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Urea in Aerosol and Rainwater over the East China Sea in Winter and Spring
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(1. Key Laboratory of Marine Environmental Science and Ecology, Ministry of Education, Ocean University of China, Qingdao 266100,
China; 2. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China; 3. State Key Laboratory of
Estuarine and Coastal Research, East China Normal University, Shanghai 200062, China)

Abstract: Organic nitrogen is a quantitatively important component of fixed nitrogen in atmospheric aerosol and rainwater. Urea as a possible
candidate of organic nitrogen component might have a significant influence to the marine ecosystem since its bioavailability and broad range of
natural and anthropogenic sources. 23 total suspended particulate samples, 4 size-segregated particles samples and 10 rainwater samples
collected over the East China Sea from Nov. to Dec.> 2006 and Feb. to Mar., 2007 were applied to analyze the concentrations of urea,
nitrate and ammonium in aerosols and rainwater> respectively. In winter and spring, the concentrations of urea nitrogen were from 0.2
nmol*m ™ to 17.7 nmol*m™> and 6.5 nmol*m™> to 14.6 nmol*m ™ in bulk aerosols, respectively and the corresponding concentrations were
from 7.8 pmol*L™" to 18.1 pmol*L™" and 12.1 pmol*L™" 10 35.3 pmol*L™" in rainwater. In both aerosols and rainwater over the East China
Sea, the concentrations of urea nitrogen were higher in spring than those in winter. Urea nitrogen in aerosols contributed about 5% to the three
measured nitrogen species and it was about 20% in rainwater. The size distribution of urea was markedly different from those of nitrate and
ammoniums which had no pronounced difference among cascade stages. A slightly enhance urea contribution presented in the range of 0.43-
0.65 pm in springs which was 19.8% . In contrast, an enhancement presented in the range of 3.3-4.7 pm in winters which was 19.8% .
Factor analysis indicated that the sources of urea in aerosols were dominated by wind-blown soils in winter and sublime of urea in soils in
springs respectively.

