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Tab. 1 Drainage areas, water and sediment loads of major Chinese rivers
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Fig. 1 Plot of weathering indices (W1I) against rainfall (mm) over some large
drainage basins on the world

K TRAVER FEMET RAERRABERRERT, BT STAFBX, BHREK
HAORETHRE, XEUWEBRDESLEZHBERS(PPENRITSHA)L
HEETREASAFEENHE (Zhang et al., 1990a), HAMNTHHHE FHASHATH
B E R BN, IS AR HER, AP E FRRRTHR ST KNEE
B, MEM T FENELFNRTNE FEESBEATRAFERREE (MEE%,
1984; Sk BEZE 4 ,1985),
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Tab. 2 Particulate trace element concentrations

#OW Cd Co Cr Cu Fe Mn
RiLH 83.8 93.0 50.7 5.17 1470
G| 0.94 89.0
® W 0.18 14.0 76.9 26.7 3.72 767
¥ o 0.32 19.0 122.5 62.3 5.2 1109
R 0.30 161.8 89.3
FLEAT 0.54 22.7 39.5 5.12 1620
T 0.29 37.7
> 31 0.65 19.0 49.0 5.77 978

% 3 HEETRARDER

Tab. 3 Trace metals in dissolved phase

FCI cd Co ~ Cu Fe Mn
#How 0.01—0.05 0.10—0.50 15—24 25—450 10—40
¥ T 0.01—0.05 18--34 27—627 9.1—-27.3
& L 0.044 14.2

kL 0.03 0.14 12.5 16.1

#4 HEAKPERTRERE (Wmol/ke)

Tab. 4 Nutrient elements (Mmol/kg) in Chinese rivers

AW No; | No; | Nmf | sio, | PO’y 2 % X ®

FL 7.5 | 4.4 12.5 29.3 | 1.7 Zhang %,1594

oA 66.8 | 0.17 78.3 | 0.39 Zhang %,1994

# 78.9 | 0.63 159 0.16 Zhang %,1994

¥ T 32.9 | 0.58 | 14.6 95 0.57 Zhang 25,1994

B I 62.0 5.8 | 15.8 150 PRI ,1984; R B %,1990
L 5.8 1.2 | 81.8 SBBIK 51991

AREFIBX B LR P B AR R ROFR, SRR RENAE AR Wi
(Huang et al., 1992) BEMEFR BB IR BRI R ED TR ¥ & (B 1).

__ >(Si- Al + Fe)
W= o TR &+ Mg 4 Na) (B/REZE)
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HEEEANETRFOBASERTRKEDZLREN (G 2). BF, XEF A
REREHF L —EZ AREH P HR/MIAFARER T DB HLER REERT S
BEARE , TR R AP 22 52 Tl 4k 5 A i 15 Be o T I RSB IRT L AN 51 5 5 30 1 MR
F, XMBARAESTILMEREX: (1) PEARREF T AEERER, TU54EE
femig; (2) PEARET, B ERE,KEXH, GHLEAEIEE; ) K&
HE R SEEIER.

MZER B IR AR NS @A TR T LR P EE BTRH B &R (Co,Cr,
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RETRBRE()

(107%; Fe:%) in major Chinese rivers

Ni Pb Zn Hg As 5 Z X ®
171 144 171 Zhang %,1994
51.9 77.5 Zhang %,1994
40.3 16.4 69.8 0.02 13.1 Zhang %,1994
124.0 50.1 120.2 0.10 13.8 Zhang %,1994
92.6 76.0 Zhang %,1994°
81.0 60.6 228 FEBE%,1988

78.8 MRl 2, 1989
60 14.7 0.07 Qu #5,1990

SHRBTRARE (omol/kg)

