/g, 18]l THE AL 73-9- 20031 FAIE A skaL 10 pg/g FIRre] AT 2006

4 193 290 =AM TP Be FES Y

“

TSP =& HAth 53] 2004/2005 sA12] -7 W =oA thE AH S0l vlsl F3lo] F
F F5E UERth F PAHse| 5= AEZR] Wo|7F TSP BIsl BS T3 43S
R o™ TSP} fFARSHA AWtA o 2 Wy oA T-& A S0 vis] 52 §%

N

o A RS

GAAZ1 0l S FAB - A A A2 B SV PAHSE 5 #3533t 200619 42 14
oA 21L97HA] WE oA A 8E AFHSIHROH, YA A9 e A7 riREA =
el SEE AHESE A, 571739 739 PUF (polyurethane foam)< AHE-3FATE ©] Al
710 B=9 th7] F TSP2| FE+ 920~1100 pg/m’ H9l ol B 286 ug/m’ .2, H|FAL]
of vl A TSPL] T} =T E3] 49 18~19Y A7) T2 #ZA7]0] HlE] & 5%



2 Jehith. A2 PAHsE 253~8.60 ng/m’ W90l BH5E 496 ng/m’ 2 ¥
t} 49 14~15%9 #=A7} 78 E9kon 49 18~19 2¥ 0] 7 e kS v
BAARAA T A7l #5H AT 2o WA 9] 59} YA PAHsE A2 T2
7l Ha1, HA =5 Ueil, AR 38 BolA] FUTE SV PAHsw 2.69~839
ng/m’ H9lol HEEE 541 ng/m’ FF0Z HEHUTE 49 20~21¥ =227} 7P &9
o 49 14~15¥0] 71 @& s UEdTh

A7l AT el A o8 siAEFH7E o83t YA PAHsE F

Z3tnh siFW PAHs® th7|9f 2] A& 53], vzgal Alge] T 29

AA FFS Wolr, F PAHs sEAMEAE At AMSIATE 23A s &
PAHs®| FE+& ofdluZd ol A slZ[ghi]#l D= 7kx|5t 1ttt AsAlFH = 49 15¢
NA 4 21 AA AA AT At BG4 o E AAE BHdAet ] T WA
P&+ Atololl= JAA S 2S5 ISITE YA PAHsE 5.50~9.99 ng/L W2l 3
7.71 ng/LE AZH AT 4€ 18Y 24 AHAR A 5A /M & 55 e, 44
159 AlzolA 7HE 2 3k Bth

i
A
i
32

o
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OO
Kl

ry
AN
>

rr

fine

AX A g Bt olyg} s 59 AEYF APEE flsl diyid 42 g F 2718
PAHs, 1813 sl A 2 834 PAHs A57F 25 S48 A58 831t} vg
o, 3] A= 20053 490
SHE ARE o83tk 4 Aret 49 g2 e =RollA AAE FES o83k

B dFolMe BE Ae7E &l Vs 2o, SFeTA, vF, A4l e W a)

>
N
>
i

o
§
Q1
rL
—_
o
l_;
ot
o
e
oy
_>|i
i
i
o
ofo
ol
O
2
o

H] kAL ol = 5% PAHs 9] A2 &) 131 ng/m’ day©|. o, FA7|olE 673 ng/m’ day
2 ZA)ol 5u) o] F713E &S BT (Fig 3-44). U 33FEES] JHES NI E
59 ] F TE 22 AFS Bk o
s & 7P w2 AHES Bon
S7FeIA. th7] Tl =2 5
FA710E 224 ng/m’ day F718HA
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5] =30l WA, Wl Z[a] )] 739- 9.94 ng/m’ dayol 4] 87.2 ng/m’ day7tAl F718ke]

2714 WL TR Wrol GRS Wk WA A S3HEuiT o575, el
7h th2s) g EsE el T Hust BHoltk 21X oyl F719] FER

F7V8 e A A gol| vIg) FB13 2ol E YRt (Fig. 3-4-5). $41 3H5HE]
TRl wet olEATe el o] Apolrt 7] Wil AEAF PAHsS| A il
o] sfjFoll A thrlolm, aEAF] -5 t7]olA siFoz 2RItk ARAE T EF3
& HZA | 399 ng/m’ day 123 EAL7]o) 538 ng/m’ day o °F 138} o] =
S By yH A setEe] Ag 2F ti7]olA SR o]FE AT ST oAl
& "ol 242} 140 ng/m’ day, 125 ng/m’ day$ ot &AL7]0ll 52.7 ng/m’ day, 33.8
ng/m’ day2 #Aadhs A4S Bk 2y Z2A, MiE[a]9de 7o s vekslA| gt
24z} 2u) o) Z7bE ol%&S Uehdth
A S7HE A S B whso] WSl thes] kel Gl oJF Ao ARV
o= Fe7t vk vIZA1 ] TG FAI7E obd BE A7 A A AR ol 7kA] 23
Hohd sjAo] B4 stol qlok Aol ok YIS HEs] 23] flsiAle AL
QA 825 Zlsle] FATL RABE] o)A A7) F& olFAel 25 A ;o] ZHo] o2

o)z ok ek,
v} passive sampler 7J'%

A B o) Fale oo

T

mm
mg
éé
N
it
2
-y
=2
>,
o]
&
@,
P
:
=3
[0}
=
il
o
oo
of
ol
£
A
o
1%
o

24 k7] 7t=nghs B3 QHEE e WS AHstal Al ot IS e
k] A7t A=A (Fig. 3-4-6).
B A= passive samplerg 83 7] T S7174 2 3l 5 854 L9 =4 A8 A

FA71H 3kl passive samplerg &8 A% t7] 5718 ¥ dlF 8848 29 Ed =Y

B st sfiof-t7] 7t-nghs $3 e d=AE Y SR B Akl 93 Vo = A S 9
3t samplerg 734} §t} (Fig. 3-4-7).
passive samplerg ©]-&%F th”7] 9 sk EUHT 7] St QAL ol W] F 571



FEE NFHE 213} passive air sampling 71'H 70 Bl @7 A5t sl T 8 o4
=4 AQFHE 918 SPMD A58V 2 A% H8A7)= Ao
7} AAEES ddTd SAHA dirA 5 Bl ofyet £

7Hd g QAL 7178 e FARES passive samplers 71 U A9 9] F7)
d LAEEdS dF EUEHHET 5 Adve AFlo] Atk mujell A passive samplers ©]-8-%F

3¢ F7138H3HE (volatile organic chemicals: VOCs) ¥ 5 374 7|& &4 gk A7}

=2

e
O.u
“
2
b
o
i
N
)
d
L
_VE
093
I

e

to

Y= JATE, POPs BUEE A7l passive samplerg =Yg ¢ $UATE passive
sampler] MAIZQ1 ALAR] Environment Canada®] Tom Harner A} 7R3 wF{-she
Z27] AGRA ] FAH S SE3kAL @73l AAIAR] ] EEEA AlREA o 13}

dE AoE T §F FEs] F48 2est Aok

2. WP EAE JAMF PAHsS] 57} 017~9.87 ng/m’ ol BFEE 265 ng/m’ &
==} AFAQ FFge FA O 565 ng/m’, A9 2.79 ng/m’Z 3HA9l 0.74 ng/m’

3. AFEolAME YAV PAHsS] H57F 0.02~5.18 ng/m’ H9loll B 5= 1.04 ng/m’ 2.
A=A AE AR HAgk Aol 1.98 ng/m, ZA9l 1.46 ng/m3§ sHAl°l 0.13 ng/m3

4. £35oME YA PAHs 2] 57} 0.03~2.85 ng/m’ M9l Hi5E 095 ng/m’ S
B=5, A-A FFhe FA N 1.74 ng/m’, A9 1.31 ng/m’E 3kAl| 0.08 ng/m’ -

2
5. GAAZ] O Mmool A JFHZES AAst ti7] B sl UAVE 2 571 PAHs 9
FEHIE BSFTE Ul7] F YA PAHsE 252~8.60 ng/m’ W]l %

oﬁ

T 49
ng/m’ 0.2 AZHrh YA FEE 90~1,100 ug/m’ Bl B 290 ng/m’ O2 A=
A}k th7] F Z717% PAHs 256~8.39 ng/m’ W9loll HiEs s 541 ng/m’ 0.2 FZH)
GAAZ1 t-&7F SlFAIBAFH VS o83t 5] PAHsE R5 #535oH a4l
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WA PAHs= 135222 ng/L W#lol HdsEx 181 ng/LE A=A
6. HIRA|9L A= st 71EAR B AT HF A5 ARS Z8ste] st

5 gol o|g sloroze] 49 Fahare A3k Hate APge] ol §8 PAHs HEEL

o

fluorene, fluoranthene, pyrene, chrysene, benzo[a]pyrene THE©]t}.

7. A2 2 g ngA o] TAlFE PAHs2] o] F 130 ng/m’ day G770]9lou, SAbrolle
673 ng/m’ day o2 FAL7)o) ¢F 520 F7}gic

8. T71%¢ PAHs®| a#H&-2 fluorene®] 7-¢- st At 712 o] =T, YA 313HE9]
735 th7lolM sige s wEETh v&A7]o) fluorened] WEHE-2 399 ng/m” day o
U, A7)0l 538 ng/m’ day =, oF 1358 S713ch UHA] 31t 7% vlgA el
274 ng/m’ day, AL710l 106 ng/m’ day o & ZHAadhs HES Bk

9. 2003 8&F-E| 20061 8&7HA] Fraf, Fal, sl Al 32| sl A ANA A7 ZYE
o] AAHAT 33 FFFE MH A 244 ng/m’, AFEIA 2.06 ng/m’, L]
EE =AM 201 ng/m’Z HHFH o2 Faflo] AXe WPz A o}

o] 2HUEE HHATL

AR Sl Blsf =2

il

AN

<
T

11. ABHSE FA & Ald Hlg] 52 779 SUEE HYoH, PAHs 4 &3+

ol

12 099 83 S EA A3} oljak AAA BAL FHA T2 PRI AgHE

13. A AFHL 2AE B3 7] 2 SRy Y 2 3713, 59 PAHSE 243

14. BIZALZ ]l W3] A7 ol A ZAFeEo] of 131 o] s fellA th7| 2 o]FH Ao, i
Aol 735 shehEol wet Aol e 2 vekei SUleke AdFe Hith

15. passive samplers Y} o= JPES Al=sH3AH
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Fig. 3-4-1. Long-term monitoring results of particles and particulate PAHs sampled

Baekryoung Island.
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Fig. 3-4-2. Long-term monitoring results of particles and particulate PAHs sampled in

Jeju Island.
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Fig. 3-4-3. Long-term monitoring results of particles and particulate PAHs sampled in

Ulleung Island.
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Fig. 3-4-4. Calculated dry deposition flux in non Asian Dust period and Asian Dust

period.
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Fig. 3-4-5. Calculated dry exchange flux in non Asian Dust period and Asian Dust

period.
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Fig. 3-4-6. SPMD and LDPE-type passive sampler.

Equilibrium stage

Curvilinear stage

Amount in a PAS

Linear uptake stage

Sampling period

\V

Mounting bracket

Time

v

PUF disk

\V/

\mumb nut and bolt

Fig. 3-4-7. The above diagram is the principle of passive air sampler, while the below
diagram is shown for the PUF DISK sampler (Harner type).
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FAM 7] FoE FUEE FFELY dF AT7E Felet 1 FA AGA G A
o FYEHATH (Kim et al., 2000). ©173-& 2] (1999)= DMS (Dimethylsulfide) 9] #5 7]<
S SR dA7A A7l et Faot ALAY s B o] F = A
Ax t7] T2 Frd=HE DMS #57F A9 02 ks 5% WSt Btk wekA A
1 4714 DMS 77 Basttt vt FHsdd g7 2RE FYEE &
Aol B3 A7} Liu et al. (2003)0l &J3) 3= 7= ot

b}

Z

Gl o

b

—_

BYE, AFE, ETENA FEFF] AEAZS 2008\ o] F A&HF g B4t 9lo
o, A4#AZ0 2 AFE AT A3t (20034, 4€ 264 ~5€ 59), 3l F EHE Y (2003
84 99 ~94 10%), A7I%F (2004 4€¥ 13¥~15%), Y- = (2004 129 9¥ ~169%), A5
T (20059 39 7€ ~27Y), MHE (2005 4¥ 8Y~15%, 2005 10€ 8YU~16Y), HA=
(20053 10€ 15Y ~259), Aot ejkAQt (20061 4Y€)0llA AAEA L F=s AT
Bl gl F71A FollA el 2 th] DMS #5 232 A3 (2006%3 69). B3 2006
d 9d 1293t S71A A g gefiezbA] ti7] B sk DMS A B35S AAsIH:

2007 d ATolAE NF s, AFE, STEAAY AEAA FAF A2 T 9 AsS
FAAL, 32HY 7] BE-S &g3ste] FAPIAY 7IE SRF SEuEl T Ao R fUE
= YEEE T H2E AT o8 Sl Gk Yk B E ke A=A
A33] DMS Bl E %S 2007 Fall o) e A GolA gttt ek 22 AF e =

He mmd FPAGel e ALBEE B3] FAL 7104 A PR 24

- 107 -



7 2219 gord BA

)

Al e FIZB/SH (WHEE, AFE, E55)AA AFHT FAHEZLS Ton chromatography
AR o] 252 B24317] 938l Waters 626 LC system®] O] I Z0LET) I E A}
B35tk Fol &2 Na', NHY', K, Mg™, Ca™'9] 57) ol 4#-& 2435tk ol

Acetate, Formate, MSA, CI, NO., SO 9] 67] A48-& B34t

i}, DMSe] 24

Y5131 A5 Sulphur Chemiluminesence Detector (SCD, Sievers Instruments Ltd.)
7} Z2HE Gas Chromatographs AH&-dte] @A 243130 DMSE dE2AA]
(Supelco) & ©]-83t 300 ColA] 3 5% 2.5 w/min®] FFEE Y2AIZ] & column O 2
FA=A 3HATE GC oven 45 CollA] 38 FF FAAR T 1480] 15 T2 HIE&-Z 200
CT7HA 255 &9 $ 33 5¢ 1 S FAAFHS carrier gas ##&2 15 ul/minS.=
31512 H column- chromosil 330 (Supelco Canada)< AH&-3FITE SCD2] controller §He-2
150~275, SCD2] ¢#2 5~10 torrd] Mool L=% stfomn, d47]9 2%+ 800 T,
hydrogen gas®| &< 100 pl/min, air®] & 40 pl/mine= A3tk DMS9

calibrationg $5t] YAHLE W HEoiA] AT DMSE A&EFH o T HEst=

rr

A

permeation tube (VICI Metronics, California)E AHE-3F3=H] 100 pl/mine] FEFOE 13&

-

HU

B A SEZE tubedl] ZF3HH 10 ng®] DMSE AAY o+ JoBE ATt W& O

FEg 2HA
3. 24 ¥ E9

7 Al siFmABsgelde 99

SYRE 22 A5 AHo] o] FojH ot wMHEo] 9 A5 o] e AHnr) B
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7} (Figs.
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nm ©]3}8] B A O] BN E YPHH, T2 CO% wh-g-at AEg) 34| CO9
lifetime-2 A7) wjiZel ¥ 3| t7] A TE7t #L3HA| EAl) webx] OHY &5+
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Y|t ot
DMS fluxe= 592 7-%-10.7 umol/ m'day E ZH = ATk o= 2006'd A=l 24kA S
Ak 1.4 pmol/ m'day BTF 2 gho] UERSTE 24| 79 ALoleh= A A1 FaFl 7]

