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Nutrients in Atmospheric Wet Deposition in the East China Sea

ZHU Yu-mei, LIU Su-mei

(Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of China, Qingdao 266100,
China)

Abstract: 92 rainwater samples were collected at Shengsi Archipelago from January 2008 to December 2009. The pH and the
concentrations of nutrients (NH,”, NO; + NO, , PO, , SiO>™ ) were analyzed using spectrophotometry to understand the impacts of
the atmospheric wet deposition on the ecosystem of the East China Sea. The results showed that the pH of 85% samples were less than
5.0, and had significant effect on the environment. There were significant differences among monthly average concentrations of
nutrients and rainfall and seasonal average wet deposition of nutrients in investigation periods. The annual average wet deposition flux
was 52.05 mmol+(m’-a) "' for DIN, 0.08 mmol-(m’+a) ' for PO; ", 2. 05 mmol-(m’-a) "' for SiOﬁi. The average molar ratios of
NO; /NH, is 0. 73, N: P ratio is 684: 1, indicating that nutrients composition in rainwater was different from seawater of the East
China Sea Shelf(10-150). The wet deposition may change the nutrients structure, pH and lead to change the phytoplankton production
in the surface seawater of the East China Sea, even lead to the red tide.

Key words: wet deposition; East China Sea; nutrient; ecosystem

RS T B R I 505 G ) RS 9% 00 2R B 1% ) g
TSR . BRI AL R I 0 1 3 R
BER R AU . R KAk AR i
FIOR A, T L™ A N S T [ 4k
B AN 2L 2 g5 ittt 5 = K X 2 — ). Rofg
EPNCE I 3P R TTI0E A R PN
12 T £ e DAYt B A 4.

P fhi 5, N 2805 3h 77 2R N s R (I
R L AT AR PR R NO, AR By B 5 1R
i 140 Tg - a ') 3K 88 N K 3F MR 0 55% ~
60% L LL NH Al NO, (7% 23R [B] 2 K0, HE s s
KAHIIR T0% ~80% L3t ik K< T8 U % (1) 7%
23R (7] 3 il R AR T D AR R
KA GURAEE J5 6 E R W H R AL 22 06 3 h 30 5 16
B PR M A ER R SR, KN i NGl 2% T
Bl KT U 0 N R 26 T 4RO R 10 A
BRI s, KADTRE T B U AN E I 15% ~

429 T R WAEIX Ok A ORI N AR
60 000 t, 7 % ¥ X 5 fi N B K 54% . Kang 281
WFF R W A KRB 45 H AR A K 10% 1758
PR D T AR K2R T34 B 25% . Krom 251 v
WE RN R REATHI SRR ,61% (N & 28%
EII S =[5 N W T B L A T = (B NE R 7 T
{554 0.19 mmol- (m*-a) ", 7] DL 3 4% 534 38%
(37 7B 7= 1 e G b A S K U R
g 7K i JEBLBE s O W T VRO R AR K
R et g e O R BF ST R, KT
Berh ) N PO B ON A SO U N
48.8% FH 46.2% . 77 A1 WA FN + 8 2k, AT Tk 4 i

WA 7 :2010-12-01 34837 F 491 :2011-04-06
FEEUHE K R R A R BF ST Ok R OB R (973) Il H
(2011CB409802) ; [F 5% [ 4Rk £ 22 3£ 4 T H (40925017)
PE# A K Mg (1986 ~ ), 2, W AT 98 A, BEWE ST 5 1) 4 i 7
A ER 1L 2% , E-mail ; zhuyumei_4@ 126. com
« JHILEE R AN, E-mail; Sumeiliu@ ouc. edu. cn



9 4 o KM AE AR R UL B R R BRI T 2725

7K B Ml 08 i\ B0 1RV o i o
0 SRR TS R Si 1 2 A
SRR

AR T IR L 0 700 R B, KR R
AL UTREA TR 0 AR T AT
2008 4 J 2009 4 {5 4% i e I B 5 R A T K B
S W0E T pH i K 30 5 6 K (N, | NO, +
NO; | PO} SI0YT) I A Bt M I B K o 2 5 b K
P A 5 A VLM B R KU R
R AU A TR 0 30 R TSR R A U
3 R I 50 0 LA T2 0 X

| O RS W RFS

L1 CRAFEEEIE] M RUF 7

2008 4 1 J] ~2009 4F 12 H, 45 K i by B
By R T 92 SR ZKFE fh . SR AE 1 b 2R A7 B 1] 1
i ARSI E AN RN, ROHIMA 1:5 1
HCI #5363 d, 88 5 2 & 77K ob vk, 7 H Milli-Q K
VT, TR A AT 7R A it R A I SE 47 R W
AESCAR (R 1.5 moE) P B R AR I H
SRR K Z AT 4T JF, &5 RE SL BV ). 45 B A <
0.5 mm, | E5; [EHE >0.5 mm, WE NS5 H
HOIRIERE R AR BN 0.4% & AN, ¥ U7
A5 JE PR AE . R E s i A O A5 E