Key words: urea; aerosol; rainwater; the East China Sea; organic nitrogen
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Table 1~ Sampling information of aerosol and rainwater over the East China Sea
wn PR PREArS REZH
\‘H 218] S == SIZ AT SZ AT MZAA 3
CIUIAF I i i i I SR L Y
ECST061124 11-24 T 14:27 1126 T 12:52  30.8°N, 122.6°E  27.9°N,123.0°E  20.9  81.0 5.9  ZRAb-vURg
ECST061126 11-26 T 14:30 11-27 T15:31  25.7°N,120.8°E  27.3°N,121.1°E  16.8  69.6 6.8 Kk
ECST061127 11-27 T 15:52 11-30 T 18:24 27.3°N, 121.1°E  29.3°N, 125.5°E  16.2  62.3 7.9 At
ECST061130 1130 T20:32 12-01 T 17:54 29.3°N,125.5°E  30.8°N,123.0°E  12.4 58.4 8.9 [liB]
ECST061204 12-04 T 08:33 12-05 T00:39 29.9°N,122.3°E  28.9°N,124.0°E  17.5  70.4 7.3 At
TSP ECST061205 12-05 TO1:42 12-06 T 19:59 28.9°N,124.0°E  28.2°N,125.1°E  19.7  86.1 8.2  ZIb-milk
ECST061207 12-07 T07:35 12-07 T23:03 27.8°N,123.5°E  28.5°N,121.9°E  16.7  71.1 5.8 (Bl
ECST061210 12-10 T 15:39  12-11 T 05:42  27.8°N, 121.1°E  27.1°N,122.6°E  21.6  66.5 9.5  Zmg-Adb
2022 ECST061211 12-11 TO7:44 12-12 T12:33  27.1°N,122.6°E  25.5°N,123.2°E  24.2  68.3 6.7 R-ARwW
h ECST061212 12-12 T 14:04 12-13 T09:53 25.5°N,123.2°E  26.7°N,121.3°E  15.3 72.0  10.5 #Ab
ECST061215 12-15 T 08:30 12-15 T 16:23  26.5°N,120.5°E  25.7°N,119.8°E - - 12.2 it
Anderson  ECSA061121 11-21 T07:03 12-01 T 17:54 36.1°N,120.2°E  30.8°N,123.0°E  16.7  67.7 8.3  Adb-milk
SYRER ECSA061204 12-04 T08:33 12-13T09:53 29.9°N,122.3°E  26.7°N,121.3°E  19.6  70.3 7.9 FAb-%
ECSR061126 1126 T17:00 11-26 T23:00 25.4°N,121.2°E  25.8°N,122.6°E  19.9  67.0 9.0 Kb
_— ECSR061205 12-05 T 08:00 12-05 T23:00 28.2°N,124.9°E  27.5°N,126.3°E  21.7 80.3  10.2 ZRAb-2R
ECSR061206 12-06 T21:00 12-07 TO1:00 27.1°N,124.5°E  27.5°N,124.0°E  21.2  71.2 8.3 [IIE]
ECSR061213 12-13 T 10:00 12-14 T 12:00 26.7°N,121.3°E  26.9°N, 120.3°E - - 7.1 KRk
ECST070224 02-24 T 18:18 02-26 T09:59 31.2°N,122.5°E  28.5°N,126.9°E  18.1  61.4 9.03 ARk
ECST070226 02-26 T 16:49 02-27 T01:24  28.5°N,126.9°E  27.5°N,126.3°E  17.6  82.6 9.41 ik
ECST070227 02-27 T 04:56 02-27 T23:02 27.5°N,126.3°E  28.9°N,124.0°E  14.3  82.0 7.74 HKAb-
ECST070228-1 0227 T23:58 0228 T 13:04 28.9°N,124.0°E  29.8°N,122.5°E  14.2  89.3 5.56  Adb-A&
ECST070228-2  02-28 T 13:36 03-01 T06:12 29.8°N,122.5°E  28.4°N,122.6°E  18.0  81.3 9.92  AKb-&K
T5p ECST070301 03-01 T 06:24 03-01 T 15:09 28.4°N,122.6°E  27.6°N,123.8°E  20.3  73.1 9.98 ?it%ﬁ%
ECST070303 03-03 T 10:50 03-04 T 05:44 26.5°N,123.5°E  27.8°N,121.5°E  14.9  95.7 3.00  Pdk-p
ECST070304 03-04 T09:42 03-05 T 14:56  28.5°N,121.9°E  28.5°N,121.9°E 8.4  61.9 7.73  RAG-VUR
ECST070305 03-05 T 16:00 03-06 T 12:44  28.5°N,121.9°E  28.5°N,121.9°E 6.4  52.0 5.23  Adb-ig
2007 ECST070307 03-07 T 13:50 03-08 T 10:10 27.2°N,120.7°E  26.2°N,122.1°E  15.0  80.5  11.29  F&dit-%&
FF ECST070310-1 ~ 03-10 T 03:00 03-10 T 14:30 26.3°N,120.1°E  27.7°N,121.5°E 6.6  56.5  12.5 it
ECST070310-2  03-10 T 15:00 03-11 T09:02 27.7°N,121.5°E  29.9°N,122.3°E 6.6  56.5 7.43  db-igdb
Anderson  ECSA070225 02-25 T 13:47 03-01 T15:09 29.9°N,124.5°E  29.8°N,122.4°E  17.1  77.0 8.6 RIb-F
SR ECSA070303 03-03 T 10:50 03-11 T09:02 27.8°N,122.8°E  27.6°N,121.2°E  10.8  71.5 7.7 PEdb-FAE
ECSR070302 03-02 T 11:00 03-02 T 17:00 26.6°N,125.5°E  26.2°N,124.2°E  22.4  85.2 7.7 Jb-FAk
ECSR070303-1  03-02 T22:00 03-03 T08:00 26.2°N,124.2°E  26.4°N,123.8°E  21.0  88.9 4.6 K
—_— ECSR070303-2  03-03 T 09:00 03-03 T 10:33  26.5°N,123.5°E  27.8°N,122.8°E  15.9  98.0 1.2 ?E@-V_Mt
ECSR070304 03-04 T 12:00 03-04 T20:00 28.5°N,121.9°E  28.5°N,121.9°E  10.7  55.0 6.7 ik
ECSR070308 03-08 T 10:00 03-09 T 12:00 26.1°N,122.1°E  26.1°N,120.5°E  15.2  88.2 8.3  Pilb-A&idb
ECSR070310 03-10 T 04:30 03-10 T09:00 26.1°N,120.5°E  26.0°N,119.9°E  10.3  77.1  14.3 ZRAb-db
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Fig.2 Concentration of urea nitrogen in aerosols over the East China Sea

40

35 - 1
30
o
° 25 —
4 _
® 20 |-
=
& 15
I

10

0 I I I I I I I

o & o > b v &> $ O
@0 @Wm &n b\q'\ «\5’% & & & r\““’m f\@
& & <§ & & & & & &
%S
3 HiBMAKPREANKE
Fig.3  Concentration of urea nitrogen in rainwater over the East China Sea
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Fig.5 Distribution of urea-N> NH, -N and NO; -N in different size fractions of aerosol collected from the East China Sea
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Table 2 Summary of concentrations of urea nitrogen and inorganic nitrogen in aerosol and rainwater in different regions
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Table 3 Factor component matrixes resulting from factor analysis of aerosol in winter and spring

5 KT BT

HT 1 F T2 HT 1 K72 AT 3
Na* 0.263 0.951 0.965 0.246 0.060
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K* 0.936 0.165 0.274 0.859 0.324
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