Aol Aw, 5G] A9t 2e ALYl Ak 2lo] o) f71Be] Frle] BusHEA

zkol7h diete theF A HeollAe] DMS Aitido] dAsHA fAdd= A Uehdth

FEuet dAgke] AaFAEE BFA = oF 1.54~1.93 g/ m'/day°lH, A= FsiA
2 1.24 g/m'/day, FH A/} 056 g/ m’/day, TH A} 036 g/ m'/dayE UEFFEOH,
A9} ®ElX) 9 }o] A3 JAAE BHollA WS kA X
Arhs 21 & Atk FAIRtele 43 71570l YFoE FxolA wiEE A= NH, 9

SA| o} ZdA] 2] 2ol HjE Tl
A NH,7F 37 NOs7F H4a37tsEs Aoz AgdEth Model MeteorologMx
(Comprehensive Air quality Model with extensions)< AH8-3F311l, 71 5 ical Model : MM5
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¥ 54 FE 1€ 209714, 20061 3¢ 0¥ F-E] 49 149714, 2006'd 10¥ 13¥F-E 10€¥ 27
U71A], 2007F 1€ 99 FH 1€ 229714, 2007 4€ 14€F-E] 49 274714 18]ar 2007
749 1495 749 28971A] 7|3t tiste] £418}3ATE Emission datat™ East Asia emission
by Japan (FRGCC/RFRGCC/RIHN (tohara@nies.gojp))< AH833aL, AHEH FFEd2
NO; ¢ NH, & AHE-3F$1 3L, Model simulation”]7F 2006.04.07. 02hr ~2006. 04.08. 03hr 3
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Fig. 3-5-1. Variations of of nitrate aerosol at Jeju, Baegryung, Ulleung during the

measurement period 2004.
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Fig. 3-5-2. Variations of of ammonium aerosol at Jeju, Baegryung, Ulleung during the
measurement period 2004-2005.
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weta] ZAtel] o3k A7 AEEdae Aedd dagtE Y] s B mAlA

= Fdstet ZxAEE 2849 ¢ Utk

B ATl s A B31S o] 83 AP AY, vizaF: A B FARRAT] O A
TE Tt FAPE e A7 AeERaE Aewd dAE, TEal 2r)a AE
=% (picoplankton) % W4 sEZFAEN HA= FFS Lot A St

2. A= 3
7k A A
(1) WS
CEES
Navicula sp., Skeletonema costatum, Pleurosigma angulatum, Thalassiosira pacifica® 482 %
| TdrAAH YL Tt Boha AEEE Sl = 2k 15 km ARl A A
EE% (34 psu)oll 18 C 3000 Luxalol A A A oH, u) 35wle A wleF s
(Wb obEmF
Cochlodinium polykrikoides, Prorocenrum minimum, Heterocapsa triquetra®] 3% 33l T4
AA7 GUY FE7 Ao BEEE B 23 Qe 15 km AHoIA AR B (34
psu) ©l 18°C 3000 Luxstoll M B5AZow, v 35nct Alh v s}
(th 2W|2AEEFIE
zH|aEGIE Foe I 7P & FES AASE F LE Prochlorococcus

(CCMP1986) <} Synechococcus (CCMP1183) & 3t F2 medium= 7}t seawater B =]
ANA AhalFstATt (Figs. 3-6-1~3-6-2). Wi¥x2 &5 21T, G 3lpsu, F%= 5000~
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7000 lux, 14h : 10h®] WF7], cool-white FFZAOZE Y™  Prochlorococcus}
Synechococcus 2] T WS QP02 ARSI T 2V AEHIELS 243 A F2 medium

& AASA ke 5B olgstel wiostel stk

(2) AEZYIE A8E A%

D 2GR me] o ASEAIE HHE s

gape] Wiz s &ed 7l F7] ShuiFu (2002.2), Gobi (2002.3), TaibusQi (20023) 5 A =]
Ao A AL (sand) & FEIIATE FAFA N 2 AEZHIAE TEY §HES gotny]
et bR 27?1 Cochlodinium polykrikoides$t 7+25+<] Navicula sp.& st 2PF
Eo] AFAE7 ) HoIEUS Wl At (sand) S-S 50 me] mesh size & 7H A (sieve) &
A2 50 ym =7] ol8te] A} (sand) & ATl FoA83it) o] w AP0l Fo=H= FAL
(sand) ] F5%+ 50 pg SS/ ¢, 100 pg SS/ 2, 150 g SS/ #, 200 pg SS/ ¢ 2 1 F5F 2

ShATh vz 18T, 34 psu, B 80 uEm-2s-1, light : dark = 12 : 122 3}HTh

(W) di71=3 Aol 23 AE2SFAE 47E st

AL ge] FEFHAY Gl 2004 39 109 (71787 H3E) 24AHEQE QA )7
Z37] (Kimoto 121-FT, Whatman No.41 2EZ 22~ EAME) £ o] &8st SALE E33
Atk dgS527]1FHbel| Hols AR ZF Cochlodinium polykrikoides, Prorocentrum mininum
O} 7+ Skeletonema costatum, Pleurosigma angulatum-s 33+ polycarbonate bottle ol 2
< 3 23" 3 Bole AEEL2 HHE lonxlom I7|E2 ZE )9 HAFT
(lemx1emx17}, Temx1emx27}, Temx1ecmx57}, Temx1cmx107Y) ol gof 5¢3t w3t o,
1¥9 13] A|Z255 S35t A& HstE Lottt Ad 7ol Fod FA e 4 &

S5 ISE] 712372 235 AE2 22~ FE (Whatman No4l) € 1x1em 137}, 1x
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Tem 2%7Z}E 1x1em 5%7}, 1x1em 102728 33F 55700 Yo 4A7F 834171 3 NOs ¢

SO; wEE SAsdr)
@ W= gyl2d P

2005 =APIRE ti7] T BAkel ETF 7 =3k (718 EaE) 20051 44 14
So] HuAYR 713 S7dell AX|g High Volume air Sampler & ©]-8-3t] 843t 25871
FAE ZH&IAT AY AT eEE FHEZRT  Heterocapsa  triquetra 9F TFEFF
Thalassiosira pacifica & 7838t aL, o9tol Cochlodinium polykrikoides F7}¥st] & 352 A3
= A4 Stk HVS £ o]-&38te] 29 AP 20U+ cellulose filterS (lem x1em)x1
m)*x3327Z} (exp.2), (lemx1em)*x9327Z} (exp.3) S.& Yo vl eFall<= (200
1) ol Zk7; o] 2403 B3t AN FH O FAH cellulose filter ol 3 FALY] 454
TES YA vgE] AdUdEel AT HolEde W EHlE FAL
Eofgl wjoFslgeol Esa] 18°C, 34 psu, FF-E 80 pEm-2s-1, light : dark = 12 : 128} A
797k vjFsi e, 19 13 MEFE A AAE WHEE dobHdth
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@ 2HAABEYAE (NFE Pz FAD
@ W= g7l2d Pt

2007'd FA O WE = A FAPLAAD (718 ) < AHF B AF dH-= FHslo
oF 2471e] AL AFZEIE FEBITE 3lFE 0.2 i mesh size®] membrane filter2 7&
% autoclavest] o™ FHIH 12 o] A EIRA S ¥l 443 52t FARERIH o]9
ITE U, S5 55 ESANAT AAET TN A W] 2uAZSHAE At
L= 55 A F571 55 ppm, 22 ppm, 55 ppme] HA H7FstRom H7Ke AT A
HA FES 19 53] EEFJAL A A7 ke 7Y 5
ekt AlZ57] AdS A HA7PA S H7ESE 184S 1AIRE 30 ~3A%F P o=
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() AEEHaE At 4

2 0% 50 mm 327] olte] {5 T =5 ATl Ttk AT BoH F/E
A 9o) FEE 50 ppm, 250 ppm, 500 ppm, 1000 ppm, 2000 ppm Z 3R 3L, 124175 A%

(W B71ER o] e AeEgaE ake wst

A A3 20061 49 24Y9] high volume air sampler (Sibata HV-500F, 500 ¢ min™)
Z A3 E FAF AFA] (Whatman 934-AH, GF/F, 110 mm)E 500 10 bottleol] 31, sonicator
(8H:1H 2, POWERSONIC 405) 2 10 minv&-<¢+ 2H&dte] QEIX 2R ALE e, 323
AT FAPEA A Ad st FAF FE 8AS Vet AT HEEEr 4
ppm, 40 ppm, 80 ppm, 120 ppm°| E =% s}of 24 FAE7E s =THE dApyAE A E
o3t

() t71ER Akl 2t 48X12F AR EaE e Wt

FAFEZAS H71e AFT (10 ppm) 2t H7FHA] -8 2T (control) S 48417154k Hl
&Fsted, 271 (T0)9F 48A13F & (T48)0ll A EZFIE LA A4 Ws} g A wiAusE
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o) NEZgaE Yys
ZFot SRR 4FE S-S st AP} 2T ol A subsample ?+ $Lugol’s
solution® 2 1783t 1A E A S5 Sedgwick-Rafter counting chamberE ©]-8-35to] 3

snAslol ] A% ASSIATL BE AL 2le] HEAFE o)l

gt AlE= ZHEE 5 pl cryobenic FEO EAIL 0.5% glutaraldehyde® 1178331 21 flow
cytometer2 E43I3ATE Al Role A F@e FE36P] AT WREEEEA 095 m
yellow-green beadsE &3 3t AH8-811 0.1 side scattering light (SSC)9F A&40l o3 2]
A, phycoerythrinell 2|3t AAN &F 54 5L ol&sto] &£, At (Fig.

H

3-6-3). Synechococcus®] MZEF7] A& £18t A1E2 RNase2} SYBR Green [0 @A &
A E AT (Marie et al,, 1997). Flow cytometerol] A 4% A5+ FlowJo?} ModFit Z 271
He o]&st] A8

(th Gross growth rate (d—1)

2 BZ 7 E 9| gross growth rate (i1, d')E ABNFHA715¢H] growth rateZ the ]S
o]-g&te] 783t (Equation 1).

In(NV7)—In () .
Gross growth rate = - (Equation 1)
T 0

7)o A Ny, Nre= time 03 time Tl AE&Z 523 E2] 7Ao|th
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CIREECEER R

AL AL C14 TS ARSI T 94 sl GF/FZ ZE S $ "Hdste] pH
95 oo 2 ghE NaH"CO; YA S 713 5, Eul7]S o]8-3to] 107) wj %87 (Falcon
flask)oll 60 p0# Erjaked 1) (100, 80, 60, 40, 20, 10, 5 % A E)7} o] Fo17 A} (radial
photosynthetron)©ll 2. F-U-2 133 (OSRAM lamp; 150W)-S AHE-5F 01 Bl =
2z} HEBAIE A7) (quantum scalar irradiance meter; Biospherical Instruments Inc.
Model QSL-2100)2 AH&-3to] Zth B0l oF 1,000 yEm’s” o]4o] S g3t} 2z
£ ARgate] HiF 87171 §AZ A WY EE A g0 g Flom, oF 2 ARt
HjFetatt MRS AR AlSE 25 mm (045 pm pore size) A2 Aejfo] AR &
20 ub 33871 (LSC vial)oll B2 H 3N HCS 1 ul ol 24417t F% (fuming)dte] F-7]
gaE AlAsHAT.

F50] B ASE vlZ 4439 (scintillation cocktail). 2.2 LUMAGEL SAFE (LUMAC -
LSO)E 15 w Ho] WaolA 2~39 Bagh § AFAAA A3 A7) (RackBeta II
Scintillation Counter) 2 353 (dpm)E SA3IATE o L =E F4317] <)

Ae A5 A5 pHE S48 ASE 100 ol 0.0IN HCl 25 & 7181 acid pHE

371914 P TFABHe ¥ YA olT, B G54 (diorophyl 0), P's EE%
Ao el A=a g Ao B go =
3

Yl 7HA 8 W\ (T,

Olﬂ

3}A S (assimilation number)$} 2o 2 o]
FH, Az 27, B)ell ofsl] 2H-S-F ot (Falkowski, 1981). d'=
Aol Al FFAF 448 (maximum quantum yield)Z #H D i/ HF2A (184 BE
9 HEAE ) A2t YRS BS F UE T8-S UERE #1dl (Cote and Platt,
1983), 3E£31% o]stoll A B2 Rdo] 7] 71e7|E UERIth &, A @3] ¢
el Bo] A o]83T (Platt et al., 1980).

ofd

uv

- 135 -



P=BP’ (1—exp ' )exp

A71olA B BAN FEE Ukl vlziurelw, Pl BAS7} 91e me] Ho )
FFHFOL f= 02 A5 P Posk BUSH bk 919 2ol 538 = U B4

of A7t He = I

[o5

PBs at+B

, BAN} A& A9 P okele) Ao 7 4k

PP,= P’ aiﬁ)(m) ‘
a3 B wi7|Eg e oke] 2lo® FetAT
P?
L="g"
. HxaE Ad

(1) mz3E A F=

A st 129 59714 F 1593t vZ2IES &F3ATH (Fig 3-64). 4008 E] §-3] 9]
olaY FZE o] 83t MERIF 2 AES HAEI T, 129 AR AtelA siFE A
om A% 5o £ 13T, @2 31 psuE HEISTE T=&

Z0]7] 95k ZA] 100 um meshZ 4SS AZ & | z2F 20 Z+2F 40088 37| 5
ANA). FF71E AT FASHA 2501530, air bubbleS )83t WlZIFE Ul
9] gho] HEE 1o F& 15TE YA w50 FAh F NES WzaE F

o
(U
i
=2
o
o
i
1>
o
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ks AYE B4 2SI APTR ST, UelA) Sk tETE geke] 143k
HloF S SIS PARAE 20089 WHENA FAPEYY (71879 AF) B A

ARE Hstol 4 4T FA} YT ASHAL AS A Fo GAHE @

i,

i

v

N

OH‘ O{N
(0]

(€8]
(@)
it
r\l

} sonication 3] DEIAZHE FAHEZS BAZ] & oF 5 ppme] 57 HE
ATl Hrkskit

NEE tzTok AP TolA FARTT 259 243 Fof) A sksion o] % 14, 29, 3¢,
6%, 9¢, 13 Foll 47 I 134 Afste] Y= ALY, 2n|LFdT=o] B3
AEE TSR (Table 3-6-1).

