g™ ¥
ot e b et st e A

[ L v
Y R AL

B 20 42 80 FR AR LML HRMEMRITR . IEBFEYIRUEX —BFERANROERT 2
. RENHROFA, FARAHPHRES, At EREEFEZRORERED FUIR, TILFRR
BT ZREBAARBN®EYS, REBRAERNFE, BBEEMAXIA T EHNERRN, EiFFdE
! MAKE TAREINRARENER. REBIFIRREEER. EERABFEYVIRUFNURTTE
: Mgt 2 #RNER, SESEFERMOXEIRBBNERIAE T AMIEM. HE BERIBEA
v

[

BEASRAMAEBRGELHNEE T, TURXHR, TLESFEMRNATRAEE LAAEEF
EPHRUFRRR L.

ZHONGGUOJINHAI
SHENGWU
DIQIUHUAXUE

o I e i, 2

SR =<

WRBFE A H AR

> www _lkj.com cn




LWAARLHAREZFEBRELLTBEMR
i [E] iFE 3 45 M MU ER AL 2

ReW F

W R B #E AR W R A



BPERSHE (CIP) BT

P EGEEE Y BRI FE/IREHE | —5rE: R
AR 1 Rt ,2004.6
ISBN 7 - 5331 - 3382 - X

I.w... D.%... I.&ESF-£EYHREE -+
E N.p734

o RR A< B 518 CIP 3045 # F (2003) 58 005257 5

LAERLAREFERESLTH AR

o i i A s Bk AL
ReH ¥

HERE: WFENEHERHREH
Hoht - R ERBE 16 B
R 4% :250002  H 35 : (0531)2098088
P4t : www. 1kj. com. cn
#, F B {5 : sdkj @ jn-public. sd. cninfo. net
ETE LWENEEARHEM
kR BB 165
B4 :250002  HLiE : (0531)2098071
EPR & : LR FEEENRIT ISR
Huhk PRI AR K # 56 B
BE 44 :250001 835 : (0531)2079112

F&: 787mm x 1092mm  1/16
¥ 39

FH:875F

R : 2004 56 A% 1 RH | KEDR

ISBN 7-5331-3382-X P-36
EH:98.00 T



fE & # Ir

REWH,. 5. BFUFR. BL ARI BLESIT, BRAL
EFENFES PENFR SAHTN CPESERER 58S
RBARNHREBREE .

REPENFEBFHARAAKDE .. P ENFREEHRAR
BFEUERRPLEE PENFREAREREB . DEEERE
BKEHRPLEFNER, FEPESFHBCYSESK . DE
BFEFSHEEK . FEHEFLITVRRPLERE,

1964 FF 4 BEEF T BETRE, 1985 FEE F KSR
(RAERKRB)ARNARF T HEF TS0, GEDENFEREEH
RARMETFRE LM, 2002 ~ 2003 FUBRIB O ESHEN
ERARIMEHELE I A B HH#ITSIEHR.

B 1988 FLLR, ERFRNSNERNRNFTE 20 R, HEPEXSRKANYESTE 6
M PERNFREATE 6 I, ER 863 RNXTE 3 W, HtRE 4 T, BRIEERS
HHREB 6 N, BRERALEFNFESNE DENFRIIFEATD . CENYE S
AR TEE, ESEARFALX 120 RE, EREZ 35, NES/E3 3,

EXBFEESTEUFENEATRMRAER  AREANEREE 10 27,
1998 FRWPRPRAKP . ERAST . PERNNEF PESENER" AERUFL
ZEREWWARBAST ERNNEIHN "WHRLSBERER", 199 FHXELBEBFE
RN AFERPABTEHEHEMIN ERHEEXR IEEARELA", 2003 F
ANEPERNFR SATR", Yk EBH+ARESE",

HRERULE:

(PEILETRY - BKRELE), B¥ELIRY, 1997

(PEEFEILS) . B¥ AR, 2000




F

SRR TR F & EEIEE K0P AR, o ETEAE YR BT 5
RER[BEAE SIREF ISR K w N ORFREZ —, 3 kP EE
WERBENABEEASR E2REAMFRANERHRT S REERENREREL
SRR TR 20 t42 90 44 By g # B2 B9 B IR, T 9 4 4 ) R AL 2 F
FAEREAE, ELEABBRELR. REVEL-—EBATXHENHR, ZEHE
SR IRBHARTRBRN GG RREE —MAXPREBEDHRUEENEE,

BIFRBEM RN ENR AU BEFREURRETERNANE L XHHF
TR TIF SRR WA B REBREREERYRBEAOAR LAERRES
BERERSE  ZFMHEERXN B8 BEREMEZRENBEYE . ZERHEX—BEH
FR A,

BHEF S E B R E THRERRNE K. ReWEL+ILFEN—H BXHET,
fERHMF SRS ERESNRE, RAHERERG KEE —FHH, EEHREK
HHg BB R EERKTE, EEFLANTR, AEPREBERERNERAE,
XFENBESE A NERRREN R RN RS MEFEXHEERA TERHN
W, BRIE T EARBFKF

