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RE MABLTRE 10 MHEHASETUHBREHTHE aWESENN, AASARLHBEREARSARE, EXRELA
BASWERAARM KRG REEARVIRER BESAREMMEBISENKSATIRRR, 2R, L BIRR
ASBETURERE —FHNSZR4E, BRVIEEN 3.41~7.63 kg N/(hm®-a) , 88 1.02~ 3.00 kg N/(hm*-a) , B4 K 0.76
~1.76 kg N/(hm®+a), FULEREAR IFHIERESE&E BESHENELIHNE BIIBREK 31% .24% M 45% ., FHEENBXH
AREBETHRARRR, FBEAEBR ST HENBXAARENEAIEERE MABRELTHNEXHETH, WA LETRE
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Dry deposition of atmospheric nitrogen to Jiulong River watershed in southeast
China

CHEN Neng-Wang', HONG Hua-Sheng''*, XIAO Jian’, ZHANG Luo-Ping', WANG Ji-Ping' (1. State Key Laboratory of
Marine Environmental Science, Environmental Science Research Cener, Xiamen University, Xiamen 361005, China; 2. Zhangzhou Environmental Monitoring
Station , Zhangzhou 363000, China).Acta Ecologica Sinica ,2006,26(8) ;2602 ~ 2607 .

Abstract: In this study, bulk samplers that use a water surface to collect dry deposition were used in ten sites throughout the
Jiulong River watershed, an agriculture-dominated watershed located in southeastern China with a drainage area of 1.41 x 10*
km® . Bulk samples were collected monthly. On the day after collection, aliquots of water samples containing dry depositions were
taken to the laboratory where different nitrogen species were measured followed by filtration through 0.45 um Nucleopore
membranes. Based on the sum of monthly data, the annual dry atmospheric deposition flux of nitrogen species was quantified.
Annual mean atmospheric deposition of dissolved total nitrogen, ammonium nitrogen, and nitrate nitrogen to the Jiulong River
watershed in 2004 ranged 3.41 — 7.63, 1.02 — 3.00, 0.76 — 1.76 kg N/( hm? - a), respectively. Average atmospheric
deposition flux of nitrogen species are 1.52 kg N/(hm®-a) for ammonium nitrogen and 1.16 kg N/(hm®+a) for nitrate nitrogen.
Dissolved organic nitrogen, defined as the difference between dissolved total nitrogen and the sum of ammonium and nitrate
nitrogen, was calculated as 1.02 —3.45 kg N/(hm®-a) with a mean of 2.19 kg N/(hm®*a). The dry deposition of ammonium
nitrogen, nitrate nitrogen and organic nitrogen formed 31% , 24% and 45% of the total flux for the whole watershed,

respectively. In dry deposition the spatial pattern of nitrogen species was ostensibly linked to local pollution sources. For example,

ESWA BEY+H"EXH BB B (2002H009)

Y 7% B 1 :2005-06-30; #1T B #9: 2005-11-24

EERM BHET0976~), B BEREA BLE  FENEFRBEF R EEPHN. E-mail: tommy@xmu.edu.cn

* i@ i # Corresponding author . E-mail ; hshong @ xmu . edu. cn

il RS EATREER N BMNTIOR RS ERE LN SHE, R E SR R ER RN B LELR S L # B 55
F 4 A R T David Klumpp M £ X EXHEREE

Foundation item: The project was supported by Department of Science and Technology of Fujian Province (No. 2002H009)

Received date:2005-06-30; Accepted date:2005-11-24

Biography: CHEN Neng-Wang, Ph.D. candidate, mainly engaged in watershed environmental management. E-mail: tommy @ xmu. edu.cn


http://www.cqvip.com

.0 0 0 http://www.cqvip.com|

8 #A PBrEEE FNABUIRBAKATIRE 2603

higher dry deposition flux of ammonium nitrogen was found in the up-stream and mid-stream region due to the intensive agricultural
activities there with higher ammonia volatilization. The dry atmospheric nitrogen deposition in summer and autumn has a greater
flux than that in spring and winter at most investigated sites. The spatio-temporal variation of atmospheric nitrogen deposition
indicated that higher ammonia volatilization from fertilizer application in the growing season, and livestock productions during
summer together provide the larger nitrogen source. Atmospheric deposition is delivered by wet, dry and cloud deposition
processes, and these processes are controlled by a wide range of landscape features, including canopy type and structure,
topographic exposure, elevation and slope orientation. As a result, there can be a very high degree of spatial variability within a
watershed, so further research is needed on both dry and wet deposition of atmospheric nitrogen with more representative sites in
order to achieve a comprehensive understanding of nitrogen cycling and nitrogen balance at the watershed level.