=

o

©2) HzxzE 49 B

Oh NEBYAE 2718 gSb-a B

AEEdae N Q548 75 (BEHE 8571 A%t siE micro (>20um),
nano (3-20um), pico (Bum)e] Z7|ME prefilter - Z+7} 500102 GF/F (Whatmann, 47mm)
2 FEjste] FAA7MA] FEEA SATh 24 fl8l 90% obAlEdl AR E gl 2443
& BAaolA BHask3lal, Fluorometers ©]83t FHEE 54313 2H, UNESCO
(1976) AR e Tt ALFsEAT

(W) vizaEZAEl o3t AESIIE T71E YA
GAHFA o o3 AEERFAE YA wistE getshr]flal iz (s ek FAE
FAAET (AANT+FANE F 1ARFERE wldEtA L, FAFA 2, 20, 43, 66, 144,
311A17Yel =79} FAHREA AP Tl 22t 27118 (Total, Nano) D3-S S5
t} (Fig. 3-6-5).

(th HzIZAY o3 2u|2HESFIE

ES PN

mlm

g==21 Prochlorococcus 2} Synechococcus, pico eukaryotes®] 7§45+ 488 nme| o}
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23 o] Ho|A 7} &2 flow cytometer (FACSCalibur-Becton Dickinson) & ©]-8-3to 7|
Tt AT A 4 W 1R 5l cryogenic FHEO ¥ 213 10% paraformaldehyde
Fete] 1Ak 0™ flow cytometer 22 7kA] YAl 2xol] HAstT Al ol

)
=
I3
filo
e
N

= A s TF:8e] A WREEEER] 05 mé 095 mn yellow-green beadsE
E3ate] ARE-3EA 2 side scattering light (SSC)2F | &40l 2J3t 22433, phycoerythrin
o &% LA FFF 54 F& o8t e, AUt (Fig. 3-6-6). Flow cytometerol]
A &9 ZA5E Flowjo ZZ213-8 o]&3la] B3t

1) 9o
b W= Y

GAtell o3 S| AESFAE H HAIRES IS Fetsty] Aste] FAIRER] 20051
49 9UNH 20059 48 1697H] M= A EZ ol A 743t A=A APE
R (Fig. 3-6-7). Az=Abe} A& AHTE oF 200m M4 9] 3349 AA & Agste] 343
o2 9] QA e FoluA A oA =
A7) s B - s1EA
A - AEE REQl A= 810 % Uro] ARSI thRE S FET A o] Fol K

=
r (o]
rlot
o
fo
r (o]
i
oot
>
=2
o
e
1>
il
i3
o
m
»E
=)
>
o
i

o

(WD HehitE Az

Aol o) S| HEEFIE D AR FFL e skl BRI A% <)
Salelol ) FAA 3, F, F 417121 20061 49 229 (FAPRA A A7), 49 24 (AR
A7), 48 262 (B F A7) BRRAE AASA ZAEH S Acke] 9T v

g w283 1 (St Al AT BA 2 (St2) = vl

o>
filo
-
_es
3
=

o
(O8]
(an}
=

2
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A 22K (Fig. 3-6-8). 8+

?lgi Oﬂi/\_a /\]

AT

%

=EdaE % IAA

(2) BR=A By

QESLEEESET)

Al A S 2 A BEAA APEE Rk, &
Parsons et al. (1984) ] ¥

N

77] YFLT 57

Holl o] A PG As8417] (Traacs 2000, BRAN+LUEBBE) & A}
g3t A3k

A\
rlo

ol -4 (NH,—N)

A5l EDTA ¢} sodium nitroprusside

4 alkaline phenol # dichloroisocyanic
acid 894-& 7lste] B4 AlA 630nm o A FREE F

gSFATE

EEE

@ ol&Arg—-Z4 (NO; —N)

A 5E sulfanilamide ¢} naphtylethylenediamine &5 7

8912 Fhste] A 121 F 9 550
nmol A FREE 24
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@ WARI-F2 (NOy -N)

Agdne] SRS TE

@ itg—-<l (HPO, —P)

A&l sodium molybdate, ¥4} antimony potassium tartrate®] E3AFS 7lakaL

ascorbic acid 2 ZIHAAA T A7l & 33 880nmol Al SFHES =AU

@ TARA—34 (Si(OH)4—Si)

AlEol sodium molybdateE 7}l silicomolybdate complexE FHE % oxalic acid}
AT

ascorbic acidE 7}ste] HA AlZl & 33 660 nmolA] SHEE =F

o
—|—‘

® IFEE, dAERTIER

FTH&572 (Total Suspended Matter) & YA3+7]=4 (Particulate Organic Matter)2]
A<= flate] Tl oA (GE/F, pore size 045 im)E PlE] 127] QkejlA A=2AR1 &
(4507C, 3AIZh FAIE AEs] SAHSATE FH-r=4 (TSM) S8 @AlA i< 1L & 7]
YFAIE S8 FEATAAAR ARG F 20 w o] FFTE FEAFARAE d2=3A
1 (Fe §E7IER AA), dAH 7= (POM) S 1L o slE fefadfoldA
2 ARG F o] d2ehA] F9nt (7R &4 HAE ). ol AFAAE petri
dish o] Yol &4 Egojoto]l 2z 7l om APHZ RF F 20T sfof] Basiet &

= (TsM)9] 55 AL FANA A3 FEldrodAAE AxrlolA 2 AXl &
(60°C, 241%Y) FAIE SA3HAAL, AAR7IEE (POM)2 Fe]Ad A& 450C oA

3AIZF Bek AaAZl T AlY] FAE SASYT
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EERE EEREL ST

® ¥E4-a (chlorophyll-2)

2 EEFAE dilorophyll-a 45 918 F-ANA A4S 314 500 w & FEldfred A
(Whatman GF/F, pore size 045 )& 373 & AAA|E SA| W5 BHaste] APHAE &
WAL, A 7EA] 70T WEarel A Baskdth &4 Aol 90% otAlEdl AFAAE ¥
o] 24A1%F F<F WAl Al Betlal, fluorometer (Turner Designs, Model 10AU)E ©
ato] £F=E S48 CH, UNESCO (1976) Al4b4e Fate] ALttt

_l

AEEdaE AFEAS #8l Niskin 571E o] &5t FA-ANA a5 A &, A

&4 Lugol’s solution® 2 1143t AR Rt 188 Alse A o3

LAY AL C14 WHS AHESIITE 8% slE GF/F= ZE 3 3 dvste] pH
95 oo P NaH 'CO; YA HE A71ek 7, Bul7] 5 o]g3}e] 107) wi%-4-~] (Falcon
flask)oll 60 0% E-ulatol J7H] (100, 80, 60, 50, 40, 30, 20, 10, 5, 1 % AE)7} o] =0}zl
37} (radial photosynthetron)ol] F 3Tt 33-U-& 2133 (OSRAM lamp; 400W)= AH8-3F3 S
H Fle 224 9E5AE $A7] (quantum scalar irradiance meter; Biospherical
Instruments Inc. Model QSL-100)5 AH&-ake] ZHti 3g-91o] 2F 1,000 uEm2sl ©]/do] =A 2t
FA. F2FEE ARgste] mif 8717F EAX A o] EE FA] ol s FA
o, o 2 AIZE v FtATE vl A RS A AEE 25 mm (045 ¢ pore size) Bt AR 2
Ao} AHAXE 20 1l 443871 (LSC vial)oll B2 F 3N HCIS 1 b Fof 24X EF
(fuming)dte] F71&45 A Ao

F350] B AEE vEE AFH (scintillation cocktail) ©- 2 LUMAGEL SAFE (LUMAC:
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LSOE 15 w Fo] WaolA 2~39 Bagh ¥ @A A3 A7) (RackBeta II

Scintillation Counter)® #2353 (dpm)E ST a2 A =E FH57] 23]

A At AR pHE 431 AIEE 100 ol 0.0IN HCL 25 pbE 718k acid pHE
Akt Wi AEE B3l 4 AAE VAT theo] BR-Es Rl vidE 39

o2 H3tslete] (Press et al, 1986) "I/l ES F3HA

A FAME e Aol vl A o838kt (Cullen, 1990).

Oll

Jm

%

P=BP%, (1—exp = ")

oA7]ol|A P Fetatetes & dAY4HE 0], B 54 (chlorophyll a), PBm= X3}
Foll Aol &9 dEA o HUl FRYFSE 53 A5 (assimilation number) 9} 2o 2o
= U 7HA F& WS (R, U, AlE =7), Byoll oJs) 2-FTh (Falkowski, 1981). aBE
B Hl BFA 8 (maximum quantum yield)?F BEE Wi7iAF2A (134 B
49 FEAE ) A2t JARE BE F e 58S YERE #0d (Cote and Platt,
1983), 3} olstoll A Fd-F5 mdo| 27| 712715 ekt &, FA s Fide] Lo
W A g A o] &3k (Platt et al, 1980).

vy
P=BP% (1—exp © " )exp

oA71H fe BAN Y= Ukl ojEelw, Pl B4} §18 w1l Hef )
FHFOE f= 09 245 P Pt SUS 1ok 919 Held 458 5 Ux B

ol A7} He B= L

Fl

- 142 -



_B

a

B B a B
Pow= P 3oy

[
o
=
o
2
olo
=)
N
FE,
rlr

obelel 4oz Faheck

7's We] A AEEdaEe] AT G AT 7 A (FEke)l s 4

P(z, t) = P’(z, B(z)

o} 714 ek A G Ak, Pz, ) P1 APolM FaRITE PPz, e g ARl

e Feko]l Fo Wt B9 7Eede A4E 5 5 Qo

P’z t) = pll(z 1)

A71A Iz, t)y= BFelth. Wby =715 AA 9] sk 5¢ke] dapbE 2 ARk A
Aol thall #12] A= A&t d& 5 Aok

=

Por= [ [BQpz, 0)dzat

ZAFY ] Bk A (Li-Co quantum meter LI-1400)014] 58 74 o2 =45 PAR

(Photosynthetically Available Radiation) gt AH8-3} T
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® 24

o|
:
i
I‘.Bi.

CEERES

AN &2 2QF S ZARFH A Niskin 715 ©]-83ked 3l 500 W & A3 F T
5%7F Hl=E 22 g0z AP AR AR AFAZ 249 LAAA 20~50
2 FFAZ T SR AME o83t F3An] Stell 4] 100~150 vl&= A3t 4P
FEEEIAES A T5IYY AHEF (Heterotrophic dinoflagellates, HDF) 9} 4 2.5+
(Ciliates) 2 Y7o AFetR o AES/FE A< 7 F5HEST (tintinnid) 2+ F14
25 (oligotrichs) 2 Y731 TFIPLAS Hske WAHYR (Mesodinium spp.)< &

=2 ASsTh

1S

TEYY VIAHEF  (Heterotrophic nanoflagellates; HNF)$} A7H9<% vlAHREF
(Autotrophic nanoflagellates; ANF)= Niskin 7|2 sl|& 23t SFEFLH st =
2 AT 571 1% HA A sAqT AEE 39 ool DAPIZ 9443t $ (Porter and Feig,
1980), black-stained Nuclepore polycarbonate black filter (0.4 m pore-size)$ioll ol #ste] 3
% #v]7 (Nikon type 104, x600)3kollA 23T

@ He2lot FEF

F490ed uhlole] BEF 2AE 9I51A Niskin 4712 A S48 AFste] 2
Y EEBUOR A% TR 1% (vt HES BRI 1T F IS4 nasiel 2

AR ARG TEHIY HHElol= DAPL (Porter and Feig, 1980) Al
black-stained Nuclepore polycarbonate black filter (0.4 ym pore-size) 9]¢l & 3}=]o] 3333w
7 (Nikon type 104, x1,500)3}oll 4 o]Fo]Ft}.
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3. 24 9 B9
7}, g A
(1) A B o3 NBEYIE YHE W%

N dE o2 Heldt Cochlodinium polykrikoides & A3 A EZA & g4 U&= FolH
AP HollA & H7HE 3 AA 2ol Bol o] Fox gttt wets AL B2 17
A7ES] W3} gebe Aol o3k YIS WIH Al FE A AP v &) £
UTH= AAlo] Atk EZE Yot AL A sl A vks 73S 5l =
Navicula sp. & B3l AtollA &3] sk 8 AAAE FE2Folth ol A4 FA=E <l
g FefAgt 712 AR e dotiy] 93 AP Aoz AR Folgk &
AT

Cochlodinium polykrikoides : 3AHe] TAAZ 43 F=9] ShuiFu, Gobi2, TaibusQi | A
A Aol Al AQFH T FA (Sand)E ATl 22 50 ppm, 100 ppm, 150 ppm, 200 ppme F<
g AFES BES A3 A S5 FEVF ST AE = SR (Fig.
3-6-9) thxoll Hlal BEo] Haste AaFS UehlRIaL (Fig. 3-6-10), o= A A4 9] &
AR FALE TR e AP olA Blsssiaith t7] o2 5Es A 48 RH T

Zdo] Ath= ApolAdo] oyt thr] T X H FAE T AP AR At
Uehd "2 AL U Aol Cochlodinium polykrikoides ©] 375 A= &35 VepATh

a g g ok

O

Navicula sp. : FAHS] TLAZ 24 F=2] ShuiFu, Gobi2, TaibusQi o] Al Aol A |
Ht FAL (Sand)E Aol 242 50 ppm, 100 ppm, 150 ppm, 200 ppm 2-& T3k &
BAEES WA A Al Ao FAF AP T thF-2olA FAke] sS w57 MR AE
7t 3A F7FER e (Fig 3-6-11) A& T8+ tjZ27ol vl S71shs A& Ul
t} (Fig. 3-6-12). ShuiFu A4 2] A} Fof AP -9 thz=7l vls) 44ES 2 S/t
Holx= skout e AdTolA dREe] s Aae UshbA 43t