REVIBELRTEMERBENRT —UEFRNEFHRETHAE RERALEF
MRS PETFFHAEL"NREBE MITAERRE N, ¥R AR KB THE
TR BRI R o b 1997 IR & F—(P EIE B UIRY - WK Rk 2¥), 1998
FEERAE TP EM R ARBER EMIER THRERKE, BEREFRAREY
BEHNFFEAN RBIKE. FFABTRH . FHFHE TETH, FHAIF. SLEZX
PHH RN RAREEENETAKFHEBALY R THRE QR RS R

ﬁo
hERERR RS }?7{%&



=3

EAER ENFERREREEEYRAZEATRERE, ES2RUREL
MERESFETHMHRBEML, REVUHL-EBNTEXHF AN, ZHRE
fla b B R IR A BT RBR B . RPBEEH A, W T E AR GBI

20 42 80 AFARFF MR LM R BR MBS IT R, 3 T B E YRS BITH
KR, FEHE AP IR F S BRI E O RS A, R EEARER
Rl KB F RIS, BB T RORA R A W #E L, RH R T7 G HE ¥
HREATEZMHFR LI BEXIBHARARBTEENHER., REBF¥IRRNY
B BERASHEEYBRLEFONA FTEMEISE¥PNER, CELEEERHB
X L R T T R ILEE AT AT A, BB EE AR LR NIEMRE
HENEET . 2REHEEAHRETTFEENROEWAERER SREBEELES
FEAEL, RFRE B ARG XBEFEAFRAR, Hit, S3REHF LK KRR
BiREREAHROREER, LRESERZRHIRNENS. ERLZENHE. K
% RGN, A T 0 MR R ARAE G N R SR M B R, AR B R A
HAZFZORAFRHEA HREEFBREANAOREX . PEAKEILFEETHK
WA HESRE, WA OESR BRESR EARESR BBBR AT RAMAHMK
ESR%. Bk, PEHEEEMREBFEYHREEXIBNERES, TENE, HILE
¥, R E RS ERE TEEREX b ERE R EY R E I BT T —LHR, HRE
MEBEAYHRAFFRATKENHLNER, ZERRX T EHHRR.

(PEGEGEYHRAL)REUTR T PEEE FTRARERR A B A M
EWAYHREELIR RE-FAEXTREBNEYRRULESE, EBRTELR
FEAEGHEMBEASR MOESANRIBRAESR  EARKEEE FRIKHME,
B FERRURY DR B EAIH AT B KENERRESHESEK
HEk ERM RN AR MESSEYBBBRESRNETERRETREFEY +ERE
ES5FABRERNBEILIR. BHROET - SHHERUR, MERRBBESRARAE
FAHRE—RNEL IR ARNETREESHAF. KHHRRLENEAFE
WA YRS BT RERER R, [F 0 ¥ 5 BE IR 15 22 5 7 AR s 1 )
SERMHEISIKE . REMEBFMEANFENEANRTINEEIFZFEEERBLHN
&

= +
PRNEREE /N /2. ﬁg)_



Fr

BARUBRNBOBEAREERNBEAYHRA T ERSRTHEKXEER TR
IGBP #* GLOBEC, LOICZ,JGOFS, SOLAS f#% LR 2 [ &, KR % 8 XA N & BT
HAPEMBAR EMERRE, MEARNBREALEEREMAD TR . FEHERR
) = A B KR

SBREBRFERSAREIHARSHBEIEYMA X, BMAIT, R ERED
Y HER B CO, BAERAN 6512+ AP AH 12 FBAEKRS T, HAKAM Y I K% 2T
Wi, AR BEREHERIKED, REDLEERE, ESERREBEE. R, BHEE KR
BRAEIA BB X, FTLUAT R TR PRENBEYHER, BDRR S
BEFHREER, KEBKELATR FEFESKIZAHFITEE KBRS HMKER
B A XETBRE-AERLEYROBERTE, BEOLESEZNEBETHER A
HHEHERENSBETL, —BEHABRETUHREI RN, CEEEFR B K1E
LERH BB XA LSRR . B, BT A O A A B AR b, 06 25 B 5T 0 T R
BRORBEBES HRBESKSANBEER. BB, 52T AE XN Y
HERMAROERNKEHENIERR ISR BEAFXNEEEIR S2RESKF
BEAERNBEEIER XM AMRAEHET RO RBRUBRIZLONAERER, RE
WRSAEYSBRAERXRNLED R, UMK IZLHNERE RS EEY IR ¥ TR
BB EBE L