35°
N i J@v
33° b
T 5
*

31°

B

L)

5
29° t %
27° L L

123° 125° 127°E

K1 REHAURE

Fig. 1 Location of sampling site

L2 FEdh o Hr
BB b IR S2 56 5 i, S E MK K pH AR,

F10.45 wm ¥R £ 24 98 B (A A i e 76 pH = 2
) HC1 i iy 24 h, FH Milli-Q /K ph e & b ik, 76
40 ~45°C L FRIE) ik, 47 2% SKALAR SAN™
IR A S A e T NHS . NO; + NO, |
PO, ™ | SiOF™ [f {5 .

2 4RI

2.1 [EFWEM pH (A

2008 4E 1 H ~2009 4= 12 F 4 S 1L bgspu ¥
IR BB R 81902, 5 mm, HF (3 ~5 )
H 356 mm, EZE(6~8 H) K 752.5 mm, K== (9 ~
11 H) K545 mm, &Z=(12 ~K4E2 ) K 249 mm,
L H2 LKL A& g B SRR R RN 19%
39% . 29% . 13% . fHUL T LUt 76 1 £ 39 () 00 30
BER R AP AR M ZF, B BEW R
68% 1M 475 KL /D

U A 5 B K 0 pH {EAE 3. 41 ~6.95 Z ], B&
RN BCT 48 4. 46. K4 FE 0T 445 0 4 B oK I
pH X7 4 ANSE, pH A < 4.5 O 34 53 1R AL A7
P SEWE ) ) T 62% ,pH B < 5. 0 (0 P58 R AL AT W
W) IR 85% |, i W] IR U B LU ™ L IR I 1K)
N A K rh LSS A B I o0 it B2 FRAR, T S
Wi K A A B 7B KR PS03 L NOy | NHY
FCa®* J2 3 [ B /K b i 2 BT BH B8 1, KR Tk A
Tl P 49 o AR R HE TS 5 1 A8 A R R e B K I R BE L T
SO, Fl NO, & J¥ B P B4 /K S 85 22 1 B0 5 7R 4,
NH, | A EMbH 28 DL R vb A v 1 B 1k R 1 72 b
HTRE 7K R Ve ) 224 ot 3 4 oK, SO, . NO, HF i &
BB RN A L TRy A R UeCHE S B K B R B R
M AR K pH (Sl 7.99 ~ 8,487 g
S5 0P T R K SR P DRI I R TR P B UK R A 3R
SR pH A, Bl 2 5% pH fE . B & Bl I [R] f) AR

140 ~ 20084 . 20094
T 7
120 L BRI
—e+—pH
100 46
g
E 80 —
60 5
&
40 i r{
1 ) 1] | -4
o il :

04-05 06-13 08-25 10-25 11-1102-28 04-1906-30 08-15 12-06
FEARKEE (H-H)
B2 2008 ~2009 4 7y [ R f B 7K pHL AR B IR ) () 22 4K
Fig.2 Rainfall and the pH values of the precipitation
in 2008-2009



2726 ®o

7l

RS

32 %

PGB, AT LU Y pH R A8 (ot 94 55 I 1 A )
B ATSEYE (R =0.03). FE/K Y pH {78 B2 3L
T3 AFR X 2008 4R R A KK ok 22
R A RIE MR KRR RN, B
KR T NS i SR A KR R, 6 pH
AT R R R T R A R W R ()
I L, 9 20> o 2 £ PR g 220
2.2 EIRERWE AN

DL AE g GE vk 80, v 558 1 00 1608 55 5 A °F
BV B ST 8 R SR P R 5 R R 6 ST
IR Gy i

c = Zci XQ/ZQi

Ao, n Ry I B IR BEIK IR B s e, 3 L IR K
MBS 7 BE (ol /L) 5 Q, A 3 i B 7K I 3 1 5t
iR E 3 s,

K3 iRl DUE B IR K R AR A AR R
B BKTEFRBREAM SN EA L, 57
VS RRL 7 IR M BE SR AT G AR AR L & BRI Y
TR FE e, EEEh T2k A KREA
JEH X Pb A 1) 5w, SR ORI BE R, HL R TR
R/ A8 KO0 SBURE 1 37 % 2R AR R
HIROK, R RVEBR T KA I BORLA) , B K b (188
WA