AA7 2R Navicula sp.oll Tk EAx] FALe] Fof A9 A3 517he 7HA AL =

B odFe] B¢ A FAE 53 SS ST BAE mlAls o] mlefsiAY 23]H

e SReke 28-S e o= WEAT ol AMAGeR Al §Al £xdh=

O
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Navicula sp. ©] 7-F- = tidal mixing ol 2-3-5k] A= QI3 SS F7fol| whE FA el a3
7 E F dEe PAA e AR HolH, 11 Hoe A U FH e 4E,

dE B9 S Tol 3l FxF AAo 2HHAG B 4 gtk
(2) TI71ZA 3Ajo] o8t A EZIYIE AAE W}
b 25, HERF

@ Ag P1=R P4

A AMSHE AEEFIELS HERZEFA Codhlodinium polykrikoides, Prorocentrum
minimum ¥ 327 Skeletonema costatum, Pleurosigma angulatum ©)S3 2™ Cochlodinium
polykrikoidesE A YA TE &4 Falo +HFToE F¥skal ok

Cochlodinium polykrikoides : FA71ZF 7] Foll A 24413t 233 FALE T3 A 2
I izl Hlsl BE A@TolA AREY ATt Yoyttt (Fig 3-6-13). SHA1 =] A}
£ 5o A3 vas] Bt v AAE Al Fo| 4 A dojwen 53] iz
exp4 o] 75 @710 Bt AREC] =2 e UERIITE ol FAke] w57 FA
S7HETE B0l 343 Aadts e oty EdA Y FA (sand) BY 7S
3 = AL (dust)oll 213 A A8l B3t ¥ S5 HERT. 5§, IAFEZA] 8l el A
Cochlodinium polykrikoides T3 2] /7ol A2l & Zlo|gtal AlmHTh

A

Prorocentrum minimum : 3FAF7|ZF T 7] Sl A 24417 B59F £33 LS Tk A
o] A# =Tl vla BE AT BARAES A7 AT (Fig 3-6-14). 54 %1e] vl
FAF 717t AMATY ae doAUA] FUAT FoAE FALe w57 ST E AR

L3 vt ottt ol 33lo] 4 H B ZF2I Prorocentrum minimum <A

]
A&
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Cochlodinium polykrikoides €} PFRE7FA| = &FALo] thgh 280l glo A A<l A}
= Zlolgt & & Aok

Skeletonema costatum : 332 dF F2 9452 Skeletonema costatum= o2 3
ARZIZE 7] Foll A 24413 29 GALS B3k 439 A BE AP Tl AT S
7ket Al BE B3 ST AAE YEIAT (Fig. 3-6-15). A FAEAA Bt} 3=
Sl B2 59 FAE TS AT (exp3, expd) MAME BFESY F7He UeRd H
AR QI FA &) B U} Skeletonema costatum & Aol & FFE HIXA] e 9|
st ARl 285 o] = el Al o AN 28-S she Aolgta AlRd
o} ol GALRA Fefjoll o] A S5 sEY el 31T
o Aol Bo A doljd 5 US AR ALSHH

Pleurosigma angulatum : &AR713E th7] Foll A 2443 239 ALE Fol3t Aol 23
Tl vls] 2E APTolA A-EY ST LAt (Fig. 3-6-16).
exp. 1914 53] =2 AAES BA2H exp. 190 vl exp. 29} exp. 3014 AAE] Thi
AASHHI exp. 491AE= exp. 2 9 FFEOE AAEC] FTUHE S UERALE
Skeletonema costatum #} PIFP7IA 2 HE8tA| 2 FAFSEE T3 AR AZE
o] 7 e AL, ol &all 93 E<] Pleurosigma angulatum w3 HEQH FAFAGA
el Aol TAHAQA FEFS WS Zlolgtal AlsHTh

Ho

i

N
1
9}
3
(0]
g
g
)
o}
2
%—

A

@ Y= 7|3 FAL

HVS & o]&3t XFE FA7F £l cellulose filterE (lemxlem)x1327Zt (exp.1),
(lemx1em) >332} (exp.2), (lemx1em)x927} (exp.3) & Yo} vl Fall= (200 wl) ol 2+t
¢ SN F S5 FEEE S (Table 3-6-3).

Cochlodinium polykrikoides : HVSE ©]-&3te] E3q FA}F Eo] & cellulose filter

Fo] 244t 5

£ lemx1emx1327} (exp.1), lemx1em>337Z} (exp.2), lemx1emx9Z27} (exp.3) & FoIg &
Alaze] S7tek ARES BEI Ay} vzl vl expl oM<= B AZEC] T Sk
RO exp.2 ¢t exp3 oAM= AREC] HaFe HAY (Fig 3-6-17). o< TUA A=
Fofg WA 20049 5) FARRE A EA GAPTAA] 24 8t ohue} tir]E Fsl

=
¥ PAEA E SEREFL Cochlodinium polykrikoides o] 472l 310} 342]
FIFS FAE Aom KLt
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Heterocapsa triquetra : HVSE |83t Z33F FA}E £0] U+ cellulose filter E lem
x1emx1327Z} (exp.1), lemx1ecmx337Z} (exp.2), lemx1emx9Z27} (exp.3) & FoI g &
S7het ARES BET A e AP TolA dizTol s Alxaet AdEC] woldls
HATH (Fig. 3-6-18). ol= Fod Abe] 57} S71HES 11 3] TR S
<! Heterocapsa triquetra 944 t71E T8l 58 FAR=Eo] A2 o FAAA &
Aoz g 3 Aoz AN,

Thalassiosira pacifica : HVSE: ©]-&sto] EF3F FALE 2] U= cellulose filter & lem
xlemx127¢ (exp 1), Temx1emx327} (exp.2), lem>x1emx927} (exp.3) 4 T & A|z9
STk AdES BET A dxTol Bls] e AP TolA A2 STtk AAES S
£ 2™ (Fig. 3-6-19). ol SPHEERE o|&3 A= k= s 2ol AA FAA

7] selA R ST dolutd AR ettt & ti7]E S FAEE] fridol

ol A4S S JAEdaeA SA)] FE mids AHe & o AT

X

EL PNLESER

© WY= 7|3 FAL

Prochlorococcus : FAFE H7VSHA] &2 tiZTFollA =719 Prochlorococcus®] WA=
40,259 cells/ S HFIL 2 F 123,800 cells/ ulZ 252 SV 39 $H-E 223,099
cells/ =2 F7F17] AAste] 54 % 1,323,095 cells/ il Z A 5-32Q0 /MAT S71He B
o A AZE 6Y 31,174,464 cells/ 2 ThA 7HA45k] el A 20 2 EZFTE]
g 545 BYY (Fig 3-6-20). FAHE 5.5 ppm, 22 ppm, 55 ppm2] TE=Z 75 A
TAME 279} PP IAE FARE A7=r4dS BT A H7F A Prochlorococcus ] 7)

A 7} 38,623 cells/ ul, 37,705 cells/ 10, 84,536 cells/ € EH O™ AL A7t 3L 57
B 27eb] Al2slel 5U7HA ARl Al 2748 15l T 6 F tha il
Uerste,

Aol o7 HFan F5 A= JiAle HEE Fd VIR = tl2Tte FARE AL
Sk AT A Zol7t §le ASE YERGT) (Fig. 3-6-21 (a). Prochlorococcus®] 735~ =7
oAl 71l 451 pg/ ¢ o] BELa FEF BRI AF AZF6Y 12910 pg/ ¢ = A F
7Feked YEbtth BAE 55 ppm, 22 ppm, 55 ppm®] HEE H7igE AT T HoHA
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Y7y 456 g/ ¢, 512 pg/ ¢, 10.08 pg/ £ 2] FEAa 5 BYoH AY AF6d & Z7)
134.7 pg/ ¢, 1542 pg/ ¢, 1455 pg/ ¢ o 52 AA F7lst] e

A S st e a2 FA4ES gross growth rate (d7)E tZ2T9} 55
ppme| FAETE AP oA thak xpolE HRITH (Fig. 3-6-21 (b)). tHET-2] gross growth
rate”} 056 d”, 5.5 ppm¥} 22 ppme| A7} APFolM 247 058 d7, 058 A= FARR
e BH O 55 ppme] FAFEZE AP TolM 042 AR Tha e e BT A A
20 2ZHIEQ Prochlorococcus®ll AL HlA= &S AL gle ZAoE HohEch
Prochlorococcus®] WA ®stol] @& AAE-S 279 AgdFolA & zo|7t §le Ao
B O gross growth rateE ALk A3} 55 ppme] FAPEZF AT Atz vlste

E S Btk 28u B A A3 55 ppme] s EE AR GARTAY

Al ol FAEE FAFs =l HIsty ¢ & w59 IAFEAS HUlete] 1 IS
B Ao g A FAPEAA s ol FEFS A9 gle Ao AdHEnh

Synechococcus : BAFE F7FSHA] &2 tZ=Fol| A 27190 Synechococcus®] WA= 40,84
cells/lS BRI 3Y FTHE 241,260 cells/ lZ 571317 AAEt] A AZF 6Y

RS

o

1,081,562 cells/ut= M2t S7Fsk= 22 UEST (Fig. 3-6-22). Synechococcus®] 7d
Prochlorococcus 9= 28] Aol P 7 5t Ag2] S7F 0% AT A
Holx= ggkou /Al s o] d7kA o] M AR AEEd e 47E 54 IS
o Prochlorococcus®l| Blste] AAES7F thah =@ ZoZ YePdth 3AME 55 ppm, 22
ppm, 55 ppm®] FEE H7IE AP TN E 79 PRIV E FARE A=
ot AR "A7F A Synechococcus®] MAGTE 242 43,407 cells/ pl, 51,703 cells/ b, 90,855
cells/ W& B oM AL 371 3 FH5E S7Fsh7] Alztste] 627k A|=gA)] Al
7 Bt

BEL 5 B4 AH Synechococcus®] 2 A= Prochlorococcus®| A3} wib7HA| =
=Tk AddTolA zol7t gle Aoz YEt (Fig. 3-6-23 (a)). 7ol 43 27
089 ug/ ¢ 2 FE4a v5F BYA 69 F 2023 pg/ ¢ 2 F7¥ste] JeEPTE 3AS 55
ppm, 22 ppm, 55 ppm°] HE% H73F APl = 7P 42 1.09 pe/ ¢, 1.58 pg/ 2,

il

2

S H

8

204 pg/ 29 B@EAa FEF BAA, 64 Foll= 242 201 pg/ ¢, 22.8 ng/ £, 21.8 pg/ ¢ 2
BEEa EE 7K YEsT
Synechococcus®] 7859 = Prochlorococcus @} PHEZFAIZ 7|A| 5 Wstol] w2 A7 7}

2] FAAEQ gross growth rate (d7)E T2} 55 ppme] BA7E A FolA tha

rlr
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2}o)Z B AT} (Fig. 3-6-23 (b)). THET2] gross growth rate”} 0.55 d*, 5.5 ppm} 22 ppm2]
A7} Aol A 2 049 d7, 048 d'E FAREE 3HE B o 55 ppme] AR AY
FollA] 040 d'E Tha Uhe g Rtk A9 An 2u4F33ER] Synechococcusll FHAL
7} vRE dFol ga e ALeE AGETE Prochlorococcus] A@A T YISt gross
growth rate A2} 22 ppm3t 55 ppm®] A7 ATl A thzTrol] Blske] Tha W
A Bal A AN =S v AL AV A&E AS Synechococcush
Prochlorococcus®] 737oll A dEFs & 202 ATHT

AlzF7] A A3 =3 A-E AdEAe} FARE Fe BT x4} 55 ppme]
A7 ATl FARRE Al2F719) 571, G718] M %7t ApolE HolA] eigkont 22

ppm 55 ppm&| FA7E AP oM = FHE AlZF7E HolA] ¥3kon 57], G719
AZ %= 2T} 2o & B 12 552 AR Synechococcus 2] AEF7] = 4
S v Zo® AdET) (Fig. 3-6-24).

(3) $REY w0l 42 NEEYAE PuY W

ro
]
3

o2 H7 HHEE F% (50 ppm, 250 ppm, 500 ppm, 1000 ppm, 2000 ppm)°l
& AeEda=e] G AAFS BT, S S35 (Assimilation number) H3}E 4
HEA 2704 7.3 pgCugChl a'h' 2 YERZL, 50 ppme] F-F-E2o] H7HE A3l A
5.8 ©gCugChl a'h' 2 Tha Tas]o] Yehgon, 25849 557} 371l ue} 53k
A=} 7F43kd 2000 ppm-/] RoEAdesr HA7tE AP o) AE 21 1eCugChl a'h'2 B¢
=d A7l mE AESFAE S Hels tlETEY 21-71% % AT (Fig.
3-6-25). ©|i= AFAZR] AL} D] 71k SSoll= Fddo] 2EEA kar, FAR Q13|
SSe| &7t S7FETE F3E0] Yokl o2 AlRHEY. &, AdAR] FAkeks vhEA|
FHol 2FHA Far, FAET E dAe Tt

N7le dE&Fe B

Al

rlm

)

DREUE HREFIAES] PHL A3

(4) d7123 Al o AEEFIE B4t wst

HZE FA7FsE7F0 ppm (control) Q1 T} 40 ppm, 80 ppm, 120 ppm H7He A E+
(test)o A &) LApAYAE-e 242t 7.0 pgCmihr', 5.1 pgCmhr, 44 pgCm°hr', 4.2 4gCm°hr’
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2 FARE S5 Eobdlol mel xS TRy 27~40% 2 44skiT (Fig.
3-6-26(a)). °1= Hol B4 FAG (PPn) NS 159 1eCueChl a'h”, 64 1gCueChl a'h’, 5.2
eCpgChl a'h, 4.7 pgCugChl a'h' 2 S Z2T-RT} 60~70%7F 748t th SRR ] H7ls
= 7ol wet Al S3AF PP)7F BAF AL FAERZ o3 BaEd w25}
(20053 A@AI e}t FAREZ Holl Z3hd Tkt o] B o r e Fo| v
Aoz Aoty FARE A7} 40 ppm ATl A Al T3S (Pr)E TIET (control)
B} 60%7F skl FAPE o wel A EE 8] vsHAl Wheaklar, FAHER 7}
FE F7) e AdEsAS (Pt YAk e EE-e 22 Al 70%9t 40% = X

;e BAdok ey AAl AR sl Foll FAEE AR F2 40 ppm ©] &}
2 HEsaet dapgatE o] HEe2 919 o] 1A = Ao AlsH