Key words : atmospheric nitrogen; dry deposition; Jiulong River watershed

ALFESHBRABRHSEALESY, KRAVMRELREEMN, EREESREALTRAM ST O EE%
ABREEEIEXBESARREREE, AN ZBREHN REBRFELHRAERE", KKATE
BRE= . —RMWE TR, PERBIKE"; RS RUETRE"; ZRRMAESERERFRYE T, B
“FHRE"Y . KA TUREQEBRA (RBEKRA)NH, \NO;, MSA NH, HNO, .NO, %, KKEN TU
BRAHSEBAMHAS EZHEBIAMEXRY ., fALRTANEZAREABIYEERY, KSETHE
MBIRENEKR, BAT, ASAVRHAR EIEEFTFREBR  REEXFTENAES B BEHORN, A
FTEEPAEMARASEMNE Y , KSR TUIRSE RRE, 43GEL 2004 F35 LRI R BN 10 35
AERATULMEE ISR, FiTZ RS KB TIRERN N 2= 2 R IE .

1 #H5A%
1.1 R XL

ABTHEREE R, FERZBENFIX BEFTS5ENN 6 ETX, EENAE, REBEAY
1.41 x 10* km®, JURIL 4 (N24°12" ~ 25°447 ,E116°50" ~ 118°02" ) R TR FERSE, T E L HRIB 19.9 ~
21 1CEAL , BEFLHMEKER 1400 ~ 1800mm, 4 ~9 AH A HLFEREKEN 75% . Tl b # R 5 R Rl
WAFEY S FERFANRLEHIE T HARERRRSE, R 8 M EEE X PRI 208 ~ 858 kg N/
(hm'-a), ERL G R ABE RESAIENE, EEREBFHAULAERRE, KEEE LT RELHHEEHEN.
A S E8EFESIENEERBRAIRSKANEERRK,

1.2 BWomrs

EARTHEB P TFTHAERRERSBRTURESENM 10N E D, FAMRBESZSEETEEHIA.
KRR R RAEME RIS 5% Balestrini ZARFANHERWE S K  SRERAKHERNATE, AR
BEDLG (MZ 15 cm) BIEWE RSE T UREE G, RS —HER S £ AR kR4, LI E [ R
LR RLRMERFEEREAIT(GB/T 15265-94), LM EBAMBESEN 1.2 m UL, AFABEK
W BKEREEZH, AHARFES o BEEENZEBK BETHS IEHEZS4SWE. EFEEAMA 2
mol/L Y BR BR AR YA tml, LA 1L 405N BERAEK ., Bt 1a(2004 F 1 A1 HE 12431 H), ARRHE. X
BERT B SEHE R KL 0.45 pm BALFLIE B I8 IERK A ERBRE K, 1 TARTZRASNE . REEZR
MR B G A OKFN B K 10 43 7 3k (RO M E S A R A B AR E , Kb S &2 (DTN) R A m
B EAL-EAM OB B BB A(NH, -N) RAMKL A%, SR (N0, -N)RAEIIFHEE. TR
(DIN) = NH; -N + NO; -N, & #14& (DON) = DTN-DIN,

ERBASEEMAN KRG, RESAMMIIER, BESAGHENBTHRI2EFHRKIA T
MR, AXHUEBMRKISKATIRERQRE T RETIRE" . 5450 FIF SPSS 11.0 F4#17, BEKF
PIEH 95%,
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2 ZR5F#
2.1 KRR FUTHEE IR 4> f FF1E