NO, +NO, . NH; L& DIN [k 45 W] & ¥
HA5 1. NO; + NO, £ 3 H H 8 K4 49.27
pmol/L, 2 J5 iV BEAK, 2 9 H A 2 T & /M 9. 39
pmol/L, 2 Ji AP B X 3L Eotta#s 12 Ak
F) 4 K AH 58. 54 pmol/L, NO; +NO, ¥ B 1) 55 KA
JEdc/IMETN 6.2 £ NH, [ 3 /R 40 #4345 NO; +
NO, MIAHAL, 1 ~3 HkEE B E LI, 76 3 H ik 2 i
KAH 65.74 pmol/L,4 ~6 J1745 4k e 34 b 80 7 F, ik
JEAE 37. 84 ~42.20 pmol/L 2 [a], 7E 9 J ik 3 % /)
fH 16.50 pmol/L,10 ~12 HIKEH BT L7+, L ok
& I /ME T 4.0 £ SO R CHLA DIN( =NH, +
NO; + NO, ) 15 NH, " [f) H 1353 8 7 A0 B A s 44
— 3,76 3 Hik B Kl 115.01 pmol/L, 7E 9 H ik
F 5 /ME 25.89 pmol/L, 10 ~ 12 H K & X4 F7F 7+
e A5 T AR DR DY R K G ML A NHY )
58% ,42% LINO, +NO, [F TN A7AE , M0 7E b b i 4R
UK NH, S 41% . NO; +NO, K 59% ),
Mullica River-Great Bay [ U %+ NH,” 25 39% .
NO; +NO, g 61% . K/ iy NH, 2R ¥ T 4

R
—eo— NO3” +NO:s~

490

(=2
=

e
=

=

1 2 3 4 5 6 7 8 9 10 11 12
i

—e— NHy

L
b=
=

1
(=]
o
NH,/umol-L""!

(7]
=

=

1 2 3 4 5
W

—e— DIN

6 7 8 9 10 11 12

4 200

W
=

8
DIN/jtmol-L™!

th
=

=

4 5 6 7 8 9 10 11 12

1 2 3 4 5 6 7 8 9 10 11 12

B3 EIRER PR AR

Fig.3 Monthly average concentrations of nutrients

=]
=

(%]
=

NOy™ + NOy /umol L™

POs*/pmol-L™!

Si0:* /umal-L™!



9 4 o KM AE AR R UL B R R BRI T 2727

b A 7 e U A, T A 7 R S R R #
P HE TR NO, R U T4k A BB A A e L % 2
Pk ke L e B B K R ONHL IR BB R
B 5 RN B A LA B N Rl A R K
NH, g %72 8@yt B b POY™ 9 3 14 R JiE 40 b 4%
%, 7 i 55 HOR U LA b A7 56, POS ™ £E 3 H I ik B
KM 0.42 wmol/L, e /MNE B ILFAE 12 A 0.04
pmol/L, K2y Ak f5 K AH M 1/10. 5 K H Si03~ 119 °F
B B E POYT B, B IR ST 4 U R AR Ak B B
S, 7E 1 AT 10 A AR I, X T RE R i T A
ST, AT KR v 2R UKV AR TR K
(¥ B [H, 1M E Ak FE 55 DIN, PO;~ — 5, F 10 4 —
AN R X T RS A R %, & R R i
VEFR B — A T R 3R R AN B I
{0t AL, 76 I 1) KA R A 5T R P e N

100F
90k
gof
70}k
60}
sol
e )
30}
20}
0}

1 20084F
27 20094

NH4*/pmol-L™!

0 72!

5%

=

o
W

160 |-

—_

b

(=1
T

o 77

DIN/umol-L™!
o0
f=)

I~
=)
T

%%

!
ull
Wl D

% HE A%

b
4
»
H

Si032/umol-L™!

WO W I A K R K R B R
2.3 EHFEHRWEETAN

W 4 F o5, 76 2008 4F F1 2009 4F,NH,” . NO,
+ NO, | DIN =3 [\ J& 2= 15 A AL AHALL, 2008 4F %5
REWE R &, X fe 5 FEBEW R, S%®T
T A 2B 7 A A IE B 1 R A . K IRk
G G ROk 284 5 & RS R () A R G 3 i
T E IR BT 10— AN T 2R W R BRI N T E g
F LX) 2 2 K DIN [ B 2 52 w2 JE 0 B 3%
(22D I A K R B R R . R TR Y
FHZEAN K, — MU ok A 28 (1 ok 3 A oy, i AR AT 90 v 4
75 (1 B AR T A6 45 7 WL I R 5 Rl kDY A
KATIAT R 5 RA, KRIEER T 23S P Bk, A
I 475 B TR B A, 7E 2009 4F 7R A TR VR R,
AT I ZE T H AR A R AT A X, A7 T I

80

70

[=2)
(=1

W
<
T

7

NO;™ + NO; 7umol-L™!
W
[=] [=]
T

"]
[=1
T

Z2)

b
#

H=E ®Z

PO, /umol-L™!