EGEREXBEARSEREAEXNEYBRIEFEIBRARNEE RS, REE
BHEREMA LRENRHEZ — BAMSHXEBEERFMTE, EXMREH, FUEF
ZEARMEARX M EAE Z/ZKEA—FW KL FKTEARP ABGYE SR
BABHGYEN 2%, AAMEIT, 2BRXBEFRY T 02KkBEMAKI, IKER
KPR YR E SRBRERNRAAE, URPEE BAERAMEETES, TR S8
BHERREXARERAPOMNERER WX TE S KN HELEW R ESTEN
BHIHAIERAFEEL W, B, BrBERERYEEA RS LOE , FREELE
WEFFYHREER, BN ARERBHAERERBIAR2ER, FUKLRE
FEAP RRSEFRTREENA R, 0E RS XS4 Y BRI ¥ 3B R
B TR

BEILEXR,FEATEMNERENNEREBELYHRAEIBHR I BB T &
FIEEHRE. (PRESBEYHREEIRREX -FRTHABRR, ERRSVE L
FRNBREAEX T HRENREMEBERNELE RS —BAXTEEEHEYBER




2 5 2 =

¥ EEF EHHRLENREBFEEYHRAFFDNELEEERM, HHARSA
HHEBFERBIER, A — RIS SRS N REEBHERENRBE 4
., YR AERFNEAHEHARRREATE 22, HhWHFEL FRABEN
BHRBRMARAERBENEIE, HXLZREMENE KBH#EME, REEXELH#E

HBKR,
hETERRE %ﬁ‘g



s
=

buus(”)

(P E L HEDHRLE)R 99 FLFRERALFERFESLTE
(No.49925614)“ MM - AR A LF LR 5L BRI W R BEFR "W EEKFEERR, U
B 2001 ey EA ¥R RGN H TEEARE (KZCX1 -SW-01-08) “HLHFAS
AAEREARIRFAR WHLAXRRR, CEAAELE IR WERNANETEL HESTH
+EWFHEBRRBEHIERN, LRRES - BAXPELBEEDHRRLENEF, CHF
AEREDBEFADHRACFFRAPREREL, AARERARERT £4,

H20HLEFRALLHYL2RUEAR TR, LEF LW RCFX - BEFFH
RUBOBINTLAREAATN B AR THRER., AL, EREAETRHEHRW
HEXEATHAR, T LEXRBBTZALETAAA N RS  RUERBKXKAERANTE,
HEF¥FREATZNNFAI ,ERFABARRBTIAXRA LN ERNE R,
REBAFABRBELAR CERABFEYHRRULENAAL T EPEISEHNER,
PR E RN ERANBEAEANTN. AE, BAARIBETAAESE
FHEUEEBAEEFRNEET, TUXRER, T LEEXFFARNASERARE L
EAEBFEEWHRAFNRREL, 2REFEMARET THEGLERNY P EH
R AREREEAIATBEN 2 RERFTAATHRREFTAARAK. 2REHE
M EER AR REAREAMHARGRGGA LR LEHNFRARNENL, REE -~
MNEREREATELLENHSE B8 AEFHBERA T O RBERIRERE, BN
HREHFEE NBFRAY AAUFELWNATRARAN REARRANMADRE
K, YEH#LEBCE/NLTFTLTNEVEFERSEZRE VM OAES R BEESR . AR
EXFR MHBAERFOMMKAERARE, AU, PEAARARES AP RALFLE
BERNAER(ERK D, TEHNR, T LEX, RENEFRF T HERENXTYELEN A
MHRCFLBRATT —LAR, CRENAEF LU R BRAFFARATRKENH S R
RAAZEARETAELI ARG EGCRS X THEF LY RALEFFARTERNAE
XREREEAALLE B Z AT EABLEPHRAFRNE AR (FPELELE WK
REIEXFHERETHREN 4,

XHELPEE T ZF,

F-RERTEURRAETLESREN TR BREDHRRUEFRNIERE,
HAMRTEFAAREPR A B EELFEFN AR FELIE, IREWTHEF4E
PHRUCFEABIFRREZLEN LA,

F_REARUARRHEBEAPFYPHEA B 2, BANPHRLERERA B B2H
FERSL AR B ENEAXTRAEFEENEA, ERENWARARAETE, X
ERFVEAFMRBEANERARTHELET . ARMERNEAREHE  £E-1N2FYW



2 At =5

BEBRTHATREH R, EERXT - NMNFRA—“NHFRDERRETHEIAK", BN
WERAAEBFTRY TR ATEARN YRR T AT N ERER B £ WD B
FOHRANNZR REBENAENTRAUREAHNANEBE AL W RLEHK
FHEGEARATR , BRI ERAEARA  TESETRDNERERA W HA
KARERTERABEUHS" X" FHALE, BEAAHEAR TR B ERWFR, 0 A
T-RFMFER . OEXEARY P THALN A B BHKE LI H 551.7.56.3,
349 . Tug g M ERBR P K EH 30.8%.19.2% 5 0.12%; O B W A& 4 A & .8
MERBLEECANELNRA B BN TETHLLS, S A LA H26.5%.10.7%
0.05%;QBLAHFENHRY - AR T BB ELAGCEA R . BEHEALEW 26.1%.
86.4% %1 31.7% , X R ERERLEHBEAR AR B BEEEGTHRAAD,