RIS 10 M AR TR R NS R )
BTl KEATHRBERBSEH LERY &
BERSHE, BRTUEE3.41~7.63 kg N/(hm’+a) , 4%
®1.02 ~ 3.00 kg N/(hm’ - a), B % 0.76 ~ 1.76 kg N/
(hm’+a), 2RBEHEAFUIEREN(4.87£1.21) kg
N/(ho' «a), E ¥ %5 X OF 2 (3.89 £ 0.59) kg gy
N/(hmi-a), B #fF B 0 X F 45 (5.64 = 1.16) kg &M
N/(hat a), FUAUA B 11K | AL XDD, AT Sanplon ote
TR A 4.99 kg N/(h'2)o RRABSEMAITFR O a0l e
MRREESEAGCE LAFER BASERRMESE YV ER L e
PLTE i 1 DXD 3 £, 28 A4 WL B9 B 1 1 R ZE o 20 40km
B9 LSD ¥, T WEHE AL XDD 3 49 8 U 2E BT 3 -
PR ERANERE. AN E LA TIER B ARILREK AT VR RS
ek, FURAGAE 1.02 kg N/(hm? -a) 8 BUZE L 3 4 1SD Fig.1 Study area and sampling sites
YEOL, BB {E 3.45 kg N/(hm® - a) i BUFE 7P #F DXD 3543 o

St R HAmK RS A TRERAL (), A RIREM KA TRERL FREKTE, £WHEF
HERUIEERKMILEER 2.8, MENEREERER 1.6 5. RERRKMEF RS LB H W HIE
BTt 2 — B M AP AR R U HI R E R 7 X gk SR T UURE B A0 25 L, e B 51 # 4k
AR A A B
2.2 KRATHESHEL

BEG-~5SAM) H(6~8 A#) B(9~11 AH) K12~ BE2 AM)HFFTAKRTRERSHSE T
3BT U A BIE B K ANOVA FEAHEN AR KSR AT MEFLES LR (F=2.892,p=0.038),
E2ARERRE EFTFHBE KSR TRBENSHHEL, SEFAREKMEN TRRERELNS
K, LW REBR N R, 2RSSR, LI IT R B RO ] M R AR, R R KRR L A
ATHMBENSTHLEREENRY . EREKFIRKSATAMERSN EERETRSXHAS W
THEYAKY AEEHERERL ASERBMESZSXERERE L, X ME, KBREHREAX
S BEEEEESAXFRINE, 5EPHARGE, FHEMREHSAMNA S TR R
SESA>H, EHESNMRERENFERTEELFEANE I MR ZEEESREERN, KA EEE
HTRSBEMRMEE,

ARBESEMSTHEAERARME(E2), LTS, MATEEAMEE, 2R 58 AR
K, LW SR KA SR RRE, PRSI &AM R S K a5, B W s
Ko Tt X B TRFWMMEANEBUEERFERE.

B2 R ER, KSAA Y TRBRBREREYRA, L RETHNEMNLR, R HARBEDR A, ¥
MASTIHNEEREZ BASAHKERDNSSE SE RESSS LM SEBADFELANLEE
2 EERE AR MASHUESHASAREREINREE,

2.3 KRR TUIREALEESHHE

MNERBEHERE, THMPEN I HEIERSER HASENES S BTKEER 319%.24%
45%(F 1. ZRFEHAMNEIMMKR Y : EWRAEMK (33%) ~ PUWEMNMKX (32%) > THET#HEK
(20%) X5t EMP BT RYRE, LEEHSESFHIBHNEFRBRAE L. BREY, XK
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NH, FEXETHRR B . FEHRM AEEASEYRRES . ABTRBEFIEYD & EE WA, LB
AREE EFRARARNEGFRAVTERBEEERF AL BB EHR, G ENE NH, X2
RILESRATURNEERRE., BFRERY, KANO, NARBERKINBEMAEYEE, AV RGFELARE
H5RERSHE™ ., TWHEMEITR¥RTF I UAMERWEFEHR, TIE @A S 880 &%
35% , 1 L35 b i o X 8 BB o5 LU B3 BAR, 22 B R 26 % 5 21% . BHLRUIME B S HEITA A
BR,GETIERE30% ~51%, E. . FTHPFIME 00U L, MEELANENRAIERERS EE
. BRI, KEBVNERBENAERE, STRERBETEAKK HYEBMANTERNENASEIENE S

e BRI R B A A BRI P R A A AR
1 2004 FARTIHBASTFRMER (kg N/(hm®-a))
Table 1 Dry deposition flux of atmospheric nitrogen in Jiulong River watershed {2004 ,kg N/{hm’+a))