EF

B4R R L

Fig.4 Seasonal average concentrations of nutrients



2728 " 5

# 32 %

RS

5 2677 i i s 1R AR Tk R Gk HE B VS G )
WA B A LK VT 1 X, I B R K o R 9 B
VE A 50T B AR I T B S R ROK
XK A B B TR R IR A O,
DLZR B R Ay = SR ) ) 2 4T 52 38 v R S L T e )
B /b BRI B 7K TP B K P 4 /. Duce 2577 HORT Y
BT KU N B R AT 80% KR
TANRES, KPS RETFRENENTELE A
AV B A 0 HE SO B DA O

PO;™ 7F 2a " 4 45 F 10 IR S 05 K, 78 L fh
AR SR K. Si03T 4 2008 4 & ZFE )1 1
WP B B, 4 2009 4F 5 NH, . NO; + NO, | DIN —
B, B A TR BE Ry, 3X 1T RE 5 Vb AR UKL AR MY 7K T
WiRa k. ERKERAL.

2.4 CE IR DO & T AR

DA 2 e vk S0, v S U 2 00 1) 8 9% 2R DR
T R Y0 R R S T N IR B BT R B 1 i AT
{1 5 B W o 1 e AL

wE s pros, i LUE L, NHS ( NO; + NO, |
DIN = 3% [ U0 B 38 & 2= 45 AR LA 8L, Ho 5 NH, A
tb,NO, + NO, [l & %2 /. #£ 2008 4, NH, |
NO,; + NO, . DIN #F 5 8K = 2 [ i v 1) B0 N\ it ¢
K, MAEA T/, O AP 51 10% Ay
£ 2008 4E = F UL E R R KSR , EE S
AN, A F RN KB TP IS TIRER S
L R A v, DT U T R O R LGB . AR 2009 4F
H P08 & e K, 20 AR 32% Fi g X ]
e H M RN K, FAFEEERENR
50% X V] fgst th TR A F AR RS, b A
KA VD AR JORL, 1 n bR IE 45 KA 0%, Bk
BB TR B e, DR AR A RN 08 R e, 7R K
=, B TR RIS, U e T )

2008 4 PO, W VL R B AR &, 8 4
EPLREIE R 70% A7, 5 R E R & A7 6, b
T MU IR 8 BB T AE 2009 4 5 ) T O
B K, & Z g/ RSP R DUEURE 24 (1 7% A7
TE AW b A2 2 KA ol 1 T BRI R ol A2 ok 1
WL Vb BV R B E S A

2008 4E Si0; ™ [T b4 T AR K R R K, 4 4
RN 38% , AT, B E W FE A M. LE 2009 4
Si03™ [T A i b AR ), F S B, Mo 3 A
75124, 2008 4F Si05” 9 UL 4 B U Lk 2009 4F
il .

2.5 EFIHFEWRIFE R

1 200848
20094¢

NH, i i

5 .
/mmol-(m*season)™!

NOy + NO,iE &

fmmol(m*season)”!

DN it
fmmol-(m?season) !
o0
T

PO, i bt

/mmol-(m?season)”!
=
=
]
T

08 +

Si05* i &

/mmol-{m*-season) ™’

HE e ®F %%
B 5 E IR YRR TR AR L
Fig.5 Seasonal variation of atmospheric deposition of nutrients