F-REFPHRTHERNARITE EHRARO P NG, E8 KB EAP BN,
ARG ERETEBNFELRE,

NEHESRERA, ENLENEE L EHLARELHET N,

RETHAXNBHRANEELEHNFRS  BHEERENF WLV EARE, ERHF
RTZEBNBRUFEHSEA NP AR, EEERENR Y PN IEF-N 5 & £
B, WAEF-N B % ) K% % ,SAEF - N | B & W At # W ,SOEF - N # TN W 2L B ¥ 1
KEREXETNBURERRERAE. AN TEUBARLH SR 48 JE
Ut B, IEF-NSOEF-NF INKNAF 5L E AN B EWEME HEEKH
A% 0.68.0.58.0.71, Wi B FARE AL ENDBHE AHAANLBELHRE,
WAEF-NW QM 5 XA MBE MXERR K 0.35, SAEF-Nth & 5 £33 A48 %
o AARUTAHSRF T TSR AN R E BN XL EEE BRI T EGES
MBUT AT AL AN EIELHEE AL UL AN T ERREN Y PENTE 4B
EAHRAERER W, U, EEEREN BT AHAANA G E AR MO AAE
FEWRR. REAFITERELINEC B A EEED N ERENSEAT 65% 1
IR AF3SRENAT SR NERMNFISNMNE, ARG FEAHBALET] T.IK
BAHEBELE LA A 1.65:1.26:1(IEF - N),1.23:1.10: 1 (WAEF - N).1.41:1.04: 1
(SAEF - N).2.08:1.45:1(SOEF - N) \1.70:1.26: 1(TN) , W AR E 4 4 S B R T WK K &
BEAWEBREEXAREN AT ARONEERE, AR PEABESEN S
BAR AEEAR AT EHSANSES Y HEBERA R AT S B LES I Y
2.52:1.76:1(IEF - N).1.93:1.35: 1 (WAEF - N).2.19:1.42: 1 (SAEF - N).9.23:4.42: 1
(SOEF - N).3.44:2.40:1(TN) , £ # SOEF-N £ FE R ERA B Y+ WL BB A, T SRR
MEEHHHRE AR E N a A B, AR Y ANA SR AR H AT
(60% <80% <86%), T X Hl &t 1 4 & ¥ ¥ 1% (40% >20% > 14% ), X T HF L £ &
BAEYHRANATEWN D RER K AW UARTRARIES R BRI A E AT @
SOEF - N(80%) > IEF - N(11% ) > SAEF - N(6% ) > WAEF - N(3% ), # % SOEF - N £ 7
BUSANERNRBHE. EREAN A PEN AHAANERBEE Y HE, il
waEm ] I NIESTEHEE, FARENARY LA HEANEE LA BAR A
ER,-BREREABATTRREANAL ST BHY KB ER TN L R, T,



WA 3

=]

HBEENBYFHTRBRIAEIES TR IDAX, EHERTRARENKRENR Y
MR RBMA Y ,SOEF - N.SAEF-N 5 3B WA K EA RABBWEFHAE
WXFZ;RHEPNHANANH, -NFNO, -N)Frt KX a B HHEY BHERERWAAE
FARAEMXXZ , RAREARY ¥ & TRKAE NH, - N f2 NO, - N xt FR# %M
MWEKBERBWREFAEAELEEN A BB BEADTULER KA A KA W
AREEHRA, XY NO,-NHWEAERA - S, ERERSA, PR A;NH - N Fo
NO, -NATRHEFBHUEEFEADAKEENEANTHE B EHEHR KA
MARBELRBAERE R FTERY , TUTROBERUNFL2ABEIELE, RAH
BAHENHAAR(NH, -N,NO, -N)E AR ¥ #EAHERA. LEEAFRS T &
GHUHRAREEAY FHLCEHNST.3%, BRELA L NERAMRAEYHERLR
Y LFETREARE CREQT FERREAF U PAHNARWERN I A S HREYS
AFEHERALFEEHE, EANTHAL IR Y RECEFE Y EENER ., &
MEASFANAN 0 BEERK LERELAL2 TPANAN I BERERK - M EE
G EFHEAXFH 12, HAREARAFANAN I BT CERRN, B TEEAMN
Bo MTAEBMUA B YR, ENFEERNLR RENR DT AHALNEREE
ARKER IR EEBA,ABRYFEHAANERBER A, EVFREERT AW C4 3%
(hFEHEPH) EHAANERBRR A,

