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Estimation of Nitrogen and Sulfur Deposition over the
Yellow Sea Region
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Abstract

The amounts of nitrogen and sulfur deposited in the region of the Yellow Sea in both dry and wet forms were
estimated by using the measurement data published in the literature during the past 10 years. In the estimation of
dry deposition, concentrations at ground stations including those at a station on the Chinese side and concentrations
from shipboard and aircraft measurements were used as well as deposition velocities. Wet deposition flux was
determined at ground stations on the Korean side either by taking the flux data themselves or by calculating them
from precipitation data in the literature. The dry deposition flux over the Yellow Sea was much greater than those
for other world oceans; it was rather close to those estimated on the Korean Peninsula. Substantial influence from
China was confirmed from the fact that the total amount summing wet and dry depositions exceeded the emission
amount from Korea. Dry deposition was principally made in the gaseous form due to a larger deposition velocity.
Nevertheless, since the deposition velocity over water was smaller than that over the ground, dry deposition of
oxidized nitrogen was smaller than wet deposition. As a whole, wet depositions of nitrogen and sulfur were 2.3 and

1.9 times larger than corresponding dry depositions, respectively.
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Fig. 1. Air pollutant sampling locations for estimating dry deposition. See Table 1 for designation of the ground
sampling sites and the routes of shipboard measurements in (a). Shaded rectangles in (b) denote grid cells
where sampling had been made and deposition was estimated. A heavy line between Korea and China shows

the extent of the Yellow Sea.
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Table 1. Concentration data used for calculating the dry deposition flux.

(a) Particulate matter and co~measured gaseous species

gl A)4e) Ass) B AH 24 219

Type Site* Period Frequency Species® Source
. - Routine and PM; 5 ions,
Deokjeok (D) 471999 ~ 3/2000 intensive HNOs, NH: Moon et al. (2001)
Ganghwa (GH) 9/1997~6/1999  Seasonal EI‘H”jj ions, HNOs,
Ground sampling . . PM: s ions, Moon et al.
Taean (T) 9/1997 ~ 6/1999 Seasonal HNOs, NH; (1996-1999)
. PMz_s ions,
Gosan (GS) 9/1997 ~ 6/1999 Seasonal HNOs, NH;
. . M t al (1996 ~ 1999),
Qingdao (QD) 4/1999~11/2000  Seasonal PM, s ions Mggg an H(u (2002) )
Incheon~-Qingdao . PM; 5 ions
~1 - ; :
Shipboard (IC-QD) 6/1999~12/2000 4 times HNO:, NH; Moon er al. (2001)
measurement - 3 . PMS, s ions,
Incheon-Jeju (IC-JJ) 2000~ 11/2000 3 times HNOs, NH; Moon and Hu (2002)
(b) Gaseous species
Type Site* Period Frequency Species Source
Deokjeok (D) 4/1999 ~ 6/2000 Continuous SO, Moon er al. (2001)
Ganghwa (GH) 1/1999~12/2000  Continuous S02, NO, National Air
Ground sampling Taean (T) 171999~ 12/2000  Continuous SO,, NO; 1lzIollutio]?C Monitoring
Gosan (GS) 1/1999~12/2000  Continuous S0, NO; etwor
. - . a Moon er al. (1996~ 1999),
Qingdao (QD) 4/1999~11/2000  Seasonal SO,, NO; Moon and Hu (2002)
Shipboard '"ff’cef’gb?i”gdao 6/1999~ 12/2000 4 times SO, Moon et al. (2001)
measurement
Incheon-Jeju (IC-JJ) 3/2000~11/2000 3 times . SO, Moon and Hu (2002)
Aircraft Over the sea 10/1997~11/2000 6 times NO; NIER (1997 ~ 2000)
measurement

*See Fig. 1 for the location.

"PM, s ions include Cl-, NOsy~, $O,27, Ca?t, Mg?*", KT, Na™

, and NH4". Nitric acid and ammonia were measured by using a three-stage filter

holder with Nylon membrane filter and citric-acid impregnated quartz fiber filter after Teflon membrane filter for sampling PM» 5.

“Operated by the Ministry of Environment.

JAnnual average for the year of 1999 was taken from the China Environmental Yearbook.
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Table 2. Measurement data used for calculating the wet
deposition flux.

Site* Period Source
Socheong (S) 5/1996 ~4/1998 Lee et al. (2000)
Ganghwa (GH) 6/1992 ~5/1993 Fujita et al. (2000)
Anmyeon (A) 5/1996 ~4/1998 Lee et al. (2000)
Muan (M) 3/1997 ~4/1998 Lee et al. (2000)
Jeju (J)) 3/1997 ~8/1998 Kang et al. (1999)

*See Fig. 2 for the location.
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Fig. 2. Precipitation measurement locations. See Table 2
for designation of the measurement sites.
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Fig. 3. Annual average concentrations of nitrogen and sulfur species. Error bars show standard deviations.
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Fig. 4. Seasonal average concentrations of SO. and nss-S042" in summer and winter. Error bars show standard

deviations.
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Fig. 5. Distribution of dry deposition velocity of SO over the Yellow Sea.
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Table 3. Nitrogen and sulfur dry deposition on nitrogen
and sulfur base, respectively. (unit : ton/day)*

Species Spring/Fall  Summer Winter Annual
NO; 110¢31.5) 121(47.8) 180(37.3) 136(36.7)
HNO; 74(21.3)  39(154) 33(6.8) 52(14.0)
NO3~ 5(1.6) 2(0.9) 6(1.2) 5(1.3)
NH3 101(29.0) 51(20.1) 215(44.4) 127(34.2)
NH,*t 58(16.6) 40(15.8) 50(10.3) 51(13.8)
Total 348 (100) 253 (1000) 484(100) 371(100)
SOz 466(94.6) 274(93.8) 551(96.2) 446(95.1)
nss—SOs2"  26(5.4) 18(6.2) 22(3.8) 23(4.9)
Total 492(100) 292(100) S573(100) 469 (100)

#The number in the parentheses represents the percent fraction.
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Table 4. Estimation of deposition over the Yellow Sea.
(unit : 1,000 tons)

Species dep\():]s?:ion dep](::;iytion Total Wet/Dry
Oxidized® 106 70 176 1.5
N  Reduced® 209 65 274 32
Total 315 135 450 23
S 322 171 493 1.9
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