M 1 T LU, 7E A R, R
DIN ., PO~ 4 ¥R Wi % 38 & 75 2008 4 1 2009 £ 45 fk,



9 4 o KM AE AR R UL B R R BRI T 2729

AR, 2008 4 Si0F 7 ) 4F i T B A AL 2009 4
(2.5 ff. 03B T A B, NH, A9 U0 Bl & Bk,
J&NO; + NO, Ay 1.3 % ,DIN 1 58% LLNH, =t
TFAE . {E 6 [ WY g LA K %5 i Thessaloniki, 8 3T B&
NH," ¥t B4 38 & th o T NO, + NO, |, 5 AH 5Tt
B 3 5 AH 22 R OK, 1 5% [E Barnegat Bay J it o ity 4
#,NO, + NO, (¥ 9 Bl & bk NH, w52
T2 PR YRGS, 1860 4F 4 BRI B 2 F £ I (1
WEPEECh 20 Tg -a ', 3] 2000 4F 7T B & & 1860 4F 1
347,055 67 Tg a7 it ik N KN WA AT A
FHUKMERE B I, AW 2 R 9D & R . R
AR R I I SR AR AR T R T A A R A
{9 4 7%=y FRRGE #E . Whitall 250 (8 57 & R 26
[ Jb & B ok 49 Neuse Ji 1 F9 R0 WT B B N by 2t
AN 50% , %F T Neuse Ji] [ % 2 B %8¢ 850 E% 1) 7K
T, 79 AL 116 2 BRI 1) XA B AR 40 2K (KD 2
TG R AR A K. RE SN I R E=
KAV M E R WX 2 — (63 74 R A $
) 74 NATT A 2SR S it AR A1 K T . AR
s 86 7K TR Z50 4 A B L B K 1) AR U ik 229 XY DIN
Gy N 26 x 107 mol, 1] K YT [ 4 AN B K 75 x 107
mol. PRIk, A1 L I 3, K VT X 4% i Bl 424 X DIN g
TTRREE K. KA UL % T POS™ | Si037 Ji 4R I i 42
I DX (K o N LKV B N AR
F1 R BE SR A 40 DU KR B/ mmol - (m® +a) 7
Table 1 Wet deposition of nutrients at Shengsi

Archipelago /mmol+ (m?*+a) ~'

It 1) NH,;  NO; + NO,  DIN PO; - Si0;~
2008 4 32.92 20. 15 53.07 0.09 2.92
2009 4 27.34 23.68 51.02 0.07 1. 17
SERIE 30.13 21.92 52.05 0.08 2.05

K2 AT IS KT A YT R M B/ mmol - (m® ea) !
Table 2 Wet deposition of nitrogen in coastal areas of the

world/mmol+ (m*-a) ~!

0 YU W

S NH,/ NO; L
3% [# Barnegat Bay 18. 69 29.20 [42]
P R 6.7 9.7 [29]
i[5 95 i 34.10 20.97 [43]
75 & Thessaloniki 30.71 25.5 [44]

Zhang %57 75 2000 4£ 3 F ~2003 4F 4 H X 4
T VR0 B RS O B B JE AT 43 T, DIN o 60%
LLNH, #9047 46, PO I Si03™ () KA i Ut %
WA 0.07, 1.95 mmol- (m*-a) ~', 5 A5

fK) 45 SR AR BL. T A %5 A 2004 4 6 F ~ 2005 4
SRV 11 5% 0 0 K S T B RE I RIT 9 R
W] ,DIN 1 71% L NH, JERAETE, 5 AW FL 48 BA
[, . POS ™ K/ i T F4e 3 At AT 9 45 SR 1 2. 1
i, 10 S103 ™ W 7T 8 30 F Al A9 45 L 1 1/21. 3%
T B B AR N A I B B R % A
SEPR A

W T T B R R S A AT LA B R R B
AT LA I 0 Bkt o T A% A D) B N Bk
Hh T3 3 AR A A 6 T 5 A T BRI S o e
VOE SRR N AT Ak AR IR
2.6 KAURUTHEX KA RGN0

VF R 100 7 K B 3R R KR B A K, [ I
5585 55 2 )1 LA . AT 5 1 2 000 ) U
BE RV OB DIN b NH, BF o5 B9 LL#l @& T NO,
NO, /NH, {14} 0. 73,5 Zhang %" F 2000 4 5
H ~2003 4 4 F B0F 5 45 5 HE. T AR K R
NO; /NH, 2 5.67, 55 B 7K 19 41 s AR [, HL B 7K o
N: P =684:1, LA 48 X K JZ2 g K1) N: P =10 ~
150w AR £, HLIg 3 i T 35 i 4 76 K o B2
N:P = 16: 1. B Tl 78 72 F0 A6 A7 00BH R B8 245 9 A
RGBT B A BB 2 g om T T AN
FOG T PRV 2, HU 75 5 78 H 38 i 2k, IR BEN: P
O LB . T AR VE R I R K B R P B R
ERBRH) O BAR BRI FR G S R R
TR IR 3R B 46 H 25 BIAR K, R K T RE A 2 2 g
KR F7 R G A R 1T G ) T WAL I 2 KR R R
£ K. Markaki 25550 565 M v g 9 DX BT 55 26 W, A 78
F8 ) 4% 33 T 1 o %) DIN/DIP 3% ¥ 389 1, 3 b 42 1k
a3 5 0 i X i 7K T i DIN/DIP [ 48k s 3 —
B, 3¢ KU U 5 g K h g DIN/DIP %5 ) A
5, HR W W I 5 1. Zhang %55V RF 5T 3 W13
TR R 37 RO N 2 RSO R A 1) 2 K B
SR, SRS RN T 31%. B KA E 5
YURE 5K TT vk K A BG , % 4% 95 300 48 24 7 7 169 5 R
BN ABSERE L OKR K IR B AR N S0 L
PR KRR B 45 0 P S, A5 R R, H
R B P IR B 6 26 (1 Fe . Min 25 ) 6 V7 Ui
W R KA % AR T BRI 0