il KEBAFNOSCE -1.636~ -10.251H & 1,5%0 & - 2.908 ~ 4.714 2 [i
T, AEHAAENE RN, BAAREXREAPANAE  AALAHNEHHMEENE
LEBRTHR ARLEZSHEENES, % AACETHATAREANRSRA &
ARBEPYRERATEF; B AR R R LT RRENAN AN THARBELH K
BCRHTRAKBELE “ERFRL RS, AR B LI AN EE ST
L RHEKSBEUR TR EXBAEDHRRCFRIELIHEERARE , SHHBLHALE
RRANEEHRALEFFERIBFAR . REF S KA TN EBAURBEREANFLLS &
BAXRRUEBF LD RMFIREARKX G AZ AN TR KRB TEYHAES
AKBERE5HEKCO, PEMXE  KitXEH Poo, () =6.62T +221.03, 5 53 pe, ()
RENT £4.5%, REEBEKBEARCO, 2 ERR,.F—%hBEBTHAE.EE K%
B-ARTCO, BENFVAARAKEMAFRRALHEL. ## L HF FH
BABINEBENEEFPALAFHREARKARTH CO,, ERELAFRATAS,
IFANBRHEREROARABRCO, HERALAL ABSLEAERKCO,, TTHE
BREBRBHKCO,, BRKCO, BEERANFRANRBAEFY ELEANNKS
(5.3g:m™?-a”" (VL Cit)) Mty X £(106.0 g'm?-a" ' (M Cit)), BKk CO, BEE
PBANEEMEFYRLEANEIF(-19g-m 2" (UCH))MARNES
(-188gm?a ' (UCH))HAETME, B . LELS . HEF AANEE LI ¥
36.8.35.2.21.0 3.5 g'm*-a ' (UL Cit) , B EHE-H UK 23.7g m -a" (KL C
) EHRBEABRKAEFTH CO,o BARFTERATHMEHN 11.3gm 2 a' (M Cit),
B LK AELHN25.5.-15.2,-9.8F144.8g' m 2-a (UL Cit), EFFAFELR W



4 C

EHEAARCO, WL, TREHBELH A 7690 F tFn 1356 F t; EFHH CO, HE, T
BREARFWCO, H459 F t; REBHB S EEN CO, WL, TRK 27 F 1, HEHRS
FHBERCO, W, TRBARKIA T ,ERKEENEATEETERNR Y297 7 t, K ¥ E
BHEHARCO, WMILLFERETFHTRUHKNY 1369 F to XEEBEXEARHHWER T
hEMBEANKR(POCO)HELSBERX T AR FTANXEAR YN F R T &
H4T.4% ~79.18% (FHMEH 65.6%); K EW B AT EN 72.75% ~96.96% (T ¥ &
#89.43%); BRIFIUENRAEHAE 06 HHWRE BEFLERNRNE L AL 102
WHWRE, BRHANBHNEESEERAMEHEIAAL 107358 10m B, % 117.4mg m™*+d™"
(BLCit)s®ANEH 0.79mg-m™*-d™" (L Cit) , HAAE M K KE, BEHHBEWT
H18,% B X POC % 53.00mg-m™*+-d”" (M Ci), kX B AN 117.40mg-m™>+d™' (B C
i), PEAN 8.18mg'm™>-d"(WL Cit),EBEAHN 5.73mgm™*+-d"' (B Cit)o EFE A
B, THAXHREW CO,, RA BRUBRANKNBRELLBTHREEN
R W HIB

FURALHAR THAEES SV M BARRANAYH R ¥R, BdAKIT o
A %% # K% DOC.TDN.TDP. " K a WA B HIL O KRR WL 0 K8 % i - &
IR B - FAA R KL OFBARRIR T LB EREIANRE, A 0 KB
A AR DOC. %% TDN. % TDP R R B & F a WK, %% - 214 %8 £ 4% DoC,
B TDNRIETOP AR EHEF a WHA KL O PHAEXIKN AL A& DOC. ¥ %
TDN . R 1K TDP R AK Pt & a 8945 K, 7 L # 5 % 8 U & & R & DOC.R 1K TDN. 1§ TDP
BBERTRE aWHE  XBEENEREENATRESZHLBHEEY W, G
ABEEARHFR B BEOARLEREN OBF LG ENRK, AR FEETEE
BE . EELSRENFRY THAAA B BHLELETRAAN  RRTHAES A EHEL
HARDARAEREN B W BLCEANENTEHN, RAFTFRRRES AR Y P a2
RO EHAAR DN QHAELSXENFRYANAL # BHELESBRELAHE,
LWBETFXRAA B EWAER LEREMATGS SRR, A LB ARSI T A,
#ERENBRIERRTANRAERAARD TR T AW AL, AN R
HAF-BLXBRTRBRENE P AR A EZRE QA NALERENF YT TH
ANEZERFAHS, CLHEMHAFENEAT -3 MR ER BB S BRELAHE,
BRAURMUBRANAFENBERANTATEI RS, BAF -AMEHHE, A
XEHETEERTABRAFRATFANFR, dRLBARAYTELAL B BWEY
AHEHEABRERARY T A B EHEETHEFXRALEANSTHE L, £ UHA
BRBEARE, HHELBARDA B EEC N BRERANBER, AFRDRES R E
ZHAWECERREUTHEABERR. —RAXRETELANEA B BLUELEE
W', REWALBERKESR. T NH, -NURXRERE AKERK, RERHWUMT
MR ZHEFER WY HRA,KRENH, -N5 NO, -NE4#%,%% NH,-N 5 NO, - N
ZAFEHF -—EHRALER TP, RREF—AAREARZNE, FELHH 2 I H M
—AMEB EELGENA N (B E) AR TR LAR . B BLES TR,