(nmol/kg) from some large Chinese rivers

Ni Pb Zn As 5B % X B

5—10 0.05—-0.20 1—5 26.6—27.3 Zhang %,1993

0.24—0.27 0.6—1.2 11—15 Zhang %,1993

0.62 Pie 25,1989
1.4 0.07 7.7 SEmEL,1988
Cu,Fe,Mn,Ni,Pb,Zn), Eﬂ](iﬁﬁ)ﬁﬁﬂ:{%qﬂﬂ@'ﬁ%% EF

o _ (E/ADgs
(E[ADsn

TREIH TREEEE: B <RI <EEL<BR<KIE<EALT, XMIEFSH
R AE R R REERFFRFI—BK (Zhang et al., 1993),

HATRAMED AR TFRANEBRSERTRRENIE, REEALRILELAFK
ROBHE (8 3)o XECREMAUSIR RS G TIERGE T REMDITH, fELLTHE
AR R ERRE, EMNBERAERPHIRENERR-ZEZMHMER LMY
BRI REEER, Bl Shiller Z(1987)WMTREREL, REHEALFRREE
ETENER, BERSRETRNRERUARENERTES . S ALKRE, 7
IR kA R 2 B D5 FLER R EERL KL EBEAELE ., HRS)ERSREE
& BRIKRETSHEM, XHEETEEE-REHSRABKOHERRFGRER A Tk
(Zhang et al., 1993), i PEMARTRBRMAREEMRKERE LB T X &P E
LK E SR, YR KBS FIB AR A SRS EERIR, B, —LRi(RE
PEPEELI . B KT B oH B (pH > 7.5) HRERSNE TER BRI, &
XREESH pH KT, EEIAK AR SRR T RIBRALEIC R R IR -5 R
S » T 20 TR B / SRR - T B - T AR I AR BT ERLAR
23 EHRAS EASHTEROERP.EFERN,P,SHORERESH, 1R
10 T BBt 4 T # 5T #vilr g KT M (B n T2 S 3, $LAF/R R BRI R » 1T B S BRE AP
T 5 5 LB B S5 AL T R (bt SR BT B IR L P LRI B DAL (G 4D BT
Z B, AR S AT REBHRAERSABEHNERERERA RS



442 ® ® 5 #W A 25 %

BACERBRETE B, (AR ERERA Si RRENTRS Si WELEE—EBE EX
BT ABES KR E R TRRE EWAORE, XA E G - RE RS = AR
JLF 280 e RGP AR 66, AR E S Z M B (Zhang et al., 1993). % HREERIES, &
EAFARPERTRE Si OHESKEEREGHAER (P/S) RES (N/SD XME
REF, N THEEE-TAOASHRIVER, AR SEFEREKEERRER L
ZER A FE(BI I AR N, T LE M FRESERM R ENE S, TRK
EeT4Z FARXEEREREARMEENEANENRESEETHERSZ . EIIX
BB RS AET B R XA A S ARG R IR KA R .
3 aRAEFOMEHTH
X BRI DR A B ~ 0% 5 19.5% B7KIE, i3t A% B HE AT S
ARBEM BEMES L RE ENERIE. ’
30 BRSLFER BINEFARYPE 40 MTRNOSF, RAEHER R D
FEFAREFH(EFSRIDDASH(G02)BRENLETERERES S H. YR
HOURIREE A Al B Sc BRE(HIM E/Sc) FHEZE 15%RIREE. HHTRERKENE
RBEFERARE. ARRIMEH - HERLZ DA OBNSTRITHROKRKX (Zhang et
al., 1990b):
(E [Sc)ux
D= [
%5 BESHRTREPBEEETODSHTHRS

Tab. 5 Summary of dissolved trace metal distributions in major Chinese estuaries

—1.0] X 100%

bR 3 Cd | Co Cu Fe | Mn Ni Pb Zn As B2 EZ X B

® H| B4 & B | s o4} RF/B Y | Zbang 25,1993
Edmond %,1985;

% | mt RF/RERT| B | | mE | RRT BRF [ pibonpoutieke 1990

B I A R B W/ R W% ,1989

AEIL | Bd | RT fReF ICLS BH | BT BT FRES.1988

SR, REBCTREAOMRK <15 %, PI5MI RE I L T E R4 (CL,Br, Na,
Ca H)RKWEMFLRETHEBRITERNELRNPITE (As, Ay, Ag F)o XHTR
S Fa R A SRR PR MY i O b T Rk RS B N B A (Bl R
R O) BARE. XPETEPEIR OHEYERENES, BN ERRRR
WimBESPEOR, EMFELEEE IR, BESLEERNTAHESHRZIR
FEEhl. PEROTRETENGRERRSERUE T LA BREFHRE, 5T
REPEE AWERERE REEREKY