FAFTE F 48A7HEe A BIAIS (PP e FAHRR H7tel whE Avel o] 27
(TO)oll= AP 7ol mh2 g0 2 2T (control) B} W ghe B oL, SAE 7} 484]
b % (T48)o= thET (control) BTt A7 A TolA £ S Bth A=
Z7]= ET (contro) BT W& & B o, 48417 Foll= AV AdTt &2
LAYAE & BAT (Fig. 3-6-26(b)). 48113t vl FA Aol A 271 (T0)o] A7l mE &
o S35 (PPh) 2 YAPEARR 2] A3 o] BUSAl Uelsk o), AT 48412F Fo
E A BT (Pn) 9t YA 0] T S8 HE A4S AT ole FAE o] 12
FAHER W] et 19 dE [ 2 v A aaE AgE & At A= AL
o W Fr19ddF 2 vEd A WslkE Sdsrol: ol o] itk 18y 5, B3,
Y& Fof ofe] A3 AFZAFelAM FAREZIW ] gt T Y SAF 2 rlRd AT I
sbEol J&FS & 4 ATk B3Il (Subba et al, 1999; Bishop et al., 2002; Visser et
al., 2003; Herut et al., 2005), £3] Jo et al. (2007)E =70l Sl o] A EZFaE Ay
3} AR Yol 3 FeAdHo] A EEF AT APt 2. 7bg 2o 9 &

4 oloh Rwsar.
SR EXERL

(1) Al o3 2718 BEF
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ol
A

712t = 7V

/1= 2

< 0.78 pg

z7190 0.65 pg/19] TEE RRP 29SS

< izl A

ok
=

&

0.66

M=

ol 0.39 pg/1=

ko3
T

Holrd 99
1g/19] A2 2q TEZ T Z7keke] ekt v

&e

ﬁO

e} 22

040 pg/12]

056 pg/18] AS4a FEZ A Z715d LT (Fig. 3-627).

b Aarstel 9

J|

A

=%

Soll=

17HE?F th=T-ll A 0.20 - 0.39 pg/1, ABTIA 0.19 - 0.31 pg/1

Holr 0.1 - 0.2 ug/12]

~

=
=

o 9]

74 o

Z Yepston 3d

= A5 ept

| AE4-a =2 °F 50%

Z %

A

=3
N

HoA]

=
=

5}
g D8 QL0 FEE F F5La 59 v}

gt
i

" 29 F714

o|

L7HA 2 AL

gl

=29

]

A
&

o

ol
s

)
—

EEEERIES

S

Z7] AAEA 2-& 100 um ©)

bo

SE Bl tha F71ste] Ukt A vzm

O

171 oISk, ol 9} 2ol thxTo} BAE

S

< ne

2 ol ATl fALR

(@) Micro (>20um), (b) Nano (3-20um), (c) Pico (<Bum)

(2) FA 9]

SRE

g 7]
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FGAFAo] HE AZEFAE AAALEL EAH O o7 Aol Kol sigrer)
Nepz7] (% 32 ol H)ol h=TRTE GAES AWToIN Tha e ANES Be, o
Toh GAF] APT BT wlezT]o] 74 ol F Pashs AT BT (Fig. 3-6-29)
SAEZ 40 ppmol 4 H7he ol AeL D] 4% (5 ppm TR FALE WHE vzm

2 3

APl M MlFE1e] QAP o] Feg, B2, VB 4R AHoE

jus)

dob N

ﬂlN

T} GAFe] AYT B AREFAE HEF B AgAro] AN o SIS,
Hl27] (20 hyoll FAPEZHN o) AR S) DAHL ANBYE ol7 AP YA}

YA ek, WiE71o1E 100 mol 5] 491 2 Ae] ZAGH 71, FUY AT SO

2 Q1% YBY davh YR FFE FAUL, olF TAY Bk, FPY AeDo o
3 Z7H8 NHeN 8 POP, Mgl Fe S| A BEFAE 44 S147 w5710l

rr

Fe
AT AET B LA 0] SR 2 o' Addn (Figs. 3-6-30~3-6-31).

A7 ol oJd @78 A4 o] M= wiFE7] (20 h)oll &% (> 20 gm, micro) @

] AE2FOE Akl 5Y Foll= U5 At 53 cells/ wh ©18ke] LS Bt
& A EEFIE IFNA -8t UERd Synechococcus

= wstel FARE O R Synechococcuss AR 271 oF 2.77F cells/ plE JYERITHE 3Y
59 $of 1,000 cells/ut oldt= A FHadte] YERSATE (Fig,
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3-6-33). “L&IY} Prochlorococcus= @ 271 °F 2,500 cells/ 0] ¥t BEFLE YESOH
59 Zof oF 2000 cells/ul ©8+2 24t o} A7 7HE<r FElgk Wal A3FS Holz
BUTE. BE=ZF Synechococcus€} Prochlorococcuss A @17k 21| 4> FF==12] pico eukaryotes &

EFE Synechococcus®t PERIZIA = A 7158 Z4ste] Ushus FARE Mstede 1

NERE] 202 A EEGIES el Eye] ol Z|Ad 210 BekEm FARH LS A

74k Aok HIbekA 2t Abololl B Apol= HolA| dth

(V) 9g= o
oh 8489
@ 42, 98 F45

AT el Aol ZAIRE b FL¥ShE 48~62C 2 30| Wi 54T, 237} B+t
58C 24 LB 0371 T w8 &2 YEUIL, &8s 30.8~315 psu & &
7o) 30.8~31.5 psu, 237} 30.9~315 psuZ H 31.1 psud YERNAT (Fig. 3-6-34). FA}
71t F 49 9Yo] tEEHA 2 BE d&] WEe] S T YA o= =BT
&g Zukao] W9 oAt FAIRE Beke] YA F4 (wind velocity) S A7HE F&

e st JeRgdth 49 459 WsE-2 2.08~587 m/s & UERROH, 4€Y 1649

<)
[0}
N
3
195}
fru
AN
N,
o
o)
o
ol
AP
ftlo
f
R
Ll
>
o
—_
—_
e,
2

At (Fig. 3-6-35).
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@ $EVNYYAT FELALEH, . FAE)

dEUobd, Fitq, okt d S B A FHLAT7I Y (Total inorganic nitrogen,
NO; + NO; +NHy') 2 1.65~333 uM ©] 2 Wsslgieh. T JEdS =l 4¢
9ol 7H =2 333 iMES YERI L, o]F s & Hal= gloloy 4€ 1193 1490
229 1M 24 & F7FE FE UEIISIT (Fig. 3-6-36). Td20] TEAE HE 4
shARD Aabgdol wAlske kruoke] Hfulgo] T2 A FrYol ZA BkeS o

2% 4 Qom, £ 48 1Y 5 F FAVY BE F7H 018 5 WA FUY

o] t&F 7y WEo= et

AT7IEEe] e 5= 022029 uM o] 22 Bt 024 yME YERST (Fig.
3-6-34). ¢ WIEL A ¢dgkon N/P Hl&L 7095 & A2 16K} vf§ e
s AT

AT7IZEEFE] At -4 (Si(OH).Si) & $ =3 048~1.63 1M o] EE2 W3l
o} TEE-TT4A (Si(OH).SI) 2 F5E =z 49 990l 1.63 1M & 7F =& 3he 297,

44 16l 7 W& 048 tM 2 YER xRl 44 9 o] F FE3] Hadhs S B3

t} (Fig. 3-6-36).

® 2RSEA (TSM I YAZS7IE2 (POM)

ATF7I15e] FH-FEZ (Total suspended matter) & FEM3}= 10.93~27.42 pg/1 &
H3LE B3, YA 7154 (Particulate organic matter) < 2.90~6.71 pg/1 & ®sE Y
BRI (Fig. 3-6-37). TF-FEAH AALF7EE 25 49 140 S7I8he AEFS BHoF

GAbEE] HAAE Hel 4¢9 149 Ao} YA

ol Al POM 2 LA e 2 AAE = o] 0%E il YA SA7]L3 7 E

3 ol AAT mebA AR 44 149 2] POM HUigk2 7ol Al o7t
Aoz AAZY. F, AL 7I3EQ POME] S7k= t&27e] A< Hed TAR B3<=
Hol=t) (Fig. 3-6-37, Fig. 3-6-41) °]= Tr&/oll &3 x4 e 2 POM ¢ 57171 2AY st
oha sekech

rir
o,
S
rlr
=2
N
o
ot
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T3k 7]

=
=

thas 7t ek

ato] QAo AL (NOy), S50l G Fdwa 9 1]

¢

T

ZHIt. ol2jt

ol H
719

i

o

By

0
pi

b light

It} A7) 2 49 1499

SRR At ¢

S

ol

=
=

7}

=

o

& Qe SEL /I webd el of@ Sraee
A A

=
3

<

5
7]

l

]

L
|

57t

=

Ry

gk dry deposition 2]

3t fel

ERRE
e

T
1=
ST

T

Ith &
(h BE
®© ¥E24—-a (chlorophyll-a)

deposition H 3= w F&
-

3 371

S

o

B
o

U
)

UEF T Total chlorophyll-a + tZAE 449 9¢ 230l 25 pg/L oldo= tha £33

ol g

% =

o)t 2o 20~2.1 ng/L o M= & A3

el

} nano chlorophyll-a & 2% 1.03~1.25 ug/L,
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L2%of 0.75~1.06 ng/L = e}

] S718t 24l 359 ng/l, 250l 213 ng/LZ FAM]
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B
S
N
o~
1>
il
i
o
¥
i
lo
r U
FPN
rE;
ﬁ
rlr
=
g
<
g
<
'
o
1o
B
>
L
o
ook
ftlo
v
o,
=
32
v}

dof HlE)] L3 Yo AEFS YeEPNT, 72 F+= 30467 ~141,060 cells/1, SFAEZRF
= 2320~16,537 cell/L & #EE BT AEZFIAE AEFY] 64% ol AAsk= 1
Z7o HES th7] T SAFs = WEH o FARE Aol Atk = 7] F GAks

E7F Ao E3d 4 14dol A EEd e dEFE SV E ol tiR-EtEw
=

of oJg Zo|eH (Fig. 3-6-40), TEF F 4 Y 127 (centric diatom)<} A8 7F2F
(pennate diatom)E Uro] AW RG-S o FAY FE2FVF AA F2F dEF dHEES
AA SR g & T AUAT (Fig. 3-6-41). o= 2R/ Aol vpgtol &3k 3] &gkl

ofsiA dAF oz dojd Aido] ofdet At o7t Y-S Bt A BeS TIETh

ZA} 71759k 9 AxpyatkEe 927.6~1087.9 pgC/m’/dayE H 9882 eC/m’/day
2 UL, AolE BT 95448 pgC/m’/day FolE B 102617 pgC/m’/day 2] 76&
Ho] AH o2 QART 250 H& ALY S BT (Fig 3-642). 7] & FALEE
A T AEEHIE =T HIAE Bl 49 1499 <Y IAAYE LS 2 H ol 905.2
pgC/m’/day, 25l 1004.6 pgC/m’/day =M ZA717ke] Bk YYD PP =X Ht
B2 golH o= A} 7|3 okl RG-EAR 1St Fxio] g3Hd 711g Aoz
FeEoh

ZAGH A 23 QATE ZYIEL 1,977~2712 cells- /! 2 BX 5 HH 2243
2 =z

+ 474 cells- £7 1290] 713 v 154 713 =2 7S Ueh

>
ﬁ
o
ofN
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i

ﬂw,wo

o

5

iz
s il

750~1409 cells- ¢ 2 &

Zzgko.
1o O 1=

2ZR9 &

At (Fig. 3-6-43). LAY

BHE 727~1561 cells: ¢ 2

]

N2

1,154 + 226 cells- 27" 2 =3

d

1,089 + 307 cells: /™ &

3

Ay

|

7} 247} 48% <} 52%

B

A
=

2}

Fste

T} (Fig. 3-6-44).

il APy~

A2y Aol H)s

O
L.

AEEZTHIAES dEF

T

Fig. 3-6-45).

LA

® 4w

o

T+ 218 + 57 cells ) 2
91~229 cells " (BT 151 + 50 cells-pl') 2 EZ3FIT} (Fig.

3

bz

156 ~286 cells- ul (

T
T

=F (HNF)

Dz

H

A<
LY rlA

o

1
T

AL ol Hlsf 16w F71skal

AR 71ZE o] dEFH

o=

]

= 1.78] =7k o) A7 1~22

Al Yebstth (Fig. 3-6-47).

file)

H] sz

® hejo}

48 + 084 x 10°

3

hyx

35~5.8 x 10° cells- ul (

cells-pt’) 2 EREO D] GAke] FF71HEL FAF Mol HsA

Hlgjoke] d=

ul
h

Eis

AM =4

<
T

A

=

Ho|x] gttt (Fig. 3-6-48).

Aol &

=
R

@ ARt g Ee] ¥

o TSN Hhele}, 1]

&

m Al ol

T

mK

ﬁ_,_

Fo Btk &AF A A7l )

7S

¥

s EH=

?
__oT
o
ﬁO
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Rl Z742 QUdte] &FY Wuote] AT FaT 5 glort @A vaULFI}

Lev] S71eHe wish) T4 HHEE ot il s 2 APolE HolA| ke o]

2) =Hole H&3)A

h &4 89

O 2, 9=
A A @Y 29) A 1lHE B 597 + 009 T2 FAE 42 BxE Ao 7o
Sk A Byom, A 29 A HE 615 £ 006 TZ HA 10 Hl8) & & F2&

HYou A 8 By AH 19 o] #dsHA Vet AP F @Y 24Y) F4
194 = HF 623 £ 009 CE FAF A ARG i 2719 28 Bk Z3H 2
Hi 621 £ 005 CTE AH 13} o] F20] i Ul oy, A Bxgs JApLay
Ak 2] A 10] A 200 Hlg thak F2 525 BHATh AP F 4
1A= 6.24 + 0.01 CTE YERSAL, AH 204= 645 £ 0.02 TE FAPIAY A - F - 39
T2 Hshs M3 FROE Fof| 2173 2B Iisy) 7 F9lon, ol 37 3]
& Al71ell mlsl % s lolwths S0t (Fig. 3-6-49). SAPEAY A, AA 1004
= B 31739 + 0.023 psu F29| FE BRI} o] 2 F o7 FUF BES BT A

A 201-+ H5t 31791 + 0.005 psuE F B BT AR d7 BE2E BT AP

N

=, A4 1014 31718 + 0.007 psu® YEPSIL B 204 31.823 + 0.005 psui FAPEAY
A Z G A3 GERA] stk AP & A 1004= 31.733 £ 0.003 psu® LHER
3l A 2004 31771 + 0.008 psul®E FAPLAY A - F - F 25 AEAsE A vE
WA ettt (Fig. 3-6-50).
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@ #5834} (F3 o] ¥ £3AS Ha

FAPHAY A - S T S8 (ESFFY 1%7) HE ) Aol WSk g3 2ok 3
AP A, A 19149 feg] Zole 7~8 mE UERRTh AP ol 8~9 mE A}
B AR TR G55 Zolrt 2718k o, AP 3 3~4 mE2 T4 743K 34
B A A 20045 6~7 mE AR 10 HIE] thA e {3 ZeolE YeRL glon,
% 290 B o] oF 30 mZ A 1 (B 2F 70 m)oll vls)] FAlo] Lol xF9]
AR FaFe] Am, 1T $F FAEAY] FYSE A 19 vlal] o] Fppgo] e Ao
2 AR FAPEA Folle 5~6 mE FAPEA HRTH tha B {3 ZlolE el 1
Atk FAPEAY o= 2~3 mE FAPEA M3 SR 3 2oyt AA gelxlon, o)+
A 1M 5 2 A4S Bola Yok

- 1004 23AF (9] Wshe FAPDA o] 0417 (R® = 0.95, P<0.0001) 2 LFER:aL,
AP Zo] 0521 (R = 0.99, P<0.0001) 2 Tha Z718 237A15E Bk FAPEAY Fof
= 1289 (R® = 0.99, P<0.0001) 2 SFAPIA FR} oF 2ul) o) S71stdth A4 204 AL
w7 0] 0596 (R? = 0.99, P<0.0001)E A 19] AP M3l FHT o 23AFE B
Aok AP Foll= 0718 (R = 0.99, P<0.0001) & SFAPEA AR} tha F718t9aL, FAF
HEY o= 1,69 (RP = 099, P<0.0001) 2 @AZAIZ 5 7 B &3AFE Bt
AR A - F - T ABATHESE B A 19 2 25 AP dd SR A
A Foll FA (oF 2v o)) &3ASTE F718EAT (Fig. 3-6-51).

