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Atmospheric Nitrogen Dioxide, Nitric Acid, Nitrate Nitrogen Concentrations,

and Wet and Dry Deposition Rates in a Double Rice Region in Subtropical China
OUYANG Xiu-gin'??, WANG Bo'®, SHEN Jian-lin>’", ZHU Xiao*’, WANG Jie-fei>’, LI Yong ",
WU Jin-shui*”

(1. Gold Mantis School of Architecture, Soochow University, Suzhou 215123, China; 2. Key Laboratory of Agro-ecological Processes in
Subtropical Regions, Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China; 3. Changsha
Research Station for Agricultural & Environmental Monitoring, Institute of Subtropical Agriculture, Chinese Academy of Sciences,
Changsha 410125, China)

Abstract: Nitrogen dioxide (NO,) and nitric acid ( HNO, ) are nitrogen-containing acidic gases in the atmosphere, and they are
important precursors of nitrate in aerosol and rainwater. The emission intensity of atmospheric nitrogen oxides is high in the subtropical
region of China, but the concentrations and deposition rates of atmospheric nitrogen dioxide, nitric acid, particulate nitrate-nitrogen
(NO; -N,), and rainwater nitrate-nitrogen (NO; -N,) in a double rice region in subtropical China are still unclear,. In this study,
the atmosphere concentrations of NO,-N, HNO;-N, NO;-N_ in PM,, and NO; -N, and related meteorological parameters were
simultaneously monitored in a typical double rice region within a subtropical hilly region of China, with the aim of determining the
characteristics and influencing factors of NO,-N, HNO,-N, NO; -N ,
deposition rates. The results showed that the annual mean concentrations of NO,-N, HNO,-N, NO; -N_, and NO; -N, were 4.2
pgom~’
kg+hm ~*, respectively. The NO,-N concentrations were negatively correlated with air temperatures, and the HNO,-N concentrations

and NO; -N, concentrations and quantifying the wet and dry
,0.7 pgem ™, 4.0 wg-m ™, and 1.0 mg-L™", respectively, and the deposition rates were 1.5, 3.2, 2.3, and 6. 1

were negatively correlated with wind speeds. The NO; -N ~concentrations were negatively correlated with air temperatures, positively
correlated with NO,-N concentrations, but not significantly correlated with HNO,-N concentrations, thus indicating that NO,-N
concentrations were an important limiting factor for NO; -N pollution in this study area. The NO; -N, concentrations were negatively
correlated with rainfall, as well as the concentrations of HNO;-N and NO; -N . The annual total dry and wet depositions of the
atmospheric NO,-N, HNO;-N, NO; -N, , and NO; -N, were 13.0 kg-hm >, which indicates that these compounds are important
sources of nitrogen in paddy fields and may have significant impacts on paddy fields and surrounding ecosystems.

Key words : nitrogen dioxide; nitric acid; aerosol; rainwater; nitrate nitrogen; wet and dry deposition; paddy field
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TR 40. 4% , NO,-N FINO; -N, %t & T MR UL B 1
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Table 1 Correlation analysis results among NO,-N, HNO;-N, NO; -N_, NO; -N, concentrations and meleorological parameters

NO,-N HNO;-N NO; -N, NO; -N, TRUTRE (SR S Rk AR
NO,-N 1
HNO,-N 0.213 1
NO; -N, 0.659 * 0. 438 1
NO; -N, 0.417 0. 659 * 0.348* 1
T UL -0.143 -0.370 0. 030 0. 049 1
et i -0.224 -0.350 -0. 085 -0.279 ** 0.413* 1
Sk -0.624* -0.443 -0.497*  -0.196 0. 145 0.277* 1
IR 0.031 -0.579* -0.073 -0.186 -0.015 0.347 * 0.197" 1
A 0.114 -0.530 0.142 0. 050 -0.079 -0.004 0.053 0.244 ** 1