32 BESBEXR XTREXEEVTEHOMTAHNMARBAIANERRD, W
FERBTHWAESFTETE SR BARKEHEZE, BT, R LRXTHER
ARELREFAO-BETHSITER 0% RERKEN. £S5 METERSRETR

1) Zhang J., 1988, Geochemistry of stable elements in the major Chinese estuaries(Yangtze River
and Yellow River), Ph., D. dissertation, Universite Pierre et Marie Curie (Paris 6), 350pp (in
French).
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EPEEEMORHSHE S, ERTESRTFEROEE)HLE, RAR LR DK
HIRLET A &5 HH, ARSRETRERS NN OFNTAREGRANES, KEH
TRERBEBR(<15%), ERRTFRE, METREFTOHEIRRERERD ik
ANEBRERR. RNEER—FONM, FKHZE, TRERTFSERFEFEBE
AAFNWNEE. FHIRESBROFEOP, SMNMTAEXNTRIBRENEE
(Zhang et al.,, 1990b), BRT@H AR AV EY SWE- L ¥ T B 2SN EMRIBL SR,
M SER R RN SRR, AVURERSEA-ERFEELEBRTTRER-KHE
HEERE), TROITAERKEBE L2 KARENENHY. BT oRERRENEK
ERER &R T E AR, Y E O KR R B R B (B 3N D, “ 2K B 4 %W
TRIVFF/HERFHEATA (Zhang et al., 1990b), MWAHMERESFTPHTRESSIT
SIARRET UGS RGP SNEF] 10%—20%,

SRETERY, ERTRNTHRTOARAENYEKRERNTEMLEIEFRIE
ReFEE(E 6)o BH NOj, POV EMMAPEREX(<20%, BHEF DAITHIREN) M
MR, TESEREX, MTRENEH R XEERBTERN O PREN, &
RRIREMHE T EMFELBESTREMNEN YR ERBR BN, METHRER
S EERBEEMERNSESNREEFASABNESEIIDIBE(FRKIA). X
ERE O N/P> 16, RiiEFIBER EZBMNTHHL. b, B- R RIEK
BEENREREXOTRABNYEKTORRERERERETERN ONTHER
fto

6 ENEREPEHERFAOPHIHAHR

Tab. 6 Characteristics of nutrient element distributions in major Chinese estuaries

A W NO;5 NO7 NH¥ §i0, PO, 52k
KiL#H ENSS RERTF AR RRF BT AT
B RERF REBR=F RERF KRR AW T I
-G RFLERT | RTF/ART BRF/IARTF | BF/ARF | AHIfE
® I BFIRRT | RF/ART ABRF ® F AR ATIE
% T AR=F REF &® =F FREH B %,1990

4 FEMHEESIAR

MNHEAH ORHRAERREERRTORE R, TEREN RGNS, Sty
EEHEARR, IR MAEE A F M RRG 5@ X BN BRI R

BT ERENERESRETRNE, ERRBTREFMTORE, XKERGIRER
ORI AR RAIR B Z—o

EXBESSWHESTERZLRE ZEPIR, EEAREEELRNWRE DIk
BB Z A EL IR R

HTXRERTENONEDBESEBEE FRESBRS, ERTcRER O E- KRR
GBS / R - B - K VS v - R B R AR S, T B BT E W R AR TR R (R -
KB - BB R E AR ZE,