)
rr
ol

(b gEsty ael

ZAP|7E B9 AAAEZHIE 7R 2.0%E FEF7F 2A ST, o gE o
ER7F18.0% 2 2 ZAME AAsIAT oyl e IF e =s fFEduRrl 40%% U
ERgy, 257, SHER, 7ARRRE 47 20%2 UYERS T (Fig 3-6-52). APEA A -

E T2 Wshe o33 2tk 2R 71.8~871% = FAh
A A3 RO FAPEAY Zof| 871%E FE2F2] AR A S7FEATE ol FAL
WA Fo] 2BAIF (k) B 3 oAl A E gl 1ol e ulEat 24 ofs)
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T2 &g o] e o] FoA A5 MAuAZFIF T 7 E UERd A9 E AsE
o} Wk, FH R FE 65~204%% SAPEY A3 RO Fof 7P Bhe FR2ANE BY
o} ol diH o2 2R w8V ekl Uehd A3E AT (Fig. 3-6-53).

2] AP Fo)] ThA Bo FZFS Bk A2 AE 87~88 x 10° cells/ ¢ (ﬁé& 88
x 10° cells/ £)2] MY Vestth, B4 2 FZdAE 61~168 x 10° cells/ ¢ (H- 114 x
10° cells/ 2)2] W2 A 10 W) & FEHFE B2, FAPDA Fo| T A7)0 Bls|
HZ o] Yghth FZo) A= 107~228 x 10° cells/ ¢ (BT 148 x 10° cells/ £)2 AH 13}
o] FZol wlgl Tha FEFo] E=UTh AFolA e 182~291 x 10° cells/ ¢ (BT 222 x
10° cells/ 2)2] MAZ EZ3 FZol nls) dEFo] 71 B4 BE9th 53], FAPEAY
A AZNA 291 x 10° cells/ ¢ & A3 % @EFo] 7P E3kt) (Fig. 3-6-54).
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A1 T A HE2ZHEE dEF] 10% o)de AR $RF 2= Asterionellopsis
kariana, Paralia sulcata, Skeletonema costatum, Thalassiosira nitzschioides % unid. flagellates ("]
SAAELF7} D8R (Fig. 3-6-55). A 1 TFoA Q] 4% Hale= A d s
AUER7L493%E A 1 $HEOE ST FAPEA Foll= A2 2] Paralia sulcata”?}

57.0%2 Al 1 $4FO2 SR, FAPEAY o= HA| Paralia sulcata?} 61.6%7F Al 1
FHTOE AT FTNAE FAPEAY A Skeletonema costatum®] 36.2% = Al 1 +HE
o2 3 aL, Paralia sulcata’} 11.6%= A 2 o2 ST FAPY Foll=

Paralia sulcata”} 41.9% = A 1 $AFo. 2 3} 3L, Skeletonema costatum®] 201% = A| 2
2= Thalassionema nitzschioides7} 134% % A 3 $HF o2 ZAsIHTE Ao+ AL
o2 st AP Foll= Paralia

WA A Paralia sulcata?} 532% %2 A 1 94
sulcata7} 404% 2 Al 1 +H4Z0 2 ZA3V9 3L, Thalassionema nitzschioides7} 15.4% %2 A 2 5



HF, Skeletonema costatum©] 13.5% % A 3 +HFOE SASIAT (Fig. 3-6-55(A)).

AH 2 FFNAME FAPEAY A Skeletonema costatum®] 41.4% =2 A 1-HEO2 SH3A
a1, Asterionellopsis kariana7} 288% % A 2 $4E, Pl AHER7F 101%=E A 3 +HETO=
=33ttt AP =ol= Paralin sulcata’7} 388% = Al 1¢AFoE =3,
Skeletonema costatum©] 29.1% = A| 2 -2 F, Asterionellopsis kariana7} 12.6%= | 3
2 Zd3)ct AP So= Paralia sulcata’?t 53.8% % A 1 $HFC 2 &33¥ 1,
Thalassionema nitzshioides7} 129% = A 2 $HFoE SAsIATE T3 = AP A
Asterionellopsis karianaZ} 60.2% = A 1 -HEF 02 S8 AL, Skeletonema costatum®] 21.4%
2 A 2 FHTOE SR FAPEA Foll= Paralia sulcata?} 515% = Al 1 +HEO=
SA3IH L, Asterionellopsis kariana7} 18.6% = A 2 974, Skeletonema costatum©] 13.4% =
A 3 FHFOE ST FAPEAY o= Paralia sulcata?} 584% = A 1 FHFTOE &
A3t 3L, Asterionellopsis kariana7} 24.7% = Al 2 $HE 02 ST AZolA A= FAPE
Ay 7 Asterionellopsis kariana7} 53.0% = A 1 HF 02 SHAIL, Skeletonema costatumo]
N1%E A 2 A= Paralia sulcata?} 15.7% % A 3 $AHZF0 2 Z33A T FAPTAY Zoll=
Paralia sulcata?} 408% %= A 1 HFTOE SHSIN AL, Asterionellopsis kariana”} 31.3% = A|
2 X, Skeletonema costatum®] 15.6% %= A 3 $HFO 72 ZFHSAT. FAPTAY To=
Paralia sulcata?} 682% = A 1 $HETS=E S 1L, Asterionellopsis kariana7}t 16.6% = A
2 $RFToE ST (Fig. 3-6-55(B)).
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128 pg/ 2)2] HMRIZ A 10l vl £& HF4a 55 HAN, FARAY o] BE A7)

o Hl3l BEAa FE7F FAUTE FFoNAE 1.03~2.14 pg/ ¢ (B 1.56 ng/ ¢)= B 134
o] F3ol vlg] i FFALa FE7F =UYTE AFAE 1.17~2.1 g/ ¢ (BT 1.66 pg/

2)9 M2 233 T3l Hlsl 54 w57 7P B4 BEEAT ol AEEHAE
AEF E29 54T 4&S HAY (Fig. 3-6-56).

AEEFAEY 2 tE s 9ot GAPIYA] WSt T7]E Hlaskr] 98, SAPEAY
A @2 29)0) A 1014 FxA1719 12:00~16:00 (A4FF 71F : AZ - 1057, ILZ - 17:46)
WA & 53] AdzARE AAISKITE AR I 2ol o] GE 4 M= 034~
0.60 pg/ ¢ (Bt 047 = 013 pg/ ¢)] M= Ut} (Fig. 3-6-57).
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3, FAPRA Fof 7P vk ©AGSAITE BT ol FAPRA Fol 23AS (k7 F
A3] F7FIAL, F3d o)t RolAle § Fx27do] e A7ld Bl v AEEHEE
o] tiAl o] AHslE oz AREHTE P curvedllA ¥ ©]-8 && (Light utilization
efficiency)& AAS] FE initial slope(a)e] ¥W3h= 0.056~0235 (1gCugchl-a'hr’) -
(UEm’s™)'e] M2 FaAIge] Anjel o] AP Fof Wl o] § &go] 7P e Ao

2 Yehsth (Fig. 3-6-59).
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Cm’d' & FAH A APk BT FAPAY Fofli= 1328 ueCmd’ 2 S 3
3} FHe} of 51} ol YU YAYaelo] wASIATH (Fig. 3-6-59)
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Fig. 3-6-1. (a) culture samples of Prochlorococcus and (b) observation on Prochlorococcus

by fluorescence microscope.

(b)

Fig. 3-6-2. (a) culture samples of Synechococcus and (b) observation on Synechococcus by

fluorescence microscope.
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Red fluorescence

o ¢ ) LI 2 WL ILE L) IR A % IR LA

10 10" 10 10°

Orange fluorescence

Fig. 3-6-3. Flow cytometer analysis of Prochlorococcus (Pro) and Synechococcus (Syn).

Fig. 3-6-4. Acrylic incubator (400L) and circulation system for mesocosm experiment.
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Fig. 3-6-5. Artificial light gradient incubators for primary production.

Chlfluorescence

Qrange fluorescence

Fig. 3-6-6. Flow cytometric analysis of Prochlorococcus (Pro), Synechococcus (Syn), and
pico eukaryotes (PEuks).
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Fig. 3-6-7. A map of the study area with sampling stations from 9 April to 16 April, 2005.
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Fig. 3-6-8. A map of the study area with sampling stations, 22, 24 and 26 April, 2006.
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Fig. 3-6-9. The effect of yellow dust from China and Mongolia on growth of Cochlodinium
polykrikoides.
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Fig. 3-6-10. The effect of yellow dust from China and Mongolia on growth rate
Cochlodinium polykrikoides.
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Fig. 3-6-11. The effect of yellow dust from China and Mongolia on growth of Navicula sp..
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Fig. 3-6-12. The effect of yellow dust from China and Mongolia on growth rate of Navicula sp..
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Cochlodinium polykrikoides
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Fig. 3-6-13. The effect of yellow dust on the growth of Cochlodinium polykrikoides.
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Fig. 3-6-14. The effect of yellow dust on the growth of Prorocentrum minimum.
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Skeletonema costaum
7000
6000 r
- 5000 —&— contol
‘= 4000 | —— expl
n —— exp2
%3000 r —>— exp3
(@) —¥— exp4
2000 r
1000 r
0
0 24 . 48 72 9%
Time (h)
Skeletonema costatum
160
140 1
" 120
=
o 100 r
o 080
=
= 060
©
o 040
020
000
control exp. 1 exp.2 exp. 3 exp. 4

Fig. 3-6-15. The effect of yellow dust on the growth of Skeletonema costatum.
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Pleurosigma angulatum
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Fig.

3-6-16 The effect of yellow dust on the growth of Pleurosigma angulatum.
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Fig. 3-6-17. Cochlodinium polykrikoides cell yields (a) and growth rate (b) for treatments with
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Fig. 3-6-18. Heterocapsa triquetra cell yields (a) and growth rate (b) for treatments with
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. 3-6-19. Thalassiosira pacifica cell yields (a) and growth rate (b) for treatments with

yellow dust aerosol added.
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Fig. 3-6-20. The effect of yellow dust on the growth rate of Prochlorococcus.

(@) control experiment

(b) yellow dust adding experiment
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Fig. 3-6-21. The effect of yellow dust on (a) chl-a concentration and (b) the gross growth rate

(d™") of Prochlorococcus.
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Fig. 3-6-22. The effect of yellow dust on the growth rate of Synechococcus.

(@) control experiment

(b) yellow dust adding experiment
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Fig. 3-6-23. The effect of yellow dust on (a) chl-a concentration and (b) the gross growth
rate (d") of Synechococcus.

- 185 -



6 I ontrol

——S
-9--G2

% of cells
w
S

9 14 19 0 4 9
Time (hrs)

60 5.5ppm
50
40
30
20
10

~—e-S
-g--G2

% of cells

22ppm

—®—5
-8--a&

% of cells
I

Time (hrs)

55ppm

60
50 -
40
30
20 r
10 -

—®—5
-3-G2

% of cells

9 14 19 0 4 9
Time (hrs)

Fig. 3-6-24. Diel variability of the percentage of Synechococcus cells in the S and G, phases
of the cell cycle. The dark box corresponds to night hours.
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Fig. 3-6-25. The effect of suspended solids on the assimilation number of phytoplankton.
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Fig. 3-6-27. Variation of the chlorophyll-a concentration after adding the extraction of
yellow dust.
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Fig. 3-6-28. Variation of the size fractionated chlorophyll-a concentration after adding the

extraction of yellow dust.
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Fig. 3-6-29. Variation of the size fractionated primary production after adding the extraction
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Fig. 3-6-31. Variation of Fe content after adding the extraction of yellow dust.
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Fig. 3-6-32. Variation of the picoplankton cell number after adding the extraction of yellow
dust.
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Fig. 3-6-33. Variation of the picoplankton group cell numbers after adding the extraction
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Fig. 3-6-36. Temporal variations of silicate, total inorganic nitrogen and phosphate

concentration in surface water during the study periods.
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Fig. 3-6-37. Temporal variations of TSM and POM concentration in surface water during

the study periods.
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Fig. 3-6-39. Tomporal variation of chlorophyll-a concentration during the study periods.
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Fig. 3-6-40. Temporal variations of two dominant group in the phytoplankton community
during the study periods.
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Fig. 3-6-41. Temporal variations of centric diatom and pennate diatom during the study

periods.
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Fig. 3-6-42. Temporal variation of daily primary production during the study periods.
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Fig. 3-6-43. Daily variation of abundance of ciliates and heterotrophic dinoflagellates (HDF)
on April, 2005 in Baengnyeong Island. Y.D., yellow dust.
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Fig. 3-6-44. Percentage composition of abundance of ciliates and heterotrophic

dinoflagellates (HDF) in Baengnyeong Island, 2005.
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Fig. 3-6-45. Variation of abundance of ciliates and heterotrophic dinoflagellates (HDF) in
Baengnyeong Island, 2005. Y.D., yellow dust.
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Fig. 3-6-47. Variation of abundance of nanoflagellates in Baengnyeong Island, 2005.
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Fig. 3-6-49. Spatial and temporal distribution of temperature during the study period.
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Fig. 3-6-50. Spatial and temporal distribution of salinity during the study period
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Fig. 3-6-51. Spatial and temporal distribution of euphotic depth and vertical attenuation
coefficient(k) during the study period. (® : before yd., © : the time of yd., v
: after yd.)
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Fig. 3-6-52. Species composition of phytoplankton community during the study periods.
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Fig. 3-6-53. The change of phytoplankton community during the study periods.
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Fig. 3-6-54. Spatial and temporal distribution of phytoplankton abundance during the study
period.
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Fig. 3-6-55. The change of phytoplankton dominant species during the study periods.
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Fig. 3-6-56. Spatial and temporal distribution of chlorophyll-a concentration during the
study periods.