|: .- 5

XARRITENABEADFENKIZ AN ANV ERNE AR I & H. A
AR 3 BEEAMH - NAERER  ANLBLERRBAF I~3 N NHEL . LE
BRELAFI~ANMNKEBER LRAMAFT 23N KEL, ANAS BEEX L5 BRYE
A BEETAEEHN AR EBANEEL AR ERAR LN BRELER
ARMBHBRBLRYE, AAANRFTENCER S ENECEESR S, AR T3,
BEHSERTBRYES BW S BEYIEAEN  ERR UM ERTUR S P& &
THABEANETERR XL BIERUBREAXEFENAFET RO TN, B
AU ALEBPWEMARABR YT TEAIA B BENEIHR B BRPANRWEALE
NS F R S BIBNEIEREIRE, B LRN RO RETREANE 2 2R
FREN, GHLBARY P, H 43.7% ~88.9% 19 £.,96.2% ~ 99.7% 41 8 f1 99.7% ~
WINWHAMLUKWHBAT RS LN RLFER TR EREAR AT RN
RS, §HLBRNPIREPENRAVSETERANS,NL, -NETHEALAH &
WA BRI, EANEABETE, TRABAANELEHNF R OSF> IMOF > IEF
>CF, HHALBARYH RS L EEARERA & .2 RUEAWES TH ZERATH;
ROBEATHNBEA DB TEEAKEML, EAOK AL EEAT A THNAN
2.46pmol-m™2+d™' , B O A B35 M X 2.08umol m™*-d”', EX MW C 35 A 1.70pmol -
m?-d',REH DIHERN 0.80pmol md , HF-—ARAHEHELTNWENAALERE
AAGRETMERROFRRNER BN RAX AL,
FHRNEIMHBREASRN AR RAF LB KRR, RAEBEAARHBR LR
FURBARBRRZEWEFNGEETR AAF L NEBYARE, £EFHERAER L, £ —X%
K AEBREY FHEY BE RPRABPOHXTREERNE S FEMBIEHRY
FHEHAAHAR ERIREAZARLRAT 2528 . O A N T RERHBALX A
FHEELEBABRL L THNNRE. A . FABREXEANHALKERNBELS
AYNEERB0PU LEB AN KRTRY , FADRBREFTE 20%:; 4 REXEE
HYBEHABYRBE ARV ENRYPBEALERAENERNATHABER LT BALE
KR BEEEHRBE AP HLE AR . EA EHLFH N 22.9% .91.5%.74.6% , F
M HALE AW 25 % 90.5% .86.8% .88.8%, QEBE AN EANHHRELES R F
ZENRREYNENRILEGURTTHAR AL ARB TRESCENXER B
ZHE(CHBD)  REUXFEXRFETANEPREA FBRH T RFENLF R F .
B BEXXAZEVRIEYERAEANFRY - BARTN. CAHATTRANE D
¥RE, QUARRHBRBEASIWEBRARATTEANNFR  BETUARFEL W 4
RAMBRESEABEFS VO RAREETHA T HABEA G AN (ZERRY) AR 4
MUFRBBARERNEEERAKPRERYAAELARTREER, XL HE
FWAHRELAD RN "WER, TUHERS BRI ETERIN G "EHRD K, X
RARHBYREAFENEATR. ORATAHN PR EFEATUSHRE EHE
WEL, UMANBLESRFTERI RS BEREM AN (B TEARENRE, EBAN
FRES B BRABEFRURIEREAEXREF T RRABHNERL) ¥ ETEE
HEAARRKRZ ATHKBEFENERE, XA TAUARNERHRA T



6 w

ALRTUEH AFNAFIERRLAFH, FEREARE NF RN % Lt
TTRERLAH,FEARREAERUBG , IUGAFELAFREARS,

ALEREUGTDIRREGE R, ZMEFERS S THLHRIHNET R, B B E
TRURET - EF AN 82 TERFREIMNUAFARRABBRALABY
RETHFURET —EX-—HFHN_ =52, BNWHRLFER RIK ZUH . BB
BRMLERZHRIEBBATTARNZR AN AR E, A HHHEFTTHIO RN EE,
HEOUEAXGHZREALIERYTHNBEAXZRTRERAWME, YERFRARER
T FARFFREE AR PERFRRE L FLAFFRRFXEEREAE  FEIR
Bebt+ FALNERFFRRLIEBRLANAEEF, PEMFRBEREFEHR
FRELTERAREL (BAREDGBERICABBGY REFRBEETN DKL
AXAB BRI HEREAN BAULEXRTRM. 2XE  REHFRMERY
ARFEGZRE TEA¥ROTEXBALALALAS L ERRESL LR, R
HEXERANFELZRQHAFBAIPERFAIEIRAR YENFREERSE
HESHRARERKEARFERUBEREXE, RANLASH B 5 X8 0H
XFAFTTREA R, B —JF# A,

