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Shipboard Measurements of Air Pollutants across the Yellow Sea
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Abstract

Air pollutants were measured eight times from June 1999 to June 2002 on regular ferries cruising across the
Yellow Sea between Incheon in Korea and Qingdao or Tianjin in China. PM, and PM, s were measured as
particulate matters and SO,, CO, and NO, were measured as gaseous pollutants. On each route, sampling was
made, starting two hour after departure and ending two hour before arrival. Low concentrations of gaseous
pollutants that were not much varied according to sampling period and location revealed that atmosphere over the
sea was not directly affected by anthropogenic emissions. However, concentrations of fine particles were generally
higher than those measured at Deokjeok Island, 50 km west of the western seashore, at similar periods. It was
believed that considerable influence of China in the form of secondary pollutants was exerted over the sea.
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Fig. 1. Cruising routes of shipboard measurements between incheon, Korea and Qingdao or Tianjin, China.

Table 1. Outline of the shipboard measurements conducted in this study.

Aerosols (compositions)

Gases (sampling method)

. Cruisin,
Season Period Da; HCI, ip* g
o Y Isp PM, PM,; HNO, SO, CO NO, °HP* route
NH;
Spring 04/14-04/17/01  Sat.-Tue. —  ions"/trace? ions  filler bag(8)” bag(8) - Xl IC-QD
05/28-05/31/02  Tue.-Fri. — trace ions filter bag(l0) — bag(ll) I IC-TJ
Summer  06/12-06/15/99 Sat.—-Tue. ions - ions filter bag(6) — - XI IC-QD
06/03-06/06/00  Sat.-Tue. — trace ions filter  bag(12) bag(12) - XI IC-QD
06/03-06/04/02 Mon.-Tue. — trace ions filter bag(8) — bag(8) N3 IC-QD
06/07~06/08/02 Fri.~Sat. - trace ions filter bag(8) — bag(8) N3 IC-QD
Fall 10/23-10/26/99 Sat.-Tue. - ions ions filter bag(3) — - XI IC-QD
Winter 12/20-12/22/00 Wed.-Fri. - ions ions filter  bag(14) bag(14) - X1 IC-QD
02/28-03/02/01  Wed.~Fri. - ions ions filter  bag(11) bag(ll) - N2 1C-QD
" jons: water soluble ions, * trace: trace elements, * number of samples
*XI: Xiang Xue Lan, JI: Jinchon ferry, N2: New golden bridge II, N3: New golden bridge TTE
#*]C-QD: Incheon-Qingdao, IC-TJ: Incheon-Tianjin
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Fig. 2. Sampling position on a regulary ferry (Xian Xue
Lan) mainly used in this study and aerosol samp!-
ing and meteorology measuring equipments.
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Table 2. Comparison of average concentrations of particle and gas phase species measured on shipboard with results
of monitoring sites next to the Yellow Sea and in clean World Oceans.

Concentration* (1g/m’)

Size Site 3 3
Mass nss SO, NO;~ NH,* Na* nss Ca” " SO,
_ 13
Mo 8 3824270 115493 57x45 3934301  051£030 0182015
IC-TI"(n=2/0) 1039 NM##+ NM NM NM
. .2
Qo ShNTT 7784432 158109 72%57 708541 068031 NM
3
o sans 174 357" 0.85 NM NM
_ n
s ) 3334207 97461 30434 2994208 040+£024  009+008 22+1.0
IC-TJ" (n=2/2) 46.0 14.3 5.06 0.34 0.00 1.8
. 4)
(roklsak® 187£101 54431  10£13  169£1.01 031£027 008+005 62£60
3)
ang e 2934177 62461 1419  240+184 0624048  055+£126 112+438
6)
(T[f‘ia&/w 206+179  40%34 0711 129%141 056+039  0.11+£010 50+42
7
((fl":sj‘(‘)/ 40) 166123  50+05"  0.7%0.1 1.5+0.1 06+0.1  015+003" 39+16
. . )
Qngliog ™ 505294 139499 58£52 683534 029%0.3 NM 50.8
3)
s 9.7 277" 046 0.68 NM NM 03+02

1) This study, 2) March, June, and November 2000 for particle phase (Moon er al., 2000) and from September 1997 to November 2000 for SO, (Hu
et al., 2002), 3) San Nicolas Island in North Pacific from June to September 1987 for particle phase species (Chow er al., 1994) and Santa Maria
Island in Azores in the mid-North Atlantic Ocean during 2-23 June, 1992 for SO, (Harrison er al., 1996), 4) April 1999-March 2000 (Lee er al.,
2002; Kim et al., 2003), 5) July 1998-June 1999 for particle phase (Lee er al., 2002) and Janvary 1999-December 2000 for SO, (Kim et al., 2003),
6) November 1998 -July 1999 for particle phase (Lee et al., 2002) and January 1999-December 2000 for SO, (Kim et al., 2003), 7) March 1996-
December 1997 for particle phase (Lee et al., 2001) and January 1999 -December 2000 for SO, (Kim et al., 2003).

*XX +YY: average + standard deviation, **n= A/B: sample number for mass/ for ions, ***NM: not measured, *Not non -sea-salt but total ions.
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