1.2 -

e
o0
T

Chla (ugh)
(=)
N
—

()
N
I
—

02 r

00 *“
Before yd The time of yd After yd

Fig. 3-6-57. The compared with chlorophyll-a concentration during the study periods.
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Fig. 3-6-58. The variation of daily light (PAR) during the study periods.
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Fig. 3-6-60. Variation of abundance of total microzooplankton in Taean, 2006.
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Fig. 3-6-61. Percentage composition of abundance of ciliates and heterotrophic

dinoflagellates (HDF) in Taean, 2006.
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Fig. 3-6-62. Variation of abundance of Mesodinium (Ciliophora) in Taean surface water, 2006.
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Fig. 3-6-63. The effect of yellow dust from China and Mongolia on the growth rate of
phytoplankton species in test bottles on those of control bottles.
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Fig. 3-6-64. The effect of yellow dust from Incheon and Baengnyeong-do on the growth rate
of phytoplankton species in test bottles on those of control bottles.
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Fig. 3-6-65. The effect of yellow dust from on the growth rate of primary production and

assimilation number in test bottles on those of control bottles.
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Fig. 3-6-66. Variation of the phytoplankton abundance, nano- and microzooplankton
abundance, the primary production and assimilation number of phytoplankton
by the effect of yellow dust.
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Table 3-6-1. Summary of the mesocosm experiment.

Experiment Time series

Filling the mesocosm with coastal seawater 2008—11-21 11:00
Adding the extraction of yellow dust 2008-11-22 13:00
TO subsample 2008—-11—22 13:00

T1 subsample 2008-11—-22 15:00

T2 subsample 2008-11-23 11:00

T3 subsample 2008-11—24 10:00

T4 subsample 2008—-11—-25 10:00

T5 subsample 2008-11-28 17:00

T6 subsample 2008—-12—-01 13:00

T7 subsample 2008-12—-05 15:00

Table 3-6-2. Nutrient concentrations for added filter

NO;~ SO,
ppm (umol/L)
exp.1 (1=2) 0.125 (8.922) 0.216 (15.404)
exp.2 (2=2) 0.229 (16.372) 0.373 (26.674)
exp.3 (b=7) 0.677 (48.388) 1.070 (76.413)

exp.4 (10x=2}) 1.287 (91.906) 2.018 (144.176)

Table 3-6-3. Metal concentrations for added filter

(Iemx Iem)x (lemx lem)x  (Iemx lem) x

1 piece 3 pieces 9 pieces
Al 25.34 76.01 228.04
Ca 11.94 35.81 107.43
Fe 13.3 39.89 119.67
K 8.29 24.86 74.59
Mg 4.9 14.7 44.09
Mn 0.32 0.95 2.84
Na 7.97 23.92 71.75

unit : pug
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al. (1997)=2 NASA 173l &% Total Ozone Mapping Spectrometer (TOMS)®l| 2J3l #=
B ALY B5 @ 2ol ofs) el oA Q1 thrloll ofal Akej Ay Abet grake] Wl
of &J3] tl7] A2 EE H71eH= Aerosol Index (Al)E AHA3HATE 152 AIZH-

T TR F748 7259 Ad &7t 6~7490l Hui, 10~114ll H4v} He A&
YERAA AL, ol AL ¢33 BAYS AT

AL SF 72 FIRE G FoAlolol A Fatel ulao] ols) HejE ek ol

a8y 7] doj2Ee] B Bl o 8RS SRR a FE TS A AE=
7} Bojd 7HsAd o] 2™, Schollaert et al. (2008)2 vl B3t A TR ZEE 2] F
ety Astet Ate 25 E o] mix|of s YRS 22 a =/t HErkE
ThaL A AISFATE
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FAlcke] 43 sAlo] €3 7] BE Fobes] WEe] oig b iy olelEe] FFL
W Q= shejolnh, miebA B AT ME WA 93B3 A9 W] o) FE 4
7] el o] AW % AAEstE YA Stk 1 vk, AHBS F2EY a B
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2. A= 9 U

7). s Aw

& ATelA A FRS A ARE s 71N Al e, 28, L &= 44

O:

PM10 227} 300 pg/m’ ©]3Y W= 7]Fo] 1
g/m’ PP s 5239l 7| Fol B4R 9 FAL BUA S BRIste] FAE Adsia
ATE B AFoAE B3l Akl 9IAg e, 2, Al 55 470l g 1998~2006
WA7kA] 9 Azt FApLAY A4 2AA5E o] 83T (Fig. 3-7-1).
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o Sih

B\

A=

(1) TOMS Aerosol Index

48 t7] doEE Ex] A 9 AdWstE A RT| 9fste] 1998 1€ 5-E] 2007
94712 TOMS AIE |83t th (Herman et al., 1997). TOMS= NASAS] Earth Probe $143
off ®AIE A9)Al 4A] AlAjoltt. tr]e] Shakghe 7] &Alol o st Bl Y] (Rayleigh) 4
& tl7] ool 2F Aol 27k vlo] (Mie) Atgtoll o8 AR AT AU Abeke o]
4ol Wl gl A ZAakAIRE Mie AHHS Bhto] A4E A4 Foh dA] Al= 360 nm 3%
o] Akt Fholl ofs 4 (1) Zo] ALt

Aerosol Index = 100 * [logio(Imeassso) - logio(Icalcseo)] 1)
Imeassg < 360 nmollA] FHHitket A= Fho]al, Icalcy < HHEE (Lambertian) H-& 714
g AAZ 7P oY) (@Y A ae)e] tig 2Y AAE Uehdth o] gro] &

A A7) T2 FA clol2E0] & AL ordth o] Fiolu SOx 7k 9] HIgS

A ololzEe o) g, TEE 0 (%) H2ol gol] WEe] oS gt §54 o)zl

o] Zhssith, el 13 Y AR FUHIEE FRYFOR 105, BAYIOE

1°0]th. & ATollM= HA TOMS ARE 71373 BAPTALdF ARt Hlwste] 45313l

—

JHU
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T}, 7L B= 20-50°N, 75-150°E A Sl thate] A7 2R A8 Aldtste] A 5L 73dd
g Avingic

8-

@) a9 A=

NASA OrbView-2 ¢]/d¢ll HAI=o] = 31AAA SeaWiFS A5 ©]-8-5F] 34-50°N, 127~
143°E A9 ti7] oo|2E53 FEEE a w599 TAE 43t 1998 ~20061 714
Z22Y a, 7] EGE (Taud65), Angstrom A5~ (A510), 443 nme} 555 nm2] SHAEF =
(nLw443, nLw555)2] A+ A= E o83ttt 33Xl == 9 kmol™, Tau865+= 865 nm
N ti7)e] BeH FAE Uepith B Exls 2394 ] Ws s §55] W
o o] I A== thr] Fo 4
223} A, YATF S5 Fho] HolXTh nlwddd S AEZPIE F45 Y
ol A5 AEESTIEC] B2 A on3ith T3 nLwb559] @2 HEHEE Y HlE

oAlolm, gro] 245 Wetgalo] Be 21e Urhi) o] Aol EIA} Fol o3t

2
2,
o
e
PR
rd
N
ol
et
Jz -
%0,
o
&
(e}
rlo
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2
fu
il
A
N

o] T} SeaWiFS 914 Bl o3t Z 2=
AEE ol8ate] 4] ()9 YER OReilly et al. (1998)°]

Chlorophyll a (¢g/L)

= 100366 3.067*R + 1.930*R* + 0.649*R’ 1.532*R") —-reeeeen(2)
3714 R 2] (3)3% Zth
R = logi ( Rs NNN / Ry 555) 3)

Re £ UAYA wbA-goln], B8] Qabaol tha nlw gkolth, NNNeli= 443 nm, 490 nm,

510 nme| gk oA 7HE Ry #tol & S Utk R ol 255 F22F a w57

B ATNAE HoE AT G0 FALYo) BE SYEAFLe] WA EES A
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HE7] 9ste] 2008'd 349 1-3L7HA] Pt oA A3 NOAA 72972 ©1-8-3t
AT

3. 24 3

7}, TOMS Al¢] 4%

=t 7)1 o) Ay U< 9 dZE (1998 ~2006) 22470 AEE B3 A3}, FE 629,

-

ke
oot

F60Y, 4t 559, 55 47U 2 YERYTH (Table 3-7-1). A7} #38 d4e F2 3,
490l HFHo] glom, A Fap LA Aol oF 84%7F YETE 993t BE ARA
6108 Alololls A A5EA] by, 1183 1290 AP AZF Aot HA <] <k 3%

7k 2 35
FAZF B5E AT, 2, A 55 V9] AFAF ] F 224719 HlolHE o] 88
100174 20018t == 2o] 7 L= TP '

N

TOMS AIZ HAZFt} (Table 3-7-1). Al
a1, 2.00]4 3.00]5F2] Y= 35¢Y, 3.00]4 4.00]3} 109, 5.0014 6.00]3) 2¥ &2 YERITE Al

7} 10014 He g2 SAPE B3 I oF 65%ATH AVF 1.00]5H2 © dF5E 789 H
HAA L, o] FEo) o3k JaFo] 3 o] QT (Herman et al, 1997). A7) 23=E 7|22

B ATOIAE AIZE 10013 S 9ol AT B4 & TS F4 2Bl
Ak Ao ZPskch

U 344 ool2E wadse] A U s

TOMS AI7} 1.00)1%4 == &
9d Bkl YR oo 2E #F IFE AT (Fig. 3-7-2). Aol 252 3€5H 5Y Ale]
o 71¢ ol EAEATh HEIdE AT 5 thF HE AH A ooj2Zo] 10
o BABIA L, o] AL FHEE dolA Fal7EA| EE o] UEhgTh 7S AL oo 2E
WY 8E7H 10€7HA Uebstth o)A 749l ofs] 7t gstd R o g H7te =
o B et AP T 3ake] Ao A E o] Z|T = 109 o) dloj2Ee] FRIF
ok 11-2€ Aol o] FAIE APAIH O] 83 FAPEAY LA o] 2E A5 o] HAFHUA
W WesH S5 B RolAe dol2E #5Yo] STk o)A A A9 vl

TE A Z2E BHSIEA] 7HAT £ 19983 F-E] 2006\ 7HA]

(%]

.
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399 R E A=) Uit FA Q] oRE A= Y4 ety 5l 3 T4

SAoZ 3k 529 3450°N, 57 127-143°E 3ol thdtk 91zt (1998~2006) oo 2=
#HS I MES AW EYT (Fig. 3-7-3). B3l ]2 A I4= 490l 9.8Y = /M
B, 990l 08U 7P A%lom, 11-128 2 199 3~5U 2 F7lehs A4S el
o} 1998 1€ 5E 20079 9€7HA] A HES B, Ao AEHE EAd & F 39} FA
g 935 BAth 9, A ¥ 3% 19983 1999 d el = 3, 2001 d el = 5€0l 925
B} B3 FA A SA 2R Ha3E &4 de= Aol ohyy, 2003~200530= YER}
2] gttt 2003 5~8¥ 3} 2001 10~12¥ o= T2 A x| H|sle] E3] o] 2F A=Y

T7F AT
o}, MY BE 3 22T a, Taus65, A5102] AF D AdH3}t

od (1998-2006) H8¥S FEED a ¥59 HH S A} FAl A 28] AIE
Uetiltt. &, S 49 (157 pg/L)oll HFd) 928 B3, FA= 114 (085 ng/L)el
935 YA} (Fig. 3-7-4). ©]132 Kim et al. (2000037} Yamada et al. (2004)°] A|AIgH
A D FA AEEFAE BF AV & XL FEED a 5= A9 A=
°F 05 ng/Le w55 BJTh 72 odxte] 91385 S22 a $59 WE S Houk
Aol & WES Ho|AE A4 BEo] Ar|= AdEE Aol Btk FE28d a ¥EE
2002\ 4ol Hd (1.94 ng/L)E ¥ a7, 20051 4L A (1.32 ng/L)E YERAATE £,
A E2EE a ¥59 AZ7F vEhd v €2 11 57} sk el A|RE 20051
flol =& F5 (129 ug/L)E FAskaL Uk

Tau8652] €3 #h2 A1 4, 5900 ¢F 01622 =11, 3HAI= 2F 0.13~0.1524 F1L,
SAR 1292 012 4] 7P E3hTh Tau8es5= 9185 FE22Y a FEHUE ZdWsP}
A8k, 53] 2003'd 4~6¥-2 HRTE oF 130 =2 #F (¢ 018~0.2)& UERHSITL

A5109] YH+F 72 4~99471A] =31 (>0.8), 1€ 12 WA (0.52) YeRstth A 53
2ol JA+ Aol F YA A510 #ho] FolA AR, Faf oA AL Hel #EE A=

A510 grol sHAI9 Il =2 #he Eoh
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2, 5309 314 Tau865%} 3ol A

f

S FEETZ a 5w 2215 222004 AAR A (1) 2l oA AEH R
11T} o714 9dzt (1998~2006) 3HAl (6-9€8)2] nLw4437 nLw5102] 27 I i of
7] doi=Ee] A7} H = Tau86s A7 ete] #AE EA5tATh nLwdd3 7} Tau8659] T
© oKt O] o] RYAN, e A UERTH (Y=1.67X+0.67, R=0.38, P<0.05,
Fig. 3-7-5a). T nLw5559F Tau86s Atolell= 743t ko] Aol P ot (Y=0.91X+0.25,
R=0.82, P<0.001, Fig, 3-7-5b), nLw5559} S22 a Fx9}o] A3 79 YehdA] gkt
(Fig. 3-7-5¢).