3 4ie

(1) 7 U 20 3 0], OBU A B FF) ok Y 2 2R
FER . BRI, 400 5 R 1 68% . pH. (1 AL
Y 4. 46, 4% pH < 5.0 18 WY AT (1 45 7, X 24



2730 2 % # Ea 32 %
BRiba B 2w 2 85% , 1t BH 1 UL R b i soluble ions (NO; , NH, and nss-SO3” ) to the southern East
fmi Sea (Sea of Japan) [ J]. Science of the Total Environment,

IR L nE e , N 2010, 408 2369-2377.
(2) l% K EP HR BRI ﬁ 1 e 1] /;E f ’ [13] Krom M D, Herut B, Mantoura R F C. Nutrient budget for the

EE ;ﬁ lﬂ n,:] 4% )ﬁ 5'% :A’[J']‘ ﬂ:] IS% Fﬁ E % ﬁ ;é NH; N NO3_ Eastern Mediterranean: implications for P limitation [ J ].

+ NO, A1 DIN X =3 ) A P39 2B Ak A FH 2L, Limnology and Oceanography, 2004 , 49 ; 1582-1592.

H?:E 2 a EP Ej/é‘ EI/‘] ]&Eédﬁ,}g,f}t%%*ﬁ ,fu NH; E [14] Markaki Z, Oikonomou K, Kocak M, et al. Atmospheric

DIN '—P Fﬁ |J_-T El/‘J I Tyﬂf&j( ’ POi -l SiO§ , E/‘J ﬂ%ﬁl@ n deposition ()-f inorganic ph(A)sph()rus in the Le\A/anAllAne BaSHAl,

X eastern Mediterranean: spatial and temporal variability and its
BAIG. role in seawater productivity[ J]. Limnology and Oceanography,

(3) ¥ U0 F% & R A7 W) % 2= 5 2, DIN, 2003, 48 1557-1568.
POff . 510§7 E]’(] j= NN IS% H &5 qz i’;j {E ﬁj\ %IJ j’g 52.05, [15] Bartoli G, Migon C, Losno R, et al. Atmospheric input of
0.08 . 2.05 mmol- ( m? 'a) -1 ,/H:':P NH; 5@] DIN El,‘] dissolved inorganic phosphorus and silicon to the coastal
) northwestern Mediterranean Sea Fluxes variability and possible
58% .t TR AL G S A NH,, PR, B 7K AT i . .
impact on phytoplankton dynamics[J]. Deep-Sea Research I ,

HEFF A AR K AT RE S R AR . 2005, 52 2005-2016.

(4) RAYCFEH NO; /NHEA NeP LARHE  [16] Weon, %0, 9147, % KBAUR. BE LT

B L 5 S22 25 9 2 46 T 06 22 0 B LRI P, 2007, 38(2) 104110,

7J< ﬁ% %%E%%E’i gg‘_ m . pH , kT % e i” ?% w/} *E. [17] Sferratore A, Garnier J, Billen G, et al. Diffuse and point

s sources of silica in the Seine river watershed[ J]. Environmental

% Erg ﬁ%éﬁj F‘J ’ -E:i/ﬁ\ gl kjﬂ:{ﬁﬂ ) Science & Technology, 2006, 40(21) : 6630-6635.

5% 30k - [18] LiuS M, Hong G H, Ye X W. Nutrient budgets for large

CUT PR, TR ek, Sy ST U KU DR A A Chinese estuaries and  embayment [ J ].  Biogeoscience
PRI, ZRACEA, 2010, 38(7) : 3561-3565. Discussions, 2009, 6 ; 391-435.

L2] B30, VM. b EOCAUREK AL BT ST L) ] AL il [19] Zhang J, Zhang G S, Liu S M. Dissolved silicate in coastal
R, 2009, 21(2/3) : 266-281. marine rainwaters; Comparison between the Yellow Sea and the

[31] Galloway I N. Acid deposition; Perspectives in time and space East China Sea on the impact and potential link with primary
[J]. Water, Air and Soil Pollution, 1995, 85: 15-24. production[ J]. Journal of Geophysical Research, 2005, 110

[ 4] Galloway J N. The global nitrogen cycle: past, present and future D16304, doi: 10. 1029/ 2004JD005411.