1) # # F/RTE 0.01 FHI(RUB) , MHRMREBE, « FIRTE0.05 B (WE), MHet:iE

3 itig

Hai A o oe &8, & Bt 7 K< NO,-N,
HNO,-N ¥ 383k 55 T/ 7, AR R vE 3l s T
i b DXCFT 5 6 e . P R AN S b S SIS s A 5 1Y
X, 3T AE S RGO E T A T HAL A S R
G5 ARBRSE X NO,-N VR (4.2 pgem ™) &
FVH AR 2 H X NO,-N % (3.0 pgem )",
HNO,-N AE P EE (0. 7 pgom ) AT Xu 5
PIBESE AR db gk B AR S R 48 HNO,-N M B (1.7
pgem ). HETREVFZRIUNE LU KB K
SR Y FNOS N HE 7.2 ~ 14.6 pgem A
A ARBFFE A NO, -N e (4.0 pgem ™)
FAXT TR B RS A Al A A5 R e W I A
FE A TR 4 O M g5 R KRR
NO,-N, HNO,;-N FINO; -N ¥k [ T NO, HEjilt, M
S EREER NO, HECE S LR T NO, HERLEY
TEBBEE R E, T WA W R A NO,
HE AL T4 rh Sk AR TR R K =
B A X EL T R HIX, (HE T = 5t R A
ik e SR R P s AR A b X 3 3R B DX A R AR
1625 A M B (NO,-N | HNO,-N FINO; -N ) 5 X I
NO, HEF B AT B A G

RUNO,-N| HNO,-N FINO; -N ¥ JELE—4 1)
AR A —E 2R, NO,-N WEETE 10 ~ 12
AR e, X ST ARFIE A A, HIFRE N
WS [ BE P Y b A P i R B e K AR A A L BB 5 IX.
A TR bR e e R AT 1 22, KR NO, HElCE:
HiZ. HNO, EZH NO 1 NO, (4Frk NO,) &4
RVARL, HA5S G T A S A 2 B vk 3
)G W E A CR (K 1), HIk HNO,-N #
FEWE(E 5 NO,-N W BE WG (H B W) & i fE NO,-N
WY 11 A HNO,-N ¥ B AR mT 2 I %
HOy R, 1 HNO, FTTRE R A, i Kk

A N DR 3G i, DT B AR L R Ak B
ABFFETINO; -N R 5 NO,-N Y& B 8 285 A8 (b R AiE
BN—2, ML HTRPINOS -N K E 5 NO,-N
WL W EIEAR G, X O K NO, &NO; -N, F
BERTARYI T ; RSO 5 NO, -N W B2 5 A 8 35 67
FHOG, 32 PR A AR ) 52 SR I 1% 2l Y 52 i, S e R
et R, HEBEIR A No, £, A B TNO; -N,
(IE B

NZEIE SR K NOS -N R B RO T A
FERZI 2 A P AR S R G AR L
Ibm%ERMAESRSE KAOWSAKRESRS , KIL
T AKX | 1L PG48 A T A A DR )1 43
Hb VPG 25 #0 T 38 AR AR AR A R B NO, N, MR BE 43 0
0.3021  0.27"  0.17"7 1.30" 3.20"" Fn
1.40% mg-L™". AHFSE X 3 5 7K H NO; -N, ¥k &
(1.0 mg-L™") @ T2 NIE S/ D X, I
TFHRMWUTEMAEILH X, 5 Kuang % A1 Cui
A5 OOV A Y B IX 38R A0 BF 58 65 SR AT AR DGk o
W, NO; -N, ¥ J¥ 5 HNO, NO; -N, ¥k J¥ 5 1A
K, HEEMEETMIKE(ER D). 7EHFEEPZE HNO;-
N FINO; -N ¥R EEAIR | R RERAINO, -N IR BEREAIR,
FKA Wi ZE HNO,-N FINO; -N W 15 | [ R 2t/ i
NO; -N ¥ FE ¢ . MK N0y -N SR IR T R
HNO, , I HNO, N, & RN AR
BRTE S 25, eIk e AR, NO, HECE 34 T,
PRI ORI R B 1, =K G BER L Z INO; N,
MTTHEAINO, -N e B P . SRR & K, NO, -N,
B R AT R AIG. AN TN, 6 B RN
R HBER R L, RSB BR 15 2] 585
ik, SECLAES P AR R R AR A, AR K
HINO, -N R EEAS/N, 3 A AL S H i TR & K H
NO; -N ¥R JE# R, NO; -N BT 5 AE X 94~
FBLEAE, 745 S Yu %% Fl Chen %1
E5IR 2L T 6 H BARKERm T3 H L UK T
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FAERS AR BB R, FERE R Pt 45 2 th
AL HINO, -N WK EEE, Bt 10 A NO; -N, P34k
B, 17 A TRERRE/NENOS -N KL, 1B
DU i Ry AR AR,