Fe* VAR TRAR YL Ry BEE AR & B AR & BE HFULE & EE
No. Site code Site type Total N Ammonium NPercent(% ) Nitrate N Percent(% ) Organic N Percent( % )
1 LYD 3% X Urhan 3.56 1.20 34 0.85 24 1.51 2
2 LSD 3% X Urban 3.41 1.33 39 1.07 31 1.02 30
3 TSD B IX. Suburban 3.86 1.22 32 0.76 20 1.88 49
4 YSD % £} Rural 4.73 1.32 28 1.36 29 2.06 43
LT« bRAEE 3.8920.59 1.27+0.07 33x5 1.01+0.27 26+5 1.62+0.46 2+8
Average + SD for sites 1 ~ 4
5 Z)D 3% X Urban 5.27 1.84 35 1.08 20 2.36 45
6 DXD 3% X Urban 7.63 3.00 39 1.17 15 3.45 45
7 LCD 3R X Urban 4.66 1.68 36 0.90 19 2.09 45
8 JHD X8 X Suburban 5.51 1.74 32 0.94 17 2.83 51
9 WCD %+ Rural 5.11 0.88 17 1.76 34 2.47 48
PHEE Y+ ARAEE 5.64+1.161.83£0.76 32+9 1.17+0.35 218 2.64:0.52 47+3
Average + SD for sites 5~9
10 XDD 3% X Urban 4.99 1.02 20 1.76 35 2.22 44
W T + pRAEE 4.87£1,211.52£0.61 318 1.16+0.36 24:+7 2.19:0.67 45+ 6

Average + SD for all sites

SD: standard deviation

£2 HRASFHXSEFAMEI L (kg N/(ho'+a))

Table 2 Comparison of dry deposition flux of atmospheric nitrogen in different regions (kg N/{hm’ +a))
E &/ X BEAR WER EHLE §SE | &g

Country/Regjon Ammonium N Nitrate N Inorganic N Total N Data source
JUAE VT i3, Jiulong River watershed , China 1.02~3.0 0.76 ~ 1.76 3.41 ~7.63 A B This study
B B4t 0t 2K Sweden coniferous forest 2.23 2.73 4.96 {111
X EB P L H W HR Colorado, USA 0.32 0.24 0.56 (12]
% E V)iF B 7 ¥ i 38 Chesapeake Bay Watershed 3.0-4.8 3.04 [13]
% E 4P % Inland B Delaware Inland Bay [14]
BX B 3L 48 7 North Sea 0.88 0.86 1.74 1.70 {15}
FUBE2F % %8 /+* East coast of Spain 1.8~3.5 3.86~9.78 [16]

A3EATRBEEFTHBXERAREPTRITHEFARESEHABRAEAERL., LS THBEKX
GEAMERAEERLERBBY HBESANMAR, THHREKFHENHSEAUAE TELNE, MK
BENELZSERAEA, XTHEERN FTHBARYEITRADBERT TLRES KERESHREKX,
M5 B NO, HECB A XK,

2.4 KRRATUREEWEENT

RAEABESEHREHREXLTPEAARNIBESR, NH, 5 NH, SKESEEFTEENREZHFTY
R B B B T RUE UL M3 . NH, BB B8/, — M < 100 km™ . BFFEEKI,50% B9 NH, 7
50 km WEFVIERME™ . NO, FEAS PO TH 600 ~ 800 km L EF ™ , HLal i, KKESAMITHE
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k¥ Up o1 ¥ Mid F i Low ki Up 1 Mid F i Low
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M2 KSETUMREFWHEA

Fig.2 Season-based monthly mean dry deposition flux of atmospheric nitrogen

a. B Dissolved total nitrogen; b. £ #& Ammonium nitrogen; c. 75 & Nitrate nitrogen; d. & #L% Dissolved organic nitrogen

BEZABENHRE RN, WRILREEN REMBHRLZE, BHERERK, XTREXSESET
VREBRANEERE, BRMNELELHENERAVIRERA S 5RKEYEKSNIERER S, I L
SEEESEEGFRHABEAELBRBERA X,

- 100 NHyN ONO;s-N DON 10 -
S INIRINEENRNIRINEENISINN ~
NN AR | £ .
|§i§ §§§§ §§§§ %S 06 e *
a - N N N ¥ E - A o *
m4° i 77| | I | W5 o o
%%% 7 § 2 #3 0 e .
2 8 VA7 2 vd U -t
s> dg |10l E Benl B2 Ll Ixaes
W s S 5 W s £ 5 w5 £ 5
»w 5§ 3 2 »w 5 3 2 »w § 3 % 0 20 40 60 80 100
» < 2 < 2 < e Dust deposition (kg/hm?)
EBUp i Mid Fi#h Low pe