Oft
™

9 (1998~2006) 3HAl 6-9E FollA Tau8657}F 7H8 =9k 20031 627} 7 Weke 2001
d 9o S mlwslyth (Figs. 3-7-63 3-7-7). Tau865 #2 A2 Z xfo]E B o,
20039 692 20011d 9L BT} 2v)) S =3UTh AS10 BE= F Al719) G2 Abelrt ZA =
Al YebstTE 20031 699] A510 -2 1.0 olde] H= YAt 27 o] 242 ool 2Fo] FH3|
Aol gl AATE, 2001 9L 2] A510 #h-2 45°N o] Hol|l Ant B9t 2003 62 2] Tau865
= B3l BFo] T (42°N, 137°F) F23 thakall s oA =34t o] 22 nLwbs5

7} 045 mWemm'sr? o132 R S5t Qs =R B B8 Fe) F2E

A= ol et HE S FIEA] kon, 132°F o]A 2} 45°N o529 39S Alejstal v
FE (<03 pg/L)olnh =3E 45°N o] & |93 2jAjo} A Y, = FateAE
Tau8659} nLws55 Fholl BAIGle]l F22Y a w57/ AP35 FHAIROE w3lth 2 EZ
FIE FFE YERE nLwidd 32 5319 B HYolA 0.8 mWem im’sr' o) E

E=9kA|NE Ao} Ak Y7} 45°N o] & s H o A= 0.5 mWem um'sr” ©]3FE ATHH o=

a, SAPIARA 33 420 Hr|HE

NOAA £94-& o] 88 FAPIA 20| Sk Fls)e) Ewls2o] BoliE vjotsh
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7] 18k 2008 FAPEAY A2 3€ 1~3Y AIRHE &) sFEEFe BEE A
A, FAPEAY o) o] L= 2~16TE UEISITE A 23202 33|
mx)7] A2 39 1Y 24 o] FHE 39 2U7HA] UR 28 A2 2~5TE YehUth

B, B, R4, T 4 A FARE ABZRE TOMS ARE PFT A3, Sl
A ADE10 o139 W BAE B58 sBsAel B4 Uehgeh T sAeIA FA
AANE Aol FATF BEEA YEOIE BT AV B 3hS BT, Ao} T
B §44 7] ool 2] Fohoi Zlo] AAEIITh Herman et al. (1997)°] 13} 7
A ATHEE] F4A oloIZE e 6, 780l Hl, 10, 1190 HAE BGOW, o3 5
o) s} PR ST B, £ Aveld T8 Solol 44 dlolnE BEYS
4909 Ao, 98l Hzolgith. Bol TGN AE 6, 7] FrhANol BT F7b}
BeolE BT 6, 79 FA ol 2E ghe HohE nolA gtk webd BN &
G4 olol2E WEe Pwe] MEN AANFA e 202 Uehgon, of A7ld] It
ogle] FA ool Eo] F7kska Yl Zlol AT
o DI I CEE S R

EFIAE MLTE (222 a9 AT B4 52 9 BAIglel AddE Apol= 3l

o
=
o ]
N
>
()
ox
o

o o3l ARk (Kim et al,, 2000; Yamada et al., 2004). WetA] FA
ol FUHEES Fw3] FFstuets oA o] 7|24l SA] o] BE A= A HEHIEE

& = Uk weol], FAZE AR TRl Aol s SEE IOl ol FAAH, 7|24
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JHA B AT RS S22 a 57 HAA7E He shAll thste] 2435kt
Fa) Aol Aol o§ F4 oo 2E BEUG) o] 2E B8P T (Tauss5) 7}
35 M3 BAGE LR 20039 62S ASI0 ZHE H9ITh ol AR Mol A FoA
ool 2ol We AL AN Tk olel ol 2R of W] oo mEL WFA o]
ZE9 SOxtt NOx 59 th7] @384 2102 et =3 2003 692 3] 9
3 AL ASHA B3] wlell o] dAF Aol 22 F4 clo=EL WA A7) S
Fed & 2102 Azpso] ot A 2003'd 49 F<eollA 370 o) 2jAlof FH-ollA]
Azlglo] = A= A7) B8 2™ (Nedelec et al., 2005), Y& -FFFAT71L7]
T (JASA)©] Global Imager (GLI) $1 g/ dollA = sall J45- FHs| ol 2H A7]7F 1A=
Ath (http:/ /sharaku.eorcjaxa.jp/ ADEOS2/library/20030523/0523 _jhtml). 3}, Tau865 44Ol
AR = = 200513 9doll= A510 #2 THE S EUE S| w34, AR A 0] A
7] ool 2Ee] Btttk T2y Al gt W3] wiEel ti7] eded o vF4d
oof=Eo] WU Zlo] AAE AT

T3 Fusde 402 g B9 34~50°N, 7 127~143°E sl ol tite] 9zt (1998~

N

_1

_

it

2006) BE GAB= FEE a 5] AU Taue52] Wl Ao Jaks kA gk
Ao 2 UYehdth (Fig. 3-74). LUt FHEF A= Taus65 ghol Eobol wat nLwss59}
FERE a & o] 9T T = A= /AT W = Fef ] Aol =

Tau865 Zro] Lo & B3l nLwhsset S22 g3 5 Zro] U e rutts =9t}
Tau8652] H11 L HA Yo nlw BEAlo 9, Taus8657} 0.3 Z3ah= 2003 6¥oll=

]

229 a F50 IS PIFAT, Tau8657F F3HE 2001 92l nLwbs5 #E o= 93
e molx) Yslth. Wby P ol )] oloj2E

o] WA, A BS SREE a FEVL oW YFE W& & Utk

o] AUARY, E2EH a =

Lo

o o s ABTRAE F4E ERNE nlwid3 ZE A e QoA AEZRa

ot AHEFe] o3 FFHolt ok
2 a 557} 2718 7F5A0] Ak (Son et al, 2006). B3] BlEL 22 AT o] 7|7kl A

- 229 -



= X5 ZEEY a 599 FFo] vElE & Y (Yamada et al., 2004).

ole} o] FafollA] stAS] AFHS SEET a A& Yol webA 1 S-S Ags)
7] ool ZEo] s FAatell mA= FaFe aefstr] 2l
A A o9} & o FRY thy] olojmEo] AR HX e IS Hotd Javt
AT E=Z 7] o222 SRl oA dlg L AA O WA= Yol E87] Wil &
FaSoly vl 5o AR A= Fasitt =3 SAPIAA Ro AUE 52 A4

5 F2g Ty AsiME o7l o] A Sol dasith
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smaller area was picked up to observe the relationship between absorbing
aerosol and satellite ocean color in the East Sea (34-50°N, 127-143°E, b). Pink
dots with alphabets indicate the ground Asian Dust observation stations by
Korean Meteorological Administration. G: Gangneung, P: Pohang, B: Busan, U:
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Fig. 3-7-1. The area of TOMS Al observation in this study (20-50°N, 70-150°E, a), and
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Fig. 3-7-2. The monthly images of absorbing aerosol observed day during 1998 to 2006
calculated by TOMS Al. Observed day was defined as the day that TOMS Al
exceeded 1.0.
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Fig. 3-7-3. Interannual variability of absorbing aerosol observed days in the East/Japan Sea
calculated by TOMS AL Red, pink, orange, yellow, light green, green, light blue,
blue and purple indicate years from 1996 to 2006, respectively. Nine years

average was shown by black thick line.
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Fig. 3-7-4. Interannual variability of chlorophyll (a), Tau865 (b) and A510 (c) measured by
SeaWiFS in the East/Japan Sea area during 1998 to 2006. Line colors are same
with Fig.3.
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Fig. 3-7-5. The relationship between nLw443 and Tau865 (a), nLw555 and Tau865 (b) and
nLw555 and satellite chlorophyll concentration (c) in summer (June-September)
during 1998 to 2006.
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Fig. 3-7-6. Tau865 and A510 derived by SeaWiFS of June 2003 and September 2001 when
Tau865 was highest and lowest in summer (June-September) during 1998 to
2006, respectively.
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Fig. 3-7-7. Chlorophyll a, nLw555, and nLw443 derived by SeaWiFS of June 2003 and
September 2001 when Tau865 was highest and lowest in summer
(June-September) during 1998 to 2006, respectively.
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Fig. 3-7-8. Horizontal distributions of SST in the Yellow Sea druing the periods 1-3 March,
2008.
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Table 3-7-1. In-situ observed day of Asian dust by Korea Meteorological Administration.
Dust was defined when PMI0 data exceeded 300 pg m™

Area Jan Feb Mar Apr May Jun Jul Aug | Sep | Oct | Nov | Dec
Gangnueng 2 25 30 3 2
Pohang 4 1 24 24 4 1 2
Busan 4 1 23 21 5 2
Ulleungdo 4 20 22 1
sum 14 2 el 91 13 4 3
(unit: day)
Total 224
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Meod Al atduM =Xet sielasysde

L2001 4€ol] ofAfololl A AT FAR= wl= ARE AU 3Y F TR I FRANE #5

=Hol th7]E B3 AAY 7L & JEh FAUch o] A= 2d og Zo] oyl

AzAe] 7] Alm AH o3 AFH R ASHAThE HoA] Fad AFolh

C BEHEYG FRA $F 100 m 7MY §7] B4 e WskE T $

37 /MY EQF ALA o7 BA=E Ax 2001d 4Y 8] Apebol| A 2E B} 3 Ato]
S0 7] B #ol F 7t HAET ole At o A vls

of et AE2 RO Z S =AU} (Bishop et al., 2002. Science 298: 25).

oprlo} E<ze] HA WSt 715 E o] et WatellA WA 3 4

0,
flo
1o
N
N
=2
i
R
(ol
o

ol
o
)

@
O

9

ok,

off

o

2

rir

i

7] BR8] F550] dfrel Sl Are FE 559 7Y ((BEY 7Y 52 24 719)
& (83 =2 5ol osf A=t (Hsu et al, 2005. Atmos.
Environ., 39: 3989-4001).
2001 FAE Al AlFE aqtll A ARE tY] A e AR B AR B/ A/
&3 9A B/ S dAE giEE e Skt § dF = CaSO2 Hgky
A Fel tiH-E 371 A2 EA5Ath
oA AR gl7] EZoA Al As, Se 57 BAHT ABAES zEa Qo] giy] £3
o] 7]o] Mg Aol o3 Ao = A H AT
. FHZolle ofzeg7te} ofAloto| A WAYEE dust eventZ} FE EXIo|Y FEE o=
microorganism®|\ 27HF, A}, AlAof = viol# 2 Fo AESH YAAA] ERbshH
2 Qs wi-¢- ¥ A 2RE Hdto] eNkE £ 1 54 AEA S FEHATE Ho
A 5 Ik o3 ESHE YA Rk Hdtoly el djle] He £
R 5 Q7] wZoll AFEES] A7l S & F Atk HolA Fast A=
ZAatoll o3l Faroll Al =1 o2 FMDV (foot-and-mouth-disease virus)7} &5 25
Hausk= AZE QA
- HAER o] @RbE = 7 ok 7t AkstetAbErell A Zhe] Bafi7kA] 5,000 km ©]7d &Rt
7= 3k 53ol9] A SRS ool 2E8] A4t FAlst WA glo] g2 4
km7}HA] -HFE 4= ok A F7hA] AT vl 9] Asian dustZF-E]& dust event Al
71l dloj2Ee] ofsf] Rk mAE FF o] 7L A Mstsi o] Al7lddls § vt

[

o

JJ_HL
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9.

10.

11.

12.

Aol Al Sk ACE gk

AF7k A olEd Wi b dust eventoll &3 BETAH YA LDD (long-distance
dispersal)= B&2 AR G, 12T o) T st s A71A7E
Bj¢Fo] W3t Al =EH S W AT 5 fivh= 715 Z3d Az ool
AA 2= de] &l b= vte|gote} th-2o| T3ol7t FHrle £A= e
U7] W Zoll Lz FFEo] 53 UVell =EH e &4 AX & HLoE &
g = Qlk o] d PAEAIES ATl o= ofR HHHE A7Hol gler,
nAEA 0] FRel ZHzte] Foll b= AH WH-E EElsfof 5t wlwol A

APH 1 Ak A= ArAS AHgste] & 992 45k, WA F9das A

2

RNAE o] 83 543 P4 52 AHgsha ok
W18 53 84 WA o5 APYRA FFE T A0 FeA @ 3 Y,
£3) Wlgoke] BB o) HE A FaL Fol (Duce et al., 1980), 11| Abeto

2R 7] dACA FeiE do| dRE ol 8kl o] S HW (Visser et al. 2003),
AZl A= ofze)7te] Alstel Abete] WA7} AEEd 2w tsde FEAZ ol

B = A} (Perez-Marrero et al., 2004; Herut et al., 2005).

STl 20073 FE Aol o3 AE=EdaE AH, A A7E flsk] 2434 29,

HZzIE AdS T35t Ut Zhang et al. (2007) 40 ppme] FAFEE7}F F27F2]

RS FXPTE ATEAAS A o BESIA ST, Sun et al. (2009 FAPE =

o AAE FAFhE NYYL} LYY T JFHES} A

B
Tl
=y
H
)
o
_l-l.l
2
E
-L

m] =2 A A4 (USGS) = oFzel 7} Abstetabael A
Asto] tiA e Aus FHA &2 nAdlEo] 7B dte] AtExE S dve= o
TAINE LEI vk Ak African dust7} tiA S AUA 7He] Bl Abel] =28t
S5AAETE 489 Ae A v St o] ks T ddx|o| A 2~3Y ol =3ts}
710 A Fo] mAES O AEFEHo] African dustd] FIAE 1 o)do] & 4 Ut
webs] GAake}t Falshs mlAdEo] s EI Al WX AP AQD o] HEEA]l EX)
< Aotk =} AQke] MEAdE FARIAZE 1 Rl0] 7hs S WANskaL 1ol &
As TR S EA Bl PR, A Y EARERE ofy g} s 7A = EAE
LAYAIE A7} S&3] Ak
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13. = =412 29 7] & PAHs9 57} S0 100 ng/m’ o1 HEH ZAI7} 60%
olgolglon, Fx$, FA, Ak HIZANE A1 900 ng/m ol AEH7E k. 3
A= AvkE oz FA O vls] 1091 =8 @2 =5 UehlAT, -3 Ak A+
Ao = 100 ng/m’0 402 B $29] HTE BT (Wang et al, 20060). 7 =

dol TRt A o7 IS nIAA oL, A olFste] Fef Bl AR =
7ol FEFS PRI QLo ofof &3t Zox A A7 IF FR1 Ao ® dHA
At
14. 20063 A/dE IGBP (International Geosphere-Biosphere Programme)®] Science
Implementation®ll A1 -4 8 7} A7+ &oF T shteln HZ 11 dAF-e F843%
BAANET} 54 S7HE L e oFF SOLAS (Surface Ocean-Lower Atmosphere
Study)elth. 20061 g€ SOLAS ¢ 8 11 7| E5FHolA & AqolA F3sta
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