A —BAHCNLFFRERTEBPLFALINTE  FTERRLE VT RRA F &
HERHATRTTER R LA R EERARIFRE,

X 4 0



PREFACE

Biogeochemistry of China Seas is the first monograph on biogeochemistry in China. It is the
main research achievement of the Project “Chemical processes of sediment-seawater interface and
biogenic elements cycling of China seas”, which is a National Science Foundation for Outstanding
Young Scientists in China (No.49925614) starting in 1999, and the part results of the “The bio-
geochemical processes in carbon cycling of China seas ecosystem ” which is a Knowledge Innovation
Program of the Chinese Academy of Sciences (No.KZCX1 ~ SW — 01 — 08) starting from 2001. The
monograph , which is based on work of my research group in the past ten years, lasted for nearly four
years to finish its writing with the efforts of our team. This book is a landmark of the marine biogeo-
chemistry development in China, and it also lays good foundations for the further study in this field.

The global research programs launched from the 1980s have greatly accelerated the development
of marine biogeochemistry and made it one of the main concems of the studies of oceanography.
Since then, scientists of different fields throughout the world have been devoting to this study, and
have made unprecedented progress, which were clearly shown by two aspects, i.e. unparalleled
cross-link between all the specific research fields in oceanographic research, and the systematic new
results achieved up to date. Though oceanic process is very complex, it has been understood more
clearly than before. Nowadays, oceanic problems cannot be resolved using only the knowledge of one
single field, as we can say that, in recent ten years, the progress of marine research was largely
demonstrated by the development of marine biogeochemistry. Global oceanic evolution research,
which consists the researches of different regions, is concerning mainly on the ocean’s role in the
global climate and marine environment changing. So the regional response to global oceanic changing
is the groundwork of those researches. China seas, including the Bohai Sea, the Yellow Sea, the
East China Sea and the South China Sea, have their particular environmental characteristics.
Extending from continental shelf to the continental slope, from tropic to temperate seas, with the
input from the world-famous rivers, and with many developing and developed cities located in the
coastal regions, China seas contain nearly all kinds of typical ecosystems, such as estuarine ecosys-
tem, continental shelf ecosystem, upwelling ecosystem, coral reef ecosystem and mangrove ecosys-
tem. They are typical regions to study marine biogeochemical processes. The biogeochemistry pro-
cesses of China seas have been studied continuously with great efforts of Chinese scientists and great
achievement has been made in the field. Some of the research projects, however, were too limited
and without systematic results. The writing of this monograph was thus stimulated .

The monograph is made up of four sections, twelve chapters.

Section one reviewed the historical development of biogeochemistry, and the main progresses
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that have been made in this field. Special emphasis was placed on the biogeochemical process of im-
portant biogenic elements (C,N,P,Si, etc.) in seawaters. The most recent development in the ma-
rine biogeochemistry of our country was summarized in this section.

Cycling of the nitrogen, phosphorus and silicon in the Bohai Sea sediments are presented in
section two. Marine sediments are the main source and sink of biogenic elements (nitrogen, phos-
phorus and silicon), and play an important role in the cycling of nitrogen, phosphorus and silicon.
The quantitative understanding concerning this role, however, has not been well-known. Focusing
on this project, we systematically carried out studies using a quite new method. The new concept,
“the natural grain size sediments research” is raised in this book, whose central theory is that the
materials in cycling comes mainly from the outer layer of coarse grain-size and authigenic fine grain-
size in seas. The differences in the grain size (coarse or fine) , layer location (outer or inner), and
complexing intensity (strong or weak) result in the different roles the particles play in biogeochemi-
cal cycling. In detail, the outer layer plays an important role, while the inner layer which is called
“inert form” or “untransferable form”, plays a negligible function in the material cycle of sedim-
ents. The following three new conclusions were obtained by studying the nitrogen, phosphorus and
silicon in the Bohai Sea: (Din the surface sediments, the concentration of transferable nitrogen,
phosphorus and silicon was 551.7 x 107°,56.3 x 10™° and 349.7 x 10™°, respectively, and cover
only 30.8% ,19.2% and 0.05% of its total contents in sediments, respectively. @the transferable
nitrogen (in organic compound), phosphorus (in organic compound) and silicon (in carbonate)
were 26.5% ,10.7% and 0.12% , respectively, of the total contents of the three elements. @it
was first quantitatively reported that the sediment-water interface provides 26.1% , 86.4% and
31.7%, respectively, of the total nitrogen, phosphorus and silicon cycled in the Bohai Sea.

