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Distributions and Air-Sea Fluxes of Dissolved Nitrous Oxide in the Yangtze River

Estuary and Its Adjacent Marine Area in Spring and Summer

WANG Lan, ZHANG Gui-ling, SUN Ming-shuang, REN Jing-ling
(Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, College of Chemistry and Chemical Engineering,
Ocean University of China, Qingdao 266100, China)

Abstract ; Distributions and air-sea fluxes of nitrous oxide (N, 0) in the seawaters of the Yangtze River estuary and its adjacent marine
area were investigated during two cruises in March and July 2012. Dissolved N, O concentrations in surface waters ranged from 9. 34 to
49. 08 nmol L. ™" with an average of (13.27 +6.40) nmol+L ™" in spring and ranged from 7. 27 to 27. 81 nmol-L " with an average of
(10.62 +5.03) nmol:L™" in summer. There was no obvious difference between surface and bottom N,O concentrations. N, O
concentrations in both surface and bottom waters decreased along the freshwater plume from the river mouth to the open sea. High
values of dissolved N,O were found in turbidity maximum zone, which suggests that maximal turbidity enhances nitrification.
Temperature had dual effects on dissolved N, O concentrations. N, O saturations in surface waters ranged from 86. 9% to 351. 3% with
an average of (111.5 £41.4)% in spring and ranged from 111.7% to 396. 0% with an average of (155.9 +68.4)% in summer.
N, O were over-saturated at most stations. The sea-to-air fluxes of N, O were estimated to be (3.2 +10.9), (5.5 +19.3) and (12.2
+52.3) pumol+(m?-d) "' in spring and (7.3 £12.4), (12.7 £20.4) and (20.4 +35.9) pmol-(m*+d) ~' in summer using the
LM86, W92 and RCO1 relationships, respectively. The annual emissions of N, O from the Yangtze River estuary and its adjacent
marine area were estimated to be 0.6 x 10 7> Tg-a ™' (LM86), 1.1 x10 > Tg-a™' (W92) and 2.0 x 10 > Tg-a~' (RCO1). Although
the area of the Yangtze River estuary and its adjacent marine area only accounts for 0. 02% of the total area of the world’s oceans, their
emission of N, O accounts for 0. 06% of global oceanic N, O emission, indicating that the Yangtze River estuary and its adjacent marine
area is an active area to produce and emit N, O.

Key words:the Yangtze River estuary; nitrous oxide; distributions; seasonal variations; gas exchange
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Fig. 1 Sampling locations in the Yangtze River estuary and its adjacent marine area
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Table 1  Relationships of gas transfer velocity
EHRAR uyg/mes™! SCHk
k=0.17 u;y(Se/600) =273 O<u,py<3.6 [20]
k=(2.85xuy -9.65) (Sc/600) ~? 3.6 <u;, <13
k=(5.9 xu;y -49.3) (Sc/600) =/ 13 <uy,

k=0.31 u,,(Se/660) =2
k=1.91 exp (0.35 u;y) (Se/600) ~17

A [21]
JL 3 X [19]
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#& Rhee' ™" (A4
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HEFR)Z WK DU EN,O R BTl 9.34 ~
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nmol-L~"; JEZ K PN, Ok BEYE IR 9.19 ~
52.98 nmol-L™', S N (12.80 = 6.94)
nmol - L ™", B ZRFRZ M A RN, O BT F hy
7.27 ~27.81 nmol-L~" | SFH{H H (10.62 +5.03)
nmol-L™"; JRJZW KPP N,OWEILH K 7.59 ~
31.25 nmol-L™', ¥ ¥ {H & (12.41 + 5.83)
nmol - L™". WAy 3R | K Z MK TP RN, OV
JEZEHERAK R I el BIR G8F. A, %

T A P N, O VR BEAFAE W W i =5 A8 4k, 5
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5T VR A FRA5 A K VT TN, O3 B 78 L 75 Bl P, (L Ak
FHARKT- 3% 5 Zhang 5517 I A 17T 0 K IHLAR
TN, O ¥R B SE A 0.
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Table 2 Observed N, O concentrations and environmental parameters in surface

and bottom waters of the Yangtze River estuary and its adjacent marine area

WECI) st R gy fn’ffo fm’iﬁi?l L fn’f oo fm}ilﬁ;?l
03-06 ~03-14 47  8.65+1.78 26.23+10.73 9.90+0.96 13.27+6.40 8.83+1.67 27.45+11.35 9.76+0.95 12.80+6.94
07-14 ~07-18 41  26.04+1.28 24.31+9.23 7.0620.33 10.62+5.0322.3922.99 27.96+11.10 7.370.26 12.41 £5.83
F3 HEKKTOBMEN, ORKEY
Table 3 Summary of N, O measurements in various estuaries in the literatures
5T X bk At ) (4E-H ) N,0 /nmol-1.~! HIFBE R/ % SRk
EZhmn| 1995-07 ~1995-08 (8.01.0) (112) [28]
B Y 1998-06 16.76 ~41. 04 [29]
ZREW 1988-08 9 ~30 [16]
1988-10 9~24
1989-03 15 ~23
1990-06 10 ~18
EZ(ERENS| 1996-03 ~ 1996-12 100 ~4250 (452) [30]
AR 1 1996-09 ~1997-03 96 ~110 (100.4)
FARRHIT H 1991-11 (14.3) 106 ~165 (132) [5]
1997-06 9.8 ~36.7 [31]
JEELORIT 1998-09 7.3 ~21 [31]
rifg SR A 1978-10 10 ~250 120 ~ 3000 (1560) [32]
1993-10 10 ~338
1994-05 75 ~150
1996-07 50 ~300
Wi SRk A 1 1997-05 ~ 1998-04 8.7 ~ 1457 (710) [31]
FRMELA 1998-02 11.2~93 93 ~681 (321)
Childs ¥ [1 1993-06 ~1993-07 2~38 (302) [33]
1992-11 ~1992-12 4~65 (613)
BB 2001-08 94. 1 761 [34]
2001-11 90. 6 538
2002-02 132.5 450
BB 2002-05 467.5 2187 [35]
Temmesjoki 7] [ 2004 HZ= 7.3 ~15 136 [36]
KT 2002-04 ~2002-05 (11.77 £2.15) (141 £23) [17]
2002-11 (9.00 +2.11) (114 £25)
2006-06 (9.10 +0. 88) (119 +6)
2006-08 (10.78 £4.25) (184 +71)
2006-10 (10.11 +1.56) (153 £24)
BRIT 2003-09 20.4 ~48.6 [37]
2004-04 62.6 720

1) 55 BB AR 2l
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