[J]. Science in China Series €. Life Sciences, 2005, 48 [20] iy, WTE. WA H 05 PR 00— FI 0 2 40T 5[],
(Supplement 2) ; 669-678. A L TR EE TS 1998, 3(1) : 82-88.

L5 ] Asmam W A H, Sutton M A, Schjoring J K. Ammonia: {217 gyner, yhmi. A 0 0F G0 R R B 9 0T 59 9
emission, atmospheric transport and deposition [ J ]. New [J]. &gk, 1995, 14(4) ; 334-337.

Phytologist, 1998, 139(1) ; 27-48. [22] BLURES, BRSTAT, SROEME, . £ EARE 4 T

[ 6] Goulding K W T, Bailey N J, Bradbury N J, et al. Nitrogen W T E S FE L. B S S X I VE IOE AVEAS (D], A
deposition and its contribution to nitrogen cycling and associated I, 2008, 27(3) : 339-346.
soil processes[ J]. New Phytologist, 1998, 139(1) ; 49-58. [23] B, Sosmvh, B, S S 4 WSO UL R R T A

(7] g, sksAl, W, & KARARVRIERIT]. + FELT]. FRBifkaE, 2010, 29(4) : 649-653.

[ A &AM 4, 2010, 18(4) ; 897-904. [24]  FiWeDy, AR, BEE, % ARG R X AR W R AR

[ 8] DuceRA, Liss PS, Merrill J T, et al. The atmospheric input of pH A5 AE B o mn I Z R [T, #9598, 2005, 36
trace species to the world ocean [ J]. Global Biogeochemical (5): 404-412.

Cycles, 1991, 5. 193-259. [25] #p#d&. AORFW e, 6K EH ™ IE—2008 K TF (9

[9] MBIESg. WX N RO EFRERLT]. W IREEFR ~11 H) WL RAE5AET]. #ii <%, 2009, 30(1) : 47-
2% 2008, 27(2) : 160-164. 48.

[10] Castro M S, Driscoll C T. Atmospheric nitrogen deposition to [26] Sakihama H, Tokuyama A. Effect of typhoon on chemical
estuaries in the Mid-Atlantic and Northeastern United States[ J]. composition of rainwater in Okinawa Island, Japan [ ] ].
Environmental Science & Technology, 2002, 36 ( 15): 3242- Atmospheric Environment, 2005, 39(16) : 2879-2888.

3249. [27] Padilla H G, Belmont R, Torres M B, et al. Hurricanes Pauline

[11] Jickells T. Atmospheric inputs of some chemical species to the and Nora rainwater chemical composition[ J]. Canadian Journal
North Sea[ J]. German Journal of Hydrography, 1997, 49 111- of Earth Science, 2000, 37(4): 569-578.

118. [28] Zhang J, Wu Y, Liu C L, et al. Major components of aerosols in

[12] KangJ, Cho B C, Lee C B. Atmospheric transport of water-

North China; desert region and the Yellow Sea in the spring and



9 4 K E M IR RSB YR 8 IR B R 2731
summer of 1995 and 1996 [ J]. Journal of the Atmospheric [43] Lee B K, Hong S H, Lee D S. Chemical composition of
Sciences, 2002, 59 1515-1532. precipitation and wet deposition of major ions on the Korean

[29] Violaki K, Zarbas P, Mihalopoulos N. Long-term measurements peninsulal J]. Atmospheric Environment, 2000, 34. 563-575.
of dissolved organic nitrogen (DON) in atmospheric deposition in [44] Anatolaki C, Tsitouridou R. Atmospheric deposition of nitrogen,
the Eastern Mediterranean: Fluxes, origin and biogeochemical sulfur and chloride in Thessaloniki, Greece [ J]. Atmospheric
implications[ J]. Marine Chemistry, 2010, 120 179-186. Research, 2007, 85. 413-428.

[30] Ayars J, Gao Y. Atmospheric nitrogen deposition to the Mullica [45] Van B N. Nitrogen cycle: natural organic tendency[ J]. Nature,
River-Great Bay Estuary[J]. Marine Environmental Research, 2002, 415, 381-382.