The biological environment of southern Yellow Sea, the roles played by the nitrogen in sedim-
ents in this element biogeochemical cycling, the inorganic carbon and oxygen isotopes in the Yellow
Sea and East China Sea, and the contribution of carbon source and sink in eastern China seas were
presented in the third section. Several years’ continuous investigation indicated that there was no
obvious change in the environment of the Yellow Sea in recent years. Also the characteristics of
nitrogen forms in different grain size sediments and their functions in biogeochemical cycling of the
Yellow Sea have been studied for the first time. The researches lay emphasis on the grain-size relat-
ed on the contents and forms of nitrogen in sediments, the mechanisms of different forms of nitrogen
forming and releasing in different grain-size sediments, the early diagenesis of organic nitrogen in
sediments, the ecological functions of various forms of nitrogen and the contributions of sedimentary
nitrogen to nitrogen cycling. The main results include: The relationship between sediment grain size
and the distributions of different forms of nitrogen were obtained for the first time in this region. In
the surface sediment of southern Yellow Sea the IEF — N decreased from west to east, WAEF - N
increased from west to east, SAEF —~ N decreased from south to north, and SOEF - N and TN,
however, decreased from west to east. The nitrogen speciation and distribution in sediment were

greatly influenced by the fine particle composition of the particles. The distributions of IEF - N,
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SOEF - N and TN were significantly related with sedimentary speciation and distribution of this ele-
ment, with the relation coefficient of 0.68, 0.58, and 0.71, respectively. In the southern Yellow
Sea surface sediments, the ratios of the different forms of nitrogen contents in different grain size
sediments (from coarse to fine) were 1:1.76:2.52(IEF - N),1:1.35:1.93( WAEF -~ N),
1:1.42:2.19(SAEF - N),1:4.42:9.23(SOEF - N),1:2.40:3.44(TN) , respectively. The ratios
of the contents of different forms of nitrogen between medium size and fine sediments were 1:1.28
(IEF - N),1:1.60( WAEF -~ N),1:3.99(SAEF - N),1:1.38(SOEF - N),1:1.28(TN), respec-
tively, in the northern Yellow Sea. The contents of all the forms of nitrogen were highest in fine sed-
iments, lowest in coarse sediments (with the exception of the biological detritus) . Therefore, fine
sediments contain more different forms of nitrogen, i.e. the nitrogen was enriched in fine sedim-
ents. In the southern Yellow Sea surface sediments, the inorganic nitrogen contents decreased (40 %
—>20%—>14% ) , while organic nitrogen increased gradually(60% —>80% —>86% ) , with sediment
grain-size finer.

The biogeochemical characteristics of different forms of nitrogen in the Yellow Sea sediments
were explored. In different grain-size sediments of the southern Yellow Sea, the SOEF — N contents
were the highest among the four forms of nitrogen; and the contents of IEF — N were lower than those
of SOEF — N, while they were the highest among the inorganic nitrogen; the contents of SAEF - N
were lower than those of IEF — N and higher than those of WAEF — N. In natural sediments, the
transferable nitrogen contents ranged from 25.33% to 59.87% of total nitrogen and averaged
38.57% . In transferable nitrogen, the proportions of each form were 10% (IEF — N), 3%
(WAEF - N), 6% (SAEF - N) and 81% (SOEF - N), respectively. In the northern Yellow Sea,
in the upper or deeper sediments and for all the fine or coarse sediments, SOEF — N contents were
still the highest of all the transferable nitrogen forms, and were averagely 16.85% of total nitrogen
content. SAEF - N contents were the highest in inorganic nitrogen and averaged 63.61% of total
inorganic nitrogen. The content of IEF — N was lower than that of SAEF — N and higher than that of
WAEF - N, and the content of WAEF - N was still the lowest among all the forms. The forming of
different forms of nitrogen was coupled with the environmental condition .

The early diagenesis processes of organic matters were also studied. The early diagenesis of
organic matters in the northern Yellow Sea sediments was usually taken place in the upper layer.
The mineralization rate of organic matters was the quickest in the coarse sediments. The constants of
organic matters decomposing rate in different grain size sediments were 42.28 x 10> (coarse sedim-
ents),20.48 x 10"’ (medium size sediments) and 5.37 x 10~ (fine sediments), respectively,
which showed that the decomposing rate constant in coarse sediments was about 10 times of that in
fine sediments, and 2 times of that in medium size sediments. This may be the reason that the cont-
ents of different forms of nitrogen in coarse sediments are lower than these in fine sediments. The
study made a progress in ecological functions of nitrogen in sediments and in the biogeochemical
cycling.

The forming and releasing of various forms of nitrogen in different grain-size sediments were