ETREZTENRHPRELRNKERRTNE FERNRES, £ZBSEMER



444 ® & 5 # | 25 %

ERRGHBRNE, NESBERSRVESFXWEFBERNRAGNEZM, XEHEY

Ko
INA DB RERERERAFNOTER S, N, RENMEXEKE R, NMNTOMNERE

WX HERARE B

2 % X MW

mEBERChEEANE RET AL, 9L hEARNE HF K, B AL (35 185,

SBAE VK> 1991 4RI A% DK BE R B AR E D BT G IR RA 2,10; 2631,

e IR 75,1988 MR ES BER BRI D REK R HRHE, HERER .8 3034,

BB R RIS, 1990, KT N EF BN B S REE THX R HWFHE, 5457,

B RESE KR, 2R, 1985, ERELE X ARPNERAZAS REARBRGHEFER,T: 560—566,

PRI S SRR R R, 1984, BT BT, H 5l 15 515520,

FRi 2T 5, 1989, ITT LK Bk 4R SRR EEINTT 4, B B IR 11 450457,

Edmond, J. M., Spivack, A., Grant, B, C., et al., 1985, Chemical dynamics of the Changjiang estua-
ry, Continental shelf Res., 4: 17—-36.

Elbaz-Poulichet, F., Huang, W. W., Martin, J. M., et al., 1990, Biogeochemical behaviour of dissolved
trace elements in the Changjiang Estuary, In Biogeochemical Study of the Changjiang Estuary,
ed. by Yu. G. H. et al., China Ocean Press (Beijing), 293—311.

Huang, W.W., Zhang, J., Zhou, Z. H., 1992, Particulate element inventory of the Huanghe (Yellow
River) a large, high-turbidity river, Geochim. Cosmochim. Acta, 56: 3 669—3 680.

Qu, C. H., Yan, R. E., 1990, Chemical composition and factors controlling suspended matter in three
major chinese rivers., Sci. Total Environ., 97/98: 335—344,

Shiller, A. M., Boyle, E., 1987, Variability of dissolvted trace metals in the Mississippi River,
Geochim. Cosmochim. Acta., 5t: 3273—3 277.

Zhang, J., Huang, W. W, Liu, M. G., et al., 1990a, Drainage basin weathering and major element
transport of two large Chinese rivers (Huanghe and Changjiang). J. Geophys. Res., 95: 13 277—
13 288.

Zhang, J., Martin, J. M., Thomas, A. J., et al., 1990b, Fate of the particulate elements in the Cha-
ngjiang estuary and East China Sea, In Biogeochemical study of the Changjiang Estuary, ed
by Yu, G. H. Martin J. M. and Zhou J. Y., China Ocean Press (Beijing), 220—244.

Zhang, J., Huang, W. W., 1993, Dissolved trace metals in the Huanghe: the most turbid large river
in the world, War. Res., 27: 1—8.

Zhang, J., Huang, W.W,, Liu, M. G., et al., 1994, Eco-social impact and chemical regimes of large
Chinese rivers—a short discussion, Waz. Res., 28: 609—617.



4 1 % % hEFCOHMRCEFERNETER 445

SOME PROGRESSES IN ESTUARINE GEOCHEMICAL
STUDIES OF CHINA

Zhang Jing
(Department of Marine Chemistry, Ocean University of Qingdao, Qingdao 266003)

ABSTRACT

Based on the geochemical studies in last decade, the present work summarizes
elemental geochemistry of major Chinese estuaries including the Rivers of Huanghe,
Changjiang, Daliaohe, Luanhe,Haihe, Qiantangjiang, Zhujiang, Jiulongjiang and Min-
jiang etc. Comparison with other world systems reveals that Chinese rivers have low
trace metal, but high nutrient elements concentrations., Also, the weathering indices
which is a ratio of the stable to active elements, increases “from the north to south,
indicating the control of weathering on river chemistry. In the estuary, particulate
elements may have a stable distribution model upon the mixing of the fresh water with
sea waters, corresponding to the high turbidity, unsignificant pollution and relatively
weak dynamic conditions, in comparison to the European and North American estua-
ries with macrotidal and heavy pollution effects. Elements in dissolved phase inclu-
ding trace metals and nutrients may have either conservative or active distributions
or both depending upon the water stage and element, and have important influences
on coastal eco-systems. Considering the pattern of elemental geochemistry in Chinese
estuaries, one should pay more attention to nutrient elements. Use of chemical fer-
tilizers and pesticides will have significant impact on the bioproductions and econo-
mic activities (e.g. marine culture) along with the advances of nation
trialization in the near future.

wide indus-

Key words Chinese estuaries Nutrient elements Trace metals Wea-
thering processes