AHFFE X NO,-N | HNO;-N \NO; -N AR5
YUK 1 FNO; =N, 4F F 25 9% 90 B & 43 01 6.9
kg-hm > 6. 1 kg-hm >, & T 2013 4F 4 [HF1Hy
JKF-(3.0 kg-hm 2 H1 2.8 kg-hm ) 5 & &b
AT AT PE TR A R A Rk RS =1l
A T T 1 4 2 SR A A AL, X 5 TR I A
ISR A SR Kk ak, Tl 2838 3 il B Al 95
NO, HE A X8 & A k. AR BT X 3 NO,-N |
HNO,-N NO; -N_4E-F- 3 T F i 5 NO; -N 4EF- 1
MR U FU T 12 1, & T dg Ui s
2SR (1:2) P AR FTT6 T B i 3 204 FH i
SEHL(2:1) 77 kAT RE S T IR E ALy b X A AR
B2, A RRRH R R Jr i IX Ry, HLAL 5 M DX R
KED | KA ITEER 40> £ DL T UUREIE DT
BT . T2 B AR R | TR AR T B
2R A YR PE B 52, RS0 NO,-N | HNO,-N #l
NO, -N, TR B #0028, AP iR
NO,-N, HNO;-N HINO; -N, Ui 5 R F BH o 4
RURHUTTH, NO,-N B H P ¥ UK 3 AE 0. 06 ~
0.24 cm-s ' ZIA], SFHEH0. 13 em-s ™' HNO,-N
() H ST R R TE 0.47 ~3.49 em-s ™' Z[H],
EA 142 emes™' 5 NO; -N_ 9 7 S35 150 1 6 1
0.16 ~0.33 cm-s™' Z [0, FH¥ME K 0.21 cmes™
(El5). ABFFEBIR TR 3 5w AR IE 14
H (464, JKFE . /INZZ2 F1 £ K ) NO,-N Al HNO,-N +
DR R 2 RSP RS R e —
AT SRR, ERAHE ST T Y 7 A T D0k i Ak
B, CWARZ S EEZ, (AR — DR R RS
R, STaA BE R MM Ik, W E 5
NO,-N, HNO,-N #INO; -N, ¥ifF R,

REMYERWLTFRSZ—, XN THRES
RGN ZNARZMAST ARG AT I, )
A R AL | T E SN, O HE S hn 45
—RIIAFI A S IREE RN Mk AR RS
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05|
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Fig. 5 Monthly mean dry deposition velocities of NO,-N, HNO;-N,
NO; -N,

EFEESRE (FNEBRESRS) AR &E
WAME L REE, 7 A A SR A K Z
MY AR W E P NO,-N, HNO;-N, NO; -N, Al
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Ui 2 2 4E0E HARE R R G0 BTG AU IR AL 1
B[ 15 ~20 kg (hm?-a) 7' 1M A MLEA
(NO,-N, HNO,-N NO; -N, FINO; -N, ) SR ) (1K
TR XA 2. 25 I8 BN AWT 5 X 5k
A JFEA A (NH,-N, NH,-N, RINH -N) MY ik,
TR m A 23 kg (hm?-a) ', BALSE ML)
BAMBTFERE Ik 36 kg (hm*-a) ™', KR
DU EL 28 180 W T R X U2 A EOR IR, ARG A
WFFE DX B0 X 2 Fef A= 7 o P 2 4R it Al i 360
kg: (hm?-a) ~'it, AU AMARC HREEA
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M. 2o v R LD T e T ) o b, | el | T e
HARAES RGN (H 53— P 5T

and NO; -N, during the sampling period

4 Hig

(1) 76T FE W AAGHT Fr B DX B — A B XU A X
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KIY) PM,, TINO; -N, 2 F7K INO; -N AFSF- 349 B 43
MA42 pgem™> 0.7 ug'm™> 4.0 pgem FI1.0
mg-L "

(2)NO,-N ¥ ¥ 53R 2 7M1 & ; HNO,-N ¥
Ji 55 R = UM DG NOS -N MR 55 I 2 6 A G
5 NO,-N ML IEAH G, 15 HNO,-N ¥ J& R il 25
K, FW NO,-N ¥ EEAE A5 X BUR TP UNOS =N,
TS YL BRI A F; NO; -N, e 5 [ R 1t 2 17
FAK, 5 HNO,-N R EEHINOS -N Rk B 52 IE ARG,
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