2007, 64: 590-600. [46] Whitall D, Hendrickson B, Paerl H. Importance of

[31] Vitousek P M, Aber J D, Howarth R W, et al. Human atmospherically deposited nitrogen to the annual nitrogen budget
alternation of the global nitrogen cycle: sources and consequences of the Neuse River estuary, North Carolina[ J]. Environment
[J]. Ecological Applications, 1997, 7(3) ; 737-750. International, 2003 , 29, 393-399.

[32] LiuX J, Lei D, Mo J M, et al. Nitrogen deposition and its [47] Townsend A R, Braswell B H, Holland E A, er al. Spatial and
ecological impact in China: An overview [ J ]. Environmental temporal patterns in terrestrial carbon storage due to deposition of
Pollution, 2010, doi; 10.1016/j. envpol. 2010. 08. 002. fossil fuel nitrogen[ J]. Ecological Applications, 1996, 6. 806-

[33] Paerl H W. Enhancement of marine primary productivity by 814.
nitrogen enriched rain[ J]. Nature, 1985, 315. 747-749. (48] JAGER, 50, BRI, 25 Rl KA DI TE Qe be

[34] #uE&E, BEE. RZFRALE, KRBT F L—2008 4 AELT]. 3G g 5B, 2009, 31(11) ; 30-34.
£ (12~2 H) WL RARS5AM®ELT]. #iiL<%, 2008, 29 [49] Zhang J. Biogeochemistry of Chinese estuarine and coastal
(2): 47-48. waters; nutrients, trace metals and biomarkers [ J ]. Regional

[35]  E30%, MA, skigite, 5. 3 A Moy i X R M ok U Environmental Change, 2002, 3. 65-76.

B[], RSB RS, 1997, 17(5) : 388-392. [50] Zhang G S, Zhang J, Liu S M. Characterization of nutrients in

[36] SRIEF, BRuts, KRS, & UL AR ORI E 57 88 the atmospheric wet and dry deposition observed at the two
WIS T]. N A A4, 2003, 14(7) : 1107-1111. monitoring sites over Yellow Sea and East China Sea [ J].

[37] Duce R A, Laroche J, Altieri K, et al. Impacts of atmospheric Atmospheric Chemistry, 2007, 57 41-57.
anthropogenic nitrogen on the open ocean[J]. Science, 2008, [SU] i, BRI, Ei0W, . KA YRR XKV 1K E0E 57
320 893-897. HTTER[T]. FREERLY, 2008, 29(10) ; 2703-2709.

[38] Mahowald N, Jickells T D, Baker A R, et al. Global distribution [52] RBP4, EVLHE. KA UOREXE 8 3 m KT 1 A oK I8
of atmospheric phosphorus sources, concentrations and deposition EEFAR )], MR RYE, 2007, 26(3) . 208-210.
rates and anthropogenic impacts [ J]. Global Biogeochemical [53] ZhangJ, Liu S M, Ren J L, et al. Nutrient gradients from the
Cycles, 2008, 22; GB4026, dio: 10. 1029,2008 GB003240. eutrophic Changjiang ( Yangtze River) Estuary to the oligotrophic

[39] Vicars W C, Sickman J O, Ziemann P J. Atmospheric Kuroshio waters and re-evaluation of budgets for the East China
phosphorus deposition at a montane site ; Size distribution, effects Sea Shelf[ J]. Progress in Oceanography, 2007, 74 449-478.
of wildfire, and ecological implications [ J ]. Atmospheric [54]  EARMR. W R RS IF 2 0 A K 0k 33 U #EW 6 BR )
Environment, 2010, 44 . 2813-2821. [J]. R AZ&2%4%, 2003, 14(7) : 1122-1126.

[40] Ridame C, Guieu C. Saharan input of phosphate to the [55] Markaki Z, Loye-Pilot M D, Violaki K, et al. Variability of
oligotrophic water of the open western Mediterranean Sea [ J]. atmospheric deposition of dissolved nitrogen and phosphorus in
Limnology and Oceanography, 2002, 47(3) : 856-869. the Mediterranean and possible link to the anomalous seawater N/

[41] Anderson L D, Faul K L, Paytan A. Phosphorus associations in P ratio[ J]. Marine Chemistry, 2010, 120 187-194.
aerosols: What can they tell us about P bioavailability? [ J]. [56] Zhang H P, Zhu Y P, Li F P, et al. Nutrients in the wet
Marine Chemistry, 2010, 120; 44-56. deposition of Shanghai and ecological impacts[ J]. Physics and

[42] Gao Y. Atmospheric nitrogen deposition to Barnegat Bay [ J]. Chemistry of the Earth, 2010, doi: 10. 1016/ j. pce. 2010. 03.

Atmospheric Environment, 2002, 36(38) : 5783-5794.

029.