M4 KRRATERSELEBHXA

Fig.4 Relationship between dry deposition flux of atmospheric nitrogen and

B3 KETHEPARESEARFTHENLL

Fig.3 Compositional ratio of atmospheric nitrogen in dry deposition
dust

BBEX5ERX (RX 5 S )RR H#HT 0 HG T, A RF TRV E S50 4.92 kg N/(hm® - a)
54.80 kg N/(hm'-a) , T ER B RANURENTIERLEZELZW(p>0.05), BHZEAKRSKEATIRES
B R#TEENN, KRR THRRRSREEREZEMRLE(p >0.05),BE 4 FH, KIATHRHEERE E&
LEERELC B mMTEM. SERELBEMNRKIRATRENEWESE TS EXNRETRS =, -BEITHES
B, G ERA—ERRBRAZIENL; —RAMARABEREHRAIATIE, RREEEREKRS
BRI G T RS, i 15— KR, FEtiE Al BEAF7E KB ZERMITRAR

EMARLRTHRENERRE, KRATERE—INRRIYHE E EY ESEEGREHHLRE,
BEEU LRSS  KRBATHEEIESTHRERDNSRENFAE R, RERIRERE, & SCNEHE
BEE s EMAETT 3 #0735 X R A R A e XA PR A AT I, s AR A B A, EHIT KRR
RATViEEE O AFENZE —ERMH W TERKLATRENZEZFMNEHERYRZTENERH
Ro BIYA G R R R R A E R EREIE A — S RATRRIRVE R EASH RN R
BEE A,
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3 i

ABORBRSATIRRRALE —EWREERE, SEFEERRN3.41~7.63 kg N/(hm'-a) , RN
1.02 ~3.00 kg N/(hm® -a) ,f5& 7 0.76 ~1.76 kg N/(hm’ *a), TUEFRANIMEEELSEZRA HESENE
SR G BUTRERE 31% 24 F 45% ., FHEMBXHKSKBTHRLIEREK, LI EAHBR S5 HHEM
WX RARENERATIRRE MASAEL THREH BT/ MENBNERERP THARES, EFER
ELREATHIMERAHEKFELELARNETENLEABE , ETHEREE(p<0.05), REAXSATH
FEZRSYE ¥ AP ASELBVESEW, BERRSATHENEZERIESAHREBEMNRSR L
‘A X,

References:

[ 1] Vitousek PM, Aber J D, Howarth R W, et al. Human alteration of the global nitrogen cycle: sources and consequences. Ecological Applications, 1997,
7(3): 737 ~ 750.
[ 2] Sirois A, Barrie L A. An estimate of the importance of dry deposition as a pathway of acidic substances from the atmosphere to the biosphere in eastern
Canada. Tellus, 1988,40B: 59 ~ 80.
[3] Tarnay L, Gertler A W, Blank R R, et al. Preliminary measurements of summer nitric acid and ammonia concentrations in the Lake Tahoe Basin air-shed :
implications for dry deposition of atmospheric nitrogen. Environmental Pollution, 2001, 113(2): 145 ~ 153,
[ 4] Wright R F, Rasmussen L. Introduction to the N[TTREX and EXMAN projects. Forest Ecology and Management, 1998, 101(1-3): 1 ~7.
5] US EPA. Clean Air Status and Trends Network ( CASTNet) Deposition Summary Report (1987 — 1995; EPA/600/R-98/027) . US Environmental Protection
Agency, National Exposure Research Laboratory, Research Triangle Park, NC, 1998.
6] LiSQ, LiSX. Nitrogen added to ecosystems by wet deposition in Guanzhong area in Shanxi. Agro-environmental Protection, 1999, 18(3): 97 ~ 101.
7] WangXZ, ZhuJ G, Gao R, e al. Dynamics and ecological significance of nitrogen wet deposition in Taihu Lake region: Taking Changshu agro-ecological
experiment station as an example. Chinese Journal of Applied Ecology, 2004, 15(9): 1616 ~ 1620.
[ 8] Zhou GY, YanJ H. The influences of regional atmospheric precipitation characteristics and its element inputs on existence and development of Dinghushan
forest ecosystems. Ecologica Sinica, 2001, 21(12): 2002 ~ 2012.
[9] FanH B, SuB Q, Lin D X, et al. Biogeochemical cycle within ecosystem of Chinese fir plantations [ . dynamics of nitrogen deposition. Chinese
Journal of Applied & Environmental Biology, 2000, 6(2): 133 ~ 137.
[10] Balestrini R, Galli L, Tartari G. Wet and dry atmospheric deposition at prealpine and alpine sites in northern Italy. Atmospheric Environment, 2000, 34
(9): 1455 ~ 1470.
[11] Ferm M, Hultberg H. Dry deposition and internal circulation of nitrogen, sulphur and base cations to a coniferous forest. Atmospheric Environment, 1999,
33(27): 4421 ~ 4430.
[12]  Rattray G, Sievering H. Dry deposition of ammonia, nitric acid, ammonium, and nitrate to alpine tundra at Niwot Ridge, Colorado. Atmospheric
Environment, 2001, 35(6): 1105 ~ 1109.
[13] Sheeder S A, Lynch | A, Grimm J. Modeling atmospheric nitrogen deposition and transport in the Chesapeake Bay watershed. Journal of Environmental
Quality, 2002, 31(4): 1194 ~ 1206.
[14] Scudlark J R, Jennings J A, Roadman M J, et al. Atmospheric nitrogen inputs to the Delaware Inland Bays: the role of ammonia. Environmental Pollution,
2005, 135(3): 433 ~443.
[15] Hertel O, Skjéth C A, Frohn L M, et al. Assessment of the atmospheric nitrogen and sulphur inputs into the North Sea using a Lagrangian model. Physics
and Chemistry of the Earth, 2002, 27(35): 1507 ~ 1515.
[16] Sanz M J, Carratala A, Gimeno C, et al . Atmospheric nitrogen deposition on the east coast of Spain: relevance of dry deposition in semi-arid Mediterranean
regions. Environmental Pollution, 2002, 118(2): 259 ~ 272.
[17] Lovett G M, Bowser J J, Edgerton E S. Atmospheric deposition to watersheds in complex terrain. Hydrological Processes, 1997, 11(7): 645 ~ 654.
[18] Prospero J M, Barrett K, Church T, et al. Atmospheric deposition of nutrients to the North Atlantic Basin. Biogeochemistry, 1996, 35(1): 27 ~ 73.
[19] Kinzig A P, Socolow R H. Human impacts on the nitrogen cycle. Physics Today, 1994, 47(11): 24 ~ 31.
[20] Neff J C, Holland E A, Dentener F J, et a/. The origin, composition and rates of organic nitrogen deposition: A missing piece of the nitrogen cycle?
Biogeochemistry, 2002, 57(1): 99 ~ 136.
[21] Comnell S E, Jickells T D, Cape J N, et al. Organic nitrogen deposition on land and coastal environments: a review of methods and data. Atmospheric
Environment, 2003, 37(16): 2173 ~ 2191.
[22] Aneja V P, Roelle P A, Murray G C, et a/. Atmospheric nitrogen compounds [ . emissions, transport, transformation, deposition and assessment.
Atmospheric Environment, 2001, 35(11): 1903 ~ 1911.
[23] Ferm M. Atmospheric ammonia and ammonium transport in Europe and critical loads: a review. Nutrient Cycling in Agroecosystems, 1998, 51(1): 5~ 17.
[24] Dennis R L. Using the Regional Acid Deposition Model to determine the nitrogen deposition airshed of the Chesapeake Bay Watershed. In: Baker J L ed.
Atmospheric deposition of contaminants to the great lakes and coastal waters. Pensacola, FL: Society of Environmental Toxicology and Chemistry, 1997.
393 ~413.

BEIW:

[6] ZFEtF, FAFKF. PHELTRIBBEARHASRETHER. RUFHERP, 199, 18(3): 7~ 101.

7] E/NE, RKBE, BA, . AWMBREARBIEISRESEECUERERY 6. MALESSFM, 2004, 15(9): 1616 ~ 1620.
AE®, HE4E. ABLURBEKSEASLTIAYRTERANERESEEFENETHNE W . £5%H, 2001, 21(12): 2002 ~ 2012.
MR, FER, HEE, & EAATIHASRENEYHRAEFER [ . AXAERIES. DASHFREYFER, 2000,6(2): 133 ~
137.


http://www.cqvip.com

